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ABSTRACT 

A proportion of individuals consulting audiology clinics 

complain of difficulties discriminating speech in noisy 

environments but have clinically 'normal' hearing, do not 

have signs of middle ear pathology, nor any other obvious 

basis for their complaints. The syndrome was named 

'Obscure Auditory Dysfunction (OAD)'. 

Following a small scale study, a Special Investigative 

Clinic was started to investigate factors underlying OAD. 

Patients' performance on psychoacoustic, 

central/cognitive and personality-related tests was 

compared with the performance of matched controls. 

Results showed OAD to be a multifactorial syndrome. 

Patients have a genuine performance deficit for 

discrimination of speech-in-noise, influenced by a 

combination of psychoacoustic and central/cognitive 

deficits. Patients' relatively minor performance deficit 

did not completely explain their reported disability and 

handicap; this was mainly influenced by their 

underestimating their hearing ability. Anxiety-related 

factors and a history of otological disorder were found 

to underlie the seeking of medical attention. Based on 

these results, a clinical package was devised to enable 

diagnosis and understanding of OAD in individuals 

consulting in the clinic. 

The parallels between OAD and another syndrome without 

obvious organic pathology (women complaining of lower 

abdominal pain) were investigated. A double dissociation 

between personality-related factors and 

psychoacoustic/cognitive factors was demonstrated. It was 

concluded that personality factors should be considered 
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when dealing with individuals seeking medical advice for 

minor organic pathology, but that such individuals should 

not simply be dismissed as being neurotic. 

Finally, correlational analyses using the combined data 

of all subjects, were carried out to investigate 

relationships between self-rated auditory 

disability/handicap, psychoacoustic, central/cognitive 

and personality-related variables. Self-rated 

disability/handicap were found to correlate best with 

performance on a test of speech-in-noise, less well with 

subtle auditory function but not with pure tone 

sensitivity. Cognitive function also correlated with 

reported disability/handicap, as did anxiety level and 

otological history. It was concluded that performance 

measures could be used to validate reports of 

disability/handicap, but that personality factors should 

be taken into account when interpreting such reports. 

Performance on a speech-in-noise test correlated with 

psychoacoustic and central/cognitive functions, but not 

with personality factors. It was concluded that minor 

sensory dysfunction can be reflected in a sensitive 

performance test but that performance is not affected by 

'normal' personality traits. 
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1.1 INTRODUCTION 

This thesis concerns the investigation and 

characterisation of a sub-group of the many adult ENT 

patients who complain of considerable difficulties 

hearing speech in the presence of background noise. The 

individuals in this sub-group are audiometrically normal, 

i. e they are found to have pure tone thresholds within 

clinically defined "normal limits". Normality is not 

always defined precisely, but a fairly stringent 

definition, as used in this study, is similar to that 

recommended by the British Society of Audiology (BSA, 

1988): no threshold greater than 20dB for frequencies 

0.25,0.5,1.0,2.0 & 4.0kHz1 In addition patients do not 

have signs of middle-ear pathology, nor are there any 

other obvious causes (e. g. stroke) for their 

difficulties. These patients constitute a small but non- 

trivial proportion of ENT consultations. An unpublished 

study by Coles et al found that of those adult otological 

referrals to an ENT clinic in the UK not having specific 

middle-ear pathology (i. e about half) approximately 10% 

(i. e 5% of all adult referrals) had pure tone audiograms 

with a better-ear average of <= 20dBHL at 0.5kHz, 1kHz, 

2kHz and 4kHz. I have called this previously unlabelled 

syndrome 'Obscure Auditory Dysfunction - OAD2'. This name 

is deliberately non-specific to avoid implying any one 

particular cause of the syndrome, especially given the 

likelihood of several underlying factors, as discussed 

below. 

The BSA definition uses average threshold rather than 
individual thresholds. 

From here onwards, the term 'OAD' is used to refer 
both to the syndrome itself and to patients with the 
syndrome - i. e OADs 
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The aims of the thesis are both scientific and clinical. 

In the absence of any conventional explanation for these 

patients' hearing difficulties, the first aim is to 

understand the bases of the syndrome, in particular, to 

specify the factors which prompt OAD patients to seek 

medical attention for their hearing difficulties. This 

latter information can then be used to address the second 

aim - to devise a short package of tests and interviews 

to enable quick diagnosis, characterisation and improved 

counselling of OAD patients in ENT clinics. 

1.2 LITERATURE REVIEW 

The following literature review is divided into two 

sections: (i) the few studies relating directly to the 

investigation of individuals with OAD-like symptoms, and 

(ii) studies that cover issues hypothetically related to 

OAD. 

1.2.1 RESEARCH DIRECTLY RELATING TO OAD 

Otolaryngologists readily acknowledge the existence of, 

and the difficulty of dealing with, OAD patients in the 

clinic. However, OAD has not, until very recently, been 

recognised as a syndrome in its own right; hence past 

research relating directly to OAD is scant. I have found 

only one reference in a standard text book, to date, 

referring to the existence of the syndrome (Byrne & Kerr, 

1987). It is brief and only refers to one empirical study 

(Pick & Evans, 1983). Byrne & Kerr suggest three possible 
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causes of the syndrome: an 'auditory inferiority 

complex', a loss of frequency resolution or an early 

stage of tumour. affecting the auditory pathway. They 

point out that such patients are usually given simple 

reassurance that their hearing is normal and then 

dismissed from the clinic; and that in the last (rare) 

sub-group, patients may be experiencing the early 

symptoms of sinister pathology and should, therefore, not 

be dismissed as being neurotic. 

A small number of empirical studies have addressed 

restricted aspects of the OAD problem. These studies can 

be divided into three categories. 

1.2.1.1 Psychoacoustic Studies 

A single study, published prior to the commencement of 

this work, involved a group of individuals that may be 

retrospectively classified as having OAD (Pick & Evans, 

1983) by the above criteria. This study was not a 

clinical characterisation but a psychophysical 

investigation of an apparent dissociation between 

auditory sensitivity and other psychoacoustic functions. 

They tested 16 patients, referred by hospital 

consultants, whom they 'felt were suitable to take part'. 

Each carried out a small battery of tests: pure tone 

audiometry for frequencies between 0.1 and 10kHz, 

frequency resolution at 1kHz and 4kHz, and speech 

perception in noise and in quiet. They found that, 

although patients had pure tone audiograms within 'normal 

limits', they often displayed high-frequency notches. 

Patients were found to have widened auditory filters at 

4kHz (although not at 1kHz) and significantly poorer than 
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normal speech perception ability in quiet (although, 

surprisingly, not in noise). Pick & Evans conclude that 

poor frequency resolution can account for the patients' 

poor speech perception in quiet. 

The majority of subjects in Pick & Evan's study had a 

significant history of noise exposure. This may well have 

influenced their findings since many studies, for 

example, Liberman & Beil (1979), Harrison et al, (1981) 

and Rutten & Kuper (1982) have shown that, in both 

animals and humans, noise damage causes a widening of the 

auditory filters. In some circumstances measurement of 

frequency resolution could well be a more sensitive 

reflection of minor auditory dysfunction than is pure 

tone sensitivity. This might explain the basis of OAD in 

some patients, but it is not likely a priori that the 

majority have noise-related dysfunction, else the 

syndrome would mainly be restricted to males who work in 

noisy industries. 

Narula & Mason (1988) have also suggested that the basis 

of OAD is poor frequency resolution. They compared the 

frequency resolution of 10 patients with OAD symptoms 

with 10 unmatched controls, using both a behavioural and 

an electrophysiological technique. A psychophysical 

tuning curve (PTC) was measured at 2kHz using a 

psychophysical paradigm, and an action potential tuning 

curve (APTC) was measured at 4kHz using extratympanic 

electrocochleography. They also tested speech audiometry 

and tone- and reflex- decay. They found that patients had 

normal speech audiometry, no significant tone or reflex 

decay and normal PTCs. Abnormalities of the APTC, both in 

width and in elevation in relation to threshold, were 

seen in the patient group. However, no details were given 

of the distributions- of the APTC parameters nor the 
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relevant selection characteristics of the control group. 

They conclude that the basis of OAD in some patients is 

poor frequency resolution, but they acknowledge an 

earlier suggestion (Saunders & Haggard, 1987) that this 

cannot explain the basis of OAD in all patients. While 

this study does not assist with the general problem of 

clinical assessment and management of OAD patients, it is 

valuable in showing that a physiological method of 

measurement can be more sensitive to certain minor 

abnormalities of function than a behavioural method. 

One study has shown an OAD-like phenomenon to exist in a 

population that had not sought clinical investigation. 

Earl et al (1987) administered a questionnaire on 

perceived auditory disability to 27 subjects (6 male and 

21 female) with clinically normal audiometry (pure tone 

thresholds of <=15dBHL). No other information about the 

selection of subjects is given. Nine subjects reported 

significantly more auditory disability than normal. They 

labelled these 'normal-abnormals (NAs)'. The remaining 18 

were labelled 'normal-normals (NNs)' and were used as 

controls. They measured masking level differences (MLD1) 

at 0.25kHz, 0.5kHz and 1.0kHz, the bandwidth of effective 

masking and the slope of the masking curve for a 100Hz 

wide narrow-band noise at centred at 2kHz, frequency of 

the peak of the masking curve, monaural and binaural word 

identification in noise, both with and without 

reverberation, and the improvement in performance for 

binaural over monaural presentation. They found that the 

NA group had significantly lower MLDs at all frequencies 

tested, and significantly greater upward spread of 

masking plus a higher peak frequency of the masking curve 

-A measure of ability to use subtle interaural differ- 
ence cues in detection and localisation 
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(both manifestations of poor frequency resolution). 

Performance on the speech tests did not differ 

significantly between the 2 groups. Discriminant function 

analysis showed that MLD and masking curve data are able 

to correctly classify all 18 of the NN subjects and 7/8 

of the NA subjects into their appropriate group; this is 

an overall percent-correct classification of 96.3%. They 

conclude that patients complaining of auditory disability 

with normal pure-tone thresholds have degraded frequency 

resolution and poor binaural abilities, and should, 

therefore, be administered these tests on presentation at 

a clinic. 

Studies on animals by Evans (1975) showed that chronic 

poisoning of the cochlear with kanamycin can cause a 

deterioration of tuning bandwidth before substantial 

change in hearing threshold occurs. Similarly, Young & 

Wilson (1982) showed that after ingestion of large 

quantities of acetylsalicylic acid (Aspirin) speech 

perception in noise deteriorated, but hearing threshold 

and speech perception in quiet did not. Thus there is 

evidence suggesting that some measures of frequency 

resolution can detect some forms of mild pathology, other 

than noise damage, when tests of pure tone sensitivity 

cannot. Furthermore, these forms of ototoxicity occur 

from commonly used drugs, and so are worth considering as 

the basis of OAD in at least some cases of OAD. 

1.2.1.2 Central/Cognitive Studies 

Cunningham at al (1987) suggest that deprivation of 

oxygen to healthy tissue of the brain may explain the 

presentation of some patients classifiable as OAD. They 
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tested this hypothesis by comparing the auditory 

abilities of 15 men diagnosed as having a history of 

chronic obstructive pulmonary disease (COPD) with a group 

of 15 healthy, non-smoking controls. All participants in 

the study had normal pure-tone thresholds for their 

chronological age. Tests of central auditory function, 

speech discrimination in quiet, pulmonary function tests 

and arterial blood analyses were carried out. The COPD 

group performed significantly more poorly than controls 

on a competing message test when the competing message 

was ipsilateral to the target message, and on a test of 

auditory attention span. Correlations among the COPD 

group suggested that relatively poor tissue oxygenation 

and heavier cigarette smoking are associated with poorer 

central auditory function. They conclude that subclinical 

oxygen deprivation due to smoking, high dietary fat 

intake, sedentary life-styles and airborne pollutants 

could also explain minor sub-clinical cognitive deficits, 

and hence the presence of some OAD-like patients in the 

clinic. 

While effects of oxygen deprivation are generally assumed 

to affect the central nervous system, peripheral effects 

cannot be ruled out since all tissues are dependent upon 

oxygen supply for metabolism. Nevertheless, I later 

classify the variables referred to by Cunningham et al as 

potentially having influence upon central, rather than 

peripheral processing. 

Quaranta (1988) found that young audiometrically normal 

individuals with hypothyroidism had central auditory 

deficits during their illness. Quaranta (personal 

communication) suggests subclinical hypothyroidism could 

have similar effects. 
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1.2.1.3 Multifactorial Studies 

Stephens & Rendell (1988) report a study of 12 patients 

they refer to as having 'Auditory Disability with Normal 

Hearing' (ADN) - equivalent to OAD. The approach and some 

of the tests used in that study were made available to 

Stephens & Rendell following stage I of the present 

project. Stephens & Rendell's aim was to clinically 

classify patients as having psychological, cognitive or 

acoustic problems. They did not compare ADN patients with 

a control group. They conclude that the majority of 

patients have mild cochlear dysfunction in association 

with psychological problems. This clinical study is of 

relevance here, in that it confirms the a priori 

assumption that OAD is multifactorial. However, the lack 

of a control group, the small sample size, and the large 

number of tests in their battery mean that no firm 

conclusions can be drawn about causal factors or about 

appropriate cut-off points for test scores. 

The above short literature review covers all known past 

and present publications on OAD. The only publication, 

directly or indirectly, tackling the issue of OAD at the 

start of this project was that of Pick & Evans (1983); 

all the other work reviewed above has been published 

since. 
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1.2.2 RESEARCH HYPOTHETICALLY RELATED TO OAD 

1.2.2.1 Psychoacoustic Explanations 

(a) Frequency Resolution 

Frequency resolution is the ability to separate out the 

different frequency components of a complex sound; it is 

the main factor determining which sounds mask one another 

and which do not. It is accepted that frequency 

resolution is a peripheral mechanism taking place in the 

cochlear. The basilar membrane in the cochlear acts as a 

bank of highly tuned, overlapping bandpass filters 

(Moore, 1985). Damage to the cochlear causes both and 

elevation of the thresholds required for neural 

responses, and a broadening of the auditory filters. The 

latter damage causes increased masking from non-signal 

sources, and hence difficulties with hearing speech in 

noise. Some of the psychophysical procedures for 

measuring frequency resolution ability are reviewed in 

the section 2.2.2(a). Much psychoacoustic research on 

cochlear-impaired listeners has demonstrated a 

relationship between frequency resolution, pure tone 

sensitivity and speech in noise discrimination (e. g. 

Tyler et al, 1982a; Moore 1985; Haggard et al, 1986). 

Evidence is equivocal, however, as to how independent 

frequency resolution is of hearing sensitivity. Tyler et 

al (1982a) and Lyregaard (1982) for example, suggest they 

are highly interrelated, while Festen & Plomp (1983), 

Pick & Evans (1983) and Haggard et al (1986) have shown 

instances where this is not so. These discrepancies are 

probably a due to the measures and subject populations 

used. To the extent that the two are independent, 

deteriorated frequency resolution in the OAD syndrome is 
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a highly plausible explanation. 

(b) Excessively Strict Clinical Definition of Normality 

There are various definitions of clinically 'normal' 

hearing. 'Normal' hearing implies that the listener has 

no material impairment great enough to cause material 

auditory disability - i. e no material restriction of 

normal activity or ability as a result of impairment; 

likewise no material handicap - no restriction of role or 

socioeconomic function as a result of a disability (World 

Health Organisation, 1980a). Auditory normality is 

defined in terms of the level of pure tone threshold that 

does not cause impairment. The most commonly used 

definition in the UK is that recommended by the British 

Society of Audiology - thresholds of less than 20dB at 

frequencies of 250,500,1000,2000 and 4000Hz (BSA, 

1988). The World Health Organisation, on the other hand 

uses the less stringent definition of thresholds of 25dB 

or less for frequencies of 500,1000 and 2000Hz (WHO, 

1980b). However, recent work, using measures of pure tone 

sensitivity, speech perception in noise and self-assessed 

auditory disability suggests that the low fence or 

"onset" of disability occurs at pure tone losses of 

between 10 and 20dBHL (e. g. Smoorenburg, 1986; Lutman et 

al, 1987; Haggard et al, 1987). It is possible that those 

OAD patients meeting the BSA definition of normality, but 

with pure tone averages at the upper end of the 'normal' 

range, in the region of 15-20dB, experience auditory 

disability as a direct consequence. This explanation 

seems particularly plausible when findings of Merluzzi & 

Hinchcliffe (1973) are considered. They report that the 

cut-off point, in terms of hearing level, at which an 

individual replies positively to the question "my hearing 
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is not a good as it used to be" increases as a function 

of age. Individuals seem to expect less from their 

hearing they get older. The age of all OADs in this study 

is restricted to between 15 and 55, i. e they are all 

relatively young, and therefore probably have high 

expectations about their hearing, and so might 'perceive' 

auditory disability/handicap at lower thresholds than do 

older individuals. 

1.2.2.2 Central and Cognitive factors 

(a) Lipreading Ability 

At adverse signal-to-noise ratios, visual cues (i. e. 

lipreading) contribute considerably to audiovisual speech 

intelligibility (e. g Sumby & Pollack, 1954; McLeod & 

Summerfield, 1987). It is therefore possible that OAD 

patients are poor lipreaders; and that their reported 

disability arises particularly from experiences of 

difficult acoustical conditions where audiovisual 

perception is called for, and where better lipreaders do 

not have evident problems. 

(b) Linguistic Abilities 

Speech processing involves the use of both auditory and 

linguistic abilities. Under good acoustic conditions, 

when the S/N ratio is favourable, auditory abilities can 

be relied upon. However, when the acoustic signal is 

poor, such as in conditions of adverse S/N ratio, 

auditory abilities must be supplemented by linguistic 

abilities. General linguistic processing ability has been 
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shown to vary considerably between individuals. Some 

examples are as follows: Geer et al (1972) demonstrated 

large individual differences in the ability to produce 

and recognise paraphrases of novel compound nouns; Murphy 

(1973) discusses individual differences that influence 

'general linguistic fluency'; and Marslen-Wilson (1975) 

has shown that individuals vary considerably in the speed 

with which they can 'shadow' a spoken sentence, i. e give 

simultaneous spoken feedback. This relates to speed of 

linguistic processing. It is possible that OAD patients 

are generally poor linguistically, and therefore, when 

these skills are required in for processing in adverse 

signal conditions they are at a disadvantage compared to 

normal individuals. 

(c) Linguistic/Cognitive Deficits due to Childhood 

Otitis Media 

The importance of early auditory input for later 

cognition, language development and social growth has 

been well documented (e. g Horowitz & Leake, 1980). 

Therefore, the fluctuating, though mild, conductive 

losses caused by childhood otitis media, may, through 

auditory deprivation, have adverse consequences for later 

achievement, both linguistically and socially. The 

literature in this area is wide ranging and controversial 

(See Haggard & Hughes, 1988 for review). They point out 

that interpretation of the majority studies encounters 

problems such as failure to control for socio-cultural 

factors and/or hearing at the time of the test, non-blind 

ratings, and small numbers of subjects, to mention but a 

few. Nevertheless, some well controlled studies (e. g 

Silva et al, 1982; Gottlieb et al, 1979) report that in 

young children there is an association between recurrent 
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otitis media and significant linguistic and cognitive 

deficits. However, Silva et al, (1986) found that by the 

age of 7 many differences had disappeared, and by age 9, 

only differences in speech articulation remained 

significant. There is the possibility that a proportion 

of OAD patients suffer long-term consequences of 

childhood otitis media in their language processing and 

in general social skills. This would, however, be very 

difficult to prove with a small number of patients. It 

would be necessary to show them to have poor verbal 

intelligence, but average non-verbal intelligence, and a 

strong, well-documented history of otitis media, but to 

rule out any residual organic pathology, which is in 

principle virtually impossible. 

1.2.2.3 Personality-Related Factors 

(a) Personality Factors Relating to General Health 

Beliefs 

Factors such as 'perceived vulnerability' and 'perceived 

severity' of a potential health problem determine whether 

or not an individual seeks medical attention for a set of 

symptoms (Janz & Becker, 1984, review this literature. ) 

In a study of children and adolescents, Gochman & Saucier 

(1982) showed that an individual's perceived 

vulnerability is positively related to anxiety, and 

negatively related to self-concept. In a questionnaire 

study on preventive health behaviour (PHB), Kristiansen 

(1985) found that introversion, rather than extroversion, 

led to greater PHB. Mechanic (1980) reports three main 

factors that lead individuals to classify themselves as 
in, of which one is the lack of 'a general sense of 
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well-being'. OADs could be anxious introverts who have a 

high perceived vulnerability and hence seek medical 

attention for relatively mild symptoms; or they could be 

slightly depressed, with a poor sense of well-being and, 

hence, have noticed symptoms of illness. The factors 

mentioned are not specific to hearing but are general to 

all types of illness. Noticing and reporting hearing 

problems might be just one of many manifestations. 

A familial history or a childhood history of a particular 

illness might cause an individual to feel more vulnerable 

to that illness later in life. Wielgosz & Earp (1986) 

showed this among individuals experiencing persistent 

chest pain in the absence of coronary disease. They found 

that those who identified with a close relative who had 

serious heart disease felt more vulnerable to coronary 

disease than those who did not. Likewise OAD patients 

could well have a strong familial or childhood history of 

hearing disorder and hence feel vulnerable to it now. 

However, this suggestion is not supported by the findings 

of Swan & Gatehouse (1988). They found no significant 

differences in the prevalence of family history or 

personal history of ear disorder, between groups of 

'complainers' and 'noncomplainers' of auditory 

disability, both of which had conventional hearing 

losses. Their results had been controlled for the actual 

impairment of the subject groups. Similarly, Lutman et al 

(1987) report that past consultation for hearing-related 

disorders did not correlate with self-rated disability or 

handicap. 
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(b) Personality Factors Relating Directly to Searing 
Problems 

It has been argued that there is a link between 

personality and susceptibility to noise-induced hearing 

loss (Ickes & Nader, 1982; Dengerink et al, 1982). Both 

sets of authors suggested that the degree of 

vasoconstriction of the inner ear blood vessels would 

influence noise-induced temporary threshold shifts. Ickes 

& Nader postulated that type A individuals (i. e 

ambitious, competitive and pressured, allegedly prone to 

cardiovascular disease), who show a greater degree of 

noise-induced peripheral vasoconstriction, would 

therefore be more susceptible to noise-induced hearing 

loss than type B individuals. Their results, however, 

showed a significant difference in the non-predicted 

direction. Dengerink et al suggested this could be 

because peripheral vasoconstriction is accompanied by 

central vasodilation and therefore type B individuals 

would be more susceptible. However, on investigation they 

were unable to show a relationship between personality 

type and noise-induced threshold shift. Temporary 

threshold shift was negatively correlated with peripheral 

vasoconstriction, suggesting that any different set of 

personality factors found to be associated with 

vasoconstriction might still be linked with 

susceptibility to noise-induced hearing loss. 

Anxiety has been associated with some types of ear 

disorder, for example vertigo. Fowler & Zeckel (1952, 

1953), for instance, showed that an attack of vertigo 

could be induced in Meniere's patients by exposing them 

to emotional stress. Hinchcliffe (1967) found Meniere's 

patients to have significantly more psychosomatic 

symptoms (as defined by the MMPI) than otosclerotic 
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patients. He also found that more severe physiological 

symptoms in Meniere's patients were associated with less 

severe psychological disturbances and vice versa 

(Hinchcliffe, 1965), suggesting an interplay of abnormal 

physiology with abnormal psychological makeup. 

Jakes (1987) suggests that emotional distress might act 

upon hearing performance by causing a vicious circle 

involving expectation of failure. He says that all people 

have difficulty hearing speech-in-noise sometimes. In 

some that difficulty might cause anxiety and hence worsen 

the problem. These individuals might then begin to 

experience anxiety every time they are required to hear 

speech-in-noise, regardless of their actual performance, 

and hence perform more poorly than they would have 

without the anxiety. Some OAD patients might experience a 

cycle of this sort when in certain situations, but ones 

that are not encountered in the clinic, hence their 

normal performance. 

(c) Personality Altering Judgement of Hearing 

Personality traits may cause an individual to judge their 

hearing ability incorrectly, or to subjectively 

experience greater disability and handicap than another 

individual with the same degree of actual impairment. 

