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ABSTRACT 

The purpose ofthis study was to determine the effects of listening task . 

difficulty on attentional effort for normal hearing and hearing impaired individuals. 

The study utilized a dual-task paradigm involving an auditory task(primary task) 

of listening to speech in noise and a memory task(secondary task)of digit recall. 

The memory task was used to.measure changes in attentional effort as the 

difficulty ofthe auditory task was changed. 

The results ofthe study identified two main strategies for listening to 

speech in noise. The attentional effort strategy used by most subjects in this 

study was one of borrowing from the memorytask asthe auditory task became' 

more difficult. The second attentional effort strategy used by a minority of 

subjects in this study was one of minimal borrowing from the memorytask as the 

auditory task became more difficult. The group using the minimal borrowing 

strategy only demonstrated borrowing at the easiest auditory task condition. 

They did notshow an increase in attentional effort asthe task became more 

difficult. 

Within the two main strategies,three sub-strategies werefound to be 

used when the auditory task became very difficult or impossible. At this point, 

the majority ofthose using the borrowing strategy decreased attentional effort to 

the auditory task. This sub-strategy was labeled as punting. About one-third of 

those using the borrowing strategy continued to increase attentional effort to the 

auditory task,even when the auditory task became impossible; This sub-
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strategy was labeled as trying. One minimal borrowing subject used the punting 

sub-strategy when the auditory task became impossible. One minimal borrowing 

subject did not increase attentional effort to the auditory task at any difficulty 

level. This sub-strategy was labeled as constant attention to memory. 

Hearing impaired and normal hearing subjects were about equally likely to 

use the borrowing strategy. Hearing impaired subjects were slightly more likely 

to use the punting sub-strategy. 
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CHAPTER I 

Introduction 

Effects of Noise on Speech Communication 

Individuals are often compelled to communicate in noisy environments. 

Kennedy(1997)has described three types of noise that may be adverse to 

communication. These are competing speech,constant noise,and intermittent 

or fluctuating noise. Competing speech is found at restaurants, malls, parties, 

the work place,schools,and meetings. It is also present as the background 

noise of radio and television. Constant noise is found in the form offan, air 

conditioners, car motors,vacuum cleaners,etc. Intermittent orfluctuating noise 

is found in the form of business machines, manufacturing equipment,traffic, and 

road noise. 

The affects of noise on speech communication has been well documented 

in the literature. If noise and speech occur atthe same time,the speech may 

become inaudible or"masked." Three parameters ofthe noise are important in 

its effectiveness to mask speech:(a)the long term spectrum,(b)the intensity 

fluctuation o^er time,and(c)the average intensity relative to the intensity of 

speech(Nabeiek and Nabeiek, 1994). Noise may make consonant identification 

difficult by masking the less intense segments ofspeech (Miller and Nicely, 

1955). Vowels which have formantfrequencies in close spectral proximity may 

be confused in the presence of noise (Pickett, 1957). Constant noise appears to 
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affect speech perception of normal hearing individuals more than fluctuating 

noise(Carhart,et al., 1969;Fasten and Plomp,1990). Impulsive noise tends to 

be less disruptive than constaint noise(Nabeiek and Pickett, 1974). It is also 

apparentthat noise can affectsome individuals more than others. Nabeiek et 

al.,(1991)studied the tolerance of background noises for hearing aid users. 

Theyfound thatthose hearing aid users who were full-time users tolerated 

higher levels of background noise,better than those who were limited users or 

who had stopped using their hearing aids completely. Background noise is one 

ofthe major reasons for rejection of hearing aids(Surr et al., 1978; Kapteyn, 

1977; Franks and Beckman,1985). 

Because ofthe detrimental effects of noise on speech perception, 

investigators have soughtto quantify the effects of noise on an individual's 

performance in speech recognition tasks. Several researchers have compared 

speech recognition performance in noise to performance in quietfor normal 

hearing and hearing impaired subjects(Carhart and Tillman, 1970;Tillman et al, 

1970;Jokinen,1973;Cohen and Keith, 1976; Findlay, 1976; Dirks etal, 1982; 

Dubno et al, 1984;Plomp.1986; Beattie, 1989;Wilson et al, 1990). The results 

ofthese studies generally indicated that hearing impaired individuals were more 

susceptible to the effects of noise than are normal hearing listeners. These 

results demonstrated that word recognition tests performed In noise are more 

effective in showing performance differences among individuals with varying 

degree of hearing loss,than those performed in quiet. 



The Study of Attentional Effort 

the studies on speech communication in noise offer a description ofthe 

difficulty listeners have in processing words in isolation in the presence ofa 

competing noise. Assuch,they give little information concerning the strategies 

that individuals use in an effort to overcome the interfering effects of noise on 

communication. One method to further study the strategies used in 

communicating in noise is to inveistigate the use of attentional effort in these 

situations. 

The methodology of attentional effort has its roots in the research of 

psychologists who were investigating information processing(Keele, 1973). 

Keele reported thatthese investigatorsfound that limitations ofspace influence 

information processing. Iftwo tasks cannot be performed simultaneously,then 

some aspect ofthe tasks is said to take space that causes interference between 

the two tasks. An example oftwo tasks that can be done simultaneously by 

most people is walking and talking. Neither activity interferes significantly with 

the other. Hence,the two processes involved in walking and talking must require 

no interfering space. In contrast,talking and solving a difficult math problem on 

a calculator appearto interfere strongly with each other, despite the factthatthe 

two tasks use completely different sensory and motor systems. Some processes 

involved in conversing and some processes involved in solving' math problems 

each take enough space so thatthey cannot occur simultaneously without 

interference. 
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The study of limitations ofspace also offers insight to the problem ofthe 

nature of attention. One use ofthe term attention implies that when a person is 

attending to one thing, he cannotsimultaneously attend to something else 

without interference ofone or both ofthe tasks(Keele,1973). Solving a math 

problem is said to require attention because one cannot simultaneously do it and 

participate in conversation. In the context ofspace,solving a math probiem 

would take space that interferes with participating in conversation. Walking is 

said to require very littie attention because other tasks performed 

simuitaneously,such as talking, iiiterfere very little with walking, in the context of 

space,walking would not take space that interferes with walking. 

Very early in the history of psychologic research,investigators suggested 

that attention might be understood in terms oftask interference. Keele(1973) 

indicated that Binetfound in 1890 that the task of mental addition interfered with 

the task ofsqueezing a rubber ball at a regular rate for a predetermined number 

oftimes. Hpwever,in cases where the number of repetitive movements and the 

movement accuracy did not need to be monitored, Binetfound that there was no 

interference from such a task as reading. In 1898 Welch showed that the 

maintenance ofa strong hand grip deteriorated during the performance of 

various mental tasks such as arithmetic(Keele,1973). 

These and other studies resuited in no general conclusions regarding 

attention, butthey did resuit in a technique for studying attention. Kahneman 

(1973)proposed a capacity modei of attention. He assumed that there was a 

general limit on man's capacity to perform mental tasks. Kahneman also 



suggested that capacity and arousai were closely related. Arousal and capacity 

both Increase and decrease according to the changing demands ofthe activities 

being undertaken, In this context arousal and capacity are dependent on.the 

difficulty ofthe task. If,the task Is difficult there will be greater arousal and 

capacity,than If the task Is easy. His model also assumed that this limited 

capacity could be allocated with considerablefreedom among concurrent 

activities(Moray and O'Brien, 1967). Kahneman(1973)used ah analogy of an 

electric supply company. When an Individual turns on an electrical device In 

their home. It causes an Increase In electrical current. Without another source of 

current,the new load would cause a decrease In the current supplied to other 

users. However,the source generator has a governor, which Increases the, 

output as a result ofthe Increased load. The Increase will continue until the finite 

capacity ofthe generator Is reached: 

As noted by earlier researchers, different mental tasks Impose different 

demands on a limited capacity. Easy tasks such as walking require little effort 

(little space), while difficult tasks.such as solving math problems require much 

effort(more space). When the supply of attention does not meetdemands, 

performance falters or falls. According to this model, performance can fall either 

because ofa low capacity or because the allocation center channels some ofthe 

available capacity to other activities. In describing this model Kahneman(1973), 

proposed a procedure for evaluating attentlonal effort. He noted that the degree 

of attention being applied to a primary task could be assessed by measurement 
t 

ofa subject's ability to respond to a secondary stimulus. As attention orfocus to 



the primary task increases,the capacity for processing and responding to the 

secondary stimulus decreases. This results in errors in secondary sensory 

system responses,or in delayed responses to the secondary task. In theory,as 

the difficulty ofthe primary task increases, performance on the secondary task 

declines. 

Attentional Effortfor Speech Understanding 

Feuerstein(1992)used Kahneman's procedure to study the attentional 

effort required in monaural and binaural hearing. One ofthis researcher's 

interests wasthe difference in attentional effort in monaural hearing and binaural 

hearing. He noted that children with unilateral hearing loss often have greater 

problems in school and language acquisition. He speculated that a unilateral 

hearing loss, while not appearing to be audiometrically severe,could place 

demands on attentional effortfrom other tasks. In this study subjects were 

required to perform the Revised Speech in Noise(SPIN)test(Bilger et al., 1984). 

