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Chapter 1 

INTRODUCTION 

P300 is an endogenous component of the human event related potential (ERP) 

that has been studied extensively in both clinical and experimental settings. The most 

frequently used paradigm in P300 research has been the two-stimulus oddball task, in 

which a participant must discriminate between infrequent target and frequent non 

target stimuli. In these paradigms, the infrequent, task-relevant target stimulus is 

associated with large P300 components with maximal amplitude at posterior 

electrodes. The classical P300 component or P3b, which occurs 300-600msec after a 

target stimulus in oddball paradigms and has a parietal distribution on the scalp, has 

been linked to the cognitive processes of context updating, context closure, and event-

categorization (Donchin & Coles, 1988; Verleger, 1988; Kok, 2001), whereas the 

slightly earlier P3a, which has a frontocentral distribution, has mainly been associated 

with the orienting response (Friedman, Cycowicz & Gaeta, 2001). 

Amplitude, latency and age dependency of the P300 wave also varies with 

electrode site. Analysis of the topographic distribution of P300 latencies demonstrated 

that P300 latency was dependent on electrode location. P300 scalp distribution is 

characterized by  amplitude change over the midline electrodes (Fz, Cz, Pz) that 

increases from the  frontal to the parietal electrode sites for target stimuli (Johnson, 

1993). P300 also varies with respect to the modality through which the response is 

elicited, like auditory modality or visual modality or any other language modality. 

 

Visual influences in the auditory cortex would result from feedback 

projections from polysensory areas (Calvert, Campbell, & Brammer, 2000; Miller and 
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D’Esposito, 2005), particularly from the superior temporal sulcus. In the speech 

domain, several studies have shown that auditory event-related potentials (ERPs) can 

be altered by visual speech cues as early as the N1 stage (Besle, Fort, Delpuech, & 

Giard, 2004; Mottonen, Schurmann, & Sams, 2004; Wassenhove, Grant & Poeppel, 

2005) that is, during the building of an auditory neural representation (Naatanen & 

Winkler, 1999). 

Talsma, Dotty and Woldorff (2007) reported that when attention was directed 

to both auditory and visual modalities simultaneously, audio-visual interaction 

occurred in early sensory processing. When only one modality was attended, the 

interaction processes was delayed to late processing stage. 

1.1 Justification for the Study 

In humans, cross-modal enhancement of neural activity has been demonstrated 

using electrophysiological recordings (Giard & Peronnet, 1999; Foxe, Morocz, 

Murray, Higgins, Javitt & Schroeder, 2000) and neuro imaging measures (Calvert, 

Campbell & Brammer, 2000). Also, various behavioral studies have shown that 

behavioral responses to auditory (A) and visual (V) stimuli are improved when those 

stimuli are accompanied by a task-irrelevant stimulus in a different modality, such 

that bimodal audio-visual (AV) stimuli are detected and discriminated more 

accurately than either visual or auditory unimodal stimuli (Odgaard, Arieh &  Marks, 

2004; Lippert, Logothetis & Kayser, 2007). 

One of the advantages of ERP recordings is that the precise time course of 

cross-modal integration can be studied in different brain areas. Considering that the 

event related cortical auditory potentials are influenced by cognition, information 

from the visual mode may influence their generation. Although it is clear that audio-
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visual integration enhances speech perception, the neuro-physiological basis of it is 

yet to be completely explored. The P300 being the first true event related potential, is 

expected to show changes with polysensory stimulation. As the investigations 

pertaining to this are lacking, the present study is taken up. Further, the study aims to 

explore the influence of unimodal versus bimodal stimulation on the scalp distribution 

of the P300 which is not known till date. 

1.2 Objectives of the Study 

 There were 2 specific objectives of the study: 

1. To study interaction in the processing of auditory and visual stimuli in the 

generation of P300. 

2. To study the latency and amplitude differences across the electrode sites to 

determine the scalp distribution. 
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Chapter 2 

REVIEW OF LITERATURE  

Auditory evoked potentials (AEPs) are electrical potentials generated within 

the auditory system when evoked by an external auditory stimulus. On the basis of 

underlying mechanism of generation AEPs can be classified as endogenous responses 

and exogenous responses. Exogenous responses consist of potentials like ABR, MLR, 

P60, N100, P160, T- Complex and certain components of LLR. Endogenous response 

on the other hand consists of potentials like N200, P300, N400, P500, CNV and 

Processing Negativity. 

Exogenous responses depend primarily on the physical parameters of the 

eliciting stimuli and change depending on the dimensions of the external stimuli 

(Donchin, Ritter & McCallum, 1978). Endogenous responses on the other hand 

depend on the inherent factors like cognition (Donchin, Ritter & McCallum, 1978; 

Desmedt & Debecker, 1979).  

The cognitive aspects of the evoked potentials are highlighted through the use 

of the term event-related potentials (ERPs). It reflects mainly sensory processing 

during which the performance of a given task results in change in the content of 

thought and the attentional resources allocated. P300 is one such event related 

response described as 'cognitive evoked response' as its presence depends on the 

discrimination between frequent versus infrequent stimuli, attention to infrequent 

stimulus and memory (Sutton, Braren, Zubin & John, 1965).  

To evoke P300, a unique paradigm called odd-ball paradigm is used. In an odd 

ball paradigm, a series of one type of frequent stimuli (standard stimulus) is presented 



along with a different type of infrequent (target) stimulus (Squires, Wickens, Squires, 

& Donchin, 1976) in which the subject has to react to the presence of infrequent 

stimulus (Donchin, et al., 1978). P300 is produced whenever the subject attends to the 

infrequent stimulus (target stimulus). 

Context updating theory described by Polich (2007) on the generation of P300 

is illustrated in the Figure 2.1.  The theory represents the underlying brain activities 

involved during the revision of mental representation for the stimulus in an odd ball 

paradigm (Donchin, 1981). After the initial sensory stimuli, an attention driven 

comparison evaluates the representation of the previous event in the working memory. 

If no stimulus change is detected, current schema of the stimulus context is 

maintained and only sensory potentials are evoked, where as detection of stimulus 

change results in 'updating' of neural stimulus representation of the initial stimuli in 

the working memory, producing P300. Thus discriminating a target from the standard 

stimulus produces a robust P300. The stimulus change may be in different parameters 

of sound such as intensity, frequency and duration.  

 

   

Figure 2.1: Illustration of P300 context updating model given by Polich (2007). 

5 
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2.1 Components of P300 

Broadly, there are two important latent components of P300. Although these 

are merged into a single wave in some individuals, a sub group may show a bifid 

wave with two distinct peaks. A P300 response elicited during passive listening is 

called as P3a (Polich, 1989) and the P300 elicited when the subject is actively 

attending to infrequent stimuli is called P3b. The latency of P3a component is shorter, 

occurring around 50ms earlier than P3b (Knight, 1996) and its amplitude is smaller 

with rapid habituation than conventional attention-dependent P3b. P3a can be 

observed during an odd ball paradigm in 10-20% of normal young adults (Polich, 

1988).  

P3a has a frontocentral distribution and is mainly associated with the orienting 

response (Friedman, Cycowicz & Gaeta, 2001). The P3b component, occurring at 

300-600ms after a target stimulus in oddball paradigms has a parietal distribution on 

the scalp, which represents cognitive processes of context updating, context closure, 

and event-categorization (Donchin & Coles, 1988; Verleger, 1988; Kok, 2001).  

Depending on the paradigm used and the subject population, latency of P3b 

can vary between 250 and 600ms (Donchin, Ritter & McCallum, 1978; Snyder, 

Hillyard & Galambos, 1980), 220 and 380 ms (Hall, 1992) and 220 and 300 ms 

(Polich 1988).  

2.2 Generators and Scalp Distribution of P300 

Understanding the generator sites of P300 is essential as the knowledge 

regarding the generator sites of P300 can provide insight regarding the various 

underlying cognitive process. Through various methods like intracranial recordings, 

lesion studies and functional imaging studies, it has been found that the brain areas 



involved in the generation of P300 is complex with the simultaneous activation of 

multiple overlapping sites.  

P300 is broadly distributed with maximum amplitude observed at the mid line 

over centro-parietal area and amplitude decreases as the non inverting electrode is 

placed towards more anterior sites (Polich et al, 1997).  The maximum moves slightly 

depending on the task. For detection task P300 is maximum at frontal-central & for 

discrimination tasks, its largest just posterior to the vertex (Simon, Vaughen & Ritter, 

1976). 

Johnson (1993) found that P300 scalp distribution is characterized as the 

amplitude change over the midline electrodes (Fz, Cz, Pz) that increases from the 

frontal to the parietal electrode sites for target stimuli. Figure.2.2 illustrates the 

amplitude variation of P300 across different electrode sites (Cited in Electrically 

evoked auditory cortical event related potentials by Beynon, 2005). 

 

Figure.2.2: The amplitude variation across the electrode sites (Fz, Cz, Pz & Oz) in a 

normal subject (Cited in Electrically evoked auditory cortical event related potentials 

by Beynon, 2005). 

Buchwald (1990) found that areas involved in the generation of P300 to be the 

primary auditory cortex and the polysensory association cortex. While Picton and 

7 
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Hillyard (1974) reported P300 response can also be seen in the temporo-parietal 

association cortex. Harrison, Dickerson, Song and Buchwald (1990) examined the 

role of polysensory association cortex, assumed to be important in human P300 

generation. 

Knight (1996) reported interaction between frontal lobe and hippocampal 

temporo-parietal function to be important for P300. Gordon, Rennie and Collins 

(1990), using MEG found that the generator sites of auditory P300 are either in 

temporal cortex or hippocampus.  

Linden (2005) found that P300 target-related responses were seen in the 

parietal cortex and the cingulated. The novelty-related activations were found in the 

inferior parietal and prefrontal regions. Stimulus modality-specific contributions are 

reported to also come from the inferior temporal and superior parietal cortex for the 

visual and from the superior temporal cortex for the auditory modality. 

The contributing generators also depend on the mode of stimulation. Downar, 

Crawley, Mikulis and Davis (2000) identified brain regions responsive to changes in 

visual, auditory and tactile stimuli for unimodal and multimodal stimulus conditions. 

Unimodally responsive areas comprised of visual, auditory and somatosensory 

association cortex whereas multimodally responsive areas encompassed of right-

lateralized network including the temporoparietal junction, inferior frontal gyrus, 

insula, left cingulate and supplementary motor areas. Figure 2.3 represents brain areas 

activated to independent changes in visual, auditory and tactile stimuli for unimodal and 

multimodal stimulus conditions. 



 

Figure 2.3: Illustrates brain regions activated by transitions of the visual, auditory and 

tactile stimuli during P300 recording (Downar, Crawley, Mikulis & Davis, 2000). 

2.3 Variables Affecting P300  

Both stimulus and subject related factors affect P300. The following two 

subsections separately review in brief about the influencing factors. 

2.3.1 Stimulus related factors 

2.3.1.1 Stimulus modality 

The event-related P300 potential component is not modality-specific i.e., any 

sensory modality can be used to elicit the P300 response. In descending order of 

clinical use these are: auditory, visual, somato-sensory, olfactory or even taste 

stimulation (Polich & Pitzer, 1999). The shape and latency of the P3 wave differs with 

each modality. For example, in auditory stimulation, the latency is shorter than in 

visual stimulation (Katayama & Polich 1999). This indicates that the sources 

generating the P3 wave differ and depend on the stimulus modality (Johnson, 1989). 