Marcus-Bernstein (1986), for instance, showed that self- 

assessed hearing handicap among a hearing impaired 

elderly population, was positively related to level of 

depression and paranoia, but negatively related to life 

satisfaction. She suggests that these findings are 

applicable to other populations as well. OAD patients 

might have these traits, and therefore, experience 

auditory disability and handicap, even though they have 
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normal hearing. 

If overall associations between personality-related 

factors and OAD are established it will be almost 

impossible to determine whether they are the cause or 

effect of the problem, or are an independent parallel 

influence. 

1.2.3 SUMMARY 

This literature review strongly suggests that it is 

likely no single underlying basis for OAD will be found, 

but that there will be a spectrum of explanations, 

ranging from those mainly sensory in nature, with only 

minor psychological influences, to those mainly 

psychological in nature in which sensory factors play 

little role. It also highlights the importance of 

adopting an multidisciplinary stance when commencing a 

project such as this. 
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CHAPTER 2 
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2.1 INTRODUCTION 

This chapter describes the first stage of the OAD 

project. The aim of stage I one was to carry out a small 

scale study to elucidate the types of factors involved in 

the syndrome that would be investigated in greater depth 

in stage II. 

As the literature review in chapter 1 suggests, there are 

many factors that possibly influence self-rated 

disability/handicap arid OAD status. In the following 

section is a description of those factors investigated in 

stage I of the study. In addition to investigating the 

underlying influences on OAD, the protocol must include a 

check that all referred patients have true OAD status, 

i. e. all patients must have thresholds within the given 

criteria (as defined in section 1.1), confirmable 

subjective disability to account for their referral and 

no other obvious cause for their complaints. 

2.2 FACTORS INVESTIGATED 

2.2.1 General Factors 

(a) Subjective Disability 

Subjective disability is commonly assessed with a self- 

report questionnaire. There are numerous such scales (e. g 

High et al, 1964; Noble & Atherley, 1970; Giolas, 1979). 

These have been mainly employed clinically in the 

assessment of hearing aid benefit (Brooks, 1976) and in 
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research to underpin medico-legal procedures, such as 

defining the audiometric "onset" of auditory disability 

(Parving & Ostri, 1983; Lutman et al, 1987). Self-report 

scales are convenient to use, but are subject to bias 

from factors such as deliberate exaggeration, personal 

opinion, incorrect self-perception and invalidity of the 

test scale itself. A self-report scale was employed here 

for three reasons: first, to check for OAD status; i. e to 

check that patients do have a higher level of self- 

reported disability and handicap than controls; second, 

to test whether OADs report relatively greater 

disability/handicap than would be expected from their 

actual performance disability, and thirdly as a 

indication of the 'severity' of OAD in a particular 

patient (This is discussed further in section 4.4.4. ) 

(b) Performance Disability 

It is of importance to learn whether patients have a 

genuine, as well as a reported, deficit for speech 

discrimination in noise. This will reveal whether the OAD 

syndrome has a performance basis or whether it is purely 

psychological. There are many tests of speech-in-noise, 

employing various stimuli and maskers (See Lutman, 1987 

for review). An ideal test would reproduce perfectly the 

auditory conditions of the real environment, for example 

stereophony and reverberation. Free-field presentation of 

stimuli can do precisely this, however, such tests are 

difficult to calibrate and have poor reproducibility, due 

to room acoustics and subject positioning. Gatehouse 

(1988) designed a speech-in-noise test that was recorded 

from microphones in the ears of an artificial head. These 

recordings retain realistic free-field localisation cues 
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when replayed through headphones. The test has the 

benefits of being pre-recorded, while offering the 

realism of free-field presentation. The test was used in 

the investigation of OAD. 

The following factors were investigated to learn the 

underlying influences on OAD. For ease of understanding 

they are divided into three major categories or domains. 

2.2.2 Minor Auditory Pathology 

While OAD patients by definition have audiometrically 

'normal' hearing, there exists the possibility that minor 

peripheral auditory dysfunction influences OAD in one of 

the following three ways: 

(a) Poor Frequency Resolution 

As described in chapter 1, research, both directly and 

indirectly addressing OAD, suggests that poor frequency 

resolution may be a major component (e. g Narula & Mason, 

1988; Moore, 1985). There exist many ways to measure 

frequency resolution ability, for example, the notched- 

noise technique developed by Patterson (1976), and the 

'comb-filtered noise' method used by Houtgast (1977) and 

Pick & Evans (1983) and the electrophysiological 

technique used by Narula & Mason (1988). Moore (1985) has 

provided a review and critique of some of these methods. 

A fourth technique was developed by Zwicker (1974) and 
Vogten (1974) to measure a psychoacoustical tuning curve 
(PTC). The subject is presented with a tone of fixed 
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frequency and level. The masked threshold of that tone is 

determined for narrow-band maskers of different 

frequencies. A plot of masked threshold against masker 

frequency constitutes the PTC. When tone and masker are 

of the same or similar frequency masker level is 

necessarily low, as the difference between frequency of 

the tone and masker increases, a greater level of noise 

can be tolerated. Lutman & Wood (1985) developed a simple 

clinical method using an adaptive procedure1 for 

measurement of a three-point approximation to a PTC. 

Their method is quick, simple (even for naive listeners) 

and can be used for individuals with differing pure tone 

sensitivities. This method was employed to test frequency 

resolution ability. 

(b) 'Incorrect' Definition of Normality 

As described in chapter 1 there are various definitions 

of clinically 'normal' hearing; the World Health 

Organisation, for instance, uses the definition 

thresholds of <=25dBHL for frequencies of 0.5,1.0 and 

2.0 kHz (WHO, 1980b), while the most commonly used 

definition in the UK, as recommended by the the British 

`In an adaptive procedure the difficulty level of a 
stimulus is determined by the accuracy of the response 
to the previous trial, so that the difficulty of the 
task converges upon a specific point on the 
psychometric function. This point is the level of dif- 
ficulty at which the individual would correctly identi- 
fy a specific percentage of the stimuli if the test was 
run at a constant level. The precise point on the 
psychometric function that is reached depends upon the 
particular rules used for altering the signal intensi- 
ty. The accuracy of the result depends upon the asymp- 
totic step-size employed and the stringency of the cri- 
terion for convergence, such as the number of reversals 
(Levitt, 1971). 
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Society of Audiology, is average threshold of <=20dB for 

frequencies of 0.25,0.50,1.0,2.0 and 4. OkHz (BSA, 

1988). Most researchers in the auditory disability field 

believe that this 'fence' is set too high, and that the 

onset of auditory disability/handicap occurs below this 

(e. g Smoorenburg, 1986). OAD patients might meet the BSA 

definition of normality, yet have pure tone averages of 

between 10 and 20dBHL; if so some of them would 

experience auditory disability due to mild impairment. 

There is the second possibility that OAD patients could 

have 'normal' pure tone thresholds at the frequencies 

conventionally used to define normality, yet have pure 

tone losses at other frequencies, for example at 3 or 

6kHz. Therefore, pure tone thresholds were carefully 

measured at frequencies of 3 and 6kHz, in addition to the 

conventional frequencies of 0.25,0.5,1.0,2.0,4.0 & 

8kHz. 

(c) Minor Auditory Damage due to Noise Exposure 

Long term exposure to high levels of noise can lead to 

significant damage to the auditory system (see Alberti, 

1987 for review), in particular it can lead to permanent 

high-frequency hearing losses at 4 and 6kHz. Other work 

has shown that noise damage causes structural damage to 

hair cells (Saunders et al, 1985), neural damage 

(Liberman & Mulroy, 1982) and biochemical damage (Schacht 

& Canlon, 1985). Pick & Evans (1983) concluded that 

noise caused cochlear damage in the form of poor 

frequency resolution, before it caused an elevation of 

pure tone thresholds. It is possible that, like many of 

Pick & Evans' subjects, some OAD patients have auditory 

dysfunction caused by noise exposure, but have normal 

pure tone thresholds. An account of each individual's 
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history of noise exposure was therefore taken, because 

even in the absence of present physiological evidence, 

there might be a tendency for subjects to have a history 

of noise exposure, that eventually will manifest itself 

physiologically. 

2.2.3 Central/Cognitive Processing Deficits 

(a) Poor Lipreading Skills 

Both normal-hearing and hearing-impaired individuals use 

visual clues (i. e lipreading) to supplement auditory 

information during speech processing. Early work on 

individual differences in lipreading ability was assessed 

using 'visual-only' conditions (e. g Utley, 1946) However, 

it has been realised more recently that lipreading is 

used as a supplement to, rather than a substitute for, 

auditory information (Jeffers & Barley, 1971). Therefore, 

as suggested by, for example, Erber (1975) and McCormick 

(1979), lipreading ability was measured using an 

audiovisual test. 

(b) Poor Linguistic Ability 

As mentioned in Chapter 1, individual differences occur 

in linguistic ability, in terms of size of vocabulary, 

ability to manipulate language, and in the speed and 

efficiency of language processing. Individual differences 

in some aspects of linguistic ability could, therefore, 

be measured in a variety of ways. The Wechsler Adult 

Intelligence Scale - WAIS (Wechsler, 1958), for which 
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there are established norms, includes a subset of tests 

that result in scores of overall verbal IQ. However, to 

carry all of them out would be time-consuming. It is also 

not clear whether these tests reflect real-time and 

real-life linguistic processing. For the purposes of this 

project a quick and simple test was used that gave a 

measure of overall ability, combining speed of 

processing, use of contextual information and linguistic 

versatility. 

(c) Central Auditory Deficit 

The work of Silva (1988), Quaranta (1988) and Cunningham 

et al (1987) reviewed in chapter 1, showed that 

otological, general medical and dietary history 

respectively can affect central auditory processing. 

Questions relating to each of these factors were included 

in an interview. 

2.2.4 Personality-Related Factors 

(a) Personality and Concern about Health/Hearing 

As discussed in chapter i, certain clusters of 

personality traits seem to give rise to excessive concern 

about health; while past experiences cause an individual 

to feel particularly vulnerable to hearing disorders. 

Therefore questions about general health and past, 

present and familial hearing disorder were incorporated 

in the interview. 
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(b) Personality Altering Perception of Own Hearing 
Ability 

Depression and anxiety have been shown to affect the 

degree of hearing disability an individual reportedly 

experiences. A personality questionnaire, including 

scales of depression and anxiety was included in the test 

battery. 

2.3 METHODS 

2.3.1 Sub-iects 

OAD patients were referred to a clinic at the Institute 

of Hearing Research by 10 ENT consultants in the Trent 

Health Region of England. This region approximates a 

circle of about 40 miles radius in the North-East 

Midlands, centered on Nottingham. ENT consultants were 

informally told of the research project during a regional 

meeting and then in a follow-up circular. They were given 

details of the aim of the project and of the patients 

they should refer. The age range of the 20 patients 

included was 16 to 55 years. An upper limit of 55 was set 

in order to avoid cases of degenerative, neural or 

cardiovascular pathology. It was required that each 

patient had proved audiometrically and otologically 

'normal' on all tests in the hospital clinic. For each 

patient, two control volunteers, matched for age, sex, 

educational level and noise exposure were tested, giving 

a total of 40 matched controls. They were recruited by 

placing advertisements in various locations around the 

city and the university campus of Nottingham. 
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The educational level of individuals was classified on a 

scale of 1-6 by the highest qualification obtained, as 

follows: 

1= Degree 2= Diploma 3= 'A' Level 

4= '0' Level 5= CSE 6= No qualifications 

2.3.2 General Procedure 

Before each test subjects were given standard verbal 

instructions by the investigator. In addition, a summary 

'prompt sheet' of instructions was left in the test room 

with the subject. Table 2.1 summarises the test battery. 

Testing was carried out in one session for all OAD 

patients and most controls. When necessary testing took 

place in two sessions. The total testing time was 2 

hours, including a short refreshment break. Tests were 

carried out in the same order for most subjects, to 

minimise the effects of fatigue. All participants were 

paid travel expenses. In addition controls received 

payment for taking part. 

All tests of psychoacoustic and performance ability were 

carried out in a sound-attenuated room. 
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Table 2.1 
Summary of tests in the OAD Test Battery Stage I 

TEST 

Interview 

EXPLANATION 

Biographical, health and 
information about past and 
present ear disorder. 
Patients' response to, and 
acceptance of their problem. 

IHR Hearing Questionnaire 

Pure Tone Audiogram 

Tympanometry 

Psychoacoustic Tuning 
Curve (PTC) 

Noise Immission Rating 

Pseudo-free-field 
in Noise Test (PFFIN) 

Audiovisual Test (BKBAV) 

Sentence Completion Test 

Self-rated auditory 
disability and handicap 

Pure tone threshold 
determination 

Test of middle ear function 

Frequency resolution 
ability 

Quantification of noise 
exposure 

Test of speech-in-noise 
under spatially realistic 

conditions 

Test of audiovisual ability 

Measure of general 
linguistic ability 

Crown-Crisp Questionnaire Personality Inventory 
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2.3.3 Test Battery 

2.3.3.1 General Tests 

(a) Special OAD Interview 

The interview was designed to incorporate questions on 5 

types of information: 

(i) Biographical Information: 

Age, sex, educational qualifications, employment 

(ii) Medical History: 

General physical health, personal opinion of own 
health, specific cardiovascular and respiratory 
pathology, present medications, past and present 
otological symptoms, family history of otological 

disorder, and attitudes to preventive health. 

(iii) Personality Scales of: 

Somatic anxiety symptoms, extroversion traits 

(iv) Factors that Might Influence Central Auditory 
Function: 

History of smoking and/or working in poorly 
ventilated workshop, linguistic learning 
difficulties. 

(v) Details of Hearing Difficulty: 

Symptoms of problem, history of problem, 
reaction to problem, factors associated with 

seeking medical assistance, handicap caused 
by problem (only applicable to patients) 



- 31 - 

The final interview is in appendix 2.1. 

Procedure 

The interview questions were read from a printed sheet in 

order to standardise the wording. The subject was 

prompted with examples when there seemed to be 

uncertainty as to the meaning of the question. Section 

(e) relating to hearing difficulty was omitted when 

testing control subjects. 

(b) IHR Hearing Questionnaire 

This questionnaire has been widely used in the NSH (Davis 

1983a). It indicates the level of auditory disability and 

handicap an individual reportedly experiences. Its 

purpose here is two-fold: first to confirm that OAD 

patients report a higher level of disability and handicap 

than controls, and second to investigate whether among 

OADs there is a mis-alignment between self-rated 

disability and measured disability. The questionnaire 

consists of 3 types of questions with multiple-choice 

answers. Type (i) comprises 14 disability questions, 

type (ii) 3 handicap questions; and type (iii) 2 

questions that attempt a comparison with others' hearing 

ability. Subjects completed the questionnaire by circling 

the appropriate answers. 

(c) Performance Test - the Pseudo-Free-Field in 

Noise Test (PFFIN) 

This test is intended to be a sensitive and realistic 
test of auditory disability for speech-in-noise. Its 



- 32 - 

purpose is to learn whether OAD patients have a genuine 

disability for comprehension of speech-in-noise, and 

therefore, a genuine basis for their reported disability. 

Stimuli 

The stimuli are 5 lists of 16 simple English sentences 

(BKB sentences) devised by Bench & Bamford (19,79). 

Sentences were played from master tapes into a sound- 

treated room and re-recorded from microphones in the ears 

of a dummy head, as described by Gatehouse (1988). On 

replay through headphones these recording conditions 

result in the speech stimuli seeming to be distinctly 

spatially located. Depending on the azimuth of the source 

of the speech with respect to the dummy head, this 

localisation was 45 degrees to the left or to the right 

of the head, called 'left ipsi' or 'right ipsi' 

respectively. Speech-spectrum noise was played through 6 

loudspeakers surrounding the head at recording, so that 

at replay noise appears to be located all around the head 

(see figure 2.1 for the setup during recording). The 

equipment was calibrated so that channels 1 and 2 (speech 

signals) were at a level of 70dB, while channel 3 (noise) 

total output was 64.5dB, i. e. an overall S/N ratio in all 

conditions of +5.5dB. 

Procedure 

The sentences were played to the subject through 

Sennheiser HB414 headphones. Subjects were required to 

repeat back each sentence after they had heard it. The 

first list of sentences was run as practice. Sentences 

1-5 had only signal. Noise was then introduced for the 

remaining sentences. In the 4 test lists, 'left ipsi' and 



Figure 2.1 Recording Conditions for 
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'right ipsi' conditions were presented counterbalanced 

across subjects in ABBA or BAAB sequence. Sentences were 

scored on the number of key words correct out of a 

possible 50. The 'loose key-word' method of scoring was 
l 

used. 

2.3.3.2 Psychoacoustic Tests 

(a) Pure Tone Audiogram 

Absolute thresholds were determined using a conventional 

clinical technique, as recommended by the British Society 

of Audiology (BSA, 1981). Both ears were tested at 

frequencies of 250 & 500 Hz, and 1,2,3,4,6, &8 kHz. 

A Kamplex AC4 audiometer was used with TDH-49P 

headphones. 

(b) Tympanogram 

Tympanometry was carried out with a Grason-Stadler 1723 

tympanometer. Meatal pressure was varied between +/- 

200mm H20. From this, the middle ear pressure and 

maximum compliance were measured. 

-The 'loose' method of scoring requires only that the 

root of the key-word be reported correctly, tense and 
singular/plural do not matter (Bamford & Wilson, 1979). 
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(c) Frequency Resolution (PTC) 

Frequency resolution ability was measured in the form of 

a 3-point approximation to the psychophysical tuning 

curve - the PTC (Lutman & Wood, 1985). A probe tone is 

presented in the presence of one of three narrow-band 

maskers, one on-frequency and two off-frequency. 

Differences between masker levels for on- and off- 

frequency masking are calculated to approximate a measure 

of the lower and upper slopes of the PTC. A large 

difference in masked threshold between on- and off- 

frequency maskers denotes good frequency resolution. 

Equipment 

Figure 2.2 shows the experimental setup. The equipment 

was calibrated at the start of each experimental session 

using a voltmeter. Filter shapes were checked on a 

spectrum analyser. Stimulus presentation was controlled 

via a Z-2 micro-computer, output was through TDH-49P 

headphones. 

Stimuli 

The probe tone of 2kHz was generated by a Hewlett-Packard 

3325A tone generator. Its level was fixed during the 

procedure at 10dB above threshold. Tone duration was 

400ms, with a rise-fall time of 20ms. it was gated on 

50ms after the start of the masker. Maskers were 500Hz 

wide centered on 1600Hz, 2000Hz, and 2200Hz, generated by 

an IHR Noise Generator. Masker levels varied throughout 

the procedure (see below). Masker duration was 500ms, 

with a rise-fall time of 20ms. Figure 2.3(a) gives the 

spectral representation of the stimuli, and figure 2.3(b) 

gives the temporal structure of the experiment. 
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Figure 2.3(a) Spectral Representation of 
Stimuli for Measurement of the 

Psychophysical Tuning Curve 
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Figure 2.3(b) Temporal Representation of 
Stimuli for Measurement of the 

Psychophysical Tuning Curve 
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Procedure 

Monaural thresholds for the probe tone and masked 

thresholds for the probe tone at lOdBHL were determined 

with an adaptive procedure, using a 3-interval forced 

choice (31FC) paradigm to estimate the 79.4% correct 

threshold. The level of the tone was kept constant. 

Masker level was increased after three correct responses, 

and decreased after one incorrect response. Initial 

step-size was 8dB for the first 3 reversals, and 2dB for 

the remaining 4 reversals. Masked threshold was 

calculated by averaging the masker level at the last 4 

reversals. Differences between the on-frequency and each 

of the two off-frequency masked thresholds were 

calculated to give separate measures of upward and 

downward spread of masking. 

(d) Comparison of Forced-Choice and Clinically 
Determined Thresholds 

Forced-choice threshold determination is more precise and 

criterion-free than that determined by the clinical 

procedure. The 2kHz threshold determined by the 31FC 

method (necessary for PTC investigation) was compared 

with the 2kHz threshold determined by the clinical 

technique (in the pure-tone audiogram). This provided an 

opportunity to test the possibility that, for 

psychometric reasons alone, OADs might produce pure-tone 

thresholds equivalent to those of controls on a clinical 

test while actually having worse hearing, as shown by a 

31FC determination, i. e there might be a subtle 

interaction between cognitive style and implementation of 

the clinical test procedure. 



- 36 - 

(e) Noise Immission Rating (NIR) 

The NIR form is used to classify and quantify past noise 

exposure from three sources: occupational, social, and 

gunshot plus explosives. 

Procedure 

The form was completed in accordance with the protocol 

used in the UK National Study of Hearing - NSH (Davis 

1983b). Individuals are questioned about the nature of 

the noise source(s) to which they have been exposed, 

duration per day over the years, and the use of ear 

protection for any noise they have been exposed to for 

long periods of time that was "loud enough to disrupt 

normal communication". Gunshot is quantified by size of 

gun-bore, the number of rounds fired and the use, or 

otherwise, of hearing protection. The cumulative total 

from each category is calculated resulting in NIR values 

on a 5-point scale, from 0 (no material noise exposure) 

to 4 (extreme noise exposure). 

2.3.3.3 Central/Cognitive Tests 

(a) BKB Audiovisual Test (BKBAV) 

Subjects are presented with sentences audiovisually at an 

adverse auditory S/N ratio, so that the use of visual 

information is required for sentence discrimination. 

Overall score, therefore, reflects the ability to use and 

combine visual information with minimal auditory 

information. 
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Stimuli 

Thirty BKB sentences were video-taped as described in 

McLeod and Summerfield (1987). The particular sentences 

used here were selected from their large corpus of 

reference data on the basis of displaying the largest 

advantages when presented audiovisually as compared to 

auditorily alone. Speech and white noise were recorded at 

a S/N ratio of -16dB. The tape was played to the subject 

at 60dB SL. 

Procedure 

The subject was seated in a sound-attenuated chamber, 

1.5 meters away from a 21-inch (53cm) television screen 

wearing Sennheiser HB414 headphones. After each sentence 

was presented subjects wrote down as much as they had 

understood. The first 10 sentences were run as practice, 

the remaining 20 for the test. The sentences were scored 

as the number of key words (loose) correctly reported out 

of 60. 

(b) Sentence Completion Teat 

The Sentence Completion Test was used to assess an 

individual's ability to build a sentence around a 

partially complete sentence frame. This test is thought 

to test fluency, grammatical knowledge and use of 

contextual information. 
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Stimuli 

The stimuli were 20 sentence frames, 10 of 3 words, 10 of 

4 words. In each sentence two of the words were 

represented by only an initial letter. The subject's task 

was to complete the missing words in order to make a 

grammatically correct sentence. Proper names were 

permitted and subjects were allowed to insert punctuation 

to meet grammatical constraints. For example: 

B........ made T......... 

could have been validly completed as: 

BOB made TEA 

Procedure 

Subjects were instructed to complete the sentences as 

quickly as they could, leaving out any sentences with 

which they were experiencing a complete 'blockage'. They 

were given a time limit of 10 minutes to complete the 

task but were encouraged to give up if they were 

agonising over only 1 or 2 unfinished sentences. In order 

to be scored as correct the sentence simply had to make 

syntactic and semantic sense; the content did not have to 

be pragmatically likely. The number of sentences 

correctly completed after 2.5 minutes was noted, as was 

the total score and completion time (when available). 
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2.3.3.4 Personality-Related Tests 

(a) Crown-Crisp Questionnaire 

This questionnaire is designed to give a profile of 

psychoneurotic personality traits. It consists of six 

personality sub-scales with 8 questions in each, as 

devised by Crown & Crisp (1966). The scales are: - free- 

floating anxiety, phobic symptoms, obsessive symptoms, 

somatic anxiety symptoms, depressive symptoms and 

hysterical personality traits (extroverted neurosis). 

Appendix 2.2 contains the questionnaire. 

Procedure 

Subjects were asked to complete the questionnaire in 

relation to how they generally felt. They completed the 

questions in accordance with the instructions printed on 

the questionnaire. It was emphasised that they should 

answer every question, and that they should not think for 

too long about each. 

