INVESTIGATION OF SEMANTIC EFFECTS IN ODDBALL PARADIGM
THROUGH EVENT RELATED POTENTIALS

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF INFORMATICS
OF
THE MIDDLE EAST TECHNICAL UNIVERSITY

BY

SEDA NILGUN DUMLU

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
IN
THE DEPARTMENT OF MEDICAL INFORMATICS

SEPTEMBER 2012



INVESTIGATION OF SEMANTIC EFFECTS IN ODDBALL PARADIGM
THROUGH EVENT RELATED POTENTIALS

Submitted by SEDA NILGUN DUMLU in partial fulfillment of the requirements for
the degree of Master of Science in Medical Informatics, Middle East Technical
University by,

Prof. Dr. Nazife Baykal
Director, Informatics Institute

Assist. Prof. Dr. Yesim Aydin Son
Head of Department, Medical Informatics

Assist. Prof. Dr. Didem Gokgay
Supervisor, Medical Informatics, METU

Assoc. Prof. Dr. Adile Oniz
Co-Supervisor, Biophysics, Dokuz Eyliil

Examining Committee Members:

Assoc. Prof. Dr. Erkan Mumcuoglu
MI, METU

Assist. Prof. Dr. Didem Gokegay
MI, METU

Assoc. Prof. Dr. Adile Oniz
Biophysics, Dokuz Eyliil

Assoc. Prof. Dr. Giilay Cedden
FLE, METU

Assist. Prof. Dr. Yesim Aydmn Son
MI, METU

Date: 04.09.2012



I hereby declare that all information in this document has been obtained and

presented in accordance with academic rules and ethical conduct. I also declare

that, as required by these rules and conduct, I have fully cited and referenced

all material and results that are not original to this work.

Name, Last name: Seda Nilgiin Dumlu

Signature



ABSTRACT

INVESTIGATION OF SEMANTIC EFFECTS IN ODDBALL PARADIGM
THROUGH EVENT RELATED POTENTIALS

DUMLU, Seda Nilgiin
M.S., Department of Medical Informatics
Supervisor: Assist. Prof. Dr. Didem GOKCAY
Co-Supervisor: Assoc. Prof. Dr. Adile ONIZ

September 2012, 118 pages

In this study, the effect of semantic information processing was investigated
by the oddball paradigm, by presenting consecutive Turkish words or word-like non-
words while EEG signals are recorded. In an oddball paradigm, a series of events are
presented of which one class is rarer than the other. Subjects are asked to respond to
the infrequent stimuli (e.g. press a button, or count the number). The event related
potential (ERP) component P300 obtained from EEG is considered as the marker of
this attention capturing paradigm. P300 is obtained consistently for both visual and
verbal stimulus. On the other hand, the ERP component N400 is consistently
associated with semantic processing in neurolinguistics. Additionally, Late Positive

Component (LPC) is a marker for the top-down attention mechanism during word
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comprehension. Moreover, there are other components, called early ERPs, which
occur between 100-200 ms after the stimulus onset. These components
orthographically and phonologically reflect low-level features of words. The target
words chosen for our study are strictly limited to belong to a neutral category and not
consist of any emotional content, to rule out emotional interference in semantic
processing. Based on the ERP components that were obtained from this study, the
LPC potential exhibited for words had higher amplitude than that of non-words
consistently and statistically significantly. However, our study was confounded with
the heterogeneity of non-words because some of the non-words were non-sense letter
sequences while others were pseudowords. Due to this, although we observed the
P300 and N400 ERPs consistently for all stimuli, we did not find significant
differences for these potentials between words and non-words. To the best of our
knowledge, our investigation is one of the few studies conducted with EEG

recordings in a task that involved lexical decision making in Turkish.

Keywords: Semantic Processing, P300, N400, Late Positive Component, Attention
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SEYREK UYARAN PARADIGMASINDAKI ANLAMSAL ETKILERIN OLAY
[LiSKIiLi POTANSIYELLER iLE INCELENMESI

DUMLU, Seda Nilgiin
Yiiksek Lisans, Saglik Bilisimi Anabilim Dali
Tez Yoneticisi: Assist. Prof. Dr. Didem GOKCAY
Ortak Tez Yoneticisi: Assoc. Prof. Dr. Adile ONIZ

Eyliil 2012, 118 sayfa

Bu c¢alismada, seyrek uyaran paradigmasi kullanilarak katilimcilara ardi
ardina herhangi bir duygusal icerigi olmayan, Tiirk¢e yliksliz (ndtr) kelimeler ve
kelimeyi andwan harf dizileri gosterilerek katilimcilarm anlamsal islemleme
mekanizmalarmm temel gostergesi EEG sinyalleri kayit edilerek incelenmistir.
Seyrek uyaran paradigmasinda, katilimcilara ardi ardina, siniflardan biri digerinden
az sayida olan uyaranlar sunulmaktadwr. Katilimcilardan sayisi az olan uyaranin
sayisint aklinda tutmasi ya da o uyaran gelince elindeki tusa basmasi istenir. EEG
den elde edilen P300 olay iligkili potansiyeli bu dikkat yakalama paradigmasinin
belirleyicisi olarak kabul edilmektedir. P300 potansiyeli, hem gorsel hem de sozlii
uyaranlar i¢in tutarhlikla ortaya ¢ikar. Diger yandan, N400 potansiyeli dil islemedeki

anlamsal islemleme ile iliskilidir. Ayrica LPC potansiyeli de kelime kavrama
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stiresince var olan ‘yukaridan asagr’ dikkat mekanizmasinin noérofizyolojik olarak
belirleyicisi kabul edilmektedir. Bu potansiyellerin yani sira kelime gosterildikten
100-200 ms sonra olusan ve kelimelerin alt diizey Ozelliklerini ortografik ve
fonolojik yansitan potansiyeller de mevcuttur. Bu c¢aligmada hedef uyaran olarak
kullanilan kelimeler yiiksiiz (n6tr) olup herhangi bir duygusal icerige sahip degildir.
Bu kapsamda, calismada elde edilen olay iliskili potansiyel sinyallerinde ‘yukaridan
asagl’ dikkat mekanizmasmin ndrofizyolojik olarak belirleyicisi olan LPC
potansiyelinin genlikleri hedef ve hedef olmayan grup arasinda tutarli olarak
istatistiksel agidan anlamlilik gostermistir. Ancak ¢alismada hedef olmayan uyaran
olarak kullanilan anlamsiz kelimelerin bazilar1 ortografik ve fonolojik olarak dogru
iken bazi hedef olmayan uyaranlar ortografik ve fonolojik olarak diizgiin degildir. Bu
nedenden Otiirii ¢alisma sonuglarinda seyrek uyaran paradigmasiyla iliskili P300
potansiyeli ve anlamsal islemleme ilgili olan N400 potansiyeli tiim uyaranlar i¢in
gozlemlenmekle birlikte, bu potansiyeller i¢in hedef ve hedef olmayan uyaranlar
arasinda herhangi bir istatistiksel fark saptanmamustir. Bildigimiz kadariyla, bu
calisma sozciiksel karar testinde Tiirkge kelimeler ile yapilan az sayida ¢aligmadan

biridir.

Anahtar Kelimeler: Anlamsal islemleme, P300, N400, LPC, Dikkat
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CHAPTER 1

INTRODUCTION

Investigation of language networks has been an important research area in
cognitive neuroscience. Brain circuits that are responsible for this most differentiated
and unique faculty of humans has been explored with different functional neuro-
imaging methods. Since language is a dynamic process that involves integration of
various types of semantic and syntactic information, imaging methods with high
temporal resolution are definitely advantageous to monitor the precise timeline of
this cognitive function. Regarding imaging of language functions, EEG takes one
step forward with its ability to measure event related potentials. Fabiani, Gratton and
Coles (2000) define event related potentials (ERP) as a pattern of brain electrical
activity that occurs in response to a particular stimulus event. In most cases, the
voltage changes occurring within a particular epoch (time period) that is time-locked
to a given stimulus are in the scale of microvolts and therefore too small to be
reliably detected. This difficulty in capturing relevant response is resolved by taking
the grand average of the responses that are given to the repetitive stimuli in ERP

measurements.

EEG has been utilized in various domains of language research (Stefanatos, Phil &
Osman, 2007; Polich, 1985; Kutas & Hillyard, 1980; Friederici, 2004). Word
comprehension is among these domains and is important since it is directly
associated with language acquisition (De Diego Balaguer et al., 2007). Baron-Cohen

et al. (2010) determined that impaired word comprehension may be an indicator of
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neurodevelopmental defects in children and adolescents. Furthermore, word
comprehension is disturbed in several mental disorders such as schizophrenia and
Alzheimer’s disease (Arnott, Sali & Copland, 2011; Masterson et al., 2007).
Cognitive and developmental theories emphasize that assessing the nature of word
comprehension is of particular importance: How and in which time course it occurs
(Marlsen-Wilson, 1989). Lexical access refers to our ability to access the ‘lexicon’
that keeps the mental representations of items. Lexicon can easily be conceptualized
as a ‘mental dictionary’. However, apart from other dictionaries, lexicon does not
consider written forms of words, rather employs their ‘qualities’. Phonology,
morphology, semantic or syntactic properties, frequencies of words as well as their
emotional aspects may be playing a role in lexical access (Posner & Carr, 1992;
Grainger & Jacobs 1996). Perhaps, since it is directly related to ‘how we think’, ‘how
we consider these qualities of items’ is very important and is assessed by ‘lexical
decision tasks’. For instance, discerning words from pseudowords® or non-words? is
a lexical decision which is previously used in psychology and psycholinguistics
(Schacht & Sommer, 2009a; Fischler & Bradley, 2006; Rugg & Nagy, 1987).

Word comprehension requires low and high level cognitive functions. Event related
potentials (ERPs) have great illuminative impact on measuring not only the time
course but also electrophysiological and neuroanatomical correlates of this linguistic
process (Dien, 2009). The earliest study involving use of this technique dates back to
1980, when Kutas and Hillyard (1980) investigated electrophysiological correlates of

semantic processing.

Polich and Margala (1997) have introduced the oddball paradigm in which a series of
events are presented such that one class is rarer than the other. Subjects are asked to
count the number of the rarer stimuli and keep its number in mind or respond to the
stimulus by pressing a button response. As a result of this paradigm, the ERP

component P300 occurs with a 300 ms latency when the subject realizes the

* phonologically pronounceable, orthographically irregular/regular but meaningless

words

? phonologically unpronounceable, orthographically irregular but meaningless words
1



difference between the normal (more frequent) and target (infrequent) stimuli
presented in the oddball paradigm. Polich (1985) assessed the effect of semantically
incongruent and congruent processing by conducting 2 different types of experiment
with words and sentences in order to investigate the effect of P300 within an oddball
paradigm. In an experiment, for the word series are presented to the subject in 2
different ways. Firstly, the word series end with the normal word in other words, the
seventh word of the word serial belongs to the same category of the first six words
(e.g. the category for 7 word task is flower, first 6 words are related to flower
category but the seventh word is a car name). Secondly, the word series end with the
odd word in other words, the seventh word of the word serial does not belong to the
same category of the first six words. Subjects are instructed to indicate whether the
word series ended appropriately or not with a button-press response. The findings
suggest that the frequency of stimuli —particularly their rareness and novelty- have

electrophysiological correlates that are associated with attentive functions.

ERP components detected before 300 ms, which marks initiation of attentive
processes, are referred as early ERP components. Such components that occur as
early as 100 ms are generally assumed to be associated with initial stages of data
processing such as perception. Although these earlier components are not specific to
a particular type of stimuli, they are important in the time course of lexical access.
P100 which is a positive peak that occurs approximately 100 ms after the stimulus
onset reflects very low-level perception of the visual stimuli. ERP results for the P1
amplitude are greater for words than non-words demarcating processes related to
lexicality access (i.e. orthographical knowledge access in visual cortex) (Segalowitz
& Zheng, 2009). N100 is the negative peak that occurs approximately between 80-
180 milliseconds after the stimulus onset at the temporal and occipital sites (Breznitz,
Shaul & Gordon, 2003). N100 is considered to be a marker for initiation of attention
based events (Breznitz & Berman, 2003). The activation of N100 was found to be
related to the discrimination of word stimuli and symbol strings namely shapes. So
its amplitude was larger for words than nonsense strings (symbols, icons) with a
scalp distribution mainly localized to the occipito-temporal cortex (Brem et al.,

2006). P200, a positive peak that occurs approximately 200 ms after the stimulus
2



onset, is thought to reflect perception, feature detection, working memory and
syntactic processing. Furthermore, frontal P200 is considered to be associated with
memory functions, whereas central P2 may reflect recall from long term memory to
the working memory (Breznitz et al, 2003). Finally, the N200 component which is
reported to attain its peak value around 250-270 ms is a semantic indicator and is
thought to reflect the ‘meaningfulness’ of words: its amplitude is larger for words
than non-words, hence its amplitude is proportional with the meaning of the stimuli
(Dien, 2009). Furthermore, the latency of the N200 wave is proportional with the
focus of attention (Breznitz et al, 2003). For the late ERP components, the Late
Positive Potential (LPC) which occurs 400-800 ms after the stimulus onset is the
neurophysiological indicator of the top-down attention function of the human brain
during word recognition (Schacht & Sommer, 2009a; Polich, 1985). The LPC
involved in attentional engagement, evaluation and memory encoding rather than
semantic processing (Fischler & Bradley, 2006; Kissler, Herbert, Winkler &
Junghofer, 2009). N400 which occurs 400 ms after the stimulus onset has been
consistently found as the indicator of the semantic access (Kutas & Hillyard, 1980;
Lau, Phillips & Poeppel, 2008; Federmeier & Laszlo, 2009; Fischler and Bradley,
2006; Polich, 1985)

The purpose of this study is to understand the cognitive underpinnings of lexical
access and semantic perception. To investigate the relationship between semantic
processing and attention capturing mechanism of the human brain the verbal oddball
paradigm is used. Particularly the goal of this thesis is to determine how we use our
visual attentive resources while making a lexical decision task in which subjects
differentiate meaningful, orthographically and phonologically regular words from
meaningless, phonologically irregular but orthographically ir/regular: word-like non-
words. While choosing the words, we made sure that the emotional categorization of
the words are neutral, since it is known that emotional processes may interfere with
semantic processing (Hoffmann et al., 2009; Scott et al., 2009). Target stimuli are
taken from taken from Turkish Affective Norms Database, TUDADEN (Gokgay &
Smith, 2011). TUDADEN consists of affective word norms along the valence,

3



arousal and dominance axes (Gokgay & Smith, 2011). Valence axes implies the
negativeness and positiveness of the emotion, i.e. changes between unpleasant to
pleasant feelings, on the other hand, arousal refers to how excited the subject is, and
ranges from sleepiness/boredom to excessive excitement. Neutral words carry
medium arousal and medium valence values. After generating a list of neutral words,
standard stimuli are prepared as distorted, meaningless words which are obtained by
randomly shuffling the letters of these target words.

The event related potential P300 can be obtained by both visual and verbal stimulus
(Polich, 1985). On the other hand, the N400 potential, which has a negative peak
occurring 400 ms after the stimulus onset is used to measure the semantic processing
component of language processing. Our expectation in this study is that, both early
components such as P100, N100, P200, N200 as well as the oddball marker P300
will be observed. Our main hypothesis is that, N400, and the Late Positive
Component (P600) which are both related to the processing of the semantic validity
and meaningfulness of the words will be more prominently obtained for words in

comparison to non-words.

In the following, language related literature is reviewed in chapter 2; especially event
related potentials of interest are examined. In chapter 3, the event related potential
measurement methodology is explained in detail. In chapter 4, the findings of event
related potentials for the word versus non-word oddball experiment we conducted are
given. In chapter 5, interpretation on the findings is discussed and future work is

explained.



CHAPTER 2

BACKGROUND AND LITERATURE REVIEW

It is very critical to measure the brain response against sensory, cognitive and motor
stimulus (Stefanatos, Phil & Osman, 2007). Event related potentials (ERPS),
generated from the EEG signals that are time-locked to experimental stimuli, have
high temporal resolution (Fabiani et al., 2000). Due to ERPs sensitive measurement
of the brain response time as opposed to sensory, cognitive and motor stimulus, the

investigation of brain’s cognitive functions is possible.