9 
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P300 varies with respect to the modality through which the response is 

elicited, like auditory modality, visual modality or any other language based modality. 

Picton, Stuss, Champagne and Nelson (1984) reported that the P300 evoked by visual 

stimulus was delayed by approximately 90ms than that of auditory stimulus which 

was explained by the difference in the transmission time to the cortex. The P300 

component evoked by somato-sensory signal was delayed and larger than auditory or 

visual stimuli. 

Knott et al. (2003) investigated the effects of stimulus modality on P300 in 

young and elderly adults. Larger P300 amplitude was obtained while using visual 

stimuli to elicit P300 compared to that of auditory stimuli in both the populations. 

Similar to Picton et al. (1984), the latency of P300 was prolonged with visual mode of 

stimulus presentation. 

There is an interaction of age effect with modality effect. Johnson (1989) 

evaluated the effects of stimulus modality in young and older children using auditory 

and visual modality. ERPs were collected using two different tasks (count and 

reaction time) in an oddball paradigm. P300 latencies in the auditory modality 

presented a relatively abrupt change around 12 year of age on an average, thereafter 

P300 latency changed slightly. But on the other hand latencies of visual P300 

presented much slighter and steadier decrease with age. Visual P300 latencies were 

shorter than auditory P300 in younger children but eventually became larger than 

auditory P300 in older children. There were no significant changes observed among 

two modalities in terms of P300 amplitude. 

 



 2.3.1.2 Stimulus intensity 

Papanicolaou, Loring, Raz and Eisenberg (1985) manipulated the intensities of 

the stimulus from 15 up to 65 dB in an auditory oddball paradigm to investigate its 

effect on P300 potential. Intensity variations had an impact on P300 latency, but not 

amplitude. On the contrary Vesco, Bone, Ryan and Polich (1993) found reduced 

amplitude along with longer peak latencies at low intensity stimuli. Further intensity 

effects are seen in both auditory as well as visual modalities (Covington & Polich, 

1996; Polich, Ellerson & Cohen, 1996). 

2.3.1.3 Stimulus probability 

The P300 response is optimally evoked by unpredictable, infrequent acoustic 

stimuli presented randomly with a probability of 15 to 20% in an odd ball test 

paradigm. The probability in P300 measurement usually recommended is 80% for 

standard & 20% for target stimuli. Figure 2.4 illustrates P300 response obtained for 

tonal contrasts with the standard stimulus being 500 Hz (85%) probability and deviant 

stimulus being 1000 Hz (15%) probability (Beynon, 2005). 

 

Figure 2.4: Illustrates P300 response obtained for tonal contrasts with the standard 

stimulus being 500 Hz (85%) probability and deviant stimulus being 1000 Hz (15%) 

probability (Cited in Electrically evoked auditory cortical event related potentials by 

Beynon, 2005). 

11 
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Polich (2003) found that decrease in stimulus target probability generally 

increased the P300 amplitude and lengthened the peak latency, which was more 

evident in easy tasks than difficult tasks.  

2.3.1.4 Target-to-Target Interval 

P300 amplitude for a target in the oddball task increases as the number of 

consecutive standards preceding the target increases. That is, P300 amplitude to a 

target preceded by a single standard is relatively small, whereas amplitude to a target 

preceded by several standards is relatively large. More importantly target-to-target 

interval of 6 to 8s or greater eliminates the probability effects (Polich, 1990). 

Gonsalvez and Polich (2002) manipulated the number of preceding non target 

stimuli (0, 1, 2, 3) and inter stimulus interval (1, 2, 4 s) in order to systematically 

assess target to target interval affects on P300 values using auditory and visual 

stimuli. In the results increase in P300 amplitude was seen with increasing non target 

sequence length for both auditory and visual stimuli when ISI is constant. Increasing 

non target sequence length also demonstrated a reliable decrease in P300 latency for 

both auditory and visual stimuli and was shorter for auditory than visual stimulus 

conditions. 

2.3.1.5 Passive versus active task 

P300 is elicited either in a passive mode or active mode. In a passive mode 

subject does not pay attention to the stimulus while in active mode, he/she is asked to 

selectively attend to the target, infrequent stimulus. 

Bennington and Polich (1999) compared effect of passive and active task on 

P300 for auditory and visual stimuli. P300 amplitude was larger in active task 
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conditions (raising finger) than passive ones (day dreaming) and, for the auditory 

stimuli than visual stimuli but the scalp topography did not vary reliably in general for 

task conditions and stimulus types. P300 latency was shorter for the auditory 

compared to visual stimulus conditions even so, latency shifts with respect to task 

difficulties were not significant in either of the stimulus conditions. P300 amplitude 

for the stimulus-sequence paradigm is smaller and latency is shorter in passive 

listening conditions, with auditory stimuli being the stronger stimuli to evoke better 

P300. 

Polich (1998) found that amplitude of P300 component declines with repeated 

stimulation during passive discrimination of standard/target stimuli as size of ERP 

component depends on the amount of change required to update the memory 

representation. 

2.3.1.6 Task difficulty 

P300 latency becomes longer, amplitude becomes smaller as the difficulty of 

the listening increases (Katayama & Polich, 1998). Highly novel target produces 

larger amplitude and short latency response (Ritter, Simpson, Vaughan & Macht, 

1982). Latency of P300 which measures the stimulus evaluation time depends on the 

processing required for particular task i.e. latency is relatively short when task is easy 

and long when task is difficult. 

Polich (2003) conducted a study on auditory P300 by manipulating 

combinations of stimulus target probability (10% versus 30%), task difficulty (easy 

versus hard), and inter-stimulus interval (5s versus 2s). Results showed that easy tasks 

experiments elicited larger amplitude and reduced peak latency of P300 when 

compared to that of difficult task experiments.  
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2.3.1.7 Sound environment 

Arikan, Devrim, Oran, Inan, Elhih and Demiralp (1999) found distinct 

differences in the P300 response when recordings are made with the stimulus 

presented in the silent environment versus in background noise. Nature of the 

background sound, white noise versus culturally significant music can influence P300. 

When the P300 is recorded with frequent versus rare stimuli presented in competing 

noise, amplitude is usually reduced directly as a function of the SNR. 

2.3.2 Subject related factors 

Some of the important subject related factors that influence P300 are given 

below. 

2.3.2.1 Attention  

McPherson and Salamat (2004) found a direct relation between inter stimulus 

interval (ISI) and, both behavioral reaction time and P300 latency. Longer ISIs was 

associated with longer reaction times and prolonged P300. Hence it was concluded 

that P300 latency is a reflection of information processing time.  

In dual task paradigm, Singhal, Doerfling and Fowler (2002) found that 

subject performance for visual task during auditory P300 measurement involving a 

dichotic listening task was associated with decreased amplitude of P300. As difficulty 

of the visual task increased attention was allocated more to visual modality, amplitude 

of P300 reduced. Polich (1987) demonstrated that P300 latency was longer and 

amplitude larger when the subject silently counted the target signals versus when the 

subject pressed a button with a thumb.  

The P300 amplitude which reflects the amount of attention allocated to a given 

task (Donchin & Coles, 1988) can show maximum values of about 20µV. There is an 
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inverse relationship between the subjective probability of the stimulus and the P300 

amplitude (Duncan-Johnson & Donchin, 1977; Donchin & Heffley, 1979). Therefore, 

the P300 amplitude is often seen as a measure of central nervous system activity in 

the attentional processing of incoming information in a context (Donchin & Coles, 

1988; Polich, 1998). 

2.3.2.2 Sleep 

Cote (2002) found that P300 recorded with Fz electrode sites is absent in stage 

I & II. In Stage I and rapid eye movement (REM sleep-Vth stage where brain is active 

with posterior electrodes similar to awakened state), P300 was obtained while P300 

was not apparent during stage II. Koshino, Nishio, Omoroi, Murata, Sakamoto & 

Isaki (1993) reported amplitude of P300 decreases and amplitude increases during the 

transition from alert awake state to drowsiness and the to sleep stage I. P3a can be 

consistently recorded in sleep (Atienza, Cantero & Escera, 2001). Sleep deprivation 

increases latency & reduces amplitude of P300 (Danos, Kasper, Scholl, Kaiser, 

Ruhrmann, Hoflich & Moller 1994). 

2.3.2.3 Body temperature 

Geisler and Polich (1992) conducted an experiment to understand the impact 

of body temperature on P300 latency and amplitude. Negative correlation between 

peak latency of P300 and body temperature was found, where as on an average peak 

latency was minimal when body temperature was 38 degree Celsius. In general, there 

was a decrease in latency of P300 up to 100 ms (from 350 ms to 250 ms) when body 

temperature was increased from 35.5 to 38 degree Celsius. But there was no 

significant change observed in the amplitude of P300. 
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2.3.2.4 Motivation  

Johnson (1986) found that attaching monetary value to correct identification of 

target signal produces larger P300. Larger amplitude of P300 was obtained for 

motivational instructions than neutral ones.  

2.3.2.5 Memory  

Memory updating for target signal is required as standard forms good 

representation. Stimuli that were made distinctive were more likely to be recalled and 

elicited larger P300 components during encoding than those that were not recalled.  

However, P300 size was directly affected by the rehearsal method, such that 

component amplitude was larger to the items subsequently recalled if participants 

used rote rather than a semantic strategy (Fabiani, Karis & Donchin, 1986). 

Johnson, Pfefferbaum and Kopell (1984) studied the relationship between 

P300 and long-term memory. Their subjects were presented with a list of target 

words, called Study series, which were supposed to be memorized. These words were 

later tested for recognition by presenting it along with new, distractor words. On 

completion of these behavioral tasks, P300 were recorded using target stimuli alone 

initially with a probability of 1.0. Later on both the target words and distractors 

presented repeatedly to investigate the effect of repeated presentation on long-term 

recognition memory. Results of the study revealed larger P300 amplitude for target 

words in general in its initial presentation and shorter latency for those target words 

which were memorized by the participants in the behavioral task. With repeated 

presentation of target words, the amplitude of P300 increased gradually by 

maintaining the latency constant. During test series, with repeated presentation of 

target words P300 amplitude increased and latency shortened when compared to that 
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of distractor words. Those words which were recognized frequently elicited larger and 

earlier P300 than those were recognized less frequently. These findings illustrate the 

impact of repetition of target on memory tracing of the individual which in turn 

trigger larger and earlier P300. 

Lawrence and Polich (1985) reported the correlation between memory and 

P300. Increase in memory span, measured using WAIS digit span, was associated 

with decreases in peak latency for children. This suggests that the rapid increase of 

memory span with development has been attributed to increases in the efficiency with 

which children can process information. 

2.3.2.5 Drugs 

 Lorist, Snel and Kok (1994) studied the effect of caffeine on P300 using 

visual stimuli. Results showed that mental fatigue due to deprivation produced a 

significant reduction in amplitude of P300 and prolongation of peak latency. Caffeine 

was found to increase P300 amplitude as it resulted in boosting up of the CNS 

activity, and it eliminated the difference in P300 latency between the fatigued and 

rested subjects which was evident in placebo conditions.  