2.4 RESULTS 

Univariate analyses were carried out to test for group 

differences between OADs and controls on the many 

variables measured. It is hypothesised that OADs as a 

group will have poorer performance on psychoacoustic, 

cognitive and performance measures, while also having 

more extreme values on tests of personality-related 

factors. Analyses of variance (ANOVAs), t-tests and chi- 
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square analyses were carried out to look at raw group 

differences. Analyses of covariance (ANCOVAs) were used 

to investigate interrelations between certain variables. 

In all cases, where the results of ANCOVAs are reported 

covariates are statistically significant; their effects 

upon the group differences are also reported. 

2.4.1 OAD Status 

OAD status was confirmed in all patients. That is, (a) 

all had pure tone thresholds of less than or equal to 

20dB for the average of both ears at all frequencies up 

to and including 4kHz, and (b) OADs as a group reported 

significantly greater handicap and disability than 

controls for hearing in a variety of circumstances 

(overall disability, t=9.75, p<0.001; handicap, t=13.76, 

P<0.001). 

2.4.2 Psychoacoustic Factors 

(a) Auditory Thresholds 

Mean audiogram (binaural average of thresholds for all 

frequencies tested - AVAUDIO) and mean low-frequency 

audiogram (binaural average of thresholds at 250 and 

500Hz - AVLOW) did not differ significantly between the 

groups. The OAD group did, however, have significantly 

worse thresholds at frequencies of 0.25 kHz and 3 kHz for 

averages of left and right ears and for average high- 

frequency audiogram (binaural average of 3,4, and 6kHz - 
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AVHIGH) (see figure 2.4 and Table 2.2). Pure-tone 

thresholds as determined by the clinical method were 

significantly higher (worse) overall than those 

determined by the criterion-free 31FC for both OADs and 

controls; OADs did not differ from controls in the size 

of this discrepancy. This latter result suggests that an 

interaction of psychophysical method with the subject's 

criterion for making a response is not a factor in OAD. 

Table 2.2 
Means, standard deviations (in brackets) and 

differences between OAD patients and 
controls in pure tone thresholds 

Frequency Mean threshold (dBHL) t p 
(kHz) OADs Controls 

0.25 11.8 7.7 2.32 0.02 
( 6.9) (6.1) 

3.0 10.3 5.5 2.47 0.02 
( 7.7) (6.8) 

AVAUDIO1 10.9 7.9 1.81 0.08 
( 6.8) (4.8) 

AVHIGH2 13.8 9.2 2.68 0.01 
( 8.4) (6.7) 

AVLOW3 9.8 7.5 1.60 0.11 
(6.7) (5.4) 

1 
Mean thresholds for both ears at 0.25,0.5,1,2,3,4, 

6& 8kHz. 
2 

Mean thresholds for both ears at 3,4 & 6kHz 
Mean thresholds for both ears at 250 & 500 Hz 
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(b) Tympanometry 

All OADs were found to have normal middle ear pressure 

and compliance. No further analyses were done with these 

parameters. 

(c) Frequency Resolution 

Somewhat surprisingly, no differences were found between 

OADs and controls on any parameter measured for the PTC, 

i. e on- and off-frequency masked thresholds, the computed 

values corresponding to upward and downward spread of 

masking, or the difference between masked and non-masked 

on-frequency threshold. 

2.4.3 Performance Tests 

(a) PFFIN Test 

OADs performed more poorly on the PFFIN test (t=-2.43; 

p<0.02) than controls. Group differences were 

considerably diminished when AVAUDIO, or AVHIGH, or AVLOW 

were taken account with ANCOVA (columns 2&3 table 2.3). 

This occurred even though, in the cases of AVAUDIO and 

AVLOW, the group differences in the raw covariates were 

not statistically significant. 
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(b) BKEAV Test 

OADs also performed more poorly than controls on the 

BKBAV audiovisual test t=-2.30; p<0.05). Again, AVAUDIO, 

AVHIGH and AVLOW diminished group differences when taken 

into account with ANCOVA (columns 3&4 table 2.3). 

Comparison of the effects on the PFFIN and BKBAV group 

differences for ANCOVA with pure tone thresholds shows 

that group differences in PFFIN score are diminished more 

than group differences in BKBAV score. However, the 

expectation that hearing levels at different frequency 

regions would differentially affect these two tests was 

not confirmed (Table 2.3). There was a significant 

correlation between performance on these two disability 

tests among the OADs (r=0.69; p<0.001); this remained 

significant when partialling for age, hearing level and 

linguistic ability. It indicates that there is a 

dimension of variation in disability within the OAD 

group, i. e some patients perform consistently better than 

others. Such a correlation was not present among the 

control group. This suggests that it might be necessary 

and useful to distinguish those OADs with measurable 

performance disability from those without. 
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Table 2.3 
Differences in percent-correct on the PFFIN and BKBAV 

tests between patients and controls before and 
after partialling for various auditory thresholds. 

Mean difference favours controls over OADs 

Partialled 
Variable 

PFFIN 
mean diff 

P-value BKBAV 
mean diff 

P-value 

None (raw) +5.8 0.02 +12.9 0.03 

AVAUDIO1 +3.7 0.11 +11.3 0.06 

AVHIGH2 +4.3 0.08 +11.6 0.05 

AVLOW3 +4.3 0.08 +12.0 0.04 

1 
Mean thresholds for both ears at 0.25,0.5,1,2,3,4, 

6& BkHz 
2 

Mean thresholds for both ears at 3,4 & 6kHz 3 
Mean thresholds for both ears at 0.25 & 0.5kHz 

2.4.4 Central/Cognitive Tests - Sentence Completion Test 

OADs performed slightly less well than controls on the 

sentence completion task, in that they had acceptably 

completed fewer sentences after 2.5 minutes than had 

controls (mean score at 2.5 minutes: OADs 38.9%, Controls 

46.6%). However, this difference was only on the margin 

of significance (t=-1.82, p<0.07). As a covariate, 

sentence completion is non-significant when used to 

account for group differences on the two performance 

tests (PFFIN and BKBAV), although it does diminish the 

group differences in performance (final p-value after 

taking sentence completion into account with ANCOVA - 

PFFIN: p<0.08; BKBAV: p< 0.13). 
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2.4.5 Personality-Related Tests - Crown-Crisp 
Questionnaire 

OADs were found to be more anxious than controls in their 

levels of free-floating anxiety and phobic anxiety 

(t=1.78, p<0.08; t=2.56, p<0.01), and consequently on an 

equally-weighted combined scale of free-floating, phobic 

and somatic anxiety (t=2.21, p<0.03). This combined scale 

of the three forms of anxiety did not significantly alter 

group differences in performance on either performance 

test (PFFIN or BKBAV). This indicates that the 

personality differences between the groups are largely 

independent of the performance differences. Thus 

individuals might qualify for OAD status on performance 

grounds or personality-related grounds, or both. Anxiety 

level was positively correlated with BKBAV score within 

the patient group (r=0.39; p=0.05), though not among the 

controls. When overall otological history was used as a 

covariate, the group differences in anxiety level were 

completely removed. Thus among this sample and its 

controls, differences in otological history (or at least 

in the tendency to remember and report symptoms) are so 

closely tied to anxiety that it is impossible to separate 

out their role. 

2.4.6 Otological History 

More patients than controls complained of experiencing 

tinnitus and of suffering from earache as an adult 

(X2=7.21, p<0.007; X2=8.93, p<0.003 respectively). In 

addition, there was a greater reported prevalence of ear 

disorder among the families of OADs than among the 

families of controls (X2=5.74, p<0.017). Hence, the 
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combined variable of overall otological history is also 

significantly higher among the patient group than among 
2 

the controls (X=11.40, p<0.002). 

2.4.7 Reported Disability and Handicap - IHR Hearing 

Questionnaire 

As noted in (1) above, OADs reported significantly 

greater disability and handicap than did controls. These 

group differences in self-reported handicap and 

disability were not diminished when anxiety level, 

performance disability, hearing levels and otological 

history were taken into account, either independently or 

combined, in an ANCOVA. Self-rated disability was 

significantly correlated with anxiety level among the OAD 

group (r=0.64, p=0.002), but not among the controls. 

2.5 DISCUSSION 

2.5.1 Determinants of OAD Status 

OADs performed less well than controls on the two 

disability tests (PFFIN and BKBAV). This presumably 

contributes to the patients' self-reported handicap and 

disability. However, this true performance deficit does 

not completely explain patients' reported 

disability/handicap, as is shown by the fact that group 

differences in reported disability/handicap were not 

diminished when PFFIN score was incorporated as a 

covariate. 
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2.5.2 Psychoacoustic Factors 

(a) Pure Tone Thresholds 

By definition and by selection, OAD patients have 

audiograms within 'normal' limits. They do, however, have 

on average slightly worse thresholds than controls at all 

frequencies, and significantly worse thresholds at 

frequencies of 250Hz and 3KHz. These two significantly 

differing frequencies are not usually tested during a 

routine clinical audiogram. It is not likely that these 

non-standard frequencies have particular weight in 

determining self-rated and/or performance disability, but 

the finding does show that some patients have worse 

hearing than others within the 'normal' range. Inclusion 

in the study is based on 'normal hearing' at a subset of 

frequencies. Some patients therefore qualified who would 

not have done so had other frequencies been used to 

decide inclusion. This type of selection artifact is 

unavoidable in any study where a cut-off is imposed upon 

a subset of variables. The finding implies that during 

stage II, thresholds for all frequencies should be 

measured. 

(b) Frequency Resolution 

It is surprising that there were no group differences in 

frequency-resolving ability in view of past work relating 

speech discrimination to frequency resolution (Tyler et 

al, 1982a; Lyregaard, 1982) and in view of the specific 

findings of Pick & Evans (1983) and Narula & Mason 

(1988). The controls in the latter study, however, were 

all young, unlike the patients themselves, and the 

abnormalities of shape obtained included abnormalities 
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additional to a loss of tuning. This null finding at 2kHz 

does not rule out abnormalities of frequency resolution 

in OAD, possibly the use of an alternative measure or 

measurement at a different frequency might have given 

results more in line with past work. This finding was 

borne in mind when chosing the psychoacoustic tests for 

stage II. More important than this null finding, however, 

are the many positive results which clearly demonstrate 

that frequency resolution can only be one component of 

the OAD syndrome. 

2.5.3 Performance Factors 

The demonstration of a performance deficit among the OAD 

group on both the PFFIN and BKBAV tests shows that the 

syndrome is not purely personality-related, and that at 

least some patients have a measurable basis for their 

complaints. This implies that present audiometric and 

other clinical assessments, (such as those used by Pick & 

Evans, 1983; Earl et al, 1987; Narula & Mason, 1988 with 

their OAD-like patients) are not sufficiently sensitive 

to minor, but genuine, performance deficits. Group 

differences in PFFIN and BKBAV scores were reduced, 

although not completely removed, when hearing levels were 

taken into account with ANCOVA. This finding shows that 

auditory factors, shown here as reduced sensitivity, 

contribute some of the performance disability in OAD. 

However, the psychoacoustic factors measured here did not 

entirely explain this performance deficit. It suggests 

that other psychoacoustic abilities should be measured in 

stage II of the study. 
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Although patients performed less well than controls on 

the BKBAV it is unlikely that a lipreading deficit is the 

major reason for this, for two reasons. First, if 

lipreading ability were the main explanation for 

performance on the BKBAV test one would have expected no 

diminution in group differences when incorporating high 

frequency sensitivity as a covariate, but a large 

diminution in group difference when incorporating low- 

frequency sensitivity. This expectation arises because 

high-frequency auditory information is facially visible; 

hence the auditory information becomes redundant. On the 

other hand, low-frequency information is not facially 

visible; hence the auditory information becomes valuable 

(Summerfield, 1987). The results here showed no 

differences when incorporating high- or low-frequency 

sensitivity as a covariate. This is probably in part 

because the group difference in AVLOW is not 

statistically significant. However, this cannot be the 

only reason, since as a covariate of the performance 

tests AVLOW is significant. Second. the scores on the 

PFFIN and BKBAV tests were highly correlated within the 

OAD group, implying that there are common factors 

determining the patients' performance upon them. 

Linguistic ability is one factor they have in common, 

since the group differences in performance are 

diminished, although not completely removed, when 

sentence completion score is taken into account as a 

covariate. Linguistic skill possibly acts upon 

performance ability by enabling the use of top-down 

processing when bottom-up processing is insufficient, 

such as in the presence of background noise (This is 

discussed further in section 3.3.4.3(b). ) During stage 

II, then, it is necessary to use a measure of lipreading 

that can differentiate between a general performance 

deficit influenced by linguistic skill, and a pure 
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measure of lipreading ability, not confounded by other 

factors. 

2.5.4 Personality-Related Factors 

OADs were found to be slightly more anxious than 

controls, although actual performance was independent of 

anxiety. It would therefore seem that anxiety influences 

OAD status by enhancing patients' concern about their 

general health or specifically about otologically-related 

factors (see 2.5, below); anxiety may hence have prompted 

the seeking of medical investigation. Surprisingly, 

anxiety level is positively correlated with performance 

on the BKBAV test within the patient group. This probably 

reflects general arousal and motivation during the test, 

rather than an effect of anxiety on audiovisual ability 

per se. 

2.5.5 Otological History 

A history of past otological disorder plays a role in 

differentiating the two groups, with OAD patients having 

a higher incidence of current and past disorder. This 

probably acts to increase the likelihood of seeking 

medical advice for a given level of current symptoms. 

However, when otological history is taken into account 

with ANCOVA, group differences in anxiety level are 

removed. There are at least three possible 

interpretations of this finding: first, that anxiety 

enhances a patient's awareness of his or her hearing and 

any possible dysfunction of it. Second, that the report 
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of a history of otological (or any other) problems is 

made more likely by an anxious personality. 

(Independently confirmed histories were not a practical 

possibility, so there is no good evidence for this). 

Third, that the patient's anxiety influences the strength 

with which symptoms are described, which then increases 

the likelihood of referral by the general physician. 

Although it cannot be conclusively demonstrated here, the 

first of these possibilities is the more likely, 

particularly in the light of past research (Gochman & 

Saucier, 1982) showing that anxiety influences an 

individual's perceived vulnerability to illness. These 

interpretations in terms of anxiety and history may 

contribute to the presence of OAD patients in the clinic, 

but cannot be associated with their actual performance 

deficit. 

2.6 SUMMARY AND CONCLUSIONS 

In summary, OAD patients as a group have a degree of 

performance disability, which can in part be explained by 

a combination of minor auditory dysfunction (here showing 

as slightly elevated pure-tone thresholds) and poor 

linguistic ability. This performance deficit alone is too 

small to explain the high level of disability and 

handicap reported by OAD patients. Self-reported 

disability is determined by anxiety level. Anxiety level 

and overall history of otological disorder are also 

inter-related. Hence, a history of otological disorder in 

conjunction with an anxious personality type partly 

explains the presentation of OAD patients at the clinic. 
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These findings show that as hypothesised at the start, 

OAD is a complex multifactorial problem, with no single 

underlying characterising factor. Figure 2.5 summarises 

the relationships and their interactions as described in 

the text above. The solid lines depict relationships 

demonstrated by this study; the broken lines depict 

relationships that remain hypothetical. 

2.7 IMPLICATIONS FOR STAGE II 

The many positive findings from this small study of 

twenty patients demonstrate that the test battery 

approach is useful for investigating the OAD syndrome, 

and that a similar approach should be taken in stage II. 

The finding that as a group OAD patients do have a 

performance deficit implies that it would be valuable to 

investigate other factors that potentially influence 

speech discrimination in noise, such as temporal 

resolution and selective attention skills. Also in stage 

II a different measure of frequency resolution should be 

incorporated in the test battery, since past work has 

shown frequency resolution to be relevant to OAD, as 

should a measure of lipreading that is not confounded by 

linguistic factors. 
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CHAP TER 3 
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3.1 INTRODUCTION 

This chapter describes the methodology and results of 

stage II of the OAD study. It includes further evidence 

to support the multifactorial model suggested by stage 1, 

and the data from which the clinical test package was 

devised. The number of parameters measured requires that 

the results section is necessarily detailed and long. The 

clinical or general reader might, therefore, find it 

profitable to read only sections 3.5.1 and 3.5.2.1 of the 

results section and then proceed to later chapters. 

Stage I of the project demonstrated that the OAD syndrome 

is multifactorial, and gave a general impression of the 

important factors, but the subject numbers were too small 

to quantify their relative importance. The aim of stage 

II was to test a larger number of subjects so that the 

relative importance of each factor could be quantified, 

and to test additional factors, potentially important in 

OAD. The test battery of stage II was structured in the 

same general way as that for stage 1. The findings from 

stage I were used to determine which tests were added, 

omitted or improved. In the following section I describe 

in detail the rationale with which the stage II tests 

were chosen. They are listed in Table 3.1 in the 

'methods' section. 
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3.2 DETERMINATION OF THE STAGE II TEST BATTERY 

3.2.1 Psychoacoustic Measures 

In stage I OAD patients were found to have a measurable 

performance deficit that was not entirely due to pure 

tone sensitivity nor frequency resolution (as measured by 

the PTC). This justified inclusion of different 

psychoacoustic tests to those investigated in Stage I. 

These tests are discussed below. 

(a) Frequency Resolution 

Past research, reviewed in chapters 1 and 2, highlights 

the importance of frequency resolution for discrimination 

of speech-in-noise. It was therefore surprising to find 

that OAD patients as a group did not differ from controls 

in the shape of their PTC, and hence, in their 

frequency-resolving abilities. However, the shape of the 

auditory filter derived from the PTC technique is 

confounded by two factors. First, the technique does not 

well differentiate between the frequency selectivity of 

an individual's auditory system and the 'internal noise' 

or 'processing efficiency' of that system. The PTC 

technique assumes that the general processing efficiency 

of the auditory system is fixed for all frequencies and 

signal levels, and that it can be corrected for by adding 

a constant to all masked thresholds, whether they arise 

from on- or off-frequency maskers. However, if the 

processing efficiency were in part peripheral, processing 

efficiency might differ between on- and off-frequency 

conditions. These differences are not accounted for in 

the measurement of a PTC. 
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The second confounding factor is that of off-frequency 

listening (Patterson, 1976). During processing of a 

signal in noise it is assumed that the subject listens to 

the output of the auditory filter giving the best S/N 

ratio. Under most conditions this will be the filter 

centered at the signal frequency. However, due to the 

shape of the auditory filter, the S/N ratio output may be 

higher at filters not centered on the signal frequency 

for certain shaped maskers. Performance will be improved 

by listening through these off-frequency filters, by the 

process known as off-frequency listening. Patterson 

(1976) devised a technique for measuring frequency 

resolution that restricts off-frequency listening by 

masking above and below the centre frequency. It is known 

as the "notched-noise technique". The width of an 

auditory filter is estimated by determining the masked 

threshold of a signal of interest, in the presence of a 

masker with a notch of varying width centered at this 

frequency. The technique works on the principle that a 

high level of signal is required when the notch is 

narrow, since almost all the noise will pass through the 

auditory filter; however, as the width of the notch is 

increased, signal threshold decreases, because less noise 

passes through the filter located at the signal 

frequency. By differencing thresholds for maskers 

containing notches of differing bandwidths, a measure of 

frequency resolving ability is obtained. This 

differencing technique distinguishes between the 

frequency selectivity and the processing efficiency of 

the auditory system. Patterson et al (1982) report that a 

one-point estimate of filter width can be made with this 

technique. It requires measurement of just two 

thresholds, one in the presence of a masker with no 

notch, the other in the presence of a masker with a notch 

that must be narrower than a 'normal' auditory filter. 
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The difference in masked thresholds for the notch and 

no-notch noise maskers are greater for narrower auditory 

filters than for wider ones. Figure 3.1 gives a 

diagrammatic representation of this. Patterson et al 

showed that this one-point estimation is sensitive, 

reliable and quick. This test was used in preference to 

the PTC to measure frequency resolution. 

(b) Temporal Resolution 

An individual requires the ability to analyse rapid 

changes in a waveform in order to distinguish different 

speech sounds, and hence to process speech successfully. 

This analysis is known as temporal resolution. Good 

temporal resolution ability is especially important for 

the processing of speech in noise, for which it is 

necessary to distinguish between the temporal ordering of 

the speech and noise signals. Temporal resolution ability 

can be assessed with a variety of methods (see Moore, 

1985 for review), measurement of gap detection thresholds 

is the most straight forward of them. The subject is 

presented with at least two long-duration signals, one of 

which has in it a short silent interval, or temporal gap; 

this signal must be identified by the subject. The gap 

detection threshold is defined as the shortest duration 

gap the subject can identify. It is unclear exactly where 

within the auditory system temporal resolution takes 

place. Work with normally-hearing listeners suggests it 

is a peripheral process, as seen from the finding that 

gap thresholds vary with the centre frequency of the 

signal. The threshold becomes longer as frequency 

decreases (e. g. Shailer & Moore, 1983). This is thought 

to be due to the temporal response of the auditory 

filters. At low frequencies, where auditory filters are 



Figure 3.1 Diagrammatic Represenatation 
of the additional Masking due to 

Widened Auditory Filters 

NOISE NOISE 

Dotted region depicts masking that would 
occur with an auditory filter of 'normal' width 

Vertical shading depicts the additional masking 
that would occur with a 'widened' auditory filter 
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comparatively narrow, the signal continues to 'ring' in 

the auditory filter after the signal has ceased; this 

ringing partially fills in the brief gap. At higher 

frequencies, where the auditory filters are comparatively 

wide, there is less ringing after the signal offset, and 

so gap thresholds are shorter. Work with the hearing- 

impaired, however, suggests central influences on 

temporal resolution, as follows. First, temporal 

resolution in sensorineurally-impaired listeners is worse 

than in normally-hearing listeners (Fitzgibbons & 

Wightman, 1982; Tyler et al, 1982b). If temporal 

resolution were of purely peripheral origin these 

listeners might be expected to have better than normal 

temporal resolution, mediated through their widened 

auditory filters. Second, individuals with cerebral 

injury (Lackner & Teuber, 1973) and lobectomised patients 

(Efron et al, 1983) show reduced temporal resolution in 

the presence of normal thresholds, as do individuals with 

retrocochlear losses (Zwicker & Schorn, 1982). Moore 

(1985) suggests that temporal resolution is probably 

associated with centrally-based function, and that in 

sensorineural listeners this impairment is sufficient to 

outweigh any improvement that might have resulted from a 

broadening of the auditory filters. Studies of the 

relationship between temporal resolution and speech-in- 

noise comprehension are somewhat equivocal. Tyler et al 

(1982b) showed high correlations between gap detection 

and speech perception in noise, even after the effects of 

pure tone sensitivity had been removed. Tompkinson (1985) 

found gap detection at 4kHz to correlate with speech 

discrimination ability, but once high-frequency 

sensitivity had been taken into account this relationship 

disappeared. On the other hand, Festen & Plomp (1983) 

found no correlation between temporal resolution and 

speech perception, nor did Lutman & Clark (1986). 
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Nevertheless, it was decided to measure frequency 

resolution ability in stage II as a possible explanation 

for the measurable disability of OAD patients. 

(c) Binaural Hearing 

In stage I OADs performed more poorly than controls on 

the PFFIN test, but the psychoacoustic factors measured 

were unable to fully explain the deficit. The special 

recording of the test (see section 2.3.3.1(c)) means that 

binaural cues are necessary for good performance. A 

possible explanation for patients' poor performance, 

therefore, might be a deficit in these skills. This could 

explain why the studies by Pick & Evans (1983, Earl et 

al (1987) and Narula & Mason (1988) failed to find a 

performance deficit for speech-in-noise among their OAD- 

like patients. Binaural hearing cues are used mainly for 

sound localisation. This is particularly important for 

the processing of speech in noise, which requires the 

ability to distinguish between the signal source and the 

noise source by locating their respective positions in 

space. This is done by comparing information arriving at 

the two ears, i. e by binaurally differentiating and 

integrating the different aspects of the sound. Two types 

of information are used for this: (1) the difference in 

the time of arrival of the sound at each ear, and (2) the 

difference in intensity of the sound at each ear. Stevens 

& Newman (1936) were the first to fully separate these 

two mechanisms, by showing that one operates at high 

frequencies and one at low. Sandel et al (1955) confirmed 

that intensity differences are the cues used to locate 

high frequency sounds, while phase differences are used 

to locate low frequency sounds. These findings have since 

been reproduced (e. g. Yost et al, 1971). 
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A second phenomenon of binaural hearing, partly related 

to localisation abilities, is that of the binaural 

masking level difference (BMLD). It reflects a process by 

which interaural time and intensity differences, as 

mentioned above, are used to extract a signal from noise. 