The speech and noise were delivered in sound field. The simulated unilateral 

conductive hearing loss was accomplished by use ofah earplug in one ear. In 

the binaural condition the speech was presented to one ear and the noise to the 

other ear. In the monaural condition the speech was presented to the side ofthe 

ear with no simuiated hearing loss and the noise to the ear with the simulated 

hearing loss(monaural-near condition). A second monaural condition had 

speech presented to the side with the simulated hearing loss and noise 

presented to side with no simulated hearing loss(monaural-far field). The 
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secondary task was a reaction time test in which the subject was required to turn 

a lamp off as quickly as possible once it was lit. The amount of attentional effort 

was described as the difference in a baseline measurement of reaction time and 

the reaction time required while performing the speech recognition in noise 

tasks. The results showed that attentional effort was not significantly altered by 

a changefrom binaural to the monaural-near condition. However,when the 

speech was delivered to the side with the simulated hearing loss and noise to 

the ear with no simulated hearing loss(monaural-far condition)there was a 

significant increase in attentional effort. Feuerstein suggested that this was 

evidence that individuals with a unilateral hearing loss may have greater difficulty 

in certain listening situations than performance would indicate. 

Subsequently, Rakerd,et al.(1996)studied the attentional effort required 

of hearing impaired subjects when they listened to speech,as compared to that 

of normal hearing subjects. The hearing impaired subjects consisted of groups 

of individuals with congenital and acquired hearing loss. The subjects were 

required to perform a primary and a secondary task. The primary task was a 

speech recognition task in which the subject was required to follow connected 

discourse and later recall information in that discourse. The secondary task was 

a memory task in which the subject was asked to retain, in order, previously 

displayed digits. Attentional effort was described as the difference from a 

baseline in the number of digits recalled following the speech recognition task. 

These investigators found that hearing impaired subjects required more 

attentional effort in a speech recognition task than normal hearing subjects. The 
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congenital hearing-impaired group required more attentional effort than those 

with an acquired hearing loss.These researchers postulated that the congenital 

hearing impaired group required more attentional effort because ofthe combined 

effects ofthe peripheral hearing loss and central auditory deficits. However,the 

congenital hearing impaired group had three frequency(500,1000,and 2000 

Hz)pure tone averages ranging from 57to 90 dB HL. The acquired hearing 

impaired group had three frequency pure tone averages ranging from 33to 50 

dB HL. It is possible that the difference in attentional effort seen between the 

two groups was due to the difference in degree of hearing loss rather than 

whether the hearing loss was acquired or congenital. 

PresentStudy 

While the studies of attentional effort show differences between normal 

hearing and hearing impaired listeners, it is unclear whether the differences in 

attentional effort are due to hearing loss,the difficulty ofthe task,or an 

interaction ofthe two factors. In order to study the interaction of attentional effort 

and task difficulty, it is necessary to vary the difficulty ofthe primary task and 

compare the results in attentional effort(the secondary task)at different levels of 

difficulty. 

In the present study a dual-task procedure similar to that described by 

Rakerd,et al.(1996)was used. In such a paradigm,there is a primary task(on 

which the subject is instructed to focus)and a secondary task that creates the 

competition for space. The primary task is selected on the basis ofarea of 



interest, in this case. The primary task selected was a word recognition test in 

varying levels of background noise. The secondary task selected was a digit 

memory task, with the digits presented visually. Digit memorization has been 

shown to be a sensitive index to attentional effort(Anderson and Craik,1974: 

Downs and Crum,1978; Rakerd,et al., 1996). 

The purpose ofthis study was to determine the effects of listening task 

difficulty on attentional effort for normal hearing and hearing impaired individuals. 

There were two research questions: 1)does attentional effort increase with 

increases in the difficulty ofthe listening task,and 2)for listening conditions that 

vary in difficulty ,does attentional effort differfor normal hearing individuals and 

hearing impaired individuals. 



10 

CHAPTER II 

Review of Literature 

The intelligibility ofspeech depends on three factors,the delivery,the 

reception,and the ambient listening conditions. Nabeiek and Dagenais(1986) 

and Nabeiek(1988)reported differences in vowel intelligibility for different 

talkers. Cox et al.(1987)found thatsome voices were more susceptible to 

degradation from noise and reverberation than others. The sex ofthe talker 

does not appear to influence the intelligibility ofthe talker's speech(Gengel and 

Kupperman,1980). It has been demonstrated that individual talkers can improve 

the intelligibility oftheir speech through careful articulation known as"clear 

speech"(Pichney et al., 1985,1986;Payton,et al., 1994). 

Aging,Hearing Loss,and Speech Perception 

That individuals with sensorineural hearing loss have difficulty 

understanding speech is well documented(Cooper and Cutts, 1971; Keith and 

Talis, 1972; Dirks et al, 1982;Suter, 1985; Plomp,1986; Gordon-Salant, 1987; 

Crandell, 1991; Crandell et al, 1991). One ofthe earliest studies of presbycusis 

by Kelly(1939)demonstrated that older subjects performed more poorly on word 

recognition tests than younger subjects,especiallyfor consonants. French and 

Steinberg(1947)studied the relative importance of pure tone frequencies to 

speech understanding. The percentage weights were 10% at500 Hz,20% at 

1000 Hz,26% at 2000 Hz,21%at3000 Hz,and 15% at4000 Hz. Pestalozza 



11 

and Shore(1955)evaluated audiometric data for patients over60 years, 

comparing pure-tone thresholds at 500,1000,and 2000 Hz with spondee 

thresholds and recognition of phonetically balanced(PB)words presented at40 

dB SL. They also compared the data from older subjects with thatfrom younger 

subjects with sensorineural hearing loss. For the older subjects the relationship 

between word recognition and hearing loss was almost linear with 10 dB ML 

being associated with 70% recognition and 50 dB HL being associated with 20% 

recognition. For the younger subjects word recognition scores were 10-18% 

better, except at40 dB HL,where the two age groups were almost equal,and at 

45-50 dB HL,where the older subjects performed better than the young subjects. 

Later,a study by Kryter(1988)found a greater importance of3000 and 4000 Hz 

for word recognition. 

Several studies have indicated that age may not be associated with the 

relationship between hearing sensitivity and word recognition ability. Kasden 

(1970)found that hearing loss was associated with poorer recognition, but age 

was not an important factor. Surr(1977)also found only a slight decline in the 

identification ofPB words in older subjects who had small increases in speech 

reception thresholds. Using multiple regression techniques to access the 

contribution of age and hearing loss at various pure-tone frequencies to 

recognition of CID W-22PB words, Marshall and Bacon(1981) 

discerned that the most important predictor of word recognition was pure-tone 

thresholds at high frequencies, with age accounting for a lesser amount ofthe 

variance. It appearsfrom the literature that the effect of age on word recognition 
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ability is most pronounced when the hearing loss is substantial. 

There are two prominent theories regarding a reduction ofspeech 

understanding by those with a hearing loss in quiet conditions. The first 

assumes that a reduction in speech recognition is secondary to distortions 

accompanying a loss in pure tone sensitivity,such as reduced frequency 

selectivity and cochlear processing (Dirks et al, 1982;Plomp,1986;Trees and 

Turner, 1986; Gordon-Salant, 1987; Irwin and McAuley,1987;Summerfield, 

1987;Turner et al, 1987;Tyler, 1988; Crandell, 1991; Crandell et al, 1991;van 

Roojand Plomp,1991). The second theory suggests that the reduction of 

speech recognition is due to the attenuation ofthe speech signal resulting from 

the reduction of pure tone sensitivity(Kamm et al, 1985;Humes et al, 1986, 

1987,1988; Humes and Roberts, 1990; Humes,1991). Using sentences in 

noise, Needleman and Crandell(1995)found greater supportfor the first 

hypothesis. 

Noise and Speech Recognition 

Heifer and Wilber(1990)reported that age may be a factor when speech 

is heard in noise. However,research over the years is somewhat equivocal 

regarding the role of age in speech recognition in noise. Bergman(1980) 

studied the effects ofage on speech understanding. He suggested that there 

was a decline in sentence interpretation in the presence oftwo competing talkers 

beginning at approximately age40 years when the signal-to-noise ratio was-5 

dB. Levitt et al.(1975)showed a decline in speech recognition in subjects in 
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their mid-twenties when subway and traffic noise maskers were used. Jokinen 

(1973)found that the recognition of words in broadband noise decreased with 

age. Lower signal-to-noise ratios produced poorer speech recognition as would 

be expected. There was a small interaction between the age and signal-to-noise 

ratio. That is,the difference in recognition between the subjects in their 20's and 

those in their 70's was less than 15% when the signal-to-noise ratio was+22 but 

was almost30% when the signal-to-noise ratio was +2. Using the Synthetic 

Sentence Identification test(Jerger, 1973), presented atfive message-to-

competition ratios, Orchik and Burgess(1977)found that older listeners 

consistently performed at poorer levels than did younger listeners. Smith and 

Prather(1971),using nonsense syllables in noise,studied the effect of various 

signal-to-noise ratios in young and old subjects. The older subjects did poorer at 

all signal-to-noise ratios; however,the signal-to-noise ratio appears to be an 

importantfactor in determining the age effect. Findlay and Denenburg(1977) 

presented monosyllabic words at30dB SL in quiet,-4 S/N babble,and low-pass 

noise to young subjects with normal hearing, young subjects with hearing loss, 

and old subjects with hearing loss. The three groups performed similarly in 

quiet. In the presence ofthe babble both groups with hearing loss performed 

worse than the young normal hearing group. Ofthe two hearing-impaired 

groups,the older subjects performed poorer. The older group had poorer 

hearing than the young hearing-impaired group,so it is unclear if this a hearing 

loss effect or an age effect. 