Studies on effect of acute intake of ethanol on P300 reported a shift in neural 

generator site of P300 to more inferior position in the brain (Lukas, Mendelson, 

Kouri, Bolduc & Amass, 1990). Decrease in P300 amplitude due to alcohol intake 

was prominent over the right hemisphere compared to that of left hemisphere (Porjesz 

& Begleiter, 1981).  
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2.4 Audio-visual Interaction in P300 

One of the advantages of ERP recordings is that the precise time course of 

cross-modal integration can be studied in different brain areas. Considering that the 

event related cortical auditory potentials are influenced by cognition, information 

from the visual mode may influence their generation.  

An understanding of the timing or order of processing of audio-visual stimuli 

in the brain provides important information regarding the mechanisms by which 

skilled reading abilities are acquired and maintained in typically developing 

individuals. Moreover, the paradigm helps in examining perception and reading in 

younger populations, and in populations with reading difficulties. For example, if 

dyslexia stems from difficulties in integrating letters across the auditory and visual 

domains, it is important to know at what level auditory and visual letter information 

are integrated in normal readers in order to infer the level at which processing may 

have been disrupted in individuals with dyslexia (Andres , Cardy & Joanisse, 2011). 

Visual influences in the auditory cortex would result from feedback 

projections from polysensory areas (Calvert, Campbell & Brammer, 2000; Miller & 

D’Esposito, 2005), particularly from the superior temporal sulcus (STS).  

Studies have shown that behavioral responses to auditory (A) and visual (V) 

stimuli are improved when those stimuli are accompanied by a task-irrelevant 

stimulus in a different modality, and that bimodal audio-visual (AV) stimuli are 

detected and discriminated more accurately than either visual or auditory unimodal 

stimuli presentation (Odgaard, Arieh & Marks, 2004; Frassinetti, Bolognini & 

Ladavas, 2002).  
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Raij, Uutela and Hari (2000) investigated the neural representations of audio-

visual objects, by recording neuro magnetic cortical responses to auditory, visual, and 

audio-visually presented single letters. The auditory and visual brain activations first  

converged around 225 ms after stimulus onset and then interacted predominantly in 

the right temporo-parietal junction (280-345 ms) and the left (380-540 ms) and right 

(450-535 ms) superior temporal sulci. These multisensory brain areas, playing a role 

in audio-visual integration of phonemes and graphemes, participate in the neural 

network supporting the supramodal concept of a 'letter'. The dynamics of these 

functions indicate interplay between sensory and association cortices during object 

recognition. 

Watson, Azizian, Berry and Squire (2005) found that the target stimulus (word 

'globe') elicited a large P300 component with maximum amplitude related non target 

stimulus (picture of a 'globe') although the two P300s were morphologically similar. 

Li, Wu and Touge (2010) investigated auditory detection enhancement by 

cross modal audio-visual interaction, by comparing the ERPs elicited by the audio-

visual stimuli to the sum of the ERPs elicited by the visual and auditory stimuli. They 

identified two brain regions that showed significantly different responses: the centro-

medial area at 280-300 ms and the right fronto-temporal area at 300-320 ms. This 

provides ERP evidence that behavioral detection of an auditory stimulus is enhanced 

by the interaction of auditory and visual stimuli around 300 ms in a polysensory 

region of the brain. ERP results suggest that the enhanced auditory detection by cross-

modal audio-visual interaction originates from late-stage cognitive processing rather 

than early-stage sensory processing. 
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Andres, Cardy and Joanisse (2011) investigated the effect of audio-visual 

congruency on P300 potential. Consonant and vowel letters were presented along with 

auditory stimuli in congruent and incongruent conditions. Congruency effects were 

seen for both standard and deviant stimulus with an increase in P300 amplitude and 

increase in P300 latency in incongruent condition for standards compared to 

congruent trials. Increase in P300 latency was seen for deviants in incongruent 

condition which reflects delayed perceptual processing and categorization. 

Fort, Delpuech, Pernier and Giard (2002) assessed the effect of unimodal 

(auditory or visual) and non redundant bimodal condition (auditory & visual) on 

ERPs. Event-related potential analysis revealed the existence of early (200 ms 

latency) cross modal activities in sensory specific and nonspecific cortical areas 

suggesting cross modal interaction for stimulus content which is either redundant or 

non redundant. Cross modal interaction resulted in facilitation effect (shorter reaction 

time) for the detection of bimodal stimuli compared to unimodal stimuli. 

Talsma, Dotty and Woldorff (2007) reported that when attention was directed 

to both auditory and visual modalities simultaneously, audio-visual interaction 

occurred in early sensory processing. When only one modality was attended, the 

interaction processes was delayed to late processing stage.  

2.5 Applications of P300 

2.5.1 P300 as an index of cognitive function 

In clinical practice, P300 recordings have been applied as a 

psychophysiological tool in the early diagnosis of several neurological disorders, such 

as Alzheimer's disease (Olichney & Hillert, 2004), schizophrenia (Heidrich & Strik, 

1997; Kirino, 2004), epileptic patients (Caravaglios, Natale, Ferraro, Fierro, Raspanti, 
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& Daniele, 2001; Wambacq & Abubakr, 2004), traumatic brain injuries (Lew, Slimp, 

Price, Massagli &  Robinson, 1999; Mazzini, 2004), alcoholism and drugs (Polich & 

Criado, 2006) and also to study the processing of speech in children (Henkin, Kileny, 

Hildesheimer & Kishon-Rabin, 2008; Newman, Connolly, Service & Mclvor, 2003). 

Cognitive skills as attributes of human ERPs can be studied in information 

processing. Since P300 is one among the most significant ERPs it can be utilized to 

evaluate the cognitive function in human beings. The most replicable biological 

marker in schizophrenia is the amplitude reduction in P300 component of ERPs 

(Ford, 1999).  

Huang, Chou, Lo and Cheng (2011) conducted a study on P300 using both 

visual and auditory stimuli separately in 43 individuals with Schizophrenia and 40 

normal control subjects.  The results of the study indicated that there was a significant 

reduction in amplitude and prolongation in latency of P300 in schizophrenic patients 

compared to that of control group with auditory stimuli (with & without counting 

conditions) and visual stimuli (without counting) owing to the slowness of controlled 

cognitive function in individuals with schizophrenia. But there was no significant 

difference between patients group and control group with visual stimuli (with mental 

counting) suggesting that the time of mental processing may not be delayed at least 

with visual stimuli. The task relevant sources of activity changes more specifically 

with visual stimuli than with auditory stimuli. Hence it suggests the need for 

integrating audio visual stimuli in clinical evaluation and intervention of individuals 

with schizophrenia.  

Fjell et al. (2008) studied the relationship between P300 brain potentials, 

cortical thickness and cognitive function in aging using three stimulus visual odd ball 
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paradigm. In the young group, thickness of cortical areas were only weakly related to 

amplitude or latency of P300 where as P3a amplitude effects were found in the 

parietal area, the temporo-parietal area and part of the posterior cingulate cortex. 

Thicknesses of large frontal regions were especially related to P3b latency. Hence it 

can be concluded that thickness in specific cortical areas can be correlated with scalp 

recorded P300 in elderly and in turn these relationship supplements our understanding 

on higher cognitive functioning in elderly. 

2.5.2 P300 in the detection of Auditory Processing Disorder 

Jirsa and Clontz (1990) assessed auditory processing in children with auditory 

processing disorders and normal children using P300 and found that there was a 

significant latency increase for P300 component in processing disordered group. 

According Mullis, Holcomb, Diner and Dykman (1985) P300 latency is directly 

related to speed of information processing and CAPD children have difficulties in this 

area which was reflected as longer P3 latencies. 

2.5.3 P300 as an index of neural plasticity 

Hassaan (2010) used P300 for the assessment of the progress of CANS 

function after training in children with auditory processing disorder who received 

auditory training for auditory temporal processing, auditory memory and auditory 

attention. P300 was obtained both before and after 8 weeks of training period. 

Amplitude measure increased significantly in all improved children indicating that 

P300 amplitude was the strongest reflectance of improvement among both parameters 

(latency, amplitude). P300 latency which indicates neural conduction time did not 

shorten after intensive auditory training. The amplitude enhancement paralleled the 

improvement in central auditory and cognitive abilities. 
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Kubo, Yamamoto, Iwaki, Matsukawa, Doi and Tamura (2001) recorded P300 

postoperatively in 50 post-lingually deaf adult cochlear implantees. The subjects were 

divided into two groups (fair and good hearing group) of 25 each based on their 

Consonant Recognition Scores (70% scores as the dividing line).  The results of the 

study indicated that the average latency of P300 was significantly longer in the fair 

hearing group compared to that of the good hearing group when measured at 1 month 

post operatively. The follow up study done at 6 month postoperatively again revealed 

a significant increase in Consonant Recognition Scores and a decrease in P300 latency 

in both the groups and both these measures were correlated. The findings of this study 

are suggestive of a new horizon application of P300 where the regular systematic 

measurement of latency and amplitude of P300 in cochlear implantees post 

operatively can bring out an objective measure of success of rehabilitation. 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Yamamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsukawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Doi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Tamura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
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Chapter 3 

METHOD 

  The study was based on the hypothesis that cross modal interaction of 

auditory and visual domain has an effect on the latency and amplitude of P300. The 

following method was adopted to experimentally investigate interaction in the 

processing of auditory and visual stimuli in the generation of P300 and also the effect 

of electrode site on P300.  

3.1 Participants  

Twenty adults (10 males & 10 females) in the age range of 18 to 25 years 

participated in the study. All the participants had puretone thresholds within 15dB HL 

at octave frequencies between 250 and 8000 Hz. Their speech identification scores 

(SIS) were normal in both quiet and noise (SIS above 90% in quiet & above 60% in 

noise). All the participants had normal middle ear functioning indicated by A type 

tympanogram and presence of acoustic reflexes bilaterally. They had normal or 

corrected-to-normal vision verified using a Snell's chart at a distance of 6 feet. They 

did not have complaint of any neurological problems.  

All the participants were meritorious students from different parts of the 

country pursuing their bachelor’s or master’s degree in Speech and Hearing. The 

participants were screened for central auditory processing disorders using Speech in 

noise test (SPIN) in which they obtained a score of >60% in both ears.  They were 

blind folded to the purpose of the study and a written consent was taken from each 

subject prior to testing.  
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3.2 Instrumentation 

Technical equipments were required for preliminary evaluation as well as for 

the actual experiment. The following were the equipments used in the study. 

1. A calibrated Madsen Orbiter – 922 (Version 2) dual channel clinical 

audiometer was used for pure tone and speech audiometry. 

2. A calibrated GSI tympstar immittance meter was used for evaluating middle 

ear status. 

3. Intelligent hearing systems (IHS version 4.3.02) AEP system with smart EP 

software was used for recording and analyzing P300.   

4. A computer with Adobe Audition (Version 1.5) was used for the generation 

of auditory stimulus. 

5. A laptop computer was used for visual stimulus presentation. 

3.3 Test Environment 

Recording of the stimulus and all the audiological testing were conducted in 

sound treated rooms where the noise levels were within permissible limits 

(ANSI.S3.1, 1991). The rooms were also electrically insulated. 