2.1. Electroencephalography (EEG) and Event Related Potentials

In electroencephalography (EEG), electrodes are placed on the scalp and the pattern
of voltage variation is measured over time. While each neuron generates an electrical
field which differs over time, EEG measures the electrical activity of neurons
through the scalp by electrodes. An electrode measures the cumulative and
synchronized activity of many neurons (Figure 1). There are 4 types of EEG rhythms
which are Alpha, Beta, Theta and Delta. Alpha rhythm is the EEG of an awake
healthy person at rest. Its frequency changes between 8-13 Hz. Beta rhythm, for
which frequency changes between 14-60 Hz is the indicator of mental activity and
attention. Theta & Delta rhythms imply sleep, drowsiness. Their frequencies range
between 4-7 Hz (Purves, 2004).



Electroencephalogra
leads =2 e

Skull
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Figure 1 Sample EEG measurement through scalp (from Purves, 2004)



EEG electrodes have 19 standard positions distributed through the scalp as shown in
figure 2 (Kuperberg 2004). Abbreviations are used for locating electrodes with
respect to brain areas: A = auricle; C = central; Cz= vertex; F=frontal; Fp=frontal

pole; O = occipital; P=parietal; T=temporal

Figure 2 Standard placement of EEG recording electrodes at the top and sides of the
head (from Kuperberg, 2004).

ERPs are generated from EEG recordings such that a particular stimulus event is
time-locked to the EEG time series that succeeds it (Gratton and Coles, 2000). In
other words, ERP is the on-going EEG voltage which occurs in response to a specific
sensory, motor or cognitive stimulus. ERP signal is generated from EEG signal as

follows:

e EEG is recorded from indicated locations of the head
e EEG signal is amplified and filtered
e Analog signal is converted into digital by sampling the potential at a high

frequency (usually at least 100 Hz)
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e Time locked EEG samples are averaged with respect to different stimulus

categories in order to reduce signal to noise ratio in the final ERPs (a few

mV)

The conversion process of EEG to ERP is given in figure 3 and 4.

Ongoing EEG
oo <t bt om P A A
1 sec
Auditory ERP
_5“\/ —
s N
> A
s v / N .
Signal
Auditory averager No N, N, Ny \\
stimulus (S) /\ /\ N ‘\\

v
v P
a 1
P2 ;
| i P3 {P300) |
+5uVv
1 10 100 1000
Stimulus onset Time (msec)
Figure 3 Sample EEG and ERP (from Kuperberg, 2004).
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| . 28
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Tape Recorder
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Figure 4 ERP Signal Generation (from Fabiani et al., 2000).



Stefanatos, Phil and Osman (2007) examined the history and development of EEG
and ERPs and discussed the advantages of ERPs with respect to other imaging
techniques such as functional magnetic resonance imaging (fMRI) or Positron
Emission Tomography (PET). The temporal resolution of fMRI and PET functional
magnetic resonance imaging (fMRI) or Positron Emission Tomography (PET)
changes between seconds to multiples of seconds while the time resolution of
EEG/ERPs are on the order of milliseconds.

Temporal windows extracted from the ERP waveform are differentiated and labeled
according to their polarity: P for positive, N for negative. The latency of a peak in the
signal amplitude demarcates the beginning of a temporal window (for ex. at 300
msec). The polarity as well as latency are mentioned in the name of the potential
(Fox ex. P300, N400). In addition, the scalp distribution which is annotated in the
label of each electrode identifies the location of the extracted time window. Each
time component of the ERP is associated with specific cognitive processes. ERP
components are classified as exogenous (sensory) and endogenous (cognitive)
components. Exogenous (sensory) components are also referred as early components
of ERP such as P100, N100 and P200, N200. Furthermore, they are elicited by the
physical properties of the delivered external event. Endogenous components such as
P300, N400, P600 are called late ERP components. Moreover, they are sensitive to
changes in accordance with the state of the subject and the meaning of the stimulus.
As a result, they provide millisecond recordings of neural response between stimulus

its processing (Fabiani et al., 2000).

2.2. Language and Semantic Processing

Language is a remarkable tool for human being which provides them to
interact with the outer world. This convenience is brought to us by courtesy of
semantic memory part of the human brain. Semantic memory refers to the acquired
knowledge that is related to the world including the names, relations, properties,
associations, dissociations and appearance of objects, actions, as well as human

behavior, opinions, beliefs and on. Moreover, it deals with the conceptual
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representations of the entities that are the cornerstones of our lives. An important
property that is unique to humans’ language is the representation of knowledge. By
having such remarkable ability, they have opportunity to make manipulation and
association among objects, concepts and individuals rather than only represent
abstract forms of these concepts (Binder & Desai, 2011). The neuroanatomical layout
of semantic network is shown in figure 5. In this figure yellow colors, including
sensory, action, emotional systems serves as input to the red color regions including
temporal and inferior parietal regions which store abstract forms of entities. Blue
regions including dorsomedial and inferior prefrontal cortices are responsible for the
selection of the incoming information from temporoparietal regions. Lastly, green
regions including the posterior cingulate gyrus and adjacent precuneus may serve as
an interface between semantic memory network and hippocampal memory. Right
hemisphere has similar network but differences between left and right hemispheres
still unidentified (from Binder & Desai, 2011)

Action

TRENDS in Cognitive Sdiences

Figure 5 Left part of anatomical model of semantic processing in human based on a
wide range of data (from Binder & Desai, 2011)
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As a part of the entire language processing facility, reading is a noteworthy skill of
the human beings which facilitates them to gather the meaning of words and phrases.
Reading initiates with the eye perception in retina and goes to cerebral cortex of both
hemispheres for the complex analysis, namely decoding and encoding (Barber &
Kutas, 2007). To that extent, language processing has two fundamental information
processing units: First, the long-term memory. Second, semantic, syntactic and
discourse structures. In terms of processes, N400 has 2 hypothetical functions which
are integration and lexical (word-form) access. The integration functionality
regulates the semantic processing of the stimuli with the overall sentence context
through the activation of the long term memory access of the relevant stimuli. On the
other hand, lexical access explains the word form representations before semantic
access is established. The amplitude of word-like non-words often facilitates larger
N400 potentials with respect to words because of the difficulty during memory
access (Lau, Phillips & Poeppel, 2008; Osterhout & Holcomb, 1995). Furthermore,
as words activate the brain, amplitude of N400 is inversely proportional with the
activation level of memory. In other words, words that cause less access, have bigger
N400 amplitude, highly access words cause small N400 amplitudes (Osterhout &
Holcomb, 1995). The brain structures that are involved in language processing are

wide-spread as presented in figure 6.
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Figure 6 Coloured regions indicate language related anatomical components of the
human brain, Top: lateral view of the left hemisphere of the human brain. Bottom:

mid sagittal view of the right hemisphere (from Démonet, Thierry & Cardebat, 2005)

The workflow of the entire word recognition process can be seen in Figure 7. The
neuroanatomical correlates of the flow of word recognition have been found various
studies. Furthermore, these anatomical regions can be observed from figure 6. First
of all, the initiation of word forms, so called extraction of familiar visual patterns
(i.e. low-level feature extraction such as size and font), and visual word form
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processing(other than different visual forms) are associated with the primary visual
cortex and extrastriate cortex respectively. The occipito-temporal lobe is activated
during visual imagery. Moreover, the semantic access is neuroanatomically
correlated with the middle temporal gyrus (MTG) specifically for the semantic
access of words, the superior temporal sulcus is activated (STS). Anterior part of the
middle temporal gyrus and inferior temporal gyrus are activated during semantic
associations. The short term memory access has neuroanatomical correlates with the
temporo-parietal junction (TPJ). The word retrieval is associated with middle frontal
gyrus(MFG). Moreover, the articulatory associations (i.e. phonological processing)
and motor output (i.e. hand movements) are neuroanatomically correlated with the
precentral gyrus and motor cortex, supramarginal gyrus respectively. The posterior
part of the superior temporal sulcus (STS) is activated during the integration of word

or sentence meaning (Price, 2012)
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= % = multimodal integration =3 k=
> AUDITOR - = o
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Auditory words/sounds Visual words/pictures
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Figure 7 The flow of word recognition based on language studies (from Price,
2012)
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2.3. Reading Comprehension Models

Bentin et al. (1999) divides reading comprehension into three steps:
Ortographic processing, phonological analysis, and access of semantic information.

First step is visual feature extraction at the orthographic level such that

“‘orthographic processing involves the computation of letter identity and

letter position”” (Grainger & Holcomb, 2009, p.130).

It is worthy to note that, identification of each letter within a string of letters is
processed at the same time, with much more attention to the first and last letters
(Grainger & Holcomb, 2009). In the case of alphabetic languages, e.g. Turkish,
words are generated by combinations of letters. This generation process is composed
of rules that are specific to the language itself. These rules are defined as orthography
of a language which remarkably leads to word recognition (Grossi & Coch, 2005).
Grainger and Jacobs (1996) discuss the role of orthography during reading. While
readers look at a word as a set of letters, their brains process elementary operations
such as computation of physical properties of words, their correspondence on the
long term memory and choose the best matched candidate. Moreover, the
phonological analyses are also performed at the lexical level. Phonology can be

described as:

““To connect the sounds of spoken language (phonology)
to the strings of letter symbols printed on the page’” (Grossi et al., 2005, p.343)

The sound analyses of written words are performed during phonological processing.
Finally, if both orthographic and phonologic representations make sense, than the

meaning is gathered through semantic memory of the brain.

Word recognition is one of the most popular research topics of the last two decades,
questioning how exactly the aforementioned elementary operations are performed.
The reading mechanism not only performs the decision of whether letters of string is

a word not but also evaluates the properties of words that are mentioned above.
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In order to learn this remarkable functionality mechanism of the human brain, the
lexical decision making tasks is a practical method (Grainger and Jacobs, 1996).
Lexical decision making discerns a word from non-word. During the lexical access
there are important properties of words which are orthography, spelling, phonology,
articulation, semantics and morphology (Posner and Carr, 1992).

Dilkina, McClelland and Plaut (2010) discuss the relation between lexical and
semantic processing. Lexical access initiates the input word before the semantic
activation whereas semantic access decodes the meaning of the relevant stimuli
(Dien, Frishkoff, Cerbone & Tucker, 2003). According to the research review
(Dilkina et al., 2010), there are two types of processing models. First one is based on
mental lexicons. In order to distinguish the words from word-like non-words, the
semantic access is not required, subjects directly comprehend words by judging
whether the word is in their orthographic lexicon or not. If it belongs to the mental
lexicon it is classified as word, if not it is non-word. The second model suggests that
it is necessary to access the semantic system of the memory to decide the word and
non-word forms. Lastly, they report that the second view is supported by several
studies (for instance semantic dementia patients are not able to perform a lexical
decision task that is highly correlated their semantic impairment (Dilkina et al.,
2010). The second model infers that lexical and semantic processing are not separate

processing units of the human brain.

Somewhat similarly, serial and parallel accounts of information processing also
address how sub-processes in lexical and semantic access are intertwined. There are
2 types information processing modeling regarding reading comprehension in the
literature that are controversial. A serial-cascaded model assumes the steps that are
involved in word recognition are performed one after another. Whereas the parallel
model assumes these operations are performed synchronously as given in Figure 8
(Pulvermiiller, Shtyrov & Hauk, 2009). According to dual-route cascaded (DRC)

model, there are two basic word processing operations which are initialized by the
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appearance of the printed word that work until the finalization of the semantic
analysis.

To sum up, the importance of neurophysiological measurements during word
recognition can be understood from:

““One of the most intensely debated issues in psycholinguistics,
at what latencies phonological, orthographic, lexical, syntactic

and semantic information is first accessed, can therefore be
addressed using neurophysiological means’” (Pulvermiiller et al., 2009, p.81).

According to wide literature, for the reading comprehension *‘orthographic analysis
first peaks at about 200 ms, phonological analysis at about 300 ms semantic analysis
at about 400 ms, and syntactic analysis at about 600 ms’’ (Dien,2009,p.12)

N
@
syntactic _E_
reanalysis =
500 semantic
reanalysis,
semantic syntactic
processing reanalysis,
400 second-order
cognitive
lexical processes
processing
300
lexico-syntactic
access near-simultaneous
200| | Phonological, lexical,
syntactic & semantic
phonological access & context
access integration
100
[ms]

t = 0 : crtical stimulus information is available

Figure 8 Serial (given at left) and parallel (given at right) processing models during

language comprehension (from Pulvermiiller et al., 2009)
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2.4. Event Related Potentials in Word-Related Studies

Event related potentials have a great impact in measuring the time course of the
linguistic process mentioned in section 2.3 (Dien, 2009). There are various brain
regions involved in word identification as seen in figure 9 (Dien, 2009; Posner et al.,
1992).

Peak latency ERP Anatomy Function

100 P100 Extrastriate occipital Low-level perception

150 P150-Cz Inferior occipital cortex Word shape

150-180 N170-P07 Visual word form area Bigram analysis

200 NZ2-F3 Fusiform semantic area Lexical access

250 Recognition potential Language formulation area? Lexical selection and orthographic-phonological mapping
250-350 MEN/N300/P2/PMN ? Phonological analysis?

300-350 N300-T3 Left supramarginal gyrus Phonological store

Figure 9 Early latency event-related potentials for reading comprehension (Dien,
2009)

Barber and Kutas (2007) explain the time course of the word recognition
process as follows: the stimulus type, in other words well-learned versus novel
stimuli differentiation occurs 100 ms after the stimulus onset, the difference between
orthographic and non-orthographic stimuli is recognized 150 ms later than the
stimulus onset. Results from a few studies in which lexical decision is made
(differentiating word versus non-words or/and pseudowords) present responses in
this early time scale (100-200 ms) whereas consistent results from multiple studies
indicate word frequency and lexicality effects 300 ms after the stimulus onset, in the
range of 250-400 ms. Lexicality effect is revealed by the 300 ms negativity for
orthographically and phonologically regular but nonexistent pseudowords or illegal
non-words while discriminating them from meaningful words (Schacht & Sommer,
2009b). Moreover, phonology related information is activated between 250-450 ms.
In addition, the word and sentence level interaction and morphosyntax recognition
occurs between 300-450 ms time interval. Finally, decision making processes in top-
down factors such as local sentence context occur in response to visual word

recognition. Word recognition lasts hundreds of milliseconds after the word onset
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based on the steps presented in figure 10. The LPC (Positive potentials occurring
after 500 ms) elucidates attentional engagement, evaluation and memory encoding
rather than semantic processing (Fischler & Bradley, 2006; Kissler, Herbert, Winkler
& Junghofer, 2009).

TIMECOURSE OF ERP SENSITIVITIES DURING VISUAL WORD RECOGNITION

| 15 20 | Well-learned vs novel patterns
15 | 20 | Orthographic vs non-orthographic

. N-gram frequency

30 | Grammatical class (e.g., noun, verb)

3 | 40 | Wordness
|40 Word frequency

. Syllable frequency
- Orthographic neighborhood size

45 . Phonological processing

;. Morphosyntax (e.g., gender, number)
Word & sentence level interactions

145 50 55 | 60 | Decision-related processes

P1-N1-P2 N400 LPC

Time from letter string onset in milliseconds ———

Figure 10 ERP time responses during visual word recognition. Dark Greys
indicates findings from several laboratories, light shades are scarce in the reports.
The numbers inside the squares denote time scale, for example, 10 means 100 (from

Barber & Kutas, 2007)

Sereno and Rayner (2003) discuss the reading ability of human as ‘the visual
comprehension of language’” according to time course, mainly how and when the
meaning of the word is activated. Regular readers can read 300 words per minute
while word inputs enter to the brain through the retina. The penetration of word
information to higher cortical regions takes approximately 60 ms after the word
onset. Lexical processing starts after this penetration, elucidating the ERPs P1, N1,

P2, and N2. The later cognition-related ERP components comes into play
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approximately 300 ms with P300 and continues by the N400 whose time scale

changes between 300-500 ms. The time scale can be seen from figure 11.
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Figure 11 ERP time responses to the visual word recognition. (from Sereno et
al.,2003)

2.4.1. Early ERP Components in Language Comprehension

There are several studies that replicate the late ERP components (P300, N400,
Late Positive Component), although findings related to the the early components are
limited. The difference between meaningful words and pseudowords is reported in
the N100-P200 early components (Pulvermiiller et al., 2009). Breznitz, Shaul and
Gordon (2003) reveals that these early components may reflect early attention
capturing mechanisms by detecting the physical features of the stimuli such as font,

color, contrast.