Some individuals with normal hearing complain of difficulty understanding. 
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speech in noise. Thibodeau(1996)investigated auditory processing as a source 

ofthis difficulty. The results ofthis study show that there is no difference 

between those with no problem understanding speech in noise and those with 

difficulty understanding speech in noise for enhanced forward masking. There 

were significant differences in the two groupsfor two-tone suppression when the 

duration ofthe suppressor was varied. Those with difficulty understanding 

speech in noise showed greater suppression when the suppressor onset 

preceded the masker onset. 

The characteristics ofthe noise can be a factor. Pekkarinen et al.(1990) 

studied the effect of noise level on word discrimination for both normal hearing 

and hearing impaired subjects. Theyfound that as the noise level increased the 

word recognition ability decreased. Subjects with sensorineural hearing loss 

were more adversely affected than those with normal hearing and those with 

conductive hearing loss. Persons with a high-frequency hearing loss, cut-off 

point 1 kHz,suffered in noise similarly to those with sloping orflat hearing 

losses. In quiet and in moderate noise,the speech discrimination ofsubjects 

with a conductive hearing loss and subjects with normal hearing was similar, 

while at high noise levels, subjects with conductive hearing losses achieved 

better discrimination than normal hearing subjects. 

Hygge et al.(1992)evaluated the performance on a conversation-

following task by hearing impaired and normal hearing subjects in the presence 

of noise. The noise consisted of 1)speech-spectrum random noise,2)a male 

voice,and 3)the male voice played in reverse. Theyfound that hearing impaired 



 

subjects were equally affected by the three background ndises. Normal hearing 

subjects were more affected by.the background speech thari bythe noise. 

Bronkhorst and Plonip(1992)reported speech reception thresholds in various 

noise conditions for both normafhearing irhpaired subjects. Theyfound that . 

modulation ofthe masker acts as a release from the masking for normal hearing 

subjects, but it does not carry overto the hearing impaired group. They also 

found that location ofthe masker has an affect. When the maskers were rnoved 

from the frontal position to positions arourid the listener a gain of 1.5 to8dB -

occurred for the normal hearing group and of Tto 6.5 dB for the hearing impaired 

group. The gain depended significantly pn the number of rnaskers and their 

location, but less on the hearing loss. - -

Souza and Turner(1994)studied the contributions Of various properties of 

background noise to the speech recognition difficulties experienced by young . 

and elderly listeners with hearing loss and:young normal hearing listeners. Four 

. noise conditions were used:1)high-pass noise,2)high-pass noise with speech 

spectrum noise,3)high-pass noise with speech spectrum noise temporally 

modulated by the envelope of multi-talker babble,and 4)high-pass noise with 

multi-talker babble. For all these conditions the hearing impaired groups -

consistently had poorerspeech recognition scores than the normal hearing 

group. Although there was a trend toward poorer speech recognition scores as 

the masker condition more closely resembled speech babble,the effect of 

masker condition was not significant. Normal hearing listeners and those with 

hearing loss appeared to be affected similarly by the type of background noise 
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when the long-term spectrum was held constant. Age did not appear to be a 

significant factor. Eisenberg et al.(1995)found that amplitude-modulated noise 

provided a releasefrom masking greaterfor normal hearing subjects than those 

with hearing loss. 

Attention 

Traditionally, attention has been thought ofas the act ofselecting from 

several simultaneously possible objects or trains ofthought,one on which to 

concentrate with the mind. It implies withdrawal from some things in order to 

deal effectively with other things. This.presence of multiple concurrent stimuli, 

also implies selective attention(Cowan,1995). 

In communication,selective attention plays a role when there are multiple 

speakers and.one is asked to attend to one speaker. This may be referred to as 

the cocktail party phenomenon. Apparently,an individual is able to accomplish 

this using the physical location ofthe voices and the differentfrequency 

characteristics of different voices. Cherry(1953)simultaneously played two 

prose passages through separate earphones so that one message wentto each 

ear ofthe subjects. The subjects were able to successfully repeatone message 

and ignore the other. Attempting to duplicate a more natural situation, Spieth, et 

al.(1954)simultaneously played two messagesspoken by the same person but 

delivered through two separate speakers. When the speakers were located near 

each other,the subjects had significant difficulty in separating the messages. 

However,when the speakers were located some distance from each other,' 
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sucess in separating the messages was acheived. In a separate part ofthe 

same study these researchers also filtered the messages. One message was 

presented through a high-pass filter(cutoff at 1600 Hz)and the otherthrough a 

low-pass filter(cutoff at 1600 Hz). With the two messages presented in this way, 

subjects had little difficulty in separating the two messages,even when the 

speakers Were located near each other. 

Early attempts to develop a model ofselective attention led to a filter 

theory proposed by Broadbent(1957,1958). According to this theory the filter 

would block messages having certain physical characteristics(such asfrequency 

and location), while allowing others to pass(with differentfrequency and 

location). The filtering would occur early in process. This theory implies that a 

listener would not remember anything about an ignored message since it was 

filtered out prior to achieving meaning. The only exception would be when the 

attended message did not require all the available processing time,and channel 

switching was possible. In the Cherry(1953)study in which messages were 

directed to different ears,significant changes were made to the unattended 

message without the changes being noted by the subjects. For instance,they 

did not notice when the unattended message changed from English to German 

or when the message was played backwards. However,they did notice when 

the voice changed from a male talker to afemale talker ortone. This is 

supportive ofthe filter theory since the filter is based on the frequency 

characteristic ofthe ignored message. When thefrequency is changed,the filter 

must be readjusted. 
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Other studies were not supportive ofthe filter theory. Moray(1959)found 

that individuals can notice their name being spoken while listening to another 

message. This is true even if their name is spoken from a different location or in 

a differentfrequency ofthe attended message, in a study using French-English 

bilingual subjects,Treisman(1964)played an English message in one ear and a 

different French message in the other ear. The subjects were to repeatthe 

English message. After a period oftime the French message wasswitched to a 

French translation ofthe English message. When the French message was 

lagged slightly behind the English message, most subjects recognized that both 

messages had the same meaning. From these findings,Treisman suggested 

that the unattended message is notfiltered, but is attenuated. She suggested 

that if a message is importantto an individual(the person's name)or becomes 

likely in the context ofthe message being attended,then it can be detected even 

though it is weakened. Even though the French words were attenuated,they 

were detected when they fit into the context ofthe English message. This 

change in the original filter theory is called the Broadbent-Treismari filter theory 

ofselective attention. 

Later, Deutsch and Deutsch(1963)took a different approach suggesting 

that all'information is completely analyzed automatically, with attention being 

used only to determined which ofthis analyzed information will enter into the 

individual's response. This has been termed a "later filter" theory of attention in 

contrast to the "early filter" of Broadbent(1958). Broadbent(1971)added a 

"later filter" in combination with his "early filter." He described this "later filter" as 
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"pigeonholing." In describing this addition, he suggested that it was possible to 

select stimuli on the basis ofsemantic properties and notjust on the basis of 

physical characteristics. Supportfor the addition ofthe "later filter" wasfound by 

Greenwald(1972)whofound evidence for both a perceptual set(filtering)and 

response set(pigeonholing),and Johnston and Heinz(1978)found evidence 

that selection on the basis of physical cues is less effortful than selection on the 

basis ofsemantic cues,though both can be carried out. In the Greenwald 

(1972)study subjects read digits while hearing as a distraction various types of 

spoken items that included repetitive or changing digits, or tapping sounds as a 

control. Exemplifying filtering,there was less interference when the distracting 

items were repetitive than when the distracting items kept changing. 

Exemplifying pigeonholing, responses were slower when the current visual item 

wasthe same digit as the previously presented series of distracting digits. In the 

Johnston and Heinz(1978)study a tape recording was presented binaurally to 

the subjects. The tape recording included two concurrentspeeches that differed 

in the speaker's voice only, in topic only, or in both voice and topic. Subjects 

repeated the message in one channel while performing a subsidiary task, 

pressing a key as quickly as possible whenever a visual signal was presented. 

The visual reaction time served as a measure of attentional allocation. The 

finding was that the reaction times were shorter when a physical cue was 

present than when it was absent. Semantic differences between the two 

channels resulted in less benefit in reducing reaction times. 