3.4 Stimulus and Acquisition Parameters 

Auditory and visual stimuli were used for recording P300. The stimuli 

consisted of two CVC words; /cat/ and /bat/. The two CVC words were chosen as they 

were minimal pairs and were picturable. A minimal pair was preferred as the two 

words of the pairs would elicit similar LLRs, which in turn was necessary for better 

P300 detectability. The pictures of the cat and bat were used as visual stimuli. 
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The CVC syllables were spoken by an adult native Kannada speaker and were 

recorded by a unidirectional microphone in a sound treated room. Stimuli were 

digitally recorded using Praat Software (version 5.1.31) at a sampling frequency of 

44,100 Hz and 16 bit digitization. The stimuli were then edited for noise and hiss 

reduction using Adobe Audition (Version 1.5). They were normalized to the same 

scaling factor and were edited to restrict the duration to 250 ms. 

The two auditory stimuli were presented in Odd ball stimulus paradigm. 

Stimulus /cat/ was presented frequently while the stimulus /bat/ was presented 

infrequently. In the audio-visual mode of presentation, visual stimuli which included 

pictures of /cat/ and /bat/ were presented only with infrequent auditory stimulus-/bat/. 

Depending on the visual stimuli presented, audio-visual mode was either termed as 

congruent or incongruent. If picture of /bat/ was presented along with the auditory 

infrequent /bat/, it was Audio-visual congruent condition. On the other hand, if picture 

of /cat/ was presented along with the auditory infrequent /bat/, it was Audio-visual 

incongruent condition. The oddball paradigm involved the presentation of one 

infrequent after two frequent stimuli. 

The auditory stimulus was 250 ms in duration while the visual stimulus was 

1000 ms in duration. The visual stimulus was triggered along with the auditory stimuli 

through an external laptop during audio-visual presentation. The stimulus and the 

acquisition parameters used to record P300 are given in the Table 3.1. 

 

 

 

 



Table 3.1: Stimulus and acquisition parameters used to record P300 

 

Stimulus parameters 
Stimulus                                                                           Auditory             Visual 
                                                    Auditory mode              F  Cat                   Nil 
                                                                                           I   Bat                   Nil 
                                                    AV congruent                F  Cat                   Nil 
                                                                                           I   Bat                   Bat 
                                                    AV incongruent             F  Cat                   Nil 
                                                                                           I   Bat                   Cat 
Intensity                                      80dBnHL 
Number of  sweeps                     300 
Repetition rate                            Auditory stimulus -1/s 
                                                    Visual stimulus – 1/3s 
Frequent : Infrequent                  2:1 
Transducer                                  ER 3A insert phones 
Presentation ear                          Binaural 

Acquisition parameters 
Amplification                              50,000 
Filter setting                                1-30 Hz EEG filters 
Artifact rejection threshold         +/- 100µV 
Analysis time                              -100 to +750ms 
Number of recordings                  2 
 
Electrode montage                      Vertical montage 
                                                     Positive –  Cz, Pz 

                                                     Negative – Linked Mastoids 

                                                     Ground - Nasion 

3.5 Test Procedure 

The participants underwent preliminary hearing evaluation before the 

electrophysiological testing. The preliminary evaluation battery included case history, 

puretone audiometry, immittance evaluation and speech perception in noise testing. A 

detailed case history from all the participants was taken to rule out any past or present 

otological and neurological complaints. Puretone audiometry using modified 
27 
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Hughson-Westlake procedure (Carhart & Jerger, 1959) was carried out to evaluate 

pure tone thresholds at octave frequencies from 250 Hz to 8 kHz for air conduction 

and from 250 Hz to 4 kHz for bone conduction modes. 

Immittance evaluation involved tympanometry and acoustic reflex testing. 

Tympanometry was carried out using 226 Hz probe tone. The peak static admittance 

and peak pressure were estimated by sweeping the pressure from +200 to -400 dapa. 

In reflexometry, ipsilateral and contralateral reflex thresholds were measured at 

500Hz, 1kHz, 2kHz and 4kHz. 

The Speech perception in noise was assessed using standardized monosyllabic 

words in English developed by Rout and Yathiraj (1996). The words were presented 

at 40 dBSL (with reference to pure tone average at 500 Hz, 1kHz & 2kHz) at 0 

dBSNR and the speech identification scores in percentage was estimated in the two 

ears. 

The actual experimental paradigm involved recording of the P300. Only those 

individuals who fulfilled all the participant selection criteria served as participants of 

study. To record P300, the participants were made to sit in a comfortable reclining 

chair and were asked to relax. The Cz and Pz electrode sites were cleaned with skin 

preparation gel and the disc electrodes were placed using a conduction paste. Prior to 

recording P300, an absolute impedance of less than 5 kOhms and relative impedance 

of less than 2 kOhms was ensured.  

The participants were asked to open their eyes and minimize eye blinks of the 

target EEG to reduce contamination from alpha activity. The participants were 

instructed to pay attention to the blocks of stimuli which were presented and were 

asked to mentally count the infrequent stimulus (bat) during the auditory presentation 

mode. During audio-visual presentation mode, the participants were asked to press an 
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arrow key in a computer keyboard, after hearing each stimulus and to watch the 

monitor kept in front of subject which displayed the pictures. The visual stimulus 

would arrive along with infrequent auditory stimulus, and was triggered to the arrow 

key pressed for the second frequent stimulus. The visual stimulus, although triggered 

to the second frequent, was displayed along with infrequent stimulus only. 

P300 was recorded from Cz and Pz electrode sites, for 3 different stimulus 

paradigms: The 3 stimulus paradigm included, auditory, audio-visual congruent and 

audio-visual incongruent. The order of the 3 paradigms was randomly used. 

3.6 Response Analysis 

The P300 was identified in each participant, for each stimulus paradigm, and 

at each electrode site. The response was analyzed to note down onset latency, peak 

latency, offset latency and the peak amplitude. The responses were subjectively 

analyzed by two experienced audiologists and the average waves recorded for the 

frequent and infrequent stimuli were compared. P300 was detected in the infrequent 

wave. The criteria for onset and offset latency were set based on grand averaged 

waveforms of infrequent stimulus in each modality. A representative recording with 

target parameters marked is shown in Figure 3.1. 



 

Figure 3.1: A representative wave recorded in auditory modality with the target 

parameters marked. 
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Chapter 4 

RESULTS 

 The primary aim of the present study was to analyze the effects of audio-

visual interaction on P300 latency and amplitude. The secondary aim was to evaluate 

the effect of electrode site on P300 latency and amplitude. While statistically testing 

these effects, presentation mode and electrode site were treated as independent 

variables, and amplitude and latency of P300 served as dependent variables. The 

statistical analysis was carried out using Statistical Package for Social Sciences (SPSS 

version 16) and the following statistical tests were carried out:  

1. Descriptive statistics was done to obtain mean and standard deviation (SD) of 

latency and amplitude of P300 elicited by three types of stimuli, in the two 

electrode sites. Descriptive statistics were also used to calculate the mean and 

SD of the AV index of latency and amplitude. 

2. Paired t-test was carried out to analyze the effect of electrode site (Cz versus 

Pz) on the latency and amplitude of P300. 

3. Repeated measures ANOVA was done to analyze the effect of stimulus 

condition on latency and amplitude of the P300. This was done separately for 

the responses from Cz and Pz electrode sites. 

4. Bonferroni post-hoc test was used for pair-wise comparison in instances where 

there was a significant main effect of the stimulus condition. 

5. Pearson correlation co-efficient was determined to analyze the relationship 

between audio-visual indexes obtained in congruent and incongruent 

conditions. 
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For the clarity of presentation, results of the study have been organized under 

the following headings: 

4.1 Effect of electrode site on P300. 

4.2 Effect of stimulus condition on P300. 

4.3 Correlation of latency index and amplitude index. 

4.4 Morphological changes in P300.  

4.1 Effect of Electrode Site on P300 

The effect of electrode site was tested for both latency and amplitudes of 

P300. The results are reported separately for the 2 parameters.  

4.1.1 Effect of electrode site on latency of P300 

There were 3 latency parameters measured in the P300 waves: onset latency, 

peak latency and offset latency. The effect of electrode site was analyzed for all the 3 

parameters. Figure 4.1 shows the mean and standard deviation of the onset latency, 

peak latency and the offset latency recorded at the Cz and Pz electrode sites.  

 

 

 



 

Audio‐visual 
congruent 

Audio‐visual 
incongruent Auditory 

 
Figure 4.1: Mean and standard deviations of onset latency, peak latency and offset 

latency of P300 recorded at Cz and Pz electrode sites.  

The data showed that the mean latencies of the Cz electrode site were 

prolonged compared to that in Pz electrode site. This was true in all the three 

modalities and for all the three latency parameters. The observed mean differences 

were then tested for statistical significance on paired t-test. The results of paired t-test 

(Table 4.1) showed that there was a significant difference between the latencies 

recorded from the 2 electrode sites. This was true in all the three stimulus conditions. 

Figure 4.2 represents the waveforms for three stimulus conditions across the two 

electrode sites. 
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Table 4.1: Results of paired t-test comparing the onset latency, peak latency and offset 

latency recorded from Cz and Pz electrode sites in the three stimulus conditions 

Conditions Parameters t  value df 

Auditory 
 
 
 
 
Auditory-visual 
(Congruent) 

 

 

Auditory-visual 
(Incongruent) 

Onset latency 
 
Peak latency 

Offset latency 

Onset latency 

Peak latency 

Offset latency 

Onset latency 

Peak latency 

Offset latency 

6.222* 
 

1.823* 

2.618* 

4.062* 

2.779* 

3.544* 

3.237* 

4.444* 

4.309* 

19 
 

19 

19 

19 

19 

19 

19 

19 

19 

              Note: *- p<0.05 

 

Figure 4.2: Waveforms for three stimulus conditions at two electrode sites. 
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4.1.2 Effect of electrode site on amplitude of P300 

The mean and standard deviation of the peak amplitude of P300 are given in 

Figure 4.3. The mean amplitudes in Pz were higher than that in Cz in all the three 

stimulus conditions. 

The comparison of mean amplitudes between the two electrode sites was done 

on paired t-test separately for each stimulus conditions. Results (Table 4.2) showed 

significant difference between the two electrode sites in their mean amplitudes, in all 

the three stimulus conditions. 

 
 
Figure 4.3: Mean and standard deviation of the peak amplitude of P300 in the 3 
stimulus conditions. 
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Table 4.2 Results of paired t-test comparing amplitude recorded from Cz and Pz 

electrode sites in the three stimulus conditions 

Conditions t  value df 
Auditory 

 
Audio-visual congruent         

Audio-visual incongruent 

-10.75* 

-6.523* 

-7.556* 

     19 

     19 

     19 

                   Note: *- p<0.05 

4.2 Effect of Stimulus Condition on Latency and Amplitude of P300  

4.2.1 Effect stimulus condition on latency of P300 

The mean and standard deviation of onset latency, peak latency and offset 

latency in the three stimulus conditions are shown in Figure 4.1. The effect of 

stimulus condition on the latency parameters was analyzed separately for the data of 

Cz and Pz electrode sites. In general the mean latencies were shorter in audio-visual 

congruent condition compared to that in auditory and audio-visual incongruent 

conditions. The effect of stimulus condition was tested on Repeated measures 

ANOVA and the results (Table 4.3) of Cz site showed a significant main effect of 

stimulus condition on only onset latency. The effect was absent on peak latency and 

offset latency. On the other hand at the Pz electrode site, there was significant main 

effect of condition on all the three latency parameters. 