P100 which is a positive peak occurring approximately 100 milliseconds after the
stimulus onset reflects very low-level perception of the visual stimuli, thus it has its
maximum value over posterior regions. The amplitude of P100 is larger for longer
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words, within the topography of electrode site PO8. Moreover, this potential has
higher values in terms of amplitude for atypical words than typical words (Dien,
2009). Furthermore, Brem et al. (2006) notify that

“An activation over the occipital scalp around 100 ms (P1/M100) is mainly
sensitive to physical stimulus characteristics (visual contrast, luminance, size,

etc.) and reflects activity of striate and extrastriate visual areas’” (p.822).
According to Brem et al. (2006) P100 findings, the amplitude for symbol strings
(nonsense stimuli) is much higher than meaningful words. And this may arise due to
the more allocated attention for the symbol strings. On the contrary, according to
Segalowitz and Zheng (2009) findings, ERP results for the P1 amplitude greater for

words than nonwords.

N100 is the negative peak occurring approximately between 80-180 milliseconds
after the stimulus onset, which is predominantly picked up at the temporal and
occipital sites (Breznitz, Shaul & Gordon, 2003). It may be the indicator of initiation
of attention based events (Breznitz & Berman, 2003). The activation of N100 is the
related to discrimination of word stimuli and symbol strings namely shapes. So its
amplitude values are larger for words than non-sense strings (symbols, icons) with a
scalp distribution of occipito-temporal cortex (Brem et al., 2006). According to
Breznitz et al. (2003), its latency is proportional to age of subjects, i.e. the older the

age, the later the response.

The P200 which is a positive peak occurring approximately 200 milliseconds after
the stimulus onset is thought to reflect perception, feature detection, working
memory and syntactic processing. Furthermore, frontal P200 may be associated with
memory retrieval related operations, whereas central P2 may be reflect the word

access from long term memory to the working memory (Breznitz et al, 2003).

The N200 component (RP: the recognition potential) which is reported as a
recognition potential peaks around 250-270 ms (early 200). N200 is thought to
reflect processes related to meaningfulness in semantic processing. In the case of

word stimuli, it is reported that its amplitude is larger for words than non-words, in
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other words its amplitude is proportional with the recognition of the meaning of the
stimuli (Dien, 2009). In addition, it is located over left temporal and occipital sites
(Grossi & Coch, 2005). For the oddball paradigm, this component is observed for the
rare, so called target stimuli, because of its responsiveness to the stimulus probability
(Patel & Azzam, 2005; Frishkoff & Tucker, 2000). N200 is also reported as an
indicator of early semantic access (Dien, Frishkoff, Cerbone & Tucker, 2003). Its
latency is proportional with the focus of attention (Breznitz et al, 2003). According to
Martin-Loeches (2007), real words’ recognition potential exhibits higher amplitude
than pronounceable non-words and letter strings, since subjects are more familiar
with the stimuli (i.e. real words are more recognizable than pronounceable non-
words and letter strings). Ortographic processing and letter recognition may also
contribute to the recognition potential (Martin-Loeches et al., 2002).

2.4.2. Late ERP Components in Language Comprehension (N400)

The language related component of ERP is N400 which occurs approximately
400 ms after the word stimulus onset (Pulvermiiller et al., 2009). This fundamental
ERP component is firstly found as opposed to semantically incongruent sentence
endings by Kutas and Hillyard (1980). They examined subjects’ brain activity with
respect to semantically incongruent sentences during natural sentence reading. In the
experiment, subjects are given 7 word sentences. To establish semantic incongruity,
the 7" word of each sentence is made semantically irrelevant (For ex. ‘He spread the
warm bread with socks.’). As the control sentences, semantically correct sentences
are used (For ex. ‘It was his first day at work’.). As a result, the amplitude of N400
for the last word in semantically incorrect sentence structures is obtained as higher
than semantically congruent sentences. In other words the negative peak which
occured 400 ms after the stimulus onset, i.e. the target word, was larger for
incongruent words as seen from Figure 12. This may be due to the semantic
integration property: the integration of context is easier in the case of semantically

congruent sentences (Lau et al., 2008).
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Figure 12 N400 ERP Component after the semantic processing (from Kutas et al.,
1980)

The N400 language related component is not only elicited by sentences but it is also
found by the single words including orthographically regular and pronounceable
pseudowords (orthographically regular non-words, such as GORK) (Pulvermiiller et
al., 2009; Lau, Phillips & Poeppel, 2008; Federmeier & Laszlo, 2009). The non-
words which do not keep track of the traditional language rules (i.e. orthographically
and phonologically incorrect, e.g.

phonologically unpronounceable) do not elicit N400 potential (Federmeier & Laszlo,
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2009; Coch & Holcomb, 2003). The amplitude of this component is larger for
pseudowords which have no meaning as opposed to meaningful words.
N400 is described as:

““N400 which is best characterized as an index of semantic memory

use during language comprehension and context integration”’ (Pulvermiiller et al.,

2009, p.82).

From the view point of the scalp topography, it is maximum at centroparietal region.
Word-like non-words often present longer reaction times than words according to
N400 findings (Lau, Phillips & Poeppel, 2008).

To assess the underlying cognitive mechanism of words, a classical lexical decision
task in which subjects are told to categorize whether the string of letters are words or
pseudowords is applied. Findings (Carretié et al., 2008) suggest that the LPC (P3b) is
located in superior parietal lobe and it appears to be minimum at frontal sites. It has
been consistently reported that it is an indicator of the top-down or goal directed
visual attention (Schacht & Sommer, 2009a; Polich, 1985). That is to say, LPC is

detected when top-down attention is engaged in word recognition:

““Experiments manipulating the level of top-down attention while reading

indicate that the parietal cortex reflects the recruitment of attentional

processes when words are read’” (Carretié et al., 2008, p.193).

Fischler and Bradley (2006) conducted an experiment with 150 words including
pleasant, unpleasant and neutral, and 60 non-words. Moreover, participants are told
to react non-words and not to words. As a result, their findings suggest that there is
LPC after N400 which is minimal at frontal sites and maximum at parietal sites can

be observed from figure 13.

23



——— Pleasant
Neutra
Unpleasant

0 200 400 600 800

Time since onset of word (ms)

Figure 13 Event-related brain potentials at five scalp locations following presentation
of affectively unpleasant, neutral, and pleasant words (from Fischler et al., 2006)

Polich (1985) assessed the effect of semantically incongruent and congruent
processing by conducting 2 different types of experiment with sentences versus a
series of words in order to investigate the relation between N400 and Late Positive
wave that culminates just after the N400 in decision making processes. In the
experiments, subjects are instructed to read either seven word sentences or a word
series of seven words which are semantically related, in other words congruent, or
semantically inappropriate, or so called incongruent. Subjects are instructed to
indicate whether the sentences or word series ended in a semantically relevant
manner with a button-press response. For the sentence reading paradigm, 7 word
sentences are shown to the subject. So as to facilitate semantic incongruity, first 6
words of each sentence are semantically and syntactically appropriate for half of the
sentences. The N400 ERP (400 msec negative latency) is detected for the stimulus in
semantically inappropriate sentences; but this latency does not occur for the normal
ending sentences. For the experiment with word series, seven words are presented
where the first six words are from same category of the first six words but the
seventh word is from another category (e.g. first 6 words are chosen from flower
category but the seventh word is a car name) or all of the words are from the same
category. This time the N400 component is observed for all cases. The resulting
ERPs are presented in figures 14 and 15. For the second experiment, the P300
component in the decision making task is obtained in a more precise manner as

opposed to first experiment as a late positive component.
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Figure 14 N400 ERP signal ODD: word series/sentences ending with
semantically incongruent word. NORMAL: word series/sentences ending with
semantically congruent word (from Polich, 1985)
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Figure 15 N400 and Late Positive Component (from Polich, 1985)

Friederici (2004) also discussed the ERP components which are related to brain’s
language network. The effect of syntactic and semantic language processing is
examined over the N400, P600 components. N400 stands for the negative peak at

around 400 ms after the target stimuli, highly correlated with lexical-semantic
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processing. This component is observed both right and left hemisphere of the brain,
but in the case of visually presented words, the amplitude is higher for the right
hemisphere. While N400 is associated with early processes of syntactic integration,
P600 is detected for complex syntactic integration such as ambiguous phrases.

2.4.3. Role of Attention in Language Comprehension (P300 and
Late Positive Component)

Selective attention represents processing of information such that relevant
stimuli are extracted while others are neglected (Fabiani et al., 2000). The P300 ERP
is a marker of cognitive processing related to attention such as updating mental
representations such as working memory. Remarkably, P300 is a signature of the
“Oddball Paradigm”. This paradigm is administered using a single category
stimulus, two category stimuli or three category stimuli. When there is a single type
of stimuli, the subject is expected to detect the stimulus every time it is presented.
For traditional two stimulus oddball, there is a standard stimulus that is presented to
the subject frequently, along with target stimuli shown infrequently. The subject is
expected to respond to the target category which elicits a higher P300 signal in
comparison to the standard category as seen in figure 16. In the case of three
stimulus oddball, the target stimuli is shown rarely along with the frequent standard
stimuli and infrequently presented distractor stimuli eliciting responses shown in
figure 17. In every type of the paradigm, subjects are told to respond either by
counting the numbers of target stimuli or by pressing a button after seeing the target

stimuli while ignoring others (Polich et. al, 2007).
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Figure 16 ERP waveforms facilitated by standard and oddball stimuli in a visual

oddball paradigm (from, Luck,in press)
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Figure 17 Different types of stimuli in Oddball Paradigm (from Polich et. al,
2007).
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In the case of three stimulus oddball, P300 have two components which are
called P3a and P3b respectively. P3a reflects the responses derived from attention
processing after sensory input is received. On the other hand, P3b reflects memory
access after attentional processing is already engaged. P3a appears when the frontal
lobe attention is required whereas P3b is produced in the case of requirement of

attention for memory updating operations from parietal cortex.

““Parietal cortex, situated at the intersection of visual, auditory, and
tactile cortices at the ‘crossroads of the brain’ is ‘association’ or

tertiary cortex’” (Behrmann, Geng &Shomstein, 2004, p.212).
It plays an important role in converting sensory information to a motor response by
regularizing attention, mental updating, locational representation (Behrmann, Geng
& Shomstein, 2004). For example, in the three stimulus oddball the detection of the
distractor produces P3a, the counting of target stimuli elicits P3b (P300) so called
late positive component. The anatomical correlates of P3a and P3b can be observed
from figure 18(a) and figure 18(b) (Polich et. al, 2006).
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- | ATTENTION PROCESSING | ++erees > P3a

MEMORY STORAGE — P3b

WORKING
MEMORY
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Dopaminergic
Pathway

~ Ppathway

Figure 18 P3a and P3b components of P300 (from Polich & Criado, 2006)
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The context updating mechanism of P300 begins with acquiring the input, if it is
different from the previous stimuli then P300 emerges, if it is not, then the current
mental state is conserved in accordance with the sensory evoked potentials namely,
N100, P200, N200 as shown in figure 19. The latency of the P300 is highly
correlated with the cognitive efficiency of the brain, namely the speed of the task
performance whereas the amplitude of P300 elucidates the activation level of the
brain in terms of the necessary attentional resources for the specific task (Polich &
Criado, 2006; Polich, 2007; Polich & Margala 1997).

CONTEXT UPDATING THEORY OF P300

WORKING MEMORY NEURAL
COMPARISON REPRESENTATION

00&

P2CID

N200

N100

Figure 19 Context Updating Theory of P300 (from Polich, 2007)

The P300 positive peak occuring after the stimulus onset is investigated to
understand whether the probability of the rarer (target) event is directly proportional
to the amplitude of the P300 component or not (Polich and Margala, 1997). As a
result, it is found that as the probability of the event increases the amplitude of the
P300 decreases. When stimulus frequency increases, the remaining time of that
stimulus in immediate memory is higher than other stimuli, so the updating operation
does not have to be made each time as in the case of rare (target) stimuli, yielding
smaller P300 amplitudes.

The complexity of the task effects the latency of P300: the more complex the

evaluation of the task (i.e. decision making), the more delayed the peak latency
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(Kutas & Petten, 1988). Latency serves as some sort of index of cognitive capability
(Polich & Margala, 1997, p.175).

2.4.4. Bottom-up and Top-Down Attention Approaches

According to neuropsychological findings, reading has strong relationship with
attention especially in the right parietal lobe. Besides this the parietal lobe has an
important role on word recognition (e.g. words with different format letters, upper
and lower case letters) as suggested by attentional resource management (Braet &
Humphreys, 2006). Moreover, parietal cortex accomplishes this role by participating
in two different aspects of attentive processing: First one is bottom-up (i.e.
‘attentional capture’) which is created by the recognition of the ‘intrinsic’ feature of
the stimuli. This recognition process is accomplished by the saliency of the stimulus.
Second one is the top-down mechanism which operates in a goal-directed fashion, as
a consequence of the explicit will of an organism (Behrmann, Geng & Shomstein,
2004, p.212)

Parietal lobe is located posteriorly to the central sulcus and superiorly to the occipital
lobe. Parietal lobe is segregated by the intraparietal sulcus (IPS) into the superior
parietal lobule (SPL) and the inferior parietal lobule (IPL). On the medial view,
SPL’s extension anterior to the parietooccipital sulcus (POS), is called the pre-
cuneus. The frontal lobe (FL) is seperated into the middle frontal gyrus (MFG) and
the inferior frontal gyrus (IFG). The superior temporal gyrus (STG) is located in the
superior part of the temporal lobe (TL) and ends at the temporoparietal junction

(TPJ) as can be viewed from figure 20 (Behrmann, Geng & Shomstein, 2004).
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Curment Oinicn in Meurobickogy

Figure 20 Neuroanatomical regions involved in bottom-up and top-down
attention (a) Lateral view of human brain (b) Medial view of the human brain.

Central Sulcus (CS), occipital lobe (OL), intraparietal sulcus (IPS), superior
parietal lobule (SPL), the inferior parietal lobule (IPL), parietooccipital sulcus
(POS), frontal lobe (FL), middle frontal gyrus (MFG) and the inferior frontal
gyrus (IFG), superior temporal gyrus (STG), temporal lobe (TL),
temporoparietal junction (TPJ) (from Behrmann, Geng & Shomstein, 2004)

As mentioned earlier, attention capturing has two aspects: First one is bottom-up,

second is top-down.

Bottom-up attention is driven by sensory input, and involves perception of relevant
stimuli via feature and saliency maps (Corbetta & Shulman, 2002). As seen from
figure 21, first of all the low level features are extracted in parallel (e.g. for the
image, color, orientation; intensity including spatial information is detected). After,
feature maps are constructed, the saliency map is created for the high level
perception of the stimuli by combining feature maps (Itti & Koch, 2001). According

to several fMRI studies, the bottom-up attention capturing mechanism is
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neuroanatomically correlated with the temporoparietal junction (TPJ; see Figure 20
(@)). Right lateralized TPJ becomes activated in response to the unexpected,
infrequent, salient stimulus (Behrmann, Geng & Shomstein, 2004). For example,
when the subject walks on the road, he immediately detects a red hat in a crowd of
people without prior instruction, because this red hat automatically grabs their
attention due to saliency. Another task may be detecting red hat in a crowd of people
when subjects view a series of pictures. In this type of task, subjects are instructed to
differentiate specified stimulus with their own cognitive effort (Itti & Koch, 2001).
For the second task, the frontal lobe, visual areas are integrated to the circle. This
requires the activation of the top-down attention. In the case of top-down approach,
information is processed from more a complicated form down to a simpler form,
based on previous experience (Corbetta & Shulman, 2002). For the neuroanatomical
correlates of the top-down attention, the superior parietal lobule (SPL; see Figure 20)
and the precuneus (PC; see Figure 20) regions are activated (Behrmann, Geng &
Shomstein, 2004). For the summary of bottom-up, top down and object recognition

schema see Figure 22.
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Figure 21 Bottom-up attention flow schema (from Itti & Koch, 2001)
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Figure 22 Attention grabbing and object recognition schema (from Itti &
Koch, 2001)

2.5.  Motivation of the current study & Hypothesis

The current study investigates electrophysiological information processing in lexical
decisions. Although electrophysiological correlates of early and late stages of general
lexical data processing have well been documented before, we are particularly
interested in the application of lexical decisions to Turkish words. Therefore, our aim
is to determine the interplay of pre-attentive, attentive and semantic
electrophysiological correlates of lexical information processing during a simple
lexical decision task where the subject is required to differentiate words from non-
words. P100, N100, P200 and N200 are assumed to indicate pre-attentive time scale
of visual word recognition process. N200, which is the marker for ‘wordness’ (i.e.
recognition of a word) of the stimuli is expected to have higher amplitudes for target

group as opposed to non-targets. Since its latency is proportional to the focus of
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attention, targets are expected to have higher latencies than non-targets. For the late
components of ERP, meaningful words are expected to evoke smaller amplitudes as
opposed to non-words for the marker of semantic processing (i.e. N400). For the
latency factor of N400, non-words are expected to represent longer latencies as
opposed to words. As the indicator of oddball paradigm, for the target stimuli (i.e.
words), P300 potential is expected to have much higher latency and amplitudes than
non-target stimuli (i.e. non-words). For the late-positive component, we expected to
have significantly higher amplitude values for target stimuli as opposed to non-target
stimuli. And the latency values of target stimuli should be longer than non-targets
since its proportional to cognitive processing.
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CHAPTER 3

METHOD

This research is conducted at Dokuz Eylil University, Faculty of Medicine,
Department of Biophysics, and Brain Biophysics Research Laboratory. Additionally,
it 1s approved by Middle East Technical University and Dokuz Eyliil University,
Faculty of Medicine Institutional Review Boards (Appendix C).

