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Abstract:

The P300 serves as a valuable tool in examining higher auditory functions such as auditory
attention and discrimination. Exploration of the P300 could be of value in a multi-lingual South
Africa where auditory processing evaluations still rely heavily on inappropriate linguistically
dependent tests. The P300 could potentially provide an objective, non-linguistically dependent
evaluation of auditory processing. The present study aimed to investigate the influences of
gender on the Auditory P300 Event Related Potential (AERP) and to contribute to establishing
a clinic-specific normative database. One hundred subjects (n=100) (50% male) with normal
hearing and no history of psychiatric illness were evaluated using the “odd-ball” paradigm.
The averages and ranges of the findings on latencies and amplitudes were reported. The
average latency values for the P300 were calculated at 314.7ms with a standard deviation of
37.2 ms. The average amplitude values were calculated at 7.1 pV with a standard deviation of
6.1 pV. No significant gender effect was found. In conclusion further research is
recommended to explore the clinical utility of the P300 in different age and gender groups,
using different protocols.

Opsomming:

Die doel van die huidige studie was ‘n ondersoek na die invioed van geslag op die ouditiewe
P300 en om ‘n bydrae te lewer in die samestelling van ‘n kliniek-spesifieke normatiewe
databasis. Hierdie metings is van belang aangesien dit ‘'n waardevolle instrument is vir die
evaluering van hoér ouditiewe funksies soos ouditiewe aandag en diskriminasie. Verdere
ondersoeke in die P300 kan van kliniese waarde wees in ‘n multi-linguistiese Suid-Afrika waar
evaluasies van ouditiewe prosessering steeds sterk leun op toetse wat linguisties afhanklik is
en dus ontoepaslik is. Die ouditiewe P300 kan ‘n objektiewe, nie-linguistiese metode bied om
ouditiewe prosessering te evalueer. Die studie het beoog om die effek van geslag op die
latentheid en amplitude van die betrokke potensiale te ondersoek. 'n Honderd proefpersone
(n=100)(50% manlik) met normale gehoor en geen geskiedenis van psigiatriese patologie nie,
is geévalueer met behulp van die “odd-ball” paradigma. Die gemiddelde en totale reikwydte
van die latentheid en amplitude van elke potensiaal is opgeteken. Die gemiddelde latentheid
en amplitude was bereken as 314.7ms en 7.1uV onderskeidelik. Die standaard afwyking vir
die latenheid en amplitude was bereken as 37.2 ms en 6.1 pV. Geen betekenisvolle verskille
tussen mans en vrouens is waargeneem nie. Die gevolgtrekking van die studie was dat
verdere navorsing nodig is om die kliniese waarde van die P300 ten opsigte van verskillende
ouderdoms- en geslagsgroepe te ondersoek, met behulp van verskeie toetsprotokolle.
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Glossary and abbreviations

ABR: Auditory brainstem response. An evoked potential that occurs between
1ms and approximately 10ms post-stimulus. It is usually defined as having
five to seven prominent waves (peaks) labelled | through VII. Wave V is the
most robust and commonly used wave in the series (McPherson, 1996).

Active Electrode: Any signal occurring at this electrode will have a phase
inversion of 180: In EP recording from the scalp, the term active may be
misleading because all the electrodes across the scalp are considered active.
The preferred term would be inverting electrode (McPherson, 1996).

ADHD: Attention deficit and hyperactivity disorder (Bellis, 2003).

AEP: Auditory evoked potentials. A general term used to refer to any evoked
potential (EP) that is elicited using an auditory stimulus (McPherson, 1996).

Artefact: Any unwanted signal embedded in a recording that is not attributed

to the desired neural response (McPherson, 1996).

Attend condition: The observer is attending to the target stimulus and is
usually required to count or make some response (McPherson, 1996).

Behavioural response: Usually a verbal or motor response made by an
individual in response to a stimulus. An example would be locating a sound in
space or some other behaviour that is not a measurement of the biological

measure (McPherson, 1996).
CAPD: Central auditory processing disorder (Bellis, 2003)

Cognition: The process whereby an individual internalises some external

object or event (McPherson, 1996).