Whereever there was a significant main effect of condition, pair-wise 

comparison was tested using Bonferroni post hoc test. The results of the Bonferroni 

post hoc test showed that, for the data of Cz electrode site there was a significant 

difference between the onset latency recorded in the auditory and the audio-visual 
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congruent condition. However there was no significant difference in the onset latency 

between auditory and audio-visual incongruent and, audio-visual congruent and 

audio-visual incongruent condition.  

Similar pattern of results as in Cz electrode site was obtained at Pz site with a 

significant difference between the onset latency, peak latency and offset latency 

recorded in the auditory and the audio-visual congruent condition.  However there 

was no significant difference in the onset latency and peak latency between auditory 

and audio-visual incongruent and audio-visual congruent and audio-visual 

incongruent conditions.  

Table 4.3: Results of Repeated measures ANOVA for latencies across three stimulus 

conditions at two electrode sites 

Electrode site Parameters       F   df (error) 

              Cz 

 

 

               Pz 

Onset latency 

Peak latency 

Offset latency 

Onset latency 

Peak latency 

Offset latency 

11.32* 

2.456 

1.227 

11.872* 

3.487* 

3.716* 

    2 (18) 

    2 (18) 

    2 (18) 

    2 (18) 

    2 (18) 

    2 (18)    

          Note: *- p<0.05 

4.2.2 Effect of stimulus conditions on amplitude of P300  

The mean and standard deviation of the amplitude recorded in the three 

stimulus conditions at the two electrode sites are shown in Figure 4.3. The mean 

amplitude was higher in the audio-visual congruent condition compared to auditory 

and audio-visual incongruent conditions. The mean data was similar in the auditory 
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and audio-visual incongruent condition. The same trend was observed at both the 

electrode sites.  Repeated measures ANOVA was used to test the effect of stimulus 

condition on amplitude and the results showed a significant main effect of stimulus 

condition on amplitude of P300 at Cz [F(2,18) = 4.291, p = 0.021] and Pz [F (2,18) = 

7.208, p = 0.002]. 

As there was a main effect of stimulus condition, the pair-wise comparison 

was tested using Bonferroni post-hoc test. The results showed that audio-visual 

congruent condition was significantly different from auditory as well as in audio-

visual incongruent condition. However there was no significant difference in 

amplitude between auditory and audio-visual incongruent condition. The results were 

same for both Cz and Pz.  

4.3 Correlation of Latency Index and Amplitude Index 

Results in the previous sections showed that the effect of stimulus condition 

was present on both latency and amplitude of P300. However, it did not give the 

picture of the effects of two audio-visual conditions (congruent & incongruent) 

related with each other. 

To derive this relationship, latency and amplitude indexes were determined. 

This was done by taking the difference in the latency obtained in audio-visual 

conditions and auditory mode. The difference values obtained by subtracting audio-

visual congruent from auditory  were termed, latency index I and amplitude index I. 

Whereas the difference values obtained by subtracting audio-visual incongruent from 

auditory were termed, latency index II and amplitude index II. These indexes were 

calculated separately for the data from Cz and Pz electrode sites. To see the relation 

between the changes seen due to audio-visual congruent and AV-incongruent stimulus 
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paradigms, Index I was correlated with Index II. This was done separately for Cz and 

Pz electrode site. 

4.3.1 Results of Cz electrode site  

Figure 4.4 shows scatter plot showing the relationship between Index I and 

Index II derived for onset latency, peak latency, offset latency and peak amplitude at 

Cz site. As can be observed in the figure, there was a direct relationship between 

index I and index II in all the four target parameters. The relationship was statistically 

tested on Pearson Correlation test. The correlation coefficient thus derived is given in 

Table 4.4. Results showed a significant low correlation between index I and index II 

in onset latency and offset latency. But indexes derived from the peak amplitude 

showed high positive correlation.  

Table 4.4: Correlation coefficient showing the relationship between index I and II 

derived for onset latency, peak latency, offset latency and peak amplitude 

Electrode Site     Paramaters    r   

 

        Cz 

 

    Onset latency 

    Peak latency 

    Offset latency 

    Amplitude 

0.474* 

0.301 

0.517* 

0.809**  

                              Note: *- p<0.05, **- p<0.01 
 

 

 



                          
 

 
Figure 4.4: Scatter plot showing the relationship between Index I and Index II derived 

for onset latency, peak latency, offset latency and peak amplitude at Cz site. 
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4.3.2 Results of Pz electrode site 

Figure 4.5 shows scatter plot showing the relationship between Index I and 

Index II derived for onset latency, peak latency, offset latency and peak amplitude at 

Pz site. As can be observed in the figure, there was a direct relationship between 

index I and index II in all the four target parameters. The relationship was statistically 

tested on Pearson Correlation test. The correlation coefficient thus derived is given in 

Table 4.5. Results showed a significant low correlation between index I and index II 

for peak latency. But indexes derived from the peak amplitude showed high positive 

correlation. There was no significant correlation between index I and index II for 

onset latency and offset latency. 

Table 4.5: Correlation coefficient showing the relationship between index I and II 

derived for onset latency, peak latency, offset latency and peak amplitude                     
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Figure 4.5: Scatter plot showing the relationship between Index I and Index II derived 

for onset latency, peak latency, offset latency and peak amplitude at Pz site. 

4.4 Morphological Changes in P300  

For all the subjects, better waveforms were obtained in Pz site compared to Cz 

site. Comparison of P300 waveforms across auditory condition, audio-visual 

congruent and audio-visual incongruent conditions showed that the amplitude of P300 
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was larger in audio-visual conditions compared to auditory condition. It was observed 

that in auditory condition, a single P300 peak was seen. Whereas bifid peaks (P3a & 

P3b) were present in conditions. Broadening of the P300 peak was noticed in audio-

visual condition when compared to auditory condition.  Figure 4.6 represents the 

mean waveforms of P300 depicting morphological changes in P300 across the three 

stimulus conditions. 

 

Figure 4.6: Mean waveforms of P300 in the auditory, audio-visual congruent and 

audio-visual incongruent conditions showing difference in the morphology. Auditory 

P300 shows single peak while audio-visual condition shows bifid peak. 
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Chapter 5 

DISCUSSION 

P300 is an endogenous potential recorded for an odd ball paradigm. 

Considering that the potential is generated by auditory association areas, it was 

hypothesized in the present study that the P300 shall differ in bimodal stimulation 

compared to unimodal stimulation. Further, to understand the scalp topography of the 

bimodal P300, the effect of electrode site on P300 was analyzed. The analysis of 

independent effects of the 2 variables; mode of stimulation and the electrode site on 

the latency and amplitude of P300 showed some interesting findings. Attempt has 

been made to justify these findings and derive appropriate implications in the 

following sections.    

4.1 Effect of Electrode Site on P300 

The present study revealed that longer latencies (onset, offset & peak latency) 

and reduced amplitude in Cz site than Pz site. It is evident from this result that spatial 

amplitude distribution of P300 is largest at the parietal electrode sites and is 

attenuated as the recording site move to central locations. The exact source of the 

potential, region of integration and the principal components contributing cannot be 

inferred due to the reduced number of electrodes used in this study. However, the 

findings suggests that the distribution of the electrical field and the dipole of the 

potential can be better recorded from the regions closer to the parietal lobe compared 

to mid and frontal regions of the brain.  

These observations are in accordance with various earlier studies. Katayama 

and Polich (1998) obtained P300 using three stimulus odd ball paradigms and found 
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that P300 target amplitude was larger across the midline electrode sites, being largest 

over the parietal site.  Polich et al. (1997) assessed correlational association between 

peak amplitude and latency for the P300 using auditory discrimination task. They 

found that for the target stimuli, P300 amplitude and latency were negatively 

correlated over the frontal-central and right medial/lateral recording sites. Similar 

results were reported by Johnson (1993) and Comerchero and Polich (1999).  In these 

studies larger P300 amplitude have been recorded at parietal site. 

4.2 Effect of  Stimulus Conditions on Latency and Amplitude of P300  

As evident from the results of the present study at Pz electrode site, all the 3 

latency parameters (onset latency, peak latency & offset latency) were shorter in 

audio-visual congruent condition compared to auditory mode and audio-visual 

incongruent conditions. This is an electrophysiological evidence of the earlier onset of 

neural processing pertaining to sound discrimination, underlying P300. Functionally, 

this may mean earlier perceptual processing in audio-visual congruent condition 

suggesting that bimodal condition accelerates the detection of the stimulus. However, 

this needs to be experimentally confirmed through correlation of behavioral and 

electrophysiological findings. 

These findings are consistent with the findings of Fort, Delpuech, Pernier and 

Giard (2002). They assessed the effect of unimodal (auditory or visual) and non 

redundant bimodal conditions (auditory & visual) on ERPs. Event-related potential 

analysis revealed the existence of early (200 ms latency) cross modal activities in 

sensory specific and nonspecific cortical areas suggesting cross modal interaction 

resulting in facilitation effect (shorter reaction time) for the detection of bimodal 

stimuli compared to unimodal stimuli. Similar findings were reported in various 
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earlier studies (Raij, Uutela & Hari, 2000; Odgaard, Arieh & Marks, 2004; Frassinetti, 

Bolognini & Ladavas, 2002).  

Behavioral studies (Sumby & Pollack, 1954; O’Neil, 1954; Neely, 1956; 

Erber, 1969; Grant & Seitz, 2000., Rudmann, McCarley & Kramer, 2003; Bernstein, 

Auer & Takayanagi, 2004; Ross, Saint-Amour, Leavitt, Javitt & Foxe, 2007) 

unanimously show better speech perception in auditory-visual mode compared to that 

in auditory mode. The earlier latency of P300 may be the neurophysiological basis for 

the behavioral advantage in AV mode. Auditory-cognitive processing of information 

is expected to be better in auditory-visual congruent condition since the system is able 

to utilize the information from both the modalities in a complementary manner.  

There was no significant difference in latencies (both in Cz and Pz) between 

auditory condition and audio-visual incongruent condition and, between audio-visual 

congruent and audio-visual incongruent condition. The exact underlying physiological 

reason could not be derived for this. Logically, it was expected that the AV 

incongruent condition would be delayed than that in auditory mode, as the 

incongruency between the 2 modalities would create confusion. But the absence of 

the difference between the latencies of 2 stimulus conditions indicates that the 

processing is delayed by the incongruency. This probably is because, in instances of 

incongruency, the processing may be primarily determined by the dominant modality, 

which is auditory in this case.    

The P300 picked up at Cz electrode site however showed the same trend as in 

Pz but only in onset latency. This could be due to differential contributions of the 

latent components of P300 at the 2 sites. That is, some of the latent components of 

P300 picked up at Pz are not picked up at Cz. Unlike at Pz, the latent components 
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contributing for peak latency of the response at Cz were probably not sensitive to the 

differences in the mode of stimulation.    