3.1. Participants

A total of 21 subjects were enrolled as participants after having signed the
written informed consent. The subjects were volunteering adults. The only inclusion
criterion was to agree to participate in the study. The exclusion criteria were; (i)
having a psychiatric disorder, (ii) having a neurological disorder or a general medical
condition as well as (iii) any ophthalmologic problem that may interfere with the
sight of the subject (rather than corrected refractory anomalies). Due to the noisy
patterns of signals, 1 subject is excluded from study. Socio-demographic
characteristics of the participants are presented in Table 1. The mean age was
25.84+4.16. Nine of the participants were male. Eighteen of them were right handed
two of them were left handed as ascertained by the Edinburgh Handedness Inventory
(EHI) (Oldfield, 1971) (Appendix D, Appendix E).
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3.2. Stimulus Materials

The words were chosen according to their arousal and valence: words with
neutral arousal and valence were used for the experiment (Appendix A). Neutral
value intervals were determined according to valence and arousal values. In detail,
the words are chosen such that they had valence and arousal values within the range
of 4.0-5.0. While choosing words from the TUDADEN word database, abstract and
mono syllabic words are ignored so as to standardize the perception of stimuli.

Characteristics of the words we employed are presented in Table 2.

Table 1 Socio-demographic characteristics of the sample (N=20)

Age (meantSD) 25.8+4.16
Gender (m/f) 9/11
Handedness (EHI score) | 66+61.33
(mean+SD)

SD: Standard deviation, m:male, f:female, EHI: Edinburgh Handedness Inventory

Table 2 Characteristics of the word stimuli

Arousal value | 4.74+1.84
(mean+SD)

Valence value | 5.20+1.71

(mean+SD)

3.3.  Stimulus Design and Procedure

As the traditional two stimulus oddball paradigm, the target stimuli were

presented to the subject with the probability of p= 0.25. Target stimuli were words
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chosen from TUDADEN. The standard stimuli were non-words which were
produced from the scrambled versions of target words®. Probability for standard
stimuli were p=0.75. The standard stimuli were orthographically illegal. All stimuli
were presented at the center of 17 inch PC-monitor in white 40 pt letters on dark grey
background with 400 ms duration. The inter stimulus interval (ISI) was randomized
to range within the 2000-3000 ms between stimuli. Fixation cross ‘+’ was used as the
baseline between the repeating stimuli. 24 target stimuli were presented with respect
to 72 standard stimuli, thus a total of 192 stimuli presentations in 2 repetitions. We
did not allow two consecutive stimuli to be target, whereas non-target stimuli were
allowed to repeat 3 to 5 times in a raw. Sample design of the verbal oddball
experiment can be seen from figure 23. The time duration of this experiment was

approximately 10 minutes.

masa 400 ms

+ 2000-3000 ms

edhink | 400 ms

+ 2000-3000 ms

elpsd 400 ms

+ 2000-3000 ms

perde 400 ms

2000-3000 ms

Figure 23 Verbal Oddball Paradigm Design

* The scrambled versions of standard words are obtained after scrambling the letters
of the target (meaningful) words and then each second vowel and consonant letter is
replaced with the consecutive letter of this vowel and consonant letter from the
alphabet.
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3.4. Stimulus Presentation

The oddball task was applied in a shielded room isolated from electrical and
magnetic fields. The investigator who carried out the EEG recordings briefly
introduced the task to the subjects. Before the experiment, accompanied by the
researcher, participants performed a training session. According to the subjects’ head
perimeter, Quikcap was placed on their head (for the displacement of electrodes on
cap see figure 24). Participants were instructed to press the button only when they
decide the stimulus is a meaningful word, and ignore meaningless ones. Furthermore,
the subjects were told not to think of any other ideas as well as to avoid moving their

heads (e.g. eye blinking, chewing, talking etc.).
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3.5. Electroencephalographic Data Acquisition

Electroencephalography (EEG) was recorded from 64 electrode sites
including Fz, Cz, Pz, Oz,AF3/4, AF7/8,FT7/8,FC5/6, FC3/4, FC5/6, FC1/2, FP1/2,
FPz, F3/4, F7/8, F5/6, C1/2, C3/4, C5/6, TP7/8, CP1/2, CP3/4, CP5/6, T7/8, P3/4,
P1/2, P5/6,P7/8,PO1/2, PO3/4, PO5/6,01/2 by the NEUROSCAN SynAmps
Amplifiers and Software®. The electroencephalogram was recorded via Ag/AgCl
electrodes at the above mentioned sites according to the extended 10-20 system with
left and right mastoid reference. The electrodes embedded within an electrode cap
served as ground. Additionally, there were external electrodes which were placed
below, upper and lateral parts of eyes. These electrodes served as vertical and
horizontal electrooculograms (EOG) to record the eye movements during the EEG
data acquisition. Two additional reference electrodes were placed at left and right
earlobes. During recording these references’ electrical potential was assumed as ‘0’
(zero) and the signals which were gathered from other electrodes were referenced
according to these two reference electrodes. The impedance of all electrodes was
kept under 5 kQ by using ECI electrode gel. Data was acquired with SynAmps
Amplifiers® at a band pass of 0.015-70 Hz with a notch filter (50Hz); sampling rate
was 1000 Hz

3.6. ERP Analysis

The ERP analysis is made with the Neuroscan Software®. NEUROSCAN® is
a toolbox for processing continuous and event-related EEG. To investigate the time
locked signal the recorded EEG was divided into 2000 ms epochs. Each epoch was
divided into two equal intervals by the stimulus. Amplitude changes larger than
50mV are presumed to be associated with facial movements or eye blinks and were
automatically rejected using the SPATIAL SVD Algorithm of the Neuroscan
Software®. Secondly, baseline correction was applied according to activations in pre-

stimulus intervals. After the baseline correction, the EEG signals were passed from
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band-pass filter on zero-phase shift mode. Finally all signals were averaged by using

the Average Module of the Neuroscan Software®.

P100, N100, P200, N200, P300, N400 and Late Positive Component were measured
from FZ, CZ, PZ, OZ electrode sites in terms of both amplitude and latency. Based
on the previous literature (Rozenkrantsa et al., 2008; Bernat, Bunce & Shevrin, 2001,
Hoffmann, Kuchinke, Tamm, L.-H. V& & Jacobs, 2009; Sereno et al., 2003), we
designated the time interval as a descriptive for each ERP component as follows:

e P1:70-130 msec

e N1:120-160 msec

e P2:160-220 msec

e N2:200-300 msec

e P300: 220-800 msec

e N400: 300-500 msec

e Late Positive Component (LPC): 400-800 msec

In order to measure the amplitudes, first of all, the grand averages of 20 subjects
were taken into consideration. For all CZ, PZ, OZ and FZ grand averaged signals,
peak values that resided between the aforementioned signal time intervals were
labeled as P1, N1, P2, N2, P3, N400 and LPC (figure 26,27,28,29,30,31,32,33).
Some of these components, especially the P100 and N100 were missing in grand
average graphs since they were near to zero, but they were observed in individual
signals. After obtaining these grand averaged and labeled signals, for each subject,
the baseline corrected, artifact rejected, filtered and averaged EEG signal’s peak
amplitudes are gathered according to these sample grand average signals. A sample
base to peak measurement which we used as a guide is presented in Figure 25. For
instance, to measure the P100 amplitude of the specific subject for the target group
and electrode CZ, the maximum peak amplitude was measured for the time interval
between 70-130 seconds as well as in regards to the grand average latency and

amplitude of the P100. This procedure was repeated for all components of interest.
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Peak L.atency

Stimulus
Onset

Figure 25 Sample Base-to-peak Measurement (from Fabiani et al., 2000)

The reason why we considered the grand average measurements of the group is to
prevent observational bias. For instance, the time intervals for P300 and Late
Positive Component are between 220-800 and 400-800 respectively and may
overlap. Grand average replacements of the corresponding potentials were
informative to determine the electrophysiologic identity of the peaks. Specifically,
the latency calculation is based on calculating the time elapsed after the stimulus
onset to the P1, N1, P2, N2, P3, N400, LPC peaks. In brief, both latency and
amplitude were measured from each subject’s averaged EEG signal. In figures 26,
27, 28, 29, 30, 31, 32, 33 in the following, measurement of ERPs from the grand
average signals are given separately for target and non-target categories. In Appendix
B the event related potentials labeled according to corresponding time intervals from
grand-average of CZ, FZ, PZ and OZ electrode sites for both target and non-target

groups can be observed.
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Figure 27 CZ Electrode Measurement for non-target group
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Figure 29 OZ Electrode Measurement for non-target group
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Figure 31 PZ Electrode Measurement for non-target group
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CHAPTER 4

RESULTS

In this chapter the ERPs of interest defined as P100, N100, P200, N200, P300, N400
and LPC amplitude and latencies, recorded at PZ, FZ, CZ, OZ electrode sites for the
target, and non-target stimuli groups are going to be presented. The results are shown
from individual electrodes. The grand average peak measurements that are
aforementioned in methods chapter are shown. Subsequently, for the late positive

component the inter-reliability analysis results are presented.

4.1. Grand-Average and Statistical Results for the Electrode PZ

The ERP signal that is generated from the PZ electrode site is given in figure 34.
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Figure 34 Target and Non-target neutral group grand averages for electrode PZ

Target and non-target stimuli groups were compared for the electrophysiological
amplitude and latency with 2 factor Multivariate Analysis of Variance (MANOVA):
Target/Non-target X Amplitude, Target/Non-target X Latency.

MANOVA revealed that P100 amplitudes (F (1, 30) = 1.827, p>.05) and P100
latencies (F (1, 30) = 0.330, p>.05) were not different between the two stimuli

groups.

The difference among target and non-target groups for the N100 potential’s
amplitude (F (1, 32) = 4.083, p=.052>.05) was on the verge of significance at
0=0.05 level, but the N100 latency was comparable between the two types of
stimuli (F (1, 32) = 0.008, p>.05).

P200 potential’s amplitude, as well as its latency were not different between the
target and non-target stimuli groups (F (1, 32) = 0.341, p>.05, (F (1, 32) = 0.389,

p>.05 for the amplitude and latency values respectively).

There is no statistical significance among target and non-target groups neither for the
N200 potential’s amplitude (F (1, 32) = 2.759, p>.05) nor for the latency (F (1, 32) =
0.910, p>.05).
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There is no statistical significant result among target and non-target groups for the
P300 potential’s amplitude (F (1, 32) = 0.420, p>.05) and for the latency (F (1, 32) =
0.766, p>.05).

There is no statistical significance among target and non-target groups neither for the
N400 potential’s amplitude (F (1, 32) = 0.028, p>.05) nor for the latency (F (1, 32) =
0.587, p>.05).

There is a remarkable statistical significance among target and non-target
groups for the LPC potential’s amplitude (F (1, 32) = 16.399, p=0<.05) but no
statistical significance for the latency (F (1, 32) = 2.085, p>.05).

The summary of statistical results is given in Table 3 for amplitudes and Table 4 for

latencies.

Table 3 The comparison of two stimuli types for the ERP amplitudes per electrode

ERP amplitude Target Stimuli | Non-target MANOVA Statistics
(mVol), (mean+SD) Stimuli

P100 -0.1767+1.2 0.4164+1.27 F=1.827, p=0,187
N100 -2.90+1.84 -1.73+1.52 F=4.083, p=0.052
P200 2.94+2.69 3.47+2.60 F=0.341, p=0.563
N200 -2.59+2.2 -1.37+2.06 F=2.759, p=0.106
P300 2.67+£2.18 3.19+2.59 F=0.420, p=0.531
N400 -1.14+£2.42 -1.27+£2.11 F=0.028, p=0.869
LPC amplitude 7.27+2.79 3.77+2.21 F=16.399, p=0*

SD: Standard Deviation, *:Statistically significant

Table 4 The comparison of two stimuli types for the ERP latencies per electrode

ERP latency Target Stimuli | Non-target MANOVA Statistics
(ms), (mean+SD) Stimuli

P100 101.867+£21.74 | 97.176+24.15 F=0.33, p=0.57
N100 133.29+20.95 134.23+36.78 F=0.008, p=0.928
P200 179.76+£30.032 187.82+43.98 F=0.389, p=0.537
N200 230.35+£36.419 | 245.41+53.96 F=0.910, p=0.347
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P300 290.18+£35.209 | 304.24+56.109 F=0.766, p=0.388

N400 368.00+64.686 | 387.06+79.588 F=0.587, p=0.449

LPC 536.94+73.66 491.41+107.117 | F=2.085, p=0.158

SD: Standard Deviation, *:Statistically significant

4.2. Grand-Average and Statistical Results for Electrode CZ

The ERP signal that is generated from the CZ electrode site is given in figure 35.
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Figure 35 Target and Non-target neutral group grand averages for electrode CZ

According to MANOVA results of electrode, P100 amplitudes (F (1, 32) = 0.002,
p>.05) and P100 latencies (F (1, 32) = 0.105, p>.05) were not different between the

two stimuli groups.

N100 potential’s amplitude, as well as its latency were not different between the
target and non-target stimuli groups (F (1, 32) = 1.060, p>.05), (F (1, 32) = 2.285,

p>.05) for the amplitude and latency values respectively.
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There is no statistical significance among target and non-target groups neither for the
P200 potential’s amplitude (F (1, 32) = 0.381, p>.05) nor for the latency (F (1, 32) =
0.146, p>.05).

There is no statistical significance among target and non-target groups neither for the
N200 potential’s amplitude (F (1, 32) = 0.853, p>.05) nor for the latency (F (1, 32) =
0.008, p>.05).

There is no statistical significance among target and non-target groups for the P300
potential’s amplitude (F (1, 32) = 0.013, p>.05) and for the latency (F (1, 32) =
0.001, p>.05).

N400 potential’s amplitude, as well as its latency were not different between the
target and non-target stimuli groups (F (1, 32) = 2.072, p>.05) for amplitude and (F
(1, 32) = 0.534, p>.05) for the latency.

There is a remarkable statistical significance among target and non-target
groups for both the LPC potential’s amplitude (F (1, 32) = 7.416, p=0.010<.05)
and the latency (F (1, 32) = 10.097, p=0.003<.05).

The summary of statistical results is given in Table 5 for ERP amplitudes and Table
6 for ERP latencies.

Table 5 The comparison of two stimuli types for the ERP amplitudes per electrode

ERP amplitude Target Non-target MANOVA
(mVol), Stimuli Stimuli Statistics
(mean+SD)

P100 0.12+1.46 0.10+0.94 F=0.002, p=0.963
N100 -2.66+1.39 -2.21£1.18 F=1.060, p=0.311
P200 2.64+2.4 3.124+2.11 F=0.381, p=0.541
N200 -1.36£1.77 -0.69+2.42 F=0.853, p=0.363
P300 1.94+1.55 2.02+2.24 F=0.013, p=0.909
N400 -3.4242.05 -2.39+2.11 F=2.072, p=0.160
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LPC amplitude

5.44+2.08

3.52+2.02

F=7.416, p=0.01*

SD: Standard Deviation, *:Statistically significant

Table 6 The comparison of two stimuli types for the ERP latencies per electrode

ERP latency Target Stimuli | Non-target MANOVA Statistics
(ms), (mean+SD) Stimuli

P100 96.41+15.448 | 94.47+19.249 F=0.105, p=0.748
N100 139.41£17.706 | 127.82+26.18 F=2.285, p=0.140
P200 193.06+34.363 | 188.35£37.318 | F=0.146, p=0.705
N200 239.41442.69 | 240.94+54.53 F=0.008, p=0.928
P300 294.12450.017 | 294.76+55.460 | F=0.001, p=0.972
N400 393.88+63.881 | 376.12+77.277 | F=0.534, p=0.470
LPC 574.47+78.250 | 482.53+90.053 | F=10.097,p=0.003*

SD: Standard Deviation, *:Statistically significant

4.3.