Common electrode: The relationship of one electrode to a second electrode;

usually refers to the non-inverting electrode (McPherson, 1996).

Common: This has two meanings in EP: (1) The relationship of one electrode
to a second electrode; usually refers to the non-inverting electrode; and (2) in
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ERP is a signal that occurs with a large probability than a target signal and is

generally to be ignored (McPherson, 1996).

Decay time: The amount of time it takes a gated signal to reach its minimum
(McPherson, 1996).

Emitted P300: A P300 response by the absence of a second stimulus in
paired stimulus paradigm when the subject has been instructed to ‘guess’ the
presence or absence of the second stimulus prior to the trial (McPherson,
1996).

Endogenous: Refers to the ERP generated by an internal response to the
external event and is usually due to perception or cognition. The nature of the
response changes according to the internalisation of the event, not the
dimension of the external event (McPherson, 1996).

EP: Evoked Potential. A series of electrical changes occurring in the
peripheral and central nervous system following stimulation of an endogenous
or peripheral nerve (McPherson, 1996).

ERP: Event-related potentials. An evoked potential elicited by an endogenous
stimulus representing higher level processing (i.e. cognition) (McPherson,
1996).

Event-related potential: see ERP.
Evoked Potential: see EP.

Exogenous: Refers to an EP generated by an external stimulus. The nature
of the response changes according to the dimensions of the external event
(McPherson, 1996).

Far-field: A far-field recording occurs when the recording electrode is situated
distally from the source (McPherson, 1996).

Microvolt: 10° volts. Abbreviated pV where 0.000001 volt equal 1uV
(McPherson, 1996).

Montage: The electrode positions used to record an EP. Usually referred to
the 10-20 international standard (Jasper, 1958).
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Morphology: The qualitative features of an evoked potential. It usually takes
into consideration the noisiness of the recording, the ‘smoothness’ of the
recording and how the recording appears relative to a textbook example, or at

least the ideal recording (McPherson, 1996).

Muscle artefact: Muscle potential that occurs to sensory stimulation or
random movement and in a time frame that overlaps the desired recorded EP
(see artefact)(McPherson, 1996).

N1: The first negative peak following the middle latency auditory evoked
potentials occurring between 80-150ms in adults (McPherson, 1996).

N100: See N1.
Non-inverting electrode: See Common electrode

P1: The first positive peak following the middle latency auditory evoked
potentials occurring between 55-80 ms in adults (also known as the P60)
(McPherson, 1996).

P2: The second positive peak following the middle latency auditory evoked
potentials or the first positive peak following the N100 and occurring between
145-180 ms in adults (also known as the P160) (McPherson, 1996).

P3: An endogenous event-related potential occurring between 220-380 ms in
adults (also known as P300). The P3 may have two subcomponents: (1) P3a
and (2) P3b (McPherson, 1996).

P300: See P3.

Perception: The process whereby an individual gathers information about
objects or events (McPherson, 1996).

Plateau time: The time a signal remains on its maximum intensity
(McPherson, 1996).

Rare signal: A target signal that occurs with a lesser probability than a
second signal. The subject is usually asked to respond when the signal occurs
(McPherson, 1996).

Xi
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Reference electrode: The relationship of one electrode to a second usually

refers to a common electrode (McPherson, 1996).

Sensation level: This is the intensity of a sound above or below an
individual’s own threshold. In some instances, the abbreviation has been

inappropriately used for a sound level referring to SPL (McPherson, 1996).

Sound pressure level: SPL. An absolute value measured in dB representing

the physical intensity of a sound (McPherson, 1996).
SPL: See sound pressure level.

Tone burst: Signals having a rise time, plateau time, and decay time of
sufficient duration to be perceived as having tonal information. In this
instance, tone would refer to a sinusoid or combination of sinusoids
(McPherson, 1996).

uV: See microvolt.

10-20 international system: A systematic standard for electrode location
(Jasper, 1958).

Xii
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Background and rationale of the study.