The phenomenon was first reported by Hirsh (1948) and 

Licklider (1948). The BMLD is a measure of an improvement 

in detectability of a signal which can occur under 

specific binaural listening conditions. (A non-BMLD 

improvement in detection arises by summation when 

identical signal and noise are presented to the two 

ears). Although there are other conditions that generate 

BMLDs, the BMLD is most generally defined as the 

difference in threshold of the signal for the case where 

the signal and masker have the same phase and level 

relationships at the two ears, and the case where the 

interaural phase relationships of the signal and masker 

are reversed (Moore, 1977). Research shows that BMLDs are 

smaller than normal in cochlea-impaired listeners (Hall 

et al, 1984; Quaranta & Cervellera, 1974), in patients 

with Meniere's disease and in eighth nerve tumour groups 

(Olsen et al, 1976), and in aphasic children (Rosenthal & 

Wohlert, 1973). In order to study binaural processing 

abilities BMLDs were measured in stage II. 

(d) Evoked Otoacoustic Emissions (EOEs) 

Kemp (1978) demonstrated that acoustic signals, thought 

to originate in the cochlea, could be recorded from the 

ear canal. He referred to them as 'acoustic emissions'. 

Three major types of emission have been measured: (1) 

spontaneous emissions that occur without external 

stimulation, (2) distortion product emissions that occur 

after stimulation with two continuous tones of similar 
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frequency, f1 and f2. (the emitted sound is at 

intermodulation frequencies, such as f1+f2, or 2f1-f2); 

and (3) evoked emissions, after stimulation by a click or 

tone burst. It has been shown that emissions cannot be 

evoked from ears with hearing impairments of greater than 

about 20dBHL (Kemp, 1986; Probst et al, 1987; Lutman & 

Fleming, 1988). (For further information see the review 

by Cope & Lutman (1988). ) Since evoked otoacoustic 

emissions seem to be a sensitive indicator of mild 

cochlea impairment they were measured in stage II of this 

study. 

(e) Diminished Pure Tone Sensitivity at 'Unconventional' 

Frequencies 

In stage I OAD patients were found to have significantly 

poorer pure tone sensitivity at frequencies of 3& 6kHz, 

these frequencies are not conventionally tested in the 

clinic. These frequencies, plus others not conventionally 

tested (125,750 & 1500Hz) were measured during stage II. 

3.2.2 Cognitive/Central Measures 

(a) Lipreading Teat 

In stage I OADs performed more poorly than controls on a 

test of audiovisual ability. However, even after analyses 

of covariance, it was not possible to be certain whether 

this performance deficit was due to poor lipreading 

ability per se, or whether it was due to a more general 

performance deficit, probably influenced by a combination 
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of auditory, visual and linguistic factors. OADs also 

were marginally poorer at the test of linguistic 

processing than controls. It is necessary, then, to 

assess lipreading ability independently of linguistic 

ability. McLeod & Summerfield (1987) postulate a 3-stage 

model of audiovisual speech perception, involving 

auditory analysis, visual analysis and linguistic 

analysis. The model postulates that during audiovisual 

perception, visual and auditory analyses proceed 

independently of each other, but that linguistic 

processing ability is involved in both. A true measure of 

visual benefit during audiovisual presentation requires 

that the confounding effects of linguistic ability on 

auditory and visual analysis are removed. McLeod (1988) 

devised an audiovisual test that fulfills this 

requirement, in which speech reception thresholds in 

noise (SRTNs) are measured under auditory-alone and 

audiovisual presentation. The improvement in performance 

during the audiovisual presentation over auditory-alone 

presentation gives a measure of visual benefit that is 

not confounded by linguistic ability. This test was 

therefore used in place of the BKBAV to investigate the 

hypothesis that OAD patients are poorer lipreaders than 

controls. 

(b) Linguistic Processing 

OADs performed more poorly than controls on the sentence 

completion test in stage I. This test measured ability to 

generate whole sentences from sentence frames. Various 

factors, such as vocabulary size, syntactic ability, use 

of contextual clues and power of imagination could all 

have influenced scores on this test. In stage II it was 

decided to investigate just one of these factors - the 
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use of linguistic context. The rationale behind this was 

as follows. There are two components to language 

processing, top-down and bottom-up. In bottom-up 

processing, the listener analyses the constituents of a 

sentence in the order of their acoustic input and hence, 

relies mainly on the acoustic content of the speech. In 

top-down analysis the listener accesses additional 

linguistic knowledge to constrain, and even potentially 

determine, what has been said. Final decisions about the 

content of the speech are not necessarily made in the 

order of input of its elements. The listener uses at 

least three levels of information concurrently to arrive 

at the content of the speech: syntactic constraint, 

semantic constraint, and a hierarchy of its likely 

content, given a knowledge of the topic/social situation 

etc. Past research has demonstrated that contextual 

information is used during speech processing. First, 

Tyler & Wessels (1983,1985), using a gating paradigm, 

showed that the isolation point of a word (the point at 

which the word is correctly identified) comes sooner as 

semantic and syntactic constraints become greater. They 

also found that semantic constraints influence the 

isolation point more than do syntactic constraints. 

Secondly, using a sentence-shadowing technique, Marslen- 

Wilson (1973,1975) showed that close shadowers (who are 

able to shadow a spoken sentence at a latency of just 

250ms -a lag of approximately one syllable) can shadow a 

passage of normal prose significantly more quickly than 

when the sentence is semantically uninterpretable. They 

found shadowing latency was increased further still when 

the passage was both syntactically and semantically 

uninterpretable. In addition they found that mistakes 

made during shadowing of normal prose were, in 98% of 

cases, substitutions with a word both semantically and 

syntactically congruous with the prior input. In other 
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words it appeared that the subject was using prior 

context to help in responding. Thirdly, the use of 

context has been shown during sentence monitoring 

experiments (Marslen-Wilson & Tyler, 1975,1980), during 

which the subject's task is to monitor a sentence for a 

specified word, or category of word, and then to respond 

to that word as quickly as possible. Marslen-Wilson & 

Tyler showed that monitoring time decreases as contextual 

constraints upon the sentence and upon the target word 

are increased. 

The relative importance of top-down analysis in speech 

processing increases as the acoustic signal becomes less 

well defined. Miller et al (1984) and Garnes & Bond 

(1976) demonstrated this by altering the voice-onset- 

times (VOTs) of the stop-consonants of pairs of words. 

Under some conditions the words were acoustically very 

dissimilar, while under other conditions the words were 

acoustically very similar and hence, ambiguous. They each 

showed that when the acoustic signal was unambiguous (i. e 

the VOT was at extremes of length) the surrounding 

sentence did not affect word identification, but when the 

word became ambiguous, due to an intermediate length of 

VOT, the surrounding sentence did affect word 

identification. 

In order to investigate the possibility that OADs are 

poorer than average at using contextual information for 

language processing a sentence monitoring task replaced 

the sentence-completion test of stage 1. 
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(c) Dichotic Listening Test 

The term dichotic refers to the simultaneous presentation 

of two different auditory signals, one to each ear of the 

listener. The test procedure usually measures performance 

under one of three conditions: (1) report of right ear 

input only, (2) report of left ear input only or (3) 

report of input to both ears. The former tasks require an 

ability to selectively attend to one stimulus, the latter 

task requires an ability to divide attention efficiently 

between two stimuli. Both tasks also require perceptual 

skills, memory and binaural separation abilities, with 

performance on the divided condition also limited by 

overall processing capacity of the system (Kahneman, 

1973). Right-handed individuals (and some left-handed 

individuals) are usually found to perform better with the 

right ear than with the left on language-based dichotic 

listening tasks (e. g. Kimura, 1961). This right ear 

advantage is thought to arise because the left hemisphere 

of the brain, with a direct dominant pathway to the right 

ear, is specialised for linguistic processing (see 

Springer & Deutsch, 1985 for review). As pointed out by 

Repp (1977), however, right ear advantages for the 

processing of language are dependent on the material and 

task employed. It is only during particularly difficult 

tasks, and tasks with interaural competition that strong 

right ear advantages emerge (Darwin & Baddeley, 1974). 

Dichotic listening ability might reveal a minor 

linguistic disorder in OAD patients in one or both of the 

following ways. Firstly, overall performance might suffer 

in a language-disordered individual once the task becomes 

taxing (as in the divided attention condition), because 

of the limited capacity of the central processing system. 

This implies that when a task requires more processing 
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capacity in terms of effort than that available, 

performance on that task will deteriorate. A language- 

disordered individual, who needs more effort on baseline 

conditions for language processing than a normal 

individual, will reach the limit of their capacity sooner 

and hence perform less well on a taxing task than a 

normal individual (see Butler, 1983 for discussion). The 

divided condition can provide these taxing conditions. 

Secondly, the right ear advantage for language processing 

during dichotic listening tasks might not exist in 

language-disordered individuals, due to breakdown in 

certain areas of the brain. Bamford & Saunders (1985) 

suggest this is the rationale behind the use of dichotic 

tests in assessment of central auditory dysfunction. For 

these reasons a dichotic listening test was incorporated 

into the stage II test battery. 

3.2.3 Performance Measures 

(a) PFFIN Text 

In stage I OADs were found to perform less well than 

controls on a test of speech-in-noise. This test was run 

using a fixed-difficulty procedure. That is, performance 

was measured in terms of the percentage of sentences 

correctly reported at a fixed level of difficulty. 

However, this type of procedure does not permit 

interpretation of contrast between different pairs of 

scores, because the percent scale is not necessarily an 

interval scale. For example, it is not possible to be 

sure whether the difference between 70% and 80% is 

approximately equivalent to that between 30% and 40%. 

Second, a fixed-difficulty measure is complicated by 
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floor and ceiling effects, and hence different test 

materials or different test conditions are required when 

investigating individuals of widely differing abilities. 

Adaptive testing procedures overcome these problems by 

fixing the percent-correct that is scored and altering 

some universal metric, such as S/N ratio; hence the level 

of difficulty of the test can be altered on an almost 

unlimited scale. For these reasons the PFFIN test was 

modified for stage II to enable the use of an adaptive 

procedure. 

Despite the well-known advantages described above, only 

in recent years have adaptive procedures become popular 

in audiological speech tests (e. g Plomp & Mimpen, 1979; 

Laurence et al, 1983; Bronkhorst & Plomp, 1988; McLeod, 

1988). One probable reason is the difficulty involved in 

constructing sentence material for the test. An adaptive 

procedure requires that items within the test are of 

equivalent difficulty, because the presentation level of 

each item is determined by performance on, and therefore 

the difficulty of, the preceding item. If this does not 

hold, the threshold estimate will unstable and 

inaccurate. Correction factors can be applied to each 

sentence after the test to correct for deviations in 

difficulty (Laurence et al, 1983). However, this method 

is inconvenient and it does not account for the bias that 

arises through the relationship of one sentence to 

another during testing. Plomp & Mimpen (1979) developed a 

set of Dutch sentence lists in which individual sentences 

were shown to be of equal difficulty. McLeod (1988) 

developed English sentence lists in the same way for her 

test of lipreading ability. Modified BKB sentence lists 

were used as stimuli for this version of the PFFIN test. 
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Self-Assessed versus Measured Speech Discrimination 

Ability 

In stage I OAD patients were found to have a genuine 

performance deficit for speech comprehension in noise. 

However, this deficit was too small to explain their 

reported disability/handicap. This might arise because 

patients genuinely believe their hearing ability to be 

worse than it really is. As mentioned in chapter 2.2.1(a) 

self-assessed auditory disability is conventionally 

measured in the form of responses to a questionnaire, 

while actual disability is measured with some type of 

performance test. Individual differences in the 

relationship between the two measures could be difficult 

to interpret, since the units and methods of measurement 

are radically different. The discrepancy might reflect 

genuine misperception on the part of the listener about 

his/her own hearing ability. On the other hand it might 

reflect general inappropriateness of the performance test 

or misinterpretation of the questions. A well-controlled 

way to investigate the former possibility, without the 

confounding effects of the latter two, would be to 

measure self-assessed disability and actual disability 

using the same test materials that provide results in the 

same units of measurement. The PFFIN test was modified to 

run under a self-assessment condition, as well as the 

performance measurement condition. 
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(b) Four Alternative Auditory Feature Test (FAAF) of 
Speech in Quiet 

Speech audiometry in quiet is routinely carried out in 

many audiology clinics. Many of the OAD patients referred 

to IHR were described as having normal scores on a 

clinical test of speech-in-quiet by their referring 

consultant. It was felt nothing would be gained by 

replicating these findings using a conventional test of 

speech-in-quiet, but that it would be of interest to 

learn whether, in comparison to controls, OADs did show a 

deficit for discrimination of speech-in-quiet on a 

sensitive test, as well as showing a deficit for 

discrimination of speech-in-noise. Most tests of speech- 

in-quiet strongly reflect pure tone sensitivity (see 

Noble, 1978 for review). The Four Alternative Auditory 

Feature (FAAF) test, however, developed by Foster & 

Haggard (1979), has been shown to be sensitive to other 

types of minor psychoacoustic disability. It was, 

therefore, incorporated into the test battery as a 

sensitive measure of speech discrimination in the absence 

of noise. 

3.2.4 Tests Carried Over from Stage I 

In addition to these tests, results of stage I showed the 

OAD interview, the IHR hearing questionnaire and the 

Crown-Crisp Questionnaire to be valuable in 

characterising OAD. Hence these were re-used in stage II. 
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3.3 METHODS 

3.3.1 Setting up of the OAD Clinic 

In order to gain access to large numbers of patients a 

'Special Investigative Clinic' was set up at the 

Institute of Hearing Research in Nottingham to serve ENT 

departments in the Trent Health Region. Each ENT 

consultant in the region (n = 33) was sent an 

introductory letter defining OAD, explaining the aims of 

the study and informing them about the clinic. They were 

given details of the type of patients that should be 

referred and informed that patients should have 

undergone, and proved normal upon, basic 

audiological/otological investigation in the ENT 

department. The letter and enclosures are in appendix 

3.1. 

The experimenter then contacted all referred patients by 

letter. The letter made clear the dual purpose of the 

clinic (i. e an audiological service in conjunction with a 

research element). After investigation patients were 

given an explanation of the findings, basic 

counselling/reassurance and advice about the problem. The 

referring consultant was sent a detailed report of the 

findings, and, when appropriate, given advice about 

patient follow-up. Appendix 3.2 contains an example of a 

patient report. 

The running of a clinic in this way had three advantages 

over a more informal arrangement: 

(1) Adequate numbers of patients became accessible over a 

short period of time, relative to the fairly low 
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prevalence and incidence of the condition. 

(2) Patients attending the clinic were of varied age and 

socio-economic group, probably because the patients 

themselves expected to benefit from the clinic. Possibly 

any bias towards a highly educated and mobile group would 

have been greater had the project been run only on a 

purely research basis in a university. 

(3) It enabled an assessment of patients' and 

consultants' satisfaction with the testing and 

counselling procedures. This information was valuable 

when deciding elements of the test package to recommend 

for clinical use. 

3.3.2 Subjects 

OAD patients were referred to the Special Investigative 

Clinic by consultants in the Trent Health region. It was 

required that they all fit the criteria set out in a 

circular sent to each consultant. Any patients later 

found not to fit these criteria were omitted from 

analyses. They were, however, given appropriate clinical 

investigation at the Institute, and were followed-up. 

Appendix 3.3 contains an example of a case report of a 

patient visiting the clinic who was excluded from the 

analyses. Of 79 patients referred, 18 did not wish to 

attend or did not reply to our letter, 11 did not fit our 

criteria and so were excluded from the analyses, leaving 

50 patients in the final sample. For each patient one 

control volunteer, matched for age, sex, educational 

level and noise exposure was tested. This group consisted 

of recontacted controls from stage 1, personal friends of 
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the controls and respondents to adverts placed in various 

locations around the city of Nottingham. Both patients 

and controls received travel expenses, in addition 

controls received payment for taking part. It is realised 

that these controls might not be wholly representative of 

the general population in all personality-related 

factors; (Rosnow & Rosenthal (1970) review the 

characteristics of volunteers). However, their 

willingness to volunteer can justifiably be seen to 

parallel the willingness of OAD patients to attend the 

clinic, and would therefore reduce the differences. 

3.3.3 General Procedure 

As in stage 1, subjects were given standard verbal 

instructions by the investigator before each test and 

there was a written summary of each test available to 

them in the test room. (Test instructions may be found in 

appendix 3.4. ) Testing was carried out in a single 

session for the vast majority of individuals. In the case 

of a few controls, testing took place over two sessions. 

The whole procedure lasted 4 hours, this included a 

tea/lunch break of approximately 20 minutes. To minimise 

the influence of fatigue effects, the order of tests was 

kept the same for all subjects. Tests of similar nature 

were interspersed with tests of a different nature so 

that a subject did not remain in one testing room for 

longer than 30 minutes at a time. The tests are listed in 

table 3.1 in their order of administration. 
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Table 3.1 

OAD Interview 

Summary of the Stage II Test Battery 

Pure Tone Audiogram 

Notch-Noise Filter 
Shape 

Otoacoustic Emissions 

Self-assessed PFFIN 

Performance PFFIN 

Sentence Monitoring 
Test 

Noise Immission 
Rating 

IHR Hearing 
Questionnaire 

Crown-Crisp Q. aire 

BMLD 

FAAF Test 

Lipreading Test 

Dichotic Listening 

Gap Detection Task 

As for stage I, with addition 
of: somatic anxiety and 
self-confidence ratings 

Pure tone threshold 
determination 

Frequency resolution ability 

Minor peripheral dysfunction 

Measure of SELF-RATED hearing 

ability 

Measure of ACTUAL hearing ability, 
also for comparison with above 

Use of context in linguistic 
processing 

Quantification of noise 
exposure 

Self-rated auditory disability 
and handicap 

Personality inventory 

Central binaural integration 

Measure of speech in quiet 

Measure of lipreading ability 

Central processing ability 

Temporal resolution 
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3.3.4 Test Battery 

3.3.4.1 General Tests 

(a) + (b) The OAD Interview and the Hearing questionnaire 

These were administered as in stage 1 (section 2.3.3.1(a) 

& (b)) . 

(c) Adaptive PFFIN Teat - Self-Assessed and Performance 
Conditions 

Speech discrimination in noise involves, among other 

factors, frequency and temporal resolution and the use of 

binaural cues in order to locate the speech source. To 

date, the test that best reconciles listening in a real 

environment with experimental control is the Pseudo- 

Free-Field Speech-in-Noise test, described in section 

2.3.3.1(c) and in Gatehouse (1988). The PFFIN test used 

in stage I was modified in stage II in order to test the 

following three hypotheses about OAD: 

(1) Patients have a performance deficit for speech 
comprehension in presence of any type of background 
noise. 

(2) Patients have a performance deficit for speech 
comprehension only in the presence of other speech. 

(3) Patients mis-judge their hearing ability, perceiving 
it to be worse than it really is, regardless of 
their actual performance ability. 



- 75 - 

The PFFIN test from stage 1 was altered in the following 

four ways: 

(a) The test was run adaptively, rather than at a fixed 

S/N ratio. An explanation and the benefits of adaptive 

testing is given in section 3.2.3(a). Adaptive testing 

required the preparation of four new lists of the BKB 

sentences, so that sentences within, as well as between, 

lists were of comparable difficulty. The new lists were 

compiled from the original BKB lists that were used in 

stage 1 (Appendix 3.5 gives details of the preparation of 

these new lists). 

(b) The test was re-recorded replacing the speech-shaped 

noise masker in stage I by two maskers -a white noise 

masker and a backwards speech babble masker. This enabled 

a test of hypotheses (1) and (2). 

(c) The test was re-recorded under different spatial 

conditions from those in stage I. The speech and noise 

signals were symmetrical, rather than asymmetrical, 

around the head (figure 3.2). This simplification was 

felt to be suitable, because the results of stage 1 gave 

no indications of ear asymmetries in OAD, neither in the 

sense of there being consistent subjective reports of one 

ear being worse than the other, nor in the sense of a 

measurable asymmetry on any of the psychoacoustic tests. 

(d) The test was run in two conditions -a 'self- 

assessed' condition, in which a self-assessed speech- 

reception threshold (SSRT) was obtained, and a 

'performance' condition, in which a performance speech 

reception threshold (PSRT) was obtained. The SSRT is a 

measure of the listener's perceived hearing ability for 

speech-in-noise. The PSRT is a measure of the listener's 
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actual hearing ability for speech-in-noise. Comparison of 

the PSRT with the SSRT enabled hypothesis 3 to be tested. 

Stimuli and Test Preparation 

(i) SSRT Condition 

8 original BKB sentence lists (3,7,10,11,13,14,15,16) 

were recorded for the SSRT condition from a sub-master 

copy of the BKB sentence lists. Four blocks, of two lists 

each, were copied onto tape. The silent interval after 

each sentence, present in the original recording, was 

removed, so that sentences followed one after the other, 

as in real-speech. The resulting tape consisted of four 

blocks of continuous speech, each 32 sentences long. 

(ii) PSRT Condition 

The four new BKB sentence lists were recorded as above 

onto the same tape. Three seconds of silence were 

inserted after each sentence. 

(iii) Maskers 

White noise was generated from an IHR noise generator. 

Speech babble was generated from the recording of 

continuous speech (used for the SSRT). It was recorded 

onto six tracks of an 8-channel tape recorder, the speech 

on each track was temporally offset so that silences in 

the speech did not overlap. The six tracks were then 

played simultaneously and recorded onto a single track of 

a 4-channel Revox recorder. This resulted in speech 

babble in which no words were individually discernible. 

This tape was then played backwards, creating a modulated 

masker of speech-like quality, that would not act as an 
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attentional distraction to the listener. 

Recording of the Modified PFFIN Test 

Recording was carried out in a sound-attenuating room 

through Zwislocki Couplers in the ears of a KEMAR 

manikin. One speaker was placed 1.5m directly in front 

of the KEMAR head, two other speakers were placed at 45 

degrees behind KEMAR at a distance of 1.5m (speaker to 

KEMAR ear). The centre of the speaker was placed at a 

height level with KEMAR's ears (1.32m from floor). The 

speech and two maskers were recorded in three separate 

passes onto 4-channel tape. SSRT and PSRT conditions were 

recorded onto the same tape. The sentence lists were 

played through the speaker in front of KEMAR, while the 

two maskers were played through the two speakers to the 

left and right. The recording arrangements are summarised 

in figure 3.2. Both speech and maskers were recorded at 

80dB SPL. The final recorded tape consisted of: 

60 seconds of silence on all channels, followed by 60 

seconds of a 1kHz calibration tone on each channel, then 

a further 20 seconds of silence. 

Channel 1 consisted of four blocks of continuous BKB 

sentences (for the SSRT), followed by the four new BKB 

sentence lists (for the PSRT). 

Channel 2 consisted of continuous speech babble, channel 

3 of continuous white noise. 



Figure 3.2 Recording Conditions for the Modified 
Pseudo-Free-Field Speech-in-Noise Test 

SPEECH SOURCE 

/ 
/ 

/ 

\/ NOISE 
SOURCES 
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Testing Procedure 

Four types of SRTs were obtained: SSRT with white noise 

masker (SSRTN), SSRT with speech babble masker (SSRTB), 

PSRT with white noise masker (PSRTN) and PSRT with babble 

masker (PSRTB) . 

SSRTs were always obtained before PSRTs. Two replicate 

SRTs for each masker were obtained in both conditions, 

resulting in four SSRTs and four PSRTs. Sentence lists 

were always played in the same order. To prevent effects 

of interactions between list and masker type, the order 

of masker type was used in ABBA fashion; ABBA and BAAB 

conditions were alternated between patients. A patient 

and his/her matched control always underwent testing with 

the same order of maskers. 