Grand-Average and Statistical Results for Electrode FZ

The ERP signal that is generated from the FZ electrode site is given in figure 36.

*20Subj GA_AneutralVneutral _target Op5 48.avg—
20Subj_GA_AneutralVneutral_nontarget_Op5_48.avg—
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1
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1 |
750.0 1000.0

Figure 36 Target and Non-target neutral group grand averages for electrode FZ
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According to results of MANOVA, P100 amplitudes (F (1, 31) = 0.253, p>.05) and
P100 latencies groups (F (1, 31) = 0.027, p>.05) were not different between the two

stimuli.

There no statistical significance among target and non-target groups for the N100
potential’s amplitude (F (1, 31) = 1.487, p>.05) and for the latency (F (1, 31) = 0.09,
p>.05).

There is no statistical significance among target and non-target groups neither for the
P200 potential’s amplitude (F (1, 31) = 0.016, p>.05) nor for the latency (F (1, 31) =
0.010, p>.05).

There is no statistical significance among target and non-target groups for the N200
potential’s amplitude (F (1, 31) = 1.919, p>.05) and for the latency (F (1, 31) = 0,
p>.05).

There is no statistical significance among target and non-target groups for the P300
potential’s amplitude (F (1, 31) = 0.023, p>.05) and for the latency F (1, 31) = 0.994,
p>.05).

There is no statistical significance among target and non-target groups for the N400
potential’s amplitude (F (1, 31) = 0.570, p>.05) and for the latency (F (1, 32) =
1.756, p>.05).

There is no statistical significance among target and non-target groups for the LPC
potential’s amplitude (F (1, 31) = 0.071, p>.05) and for the latency (F (1, 31) =
0.096, p>.05).

The summary of statistical results is given in Table 7 for ERP amplitudes and Table
8 for ERP latencies.
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Table 7 The comparison of two stimuli types for the ERP amplitudes per electrode

ERP amplitude Target Stimuli | Non-target Stimuli | MANOVA Statistics
(mVol), (mean+SD)

P100 0.38+1.08 0.23+0.53 F=0.253, p=0.619
N100 -1.94+1.33 -1.44+0.98 F=1.487, p=0.232
P200 2.17+1.51 2.1+1.66 F=0.016, p=0.900
N200 -0.66+1.64 -1.55+2.04 F=1.919, p=0.176
P300 2.04+1.90 2.14+1.84 F=0.023 , p=0.881
N400 -2.38+1.66 -2.86+1.92 F=0.570, p=0.456
LPC amplitude 1.95£1.616 2.1242.19 F=0.071, p=0.792

SD: Standard Deviation, *:Statistically significant

Table 8 The comparison of two stimuli types for the ERP latencies per electrode

ERP latency
(ms), (mean+SD)

Target Stimuli

Non-target Stimuli

MANOVA Statistics

P100

93.24+16.502

94.25+19.227

F=0.027, p=0.872

N100 133.06+23.288 | 130.88+17.914 F=0.09, p=0.766
P200 190.18+32.096 | 188.88+42.614 F=0.010, p=0.921
N200 251.47+61.155 | 251.25+£73.571 F=0, p=0.993
P300 306.29+58.311 | 334.37£99.416 F=0.994, p=0.326
N400 385.18+73.366 | 428.06+110.023 F=1.756, p=0.195
LPC 531.18+100.447 | 543.06+119.142 | F=0.096, p=0.758

SD: Standard Deviation, *:Statistically significant
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4.4. Grand-average and Statistical Results for Electrode OZ

The ERP signal that is generated from the OZ electrode site is given in figure 37.

*20Subj GA AneutralVneutral_target Op5 48.avg—
20Subj_GA_AneutralVneutral_nontarget Op5_48.avg—
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Figure 37 Target and Non-target neutral group grand averages for electrode OZ

According to MANOVA results, the difference among target and non-target
groups for the P100 potential’s amplitude (F (1, 31) = 3.596, p=0.068>.05) was at
the verge of significance at a=0.05 level, but the P100 latency was comparable
between the two types of stimuli (F (1, 31) = 0.915, p>.05).

There no statistical significance among target and non-target groups for the N100
potential’s amplitude (F (1, 31) = 0.196, p>.05) and for the latency (F (1, 31) =
1.405, p>.05).

P200 potential’s amplitude, as well as its latency were not different between the
target and non-target stimuli groups (F (1, 31) = 0.286, p>.05), (F (1, 31) = 2.223,

p>.05) for the amplitude and latency values respectively.

The difference among target and non-target groups for the N200 potential’s

amplitude (F (1, 31) = 3.053, p>.05) was at the verge of significance at 04=0.05
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level, but the N200 latency was comparable between the two types of stimuli (F
(1, 31) = 0.169, p>.05).

There is no statistical significance among target and non-target groups for the P300
potential’s amplitude (F (1, 31) = 0.452, p>.05) and for the latency F (1, 31) = 0.228,
p>.05).

There is no statistical significance among target and non-target groups for the N400
potential’s amplitude (F (1, 31) = 0.221, p>.05) and for the latency (F (1, 32) =
0.724, p>.05).

There is a remarkable statistical significance among target and non-target
groups for the LPC potential’s amplitude (F (1, 31) = 11.328, p=0.002<.05) but
the difference among target and non-target groups for the LPC potential’s
latency (F (1, 31) = 3.618, p=0.067>.05) was just at the verge of significance at
0=0.05 level.

The summary of statistical results is given in Table 9 for ERP amplitudes and Table
10 for ERP latencies.

Table 9 The comparison of two stimuli types for the ERP amplitudes per electrode

ERP amplitude Target Stimuli | Non-target MANOVA Statistics
(mVol), (mean+SD) Stimuli

P100 0.20+1.39 1.17+1.52 F=3.596, p=0.068
N100 -1.61£1.27 -1.36+1.94 F=0.196 , p=0.661
P200 1.93+1.95 2.28+1.80 F=0.286 , p=0.597
N200 -4.62+2.89 -2.82+3.01 F=3.053, p=0.09
P300 2.4+2.38 2.934+2.09 F=0.452, p=0.506
N400 -1.13+£2.53 -0.79+1.35 F=0.221, p=0.642
LPC amplitude 6.34+3.06 3.54+1.32 F=11.328,p=0.002*

SD: Standard Deviation, *:Statistically significant
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Table 10 The comparison of two stimuli types for the ERP latencies per electrode

ERP latency
(ms), (mean+SD)

Target Stimuli

Non-target
Stimuli

MANOVA
Statistics

P100 92.62+23.77 101.94+30.843 | F=0.915, p=0.346
N100 114.53+28.289 | 128.13+37.257 | F=1.405, p=0.245
P200 149.24434.849 | 170.44+46.352 | F=2.223, p=0.146
N200 210.59+43.255 | 216.31+36.136 | F=0.169, p=0.684
P300 294.65+48.884 | 286.69+46.838 | F=0.228, p=0.637
N400 356.82+46.656 | 380.25+102.894 | F=0.724, p=0.401
LPC 529.76+80.60 | 463.31+117.74 | F=3.618, p=0.067

SD: Standard Deviation, *:Statistically significant

4.5. ERP Measurement Results:

The results that are measured from individual subjects are potential of interest

amplitude and latency. The mean amplitude and latency results are shown below for

CZ, PZ, FZ and OZ for both target and non-target groups.

4.5.1. Amplitudes

The amplitude values for P100 signals indicate that for the electrode OZ, the mean
amplitude of non-target group is marginally significantly larger than targets, for the

PZ electrode site, target group responses were mostly non-observable, but assumed

through manual intervention as observed from figure 38.
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Figure 38 Mean values of P100 amplitude measurements for electrodes CZ, PZ, OZ,
FZ

According to the results of the N100 amplitude measurements, for the electrode PZ,

the mean amplitude of target group is marginally significantly larger than non-
targets, as observed from figure 39.
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Figure 39 Mean values of N100 amplitude measurements for electrodes CZ, PZ, OZ,
FZ
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The amplitude values for P200 signals reveal no significant difference across any
electrodes between target and non-target groups as observed from figure 40.
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Figure 40 Mean values of P200 amplitude measurements for electrodes CZ, PZ, OZ,
FZ

The amplitude values for N200 signals reveal marginally significant difference for
OZ hetween target and non-target groups as observed from figure 41.
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Figure 41 Mean values of N200 amplitude measurements for electrodes CZ, PZ, OZ,
FZ

In the case of attention related P300 amplitude values, there was no significant
difference between target and non-target groups across any electrodes. Although not

significantly different, the maximum amplitudes are obtained on PZ electrode site as
expected. Results are shown in Figure 42.
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Figure 42 Mean values of P300 amplitude measurements for electrodes CZ, PZ, OZ,
FZ

For the language related N400 component, no significant difference was found

between target and non-target categories for any electrodes as observed from figure
43.
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Figure 43 Mean values of N400 amplitude measurements for electrodes CZ, PZ, OZ,
FZ

For the LPC which is an indicator of top-down attention mechanism, there is

significant difference between target and non-target groups for all electrodes except
FZ as observed from figure 44.
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Figure 44 Mean values of LPC amplitude measurements for electrodes CZ, PZ, OZ,
FZ

4.5.2. Latency

There is no difference between targets and non-targets for P100 latency including all

the electrodes as observed from figure 45.
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Figure 45 Mean values of P100 latency measurements for electrodes CZ, PZ, OZ, FZ

There is no difference between targets and non-targets for N100 latency including all
the electrodes as observed from figure 46.
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Figure 46 Mean values of N100 latency measurements for electrodes CZ, PZ, OZ,
FZ

There is no difference between targets and non-targets for P200 latency including all
the electrodes as observed from figure 47.
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Figure 47 Mean values of P200 latency measurements for electrodes CZ, PZ, OZ, FZ

N200 latency signals do not differ much across electrodes for target versus non-
target groups as observed from figure 48.
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Figure 48 Mean values of N200 latency measurements for electrodes CZ, PZ, OZ,
FZ

As the attention grabbing indicator of P300, P300 latency signals do not differ much

across electrodes for target versus non-target groups as observed from figure 49.
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Figure 49 Mean values of P300 latency measurements for electrodes CZ, PZ, OZ, FZ

The latency values for N400 signals indicate no significant difference across

electrodes for target versus non-target groups as observed from figure 50.
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Figure 50 Mean values of N400 latency measurements for electrodes CZ, PZ, OZ,
FZ

The latency values for LPC signals indicate that the mean latency of target group is

significantly larger than non-targets for the electrode CZ, and marginally
significantly larger for OZ as observed from figure 51.
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Figure 51 Mean values of LPC latency measurements for electrodes CZ, PZ, OZ, FZ

4.6. Inter-rater Reliability Results

Inter-rater reliability reveals the degree of consensus among human raters. Using
inter-rater reliability, we wanted to validate our results on the most significant ERP
component for which we observed statistical significance between target and non-
target categories. The late positive component is measured by two different raters so
as to make an inter-rater reliability analysis. The Pearson correlation coefficient is
used as the measurement quantity. The measurements from all electrodes that are
grouped according to their category are included to the calculation of Pearson
correlation coefficient. As seen in table 11 below, we obtained very strong

correlation between the raters for target amplitudes and latencies.
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Table 11 Inter-rater reliability results for LPC measurement

Pearson

correlation Number of Probability Result
- measurement
coefficient (p)
" (n)
Non-target | 0.155 57 0.250 no
Latency correlation
Non-target | 0.351 57 0.007 moderate
Amplitude correlation
Target 0.983 64 0.000 very
. strong
Amplitude correlation
Target 0.653 64 0.000 strong
correlation
Latency
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CHAPTER 5

DISCUSSION AND CONCLUSION

Our fundamental finding shows that except for the FZ electrode, LPC amplitude
exhibits statistically significant result between meaningful words and word-like non-
words. The inter-rater reliability analysis confirms the correctness of our LPC
measurements. According to our results on inter-rater reliability, there is a high
correlation for target amplitude and latency between 2 raters. In the case of non-

target amplitude there is a moderate correlation.

According to our findings, for the potential LPC so called P3b, there is a statistical
significance between target and non-target groups for the electrode sites CZ, PZ and
OZ. This is replicated in many lexical decision studies (Schacht & Sommer, 2009a;
Polich, 1985; Bradley et al., 2006). Moreover, parietal lobe has an important role on
word recognition (e.g. words with different format letters, upper and lower case
letters) in top-down attentive processes (Braet & Humphreys, 2006; Carretié et al.,
2008). According to literature LPC (P3b) is localized in superior parietal lobe and it
appears to be minimum at frontal sites (Schacht & Sommer, 2009a; Polich & Criado,
2006; Polich, 2007; Polich & Margala 1997). So this is consistently verified by our
result: highest amplitude values are found at electrode PZ for the target group but no
statistical significance between target and non-target for the electrode FZ. The top-
down attention mechanism is initiated by task requirements given to the subjects as
in the case of our experiment. In our experiment subjects were told to discriminate

meaningful words from non-words by pressing a button. From the point view of top-
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down approach, when subjects saw the stimuli, they initially recognize the word and
this corresponds to the activation on early ERP components (i.e.
N100,P100,N200,P200). Then they make a judgment whether it is meaningful or
meaningless, this is related to the late ERP components (P300, N400, LPC). At the
time they make such differentiation, as seen from the results the meaningful words
captures their attention. Moreover, their attentive resources neurophysiologically
present the LPC which is apparently higher for the target group. The source of this
activation is the superior parietal lobe (Behrmann, Geng & Shomstein, 2004). Since
subjects evaluate the target group, their latencies are delayed due to the complexity
involved in word meanings (Kutas & Petten, 1988). The latencies for target group
which are longer for electrodes CZ, PZ and OZ — while being marginally significant
for the OZ electrode- verify this.

For a few ERP components such as P100, N100, N200 we found marginally
significant results. Especially in the case of N200 potential, which is associated with
recognition of meaningful stimuli, there is marginally significant difference between
target versus non-target categories at the OZ electrode site (Grossi & Coch, 2005;
Dien, 2009). This topography is verified with the literature findings which illustrate
N200 neuroanatomical correlates located over left temporal and occipital sites
(Grossi & Coch, 2005). For the other electrodes, the results do not indicate any
statistical significance between target and non-target groups. Although not
significant, all amplitude values for the target group are higher than non-target group
except the electrode site FZ. Probably, the subjects’ evaluation of legitimate words in
terms of their familiarity as well as the regularity of orthographic representation is
factors in this observed difference (Martin-Loeches, 2007; Martin-Loeches et al.,
2002).

Some of the ERP components did not reveal significant difference across target or
non-target categories, but it is still important to discuss our findings in reference to
P300 and N400 because these ERPs are markers for oddball and semantic processing
respectively. As the indicator of oddball paradigm, for the target group (i.e.

meaningful words), P300 potential is expected to have much higher latency and
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amplitudes than non-target group (i.e. non-words). But according to results, for all
electrode sites, the non-target group’s P300 amplitude is higher than targets. By
debriefing the subjects, we concluded that this is due to the subjects’ naming effort
for non-targets. According to debriefing, although subjects were instructed to
respond only to meaningful words, they explained that they tried to reproduce
different words from non-words or some of the non-words reminded them different

words which have a similar orthographic representation.