The aim of this chapter is to introduce the auditory P300 Event Related
Potential (AERP) and the problem that this study confronts, by providing the
rationale thereof, describing the terminology used and presenting an overview
of the content and organisation of the study.

1.1. Introduction

‘The greater the doubt the greater the awakening, the smaller the doubt the
smaller the awakening. No doubt, no awakening (Chang, 2003)

The P300 event related potential (ERP) has been shown to be a useful tool of
measurement both in the theoretical field of cognitive distance and clinically,
as a measure of central nervous system functioning (McPherson, 1996).
However, it has been shown to be easily influenced by both subject and
stimulus factors. If this is to become a recognised clinical tool, these effects
need to be quantified. The ERP is a relatively new tool in the advanced
audiological test battery, since its first classification in 1965 (Hall, 1992). It is a
differentially averaged, electrophysiological recorded signal which represents
the neurological produced electrical potentials, which occurs as the subject

mentally operates on a stimulus.

By definition, audiology is the science of hearing (Stach, 1998). Over the last
decades audiology has been evolving as an academic field of study, as well
as a clinical profession. The science of audiology includes the identification
and diagnosis of any hearing impairment and equally important, the
prevention and management of the disabilities caused by hearing
impairments. According to Katz (2001), the primary goal of a diagnostic
procedure is the successful rehabilitation of auditory impairment.
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Pure tone threshold audiometry is the standard behavioural procedure for
describing auditory sensitivity. The comparison of air- and bone-conduction
thresholds provides a fundamental index of auditory function for otological
diagnosis. Pure tone thresholds can thus be described as the cornerstone for
diagnostic procedures and rehabilitative planning (Yantis, 1994).

Throughout the advancement of audiology, a great deal of effort has been
invested in methods of determining hearing thresholds (the level at which
tones are perceived as barely audible) (Martin, 1997). To this day the pure
tone audiogram has served as the gold standard for various populations, but
despite its widely accepted value, it has some limitations. Assessment of
hearing by utilising pure tones provides valuable information regarding
sensitivity, but only limited information concerning receptive auditory
communication ability (Penrod, 1994). Auditory perception or speech
perception as we experience it daily occurs, for example, on a conversational
level. This phenomenon occurs on a supra-threshold level and not the
threshold levels determined by the pure tone audiogram (Penrod, 1994). The
pure tone audiogram provides valuable information with regard to the type,
degree and configuration of a hearing loss, but the standard audiogram is
insufficient for providing comprehensive diagnostic information regarding
supra-threshold processes such as auditory perception and attention
(Moncrieff & Jerger, 2000).

The need for supra-threshold evaluation procedures in the field of audiology
has caused an emphasis shift towards test procedures that can reach beyond
the peripheral hearing system to include processes such as auditory
perception (Jirsa, 2002). Despite many test procedures used to evaluate
auditory processing, there is still a great need for reliable procedures that
could objectively evaluate some of the conscious processes involved in
hearing (Bellis, 2003; Kraus, Burton Kock, McGee, Nicol & Cunningham,
1999; McFarland & Cacace, 1995; Hall, 1992).
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1.2. Orientation

Researchers from a number of disciplines have used electrophysiological
measures for years to evaluate aspects of the central nervous system (Hall,
1992). Until recently, audiologists have used electrophysiological measures
primarily for the evaluation of the peripheral auditory system. The diagnostic
usefulness of both the auditory brainstem response (ABR) and the middle
latency response (MLR) has been thoroughly documented (Goldstein &
Aldrich, 1999; Musiek, Baran & Pinheiro, 1994; Hall, 1992). In the last decade,
more audiologists have started to direct their efforts towards using
electrophysiological measures for to investigating and enhancing the
understanding of audition in the central nervous system (dJirsa, 2001; Jerger,
1998). Substantial evidence is accumulating pertaining to the clinical
relevance of a number of electrophysiological measures, including the P300
event-related potential (ERP) (Jirsa, 1992; Polich, 1998; Salamat &
McPherson, 1999; Kiehl, Laurens, Duty, Forster & Liddle, 2001; Yordanova,
Kolev & Polich, 2001).