For both conditions subjects listened to the sentences 

through TDH-49 headphones while seated in a sound- 

attenuating room. 

(i) SSRT Condition 

The SSRTN/B was obtained to determine the S/N ratio at 

which the listener felt just able to understand the 

speech signal in the presence of the masker. Masker was 

played at a fixed level of 65dBSPL, the speech level was 

altered manually in 2dB steps by the experimenter on 

instruction from the subject. The subject's task was to 

instruct the experimenter to make the speech signal 

'louder' or 'quieter' until it reached a level at which 

he/she could "just understand everything that was being 

said". The term "understand" rather than "hear" was used 

in order that there be no ambiguity between audibility 

and comprehensibility. Subjects were asked to give 
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feedback every three or four sentences and were prompted 

to do so if not giving it spontaneously. The test was 

always started at a very favourable S/N ratio. 

Attenuator levels during the first 16 sentences in each 

block of sentences were not noted; the attenuator level 

during the final 10 sentences was averaged to obtain the 

SSRTs. 

(ii) Objective Condition 

The PSRTN/B was obtained to measure the listener's actual 

speech discrimination ability in the presence of noise. 

The adaptive procedure recommended by Plomp & Mimpen 

(1979) was used to determine the 50% SRT. The noise level 

was kept constant at a level of 65dBSPL, the speech level 

was altered in 2dB steps manually by the experimenter. 

Plomp & Mimpen's paradigm is as follows: 

1. The first sentence in each list is presented 

repeatedly, starting with an adverse S/N ratio (S/N ratio 

of -20dB in the presence of the noise masker, and -10dB 

in the presence of the babble masker). The S/N ratio is 

then made less adverse in 2dB steps until all three key- 

words in the sentence are correctly reported. 

2. The S/N ratio is then made more adverse by 2dB, and 

sentence 2 is presented. 

3. On the following trials the S/N ratio is made more 

adverse by 2dB if the subject reports the key-words in 

the sentence correctly, and is improved by 2dB if the 

subject reports the key-words incorrectly. 
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The SRT is calculated by averaging presentation levels 

over sentences 6-16. Sentence 16 is not actually 

presented, but its level is known from the subject's 

response to sentence 15. 

The key-word 'loose' method of scoring was used. 

The following variables were obtained from this test: 

(1) SSRTN (Self-assessed speech reception threshold in 

noise) Mean of the two SRTNs for noise masker in 
SSRT condition 

(2) SSRTB (Self-assessed speech-reception threshold in 
babble) = Mean of the two SRTs for babble masker 
in the SSRT condition 

(3) PSRTN (performance SRTN) = Mean of the two SRTs 
for the noise masker in the PSRT condition 

(4) PSRTB (performance SRTB) = Mean of the two SRTs 
for the babble masker in the PSRT condition 

(5) PS-DISN (Performance - self-assessed discrepancy 

with the noise masker) = PSRTN minus SSRTN 

(6) PS-DISB (performance - self-assessed discrepancy 

with the babble masker) = PSRTB minus SSRTB 
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(d) The Four Alternative Auditory Feature Test 
the Band-Filter Version 

The Four Alternative Auditory Feature (FAAF) test was 

specially designed for diagnostic purposes. It is a 

four-alternative forced-choice test consisting of sets of 

minimally-paired words, in which confusions made in 

place, manner and voicing can be analysed. The test can 

be presented under a variety of conditions (Foster & 

Haggard, 1979 and 1984 give further details). Here, the 

band-filtered version presented in quiet is used as 

measure of speech processing in quiet. The band-pass 

filtering leaves signal present between 0.1-0.6kHz and 

4.8-6.0kHz. This enables a test of two hypothesis, 

although they cannot be dissociated from one another: (i) 

that OADs are unable to use extremely high- and/or low- 

frequency energy for speech processing, but rely on high 

to mid-frequency energy, which is often of low intensity, 

and masked in noisy situations; and (ii) that OADs are 

less good at extrapolating information from partially 

missing auditory signals. 

Stimuli 

The stimuli consist of 20 sets of four minimally-paired 

words, in the carrier sentence "Can you hear x clearly? ", 

giving a total of 80 stimuli (see Foster & Haggard, 

1979). The stimuli were band filtered. The remaining 

signal contains energy between 0.1-0.6kHZ and 4.8-6.0kHz. 

Sentences were digitised as described in Foster & Haggard 

(1984) into a Z-2 computer. They were played from the 

computer, via IHR Universal filters to Sennheiser HB414 

headphones. 
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Procedure 

The subject was seated in a sound-attenuating room, in 

front of a VDU. The sentences were played diotically 

through the headphones at a level of 70dBSPL. 3 seconds 

before each, the test word and three other words appeared 

on the screen. Subjects had to decide which of these 

words they had heard, and respond by pressing the 

appropriate button on a response-box. The subsequent 

stimulus did not begin until a response to the prior one 

had been made. 

The FAAF scoring programme analyses the results by 

error-type, as well as by overall performance. For the 

purposes of this investigation only overall score was 

used in the statistical analyses. 

3.3.4.3 Psychoacoustic Tests 

(a) Pure Tone Audiogram 

This was carried out as in stage I; additionally 

thresholds at frequencies of 125Hz, 750Hz and 1500Hz were 

obtained. 

(b, c, d) Frequency Resolution, Temporal Resolution and 
Binaural Masking Level Difference (BMLD) 

(b) Frequency resolution was measured using a two-data- 

point estimation of filter width by the notched-noise 

technique (Patterson et al, 1982). Masked thresholds are 

determined for a pure tone (probe tone) in the presence 
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of a low-pass masker, and a low-pass masker with a wide 

notch centered on the probe tone frequency. In normally- 

hearing listeners the masked threshold for the notch 

condition is lower than for the no-notch condition. In 

listeners with widened auditory filters, however, the 

difference between masked thresholds for the two 

conditions is less. 

(c) Temporal Resolution was measured using a gap 

detection test. The subject is presented with three long 

duration signals of narrow-band noise, one of which 

contains short temporal gap. The shortest duration of gap 

that the subject can reliably detect is determined, this 

is the gap detection threshold. Poor temporal resolution 

is shown by longer gap detection thresholds. 

(d) The Binaural Masking Level Difference (BMLD) was 

measured for a tone in narrow-band noise, for N050 and 

N0SPi conditions. Release from masking (a BMLD) occurs 

for binaural presentation when the tones to the two ears 

are out of phase. Reduced BMLDs are found in individuals 

with impaired binaural integration, fusion and separation 

ability. 

Equipment 

Figure 3.3(a) shows the experimental setup for 

measurement of frequency and temporal resolution, figure 

3.3(b) shows that for BMLD determination. Calibration of 

the equipment was carried out before each test session, 

using a voltmeter. Filter shapes were checked on an 

oscilloscope. Stimulus presentation was controlled via a 

Z-2 micro-computer. Output was through TDH-49 headphones. 
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Stimuli 

Levels of all stimuli were calibrated using manual 

attenuators, but controlled during the experimental 

procedure by a digital attenuator. Stimuli for frequency 

resolution and BMLD measurement were presented at 

spectrum levels of 58.8dBSPL. Spectrum levels were raised 

slightly in the temporal resolution experiment so that 

the signals were clearly audible. Figure 3.4a gives a 

schematic representation of spectra of the stimuli in 

each experiment, and figure 3.4b gives a schematic 

representation of the temporal structure of each 

experiment. 

(b) Frequency Resolution 

A probe tone of 2kHz tone was generated from a Hewlett- 

Packard 3325A tone generator. Its level was varied 

adaptively throughout the experiment. The tone burst was 

200ms, occurring 400ms into the 1000ms masker burst. Tone 

and masker(s) had a rise-fall time of 20ms. The no-notch 

masker was a low-pass 8kHz filter. The notch-masker was a 

band-pass filter to 8kHz, containing a 1000Hz-wide notch 

centered at 2kHz. Spectrum levels of the maskers were 

uniform at 35dß/Hz. The low-pass masker for the no-notch 

condition was presented at 74.0dB SPL, the notch 

condition masker was presented at 73.3dB SPL. 

(c) Gap Detection 

The signal was a band-limited noise of 250Hz wide, 

centered on 500Hz. It was gated on and off with a rise- 

fall time of 5ms. The gap began 480ms into a 1000ms tone 



Figure 3.4(a) Spectral Representation of the Stimuli used 
for measurement of Frequency Resolution, Temporal Resolution 

and Binaural Masking Level Difference (BMLD) 
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Figure 3.4(b) Temporal Representation of Stimuli used 
for Measurement of Frequency Resolution, Temporal 
Resolution and Binaural Masking Level Difference 
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burst. Its duration was varied adaptively through the 

experiment. A low-pass filter 0-900Hz, with a 300Hz notch 

centred on 500Hz was used to prevent off-frequency 

listening. Spectrum levels were uniform for signal and 

masker at 40dB/Hz. The signal was presented at a level of 

69.0dB SPL, the masker at a level of 72. dB SPL. 

(d) HMLD 

The signal was a 500Hz pure tone, presented in either 

N0S0 or N0SPi conditions. The level of the tone was 

varied adaptively during the experiment. It was gated on 

for 400ms with a rise-fall time of 20ms. A 1kHz low-pass 

filter with a uniform spectrum level of 35dB/Hz was used 

a the masker. It remained on continuously throughout each 

run at a level of 70dB SPL. 

General Procedure 

Subjects were tested in a sound attenuated booth. Stimuli 

were presented monaurally in the frequency resolution and 

gap detection experiments, and binaurally in the BMLD 

determination. A 3IFC paradigm (described in chapter 2) 

was used to determine the 79.4% threshold; it varied 

slightly for each experiment: 

(b) Frequency Resolution 

Masker levels were kept constant. The level of the probe 

tone was decreased after three correct responses, and 

increased after one incorrect response. Initial step-size 

was 8dB for the first 3 reversals and 2dB for the 
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remaining 4 reversals. Threshold was calculated by 

averaging the tone level at the final four reversals. 

(c) Gap Detection 

All levels were kept constant throughout the experiment. 

Gap duration in the signal was decreased after 3 correct 

responses and increased after 1 incorrect response. The 

step-size for the first 3 reversals was 6ms, and ims for 

the following 4 reversals. Gap threshold was calculated 

by averaging the gap duration at the final 4 reversals. 

(d) BMLD 

Masker level was kept constant throughout the experiment. 

The level of the probe tone was decreased after 3 correct 

responses and increased after one incorrect response. 

Initial step-size was 8 dB for 3 reversals, and 3dB for 

the remaining 4 reversals. Masked threshold was 

calculated by averaging the tone level at the final 4 

reversals. 
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Sequencing and Counterbalancing within Experimental 
Tasks 

(b) Frequency Resolution 

Masked thresholds were determined in the order: 

1. Notch masker left ear 3. Low-pass masker right ear 
2. Low-pass masker right ear 4. Notch masker left ear. 

This achieves order counterbalancing of ear and condition 

at the expense of the interaction of ear x condition. 

(c) Temporal Resolution 

Gap detection thresholds were determined in the order: 

1. Left ear 2. Right ear 3. Right ear 4. Left ear. 

(d) HMII, D 

Masked thresholds for BMLDs were determined in the order: 

1. N0 S0 2. NOSPi 3. NOSPi 4. N050 



- 88 - 

The following variables were obtained from these tests: 

(b) Frequency Resolution 

(1) Mean of notch left and notch right thresholds 
(Mid-frequency notch condition masked threshold) 

(2) Mean of no-notch left and no-notch right thresholds 
(Mid-frequency low-pass condition masked threshold) 

(3) Mid-frequency notch minus mid-frequency low-pass 

masked threshold (Frequency resolution) 

(c) Temporal resolution 

(1) Mean of left and right gap thresholds (gap detection 
threshold) 

(d) BbUD 

(1) Mean of NOS thresholds (Low-frequency 1 
masked threRhold) 

(2) Mean of N0Sp thresholds (Low-frequency 2 

masked thresAold) 

(3) Low-frequency 2 minus low-frequency 1 masked 
threshold (BMLD) 

(a) Measurement of Evoked Otoacoustic Emissions (EOEs) 

This is a physiological, rather than a psychoacoustic 

test to measure evoked otoacoustic emissions from the 

ear. The mechanism generating the echos is not yet 

understood, but appears to be susceptible to the same 

treatments as those known to affect function of the 

cochlear (Anderson & Kemp, 1979). Rutten (1980) found 

that in some individuals EOEs were absent at frequencies 

where thresholds were between 15 and 20dB. EOEs were, 

therefore, measured to investigate the possibility that 
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OADs have minor cochlear pathology that manifests itself 

as an absence or incoherence of EOEs, in the same way as 

that found by Rutten. 

Procedure 

EOEs were measured using the IHR Programmable Otoacoustic 

Measurement System (POEMs) equipment and testing protocol 

(Cope & Lutman, 1988). A small microphone is placed in 

the subject's ear canal. 1024 click stimuli are played to 

the ear at a rate of 50 clicks per second, the response 

of the ear is recorded and averaged by computer. The test 

is carried out at stimulus intensities of 40,50,60 and 

70dBSPL; each intensity is repeated once. The averaged 

emission is printed on the computer screen, as is the 

correlation between the replicates at each intensity. The 

acoustic emissions were then analysed by Lutman's 

acoustic emission analysis programme. 

The following variables were obtained from this test: 

(1) Expert ratings of the presence of an emission in 
each trace 

(2) Fsp values (S/N ratio values for each trace) 

(3) Correlations between replicates 

(4) Coherence functions of replicates 

(5) Power spectra of the averaged replicates 
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3.3.4.3 Central/Cognitive Tests 

(a) Audiovisual Test 

The hypothesis that OAD patients are below average 

lipreaders was tested using this audiovisual test. A 

measure of lipreading ability is obtained that is neither 

confounded by the subject's psychoacoustic ability nor 

linguistic skill. The rationale behind the test is 

described in section 3.2.2(a). and in more detail in 

McLeod (1988). Some of the sentences developed by McLeod 

(1988) are played in the presence of a white noise masker 

of fixed level. Two binaural speech reception thresholds 

in noise are determined, one for audiovisual presentation 

(VSRTN) and the other for audio-alone presentation 

(ASRTN). By subtracting the ASRTN from the VSRTN a 

measure of lipreading benefit is gained. See McLeod 

(1988) for further details and for development of the 

test. 

Stimuli 

Three lists of McLeod's sentences, with 16 sentences in 

each, were selected on the basis of their being of 

equivalent difficulty. See appendix 3.6 for the 

sentences. They were copied from her sub-master video- 

tape onto another video-tape. The first list, presented 

always under audiovisual conditions, was used as 

practice, lists 2 and 3 were test lists always presented 

in the order auditory-alone followed by audiovisual 

presentation. Between each sentence there was a silent 

interval of 10s seconds, to allow time for responding. A 

white-noise masker served as background noise. 
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Procedure 

Subjects were seated in a sound-attenuating room, 

approximately 1.5 metres from a 21-inch monochrome video 

monitor. Sentences were played through Sennheiser HB414 

headphones in the presence of white noise at a fixed 

level of 6OdBSPL. The subject's task was to repeat aloud 

as much of each sentence as they heard. The adaptive 

procedure recommended by Plomp & Mimpen (1982) was used 

to determine the 50% SRT (section 3.3.4.1(c) gives 

details). 

The following variables were obtained from this test: 

(1) Auditory-alone SRTN (ASRTN) 

(2) Audio-visual SRTN (VSRTN) 

(3) Lipreading ability = VSRTN minus ASRTN 

(b) Dichotic Listening Teat 

This test was designed to test the possibilities that OAD 

patients have a mild form of central auditory dysfunction 

or a mild linguistic deficit that will manifest itself 

when the auditory system is placed under difficult 

perceptual conditions. Subjects were presented with lists 

of dichotic word pairs. Their task was to monitor the 

input to either the left ear, or to the right ear, or to 

both ears simultaneously, and to report aloud words in 

two types of category. Category 1 was a semantic category 

for which food and drink words were monitored, category 2 

was a phonemic category for which words beginning with a 

specified letter of the alphabet were monitored, this 
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letter changed with each list. 

Stimuli 

3 lists of dichotically presented pairs of words (56 

pairs in each) were recorded onto tape, at a rate of 60 

pairs/minute. Appendix 3.7 gives details about the 

preparation and the final lists of stimuli used. Each 

list contained 8 words in the semantic category food and 

drink, and 5 to 8 words in a phonetic category 
l. 

Each 

test list was heard three times, once under each 

condition, giving a total of 9 lists. List order and 

condition order were balanced as follows: 

LIST CONDITION 

1 Left 
2 Right 
3 Both 
1 Right 
2 Both 
3 Left 
1 Both 
2 Left 
3 Right 

-The number of phonetic targets in each list differed 
because the test was originally designed with just 8 

semantic targets (of which there are equal numbers in 

each list), based upon the work of Johnston & Wilson 
(1980). However, piloting showed this task was too 

easy. In order to make the task more difficult the 

phonetic category was introduced, but after the test 

materials had been recorded. The phonetic category was 
chosen so that lists were as equivalent as possible in 
terms of the number of phonetic targets. It was not 
possible, however, to achieve perfect balancing between 
lists (Appendix 3.7 gives details). 
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In addition to the test lists, a practice list of 20 word 

pairs was prepared. The first 10 pairs were played at a 

rate of 20 pairs/minute, the remaining 10 pairs were 

played at the test rate (60 pairs/minute). During the 

practice list subjects monitored just the left ear for 

words in the semantic category 'relatives'. 

Procedure 

Word pairs were played from a two-channel Revox tape 

recorder to TDH-49 headphones. Prior to the start of each 

list the subject was told which ear(s) of input to 

monitor and which categories of word to report. Subjects 

were told that if they should forget which ear or 

category they were monitoring part way through a list, 

they should ask the experimenter to remind them. 

The following variables were obtained from this test: 

(1) Percent correct left ear report 

(2) Percent correct right ear report 

(3) Percent correct both ears report = percent correct 
divided attention condition 

(4) Percent correct for focussed attention condition 
= average of percent correct for left and right 
ear report. 

(c) Sentence Monitoring Test 

This test was designed to test the hypothesis that OAD 

patients are less able than controls to use contextual 

information to aid linguistic processing. The subjects' 

task was to monitor a spoken sentence for a target word 
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in a pre-specified semantic category (e. g a vehicle, food 

etc). On hearing the target word they had to respond as 

quickly as possible, by pressing a button on a response 

box. There are four test conditions between which the 

'predictability status' of the target word differs. In 

condition 1 the target word is syntactically and 

semantically predictable, in condition 2 it is 

syntactically predictable, but semantically 

unpredictable, in condition 3 the target word is neither 

semantically nor syntactically predictable, and in 

condition 4 there are no target words. This condition was 

included to check that subjects were not responding 

randomly. 

Stimuli 

The test consisted of 20 sentences per condition, giving 

a total of 80. There were 10 categories of target word, 8 

noun categories, 1 verb category and one adjectival 

category. In each category there were 2 different target 

words. Every target word appeared once in each condition 

(excepting the "null" condition). Appendix 3.8 contains 

details of the construction, piloting and final 

sentences. 

Procedure 

Sentences were recorded onto a Z-2 computer. They were 

then played from the computer in a pseudo-randomised 

order, through IHR attenuators into Sennheiser HB414 

headphones. The subject was seated in a sound-attenuating 

room, in front of a VDU and a response box. Sentences 

were played diotically through the headphones at 70dB 

SPL. 3.5 seconds prior to the playing of each sentence 
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the target category appeared on the screen of the VDU. On 

hearing the target word the subject responded as quickly 

as possible by pressing a button on the response-box. If 

no response was made within approximately 2.5 seconds of 

the target word, the subsequent trial began. At the onset 

of each sentence presentation a software timer on the 

computer was triggered. The timer was stopped when the 

response-box had been pressed. This is referred to below 

as 'raw reaction time'. 

Scoring of the test 

Positions of target words in ms from the onset of the 

sentence were calculated using a wave-form analyser 

programme on a Z-2 computer. Real reaction-time was 

calculated by subtracting target word position from the 

raw reaction time for each sentence. Real reaction times 

were average for each sentence within one condition. 

The following variables were obtained from this test: 

(1) MEANP = mean reaction times for sentences in 
the 'predictable' condition. 

(2) MEANU = mean reaction times for sentences in 
the 'unpredictable' condition. 

(3) MEANN = mean reaction times for sentences in 
the 'nonsense' condition. 

(4) MEANNULL = mean reaction times for sentences in 
the 'null' condition. 

(5) MEANP UN = mean of MEANP, MEANU, and MEANN 

(6) PUDIFF = difference in reaction times for the 
'predictable' and 'unpredictable' conditions 

(7) PNDIFF = difference in reaction times for the 
'predictable' and 'nonsense' conditions 
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(8) UNDIFF = difference in reaction times for the 
'unpredictable' and 'nonsense' conditions 

3.3.4.4. Tests of Personality-Related Factors 

(a) The Crown-Crisp Questionnaire 

This was used as in stage I (section 2.3.3.4a). 

(b) Mis-judgement of Hearing Ability 

The degree to which an individual mis-judges their 

hearing ability is measured as described in section 

3.3.4.1(c) above, by the discrepancy between self- 

assessed and performance speech reception thresholds in 

noise. 

Appendix 3.9 contains a summary of all variables obtained 

during stage II that are referred to below. These sheets 

can be removed from the plastic folder so that the reader 

can easily refer to the list while reading the remainder 

of the thesis. 
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3.4 RESULTS 

3.4.1 Patient Profile 

The following paragraphs summarise the clinical and 

demographic profile of the 50 OADs in stage II, and gives 

a breakdown of the diagnoses made about each individual, 

as reported to the referring ENT consultant. This 

information is presented before the test results and 

discussion of group differences to give the reader a 

general understanding of the type of individual involved. 

The average age of the OADs in this sample was 31.2 

years. Although the cut-off criterion for age was 55, the 

sample is still biased to younger individuals. This is 

probably because pure tone sensitivity deteriorates with 

age, hence many older individuals would have had a minor 

peripheral loss at the initial consultation and so would 

not have been referred to the clinic. It is unlikely that 

OAD is a syndrome specifically found in young 

individuals. 

The ratio of women to men was 33: 17, i. e women are more 

strongly represented in this sample than men. This is 

consistent with other literature showing that medical 

consultation rates are higher-among women than among men 

(Bucquet & Curtis, 1986; Hunt et al, 1981,1985) 

42% of OADs had qualifications of degree/diploma level, 

46% had school-level qualifications (CSE, 'O' or 'A' 

level), while 12% had no educational qualifications. As 

compared to the general population OADs are a very highly 

educated group. These findings are not consistent with 
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those of Bucquet & Curtis, (1986) or Hunt at al (1981, 

1985) who report that individuals of social classes IV 

and V tended to report greater morbidity than those in 

classes I and II. Similarly the Office of Population 

Census and Surveys (1979) and Crombie (1984) found 

individuals in social classes IV and V consulted medical 

advice more frequently than those in social classes I and 

II. These conflicting group compositions are possibly 

understandable in terms of the nature of OAD (see below). 

Another factor that should be considered here, however, 

is the possibility that there are similar numbers of OADs 

in all educational groups, but that those who declined to 

attend the clinic were the less well-educated 

individuals. This could not be empirically investigated 

in detail because the information about non-attenders was 

obviously missing. However a fair proportion of those who 

did not reply to our invitation did not have a telephone 

(5/19 - suggesting they were from a lower socio-economic 

group) and a further 4 were known to have manual jobs. No 

details are known about the other 10 individuals that did 

not attend the clinic. Although this evidence is far from 

conclusive, there does seem to be an educational bias in 

terms of those who did not attend the clinic. This should 

be considered when describing the profile of a typical 

OAD patient, and when considering the location of future 

OAD clinics (section 4.2.1.4). 