Words are expected to have less amplitude than non-words in N400 potential, due to
semantic processing. In the literature for the non-words which do not obey traditional
language rules (i.e. orthographically and phonologically incorrect letter sequences
such ““GHJ”” or orthographically correct and phonologically unpronounceable
letters) N40O potential is not elicited (Federmeier & Laszlo, 2009; Coch & Holcomb,
2003). Since the integration functionality of N40O is obsolete for such non-words,
phonological processing does not work (Osterhout & Holcomb, 1995). But in our
study, we generated the non-words by shuffling the words and in an unprecedented
way, some of the non-words turned out to be pronouncable and ortographically
regular (e.g. REPEK, SIFKO). As a result, these non-words elicited N400 potential
as supported with the literature findings of pseudo-words such as GORK
(Pulvermiiller et al., 2009; Lau, Phillips & Poeppel, 2008; Federmeier & Laszlo,
2009). The amplitude of word-like nonwords often facilitates larger N400 potentials
with respect to words because of the difficulty during memory access (Lau, Phillips
& Poeppel, 2008; Osterhout & Holcomb, 1995). In theoretical view, since
pseudowords mostly resemble words, they are even comprised of regular
orthographic and phonological representation like words (e.g. SIFKO has common
representation with SISKO) (Federmeier & Laszlo, 2009). Therefore, for the
electrode sites, PZ and FZ, our observation that non-targets have higher amplitudes
than targets leads to plausible interpretations. This finding is consistent with the
literature which explains it as the amplitude of word-like non-words often facilitates
larger N40O0 potentials with respect to words because of the difficulty during memory
access (Lau, Phillips & Poeppel, 2008; Osterhout & Holcomb, 1995). Furthermore,

for the latency factor of N40O, in the literature, non-words are expected to represent
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longer reaction time as opposed to words (Lau, Phillips & Poeppel, 2008). We
observed the same effect, although the difference between our targets and non-targets
did not reach significance. Unfortunately having a heterogenous set of non-words
confounded our study with respect to our hypothesis regarding the N400 component.

5.1. Limitations of the study:

In this experiment, since non-target stimuli was comprised of orthographically
regular and irregular and phonologically pronounceable and unpronounceable words,
the differentiation between words and non-words especially in terms of
orthographical and phonological components were not clearly detected. The
participant population was not homogeneous in terms of being monolingual or
bilingual. Some subjects attempted to reproduce words from non-words in a
unpredictable way. Overall, although we are certain regarding the word processing
effects, the way non-words are processed across individual participants differed

variably, making it hard to detect processing differences for non-words.

5.2. Future Work

In the future, to identify the difference between target and non-target categories
better, we need faster stimulus presentation. This way non-instructed additional

efforts spent by the subjects for non-words will be prohibited.

Non-words should be prepared by standardizing against the orthographic and
phonologic representations of the meaningful words. Moreover, the non-words
should be more scrambled (e.g. orthographically irregular and phonologically

unpronounceable).

In order to obtain a prominent oddball effect for the target group, a single standard
stimulus may be used as the standard stimuli instead of several scrambled non-words

reproduced from target words.
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The participants of the experiment may be chosen by considering some standard test
scores (For ex. ALES) so as to reduce the personal variance in word processing.
Additionally, if a subject is bilingual then it is more probable that s/he may reproduce
a word from non-word, or a non-word may remind a meaningful word to him/her.
Consequently, in the future studies monolingual participants may preferable for
involvement in the study. The number of participants should be increased so as to
improve the marginally significance results of ERP signals. In other words, the
results which are at the verge of significance may be enhanced by admitting more
subjects to the experiment.

To investigate processing differences between target and non-target groups,
behavioral analysis may be done by considering the reaction times of subjects.

To sum up the results of our study, in general there is no statistical significance
between target and non-targets in prominent ERP components other than LPC. LPC
is an important factor for measuring top-down attention, and we verified that our
experiment worked correctly because subjects followed the instructions and by
pressing a button when they recognized a legitimate meaningful word, they
generated the LPC for CZ, PZ and FZ electrodes. On the other hand as the result of
oddball paradigm, all target and non-targets are expected to have P100, N100, P200,
N200, P300, N400 and LPC (Polich, 2007; Luck, in press). Based on our
electrophysiological results, P100, N100, P200, N200, P300, and N400 were
observed consistently during lexical decision, although we did not find significant
results for their difference between the target and non-target categories. The
complexity of the non-words in our experiment might have resulted in a complex
lexical processing of the non-target category, thereby yielding similar effort to target
words.
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APPENDICES

APPENDIX A: TUDADEN WORD LIST

Word List

The following word list is constructed from TUDADEN, 24 words from neutral
category are chosen. For each category, first word indicates the odd (target) stimuli
and other 3 consecutive words indicate the standard stimuli
masa,aesn,aems,snae

degnek,edhink,gInde1,dhnke1

cekic,kedcgo,¢cdeok,ekodg

yakat,yykao kubt, kaizt

kemik,knkiz,itknk,knik1

bagaj,abgej,ajgbe,jacge

isci,ioct,iosd,sdio

asansor,aspseor,sasneso,raugsan

perde,eipsd,edrir,pseid

cerceve,ceirdvge,evscice,ryccele

berber,eirsbb,ebcerir, bseibr

demir,eodsm,diissm,meosd

sandik,daiskn,dlsien,spiekd

avug,aciiy,uvde,uegy

ekran,neelr,repek,akipr

ticaret,ir¢ttia,csittia,rigtita

ilag,ciem,lide,¢cmie
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metal,tmmai, Ilveem,lvmee
tirnak,nlaitr,1ervkn,ksnite
kamyon,madznk,a6kzmn,mozken
kaya,kzae,kaez,akez
koridor,ooksord,oorlrdo,rldooro
heykel,ekyjyl,yerjlk,hmeiky
dikis,idlso,sitko,sldio
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APPENDIX B: ERP MEASUREMENTS

The empty entries were not measured due to some noisy signals. The definitions of entry
signals are given below.

P100: Amplitude of P100
LatP100: Latency of P100
N100: Amplitude of N100
LatN100: Latency of N100
P200: Amplitude of P200
LatP200: Latency of P200
N200: Amplitude of N200
LatN200: Latency of N200
P300: Amplitude of P300
LatP3: Latency of P300
N400: Amplitude of N400
LatN4: Latency of N400
LatePos: Amplitude of LPC

Lat LP :Latency of LPC
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1. Target Group

cz:
(Z

subjno |P100  |LatP100 |N100  {LatN10O (P200  |LatP200 |N20O  |LatN20O (P300 [latP3 |NADD |LatNd  |LatePos |atlP
1
l
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§) 0166 | 79 | -3684 | 131 | 4285 | 18 | 0068 | 220 | 034 1T | 8251 BL | 73 | W
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W ot | 0 [47me| vs {ows | o |Am | o [ | s [ am)| we | |
o2t % {4me | w |4 | @ | 4 | w || om | e | w5 | sus | 5
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1

sugjno |P100  |LatP100 [N100 |LatN100|P200  (LatP200 (N20O  (LatN20O|P300  |LatP3 (N4  |LatN4 |latePos |LatlP
1
1
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)
6 1372 | 88 | 438 | 135 | 4383 | 180 | 514 | 25 | 1813 | 300 | 1928 | 426 | 5381 | o4
104491 17 10208 | 128 [ 0955 | 145 | 019 | 190 [ L5 | 29 | 3484 | 338 | 6034 | 480
§ 07041 79 | -2807 | 119 | 542 | 180 | -L7e6 | 245 | 0204 | 200 | 393 30 | 9447 | 09
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Bl 24 | 130 | 474 184 | 2500 | 280 | 2408 | 331 | Llle | L | L83 | 412 | 74T | S
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001587 | 71 | 423 | 132 | 0369 | 193 | 0061 | 222 | 084 | 264 | -1397| 398 | 11715 | 59
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0z

sbjno |P100  |LatP100 [NI00 |LatN100(P200  (LatP200 (N200 |LatN200(P300  (LatP3 |NAQO |LatNd (LatePos |LatLP
1
!
A 0437 8L | 0%8 | 9 | 537 | 120 |-10S98| 183 | 4199 | 255 | 2403 | 409 | 2931 | o4
4 0861 | 107 | 1497 | 123 | 0343 139 | L3 | 16 | 125 | 300 | 0617 | 385 | 6248 | 626
3
6f 149 | 77 | 038 | 110 | 2400 149 | 4933 | 257 | 2004 | 297 | -3397| 36 | 5071 | 628
)16 | 137 |25 | U6 | L4925 | -2015 ) 322 | 0520 | 369 | 2471 399 | 428 | 538
§ 135 19 | OBL| 8 | 2871 104 | 451 | 198 | 0005 | 29 | 456 | 315 | 6714 | 428
of 034 | 8 | 08 | 9 | 1072 14 | 822 | 203 | 0683 | 261 | -1927 | 286 | 907 | 4
10 1608 | 119 | -L782 | 135 | 4897 | 169 | 2924 | 113 | 4456 | 334 | 3065 | 394 | 943 | 5%
10361 | 81 333 | W3 | 1417 | 180 | 351 | B35 | 4017 | 289 | 3072 | 403 | 9317 | 606
12 S92 97 | 4007 | 173 1381 | B9 | 43% | 42 | 3131 | 8L | 743 | 538
B 1336 | 81 [ 1997 | 94 | 4364 | 128 7355 | 179 0348 | 36 | 2417 | 414 | 5408 | 42
W04 106 | -2613 | 122 | 0684 | 149 | 3647 | 223 | 2241 | 315 | 818 | 338 | 2495 | 419
15 0235 | 1 | 3134| 150 | 108 | M2 -Le8| M8 | 1257 | 286 | 0112 | 320 | 6981 | 519
lo| 0369 | 72 | -208 | 107 | 1532 | 143 7285 | 204 | 001 | 266 | -232 | 318 | 375 | 4%
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18 3319 | 130 (103 | 152 | 13| 168 1935 19 [ 295 | 293 | 2199 | 316 | 7222 | 403
9 02 | 60 148 74 | 212 | 130 | 3758 | 184 | 2749 | 324 | 1044 | 414 | 5634 | 609
00157 70 | 4Me | 8 | 41 | 105 | 325 | 132 | 145 | 66 [ 2731 273 [ 14106 305
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sugjno [P0 |LatP100 (NI00  (LatNL00|P200  |LatP200 (N200  (LatN20O(P300 |LatP3 [N4OO  |LatN4 |LatePos |LatLP
1
1
30302 105 | 3953 | WL | 1202 M7 | 381 | 34 | D01 398 | A4 | 486 | 3B | 649
4 104 107 | Lty 186 | 0043 | 22 | D791 | 24 | 404 293 | 315 | 5T | 2994 | T3
)
6 259 | 104 | 0153 | 135 | 2535 | 18 | 0027 | 293 | 048 | 322 | DM8L | 340 | 1216 | o4
10479 9 [ 035 U7 | L3 1% | 0008 | 20 | 088 | 25 [ 19 | 295 | 1959 | 458
§ 0841 79 | 428 | 140 | 234 | 194 | 0989 | 21 | 224 | M5 | S4B | 36 | 0051 | 453
9 0597 | 83 |29 | 18 | 368 | 1L | 2709 | 198 | s;4 | 2 (037 3| 21| 41
000302 ( 97 (2122 144 [ 0959 | 11 | -2405 | 2§ | 1243 | 197 | 072 | 336 | 2846 | 410
10494 (94 (1934 152 [ 207 | 197 | Q81| M1 | 2300 | 275 | 2339 | 3% | 2364 | 4
1) 1108 | 110 | -2305 | 149 | 0682 | 189 | -2914 | 349 | 0502 | 412 | 112 ) 40 | 139 | 559
By 079 | 9 | -259 | 18 | 169 | 177 | 123 | 18 | A7 | 260 | 183 | M5 | 3081 | 508
W08 | 97 (2307 4 [ A5 | 209 | eS| 3T 0 | 38 | 28 | 8 | 32| Tl
5209 | 79 (298| 100 | 2L I |33 22 | 5385 | 73 | 8| 3| 39 | 4
1) 0369 | 60 |45 | & | 002 | 105 |-1561 | 136 | 2257 | 260 | 3469 | 35 | 04% | 45
72562 | 63 [ 0517 | S8 | 548 | 203 | -20% | 293 | 1988 | 403 | 463 | 40 | L7 | 4
18002 | 121 | -Llea| 137 | 3969 | 18 | 0335 | 275 | 085 | 309 |25 363 | 0328 | 4l
1900255 | 8 | 19 | 136 | 0688 | 181 | 02 | 208 | 0% | 250 | 218 | M0 | 1435 | 5
00 0190 110 | 2633 | 139 | 3365 | 268 | 0873 | 307 | 0545 | 320 | 3093 | 365 | 3073 | 58
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Rater 2 Measurements for LPC

cz
subjno |[Late Pos |LatLP
1 6,479 722
2 6,316 553
3 5,726 659
4 5,916 659
5 6,321 531
6 2,723 663
7 3,725 480
8 7,33 525
9 7,302 419
10 4,118 510
11 7,996 602
12 4,851 557
13 4,837 506
14 3,489 717
15 9,065 557
16 5,575 695
17 3,325 541
18 3,653 551
19 3,656 571
20 9,449 526
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PZ

subjno |Late Pos |LatLP
1 4,217 557
2 9,516 510
3 4,188 661
4 4,387 656
5 7,585 517
6 5,486 603
7 6,052 478
8 9,508 513
9 12,948 416
10 9,71 510
11 9,339 605
12 8,472 541
13 7,487 546
14 2,166 635
15 9,217 553
16 4,492 642
17 6,134 542
18 7,239 446
19 4,638 563
20 11,734 |557
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(074

subjno |Late Pos |LatLP
1 3,32 592
2 7,314 552
3 5,661 452
4 6,248 625
5 7,254 621
6 5,071 628
7 4,302 537
8 7,226 513
9 9,094 417
10 9,457 555
11 9,32 604
12 7,43 538
13 5,448 540
14 2,338 634
15 6,988 528
16 3,751 494
17 2,576 625
18 7,293 400
19 5,634 609
20 14,163 [503
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FZ

subjno |Late Pos |LatLP
1 5,938 747
2 1,69 554
3 3,231 649
4 2,704 667
5 3,203 520
6

7 1,962 496
8 0,776 492
9 2,28 417
10 2,846 411
11

12 2,633 558
13 3,192 506
14 3,253 714
15 3,514 571
16 3,415 728
17

18

19 1,442 524
20 3,079 527
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2. Non-Target Group

cz:
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6 0701 & | -2438 | 17 | 278 | 168 | -0147 ) 28 | L1936 | 302 | 0848 [ 38 | 591 | 441
70228 | 10 | -357 | 8 | LAl ) 193 -0 ) 2§ | 229 | 302 | 4% 38 | 218 | 432
B 0682 | 80 | -3302 | 14 [ 43 ) I | -58%9 ) 33 | LAA | 400 | 08 [ 445 [ IV
9 021 8 | -1%06 | 110 | 5781 | 166 | 0045 | 210 29 B3 |2 ML | 5765 | 483
100 0081 [ 100 | -207 | 132 | 3389 | 172 [ -0%8 ) 205 | -28.% | 209 | 0799 [ 311 | 4660 | 400
1 -1569 [ 105 | -1820 | 114 | 2452 | M8 | 020 | 200 | 2993 | 21 | -3049 ( 37 | L113 | 306
1 15 143 4 193 L8 | 25 [ 58 ) 307 | -L72 | 333 | 598 | 38 | L01 | 441
1B 0561 [ 99 | -1685 | 136 | 1226 | 183 | -Li32 | 205 | 182 | 26 | -074 ] 36 | 0932 | I3
140 1,058 80 | 4005 [ 157 | 437 | 255 | -L767 | 342 | L028 | 403 ) 3046 | 599 | 2M1 | 682
15[ -0,623 B | -1607 | T8 19 18 | 451 13 6,57 259 A5 B 34 456
16 -063 | 10 | -29% | 141 | 1002 ( 181 | -03% | 210 097 M3 58 [ M9 | 54 4
17 064 il 0% | 130 f 2660 | 213 | -1187 | 313 0,59 I o| 307 | 468 | 2415 | 624
18 0387 | & 203 | 108 6,84 192 | 2633 [ 26 N Phk 04 Mo 23| IR
19 008 [ 14 ) -1287 | 141 | 0838 | 14 | -0 | W6 [ L0M | B3 | L7 W7 | 398 | 512
01 1% 69 0,15 % 062 | 14 [ -042 | 137 43 1| A48T | 40 | 135 | 409
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PL