The P300 is a far-field, differentially averaged electrophysiological recording
of the electrical activity of the cortex in response to the internalisation of an
auditory stimulus (Hall, 1992). It is an endogenous, or event related potential,
as the response is dependent on an internal cognitive “event” that is relatively
independent of stimulus features and subject characteristics (McPherson,
1996). The P300 auditory event-related potential (AERP) occurs between 300
to 700 ms (Jirsa & Clontz, 1990; Squires & Hecox, 1983), is a non-obligatory
waveform that is elicited using the “odd-ball” paradigm. This means one
stimulus is ‘common’ (frequent) and the other is odd (or infrequent). Generally
the “odd-ball” stimulus will be randomly present for 20% of the time. As the
P300 response is endogenous and dependent on the perceived difference
between two stimuli, the extent of the difference between the two types of
stimuli (i.e., frequent versus infrequent) will change the amplitude, latency and
morphology of the response (McPherson, 1996). It is also called the P300b to

separate it from an earlier occurring non-attentive waveform, often labelled the
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P300a (Kiehl et al., 2001) (see Appendix C: Graphic illustration of ALLR and
AERP).

The P300 matures later than the earlier waveforms such as the auditory
brainstem response (ABR). Several studies show a decrease in latency and
an increase in amplitude from the age of five through to the age of 16. This is
followed by a progressive decrease in amplitude and an increase in latency
throughout adulthood (Courchesne, 1978; Pfefferbaum, Ford, Roth & Kopell,
1980; Polich, Howard & Starr, 1985). The neural generator site for the P300
still raises great controversy because of the diffuse and complex nature of the
structures involved. Accumulative evidence suggests involvement of the
thalamus, inferior parietal lobe, temporal lobe, dorsolateral pre-frontal cortex,

cingulated cortex, amygdale and the hippocampus (Jirsa, 2002).

The P300 is not elicited passively, but requires the active participation of the
subject attending to specific stimuli in an on going train of standard stimuli
(Salamat & McPherson, 1999; McPherson, 1996). As active listener
participation is required to generate the P300 response it is widely accepted
as a physiological measure of cognitive processing (Hall, 1992). The P300
reflects processes related to attention, decision-making and memory updating
(McPherson, 1996). The P300 latency appears to be a function of stimulus
evaluation time which relates to the recognition and categorisation of a
stimulus (Alho, Sainio, Reinikainen & Naatanen, 1990), the speed of
information processing (Courchesne, 1978) and short-term working memory
processes (Yordanova et al, 2001). The P300 amplitude is related to the
subjective probability of the stimulus, stimulus meaning and information
processing (Johnson, 1986). It has been extensively used to evaluate various
aspects of psychophysiology, psychopathology and ageing (Pfefferbaum et
al., 1980; Polich et al., 1985; Ford, White & Csernansky, 1994). In general,
results have shown an increase in latency and a decrease in amplitude in the
clinical population (Jirsa, 2002). The P300 has also been used to investigate

various learning and developmental processes in children, as well as adults,
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including hyperactivity (Satterfield, Schell, Backs & Hidaka, 1984) and

language and motor speech disorders (Mason & Mellor, 1984).

The P300 response has also been investigated in children with Central
auditory processing disorders (CAPD). A significant relationship between
P300 results (amplitude and latencies) and deficits in selective attention,
short-term memory and auditory discrimination ability has been found in
children with confirmed CAPD (Jirsa & Clontz, 1990). The P300 has also
proved to be sensitive to behavioural changes resulting from therapeutic
programmes, and may be most useful in monitoring therapy progress (Jirsa,
1992).

Despite the continued success of the P300 AERP, the interpretation of its
waveforms remains debatable. Unlike the early auditory evoked potentials,
latency and amplitude values for the P300 are variable, even within a normal
population (Theunissen, 2002; McPherson, 1996; Hall, 1992). The P300 is
more diffuse than other long latency auditory evoked potentials, because of
the co-existing activity within the nervous system (McPherson, 1996). This
inherent variability makes the clinical application of P300 results in the time
domain difficult, even in experienced hands (Hall, 1992).