The major difference between these two schools ofthought concerning 
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attention was that the "early filter" theory does not assert that attention operates 

only at an early level. However,the "late filter" theory does deny thatsome 

filtering takes place at an early level. There Is evidence againstthe "late filter' 

theory. Behavlorally,Trelsman and Geffen(1967)presented dichotic tapes In , 

. which sentences within both channels contained target words. Subjects were to 

repeatone channel and,at the same time, make a tapping response whenever 

there was a target word on either channel. Target recognition was significantly 

better on the attended channel than on the unattended channel. Moray and 

O'Brien(1967)obtained similar results and also obtained Intermediate results for 

targets In a split-attention condition.. There Is also electrophyslologlcal evidence 

againstthe "late filter" theory. Woldorff, et al.(1991)found that the mismatch 

negativity wave,a componentofthe event-related neural potential that occurs to 

discrlmlnable changes In the auditory stimulus,depends on whether the subject 

Is attending toward the channel In which the change occurs. In addition, . 

Woldorff et al.(1993)reported attentlonal effects on neuromagnetic fields, 

beginning about20 milliseconds(ms)after the auditory stimulus. Using both 

neuromagnetic and magnetic resonance Imaging techniques these researchers 

localized the neural generators ofthe attention-sensitive brain responses In the 

auditory cortex on the supratemporal plane. They concluded thatthese findings 

were supportive of psychological theories of attention that Include an early, pre-

pefceptual selection of stimuli. Glard,et al.(1994)found evidence that attention 

to one oftwo tone frequencies affects the magnitude of btoacoustic emissions . 

produced In the cochlea. They postulated that effects ofselective atteritlon can 
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be observed atthe cochlear receptor. 

While almost all theories of attention can be crudely placed in one ofthe 

two filter theories discussed above,intermediate theories have also been 

proposed. Noting that none ofthe early theories of attention explained all 

situations, Kahneman(1973)proposed the capacity theory of attention. This 

theory suggests that an individual's cognitive operations are far more flexible 

than either ofthe filter theories can accountfor. The capacity theory states that 

an individual has a fixed amount of capacity available for distribution according to 

whatever strategy the individual uses. The distribution of capacity for processing 

a particular set of stimuli is said to lead to the experience of attention. If a large 

proportion ofthe available capacity is allocated to one source ofstimuli then the 

subject is said to be attending to that source. This does not mean that other 

stimuli cannot be processed. If the total amount of available capacity is not 

consumed by the primary task,then secondary tasks may be performed 

simultaneously with the primary task(Underwood and Moray,1971; Kahneman, 

1973). Thus,we can recall a memorized series of digits after a period oftime 

even if other cognitive tasks were performed during that period oftime. Our 

performance in recalling the digits will depend on the amountofcapacity used in 

performing the other cognitive task. 

In addition to the concept ofcapacity as it relates to attention, Kahneman 

(1973)also introduced the concept of attentional effort. In the capacity theory of 

attention it is assumed that effort is controlled byfeedbackfrom the execution of 

ongoing activities. Ifthe demands ofthe activities increase,there is an increase 
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in the level of effort. It is also suggested that the individual does not voluntary 

control this effort and,in fact,cannot reach the effort level for performing a 

difficult task while performing an easy task. To test this hypothesis Kahneman, 

et al.(1968)used a physiological measurement of arousal(pupil diameter)as a 

reflection of effort. They asked subjects to perform both easy and difficult tasks 

under high-incentive(more monetary award or penalty)and low-incentive(less 

monetary award or penalty)conditions. Their results showed that incentive had 

little effect in the easy task condition, and no effect in the hard task condition. 

The rriajor determinant of arousal (effort)was the difficulty ofthe task. 

Broadbent(1958)had earlierfound similar results. Broadbent distorted speech 

in various ways and to varying degrees. Hefound little change in speech 

intelligibility under the different conditions. He did find a significant difference in 

the subjects' perceived listening effort., 

Kahneman(1973)proposed a method for measuring attentional effort. It 

is based on the capacity theory of attention. He suggested that if an individual 

has limited capacity to attend to stimuli,the attentional effort required ofa 

primary task could be measured by the performance ofthe individual on a 

secondary task. Asthe difficulty ofthe primary task increases,thereby 

increasing the amountof attentional effort required to perform the task,the ability 

to perform the secondary task decreases. This results in errors or delayed 

responses in the secondary task. It is felt to be important thatthe two tasks 

utilize different sensory modalities to assure that.the secondary task reflects but 

does not affect the primary task. 
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The first audiology.study using this rnethodology was by Downs and Crum 

(1978). They used a speech listening task as their primary task and a visual task 

as their secondary task in a study of auditory learning under adverse listening 

conditions. The adverse listening conditions were created by attenuating the 

signal and adding noise in one condition. All subjects had normal hearing. Their 

subjects were required to turn off.a randomly lit lamp as quickly as possible while 

performing an auditory learning task. The difference in the reaction time to the 

lamp during the auditory learning task and a baseline reaction time obtained 

withoutthe auditory learning task was considered an index ofthe attentional 

effort required ofthe auditory learning task. Theyfound that the variables of 

signal intensity level and signal-to-competition level did not significantly alter 

learning performance. Also,a change in signal intensity did not significantly 

affect attentional effort. However,the addition of noise to the signal did 

significantly increase attentional effort. Feuerstein(1992)used the same 

methodology to evaluate attentional effort in monaural and binaural listening 

conditions. The monaural condition was a simulated conductive hearing loss in 

one ear, produced by occluding one ear with an earplug. There were two 

monaural listening conditions. In one condition the occluded ear was oriented 

toward the speech signal, while in the other condition the un-occluded ear was 

oriented toward the speech signal. Attentional effort was not significantly 

affected by changing from a binaural to a monaural condition. However, 

attentional effort increased significantly when the occluded ear was oriented 

toward the speech signal,as compared with the un-occluded ear toward the 
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signal. Rakerd,et al.(1996)compared attentiona! effort in three groups of 

subjects, normal hearing,congenital hearing loss, and acquired hearing loss. 

Their methods differed from those of earlier studies in that they used a speech 

listening task as a primary task and a visual memory task as the secondary task. 

The visual memory task required the subject to memorize nine random digits 

displayed on a computer screen. The index of attentional effort for the speech 

listening task wasthe number of digits that were not remembered. Both hearing 

impaired groups required greater attentional effort than the normal hearing 

group, The congenital hearing impaired group required,greater attentional effort 

than the acquired hearing impaired group. 

To summarize,the findings ofthe Feuerstein(1992)and the Rakerd,et al. 

(1996)studies suggestthat changes in attentional effort can be measured as 

listening conditions change(physically and acoustically). They do not provide 

information concerning how changes in the listening situation result in changes in 

attentional effort in a single individual. They also do not provide information 

concerning the difference in normal hearing and hearing impaired individuals as 

it pertains to changes in attentional effort asa result ofchanges in listening 
i-' -

conditions. Finally,these studies also do not offer information comparing 

attentional effort when performance is equal, but conditions are different. The 

current study will attempt to evaluate these areas. 
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CHAPTER 111 

Methods 

Subjects 

Prior to participation in this study,each subject read and signed a 

Statement of Informed Consentform approved by the University ofTennessee-

Knoxville. Appendix A contains the Statement of Informed Consent. 

Thirty-two individuals between the ages of50 and 59 years served as 

subjects. All subjects were native speakers of American English. The thirty-two 

subjects were divided equally between 16females and 16 males. The average 

age of both the female and male groups was55 years. The range ofage for the 

female group was50to 59 years. The range ofage tor the male group was 51 

to 58 years. . 

The male and female groups were divided equally into 8 normal hearing 

and 8 hearing impaired subjects. All ofthe hearing impaired subjects had 

acquired hearing losses. The subject's better ear was chosen as the test ear. 

Each riormal hearing subject had a speech"reception threshold(SRT)no poorer 

than 20dB HL(ANSI,1989)in the test ear. Ifthe SRTs in the two ears were ; 

identical,the subject chose the test ear Each hearing impaired subject had an 

SRT no better than 25dB HL(ANSI,1989)in the test ear. If both ears metthe 

criteria the subject's better ear was chosen asthe test ear. Ifthe SRTs were 

identical,the subject chose the test ear. 
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Equipmentand Stimuli 

Pure-tone air-conduction thresholds and SRTs were obtained with an 

audiometer(Virtual Model 320)calibrated in accordance with ANSI(1989) 

specifications for a Type2audiometer. All test signals were presented 

monaurally through an earphone(TDH 50-P)mounted in a supra-aural cushion 

(P/N 510C017-1)and a standard headband. All audiometric qualification, 

auditory tasks, memory tasks,and dual-tasks were performed with the subject 

seated in a sound-treated room (Industrial Acoustics Company,1203)meeting 

ANSI specifications for permissible ambient noise(ANSI,1991). The speech 

and noise stimuli were produced using two cassette tape players(Eika, Model 

5090A). The speech and noise stimuli were routed to a 6-channel audio mixer 

(TEAC,Model2)to produce the various signal-to-noise ratios used in the study. , 

The stimuli were presented to the subject using the audiometer and 

headphones. The noise was recorded 12-person, multi-talker babble. The SRT 

test material wasthe recorded male talker version ofthe 01D W-1 word lists. 