The present study indicated that the mean amplitude was higher in audio-

visual congruent condition than auditory and audio-visual incongruent conditions. 

There was no significant difference in mean amplitude between auditory and audio-

visual incongruent conditions. The finding again can be justified with the integration 

of the complimentary cues provided in the auditory and visual modes. Because the 

cues provided in the incongruent condition were not complimentary, enhancements in 

the amplitude were not seen in the audio-visual-incongruent condition. Li, Wu and 

Touge (2010) investigated auditory detection enhancement by cross modal audio-

visual interaction, by comparing the ERPs elicited by the audio-visual stimuli to the 

sum of the ERPs elicited by the visual and auditory stimuli. Results suggested that 

behavioral detection of an auditory stimulus is enhanced by the interaction of auditory 

and visual stimuli around 300ms in a polysensory region of the brain.  

4.3 Relation between Changes Seen in Congruent and Incongruent Conditions 

Because the mean changes in audio-visual incongruent condition were not 

significantly different from that in auditory condition, it was of interest to study the 

relation between the changes seen in the 2 audio-visual conditions. This would help in 

inferring whether the changes seen in the audio-visual incongruent were facilitative or 

deleterious.  

Results showed a significant positive correlation between the 2 indexes 

derived. This supports that the changes seen in the audio-visual incongruent were 

facilitative, like in audio-visual congruent condition, although not to a noticeable 

extent.  
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Overall, from the findings it can be derived that bimodal presentation, 

neurophysiologically, is beneficial over unimodal presentation for the speech 

processing. Within bimodal conditions, congruent condition is more facilitative 

compared to incongruent condition and P300 can evidence the modality-based 

changes in the cortical auditory processing.      
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Chapter 6 

SUMMARY AND CONCLUSIONS 

The study was adopted to experimentally investigate interaction in the 

processing of auditory and visual stimuli in the generation of P300 and also the effect 

of electrode site on P300.  Presentation mode and electrode site were treated as 

independent variables, and amplitude and latency of P300 served as dependent 

variables. The present study was designed with following objectives: 

1. To study interaction in the processing of auditory and visual stimuli in the 

generation of P300. 

2. To study the latency and amplitude differences across the electrode sites. 

As a first step towards the objectives, a group of normal hearing individuals 

was selected as participants of the study. Two CVC words; /cat/ and /bat/ and pictures 

of the cat and bat were chosen as stimuli to record P300. The stimulus conditions 

consisted of auditory, audio-visual congruent and audio-visual incongruent. 

Responses were measured from Cz and Pz electrode sites. The results thus obtained 

were tabulated and statistically analyzed using Paired t-test, Repeated measures 

ANOVA, Bonferroni post-hoc test, and Pearson correlation co-efficient to determine 

whether it supports or rejects the assumptions of the study.  

The results indicated that there was a significant difference between the 

latencies and amplitude recorded from the 2 electrode sites in all the three stimulus 

conditions. The mean latencies of the Cz electrode site were prolonged compared to 

that in Pz electrode site. The mean amplitudes in Pz were higher than that in Cz in all 

the three stimulus conditions.  
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The mean latencies were shorter in audio-visual congruent condition 

compared to that in auditory mode and audio-visual incongruent conditions. Cz site 

showed a significant main effect of stimulus condition on only onset latency. The 

effect was absent on peak latency and offset latency. On the other hand at the Pz 

electrode site, there was significant main effect of condition on all the three latency 

parameters, with a significant difference between auditory and the audio-visual 

congruent condition. The mean amplitude was higher in the audio-visual congruent 

condition compared to auditory and audio-visual incongruent conditions in both the 

electrode site. 

From the findings of the study it can be inferred that the distribution of the 

electrical field and the dipole of the potential can be better recorded from the regions 

closer to the parietal lobe compared to mid and frontal regions of the brain. The P300 

recordings supported earlier perceptual processing and better speech perception in 

auditory-visual mode compared to that in auditory mode suggesting that bimodal 

condition accelerates the detection of the stimulus. 

The P300 picked up at Cz electrode site however showed the same trend as in 

Pz but only in onset latency indicating that the latent components contributing for 

peak latency of the response at Cz were probably not sensitive to the differences in 

the mode of stimulation. But, in instances of incongruency, the processing may be 

primarily determined by the dominant modality, which is auditory in this study. 

Finally, it is concluded that both changes seen in audio-visual congruent and audio-

visual incongruent conditions are facilitative but in audio-visual congruent condition 

the facilitation in evident. 
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Implications of the Study 

 The findings of the present study have important implications in diagnostic as 

well as rehabilitative audiology. The present study proved that P300 can be an 

objective index of facilitation by bimodal presentation (audio-visual). Hence it can be 

used in the assessment of cross modality integration at the cortical level in individuals 

with auditory processing disorders. P300 can also be used to monitor the progress 

secondary to training of cross modality integration. 

Future Directions 

The present experimental paradigm can be tested in clinical disorders to check 

for its sensitivity. Future studies may correlate the behavioral audio-visual speech 

perception and audio-visual P300 in different modalities, to verify P300 as an 

objective neurophysiological index of the functional benefits. 

 

 

  

 

 

 

 

 

 
 



52 

 

REFERENCES 

American National Standard Institute (1991). Specification for Maximum permissible 

ambient noise levels (MPANLs) allowed in an audiometric test room. ANSI 

S3.1-1999 (R 2003). New York: American National Standard Institute. 

Andres, A. J. D., Cardy, O. J. D., & Joanisse, M. F. (2011). Congruency of Auditory 

Sounds and Visual Letters Modulates Mismatch Negativity and P300 Event-

Related Potentials. International Journal of Psychophysiology, 79, 137-146. 

Arikan, M. K., Devrim, M., Oran, O., Inan, S., Elhih, M., & Demiralp, T. (1999). 

Music effects on event-related potentials of humans on the basis of cultural 

environment. Neuroscience Letters, 268(1), 21-4. 

Atienza, M., Cantero, J. L., & Escera, C. (2001). Auditory information processing 

during human sleep as revealed by event-related brain potentials. Clinical 

Neurophysiology, 112(11), 2031-45. 

Bennington, J. Y., & Polich, J. (1999). Comparison of P300 from passive and active 

tasks for auditory and visual stimuli. International Journal of 

Psychophysiology, 34(2), 171-7. 

Bernstein, L.E., Auer, E.T., & Takayanagi, S. (2004). Auditory speech detection in 

noise enhanced by lipreading. Speech Communication, 44(1), 5-18. 

Besle, J., Fort, A., Delpuech, C., Giard, M. H. (2004). Bimodal speech: Early 

suppressive visual effects in the human auditory cortex. European Journal of 

Neuroscience, 20, 2225–2234. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Atienza%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11682341
http://www.ncbi.nlm.nih.gov/pubmed?term=Cantero%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=11682341
http://www.ncbi.nlm.nih.gov/pubmed?term=Escera%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11682341


53 

 

Beynon, A.J. (2005). Electrically evoked auditory cortical event related potentials in 

cochlear implants: the P300 potential. Doctoral Thesis. University of 

Nijmegen.  

Buchwald, J. S. (1990). Comparison of plasticity in sensory and cognitive processing 

systems. Clinics in Perinatology, 17(1), 57-66. 

Calvert, G. A., Campbell, R., & Brammer, M. J. (2000). Evidence from functional 

magnetic resonance imaging of crossmodal binding in human heteromodal 

cortex. Current Biology, 10, 649–657. 

Caravaglios, G., Natale, E., Ferraro, G., Fierro, B., Raspanti, G., & Daniele, O. (2001). 

Auditory event-related potentials (P300) in epileptic patients, Clinical 

Neurophysiology, 31(2), 121-129. 

Carhart, R., & Jerger, J. F. (1959). Preffered method for clinical determination of pure 

tone thresholds. Journal of Speech Hearing Disorders, 24, 330-345. 

Comerchero, M.D., & Polich, J. (1999).  P3a and P3b from typical auditory and visual 

stimuli. Clinical Neurophysiology, 110, 24-30. 

Cote, K. A. (2002). Probing awareness during sleep with the auditory odd-ball 

paradigm. International Journal of Psychophysiology, 46(3), 227-41. 

Courchesne, E., Hillyard, S. A., & Galambos, R. (1975). Stimulus novelty, task 

relevance and the visual evoked potential in man. Clinical Neurophysiology, 

39, 131–143.  

Covington, J. W., & Polich, J. (1996). P300, stimulus intensity, and modality. 

Electroencephalography and Clinical Neurophysiology, 100(6), 579-84. 

http://www.ncbi.nlm.nih.gov/pubmed/2318016
http://www.ncbi.nlm.nih.gov/pubmed/2318016
http://www.sciencedirect.com/science/journal/09877053
http://www.sciencedirect.com/science/journal/09877053
http://www.sciencedirect.com/science/journal/09877053/31/2
http://www.ncbi.nlm.nih.gov/pubmed?term=Covington%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=8980423
http://www.ncbi.nlm.nih.gov/pubmed?term=Polich%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8980423


54 

 

Danos, P., Kasper, S., Scholl, H. P., Kaiser, J., Ruhrmann, S., Hoflich, G., & Moller, 

H. J. (1994). Clinical response to sleep deprivation and auditory-evoked 

potentials--preliminary results. Pharmacopsychiatry, 27(2), 70-1. 

Desmedt, J. E., & Debecker, J. (1979). Wave form and neural mechanism of the 

decision P350 elicited without pre-stimulus CNV or readiness potential in 

random sequences of near-threshold auditory clicks and finger stimuli. 

Electroencephalography and Clinical Neurophysiology, 47 (6), 648–670. 

Donchin, E. (1981). Surprise!. . .surprise. Psychophysiology 18, 493-513. 

Donchin, E., Coles, M. G. (1988). Is the P300 component a manifestation of context 

updating? Behavior Brain Science, 11, 357–374. 

Donchin, E., Ritter, W., & McCallum, W. (1978). Cognitive Psychophysiology: The 

endogenous components of the ERP. In E. Call way, P. Tueing and S. H. 

Kelson (Eds.). Event-related brain potentials in Man. New York: Academic 

Press. 

Donchin, E., & Heffley, E. F. (1979). The independence of the P300 and the CNV 

reviewed: a reply to Wastell. Biological Psychology, 9(3), 177-88. 

Downar, J., Crawley, A.P., Mikulis, D. J., & Davis, K. D. (2000). A multimodal 

cortical network for the detection of changes in the sensory environment. 

Nature Neuroscience, 3, 277–283. 

Duncan-Johnson, C., & Donchin, E. (1977). On quantifying surprise: the variation of 

event-related potentials with subjective probability. Psychophysiology, 14(5), 

456-67. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Danos%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.ncbi.nlm.nih.gov/pubmed?term=Kasper%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.ncbi.nlm.nih.gov/pubmed?term=Scholl%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaiser%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruhrmann%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.ncbi.nlm.nih.gov/pubmed?term=H%C3%B6flich%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%B6ller%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%B6ller%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=8029315
http://www.sciencedirect.com/science/journal/00134694
http://www.ncbi.nlm.nih.gov/pubmed/546454
http://www.ncbi.nlm.nih.gov/pubmed/546454
http://www.ncbi.nlm.nih.gov/pubmed?term=Donchin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=905483


55 

 

Edwards, J., Wesnes, K., Warburton, D., & Gale, A. (1985). Evidence of more rapid 

stimulus evaluation following cigarette smoking. Addictive Behaviors, 10, 1l3- 

126. 