Due to its sensitivity to a great number of variables, including short-term
memory and attention (Polich, Howard, Starr, 1983; Hall and Mueller 1997),
the P300 has even less relevance for standard threshold seeking audiological
procedures as deficits in these areas will influence the results (Hall, 1992).
The science of audiology, however, encompasses substantially more than the
clinical estimation of hearing thresholds. The value of auditory late latency
responses exceeds the estimation of hearing thresholds (Kraus & McGee,
1994). What might present as a disadvantage in estimating hearing thresholds
therefore yields great possibilities for utilisation as a tool for assessing
processes that not only comprise an essential part of the hearing process, but
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also plays a vital role in normal cognitive function (Polich et al 1985; Jirsa,
2002).

1.3. Rationale

The use of event-related potentials (ERP’s) to identify pathological conditions
of the auditory system is complex. Developments in the field of ERP have
highlighted a more objective means of measuring a multitude of processes
involved in the complete hearing process (Hall & Mueller, 1997).The P300
offers great promise as a clinical tool in the identification of disorders in
cognitive functioning and auditory processing (Jirsa, 2002). However, it is
limited by the inherent variability of the response, even in normal subjects
(Hall and Mueller, 1992). Therefore it is of utmost importance to investigate
the variability of its characteristics in normal subjects, in order to identify an

abnormality accurately.

Unlike peripheral auditory evoked potentials such as the auditory brainstem
response which is very stable and has clearly specified parameters (Hall,
1992), the auditory event-related potentials are subject to significant variations
from both extrinsic and intrinsic factors. As a result of these variations,
establishing a normative database requires precise specifications of the
stimuli. These include recording conditions and environment, subject state
(including age, gender, various biological and psycho-physiological factors)
and response tasks (McPherson, 1996). Normative data has to be established
on each variable, whether on the subject (e.g. gender, age) or the

environment (e.g. stimulus, amplification).

In the auditory system, anatomic differences between males and females
have been found in the planum temporal, a supratemporal region of the
auditory association cortex (Kulynch, Vladar, Jones & Weinberger, 1994).
Both behavioural (Cohen, Levy & McShane, 1989; McGuinness & Pribram,
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1979; Rosenthal, Archer, Dimatteo, Koivumaki & Rogers, 1974) and
physiological auditory pathway asymmetries are known to exist between
gender in humans and animals (Ehret, 1987; Fitch, Brown, O’Conner & Tallal,
1993; King, Nicol, McGee & Krause, 1999). Hall (1992) does not consider
gender such a significant factor as age in P300 measurements. In 1986, John
Polich conducted a study showing no significant effect of gender on latencies
or amplitude (Polich, 1986). However other studies found larger P300
amplitude in adult females compared to adult males (Niwa & Hayashida,
1993). More recent studies have also shown that P300 latencies vary as a
function of age and gender (Ehlers, Wall, Garcia-Andrade & Phillips, 2001;
Golgeli, Suer, Ozesmi, Dolu, Ascioglu & Sahin, 1999; Bahramali, Gordon,
Lagopoulos, Lim, Li, Leslie & Wright, 1999). It is thus important to establish a
normative data base that encompasses the normal deviations of the P300.

The clinical definition of abnormality is based on the deviation from a mean
population value of two to three standard deviations (McPherson & Starr,
1998). Therefore, an understanding of P300 variations is important to
determine the limits of normal variations (Polich et al., 1985). Consequently, it
is not only essential to determine the average values and the characteristics
of the wave, but also the range and variability of these values within a normal

group of subjects pertaining to gender.

If audiologists are to be involved in the investigation and management of
hearing processes that reach beyond the peripheral hearing mechanism, but
nevertheless have a significant influence on an individuals’ auditory
functioning, it is unavoidable that they are informed about the nature of these
processes. As scientists we have an obligation towards research in this area.