The test material for the auditory task wasthe recorded male talker version of 

the NU-650 item word lists. Biologic checks ofthe audiometer were performed 

each day before testing. 

Test Procedures 

All testing was accomplished during one session lasting approximately 

two hours. To minimize fatigue, rest periods were given as needed. Each 

subject was given at least one rest period. Following audiometric qualification 
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tests, each subject performed memory tasks, auditory tasks,and dual-tasks. 

Audiometric Qualification 

Pure-tone air-conduction thresholds and SRTs were obtained using a 

standard clinical procedure(ASHA,1978). Pure-tone thresholds were obtained 

at 250,500,1000,2000,3000,4000,6000,and 8000 Hz. 

The Memory Task 

In the memory task,subjects were asked to memorize as many digits as 

possible out of a string of displayed digits. The memory task was performed to 

obtain a digit recall baseline and as practice for the subject. Seventeen one-half 

inch high digits were displayed on a8 1/2"X 11"sheet of paper. An example of 

a digit list used in the study is shown in Appendix B. The subject was asked to 

study the digits and,after they were removed,to rememberthem and their order. 

Digit strings were displayed for 15 seconds. Once the digits were removed from 

the subject's sight, a memory retention interval of65seconds was initiated. The 

time period of65seconds was selected because that wasthe time required to 

deliver 15 words in the listening task portion ofthe dual-task section ofthe study. 

During the memory retention interval the subject listened to the multi-talker 

babble used in the listening task in the ear which had been selected asthe test 

ear. 

Atthe end ofthe retention interval,the subject was prompted to recall the 

digits in the correct order. Scoring was based on consecutive digits repeated 

correctly. While omissions were rare,a subject was permitted to omit one digit in 

the sequence if it wasfollowed by two correct digits. For example, if the correct 
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sequence was 2,3,4,5,6,7,8,and 9,and the subject responded with 2,3,4, 

5,6,8,and 9,the subject was given creditfor7correct digits recalled. However, 

ifthe subject responded with 2,3,4,5,6,7,and 9,the subject was given credit 

for6 correct digits recalled. The sequence was terminated when the subject 

stopped responding,when a digit was recalled incorrectly, or ifthere were two 

omissions. Amountof digit recall was the number of digits repeated in sequence 

correctly. This procedure was repeated two more times. The baseline for digit 

recall wasthe median score ofthese three trials. 

The Auditory Task 

The auditory task was performed to obtain baseline speech understanding 

scores at each signal-to-noise ratio used in the study and in quiet. It was also 

used as practice for the subject. Each subject was tested using recorded NU-6 

words in quiet and at signal-to-noise ratios of-12 dB,-6 dB,0dB,+6 dB,+12 

dB. One subject was also tested at-15 dB signal-to-noise ratio. The speech 

was presented at a level thatthe subjectjudged to be comfortable. For the 

purpose ofthis study this level was designated as the most comfortable level 

(MCL). At each signal-to-noise ratio 45 words were presented to the subject. 

The subject was instructed to repeat each word as it was presented. The subject 

was encouraged to guess. 

The45 words were divided into three 15 word blocksfor scoring 

purposes. If any part ofa word was repeated incorrectly, it wasscored as 

incorrect. The number ofcorrect responses was tabulated for each block. The 

median number ofcorrect responses ofthe three blocks was used as the 
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baseline words correct score for quiet and each signal-to-noise ratio. 

Dual-task 

In order to study attentlonal effort, the primary and secondary tasks were 

performed as part of a test sequence. The auditory task and the memory task 

were combined toform the dual-task. It was emphasized to each subject that 

they should try to do well on the auditory task. For this portion ofthe study,the 

subject was first presented the digits for memory retention,for 15 seconds. 

During the 65second retention period 15 words in noise were presented and the 

subjects were required to repeat the words. At the end ofthe auditory task the 

subject was asked to recite the digits in order. Scoring ofthe auditory task and 

the memory task portions ofthe dual-task was identical to that described 

previously for each task. These procedures were repeated three times at each 

signal-to-noise ratio. The order ofthe signal-to-noise ratios was randomized for 

each subject. 

Statistical Analysis 

The data from this study was analyzed using the multivariate analysis of 

variance(MANOVA). This method was used due to the existence of multiple 

dependent variables. 



 

Test Protocol 

The total testtime for each subject was approximately two,hours. The 

sequence oftest procedures and approximate test times is shown below: 

. 1. Informed consent and audiometric.qualification(20 minutes) 
2. Memory task(15 minutes) . 
3; Auditory task(30 minutes) , 
4. Rest period(15 minutes) , 
5. Dual-task(40 minutes) 

During the rest period and after the dual-task,subjects would often commenton 

the difficulty ofthe tasks and would discuss their listening strategies. Informal 

notes were made ofthese comments. 
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CHAPTER IV 

Results 

Results are presented for audiometric qualification data and then for 

experimental procedures. Raw data for each subject are shown in Appendix C. 

Audiometric Quaiification Resuits 

, A summary of all the audiometric qualification measurementsfor all 

subjects is shown in table 1. In addition,low frequency and high frequency pure 

tone averages were computed. The low frequency average(LFA)was defined 

asthe average threshold for 250,500,1000,and 2000 Hz. The high frequency 

average(HFA)was defined as the average threshold for 3000,4000,6000,and 

8000 Hz. ^ . 

The analysis ofthe audiometric qualification measurements is, , 

summarized in Table 2. SRTs werb significantly poorerfor the hearing impaired 

subjects than for the normal hearing subjects,as required by subject selection 

criteria. LFAs which are correlated with SRTs were also poorerfor the hearing 

impaired subjects. SRTs and LFAs were not differentfor males and females 

within the hearing impaired and normal hearing groups. 

, High frequency hearing loss(which was not a factorfor sut)ject selection 

in the present study)is known to affect word recognition ability. In the present' 

study,the male subjects in the hearing impaired and normal hearing groups had 
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Table 1: Means ofaudiometric qualification measures 

Normal Hearing Group Hearing Loss Group 

Threshold Males Females Males Females 

(dB ML) Mean(SD) Mean(SD) Mean(SD) Mean(SD) 

250 Hz 11.3(2.2) 15.0(5.6) 17.5(6.1) 20.0(8.7) 
500 Hz 7.5(5.0) 7.7(7.1) 12.5(5.6) 19.4(6.8) 
1000 Hz 8.1 (4.3) 8.1 (5.0) 23.8(6.0) 26.3(6.5) 
2000 Hz 7.5(5.0) 6.9(4.3) 36.9(6.6) 33.1 (7.5) 
3000 Hz 16.3(11.7) 10.6(5.3) 45.6(15.5) 36.9(7.0) 
4000 Hz 23.8(16.5) 12.5(6.6) 56.3(20.3) 40.0(7.9) 
6000 Hz 32.5(20.0) 19.4(5.3) 51.3(21.2) 39.4(9.2) 
8000 Hz 38.8(25.7) 20.6(10.1) 43.1 (24.5) 35.6(12.6) 

SRT 11.3(3.3) 10.0(2.5) . 27.5(3.5) 28.8(4.1) 

LF Avg. 8.6(5.2) 9.4(6.0) 22.7(11.0) 24.7(9.3) 

HP Avg. 27.8(21.0) 15.8(8.3) 49.1 (21.2) 38.0(9.6) 
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Table 2: Results of MANOVA for audiometric qualification measures 

Source Dependent Variable 

SRI Hearing Status(HS) 
Gender(G) 
HSX G 

LFA Hearing Status(HS) 
Gender(G) 
HSXG 

HFA Hearing Status(HS) 
Gender(G) 
HSXG 

* significant 

SRI-speech rececption threshold 
LFA - low frequency average 
HFA - high frequency average 

df 

1,28 182.93 .00* 

1,28 0.00 1.00 

i,31 0.93 .34 

1,28 91.96 .00* 

1,28 0.93 .34 

1,31 0.13 .73 

1,28 18.67 .00* 

1,28 5.35 .03* 

1,31 0.02 .90 
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significantly poorer high frequency hearing than the female subjects. On

average, HFA was 11.6 dB poorer for the males.

Baseline Memory Task Results

The average number of digits recalled without performing the auditory

task for all subjects was 7.8 digits with a range of 6 to 12 digits. For females the

average number of digits recalled was 7.7 digits, and for males the average

number of digits recalled was 7.8 digits. For normal hearing subjects the

average number of digits recalled was 8.1 digits, and for hearing impaired

subjects the average number of digits recalled was 7.4 digits. There was no

significant difference in the baseline digits recalled for gender (F(1,28) = 0.00, p

= 1.00) or for hearing status (F(1,28) = 0.04, p = .97)1

Auditory Task Results

Data were obtained for three auditory tasks: word recognition in quiet

(WRQ), word recognition in noise baseline with no memory task (WRBL), and

word recognition in noise with memory task (WRMT). The results for these three

tasks are shown for the four experimental groups in Table 3.