subjno (P00 (LatP100 (NI00  [LaENL0O (P200  (LatP200 [N20O |LatN20O [P300  |LatP3  |NAOO  |LatNd |LatePos |LatLP
1
2
I L6 | 1B | 3310 183 | A% | L | 2951 | 25 | 979 | 36 | 264D | 47T | 3% | 658
4 0555 | 119 | 1312 | 137 | 2847 | 174 | D08 | 201 | 6404 | 26 | 1327 | 403 | 8594 | 669
5
b 200 | 90 | 4018 112 | 3897 | 183 | 1287 | 1L | 2889 | 282 | 0662 | 37 | o011 | 45
1209 | 101 | 22 | 157 | AT | 197 | L7 | 268 | 3927 | 304 | L8G9 [ 344 | 2505 | 48
B 0917 | 8L |33 12 | 563 | 17 | 329 | 04 | 124 | 31 | 2641 | M7 | 4837 | M
9 0led | 83 | 2036 | 105 | 9481 | 163 | 455 | A5 | 20| BT | 003 [ M1 | 545 | 34
o 028 | 78 |-125| 15 | 601 | 168 | 073 | 29 | 3550 | 266 | 2892 | 284 | 6688 | 400
1 1937 | M8 | 0553 | 07 | L8| 17 | 004 | 264 | 332 | B0 | 033 [ 3 | L1407 | 48
o 215 | W | A4 19 | L4 | 139 | 32 | 309 | OB [ 33 | 458 | 38 | 313 | 4
U A S S /| A I v 5 I S s I 3 A D
WL | 99 | 303 | 12| 2869 | 281 | 0882 | 344 | 5394 | 418 | 4981 DSB8 | 088 | 66D
Bf 038 | 92 | 0683 | 08 | 734 | 18 | 056 | 39 | 124 | 365 | 089 [ 382 | 4606 | 459
B 059 | 12 | 132 | 137 | 28 | 17| 4% | n | 032 | w8 | 407 | BT | 38| 3%
11 B | L5 | 12 | 093 | 168 | -2437 | 195 | 5187 | 280 | 1871 | 468 | 2569 | 6
1 068 | 92 | -1397| 03 | 8L | 188 | 051 | 24 | 3M [ 1| 088 | 4 7| M
19 063 80 | OB | M3 | 08| 1@ | L5 A5 | LI 33 | 007 45 | 319 | M
0 14 65 | LB % 069 | 116 | -0285 | 137 | 394 | 195 | -L467 | 33\ | 427 | 4
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0z

subjno |PI00  (LatP100 IN100  (LatN0O [P200  [LatP200 [N200  |LatN20O [P300  |LatP3  [NADO  |LatVd  [LatePos |LatlP
|
2
I 4842 | 18 [ 6631 | 181 | 5807 | S [ 341 | 27 | 675 | 3 [ 372 49 | LT W
4 036 | 120 | 1623 | 137 | 3079 [ 133 | LOAB | 208 | 2663 | 413 | -LAM | 557 | 1489 | 97
3
b 0007 | 63 [-LL75 | 72 | 246 | 159 | 2849 | 206 | L886 | 295 | 2086 | 532 | 2462 | 656
101807 13 [ 4819 17 | 0348 | 235 | L0B1 | 266 | L653 | 302 | 0671 | 403 | 2463 | 432
8
5 07 | 87 (03| 9% | 3306 | WL | 4725 203 | 0359 | 25 | 1099 | 28 | 43 [ 34
0f 0033 | 78 [-1284 ) 121 [ 5227 | 168 | D4/ | 29 | 51 | 282 | L267 | 300 | 4M1 | T
1 1874 | 8 [ 1249 | 161 | 164 | 179 | 0462 | 08 | 13%2 | 230 | 0084 | 24 | 331 | 38
1 213 | 168 [ 092 | 193 062 | M3 | 001 | 29 | 250 | 84 | OM | 36 | LM |
1B 00 8 (075 9% [ 3288 | 134 | 458 | 18 | Lerd | 322 | 1308 | 429 | 2369 | 53
W19 | w00 [ 01 123 | 142 | 137 | 4192 29 | 1369 | 285 | 065 | 34 ) 4685 | 420
BB 305 | 130 2 198 | 260 | 1 | 098 | 7 | 238 | 280 | 029 | 36 | 363 | 360
1 1078 | 8L L3 | % | 143 | 13 | 47| 10 | L2 | W 41| 1% | 364 | 400
1 08 | 78 2170 127 (4200 45 | 87| 199 | 8328 | 28 | -lell | 541 | 2669 | 63l
18 052 | 90 | 02 | 103 [ 3302 | 137 | -282 | W6 | 23| 260 | 1623 | 1B | 478 | 333
19 028 | 8 003 | 05 [ 251 | 13 | 242 | 19| 3| B | Q05 | M6 | 401 | 622
0 1881 | o3 [ OBL| 92 [ 068 | 105 | 089 | 139 | 348 | 207 | 0353 | b | 6145 | 401
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H

sbjno |P100  |LatPL00 (NAOD  |LatNIOO [P200  (LatP200 (N2OO  |LatN2OO[P300 |LatP3 |NAOD  [LatNd |LatePos |LatlP
1
.
1 040 ) 107 | 308 139 | 2% | 24 | 45| 39 | LT | 401 | 440 | 463 | 5109 [ o6l
807 | W7 | L0516 | 1567 | 163 | 0792 | 192 |SR3| TL | 65 | S0 | 76T | 67
5
of 0048 | 8 |13 15 | L0 | le8 | 0705 309 | 3200 | 5 | -lead | 8 | Led | 79
10088 | 70090 17 ) 3B | 1 |16l | | 05 | 20 | 2970 | 7 | L2 ] Nt
§ 004 T8 | L9 M3 | 20% | 27 | -0 | 36 | dedd | 3 | 2081 | o3 | 3353 | o680
90200 & | 3199 136 | 405 | 25 | 33| L | 280 | M3 | 426 | %6 | 2089 | 693
0 007 | 103 | L8] 132 | 1%7 | 19 | 033 | A0 | 2019 | 3 | 082 | 33 | 290 | W
1l
00 | w20 |8 .23 19 0 | B | 8| e | e[ 3
B | 9% | 0ela | 137 | 245 | 18 | 013 | M3 | 222 | B4 | -LI85 | 39 | 185 | 4
woon | ooyl Bdo| a0 | B0 | 2| N | L | 48| 0% | | L6 | 63
1067 | S8 | 093 M2 36 | WM | 142 | M3 [ 38 | BT | 17| 32 | 22 | 4
T 00 | 70 |08 S8 | M| b | 2453 | 145 | Lde8 | 2B | 463 | 304 | 37 [ %6
7o) s | 406 W3 | 4d | 17 | 4709 | 315 | 092 | 0 | 2862 | 3% | 02 | 40
1B 015 | % | 05 | 10 | 43 | 19 | L8 | 3 072 | B | A7 | 41 | 00 [ 68
19 05 | W0 | L0 Wb 122 | 181 | 049 | 208 | 135 | ML | 207 | B3 | 17% [ 519
005 | 7 [0 % | G4 | 16 | 02 | D4 | 4300 | 28 | 3413 | 37 | 005 [ 40
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Rater 2 Measurements for LPC

cz
subjno |Late Pos |LatLP
1
2
3 0,055 497
4 4,033 429
5 2,341 473
6 -1,207 657
7 1,053 601
8 8,068 519
9 5,832 482
10 1,726 689
11 2,693 662
12
13 1,292 539
14 2,242 664
15 3,599 454
16 3,089 672
17 2,21 590
18
19 3,966 513
20 1,542 410
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PZ

subjno |Late Pos |LatLP
1 1,368 372
2 5,808 511
3 3,295 658
4

5 2,847 473
6 6,194 443
7 2,505 447
8 4,84 515
9 1,311 590
10 1,642 569
11 2,617 597
12 3,622 555
13 3,272 559
14 5,424 403
15 4,649 456
16 4,501 473
17 2,602 628
18 2,846 569
19 3,197 544
20 0,987 697
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(074

subjno |Late Pos |LatLP
1

2 4,446 500
3 1,305 553
4 1,569 683
5 3,547 653
6 1,377 569
7 2,463 452
8

9 1,732 527
10 1,472 574
11 2,684 599
12 2,796 561
13 2,625 536
14

15 1,13 651
16 2,053 618
17 2,675 630
18 2,262 569
19 4,012 622
20
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FZ

subjno |Late Pos |LatLP
1

2

3 5,125 659
4

5 0,388 517
6 1,334 675
7 1,254 501
8 4,696 521
9 2,921 444
10

11

12

13 0,528 513
14 1,355 666
15 2,253 445
16 3,174 479
17

18 0,643 685
19 2,796 519
20 0,539 529

104
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APPENDIX D: INFORMED CONSENT FORM

“SEYREK UYARAN PARADIGMASINDAKI HARFLI UYARAN ETKILERIN
OLAY ILISKILI POTANSIVELLER ILE INCELENMESI®
GONULLE UYGULAMA BILGILENDIRME FORMU

Bu ¢ahymada toplam 30 Lisiden toplamacak olan eolay iiskili potansiveli werisi
alaktrpensafaloprafi (EEG) vontemi ila 8lpiilacaktic. EEG bevindski alaktriksal aktivitenin Lafa
derisine werlestirilan slaktrotlar il fizvolojik olarsk dlgiilmesi vontemidir. Bu 8lgim swasmda
Eablmerya iki fxklh EEG ¢skimi uvgulanacsk olup, birmel gekimde duvgusal igerikli ile
herthengi bir znlami olmayan kelimeler, ikinci ksmda ise hethangt bir duygu igengi elmayan
(nétr) kelimeler pésterilecektir. Celim swrasmda kablrnemm uyarana olan tsplkisi sonucu ortaya
gikan EEG sinwallerinin ortalamas: almarak her uwarana &zgi olav iliskili potansivellar =ld=
adilecaktir. Bu g¢ahismadalki ¢skimlarde Tiirkgsds Duvensal Anlamsal we Degsrssl MNormlar
(TUDADEN) kelime setindsn farkh kelime kategorilari seqilmistic. Aragtrmada amag anlamsal olarak
dilzeiin olan kelimelerin vani hedef uvaranlarm katthmeilarda kendi dikkat mekanizmalan tarafimdan
farlmdahl warstp wvaratmadifmi wve bu siirsglerde bewin alektrilsel aktivitesindeli degisimi
eistarmeltir. Avnea kahlhmeilars uvgnlanacak olan ikinei EEG ¢ekiminde harhangi bir duven igerigi
olmavan kelimeler wardmm ile katlmeilarm dikkst mekanizmalarmm temsl gistergssi tespit
edilecektir. Tiim aragtwmaya kablan kigilerde beyin elektrik aktivitesi, highr 2&nh girigim
vapilmadan kaydedilecek olup, sinyal analizi bilgisayar programlan ile vapilacalkhr. Hethangi bir
van etkisi va da bireve zaren bulunmayan bu iglem igm gerskli masraflar size veya gilvencesi
altmda cldufunuz resmi veyva dzsl hichir lunim veva kburuluga ddetilmeyeceltir.

Bu cabsma bilimsel bir cabsma olup, size dogrudan bir favda saglamamaktadar.
Goniilli, bu galiymayt ret etme va dz gekim bagladiktan sonrz devem etmeme hzkkma
szhiptit. Arsgtumarn dz gonillinin  kendi rnzasma belmadan, elguyu aragtrma dip
burakzhilir.

Bu araytwmada yer aldifmmz sire igerisinde kaytlarmizm vam swa dlighkili sza8hk
Eayilarmiz ve kigizel bilgilerimiz kesmlikle gizhi kalacsktw. Bummla bardikte kaylarme
Forumun yersl etk komitesine ve Saglik Bakanhifmz aqk olacaktw. Czhsma verileri hethangi
bit vaym wve rzporda lullamlwken ismimiz kullandmavacak ve verder izdensrsk  size
ulagilmayacakhr.

Size uygulanacak olan Glgiimlerde izlenilecek basamaklar azamidzld gibidir:

o FRandevu  terihinizde  size hildirilen  zaatte lsborstuvarmuzdz  bulunmamiz
gerskmektedir.

o Oncelikle sizi giriiltiden armdwlmg dzel bir odaya alacagiz.

¢ Bu odada siz rzhat b koltuga oturtecafiz.  Cekim siiresmes yalmz olacaksmiz.
Odada bir milerofon ie dletizmi saflayacafz.

o Beyin elektriksel aktrvitenizi Slgen kayit igin bagmiza ucunda kablolan bulunan dzel
bir kayit bonesi tzkolzezk. Dilzgim bir jekilde kawit zlabilmek ign bonenin deliklerine
bit miktar jel sidalacak Bu jeln cildmize hethangi bir zaran olmayaczk ve suyla
kolayea yikanzbilecektir.

o Ek olarak péz kupmalarminn kayit altmdas tutzczfmmz ikt kable cildmize zarasr
vermeyecek gekilde kalicn olmayan &zel bir macunlz tuttunilacalknr.
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Istedifiniz zaman mikrofon zracihin ile bizimle iletigim kursbileceksiniz.

Toplam beyin aktivitesi kayit siiresi vaklasik 27 dakikadwr. Toplam kahs siireniz
anketlerle birlikte vaklasik 1 saattir.

Size uygulanzcsk olm ki gekimden bwmcismde duygusal igerikdi kelmmeler e
hethangi bir anlam olmayan kelimeler gsterilecek colup, ikinci gekimde ise herhangi
bir duygu igerigi olmayan, viksiiz (nétr) kelimeler gésterilersk beyin  elektriksel
aktivitenizi Slgen bir kayit yvapacafr.

Ezyit sonrasmdz biz sizm bonenizi gikanp, kolayea temizlenmenizi saglayacaiiz.
Tukardaki bilgileri cludum.

Giniilliiniin

Adi

Sovady:

Tarih:
Imza:
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GONTLLUNUN BEVANI

Arsztymact tarafimdan “Sevrek Uvaran
Paradigmasmdaki Harfli Uvaran Etkilerin Olay Iliskili Potansiveller Ile Incelenmesi’
isimli bir arsytwmenm yapilacz@n banz belutldi. Arsstymeanm amaor ve uygulanma bigimi ile
riskleri ve tbbi bilgilermle dgili gidiligm saglanacaf konusunda weterli aciklama vaplds
Arzgtyma swasmda temas kuraca@m telefon numaralan verildi. Istedifim zzman kendisi de
temasa gecebilirim. Istedigim zaman arastrmadan gekilebilecegimi bilivorum. *“Yukanda
gimiillive arastrmadan dnce verilmesi gereken bilgileri okudum. Bunlar hakkmda bana
vazh ve sizli acklamalar vapildi Bu kosullarla séz konusu klinik arastrmava kendi
rizamla, hichir bask: ve zorlama olmaksmzmn katlmay kabul edivorum®™,

Goniilliniin Tamigm
Adr: Adr:
Soyady: Soyad:
Audresi: Adresi:
Telefonu: Telefonu:
Tarih: Tarih:
Imza: imza:
Cekimi vapan

Ad:

Sovad:

Adresi:

Telefonu:

Tarih:

Imza:

(Gdriizme tarthi ve saati;
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APPENDIX E: OTHER FORMS

Dokuz Evliil Universitesi
T1p Fakiiltesi
Bivofizik Anabilim Dal

Balpova, 35340, Izmir.
Telefon: 0- 232 412 4481 Faks: 0- 232 412 4489

El Kullanimmm Testi

Adi Soyada:

Yas

Cinsivet < Kadm ( ) Etksk ()

Saf veva sol elimizi hangi iglemlerde kullandigmin bilmek istiyoruz. Litfen her
islemde kullandigmiz ele gére “sol” veya “sa@” hanesmi iaretleym. Mesela vam
vazarken, genellikle saf ama ara swa sol eliniz kullanryorsaniz, sz’ hanesine

bir X vepm. Dama s2f elinizi kullanryorsanez, XX vazm. Diger serlan aym
sekilde cevaplandum.

Sol Sag
1 | Yammak
2 [ Cizmek
3 | Tzz Atmzk
4 [ Makas kullanmzk
3 | Dis fircas1 kullanmak
6 | Bigzk kullanmak

7| Kasik kullanmak

Sipiirge kullanmale (st el)
¢ | Kibrit ¢akmak

10 | Eutmun kapagm acmak

(=]

LQ

LQ=
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KAYIT BiLGi FORMU DEU Protokol No:.......... Tarih: ../.../20..
BYF ProtokolNo:............ Sayi: 20, ...

Ady Sovade: .o Cinsivet:......... Yag ... Baglama Saatl: e b v
Tibb Gecmis: Kullamlan Maclar:
Sigara fPa:ifir_:ir:i'."j: Alkol: Kahve/'Cay: Simdi:
Yemek:
Uy lkn: {Onceld gece™):
SonMens Tarihi?........... ... [ | Dvizenli [ |Dizensiz [ ] Menapoz (OKST................)
Tansiven:.......mmHs/. . mmHg

Izole Oda Ortalama SicakhiyNem (kayitbag):. . ."C ...
Diger Notlar: Izole Oda Ortalama SicakhéyNem(kayitsonn): ... "C ...