Comparison of the NIR ratings of OADs with those obtained 

by the National Study of Hearing for the general 

population showed OADs as a group to have significantly 

higher ratings (Men: X2=10.7, p<0.01; Women: X2=8.0, 

p<0.02). Pick & Evans (1983), in their study of 

individuals with OAD-like symptoms, found all of their 

subjects had a strong history of noise exposure in 

conjunction with poor frequency resolution. In this 
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population, however, frequency resolution ability and 

noise exposure were not as strongly linked, as shown by 

the nonsignificant difference in frequency resolution 

ability among OADs with a history of noise exposure and 

those without. Similar results were obtained before and 

after taking pure tone sensitivity into account with 

ANCOVA (without accounting for pure tone sensitivity: 

F=0.01, n. s; accounting for pure tone sensitivity: 

F=0.00, n. s). Results were also null for comparison of 

controls with and without a history of noise exposure 

(without accounting for pure tone sensitivity: F=0.01, 

n. s; accounting for pure tone sensitivity: F=0.03, n. s). 

Regarding the main clinical complaints expressed, 64% of 

patients reported difficulties hearing speech in all 

types of background noise; the remaining 36% report that 

their problems are specific to speech-noise. Those with 

the former complaint mainly found party/pub-noise 

disturbing, but also factory machinery. Many of those 

with the latter complaint noticed their problem in the 

work environment (meetings, classrooms, lecture-halls). 

These are the sort of circumstances primarily faced by 

professional people such as teachers, and by businessmen. 

This possibly explains the bias to a well-educated group 

of individuals. Chi-square analysis, however, showed a 

non-significant relationship between educational level 

and type of complaint. Similarly, there was no 

relationship between type of complaint and psychoacoustic 

abilities (frequency and temporal resolution, masked 

thresholds nor SRTN score) as calculated by dividing the 

group into good versus poor performers at the median 

value, and then doing a chi-square analysis. 

The majority of OADs (60%) had noticed their problem 

within the last three years and of these, 90% had then 
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consulted a doctor within 1 year. 28% of patients had 

noticed their problem more than 5 years ago. Chi-square 

analysis showed no relationship between anxiety level and 

the length of time since noticing the problem, nor 

between anxiety level and time to consultation. Similarly 

there was no relationship between self-rated 

disability/handicap (i. e perceived 'severity' of the 

problem) and either of these variables. 

The reasons given by patients for consulting a doctor 

were diverse: 30% consulted because of worries that their 

hearing was deteriorating, 26% reported that they had 

become 'fed-up' with not hearing properly and so had 

consulted with the aim of having the problem 'cured', a 

further 12% consulted because they assumed wax in the ear 

canal was causing their hearing problems, 12% mentioned 

their hearing difficulties while consulting the doctor 

about an unrelated problem, 18% were prompted by others 

to seek attention, and one individual (2%) consulted as a 

possible means to get compensation for noise-induced 

hearing loss (not, in fact present in conventional form). 

28% of patients reported an asymmetry in their hearing, 

although only half of these mentioned the asymmetry 

spontaneously. The remaining 74% of patients had not 

noticed any asymmetries in their hearing abilities. Chi- 

square analysis showed no relationship between 

psychoacoustic abilities and reports of asymmetrical 

hearing, however the analysis was not done by matching 

ear of complaint to psychoacoustic ability in that ear. 

The majority of patients (62%) reported they were not 

concerned about comments made by others about their 

hearing, 8% became upset by such comments, 10% felt 
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angered, and 6% were embarrassed. The remaining 14% had 

never received comments. 

In summary, subject to the caution about a possible 

educational bias in attendance of the clinic, this 

profile shows OAD patients to be a well-educated group 

whose work/social activities often rely upon verbal 

communication. This possibly explains why they were 

particularly aware of minor hearing difficulties (real or 

perceived), and hence why they consulted a doctor almost 

immediately they had noticed the problem. The absence of 

strong reports of ear asymmetry tends to imply that a 

purely psychoacoustic explanation of OAD is unlikely. The 

fact that the majority did not seek consultation 

primarily because of serious worries about their hearing 

deteriorating suggests that these patients are not simply 

an over-anxious group. The finding that the majority are 

not bothered by others' comments suggests that they are 

not an exceptionally shy/sensitive group of individuals. 

Finally, the finding that some had not received any 

comments from others about their hearing possibly 

suggests a mis-alignment of perceived versus actual 

hearing ability. 

A breakdown of the diagnoses for each individual, given 

in the report to the referring consultant can be broadly 

summarised in table 3.2. The test battery enabled a given 

diagnosis to have a psychoacoustic basis, a cognitive 

basis, a personality-related basis, a lipreading basis or 

some combination of two or more of these. 
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Table 3.2 
Summary of diagnostic profile of patients as 

given in report to referring consultant 

Number of domains Percent of 
in diagnosis patients 

1 36 
2 58 
3 4 

unconfirmed basis 2 

Specific domains 
in diagnosis 

Percent of 
patients 

Psychoacoustic (PA) 6* 
PA + cognitive 10 
PA + personality-related (PR) 12* 
PA + lipreading deficit (LR) 2 
PA + cognitive + PR 2 
PA + LR + PR 2 

Cognitive alone - 
Cognitive + PR 2 
Cognitive + LR 10 
LR alone 2* 
LR + PR 22 

PR alone 28* 
Unidentified basis 2 

*=one individual (2%) with this diagnosis was referred for 

neuro-otological and/or electro-physiological investigation 

on the basis that the findings were unable to explain all 
of his/her reported symptoms. 

3.4.2 UNIVARIATE ANALYSES 

As for stage If univariate analyses were carried out to 

test for group differences between OADs and controls on 

the many variables measured. On the basis of stage 1 it 

was hypothesised that OADs as a group would have poorer 

performance on psychoacoustic and cognitive measures, 

while also having more extreme values on tests of 
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personality-related measures. ANOVAs, t-tests and chi- 

square analyses were carried out to look at raw group 

differences, ANCOVAs were used to investigate 

interrelations between certain variables. Appendix 3.10 

contains a reliability correlation matrix and other 

within-test reliability indices. The test-retest 

correlations are sufficiently high as to validate the 

between group analyses. 

3.4.2.1 OAD Status 

11 patients were rejected from the sample on the basis 

that they did not satisfy our OAD criteria, although they 

did receive an appropriate clinical service. OAD status 

was confirmed in the remaining 50 patients. That is, (a) 

all patients had "normal" pure tone sensitivity (pure 

tone thresholds of less than or equal to 20BHL in each, 

ear for each of the frequencies 0.25,0.50,0.75,1.0, 

2.0,3.0 & 4.0kHz); (b) patients reported significantly 

greater auditory disability and handicap than controls 

for a variety of situations (General disability -7 

questions: t=12.63; p<0.0000; Handicap- 3 questions: 

t=9.74; p<0.0000); and (c) none had any obvious cause for 

their difficulties. 
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3.4.2.2 Psychoacoustic Factors 

(a) Auditory Thresholds 

There was a significant difference in the mean pure tone 

thresholds of the groups (binaural average of all 

thresholds measured). This was mainly due to a 

significant difference averaged across frequencies of 

0.75,1.0 & 1.5kHz (AVMID). Average low audiogram (AVLOW) 

showed marginal group differences, average high audiogram 

(AVHIGH) did not (Table 3.3 and figure 3.5); the 

group x audiogram-average interaction was not 

significant. When a 3-point scale of past or present ear 

disorder1 was taken into account with ANCOVA the low- and 

mid-frequency group differences were not diminished, 

suggesting their basis does not lie in a conductive 

component due to ear pathology. 

(b) Psychoacoustic Tests 

(i) Masked Thresholds 

OADs had significantly worse masked thresholds than 

controls. The group differences remained significant 

after pure tone threshold at the probe frequency had been 

accounted for by ANCOVA (500Hz for low-frequency 

thresholds, 2kHz for mid-frequency thresholds) - Table 

3.4 

This is not the 4-point scale of otological history 
used elsewhere, but a 3-point scale composed of (i) re- 
ported ear disorder in childhood, (ii) reported ear 
disorder in adulthood, and (iii) reported tinnitus. Re- 
ported family history of ear disorder was excluded here 
as it is likely to have psychological, rather than 
psychoacoustic influence. 



Table 3.3 
Means and standard deviations (in brackets) and 

results of t-tests between OADs and 
controls for pure tone averages 

Variable Mean threshold (dBHL) t-value < 
OADs Controls 

AVAUDIOI 10.19 (3.7) 8.60 (4.0) 2.07 0.040 

AVLOW2 11.63 (4.2) 9.80 (5.4) 1.91 0.060 

AVMID3 8.65 (4.2) 6.37 (3.9) 2.81 0.006 

AVHIGH4 11.00 (4.9) 10.20 (4.9) 0.81 n. s. 

1average 
of all frequencies measured 

3average of 125,250 & 500Hz 

4average of 750,1 & 1.5kHz 

average of 3,4,6 & 8kHz 



Figure 3.5 Average Audiograms of OADs 
and Matched Controls 
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Table 3.4 
Adjusted group means and group differences between OADs 

and controls on masked thresholds (dB attenuation) 
after ANCOVA accounting for pure tone 

sensitivity at the probe frequency 

Mean level (dB attn) 
Variable OADs Controls F-value P< 

*Low-freg1 21.2 22.9 14.04 0.0003 
(1) 

*Low-freg1 33.5 35.5 11.90 0.0008 
(2) 

*Mid-freg2 30.4 31.7 9.98 0.0030 
wide-band 

*Mid-freq 
2 

57.3 59.9 9.16 0.0020 
notch 

1Probe tone 500Hz, 2Probe 
tone 2kHz; *=masked threshold 

(ii) Resolution Measures 

Patients had marginally worse frequency resolution and 

significantly worse temporal resolution than controls, 

but did not differ in the size of their BMLDs. Threshold 

at the probe frequency was a significant covariate of 

frequency resolution; group differences were completely 

removed after ANCOVA. Neither threshold at the probe 

frequency, nor any other pure tone average, was a 

significant covariate of temporal resolution (Table 3.5). 

Gap thresholds correlated more strongly with peripheral 

factors among the OAD group than among the control group 

(Table 3.6). Conversely they correlated more strongly 
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with central/cognitive factors among the control group 

than among the OADs (Table 3.11 below). Gap thresholds 

did not correlate significantly with frequency resolution 

within either group (OADs: r=-0.13, n. s.; Controls: r=- 

0.10, n. s. ). Further correlational data between gap 

thresholds and other variables for OADs and controls 

combined are presented in tables 6.2 and 6.6. 

(c) Evoked Otoacoustic Emissions 

There were no differences in any parameters of the evoked 

acoustic emissions, i. e as a group, OADs had apparently 

normal emissions present. When more refined analysis 

techniques are available, perhaps more subtle, gradations 

between EOEs will replace the present dichotomy of normal 

versus abnormal. Possibly then the present data will 

reveal group differences. 

Table 3.5 

Adjusted group means and group differences between 
OADs and controls on psychoacoustic tests after 

accounting for pure tone sensitivity at the 
probe frequency with ANCOVA 

Corrected group mean 
1 

F-value p< 
Variable OADs Controls 

Frequency (dB 26.9 28.2 2.65 0.110 
resolution attn) 

Temporal 17.0 13.6 8.58 0.004 
resolution (ms) 

BNLD (dB attn) 12.3 12.7 0.76 n. s. 

1For 
frequency resolution and BMLDs the units are dB 

attenuation, therefore larger values reflect better 
ability. For temporal resolution units are gap 
threshold (ms), therefore smaller values reflect better 
ability. 
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Table 3.6 
Correlations between gap detection threshold and other 

psychoacoustic variables among 50 OADs and among 
50 controls. For N=50, p<0.05 if Irk>0.27 

Variable correlated with gap thresholds 

*Mid-freq 
notch 

Controls 

OADs 

-0.19 

-0.38 

*Mid-freq. 
low-pass 

-0.28 

-0.44 

PSRTN 

-0.06 

-0.31 

*=masked threshold 
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3.4.2.3 Performance Tests 

(a) PFFIN 

(i) Objective Condition 

OADs performed more poorly than controls on the objective 
condition of the PFFIN test in the presence of both the 

white noise and babble maskers (PSRTN and PSRTB, 

respectively) Table 3.7 

Two-way ANOVAs showed that OADs' decrement was 
significantly larger (worse) than that of controls for 
the PSRTN than for the PSRTB (Group x variable 
interaction: F=4.25, p<0.04). 

Table 3.7 
Mean SRTs in S/N ratio with standard deviations 

in brackets) and results of t-tests 
between OADs and controls 

TEST OADs Controls t-value P< 

PSRTN -12.4 -14.9 -3.92 0.0002 
(3.8) ( 2.1) 

PSRTB -3.1 -4.1 -2.34 0.0020 
( 2.4) ( 1.3) 

Accounting for pure tone averages (AVAUDIO or AVLOW or 

AVMID or AVHIGH), for frequency resolution, for mid- 

frequency masked thresholds or for BMLDs with ANCOVA did 

not alter the group differences in PSRTN or PSRTB. 

However, when gap detection or low-frequency masked 

thresholds were accounted for by ANCOVA, the above group 

differences in PSRTN were diminished, and those in PSRTB 

were removed. Table 3.8 shows adjusted group means and 

group differences after removing the effects of average 

audiogram and either gap detection or low-frequency 
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masked thresholds. Although pure tone thresholds are not 

directly related to the SRTs, they are related to gap 

detection and masked thresholds; therefore average 

audiogram was also used as a covariate. 

Table 3.8 
Adjusted group means (S/N ratio) and group differences 

between OADs and controls on the PSRTs after ANCOVA 

with average audiogram and either low-frequency 

masked threshold or gap detection threshold 

Partialled 
variables 

PSRTN 

PSRTB 

AVAUDIO & 
low-freq masked 

threshold 

PSRTN 

PSRTB 

AVAUDIO & 
gap detection 

threshold 

Adjusted S/N ratio 
OADs 

-12.9 

-3.5 

-12.9 

-3.4 

F-value P< 
controls 

-14.3 

-3.7 

-14.6 

5.31 

0.50 

7.21 

0.020 
n. s. 

0.009 

-3.9 1.15 n. s. 

Both anxiety and performance on the dichotic listening 

test were significant covariates of the PSRTN but not the 

PSRTB; they both reduced group differences in performance 

when accounted for by ANCOVA. In contrast, history of 

otological disorder completely removed group differences 

on the PSRTB but did not affect them on the PSRTN (Table 

3.9). No other cognitive or personality-related covariate 

affected group differences in performance. 
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Table 3.9 
Adjusted group means (S/N ratio) and group differences 

between OADs and controls on the performance SRTs 
after accounting for significant cognitive and 

personality-related variables with ANCOVA 

Partialled Mean score S/N ratio F-value p< 
variables OADs controls 

PSRTN combined -12.6 -14.7 11.60 0.001 
dichotic 

PSRTN anxiety -12.8 -14.6 9.56 0.003 

PSRTN otol history -12.4 -14.8 13.49 0.000 

PSRTB combined -3.2 -4.0 4.49 0.040 
dichotic 

PSRTB anxiety -3.2 -4.0 4.22 0.040 

PSRTB otol history -3.4 -3.9 1.90 n. s. 

(ii) Subjective Condition 

OADs set significantly less adverse S/N ratios than 

controls for both the self-assessed SRTN and SRTB (SSRTN: 

F=58.6, p<0.000; SSRTB: F=46.2, p<0.000). As with the 

performance SRTs, two-way ANOVAs showed OADs to have a 
larger decrement (worse value) compared to controls on 

the SSRTN than the SSRTB (F=99.0, p<0.0005). Correcting 

the self-assessed SRTs for performance SRTs diminished 

the group differences, but they still remained highly 

significant. This demonstrates that, as expected, the 

SSRT is influenced by both actual performance ability and 

a personality-related factor that influences an 
individual's judgement of his/her hearing ability. Group 

differences in this personality-related element were 
investigated by calculating the PS-Discrepancy (PS-DIS), 
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subtracting self-assessed ability from actual ability. 

(iii) PS-Discrepancy 

There were highly significant group differences in the 

PS-DIS for both noise and babble maskers (PS-DISN and 

PS-DISB, respectively - Table 3.10) 
. Average PS-DIS 

values of controls were almost zero; that is the control 

subjects' interpretation of the verbal instruction to 

'just understand everything' coincides closely with the 

formal criterion in the adaptive algorithm (50% correct 

threshold). On the other hand, the average PS-DISN/B 

values of OADs were positive; that is, OADs set a lower 

level (less adverse S/N ratio) than that at which they 

could perform, indicating they were less accurate at 

estimating their hearing ability, in the direction of 

underestimating it. 

The PS-DISN/B values were derived from the PSRTN/B values 

and the SSRTN/B values. PSRTs would, therefore, not 

normally be considered appropriate covariates of the PS- 

DIS. However, the use of the PSRTs as covariates of the 

PS'-DIS gives an indication of whether the group 

difference in PS-DIS is performance-based or 

personality-related. After such an ANCOVA the group 

difference in PS-DISN/B was increased, rather than 

diminished, indicating that the group difference is more 

personality-related than performance-based. No other 

psychoacoustic variables were significantly related to 

the PS-DISN/B once PSRTs were taken into account. This 

implies that actual performance reflects psychoacoustic 
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Table 3.10 
Mean group values of the PS-Discrepancy, standard 

deviations (in brackets) and results of t-tests 
between OADs and controls 

Objective-subjective 

attenuation difference t-value p< 
OADs Controls 

Test 

PS-DISN 3.56 -0.71 5.25 0.0000 
(4.42) (3.68) 

PS-DISB 2.87 0.60 6.15 0.0000 
(2.01) (1.63) 

effects upon the PS-DIS. Scores on the dichotic listening 

test were significantly related to the PS-DISN, and as 

above, group differences were increased, rather than 

diminished, when performance on either the focussed or 

divided attention condition was taken into account. No 

other cognitive or personality-related variable was 

significantly related to the PS-DISN or PS-DISB. The fact 

that group differences in PS-DIS are not diminished, but 

enhanced when performance and psychoacoustic variables 

are accounted for by ANCOVA shows that the degree of 

mis-judgement of hearing among OADs is greater than would 

be expected from subtle associations with sensory factors 

that might arise through poor speech-in-noise 

discrimination. 

(b) Band-filtered FAAF Teat in Quiet 

OADs had significantly lower overall scores on the FAAF 

test (speech-in-quiet) than controls (OADs: 76.9%, 

Controls: 79.7%, F=3.95, p<0.05). None of the audiogram 
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averages were significant covariates of the FAAF score. 

However, low-frequency and mid-frequency (low-pass) 

masked thresholds were significant covariates, as was the 

gap detection threshold and scores on all both conditions 

the dichotic test; in each case the group difference was 

diminished to non-significance when these variables were 

taken into account alone. 

(c) Audiovisual Test 

OADs performed significantly more poorly than controls on 

the audio-visual SRTN (VSRTN) and on the auditory alone 

SRTN (ASRTN) from the same test, although not on the 

lipreading variable derived by differencing them (VSRTN: 

t= -2.21, p<0.03; SRTN: t=-2.59, p<0.01; Lipreading: 

t=0.05, n. s. ). Since the group deficit for OADs was no 

larger for the VSRTN than for the SRTN (the t-value was 

actually lower), lipreading is clearly not a major factor 

in OAD. 

3.4.2.4 Central/Cognitive Tests 

(a) Dichotic Listening Test 

(i) Focussed versus Divided Conditions 

OAD patients scored less well on the focussed attention 

condition (left and right ears combined) of the dichotic 

listening test than did controls; but there was no 

difference in performance on the divided attention 

condition (Focussed: t=-2.63, p<0.01; divided: t=-0.87, 

n. s. ). The corresponding group x condition interaction 
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was not significant. Group difference in performance on 

the focussed condition was diminished, but remained 

significant when gap detection was accounted for with 

ANCOVA; it was completely removed when the occurrence of 

childhood reading/writing difficulties was partialled. 

(ii) Ear Advantages 

The control group showed significant right ear advantages 

(REA) for overall performance - combining scores from the 

focussed and divided conditions (t=2.55, p<0.01), and for 

right ear report during the divided attention condition 

(t=3.46, p<0.001). OADs did not show an REA for the 

former condition, but did for the latter (t=3.26, 

p<0.002). The group x REA interaction was not 

significant, although there was a slight trend for 

controls to show greater REAs than OADs. 

(b) Sentence Monitoring Test 

There were no significant differences in raw reaction 

times on any condition of the sentence-monitoring test, 

nor on the variable combining reaction times from all 

three conditions, - nor on the derived variables of 

reaction time differences between conditions. However, 

there were significant differences in reaction times 

between the predictable, unpredictable and nonsense 

conditions for both groups; i. e the test conditions were 

sufficiently reliable as to show between-condition 

differences (appendix 3.10). 
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(c) Cognition-Related Factors from the Interview 

More OADs reported having had reading/writing 

difficulties as children than controls (X2=8.3, p<0.004), 

and more reported cardiovascular and respiratory 

illnesses than controls (X2=3.7, p<0.05). There were no 

more OADs who were regular smokers than controls, nor did 

OADs have a greater history of exposure to toxic fumes. 

The basis for classifying the latter three factors as 

'cognition-related' came from work by Cunningham et al 

(1987), (see section 1.2.1.2). 

Central/cognitive factors correlated more strongly with 

gap detection thresholds within the control group than 

within the OAD group (table 3.11). This is in direct 

contrast to the relationship between gap thresholds and 

peripheral factors (table 3.6, above). 

Table 3.11 
Correlations between central/cognitive variables 

and gap detection thresholds among 50 OADs 
and among 50 controls. For jrI> 0.27, p<0.05 

Variable correlated with gap thresholds 

Reading/writing Focussed Divided 
difficulties attn attn 

Controls 0.56 -0.35 -0.44 

OADs 0.35 -0.15 -0.19 



- 117 - 

3.4.2.5 Personality-Related Factors 

(a) Crown-Crisp Questionnaire 

OADs had marginally higher scores than controls on the 

phobic anxiety scale and obsessive scale than controls 

(Phobic scale: t=1.91, p<0.06; Obsessive scale: t=1.72, 

p<0.09). On the combined scale of general anxiety, phobic 

anxiety and somatic anxiety, OADs and controls differed 

at only the p<O. l level of significance, with OADs having 

the higher ratings. 

(b) Health Beliefs 

There were no group differences on the preventive health 

scale (from the OAD interview), nor in replies to the 

question 'do you tend to worry about your health' (also 

from the interview). General over-concern about health 

does not, therefore, seem to be an important factor. 

3.4.2.6 Factors Associated with a History of Ear 
Disorder 

More OADs than controls mentioned experiencing tinnitus 

(X2=8.4, p<0.004), and having a family member with 

hearing problems (X2=5.8, p<0.020); but OADs did not 

report having experienced ear disorder in childhood or 

adulthood more frequently. On the 4-point combined scale 

of otological history (combining past and present ear 

disorder, familial history and tinnitus) OADs had 
2 

marginally higher ratings (X =9.0, p<0.060). 
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3.4.2.7 Reported Auditory Disability and Handicap 

As mentioned in the section confirming OAD status (1 

above), OADs reported significantly greater auditory 

disability and handicap than controls. Performance SRTs, 

anxiety level, and educational level were all significant 

covariates of self-reported disability. However after 

partialling for the effects of these variables, both 

individually and combined, the group difference in 

reported disability remained very highly significant. 

(Reported disability after removing the combined effects 

of PSRTN, anxiety and educational level with ANCOVA: 

F=71.3, p<0.000). The only significant covariate of 

self-reported handicap was anxiety level, but again after 

partialling for anxiety, the group difference remained 

highly significant (Reported handicap after removing the 

effects of anxiety level with ANCOVA: F-154.5, p<0.000). 

3.4.3 MULTIVARIATE ANALYSES 

Univariate analyses demonstrated that patients differed 

from controls on many types of variable, confirming that 

a broadly appropriate set was developed from stage I. 

However, such analyses give little information about the 

relative importance of each variable in explaining the 

basis of OAD, nor of the minimum or optimum set of 

variables distinguishing the OADs from controls. 

Multivariate analysis is a more appropriate tool for 

doing this, because it determines combinations of 

independent variables that explain the variance in a 

dependent variable, taking into account inter- 

correlations between the independent variables. 
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Specifically, multivariate analyses were used to learn 

(a) what clusters of variables best differentiated OADs 

from controls, and (b), what factors influenced the 

performance of OAD patients upon these differentiating 

variables. 