Word Recognition in Quiet (WRQ)

The WRQ task was not difficult for most subjects. For the three WRQ

trials the median score was 15/15 or 14/15 words correct for 29 of 32 subjects.

The mean WRQ scores for each experimental groups are shown in the right

hand column of Table C. The mean WRQ for all subjects was 14.5. WRQ did
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Table 3:WRMTand WRBL:Mean results as a function ofsubject aroup and 
signal-to-noise ratio ^ 

Group -12 -6 0 +6 +12 Avg* Quiet 

FN WRMT 0.5 6.6 10.3 12.9 13.9 10.9 

(WRBL) (0.3) (6.4) (9.6), (12.6) (14.3) (10.7) 14.6 

MN WRMT 0.0 4.4 7.6 11.3 13.5 9.1 

(WRBL). (0.0) (3.9) (7.8) (11.3) (13.8) (9.2) 14.5 

FH WRMT 0.0 3.6 8.5 12.4 13.9 9.6 

(WRBL) (0.0) (4.0) , (7.4) (12.1) (13.5) (9.3) 14.4 

MH WRMT 0.0 2.1 5;8 9.8 11.6 7.3 

(WRBL) (0.0) (2.3) (5.9) (9,8) (12.0) (7.5) 14.4 

AvgWRMT 0.1 , 4.2 8.0 11.6 13.2 

(WRBL) (0.1) (4.1) (7.7) (11.4) (13.4) 14.5 

* average of-6,0,+6,and +12 only 

FN - normal hearing females 
MN - normal hearing males 
FH - hearing impaired females 
MH - hearing impaired males 
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not depend on hearing status(F(1,28)= 1.39,p=.25)or gender(F(1,28)= 2.05, 

p=.16). 

Word Recognition in Noise:WRBL and WRMT 

There were four variables in analyzing the word recognition in noise 

scores: word recognition task(WRMT v. WRBL),signal-to-noise ratio, hearing 

status, and gender. The mean data for these four conditions are shown in Table 

3,and the MANOVA for these data is shown in Table 4. 

Word Recognition Tasks(WRMT v. WRBL) 

The results ofthe statistical analysis(Table 4)indicated that the results for 

WRMT and WRBL were not significantly different. This was different than what 

had been expected. It had been anticipated that word recognition would be 

better without the competing memory task. Because the WRBL scores were 

always obtained before the WRMT scores,there is the possibility that learning 

improved the WRMTscores relative to the WRBL scores. 

Signai-to-noise Ratio 

The average word recognition score with the memory task at+12dB 

signal-to-noise ratio was 13.2(Table 3). This was a slight decrease in word 

recognition from the WRQ score of 14.5. From +12dB signal-to-noise ratio there 

was a systematic decline in word recognition scores as the signal-to-noise ratio 

decreased. At+6dB signal-to-noise ratio the average word recognition score 

was 11.8, at0dB signal-to-noise ratio it was 8.0,and at-6 dB signal-to-noise 

ratio it was 4.2. At-12 dB sighal-to-noise ratio 31 of32 subjects had a word 

recognition score of0. The decrease in word recognition with decreases in 
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Table 4: MANOVA for word recognition in noise(WRMT and WRBL) 

Source df F p 

Task(T) 1,28 1.88 .18 

Signal-to-noise ratio(8) 3,84 300.61 .00* 

Hearing Status(H) 1,28 6.64 .02* 

Gender(G) 1,28 8.11 .01* 

TXS 3,84 1.73 .17 

TXH 1,28 0.39 .54 

TXG 1,28 0.56 .46 

SXH 3,84 1.48 .23 

SXG 3,84 0.99 .40 

significant 
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signal-to-noise ratio was highly significant.. 

Hearing Status 

The statistical results as shown in Table4indicate thatthe word 

recognition scores were significantly poorerfor hearing impaired subjects than 

normal hearing subjects. Ateach signal-to-noise ratio the hearing impaired 

subjects missed 1.6 more words on average than the normal hearing subjects. 

Gender 

The statistical results asshown in Table4indicate that word recognition 

scores were significantly poorerfor male subjects than forfemale subjects. At 

each signal-to-noise ratio the males rhissed on average 2.1 words more than the 

females. However, based on the audiometric qualification data,this difference 

may be attributable to a difference in high frequency hearing ratherthan gender. 

Subject classification was based on SRTs which is a widely accepted measure of 

hearing loss. The SRT depends on low frequency and middle frequency hearing 

sensitivity. In the present study the mean HFA for normal hearing females was 

12.0 dB better than for male normal hearing subjects. For hearing impaired 

subjects,thefemale mean HFA was 11.1 dB better than for the male hearing 

impaired subjects. 

Memory Task Results 

Figure 1 showsthe mean MT and WRMT results plotted for normal 

hearing and hearing impaired subjects. The mean MT scores are depicted by 

the line graphs and the mean WRMTscores are represented by the bar graphs. 
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Signal-to-noise ratio

NH WRMT ii HL WRMT
NH MT HLMT

NH WRMT - Auditory Task with Memory Task (normal hearing subjects)
HL WRMT - Auditory Task with Memory Task (hearing impaired subjects)
NH MT - Memory Task (normal hearing subjects)
HL MT - Memory Task (hearing impaired subjects)

Figure 1; Mean WRMT and MT scores for 16 normal hearing and 16 hearing
impaired subjects.
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The MANOVA ofthe MTscores for the signal-to-noise ratios of0,+6,and +12 

dB is summarized iri Table 5. The signal-to-noise ratios of-6 and -12 dB were 

not inciuded in the analysis to elirhinate the confounding effects ofchanges in 

strategy. The MT scores for the genders were not significantly different, and MT 

scores for hearing status were also not significantly different. The MT scores at 

each signal-to-noise ratio were significantly different. 

Memory Task Listening Strategies 

Borrowing Strategy 

In the present study,subjects were instructed to piace primary emphasis 

on correctiy repeating words in the auditory task. Thirty of32subjects 

demonstrated a reduction in digit recall as the difficulty ofthe auditory task 

increased. This reduction in digit recall was interpreted as an indication that 

these thirty subjects had borrowed from the memory space beihg used for digit 

recall in an attemptto maximize performance ofthe.auditory task. This was 

considered evidence of attentional effortthat was expended. The 30 subjects 

whose recall of digits declined systematicaliy as auditory task difficulty increased 

were classified as using a listening strategy called "borrowing." The remaining 

two subjects provided evidence of having a primaryfocus on the memory task 

because they showed only minimal evidence of borrowing as the auditory task 

increased in difficulty. They were classified as"minimal borrowers." 
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Table 5: MANOVA for digits recalled(MT)at 0,+6,and +12 signal-to-noise 
ratio 

Source 

Signal-to-noise ratio(8) 
Hearing Status(H) 
Gender(G) 

GXH 

SXH 

SXG 

significant 

df F p 

2,56 26.61 .00* 

1,28 1.21 .28 

1,28 2.93 .10 

1,28 1.12 .30 

2,56 0.91 .41 

2,56 0.32 .73 
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Trying andPunting Strategies 

There Was evidence of additional differentiation in listening strategies 

based on the patterns ofchange in digit recall as auditory task difficulty 

increased. Subjects were placed in three response pattern groups:triers, 

punters,and constant memoryfocus. 

Subjects were classified as triers if they increased their borrowing 

(measured as a reduction in digit recall)as the difficulty ofthe listening task 

increased,even when the listening task was impossible(0% word recognition). 

There were 11 borrowers who were triers. The 11 triers represented 34% ofthe 

total subject population. Five ofthe triers were males and six werefemales. Six 

ofthe 11 triers(55%)had normal hearing. Mean data for this group are shown in 

Figure 2. The bar on the left side ofthe figure is the average median words 

correct in quiet for the triers. The average median words correct at each signal-

to-noise ratio for both baseline and memory task trials are shown by the bar 

graphs in the center ofthe figure. The bar graphs indicated that WRMT and 

WRBL scores declined as the signal-to-noise ratio decreased. Also,for the triers 

WRBL scores were slightly worse at each signal-to-noise ratio than the WRMT 

scores.The average median digits recalled is shown by the bar on the right of 

the figure.The average median digits recalled at each signal-to-noise ratio is 

represented by the line graph in the center ofthe figure,superimposed with the 

bar graphs showing the average median words correct at each signal-to-noise 

ratio. This line graph shows a decrease in digits recalled with the introduction of 

noise at a signal-to-noise ratio of+12 dB. On average, digit recall decreased 
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Figure 2: Mean auditory task and memory task results for 11 triers. 
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from 6.6 digits at a signal-to-noise ratio of+12dB to 3.8 digits at a signal-to-

noise ratio of-12 dB. Asthe signai-to-noise ratio decreases there is a consistent 

decrease in the number of digits recalled. This is indicative that more attentional 

effort was used forthe auditory task as the signal-to-noise ratio decreased. 