University of Pretoria etd — Lombard, F D (2005)

1.4. Problem statement

In an attempt to determine the validity of any diagnostic procedure, it is
necessary to establish the procedures’ ability to perform as intended (Roeser,
Valente & Hosford-Dunn, 2000). In the case of a P300 evoked response, it is
important to establish if P300 latencies and amplitudes vary as a function of

gender.

Preliminary studies (Theunissen, 2002; Ehlers et al., 2001; Golgeli et al, 1999;
Bahramali, et al., 1999; Niwa & Hayashida, 1993) have shown significant
differences in latencies and amplitude values of the P300 response between
genders. The current research study aims to establish a gender-matched
normative database for the P300 auditory event-related potential. A recent
study conducted at the University of Pretoria, South Africa, found a great need
for further exploration on the effect of gender on the amplitude, and especially
on the latency of the P300 auditory event-related potential (Theunissen,

2002). It is clear that there is a need for clinic-specific norms for gender.

The problem statement can therefore be formulated as follows:

What is the gender matched norms for the P300 auditory event-related
potential at the Electrophysiology clinic at the Department of
Communication Pathology, University of Pretoria?
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2. Research Methodology

The research question underlying the current study has been discussed
extensively in Chapter 1. This chapter aims to describe the operational
method employed in this study. It is an attempt to validate the findings of the
current study and to encourage further research on the use of auditory P300
evoked responses, to assess neural processing of speech in individuals with

communication disorders.

2.1. Introduction

Although the word research strikes fear into the hearts of many audiologists
and speech-language therapists, it should be recognised that what many of us
do on a daily basis is, in essence, research (Bellis, 2003). According to
Silverman (1977) there should be no difference in the way we answer
clinically relevant questions, or test clinically relevant hypotheses for clinical or
research purposes.

Scientific research is distinguished from other research by the systematic
process of inquiry based on combined empirical and theoretical principles
(Graziano, 1993). Leedy (1997) refers to the research methodology simply as
an operational framework. Previous studies (Theunissen, 2002; Ehlers et al,.
2001; Golgeli et al,. 1999; Bahramali et al., 1999; Niwa & Hayashida, 1993;
Martin et al., 1988) have shown significant gender differences in the latency
and amplitude values of the P300 auditory evoked potentials. In other studies,
no significant differences between values for different genders regarding the
P300 auditory evoked potentials were found (Polich, 1986; Hall, 1992;
McPherson, 1996). The need arises to determine if significant gender
differences exist, and to establish a normative data base, which can be used
to interpret P300 auditory evoked potential recordings. These findings should

also be validated as accurate and reliable.
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2.2. Aims of Research

The aims of the research project were the following:

2.2.1.

Main Aim

The aim of this study was to determine the range of latency and amplitude

values for male and female subjects for the auditory P300 event- related

potential in a group of young adults in order to establish a gender specific

normative database.

The following sub-aims were formulated in order to realise the main aim of the

study:

2.2.2,

Sub-aims

To determine the central tendencies (mean/average) of the
latencies and amplitudes of the auditory P300 event-related

potential.

To determine the normal variation (standard deviation) of the
auditory P300 event-related potential (latency and amplitude).

To establish whether there are any significant differences in male
and female subjects for the auditory P300 event-related potential

(latency and amplitude)

To determine whether using a subtraction protocol (subtracting the
common/frequent wave from the rare/infrequent wave to obtain a
‘derived’ P300) to mark the P300 results in a statistical difference
from marking the P300 on the rare/infrequent trace.

10
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2.3. Research Design

A descriptive, quantitative normative research design was selected (Thomas
& Nelson, 2001). Quantitative researchers seek to validate certain hypotheses
and generalise their findings to apply their new knowledge to other people and
situations (Leedy & Ormrod, 2001). This method generally applies objective
measurements and data is usually converted into numerical values and
statistics.

This method is the most applicable to the type of data required in this study.
Objective measurements were taken and the results were given in numerical
form (microvolt and milliseconds). The advantage of this method compared to
the qualitative method is that it is more focu