3.4.3.1 Modelling using the whole OAD Group 

3.4.3.1.1 Accounting for OAD Status 

Logistic regression analysis was used to determine the 

combination of factors differentiating OADs from 

controls, i. e to determine the factors best describing 

OAD status. Logistic regression, like multiple linear 

regression, determines the set of independent variables 

that best explain or predict the deviance (variance) in a 

dependent variable. As the variable of OAD versus control 

is binary, not continuous, the logistic version of 

regression was required. Discriminant function analysis 

(DFA) was then used to determine the classification 

matrix (i. e the numbers of patients and controls 

correctly classified as patients or controls by the 

independent variables) ). This provided an index for 

comparison of how well the independent variables jointly 

distinguished the two groups by maximising the ratio of 

between-group to within-group variance. Although the 

statistical procedure for determining the discriminant 

function differs from that determining the regression 

'In 
all analyses identical independent variables were 

entered into the regression and discriminant function 
analyses. 
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equation, and is in a sense less sensitive, its 

classification matrices are easy to understand. They are 

presented here as useful supplements to the information 

provided by the regression analysis, in particular when 

comparing between analyses, even though the percent 

correct classification is an underestimate. All tables 

presenting results of OAD status description contain both 

the logistic regression and DFA results. Logistic 

regression results are presented first. Column 1 lists 

the independent variables in the order they entered the 

step-wise regression; column 2 gives the additional 

percentage of the group deviance explained by that 

variable; column 3 shows the significance of the variable 

on entry; and column 4 gives the regression coefficient 

of that variable in the final equation. Patients are 

coded as 0, controls are coded as 1, therefore a positive 

regression coefficient denotes that controls have a 

higher value on the test variable in question. High 

values on masked thresholds, frequency resolution, the 

BMLD and on the PSRTN indicate good performance. Low 

values on gap detection and average audiogram indicate 

good performance, and a low value on the PS-DIS indicates 

accurate estimation of hearing ability. Following the 

logistic regression results, in the same table, the 

classification matrix from DFA is presented. Only those 

variables that entered the logistic regression equation 

with a significance of p<=0.05 are included in the 

results tables. 

In order to decide which of the many possible independent 

variables to enter into the final regression analysis, 

three types of preliminary analyses were done. 

Preliminary analysis 1 determined the psychoacoustic 

variables that best differentiated OADs from controls. 

Preliminary analysis 2 determined the main cognitive 
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variables, and preliminary analysis 3 determined the most 

important personality-related variables. (See tables 

3.12a, b and c below. ) A fourth preliminary analysis was 

carried out to determine which performance measure best 

differentiated the two groups. (See table 3.12d. ) These 

preliminary analyses seemed logically the best way to 

deal with the large number of variables potentially 

available for inclusion in the final analysis. It is 

acknowledged that some variables could have been excluded 

from the final analysis on the basis that they did not 

explain OAD status in their own right, but they could 

still have contributed in conjunction with a variable 

from a different domain. However, it is unlikely that any 

important factor was missed given that when an analysis 

was done using all possible variables, the first four to 

enter the regression equation were the same as those that 

entered the final equation in table 3.13. In addition, 

one variable from each domain entered (i. e the 

contributions from each domain are independent of one 

another) and variables from each domain act independently 

upon status (table 3.14). 
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Table 3.12 

Account of OAD status using logistic regression 
and discriminant function analysis 

(a) Preliminary Analysis 1- All Psychoacoustic 
variables 

Variable % total Significance Regression 

entering deviance of variable coefficient 

equation explained at entry 

Low-freq. 13.5 0.000 -0.352 
masked thresh 

Mid-freq notch 5.1 0.008 -0.145 
masked thresh. 

TOTAL: 18.6% 

Classification Matrix: 

OADs 

CONTROLs 

OADs CONTROLS 

60% 40% 

26% 74% 
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(b) Preliminary Analysis 
.2- 

All Cognitive Variables 

Variable % total Significance Regression 

entering deviance of variable coefficient 

equation explained at entry 

Focussed 5.0 0.01 -0.006 
attention 

TOTAL: 5.0% 

Classification Matrix: 

OADs 

CONTROLs 

OADs CONTROLS 

46% 54% 

28% 72% 

(c) Preliminary Analysis 3- All Personality-related 
Variables 

PS-DIS 17.8 0.000 0.278 

1Somatic 
3.8 0.040 0.278 

TOTAL: 21.6% 

Classification Matrix: 

OADs 

CONTROLS 

OADs CONTROLS 

74% 26% 

70% 30% 

1A 9-point scale from the OAD interview 
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(d) Preliminary Analysis 4- All Performance 
Variables 

Variable % total Significance Regression 

entering deviance of variable coefficient 
equation explained at entry 

PSRTN 10.4 0.000 -0.314 

TOTAL 10.4% 

Classification Matrix: 

OADs 

CONTROLS 

OADs CONTROLS 

60% 40% 

42% 58% 

The preliminary analyses showed that at least one 

independent variable from each domain played a role in 

explaining OAD status, although some of these were weak. 

The final account of OAD status was run with all 

variables that entered the preliminary analyses. The 

total explained in this analysis is close to the sum of 

that explained by individual preliminary analyses (table 

3.13). This is further evidence that contributions from 

each domain are independent. The most important single 

set of findings in this thesis is that in table 3.13. 



- 125 - 

Table 3.13 
Account of OAD Status with logistic regression 

and discriminant function analysis using 
variables from each domain. 

Final account of status 

Variable 
entering 
equation 

% total 
deviance 

explained 

Significance 

of variable 
at entry 

Regression 
coefficient 

PS-DIS 17.8 0.000 0.477 

PSRTN 19.6 0.000 -0.463 

Focussed 6.5 0.003 -0.114 
attention 

Mid-freq notch 5.9 0.004 -0.224 
masked thresh. 

TOTAL: 49.8% 

Classification Matrix: 

OADs CONTROLS 

OADs 

CONTROLS 

80% 20% 

10% 90% 

The combined explanatory effect of the variables 'PSRTN' 

and 'PS-DISN' would be equivalent to that of the single 

variable 'SSRTN' as it is logically equivalent to the 

other two. However by using the pair of variables in the 

analysis, rather than the single variable, information is 

gained about the relative importance of 

psychoacoustic/cognitive factors, as compared with 

personality-related factors in OAD (represented by the 



- 126 - 

PSRTN and PS-DISN respectively). This information would 

not have been available had only the SSRTN been entered. 

Self-rated disability/handicap scores were not included 

in the analysis to account for OAD status because they 

are almost equivalent to a definition of OAD. This is 

evidenced by the high correlation between OAD status and 

self-rated disability/handicap (Correlation of status 

with self-rated disability: r=-0.70; with self-rated 

handicap: r=-0.79). The deviance explained would clearly 

have been greater had the account of status included 

these variables. But as they essentially reflect the 

patient's own definition of the problem, the result would 

not have given a greater understanding of the basis of 

the problem. 

Table 3.14 shows raw correlations of OAD status with each 

of the variables that entered the final logistic 

regression to account for OAD status. All correlations 

have the same sign as the regression coefficients. This 

shows that each variable contributes directly to OAD 

status, and that the role of each variable is fairly 

independent of others in the equation. 
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Table 3.14 
Table of raw correlations of OAD status with the 

four variables best differentiating OADs from 

controls. For n=100, p>0.05 if IrI0.195. 

Variable r p< 

PS-DIS -0.47 0.001 

PSRTN 0.37 0.001 

Focussed 0.34 0.001 
attention 

*Mid-freq. 0.26 0.001 
notch 

*=masked threshold 

One psychoacoustic variable (the low-frequency masked 

threshold) and one personality-related variable (somatic 

anxiety) that entered the preliminary analyses dropped 

out of the final equation, because their roles had been 

preempted by other variables. 

In summary, OAD status was determined by a combination 

of psychoacoustic, cognitive, personality-related and 

performance variables. Of the variables measured, the 

best combination was that of poorer masked thresholds 

(psychoacoustic), poorer ability to direct attention 

appropriately (cognitive), incorrect assessment 

(underestimation) of own hearing ability (personality- 

related) and poorer ability to hear speech-in-white noise 

(performance). 
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3.4.3.1.2 Modelling of the PSRTN and PS-DIS 

Description of OAD status established the factors most 

important in differentiating OADs from controls. 

Following this, it was important to learn what factors 

determined OAD patients' performance upon these 

differentiating variables. In particular, to learn what 

factors determined actual scores on the PSRTN and the 

PS-DISN, since these variables were the most important 

descriptors of OAD status. Multiple linear regression was 

used for this purpose. Preliminary analyses determining 

which independent variables to use in the final 

regressions of the PSRTN and PS-DISN were carried out (as 

in the preliminary analyses above for status 

description). An additional preliminary analysis was done 

to learn whether any socio-demographic matching 

variable(s) also played a role in determining PSRTN and 

PS-DISN values. Table 3.15 shows results of the final 

multiple linear regressions. Variables listed make a 

significant contribution (at p<0.05) to explaining the 

total variance. 
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Table 3.15 

Modelling of PSRTN and PS-Discrepancy using 
multiple linear regression (N=50 OAD patients) 

DEPENDENT VARIABLE 
PSRTN 

DEPENDENT VARIABLE 
PS-DISN 

Variable Adj. R Regn Variable Adj. R Regn 

change Coeffic. change Coeffic. 

*Low-freq. 0.23 0.38 Focused 0.11 0.36 
attention 

Sex of 0.07 -0.31 
subject 

TOTAL: 0.30 TOTAL: 0.11 

*=masked threshold 

In total, only 30% of the within-group variance in PSRTN, 

and 11% of the variance in PS-DISN was explained in these 

analyses. The variables explaining a significant amount 

of the variance in PSRTN were the low-frequency masked 

threshold and sex; they. explained 23% and 7%, 

respectively. Sex has a negative coefficient, implying 

that men (coded as 1) perform better than women (coded as 

2). The focussed attention variable was the only variable 

to explain a significant amount of the variance in PS- 

DIS; it explained 11%. This low accountability of the 

variance could be due to one of three things: (i) none of 

the other variables in the stage II test battery relate 

to either the PSRTN or PS-DISN; (ii) the PSRTN and PS- 

DISN tests are unreliable; or (iii) in the whole OAD 

population there exist sub-groups, within which 

performance on the PSRTN and PS-DIS is determined by 
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similar factors, but between which the factors differ. In 

view of there being correlations between the PSRTN, PS- 

DISN and other variables (see tables 6.6,6.8 and 6.9), 

the former explanations seemed unlikely. Accordingly the 

latter explanation was further investigated. 

3.4.3.2 Modelling using Possible OAD Sub-Groups 

The OAD population was divided into sub-groups on a 

variety of dichotomies, each of which could have 

potentially been useful in clinical practice (see section 

3.6.2). The population was therefore dichotomised by age, 

sex, pure tone sensitivity, noise exposure history (no 

exposure versus some exposure) and on the PFFIN (good 

versus poor performance). While dichotomisation might not 

give the optimum division for the actual variance 

structure, it enables the sample sizes within each sub- 

group to remain large enough to avoid unreliability. For 

division by a continuous variable (age and pure tone 

sensitivity) the cut-point was, therefore, located as 

near to the 50th percentile as the actual distribution 

permitted. This maximised statistical efficiency without 

greatly diminishing statistical validity. The findings 

presented are from sub-division by age and by pure tone 

sensitivity, because these sub-divisions gave the 

greatest increases in variance explained in the final 

models over that for the group as a whole. The variance 

explained by the models after division by sex and noise 

exposure was not substantially increased. In 2.4.3 it was 

postulated that OADs with a performance deficit might 

differ from those without a deficit. However the models 

of OAD status, PSRTN and PS-DIS did not explain 

substantially more of the total variance than that 
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explained for the group as a whole. 

3.4.3.2.1 Accounting for OAD Status within Sub-Groups 

First, logistic regression and DFA were used to account 

for OAD status of patients and their matched-controls 

within each sub-group. Preliminary analyses, analogous to 

those in tables 3.12a, b, c and d above, were carried out 

before the final analyses. These revealed that the 

variables describing OAD status within each of the sub- 

groups were, in the main, the same as those describing 

status among the group as a whole (tables 3.16a & b). The 

PSRTN and PS-DISN entered the regression equation in all 

four final analyses, the measure of focussed attention 

ability entered the equation in three of the four, and 

the mid-frequency masked threshold entered the equation 

in two of the four. There were just two instances in 

which additional variables entered the equations: (a) 

within the worse-hearing sub-group, gap-detection ability 

entered in addition to the other four variables, although 

it only explained a further 3.9% of the group deviance; 

(b) in the older sub-group somatic anxiety entered the 

equation in addition to the PSRTN and PS-DISN, explaining 

7.4% of the group deviance. 
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Table 3.16a (i) 

Accounting for OAD status with multiple logistic 
regression within the better-hearing 

OAD sub-group 

(i) Better-hearing sub-group (n=26, AVAUDIO<=lOdBHL) 

Variable % total Significance Regression 
entering variance of variable coefficient 
equation explained at entry 

PS-DIS 14.4 0.008 0.382 

Focussed attention 18.6 0.003 -0.161 

PSRTN 6.4 0.050 -0.316 

TOTAL: 39.4% 

Classification Matrix: 

OADs 

OADs CONTROLs 

77% 23% 

CONTROLs 1 19% 81% 
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Table 3.16a(ii) 

Accounting for OAD status with multiple logistic 
regression within the worse-hearing 

OAD sub-group 

(ii) Worse-hearing sub-group (n=24, AVAUDIO>10dBHL) 

Variable 
entering 
equation 

% total 
variance 
explained 

Significance 
of variable 

at entry 

Regression 
coefficient 

PS-DISN 24.3 0.003 1.07 

PSRTN 25.5 0.001 -0.892 

*Mid-freq. notch 8.0 0.050 -0.597 

Focussed attention 8.4 0.020 -0.229 

Gap threshold 3.9 0.030 -0.262 

TOTAL: 70.1% 

Classification Matrix: 

OADs 

CONTROLs 

OADs CONTROLS 

83% 17% 

17% 83% 

*=masked threshold 
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Table 3.16b(i) 

Accounting for OAD status with multiple logistic 
regression within the young OAD sub-group 

(a) Young sub-group (n=24, <=32 years) 

Variable % total Significance Regression 
entering deviance of variable coefficient 
equation explained at entry 

PS-DIS 17.5 0.005 0.326 

PSRTN 18.9 0.003 -0.383 
1Somatic 

anxiety 7.5 0.030 0.695 

TOTAL: 43.9% 

Classification Matrix: 

OADs CONTROLs 

OADs 

CONTROLs 

73% 27% 

23% 77% 

19-point 
scale from the Interview 
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Table 3.16b(ii) 

Accounting for OAD status with multiple logistic 
regression within the older OAD sub-group 

(b) Old sub-group (n=26, >32 years) 

Variable % total Significance Regression 
entering deviance of variable coefficient 
equation explained at entry 

PS-DIS 18.9 0.001 0.924 

Focussed att ention 23.1 0.003 -0.451 

PSRTN 16.5 0.004 -0.713 

*Mid-freq. 11.1 0.030 -0.487 

TOTAL: 69.6% 

Classification Matrix: 

OADs 

CONTROLs 

OADs CONTROLs 

83% 17% 

17% 83% 

*=masked threshold 
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A considerably more accurate account of OAD status was 

obtained within the worse-hearing and older sub-groups 

than within the group as a whole (70.1% and 69.6% group 

deviance explained respectively, as compared to 49.8%). 

In the better-hearing and younger sub-groups slightly 

less group deviance was explained than for the group as a 

whole (39.4% and 43.9% respectively). Identical numbers 

of cases were correctly classified by DFA as for the 

group as a whole, when numbers from both sub-groups were 

totalled. There was inevitably a loss of reliability in 

the results for the small sub-groups, as compared with 

the results for the group as a whole, but there is no 

precise way to quantify this. Nevertheless, taking the 

results at face value, comparison of the results from all 

sets of analyses suggests that, when accounting for OAD 

status, there is only slight benefit to be gained from 

sub-dividing the population. The main determinants of OAD 

status remain fairly stable across age and pure tone 

sensitivity, although, when dealing with a particularly 

old or marginally-impaired individual there may be some 

benefit in using the results gained after the appropriate 

sub-division. 

3.4.3.2.2 Modelling of the PSRTN and PS-DIS within 
the OAD Sub-Groups 

The independent variables that determined actual scores 

on the PSRTN and PS-DISN were next modelled for OADs 

within each of the four sub-groups, using multiple linear 

regression. Once again, prior to final analysis, 

preliminary analyses were used to determine the set of 

independent variables to enter into the final analysis. 

Tables 3.17a &b show results of the final analyses for 
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modelling of the PSRTN within the four sub-groups of the 

OAD population. Tables 3.18a &b show the results for 

modelling the PS-DISN. 

Table 3.17a 
Modelling of the PSRTN with multiple linear regression 

for OAD patients with good (lOdBHL, N=26) versus 
poor lOdBHL, N=24) pure tone sensitivity. 

Average audiogram <=10dB Average audiogram >10dB 

Variable Adj. R2 
change 

Regn 
Coeffic. 

Variable Adj. R2 

change 

Regn 
Coeffic. 

*Low-freq. 0.48 0.80 BMLD 0.10 0.37 
( 

Average 0.12 0.38 
audiogram 

TOTAL: 0.60 TOTAL: 0. 

Table 3.17b 
Modelling of PSRTN with multiple linear regression 

among young age<=32, N=24) versus old 
(age >32, N=26) OAD patients 

Young patients Older patients 

BMLD 0.52 0.57 Sex of 0.37 -0.63 
subject 

*Low-freq. 0.15 0.43 

TOTAL: 0.67 TOTAL: 0.37 

*Masked Threshold 
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Table 3.18a 
Modelling of the PS-DIS with multiple linear regression 

for OAD patients with good (lOdBHL, N=26) versus 
poor (lOdBHL, N=24) pure tone sensitivity. 

Average audiogram <= 1OdBHL Average audiogram >1OdBHL 

Variable Adj. R2 Regn Variable Adj. R2 Regn 

change Coeffic. change Coeffic. 

*Low-freq. 0.11 0.56 Focussed 0.32 -0.34 
attention 

Gap 0.16 0.46 Sex of 0.12 0.38 

threshold subject 

TOTAL: 0.27 TOTAL: 0.44 

Table 3.18b 

Modelling of PSRTN with multiple linear regression 
among young (age<=32, N=24) versus old 

(age >32, N=26) OAD patients 

Young patients 

Otologicall 0.20 
history 

TOTAL: 0.20 

*Masked Threshold 

0.48 Focussed 
attention 

Old patients 

0.27 0.55 

TOTAL: 0.27 

Within the better-hearing sub-group and the younger sub- 

group the variance explained in the model for the PSRTN 

was considerably greater than within the group as a whole 

(60% and 67% group deviance explained respectively, as 

compared with 30% within the whole group). Within the 

older sub-group the variance explained by the model for 
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the PSRTN was marginally improved (37%), and within the 

worse-hearing sub-group it diminished (10%). The 

variables in the model for both the better-hearing and 

worse-hearing sub-groups, and for the younger sub-group 

were of psychoacoustic nature. In section 3.6.2.2.1(b) a 

probable explanation for the paradoxically positive 

regression coefficient of average audiogram in the model 

for the better-hearing sub-group is discussed. Within the 

older sub-group the only variable significantly 

explaining the group variance was the sex of the 

individual. It had a positive coefficient, implying that 

older men have poorer performance than older women. 

The models of the PS-DISN in all four sub-groups were 

substantially better in terms of the variance explained 

than for the group as a whole. This was particularly so 

within the worse-hearing sub-group (better-hearing: 27%, 

worse-hearing: 44%, younger: 20%, older: 27%, as compared 

with 11% for within the group as a whole). Psychoacoustic 

variables entered the model for the better-hearing sub- 

group, while a central measure and the sex of the 

individual entered for the worse-hearing sub-group. Here 

sex had a positive coefficient, implying that worse- 

hearing women underestimate their hearing to a greater 

extent than worse-hearing men. In the younger sub-group, 

otological history entered the model, while a 

central/cognitive variable entered for the older sub- 

group. 

It is of interest to note that sex, one of the variables 

on which controls were matched, entered the models of the 

PSRTN and PS-DIS in three final analyses. This 

illustrates the importance of having matched on sex when 

accounting for OAD status. 
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To summarise, performance on the PSRTN and PS-DIS was 

improved after sub-division by pure tone sensitivity and 

by the age of an individual, as evidenced by the models 

explaining more of the total variance (in 7 of 8 

instances) after sub-division by one of these factors. 

3.5 DISCUSSION 

3.5.1 DISCUSSION OF UNIVARIATE ANALYSES 

3.5.1.1 Determinants of OAD Status 

As in stage I, OADs performed less well than controls on 

the speech-in-noise test. This presumably explains in 

part their reported auditory disability and handicap. 

However, ANCOVA using the performance SRTs as covariates 

shows that the disability/handicap reported by patients 

is far from being explicable by their performance 

deficit. 

3.5.1.2 Psychoacoustic Factors 

(a) Pure Tons Sensitivity 

Although within conventionally defined 'normal limits', 

the average audiogram of patients was significantly 

higher than that of controls, the difference between the 

average audiogram of the groups is 2dB. This minor 

difference is not sufficient to explain patients' 
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perceived disability, as confirmed by accounting for pure 

tone sensitivity. The basis of OAD in some patients with 

thresholds on the margin of normality (i. e those who just 

qualify for inclusion in the study) might lie largely in 

psychoacoustic factors of which pure tone sensitivity is 

an imperfect reflection. This notion is further discussed 

in section 6.2.1. sp 2 Pure tone sensitivity of the 

groups differed more at low- and mid-frequencies than at 

high-frequencies, although these group x frequency 

interactions were not significant. The tendency is 

slightly surprising, however, because thresholds at 

high-frequencies (above 4kHz) are known to deteriorate 

before those at low-frequencies with both age (Robinson & 

Sutton, 1979), and noise exposure (Taylor et al, 1965). 

Marginal pathology associated with one or both of these 

factors was a plausible explanation of OAD (Pick & Evans, 

1983). However, the results imply that neither early 

onset of deterioration, nor noise-induced hearing loss is 

the basis of OAD. Mild conductive loss due to childhood 

or adult otological pathology is not a satisfactory 

explanation for the comparatively larger low- and mid- 

frequency loss among the OADs, since ANCOVA correcting 

for otological disorder did not diminish the group 

differences significantly. 

In stage I there was a marginal group difference in 

average audiogram (p<0.08), and in average low- and 

average high-frequency audiograms (p<0.06 and p<0.05, 

respectively), while thresholds at 250Hz and 3kHz were 

significantly different (p<0.02 for both). The findings 

of stage II are generally in close agreement. The 

slightly more stringent criteria used for inclusion in 
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stage I11 of the study probably explains why there was no 

group difference in the high-frequency average in stage 

II. 

(b) Masked Thresholds 

ANCOVA showed that group differences in masked thresholds 

were partly mediated through pure tone sensitivity, 

although after sensitivity was taken into account with 
ANCOVA the group differences did remain significant. The 

masked threshold measures a combination of frequency 

resolution and random physiological noise in the auditory 

system. Their resultant effects are the same (to decrease 

the detectability of a tone in noise) but their 

physiological bases are different. Of the four raw masked 
thresholds measured, the mid-frequency notch condition is 

weighted more toward a measure of frequency resolution 

per se than the other three. The group difference on this 

masked threshold is less than that for the other three. 

For this reason, and because frequency resolution 
(calculated from the mid-frequency masked thresholds) was 

a non-significant covariate of the low-frequency masked 
thresholds, it appears that the internal noise component 

of the masked threshold had a greater influence upon the 

group differences than the frequency resolution 

component. It should be noted, however, that frequency 

resolution was measured at 2kHz, while the low-frequency 

masked thresholds were measured at 500Hz. Patterson at al 
(1982) pointed out that the internal S/N ratio is an 
important determinant of masked thresholds. 