Subjects were classified as punters if they were triers who stopped 

borrowing(measured as an increase in digit recall)when the listening task 

became very difficult or impossible. There were 20 punters, representing 63% of 

the total subject population. Nineteen ofthe 20 punters were borrowers(95%). 

The 19 borrowing punters represented 59% ofthe total subject population. Ten 

ofthe 19 borrowing punters were males and 9 were females. Eight ofthe 19 

borrowing punters had normal hearing. Mean data for the 19 punters who were 

borrowers are shown in Figure 3. Figure 3is identical in form to Figure 2. The 

bar graphs at each signal-to-nose ratio again show decreasing average median 

WRMT and WRBL scores as the signal-to-noise ratio decreased. They also 

show little difference between average median WRMT and WRBL scores at each 

signal-to-noise ratio. For 16 borrowing punters,the change in strategy occurred 

when the WRMTscore was0%,for one subject when the score was7%,for one 

subject when the WRMTscore was40%,and for one subject when the WRMT 

score was53%.This is represented in Figure 3as an upturn ofthe MTfunction 

at-12 dB signal-to-nose ratio. 

The results ofthe 19 borrowing punters have been replotted in Figure 4. 

The abscissa ofthe figure has been changed to reference digit recall data and 

WRMT data relative to the change in listening strategy. In Figure 4,"R" 
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represents the signal-to-noise ratio at which strategy changed from trying to 

punting. "R+1"represents one signal-to-noise ratio level better than "R",and so 

on. The presentation ofthe data in this form normalizes for strategy rather than 

for signal-to-noise ratio. 

There was one subjectfrom the minimal borrower group who was 

classified as a punter. This subject was a hearing impaired male. This subject's 

data is shown in Figure 5 and was not included in Figure 3. As can be seen in 

Figure 5,there was minimal borrowing with the introduction of background noise 

at+12dB signal-to-noise ratio. Flowever, unlike the MT results shown in Figures 

2and 3there was no borrowing as the signal-to-noise ratio decreased. The 

upturn in MT at-12 dB signal-to-noise ratio is similar to thatshown in Figure3 

and indicated a change in listening strategy to punting. 

ConstantAttention to Memory 

One subjectfrom the minimal borrower group had the same high level of 

digit recall regardless ofthe difficulty ofthe auditory task. Since the digit recall 

did not change with increasing difficulty in the auditory task,these results were 

interpreted as a constant attention to memory strategy. This subject was a 

female with normal hearing. The data for this subject are shown in Figure 6. MT 

scores were slightly poorer than baseline but were high and invariantfor all 

signal-to-noise ratios during WRMT. Almost no space wastaken from memory 

during even the most difficult auditory tasks. An interesting feature of Figure6 is 

that the subject's WRMTtended to be worse than the WRBL,particularly at -6 

and +6 dB signal-to-noise ratio. This subject wasthe only subject to show this 
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pattern. These reductions in WRMT were probably a result ofthe subject placing 

attention to the memory task rather than the auditory task in the dual-task 

procedure. 
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CHAPTER V 

Discussion 

Discussion of Results 

In the formative stages ofthis study it was expected that individuals would 

exert more effort to understand speech as the task became more difficult. It was 

believed that individuals with normal hearing and those with hearing loss would 

use the same basic strategy as the task become more difficult. However, it was 

thoughtto be likely that individuals that were hearing impaired would use more 

effort to understand speech at all levels of difficulty. The results ofthis study 

indicated a more complex difference in strategies used to deal with listening to 

speech in noise. 

In the present study,individuals used two basic strategies to cope with the 

difficulty of understanding in noise. Most individuals simply applied more effort to 

the task as the task became more difficult. This strategy was labeled as 

borrowing. A minority of individuals applied no more attentional effort to a 

difficult listening task in noise than they did to an easy listening task in noise. 

This strategy was labeled as minimal borrowing. 

When the listening task became very difficult or impossible,there was a 

diversion of strategies in both cases. At this point most borrowers no longer 

used attentional effort in listening to the speech in noise. This sub-strategy was 

labeled as punting. A smaller group of borrowers continued to apply more 
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attentional effort to the task,even when it became Impossible. This strategy was 

labeled as trying. 

The two minimal borrowers also used two different strategies when the 

task became impossible. In one case,attentional effort did not change with 

changes in task difficulty. This sub-strategy was labeled as constant attention to 

memory. In a second case,attentional effort did not change as the task became 

more difficult until the task became impossible. At this point attentional effort 

decreased. This sub-strategy was also labeled as punting. 

Clearly,the majority ofthe subjects in this study were borrowers - either 

triers or punters(31/32). If we project these strategies into day-to-day situations, 

trying would almost assuredly lead to frustration in dealing with noise in-verbal 

communication. In fact,since they do no better understanding speech in noise 

than the punters,the trying strategy may actually be counterproductive. Triers 

may be those individuals who clinically presentthemselves as having a great 

deal of difficulty communicating when there is background noise. Often this can 

be attributed to the degree and type of hearing loss, however at othertimes it 

appears that the complaint outweighs the severity ofthe hearing problem. This 

non-proportional problem with difficult listening situations may be caused by a 

lack offlexibility in adapting to the situation. These individuals may lack the 

ability or choose not to use other sensory modalities,such as vision, in dealing 

with difficult listening situations. 

Punters,on the other hand,may be those individuals who perform better 

in verbal communication in noise than we would expectfrom their audiometric 
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results. The subjects in this study who demonstrated a willingness to switch 

attentional effortfrom one task to another once the primary task became difficult 

to perform, may be showing flexibility in listening strategies. They may be those 

individuals who easily use other sensory modalities to assist hearing in difficult 

listening situations. If true, it would appearthat punters would be more receptive 

to non-verbal aural rehabilitation procedures such as lipreading. Punters, in fact, 

may be those individuals who appear to be excellent lipreaders withoutformal 

training. Ofcourse,this begs the question of whether triers can be trained to be 

punters or would choose to t)e punters if given the choice. There is the 

possibility that the instructions given in this study to do as well as possible on the 

auditory task may have led some subjects to be triers. If this is true,one has to 

wonder why almosttwo-thirds ofsubjects ignored these instructions. 

The change in strategy employed by the punters not only reduced the 

attentional effort being used on the auditory task, it appears to have eliminated it. 

The mean number of digits recalled by the punters at the signal-to-noise ratio at 

which the strategy changed was6.9(standard deviation =0.0). The mean 

number of digits recalled by the punters at baseline was 7.8 

(standard deviation = 1.2). These means were riot significantly different as 

determined by a t-test(t=0.001,p> 0.01). It appears that once the strategy 

change occurs very little, if any,attentional effort is given to the primary task. 

The third strategy ofconstant attention to memory is used byfew 

individuals. The one subject in this study who used this strategy wasone oftwo 

subjects with normal hearing and a WRMTscore of0% at-6 dB signal-to-noise 
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ratio. The second normal hearing subject(as defined by the SRT)had a 

significant high frequency hearing loss. This could explain the second subject's 

WRMTscore of0% at-6 dB signal-to-noise ratio. Asfor the subject with 

constant attention to memory,this subject's WRMT score at this signal-to-noise 

ratio may be explained by the subject's history. It may also give reason to the 

listening strategy used by the subject. This subject indicated in an informal 

discussion following testing that she had a learning disorder as a child and had 

possibly had undiagnosed dyslexia. The strategy demonstrated by this subject 

in this study may be one learned over time to overcome the childhood learning 

disorder. By using relatively little attentional effort with even impossible tasks, 

the subject may be effectively leaving the attentional effort free to be used in a 

more global way.By doing so,as many input modalities as possible could be 

used to receive information. 

Summary 

The two research questions ofthis study were: 1)does attentional effort 

increase with increases in the difficulty ofthe auditory task,and 2)for listening 

conditions that vary in difficulty, does attentional effort differ for normal and 

hearing impaired individuals. As to the first question ofthe study, it appears that 

for most individuals attentional effort increases with increases in the difficulty of 

the auditory task up to the point when the task becomes impossible. Atthat 

pointsome individuals stop trying on the auditory task and focus their effort 

elsewhere. As to the second question ofthe study, it appears thatthe majority of 
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both normal hearing and hearing impaired individuals use borrowing strategies to 

gain additional space for auditory processing. When the task becomes very 

difficult or impossible about60% ofthe borrowers become punters and stop 

trying. A slightly larger percentage of hearing impaired listeners adoptthe 

punting strategy compared with normal hearing listeners. 

Relationship of Results to Previous Research 

The present study may have been the first to report on multiple levels of 

difficulty(changes in signal-to-noise ratios)ofan auditory task to evaluate 

changes in attentional effort. While broad comparisons to other studies are 

possible, direct comparisons are difficult. 