Erber, N. (1969). Interaction of audition and vision in the recognition of oral speech 

stimuli. Journal of Speech and Hearing Research, 12, 423–425. 

Fabiani, M., Friedman, D., & Cheng, J. (1998). Individual differences in P3 scalp 

distribution in older adults and their relationship to frontal lobe function. 

Psychophysiology, 35, 698-708. 

Fabiani, M., Karis, D., & Donchin, E. (1986). P300 and recall in an incidental 

memory paradigm. Psychophysiology, 23(3), 298-308. 

Fjell, A. M., Walhovd, K. B., Amlien, I., Bjørnerud, A., Reinvang, I., Gjerstad, L., 

Cappelen, T., Willoch, F., Due-Tønnessen, P., Grambaite, R., Skinningsrud, 

A., Stenset, V., & Fladby, T. (2008). Morphometric changes in the episodic 

memory network and tau pathologic features correlate with memory 

performance in patients with mild cognitive impairment. AJNR American 

Journal of  Neuroradiology, 29, 1183–1189.  

Ford, J. M. (1999). Schizophrenia: The broken P300 and beyond. Psychology, 3, 667-

682. 

Fort, A., Delpuech, C., Pernier, J., & Giard, M. H. (2002). Early audio-visual 

interactions in human cortex during nonredundant target identification. Brain 

Research: Cognitive Brain Research, 14, 20-30. 

Foxe, J. J., Morocz, I. A., Murray, M. M., Higgins, B. A., Javitt, D. C., & Schroeder, 

C. E. (2000). Multisensory auditory–somatosensory interactions in early 

http://www.ncbi.nlm.nih.gov/pubmed?term=Fabiani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3749410
http://www.ncbi.nlm.nih.gov/pubmed?term=Karis%20D%5BAuthor%5D&cauthor=true&cauthor_uid=3749410
http://www.ncbi.nlm.nih.gov/pubmed?term=Donchin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=3749410


56 

 

cortical processing revealed by high-density electrical mapping. Cognitive 

Brain Research, 10, 77–83. 

Frassinetti, F., Bolognini, N., & Ladavas, E. (2002). Enhancement of visual 

perception by crossmodal visuo-auditory interaction. Experimental Brain 

Research, 147, 332-43. 

Friedman, D., Cycowicz, Y. M., & Gaeta, H. (2001). The novelty P3: an event related 

brain potential (ERP) sign of the brain’s evaluation of novelty. Neuroscience 

and Behavioral Reviews, 25, 355–373. 

Geisler, M.W., & Polich, J. (1992). P300 and individual differences: morning/evening 

activity preference, food and time-of-day. Psychophysiology, 29, 86-94. 

Giard, M. H., & Peronnet, F. (1999). Auditory–visual integration during multimodal 

object recognition in humans: a behavioral and electrophysiological study. 

Journal of Cognitive Neuroscience, 11, 473–490. 

Gonsalvez, C. J., & Polich, J. (2002). P300 amplitude is determined by target-to-

target interval. Psychophysiology, 39, 388–396. 

Gordon, E., Rennie, C., & Collins, L. (1990). Magnetoencephalography and late 

component ERPs. Clinical and Experimental Neurology, 27, 113-20. 

Grant, K. W., and Seitz, P. F. (2000). The recognition of isolated words and words in 

sentences: Individual variability in the use of sentence context. Journal of the 

Acoustical Society of America, 107, 1000–1011. 

Hall, J. W. (1992). Handbook of Auditory Evoked Responses. Boston: Allyn and 

Bacon.   



57 

 

Harrison, J. B., Dickerson, L. W., Song, S., & Buchwald, J. S. (1990). Cat P300 

present after association cortex ablation. Brain Research Bulletin, 24(4), 551-

60. 

Hassaan, M. R. (2010). P300 amplitude versus latency: measures of post-remediation 

improvement in auditory processing disorders. Egyptian Journal of ear, nose, 

throat and Allied Sciences, 11, 83-87. 

Heidrich, A., & Strik, W. K. (1997).Auditory P300 topography and 

neuropsychological test performance: Evidence for left hemispheric 

dysfunction in schizophrenia. Biological Psychiatry, 41(3), 327–335. 

Henkin, Y., Kileny, P. R., Hildesheimer, M., & Kishon-Rabin, L. (2008). Phonetic 

Processing in Children With Cochlear Implants: An Auditory Event-Related 

Potentials Study. Ear & Hearing, 29(2), 239-249. 

Hill, S.Y., & Ryan, C. (1985). Brain damage in social drinkers? Reasons for caution. 

In M. Galanter (Ed.), Recent Developments in Alcoholism. New York: Plenum 

Publishing. 

Huang, M. W., Chou, F. H., Lo, P. Y., & Cheng, K. S. (2011). A comparative study 

on long-term evoked auditory and visual potential responses between 

Schizophrenic patients and normal subjects. BMC Psychiatry, 4(11), 74-79. 

Jirsa, R. E., & Clontz, K. B. (1990). Long Latency Auditory Event-Related Potentials 

from Children with Auditory Processing Disorders. Ear and Hearing, 11(3), 

222-232. 

Johnson, R. (1993). On the neural generators of the P300 component of the event-

related potential. Psychophysiology, 30(1), 90-7. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Harrison%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=2357586
http://www.ncbi.nlm.nih.gov/pubmed?term=Dickerson%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=2357586
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2357586
http://www.ncbi.nlm.nih.gov/pubmed?term=Buchwald%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=2357586
http://www.sciencedirect.com/science/journal/00063223
http://www.sciencedirect.com/science/journal/00063223/41/3
http://www.ncbi.nlm.nih.gov/pubmed/8416066
http://www.ncbi.nlm.nih.gov/pubmed/8416066


58 

 

Johnson, R. (1986). A triarchic model of P300 amplitude. Psychophysiology, 23(4), 

367-84. 

Johnson, R. (1989). Developmental evidence for modality dependent P300 generators: 

A normative study. Psychophysiology, 26(6), 651-67. 

Johnson, R., Pfefferbaum, A., & Kopell, B. S. (1984). P300 and long-term memory: 

latency predicts recognition performance. Psychophysiology, 22(5), 497-507. 

Katayama, J., & Polich, J. (1998). Stimulus context determines P3a and 

P3b. Psychophysiology, 35, 23–33. 

Katayama, J., & Polich, J. (1999). Auditory and visual P300 topography from a 3 

stimulus paradigm. Clinical Neurophysiology, 110(3), 463-8. 

Kirino, E. (2004). Correlation between P300 and EEG rhythm in schizophrenia. 

Clinical EEG and Neuroscience, 35(3), 137-46. 

Knight, R.T. (1996). Contribution of human hippocampal region to novelty detection. 

Nature, 383, 256 –259. 

Knott, V., Bradford,  L., Dulude,  L., Millar, A., Alwahabi,  F., Lau, T., Shea,  C., & 

 Wiens,  A. (2003). Effects of stimulus modality and response mode on the 

P300 event-related potential differentiation of young and elderly adults. 

Clinical  Electroencephalography, 34(4), 182-90. 

Kok, A. (2001). On the utility of P3 amplitude as a measure of processing capacity. 

Psychophysiology, 38, 557–577. 

Koshino, Y., Nishio,  M., Murata, T., Omori, M., Murata, I., Sakamoto, M., & 

Isaki, K. (1993). The influence of light drowsiness on the latency and 

amplitude of P300. Clinical Electroencephalography, 24(3), 110-3. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Pfefferbaum%20A%5BAuthor%5D&cauthor=true&cauthor_uid=6588878
http://www.ncbi.nlm.nih.gov/pubmed?term=Kopell%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=6588878
http://www.ncbi.nlm.nih.gov/pubmed?term=Knott%20V%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Bradford%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Dulude%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Millar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Alwahabi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Lau%20T%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Shea%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Wiens%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14560818
http://www.ncbi.nlm.nih.gov/pubmed?term=Koshino%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8403441
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8403441
http://www.ncbi.nlm.nih.gov/pubmed?term=Murata%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8403441
http://www.ncbi.nlm.nih.gov/pubmed?term=Omori%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8403441
http://www.ncbi.nlm.nih.gov/pubmed?term=Murata%20I%5BAuthor%5D&cauthor=true&cauthor_uid=8403441
http://www.ncbi.nlm.nih.gov/pubmed?term=Sakamoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8403441
http://www.ncbi.nlm.nih.gov/pubmed?term=Isaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8403441


59 

 

Kubo, T., Yamamoto, K., Iwaki, T., Matsukawa, M., Doi, K., & Tamura, M. (2001). 

Significance of auditory evoked responses (EABR and P300) in cochlear 

implant subjects. Acta Otolaryngologica, 121(2), 257-61. 

Lawrence, H., & Polich, J. (1985). P300 latency and memory span development. 

Developmental Psychology, 21(2), 283-289. 

Lew, H. L., Slimp, J., Price, R. M. S., Massagli, T. L., &  Robinson, L. R. (1999). 

Comparison of speech-evoked versus tone-evoked P300 response: 

Implications for Predicting Outcomes in Patients with Traumatic Brain Injury. 

American Journal of Physical Medicine & Rehabilitation, 78 (4), 367-371. 

Li, Q., Wu, J., & Touge, T. (2010). Audio-visual interaction enhances auditory 

detection in late stage: an event-related potential study. NeuroReport, 21, 173–

178. 

Linden, D. E. J.  (2005). The P300: Where in the Brain Is It Produced and What Does 

It Tell Us? Neuroscientist, 11 (6), 563-576. 

Lippert, M., Logothetis, N. K., & Kayser, C. (2007). Improvement of visual contrast 

detection by a simultaneous sound. Brain Research, 1173, 102–109. 

Liu, T., Pinheiro, A., Zhao, Z., Nestor, P. G., McCarle, R. W., & Niznikiewicz, M. A. 

(2012). Emotional cues during simultaneous face and voice processing: 

electrophysiological insights. Public Library of Science One, 7(2), 31001.  

Lorist, M. M., Snel, J., & Kok, A. (1994). Influence of caffeine on information 

processing stages in well rested and fatigued subjects. Psychopharmacology, 

113, 41 l-421. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kubo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsukawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Doi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11349791
http://www.ncbi.nlm.nih.gov/pubmed?term=Tamura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11349791


60 

 

Luck, S. J., & Kappenman, E.S. (2011). Oxford Handbook of Event-Related Potential 

Components. New York: Oxford University Press.   

Lukas, S. E., Mendelson, J. H., Kouri, E., Bolduc, M., & Amass, L. (1990). Ethanol-

induced alterations in EEG alpha activity and apparent source of the auditory 

P300 evoked response potential. Alcohol, 7(5), 471–477. 

Maritz, B., Snel, J., Zeef, E., & Kok, A. (2011). The influence of social drinking on 

selective attention and event-related potentials. Manuscript in preparation. 

Mazzini, L. (2004). Clinical applications of event-related potentials in brain injury. 

Physical Medicine and Rehabilitation Clinics of North America, 15(1), 163-

75. 