DENEFSELEURULUM
EECG Bonesi: Model: | ] ElekirotNo: | ] Boyaut:

Inion-Nasion Mesafesi:.......cm KafatamCevresi:.......cm

Olciimler: [ |BIS [] Termalkayit [] Micro EEG [[PSC [JNIR [] Diger

Kamera: [ | Termal Kamera [ | Standart Kamera

Onamli Notlar:

Kigi Gorigi:

Bitis Saati: vt seen

L i L USSR
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Dol Exlil Universitesi Tip Faldiltesi
Bivofizik Anabilim Dah
Balgova, 35340, Izmir.
Telefon: §- 232 412 4481 Faks:§-2331 412 4438

KisisEL BILGI FORMU 11 T S

Adi-Bovadi:

2. Cinsivetiniz O Baymn O Bay
3.Medani haliniz O Evli O Bskar C Eojanmms
4. Adres:

17RO | O (1 <yl - A (| o1-.:) A
E-mail . oo

&. EEitim duremunue:

O Olurvazsr dadil O Dk6gm=tim O Liza O Univarzita O Lissnsiisti

7. En son memm oldufunus veva okumakta olduiunus bilEmints? (L ise v faklite 2rauiin WEIn. )

£, Mazlaginiz:

O Mamur O fagi O Sarbast mazlak O Ofranci CDHBSL e
D, BOVUDIE, e i 10, Wikout aRullAnmE,. - e,

Hastahk dykisi

11. Gagirmiz oldufumyz dnemli hastahlk, kara va amalivatler (Oreliiike rukal, noroloiikvna bronik Hangt
ravifuel:

1.
T AT
3.

12. Tadavizini gémalts olduiumuz hastaliklar

Hastahk Ady: Tlag Ady: Doz Miktan:

13. Boxespmiz (Adle delarinm gegirmiy oldufu rufsal, nérelgiibve ronik hastaltbar):

Ahsykanhklar(sigara‘albel’ madds Rullawmy kil werici fag):

14 Sigara igivor musunue?

o Evat o Buskhm o Hanr (15, sorwya gegini)

15. Drizanli olarsk sigars igmeve kap vasinds bagladime? baglamistme? | o cceeersesrsrsrssmee——
16. Eag adst zsigara igiversunus? igivordunus? Ginda, .\ /Haftada . iApda
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=
", -’o - . . . - .
e Doknz Exlil Universitesi Tip Falkiiltesi
Bivofirik Anabilim I
E ?

Telefon- - 131
Telefon: 0-

17. Bigara ipmeyi ne kadar zaman dnos burskhmz?

18, Drizemli olarsk alkel kullamyor musunuz (Haftads 3 giin ve st =Dikzenli kullamm)?

o et o Buskhm o Hayur (21, serwla peginiz)

18, Dritzemli olarsk alkol ipmeye kag vasinda bagladime? ‘baglamishmez?

20. Alkol kullamm miktanme nadit? GEnda,...\ eeceeemeed BETAEE oo SRR
21. Alkol kullanmay ne zaman buakhmz?

22, Eayif verici madds lullamyor musumuz?

o ot o Biskhm o Hayr (26, sorila peginiz)

23. Driizemli olarsk bu maddeyi ipmeve kag vasinda basladim=T/baslamshmez?
24, Madde kullamm miltanmz nadit? Ginda, ... e A0

25. Bumaddsayi ipmayi ne zaman burskhmz?

26. Gime sorunume var midu? o Evetfiarsg agillaVinmil oo e o Hanr
27. Izitms zorenunuz var sudic? o Evatfarna apigos); o Hayir
28. Azafida farkh duygeaal deremlan nitsleven sfecikler bulunmaktadir, Litfen, her bir sdeciEh oluvarsk,
azamdali Slgakts anlamlsn tammlaemy savlardsn uypin gomdieinis birn vampdalki bog larhera yeame

Suanda kendiniz nasil hissettifinds, difer bir devigls, ker birduyguye ne Slgide vasadifima diginin ve
dabarlondimmeniz buma gore vapim.
1 2 3 4 5
Cok 2= xads hig Biraz Orta Dhimeryda Oildukea farla Agin Dersgeda
1. Havasli
1. Siannh
3. Havecan dolu

4. Uzzim

5. Gogo

6. Sudu
7. Utkak
§ Fizzm
2. Coglulu
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Dolmz Exliil Universitesi Tip Faliiltesi
Bivofizik Anabilim Dah

I

10. Onerlu

11. Humrsue-Tatikta

12. Canh

13. Eendindsn utanan

14. Sevili

15. Gatpin

16. Foararh-g=imli

17 T=i

18. Bimirli

10, Almif

20. Kodomus

Ankatimiza kahlédifmezigin tagakloir aderiz

EAYTILARA GELIREEN:

. —

113



©

Ad ve Sovad:

Tip Faliiltesi
Diokuz Evlil Universitesi
Baigova, 33340, Emir
Tel:231- 413 44810 Telve fake: 331- 4114458

ilim Dal

SCL-90-R
Azafwia zaman zaman herkeste olabilecek yakinma ve sorenlarn bir listesi vardir. Litfen her birini dikkatiice okuyunuz.
Banra her bir dursmun, bugiin de dahil glmak . fizers son on bes giin iginde sizi ne Slgiide huzursuz ve tedingin ettigini

gég oniine alarak, cevap kagidinda belirtilen tammlamalardan (Hig ! Cok az f Orta derecede [ Oldukga fazla [ llen derecade)
wygun clanimin {yalneca bir secenadin) attindski parantez arasina bir {x) isarsti koyunuz. Disnceniz dedistirrseniz ik

¥apnding tamamen silmeyi unutmayine. Litfen anlamadigine bir cimleyle karsilzstgineda uygulamactys danigine.

1. Bag ajns:

Sinirlilik yada iginin titremesi

3. Zihinden atamadigine, vinslkeyici,

Ho; o e

10.
1.
12
13.
14
15
16.
17.
18.
15

. Holayca aglama
1.

BoHRER

hesa gitmeyen dikginceler

Bayginlik veya bas dénmesi

Cinsel arzu ve ikginin kayl

Bagkalan tarafindan elestiriime duygusu
Herhangi bir kimsanin dilgincalerimiz
kantrg edebilecegi fikri

Borunlannedan pek godu igin bagkalannn
suglanmas) gerektiji duygusu

Olaylan animsamada gikchik

Dikkatsizlik veya sakarlikla ilgili endiseler
Holayeca gicenme, rahatsz olma hissi
GEjiks veya kalp bilgesinde agnilar
Caddelerde veya agik alanlarda korku hissi
Enerjinizde azalma veya yavaglama hali
Yagaminzn sonlanmas) diginceler
Baska kigilerin duymadiklan sesker duyma
Titreme:

Cojdu kisiye glvenimemesi gerektiji hissi

Istah szalmas

Karg: cinsten kigilerke vtangaghk ve
rahatsglk hissi

. Tuzaga disgirilmis veya yakalanmis olma hissi
. Bir neden olmaksmin aniden korkuya kapima

. Kontrol edilemeyen 6fke patlamalan

. Evden digan yalnz gikma korkusu

. Cilanar icin kendisini suclama

Hig.. Cokaz Ortaderecede OldukgaFazla
£y () ) )
£y () ) )

-
it et
-,
it et
- - -
it et
- - -
e

i, o, e, i, i,
it it it et et et et it et it et
e e e i e e R e
it it it et et et et it et it et
oy, i, o, o, i, i,
it it it et et et et it et it et
oy, i, o, o, i, i,
R e T e

-
it et it et et
i,
it et it et et
- -
it et it et et
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R e
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Hig_  Cokaz Ortaderecede OldukgaFazla lleri derecede

27. Belin s kisminda afrilar (Y (13 {) {} {1}
28. Islerin yapimasinda ersleme duygusu (Y (3 {1} {) {1}
23, Yalnelk hissi Yy () ) ) 3
0. Karamsarlik hissi (Y (3 {1} {1} {1}
31. Hersey igin ¢ok fazls endise duyma (y () i) {} )
32, Hergaye kargi iigisizlik hali (Y () {1} ) 3
33, Korku hissi ty 0} ) ) [
34, Duygulannen kelayea ineitilebilmesi hali (Y (3 {1} {} {1}
35, Digerinsanlann sizin &zl ditsinceleriniz bilmasi (Y (3 {1} {1} {}
26. Bagkalannin sizi anlamadij veya

hiis sedemeyecagi duygusu (Y (% {} {} {1}
37. Bagkalarnn siz sevmedidi va da dostea olmayan

davranilar gésterdigi hissi Yy () {1} L )
38, Islerin dodru yapildigindsn emin olabilmek

Igin ¢ok yavas yapma Cy ) {1} {1} {}
38, Kalbin gok hel garpmas) £y (3 [ ) L
40. Bulanti veya midede rahatselik hissi () (1 {) () {1}
41, Hendini bagkalarndan asad girme Yy () {) {1} {1}
42 Adsle {kas) ajrian (Y () ) ) )
43. Baskalanmin siz gizledigi veya hakkineds

kenustudy hissi )y ) ) (] L
44, Uykuya dalmada gisglik £y (1) {1} {1 {1}
45, Yaptjine isleri bir ya da birkag kez kontrol stme £y () {) [ {1}
46, Karar vermede giiclik £y O ) {3 1
47. Otobiks, tren, metra gibi araglara yolewluk

gimsg kerkusu {y () () () {1}
48, Mefes slmads giiglik {y () {3 {3 {1
49, Sojuk veya sicak basmas () (13 {} {1} {1}
50. Sizi korkutan beliri wjras, yerve

nesnelerden kaginma durumu £y 3 {1} ) (]
51. Highir sey diisinmeme hali () (13 {} {1} {1}
52. Bedeninizin, baz kismlannda wusma,

kanncalanma olmas try €} {1} {1} {1}
53. BojazneEa bir yumru tkanmis clma hissi £y (1) {1} {1} {1
54, Gelecek konusunda bmitsizlik (] (] {1} (] {1
55. Digiincelering bir konuya yojunlastrmada giglik )y () {) {1} {1}
56. Bedeninizin ¢egitli kismlannds zayfik hissi )y () {) () {1}
5T, Gerginlik veya gogku hissi {y (1} {} {1} {1}
5B, Kol ve bacaklarda adirlik hissi £y (3 {1} [ {1
55, Qiiim ya da §lme dikgiinceleri )y () {1 {1} )
&0, Azin yemsk yame {y () {1} {1} )
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CR

Insanlar size baktig veya hakkineda
konustugu zaman rahatselik duyma

. Size ait olmayan digiincelere sahip clma

. Bir bagkasina vurmak, zarar vermak,

yarzlamak dirtillerinin clmasi

. Babshin erken sastlerindzuyanma

Ykanma,ssyma dokunma gibi bazm hareketler
yinsleme hali
Lykyda hzursuziuk, rahat wyuyamama

. Baz seyler kinp dikme istegi
. Bagkalannin paylagip Kabul stmedijiinang ve

ghglnezizrn oimas)

. Bagkalannn yaninda kendini gok sikilgan hissetme
T0.
Ti.
. Dehgat ve panik nobatien

. Toplsm iginde yivip-igerken huzursuzluk hissi

Cargy, sinema gibi kalabalik yererde rahats@lik hissi
Her seyin bir yiik gibi gorinmesi

. Bik 5k tartigmaya girma
5.
T6.

Yalne birakidéinda sinirfilik hali
Baskalanmn sizi basanlanne. igin yeterince
takdir etmedigi duygusu

. Bagkalarryla birlikte clunan durumlarda bile

yalnghk hissstme

. Yerinizde duramayacak Skyide huzursuziuk duyma
. Degersizlik duygusu

. Size kiti bir sey olacakmig duygusu

. Bajirms ya da esyalsn fristma

. Topluluk iginde bayilacadine korkusu

. Eer izin verirseniz insanlann sizi

sémirecegi duygusu

. Cinsiyet konusunda sizi gok rahatsz eden

diiingalern olmas
Giinahi dan daolay
gerekiiji disincesi
Kerkutwcu tirden diigiinc: ve hayaller
Bedeninizin ciddi bir rahats ek oldufu diisincesi
Baska. bir kisiye asla yakinlk duyamama

landirimane

. Sughuluk duygusu

Aklneda  bir bozuklugun oldudu digincesi

Hig_  Cokaz Ortaderecede OldukgaFazla
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APPENDIX F: DEFINITIONS OF TERMS

Event Related Potentials(ERP): An ERP is a pattern of brain electrical activity that
occurs in response to a particular stimulus event (such as speech) and can be time-
locked to that stimulus event (Fabiani, Gratton & Coles, 2000).

Electroencephalography (EEG): Electroencephalography comprises as a result of

placing electrodes to the scalp and connecting these electrodes to the amplifier. As an
output of the amplifier there is the pattern of voltage variation over time. This is
called as electroencephalogram (EEG) (Purves, 2004).

EOG: It is a technique for measuring the resting potential of the retina,namely the

eye movements. The resulting signal is called the electrooculogram (

“Electrooculography,” 2011).
N400: It is the negative peak occurs 400 millisecond (ms) after the stimulus onset.
P300: It is the positive peak occurs 300 millisecond (ms) after the stimulus onset.

Sensory Stimuli: It is a kind of stimuli which is given by sensory information such as

pressure, touch, and pain.

Motor Stimuli:  Stimuli that is related to motor functions such as regulating

movements.

Cognitive Stimuli: A stimulus is related to mental information processing such as

counting numbers.

Semantic Incongruity:  Sentences which do not have meaningfully appropriate
words, in other words, if the semantically correct sentence is ‘I like sugar and cream
with coffee’, the semantically incongruent version of this sentence is ‘I like sugar
and cream with shoes’ (Kutas & Hillyard, 1980).

Syntactic Incongruity: it is based on the appearance of the word structures, for

instance while syntactically congruent word is ‘shoes’, syntactically incongruent
‘shoes’ with a bigger font.

Oddball Paradigm: In oddball paradigm, a series of events are presented of which

one class is rarer than the other. Subjects are asked to count the number of rarer
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stimuli and keep its number in mind or react the stimulus by a button press response
(Polich & Margala, 1997).

Verbal Oddball Paradigm: Oddball paradigm whose stimulus are words.
TUDADEN: TUDADEN is constructed for creating affective word norm database
whose function equals to Affective Norms for English Words (ANEW) (Gokgay &

Smith, 2008). It is based on arousal and valence dimensions. It is created by
participant’s feelings towards Turkish emotional words and each participant voted
words between 1 to 9 point scales.

Neurons : They are cells that transfers electrical and chemical information by signals
( “Neuron,” 2011).

Scalp: The most outer layer of the brain.

Words: orthographically correct and phonologically regular, meaningful items of
lexicon.

Pseudo words: pronounceable non-words;letter of strings which resembles words,
but not word (for example, ‘blick’ but not ‘lbikc’). (Lau, Phillips & Poeppel,2008).

Non-words: consonant strings (e.g. ‘kjjhj’ or ‘klkluk”)
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TEZ FOTOKOPI iziN FORMU

ENSTITU

Fen Bilimleri Enstittusu

Sosyal Bilimler Enstitlist

Uygulamali Matematik Enstitlsi I:I

Enformatik Enstitlist X

Deniz Bilimleri Enstitls

YAZARIN

Soyadi : DUMLU

Adi : SEDA NIiLGUN

Bolimii : SAGLIK BILISIMI

TEZIN ADI (ingilizce) : INVESTIGATION OF SEMANTIC EFFECTS IN

ODDBALL PARADIGM THROUGH EVENT RELATED
POTENTIALS

TEZIN TURU : Yiiksek Lisans X Doktora

1. Tezimin tamami diinya capinda erisime acilsin ve kaynak gosterilmek sartiyla
tezimin bir kismi veya tamaminin fotokopisi alinsin.

2. Tezimin tamami yalnizca Orta Dogu Teknik Universitesi kullancilarinin
erisimine aclilsin. (Bu secenekle tezinizin fotokopisi ya da elektronik kopyasi
Kittiphane aracihgiile ODTU disina dagitilmayacaktir.)

X
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3. Tezim bir (1) yil siireyle erisime kapali olsun. (Bu secenekle tezinizin
fotokopisi ya da elektronik kopyasi Kiitiiphane araciligi ile ODTU disina

dagitilmayacaktir.) |:|

Yazarin imzasl  .ooeeeveeveeveeneneeeennn. Tarih coveeee e,
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