`In stage II no individual had thresholds of >30dB at 6 
& 8kHZ, in stage I 20% of individuals did have thres- 
holds >30dB at 6 and/or 8kHz. 
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Frequency resolution per se cannot be completely ruled 

out as a factor in OAD, given the findings that (a) there 

were group differences in frequency resolution ability 

(see next section) and (b) the mid-frequency notch 

condition masked threshold entered the logistic 

regression equation accounting for status, as opposed to 

the mid-frequency low-pass condition (table 3.13, above). 

Thus frequency resolution does play a role in OAD, 

although this role is by no means major. 

In stage I no group differences were found in on- or 

off-frequency masked thresholds for a probe tone of 2kHz. 

One reason for these contradictory results might be 

because during stage I some test equipment was unreliable 

and hence, possibly, the data also. 

(c) Frequency Resolution 

OADs had worse frequency resolution than controls. This 

is consistent with suggestions from less well controlled 

studies using patients comparable to OADs (Pick & Evans, 

1983; Narula & Mason, 1988; Earl et al, 1987). However, 

the presence of many group differences in each of the 

domains investigated, demonstrates that minor auditory 

dysfunction in the form of poor frequency resolution is 

by no means the only, or even a major factor in 

explaining OAD. Such a proposition would leave the group 

inadequately characterised. The unifactorial explanation 

originally proposed by Pick & Evans (1983) and Narula & 

Mason (1988) probably arose because they only tested a 

unifactorial hypothesis. 

In stage I there were no group differences in frequency 

resolution ability. The use of the notched noise 
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technique rather than measurement of a PTC might in part 

explain these contradictory findings. In the introduction 

to this chapter the relative merits of using the 

notched-noise technique over the PTC method were 

discussed. In particular it pointed out that the FTC 

method does not take into account the effects of off- 

frequency listening, nor the possibility that the 

internal S/N ratio might differ when listening through an 

off-frequency filter. As applied to this situation, in 

which a poorer internal S/N ratio was shown to 

differentiate OADs from controls, the use of the FTC 

technique for frequency resolution would place OADs at a 

greater disadvantage relative to controls, since controls 

could make use of off-frequency listening and a 

comparatively advantageous internal S/N ratio. From this 

it would follow that OADs would show comparatively worse 

frequency resolution when measured with the PTC method 

(stage I) as compared to the notched-noise technique 

(stage II). The opposite was in fact found. It must be 

concluded that either measurement during stage I was less 

well made, or that the PTC and notched-noise techniques 

measure somewhat different processes. One study reporting 

correlations between these two measures (Tuplin, 1985) 

showed that only the upward spread of masking measure 

from the FTC correlated with notched noise results. In 

stage I, however, upward spread of masking was not more 

sensitive to group differences, nor did it correlate 

better with other variables than downward spread of 

masking. 
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(d) Temporal Resolution 

The difference between OADs and controls in temporal 

resolution ability is highly significant. Gap detection 

scores among the OAD group correlate significantly with 

peripheral factors (masked thresholds, and performance), 

but less well with central/cognitive factors (reading and 

writing difficulties as a child, dichotic scores); the 

converse relationship was found among the control group. 

This suggests that gap detection in the OAD group is 

mediated, and hence limited, to a greater extent by 

peripheral auditory dysfunction than it is among the 

control group. The absence of a correlation between 

frequency resolution and gap detection within both groups 

does not enable these results to be interpreted in terms 

of widened auditory filters facilitating gap detection. 

(e) Binaural Masking Level Differences (BMLDs) 

The null finding of a group difference in BMLDs is 

surprising in view of the work of Earl et al (1987). They 

report that their OAD-like subjects had significantly 

poorer BNLDs at 250,500 and 1000Hz and that discriminant 

function analysis distinguished the CAD-like group from 

controls on the basis of BMLDs and masking measures akin 

to frequency resolution. The explanation for this 

discrepancy might lie in one or more of the following 

bases. First, the reliability correlations for replicates 

of the B! ff D in this study range from 0.58 (for controls) 

to 0.75 (for OADs); these are moderate values, probably 

because subjects were not trained before testing. Earl et 

al do not mention reliability correlations nor whether 

subjects underwent training prior to testing. However, in 

view of the narrow and specialised psychoacoustic test 
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battery, it is likely that their subjects were better 

trained, and hence their results more reliable. Secondly, 

the most significant BMLD group difference in Earl et 

al's study was that at 1000Hz (p<0.0000), while the BMLD 

values that entered their discriminant function analyses 

were those at 1000Hz and 250Hz. In this study the BMLD 

was measured only at 500Hz - the frequency having least 

importance in Earl et al's work. Finally, unlike OADs, 

none of the individuals in Earl et al's study had sought 

clinical attention for their hearing. Personality-related 

factors play a major role in determining whether or not 

an individual seeks medical attention for a given 

symptom, and so it is important to consider this when 

comparing the two studies. Some of the factors 

differentiating OADs from controls, are therefore likely 

(and indeed have been shown) to be personality-related. 

In Earl et al's study these factors would be absent, so 

reported difficulties are more likely to be of a 

psychoacoustic nature. 

(f) Evoked Otoacoustic Emissions 

The group differences on many psychoacoustic variables 

demonstrates that to a degree OAD patients as a group 

have minor peripheral auditory dysfunction. However, the 

absence of differences on all parameters derived from the 

EOE data suggests the peripheral dysfunction in the OAD 

group is too minor to be detected by EOEs. This null 

finding suggests that peripheral dysfunction, at the 

level detectable by EOEs, cannot be the major cause of 

OAD. 
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3.5.1.3 Performance Tests 

(a) PFFIN Test 

(i) Objective Condition 

ANOVAs show that OADs have a genuine performance deficit 

and hence a measurable basis for their complaints, on 

both the PSRTN and PSRTB. This study, and those of Pick & 

Evans (1983), Earl et al (1987) and Narula & Mason 

(1988), found OAD patients to have minor psychoacoustic 

deficits. These should be reflected in a performance 

deficit; in this study they were. The null findings of 

the latter three studies, probably reflect insensitive 

performance tests. The degree of measured deficit, 

however, is too small to fully explain patients' reported 

disability/handicap. It seems that a personality-related 

element has a major influence upon the reporting of 

symptoms by OADs. ANCOVAs showed the poorer PSRTN and 

PSRTB were in part due to minor peripheral auditory 

dysfunction, in the form of poor masked thresholds and 

poor gap-detection ability. Also, the PSRTN was 
influenced by a central processing factor (ability on the 

dichotic listening test) and a personality-related factor 

(anxiety level), while the PSRTB was influenced by a 

history of otological disorder. The central factor 

probably reflects a limited capacity for processing under 

difficult conditions (Kahneman, 1973). It probably did 

not play a role in explaining the group differences in 

PSRTB because the babble masker is a very effective 

peripheral masker, and hence the effects of subtle 

central deficits would not be seen. However, in the white 

noise masked condition (PSRTN), where less peripheral 

masking is occurring, minor central deficits would be 

measurable. A similar explanation might hold for the 
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finding that anxiety was a significant covariate of the 

PSRTN but not the PSRTB. On the other hand, otological 

history was a significant covariate of the PSRTB and not 

the PSRTN. A history of otological disorder might be 

associated with generally poorer peripheral function, 

and, hence might compound the masking effects of babble. 

OADs performed more poorly than controls on the PSRTN 

than the PSRTB. This is probably related to the masking 

function of the white-noise as compared with the speech- 

shaped babble. White noise has a uniform spectrum level 

at all frequencies, while speech-shaped noise (and of 

course speech itself) has more energy in the low 

frequencies. Figure 3.6 gives a graphic representation. 

This, and because auditory filters are wider at higher 

frequencies, causes most high-frequency speech energy to 

be masked in the presence of white noise, leaving only 

some low-frequency information available. In the presence 

of a speech-shaped masker, all speech frequencies are 

masked to an equal extent. OADs are known to have 

relatively poorer hearing than controls at low- to mid- 

frequencies. In terms of both acuity and frequency 

resolution ability these are the frequencies required for 

the processing of speech in the presence of white-noise. 

It is therefore not surprising that OADs are relatively 

worse than controls on the PSRTN as compared with the 

PSRTB. This explanation is supported by the finding that 

accounting for average low-frequency audiogram with 

ANCOVA significantly diminishes the group difference in 

PSRTN but not the PSRTB. 

Most importantly, the objective PFFIN test has shown that 

OADs do have a measurable basis for their reported 

auditory disability and handicap, even though their 

complaints are out of proportion to the actual deficit. 



Figure 3.6 Representation of-the Differential 
Effects of Masking Speech with 

White Noise versus 
Speech-Shaped Noise 
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In other words OAD cannot be interpreted as being of a 
"purely psychological" nature. 

(ii) Subjective Condition 

The subjective condition of the PFFIN test measures a 

combination of actual performance ability and perceived 

ability. It is not surprising that OADs set significantly 
less adverse SIN ratios than controls during the SSRTN 

and SSRTB in view of their measured performance deficit. 

However, group differences in SSRTN/B were only partially 

accounted for by the PSRTN/B and other psychoacoustic and 

cognitive factors. This clearly shows that personality- 

related factors also influence the SSRTN/B. (This is 

discussed below. ) 

(iii) PS-discrepancy. 

The PS-DIS was calculated from the PSRTs and SSRTs in 

order to distinguish between the effects of actual 

performance ability and personality-related influences 

upon the SSRTs. Essentially then, the PS-DIS is a measure 

of the degree to which the PSRTN/B and SSRTN/B differ. A 

large PS-DIS might originate from one of two sources, 

either from a mis-interpretation of the instructions for 

the SSRTN/B "to set a level at which you can just 

understand everything that is being said", or from a 

mis-judgement of actual hearing ability. Both would 

result in the SSRT differing from the PSRT. For both the 

PS-DISN and PS-DISB OADs had larger positive values. This 

implies that relative to controls they underestimate 
their hearing ability. 
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The nature of such underestimation can be explained in 

terms of signal detection theory (TSD), as proposed by 

Tanner & Swets (1954). TSD states that all signals have 

to be detected against a background of noise, originating 

from within, and possibly also from outside the 

(auditory) system. At stimulus presentation an individual 

must decide whether a signal was present in that 

stimulus. When the signal is weak, non-sensory factors, 

such as probability of the signal being present or the 

outcome of making a false positive/negative response, 

play a major role in whether or not an individual decides 

that a signal was/was not present. These factors lead the 

individual to develop an internal criterion for deciding 

whether or not a stimulus was present. Personality traits 

such as neuroticism (Stephens, 1969) have also been shown 

to influence the criterion. As applied to the PFFIN test, 

the listener's task was to decide whether or not he/she 

heard the speech signal correctly or not. Individuals 

with a strict internal criterion would interpret the 

instruction to "just understand everything" more 

strictly, and due to lack of self-confidence or to being 

more neurotic, would be more likely to underestimate 

their hearing ability, relative to an individual with a 

less strict criterion. This would lead them to set a less 

adverse S/N ratio for the SSRTs than they required during 

the PSRTs. It might be concluded that OADs have a 

stricter internal criterion than controls. Since no other 

measure was made of self-confidence nor of neurotisism 

per se, it is not possible to suggest the underlying 

cause of such a strict internal criterion. Further 

support for this TSD-based explanation for the PS-DIS 

comes from the finding of a positive correlation between 

age and PS-DIS (r=0.33, p<0.001) among the combined group 

of 50 controls and 15 patient-controls1. It is well 

Chapter 5 describes the patient-controls 
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established that decision criteria become more strict 

with increasing age (Botwinick, 1966). There could be no 

such correlation between age and PS-DIS among the OAD 

population because, as described above, factors acting 

upon the internal criterion are present in individuals, 

regardless of age (r=0.19, n. s. ). 

Despite the strong arguments in favour of the above, 

there was no detailed investigation into why the OAD 

population have come to use a relatively strict 

criterion. Clinically, counselling can be sufficiently 

general as to make this unnecessary. However, 

scientifically it would be of interest to confirm this 

hypothesis with some signal detection experiments and to 

elucidate its basis with a wider range of personality 

measures. 

(b) FAAF Test 

The significant group difference on the FAAF test shows 

that OADs have a small deficit for discrimination of 

filtered speech in quiet, even though their complaints 

are specific to speech-in-noise. Comparison of the p- 

values, however, shows that relative to controls, OADs 

performed more poorly at the speech-in-noise task than at 

the filtered speech task. Conventionally hearing-impaired 

individuals also tend to notice difficulties hearing 

speech-in-noise before other types of difficulties, 

possibly because it is the most frequently occurring of 

adverse circumstances for hearing. The finding that 

audiogram measures were not significant covariates of the 

group differences in FAAF scores, but that psychoacoustic 

variables were, shows that the FAAF test does reflect 

subtle auditory factors, for which it was initially 
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designed. The dichotic listening conditions were also 

significant covariates. Dichotic are unlikely to be 

reflecting linguistic processing ability, since the test 

is a forced-choice closed-set test. They must, therefore, 

reflect overall processing capacity. 

(c) Audiovisual Test 

Significant group differences were found in the VSRTN and 

ASRTN, but not in the derived variable of lipreading. 

This gives further weight to the finding that OADs have a 

measurable basis for their complaints of difficulty 

hearing speech-in-noise. On the other hand, it rules out 

lipreading as a basis for patients' reports of auditory 

disability. This is not to deny that poor lipreading 

ability may explain OAD in some individuals, but rather 

to assert that within the general population there are 

many individuals as poor at lipreading as some OADs. It 

would seem that a lipreading deficit alone will not lead 

to OAD, but that it can influence OAD status when it is 

present with some other trait (such as anxiety or a mild 

psychoacoustic deficit). Table 3.2 shows that 19 patients 

(38%) who attended the clinic were found to have a 

lipreading deficit, but that 18 of these (36%) had 

additional factors influencing their OAD). 

3.5.1.4 Central/Cognitive Tests 

(a) Dichotic Listening Test 

There was a group difference in performance on the 

focussed attention condition of the dichotic test, but 
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not in the divided attention condition. However, level of 

performance among OADs did not differ significantly 

between the two conditions. It cannot, therefore, be 

conclusively claimed that OADs have a deficit specific to 

attentional abilities. Their deficit might equally lie in 

general linguistic/cognitive processing ability. The 

finding that group differences in dichotic ability are 

removed when the occurrence of reading/writing 

difficulties in childhood is taken into account tends to 

favour the latter explanation. So does the trend 

(although non-significant) for OADs to have less strong 

REAs than controls, in that an REA is thought to reflect 

brain lateralisation, which in turn is thought to 

influence linguistic processing (Kinsbourne, 1973). The 

finding that controlling for gap-detection ability 

removes the group differences in dichotic performance is 

not surprising in view of research showing gap detection 

ability to have a central, as well as a peripheral, basis 

(Lackner & Teuber, 1973; Zwicker & Schorn, 1982). This 

does not, however, help to determine the actual nature of 

the OADs' deficit for dichotic listening. 

It has been shown that OADs as a group have a form of 

mild central dysfunction. This work did not aim to 

specify its nature any further. From an ENT clinician's 

point of view this is probably not of practical 

importance, since the deficit is sufficiently mild as to 

require no special treatment, just appropriate 

explanation and counselling. However, further work to 

learn more about the actual nature of this deficit would 

be of interest from a scientific point of view. 
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(b) Sentence Monitoring Test 

The null findings on the sentence-monitoring test leave 

it unclear as to whether OADs have poorer linguistic 

ability than controls. The experimental findings here 

suggest not. However, the simpler test used in stage I 

did show a marginal group difference. It is possible that 

the test devised here was insensitive to small 

differences in ability. The general validity of the test 

is not in question, since reaction times differed in the 

expected direction with each condition (appendix 3.10, 

table 3). However, there may have been insufficient 

stimuli to obtain a reliable group difference in 

measurements; or else the factors influencing reaction- 

time, independently of linguistic processing, have 

confounded the results. The data of Sin (1987), who 

independently altered linguistic context and sentence 

rate, give evidence for this. On the other hand the 

nature of the linguistic deficit in OAD might not be 

based specifically in a poor use of context (as measured 

by this test) but in some other aspect, such as overall 

rate of processing. Further work is therefore required to 

confirm or otherwise that linguistic skill is not a 

factor in OAD. 

(c) Cognition-Related Factors from the interview 

More OADs than controls reported difficulties learning to 

read and write when young, although the actual number of 

individuals reporting such difficulties was small (12 

OADs versus 2 controls). Reports were not validated 

externally; therefore these data might be influenced by a 

reporting bias. Nevertheless, the finding suggests a mild 

central processing disorder might be influencing OAD in 
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some individuals. This interpretation is further 

supported by the finding that group differences in 

performance on the dichotic listening test were removed 

when learning difficulties were taken into account with 

ANCOVA. It would be useful to further investigate this 

finding in the future. 

The finding that more OADs than controls reported 

respiratory and/or cardiovascular illness might lend 

further support to the suggestion of Cunningham et al 

(1987) that respiratory disease is associated with 

central auditory dysfunction. However, there was no 

correlation between report of cardiovascular disease and 

performance on the dichotic listening test, nor were 

reports of cardiovascular disease validated externally. 

3.5.1.5 Personality-Related Factors 

(a) Crown-Crisp Questionnaire and Health Beliefs 

OADs had marginally higher scores on the phobic and 

obsessive anxiety scales than controls, and on the 

combined scale of general anxiety, phobic anxiety and 

somatic anxiety. This shows that to a degree OADs are 

more anxious than controls. These findings are consistent 

with those of stage I, in which OADs had higher scores on 

the phobic, somatic and combined anxiety scales. It is of 

interest that in both stages I and II of the study, it is 

the phobic anxiety scale on which the two groups most 

differed. General anxiety, and phobic anxiety in 

particular, probably causes OADs to feel vulnerable to 

health problems and hence to seek medical attention for 

milder symptoms than less anxious/phobic individuals, 
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(Gochman & Saucier, 1982). The link between phobic 

anxiety and OAD is discussed further in section 5.3.3.2. 

3.5.1.6 Factors Associated with an Otological History 

Tinnitus and familial hearing disorder were reported more 

frequently by OADs than by controls, although childhood 

and adult ear disorders were not. As in stage I the 

combined scale otological history (combining past and 

present ear disorder, familial disorder and tinnitus) was 

strongly correlated with anxiety among the combined OAD 

and control groups (r=0.32, p<0.001). Bearing this in 

mind, and given the fact that reported otological history 

was not confirmed by external sources, three 

possibilities arise to explain the group differences in 

otological history: (i) Patients may genuinely have 

experienced a greater past history of ear disorder, due 

to which the individual has become more anxious, (ii) 

anxiety might enhance a patients awareness of his/her 

hearing and hence influence recall of symptoms that might 

not actually differ between the groups, or (iii) phobic 

anxiety in an individual might influence the vehemence 

with which symptoms are described, and hence increase the 

likelihood of referral. The second of these explanations 

seems most likely. 

3.5.1.7 Reported Auditory Disability and Handicap 

OADs had significantly higher self-rated auditory 

disability and handicap than their matched controls; this 

confirms their OAD status. However, the finding that 
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these group differences remained highly significant when 

performance on the various psychoacoustic, cognitive and 

performance tests were taken into account as covariates, 

both individually and combined, shows that these self- 

ratings are out of proportion to any measurable 

impairment that exists. This confirms that an element of 

OAD is, indeed, psychological in nature. A variety of 

performance measures significantly diminished the group 

difference in self-rated disability, while only anxiety 

did for self-rated handicap. First, this confirms the 

validity of the questionnaire, in so far as disability 

seems to reflect actual performance ability, while 

handicap does not. Self-rated handicap would appear to be 

influenced by non-performance factors, of which only 

anxiety is measured here. Second, it emphasises the need 

to consider personality variables when interpreting 

self-rating scales, both when dealing with OAD patients 

and with other individuals. (Section 6.2.4.3.2 discusses 

this further. ) Finally, the group difference in self- 

rated handicap is larger than that for self-rated 

disability; this is additional evidence that OAD is 

strongly influenced by performance factors. 

3.5.1.8 Summary and Conclusions 

In summary, univariate analysis has confirmed the 

findings of stage I, that OADs differ from their matched 

controls on variables from each domain investigated. 
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3.5.2 DISCUSSION OF MULTIVARIATE ANALYSES 

As mentioned above, multivariate analyses were used to 

learn (a) which variables best differentiated OADs from 

controls, and (b) what factors influenced OADs' actual 

scores on some of these differentiating variables. 

Clinically these findings could be applied as follows: 

first a patient's performance on the variables known to 

differentiate OADs from controls could be used to 

determine whether an individual was sufficiently like an 

OAD to warrant OAD management. Then, once this had been 

confirmed, the factors known to influence performance of 

OAD patients could then be investigated, to learn the 

particular basis of OAD in that individual. The 

discussion below centres on the interpretation of 

findings of the multivariate analyses. Their further 

incorporation into a clinical package is discussed in 

section 4.4. 

Initially, all multivariate analyses were carried out for 

the group as a whole. It was then decided to investigate 

the possibility that within the population there were 

sub-groups of individuals with different forms of OAD, 

i. e to learn whether or not OAD consisted of different 

syndromes. If such sub-groups did exist, distinguishing 

them would have clinical application; for example 

individuals in one sub-group could undergo different 

forms of investigation and management from those in 

another. This would enable a more specific set of tests 

to be used for each individual. The sub-divisions 

investigated were therefore chosen for their potential 

practicality in a clinical setting; i. e on variables that 

would be known at the start of OAD investigation (age, 
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sex, noise exposure and pure tone sensitivity). Results 

showed that only sub-division by age and by pure tone 

sensitivity gave an improvement over the group as a whole 

in the modelling 

3.5.2.1 Accounting for OAD Status 

The four-factor model describing OAD status, derived by 

logistic regression, explained 49.8% of the total group 

deviance. Bearing in mind the general variability of 

health-related behaviour this figure is high enough to 

accept the model as valid and useful. The adequacy and 

validity of this model was further confirmed by DFA. By 

DFA the same four-factor model correctly classified 80% 

of patients and 90% of controls. (Note that the 

statistical procedure used was different. ) Comparison of 

the final analysis with results from each of the 

preliminary analyses confirms that OAD is multifactorial. 

Only when variables from each domain were considered 

jointly was the optimal model achieved. The PSRTN and the 

PS-DISN each explained almost 20% of the total group 

variance, the cognitive and psychoacoustic determinants 

explained only about one third of this each. This is 

partly because the role of the psychoacoustic variable 

was pre-empted by the entry of the PSRTN, while the role 

of the cognitive/central variable was in part pre-empted 

by the PS-DISN. (For evidence see table 3.15, showing 

that within the OAD group the model of the PSRTN was 

based on psychoacoustic factors, while the model of the 

PS-DISN was based on the cognitive/central variable of 

focussed attention. ) 
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The 80% of patients correctly classified here appears 

slightly lower than the 87.5% (i. e 7/8) NA subjects 

correctly classified in Earl et al's (1987) study. This 

difference, however, is very slight, especially when 

their sample size is considered. However, the slightly 

better classification probably lies in the fact that, 

unlike OADs, none of Earl et al's subjects had sought 

medical attention for their hearing difficulties. Thus, 

in their population there is no added source of variance 

stemming from individuals with relatively good 

psychoacoustic function, but having personality traits 

that predispose them to seek medical attention. That is, 

the balance of factors among Earl et al's subjects is 

probably more weighted to purely psychoacoustic 

explanations. Although in this study personality factors 

have been taken into account there are inevitably some 

aspects of personality/behaviour not covered by the test 

battery. 

Accounting for OAD status after sub-division of the OAD 

group by age and by pure tone sensitivity was 

considerably improved within two of the four sub-groups 

(poorer-hearing and older sub-groups), but slightly 

diminished within the better-hearing and younger sub- 

groups. The improved accountability of status within the 

worse-hearing sub-group probably arose because OADs and 

controls were not matched for pure tone sensitivity, so 

the group difference between OADs and controls, in terms 

of peripheral auditory function, was increased relative 

to that in the group as a whole. In the better-hearing 

group, however, accountability diminished relative to 

that for the group as a whole, because, assuming that 

abnormalities other than reported severity increase with 

hearing level, the OAD and control groups became more 

similar in terms of peripheral auditory function. A 


















































































































































































































































































































































































































































