McPherson, D. L., & Salamat, M. T. (2004). Interactions among variables in the P300 

response to a continuous performance task in normal and ADHD adults. 

Journal of American  Academy of  Audiology, 15(10), 666-77. 

Miller, L. M., & D'esposito, M. (2005). Perceptual Fusion and Stimulus Coincidence 

in the Cross-Modal Integration of Speech. The Journal of Neuroscience, 25, 

5884-5893. 

Mottonen, R., Schurmann, M., & Sams, M. (2004). Time course of multisensory 

interactions during audio-visual speech perception in humans: a 

magnetoencephalographic study. Neuroscience Letters, 363, 112-115. 

Mullis, R. J., Holcomb, P. J., Diner, B. C., & Dykman, R. A. (1985). The effects of 

aging on the P3 component of the visual event-related potential. 

Electroencephalography and Clinical Neurophysiology, 62, 141-149. 

http://www.sciencedirect.com/science/journal/07418329
http://www.sciencedirect.com/science/journal/07418329/7/5
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15029904
http://www.ncbi.nlm.nih.gov/pubmed/15646665
http://www.ncbi.nlm.nih.gov/pubmed/15646665


61 

 

Naatanen, R., & Winkler, I. (1999). The concept of auditory stimulus representation 

in cognitive neuroscience. Psychological Bulletin, 125, 826–859. 

Newman, R. L., Connolly, J. F., Service, E., & Mclvor, K. (2003). Influence of 

phonological expectations during a phoneme deletion task: evidence from 

event-related brain potentials. Psychophysiology, 40(4), 640-7. 

Norton, R., Howard, R.C., & Brown, K. (1991). Nicotine dependent effects of 

smoking on P300 and mood. Medical Sciences Research, 19, 355-356. 

Odgaard, E. C., Arieh, Y., & Marks, L. E. (2004). Brighter noise: sensory 

enhancement of perceived loudness by concurrent visual stimulation. 

Behavioral  Neuroscience, 4, 127-132. 

Olichney, J. M., & Hillert, D. G. (2004). Clinical applications of cognitive event-

related potentials in Alzheimer's disease. Physical Medicine and 

Rehabilitation Clinics of North America, 15(1), 205-33. 

O'Neill, J. J. (1954). Contributions of the visual components of oral symbols to speech 

comprehension. Journal of Speech & Hearing Disorders, 19, 429-439. 

Oscar-Berman, M. (1987). Alcohol-related ERP changes in cognition. Alcohol, 4, 

289-292. 

Papanicolaou, A. C., Loring, D. W., Raz, N., & Eisenberg, H. M. (1985). Relationship 

between stimulus intensity and the P300. Psychophysiology, 22, 326-9. 

Picton, T. W., & Hillyard, S. A. (1974). Human auditory evoked potentials: II. Effects 

of attention. Electroencephalography and Clinical Neurophysiology, 36, 191-

199. 

http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Olichney+JM%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Hillert+DG%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=ISSN:%221047-9651%22
http://ukpmc.ac.uk/search/?page=1&query=ISSN:%221047-9651%22


62 

 

Picton, T. W., Stuss, D. T.,  Champagne, S. C., & Nelson, R. F. (1984).  The effects of 

age on human event-related potentials. Psychophysiology. 21(3), 312-25. 

Polich, J. (1988). Bifurcated P300 peaks: P3a and P3b revisited? Journal of Clinical 

Neurophysiology, 5(3), 287-94. 

Polich, J. (1989). P300 from a passive auditory paradigm. Electroencephalography 

and Clinical Neurophysiology. 74 (4), 312-320. 

Polich, J. (1990). P300, probability, and Interstimulus-Interval. Psychophysiology, 27, 

396-403. 

Polich, J. (1998). P300 clinical utility and control of variability. Journal of Clinical 

Neurophysiology, 15(1), 14-33. 

Polich, J. (2003). Overview of P3a and P3b. In J. Polich (Eds.). Detection of change: 

event-related potential and fMRI findings. Boston, MA: Kluwer. 

Polich, J. (2007). Updating P300: An integrative theory of P3a and P3b. Clinical 

Neurophysiology, 118(10) 2128-2148. 

Polich, J., & Criado, J. R. (2006). Neuropsychology and neuropharmacology of P3a 

and P3b. International Journal of Psychophysiology, 60(2), 172–185. 

Polich, J., Alexander, J., Bauer, L., Kuperman, S., Morzorati, S., O'Connor, S., 

Porjesz, B., Rohrbaugh, J., & Begleiter, H. (1997). P300 topography of 

amplitude/latency correlations. Brain Topography, 9, 275-282. 

Polich, J., Ellerson, P.C., & Cohen, J. (1996). P300, stimulus intensity, modality, and 

probability. International Journal of Psychophysiology, 23(1-2), 55-62. 

http://www.ncbi.nlm.nih.gov/pubmed/3170723
http://www.sciencedirect.com/science/journal/01678760/60/2


63 

 

Polich, J. (1987). Task difficulty, probability, and inter-stimulus interval as 

determinants of P300 from auditory stimuli. Electroencephalography and 

Clinical Neurophysiology, 68(4), 311-20. 

Polich, J., & Pitzer, A. (1999). P300 and Alzheimer's disease: oddball task difficulty 

and modality effects. Electroencephalograhy and Clinical Neurophysiology 

Supplementary, 50, 281-287.  

Porjesz, B., & Begleiter, H. (1981). Human evoked brain potentials and alcohol. 

Alcoholism: Clinical and Experimental Research, 5, 304-3 17. 

Raij, T., Uutela, K., & Hari, R. (2000). Audio-visual integration of letters in the 

human brain. Neuron, 28(2), 617-25. 

Ritter,W., Simpson, R., Vaughan, H., & Macht, M. (1982). Event-related potential 

correlates of two stages of information processing in physical and semantic 

discrimination tasks. Psychophysiology, 20, 168–79. 

Rohrbaugh, J.W., Stapleton, I., Parasuraman, R., Zubovic, E., Frowein, H., Vamer, J., 

Adinoff, B., Lane, E., Eckardt, M., & Linnoila, M. (1987). Dose-related 

effects of ethanol on visual sustained attention and event-related potentials. 

Alcohol, 4, 293-300. 

Ross, L.A., Saint-Amour, D., Leavitt, V., Javitt, D.C. & Foxe J.J. (2007). Do you see 

what I’m saying? Optimal Visual Enhancement of Speech Comprehension in 

noisy environments. Cerebral Cortex, 17(5), 1147-53. 

Rout, A., & Yathiraj, A. (1996). Perception of monosyllabic words in Indian children. 

Unpublished masters dissertation, University of Mysore, India. 

http://www.ncbi.nlm.nih.gov/pubmed/2439311
http://www.ncbi.nlm.nih.gov/pubmed/2439311
http://www.ncbi.nlm.nih.gov/pubmed/10689472
http://www.ncbi.nlm.nih.gov/pubmed/10689472
http://www.ncbi.nlm.nih.gov/pubmed?term=Raij%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11144369
http://www.ncbi.nlm.nih.gov/pubmed?term=Uutela%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11144369
http://www.ncbi.nlm.nih.gov/pubmed?term=Hari%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11144369


64 

 

Rudmann, D.S., McCarley, J.S., & Kramer, A.F. (2003). Bimodal display 

augmentation for improved speech comprehension. Human Factors, 45, 329-

336. 

Simon, R., Vaughan, J., & Ritter, W. (1976). The scalp topography of potentials 

associated with missing visual or auditory stimuli. Electroencephalography 

and Clinical Neurophysiology, 40, 33-42. 

Singhal,  A., Doerfling,  P., & Fowler,  B. (2002). Effects of a dual task on the N100-

P200 complex and the early and late  attention waveforms. Psychophysiology, 

39(2), 236-45. 

Slejarvi, T.W. A., McDonald, J. J., Di Russo, F., & Hillyard, S. A. (2002). An 

analysis of audio-visual crossmodal integration by means of event-related 

potential (ERP) recordings. Cognitive Brain Research, 14, 106–114. 

Smulders, F. (1993). The selectivity of age effects on information processing. Doctoral 

Thesis, University of Amsterdam. 

Snyder, E., Hillyard, S.A., & Galambos, R. (1980). Similarities and differences 

among the P3 waves to detected signal in three modalities. Psychophysiology, 

17, 112-122. 

Squires, K. C., Wickens, C., Squires, N., & Donchin, E. (1976). The effects of 

stimulus sequence on the waveform of the cortical event-related potential. 

Science, 153, 1142-1145. 

Squires, N. K., Squires, K. C., & Hillyard, S. A. (1975). Two varieties of long latency 

positive waves evoked by unpredictable auditory stimuli in man. Clinical 

Neurophysiology, 38, 387–401. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Singhal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12212674
http://www.ncbi.nlm.nih.gov/pubmed?term=Doerfling%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12212674
http://www.ncbi.nlm.nih.gov/pubmed?term=Fowler%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12212674


65 

 

Sumby, W. H., & Pollack, I. (1954). Visual contribution to speech intelligibility in 

noise, The Journal of the Acoustical Society of America, 26, 212- 215. 

Sutton, S., Braren, M., Zubin, J., & John, E., R. (1965). Evoked potential correlates to 

stimulus uncertainity. Science, 150, 1187-1188. 

Talsma, D., Doty, T. J., & Woldorff, M. G. (2007). Selective attention and 

audiovisual integration: is attending to both modalities a prerequisite for early 

integration? Cerebral Cortex, 17, 691–701. 

Verleger, R. (1988). Event-related potentials and cognition: a critique of context 

updating hypothesis and an alternative interpretation of P3. Behavioral Brain 

science, 11, 343-356. 

Vesco, K. K., Bone, R. C., Ryan, J. C., & Polich, J. (1993). P300 in young and elderly 

subjects: auditory frequency and intensity effects. Electroencephalography 

and Clinical Neurophysiology 88, 302-308. 

Wambacq, L., & Abubakr, A. (2004). Auditory event-related potentials (P300) in the 

identification of psychogenic nonepileptic seizures. Epilepsy & Behavior, 5 

(4), 503–508. 

Wassenhove, V., Grant, K. W., & Poeppel, D.  (2005). Visual speech speeds up the 

neural processing of auditory speech. Proceedings of the National Academy of 

Sciences of the United States of America, 102, 1181–1186. 

Watson, T. D., Azizian, A., Berry, S., & Squire, N. K. (2005). Event-related potentials 

as an index of similarity between words and pictures. Psychophysiology, 42, 

361–368. 



66 

 

Wesensten, N. J., & Badia, P. (1988). The P300 component in sleep. Physiology & 

Behavior, 44(2), 215–220. 

Wright, T. M., Pelphrey, K. A., Allison, T., McKeown, M. J., & McCarthy, G. (2003). 

Polysensory interactions along lateral temporal regions evoked by audiovisual 

speech. Cerebral Cortex, 13, 1034 –1043. 

http://www.sciencedirect.com/science/journal/00319384
http://www.sciencedirect.com/science/journal/00319384
http://www.sciencedirect.com/science/journal/00319384/44/2

	854-Aparna T H.pdf
	Initial pages PRINT
	FINAL FOR PRINT

	FINAL FOR PRINT


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