Several researchers(Carhart and Tillman, 1970;Tillman et al, 1970; 

Jokinen, 1973;Cohen and Keith, 1976; Findiay, 1976; Dirks et al, 1982; Dubno 

et al, 1984;Plomp,1986; Seattle, 1989; Wilson et al, 1990)have generally found 

that hearing impaired individuals were more susceptible to the effects of noise 

than are normal hearing listeners. Thisfinding is based on speech 

understanding scores in noise for both groups. In the present study,the hearing 

impaired subjects also seem to be more susceptible to the effects of noise, 

missing on average 1.6 words more words at each signal-to-noise ratio than the 

normal hearing group. One ofthe unique features ofthe presentstudy wasthat 

attentional effort was also measured with performance on the auditory task. The 

hearing impaired individuals in this study did not appear to have used 

significantly more attentional effort than normal hearing individuals. This is 



56 

somewhat surprising, since intuitively one would expectthat hearing impaired 

listeners would use more attentional effort in listening to speech. The lack of a 

significant difference in attentional effort between the two groups in the present 

study rriay be due to the relatively mild hearing loss of most individuals in the 

hearing impaired group. 

Three studies in the audiologic literature used an attentional effort 

measurementtechnique similar to the one used in the present study. Downs 

and Crum(1978)studied the attentional effort used in auditory learning under 

adverse listening conditions in normal hearing listeners. Theyfound the only 

adverse listening condition to cause a significant change in attentional effort was 

the addition of noise to the signal at a signal-to-noise ratio of+6 dB. This is in 

agreement with the findings with normal hearing individuals at +6 dB signal-to-

noise ratio in the present study. 

Feuerstein(1992)studied the difference in attentional effort in normal 

hearing and simulated unilateral hearing loss while listening to speech in noise. 

Hefound a significant difference in attentional effort only when speech was 

presented to the ear with the simulated hearing loss and noise was presented to 

normal hearing ear. Unfortunately, Feuerstein did not alter the signal-to-noise 

ratio from -5 dB signal-to-noise, making a direct comparison ofthe data 

impossible. 

A third audiologic study(Rakerd et al,1996)investigated the effort 

required of hearing impaired individuals and normal hearing individuals when 

they listened to speech. Using a dual-task paradigm,theyfound that hearing 
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impaired subjects used more attentional effort to gather information from 

recorded passages. Further,they found that subjects with congenital hearing 

loss used more attentional effort than those with acquired hearing loss. While 

these researchers attribute the differences between the congenital and acquired 

hearing loss groups to a possible central auditory deficit, it is also possible that 

the difference was due to the fairly large difference in degree of hearing loss 

between the two groups. The hearing impaired group in the present study did . 

not have the wide range of hearing loss that was present in this study,so a direct 

comparison ofthe results was difficult. Also, noise was not a factor in the 

Rakerd et al,(1996)study. 

Future Research 

Future research should focus on developing a better understanding of 

attentional effort as it relates to verbal communication. Developing a better 

understanding of attentional effort and its relationship to hearing may provide 

insight to issues ranging from aural rehabilitation to alternative descriptions of 

auditory processing disorders. Future research should address whether one 

attentional effort strategy is betterfor use by hearing impaired individuals. If 

there is a better strategy, it would be helpful to know if attentional effort 

strategies can be altered and the possible benefits of doing so. Finally, it would 

be importantto investigate both normal hearing and hearing impaired individuals 

for the existence ofa listening strategy disorder. 
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INFORMED CONSENT FOR A RESEARCH PROJECT ENTITLED 
"Effects ofHearing Losson AttentionalEffortDuring Listening Tasks" 

PROJECT DESCRIPTION 
You are being asked to participate in an experimental study aimed at evaluating 
the effects ofthe difficulty of listening tasks on attentional effort in normal hearing 
and hearing impaired subjects. The resuits or this study wiil be included in a 
dissertation by Robert E. Moore. Should you agree to participate,the test 
session wiii not exceed three hours. , 

Before the study, you wiil be given a hearing test(routine aUdiometry)to 
determine if your hearing is normai(15dB HL or better speech reception 
threshold)or abnormal(20dB HL or greater speech reception threshoid). This 
testing will be performed in a sound treated room. You wiil be provided with the 
results ofthe hearing test. 

Foliowing the hearing test, you wili be asked to memorize a iist of numbersfor 
15-seconds. After an 65-second retention period, during which you will listen to 
noise at a comfortabie ievei, you will be asked to recall the numbers in order. 
This wili be repeated two more times. This portion ofthe study will be the 
memory task. 

After the memory task, you will be asked to repeat words presented in quiet and 
presented with noise competition (several people talking at once). The words 
will be presented at a comfortable level,asjudged by you. The level ofthe noise 
competition wiii be varied as it relates to the presentation level ofthe words. 
This portion ofthe study wili be the iistening task. 

Foliowing the listening task, you will again be asked to memorize a list of 
numbersfor 15-seconds. During the 65-second retention period you will be , 
asked to repeat words presented in noise as you did during the listening task. 
Again,atthe end ofthe 65-second retention period you will be asked to recall 
the numbers in order. These procedures will be repeated fourteen times. This 
portion ofthe study wili be the dual-task. 

The above procedures are routine clinicai procedures which offer no known 
health risks. Regardless,every effort will be made to minimize any potential risk 
or discomfort. Rest periods wiil be given as you desire. The only benefit you will 
receive from your participation in this study will be a free hearing test. However, 
you will contribute to our understanding ofthe relationship of hearing ioss, 
listening difficuity, and attentional effort. 
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CONFIDENTIALITY 
Any information obtained about you for this study will be kept strictly confidential. 
Confidentiality of your data as well as any identifying material will be protected by 
limiting access to only the Principle investigator and his Advisor. Your identity 
will not be revealed in any description or publication ofthis research. This 
consentform will be stored for three yearsfollowing completion ofthe study at a 
secured location atthe University ofTennessee. 

RIGHT TO REFUSE ORTO END PARTICIPATION 
Your are free to refuse to participate in this study orto withdraw at any time 
without having it affect your care in any ofthe University ofTennessee Clinics or 
the Baptist Ear Center. You will suffer no loss of benefits to which you are 
otherwise entitled. 

VOLUNTARY CONSENT 
I have read the above information,and the Principal Investigator has explained 
the procedures and answered ail my questions concerning this project. It has 
been explained to me that my identity will not be revealed in any description or 
publication ofthis research. Therefore, i consent to such publication for scientific 
purposes. 

Any questions I have concerning my rights as a research subject will be 
answered by Robert E. Moore, the Principle Investigator atthe Baptist Ear 
Center(632-5995),or by Dr. J.W.Thelin,the Advisor,at457South Stadium Hail 
(974-1796). 

My signature below means that I have had all my questions answered and freely 
agree to participate in the experirrientai study. 

Signature ofthe subject; - Date: ^ 

INVESTIGATOR'S CERTIFICATION 
I certify that I have explained to the above individual the nature and purpose,the 
potential benefits,and the possible risks associated with participating in this 
experimental study. I have answered any questions that have been raised,and 
have witnessed the above signature. 

Signature of Investigator: Date: 
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APPENDIX B 

SAMPLE DIGIT LIST 
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APPENDIX C 

SUBJECT DATA SHEETS AND CHARTS 
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DATA SHEETSUBJECT 1 

Gender:Female Age:57 Test Ear: Right Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8 kHz SRT MCL 

RE 20 15 15 10 15 25 25 40 10 50 

LE 15 10 10 15 25 30 30 25 10 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 0 8 9 13 14 

Trial 2: 15 0 3 11 11 15 

Trial 3: 14 0 6 10 11 13 

Median: 15 0 6 10 11 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 8 10 12 13 

Trial 2: 0 3 8 12 14 

Trial 3: 0 5 10 12 14 

Median: 0 5 10 12 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 7 5 10 4 8 5 

Trial 2: 9 2 5 8 8 8 

Trial 3: 8 7 5 6 8 8 

Median: 8 5 5 6 8 8 
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Subject1 
Female, Normal Hearing 

rieISr 

o 14- -14 •o
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o 
ro 
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-4 
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4- i ■u 
0) (1)

22-

0- io 
WRQ -6 0 6. MTBL 

Signal-to-noise ratio(dB) 

WRQ WRMT □ WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task)
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT2 

Gender:Female Age:58 Test Ear: Left Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8 kHz SRT MCL 

RE 35 20 15 15 10 30 35 55 20 

LE 25 20 15 25 30 40 50 60 25 60 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 0 5 7 14 15 

Trial 2: 15 0 4 7 14 14 

Trial 3: 15 0 10 7 12 15 

Median: 15 0 5 7 14 15 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 4 7 12 14 

Trial 2: 0 7 9 13 15 

Trial 3: 0 4 9 15 15 

15Median: 0 4 9 13 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 
' Trial 1: 8 4 5 5 6 3 

Trial 2: 8 6 2 4 4 8 

Trial 3: 6 6 4 9 9 6 

6Median: 8 6 4 5 6 



78 

Subject 2 
Female, Hearing Loss 
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Signal-to-noise ratio (dB) 

WRQ ■WRMT I I WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT3 

Gender: Male Age:58 Test Ear: Right Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8 kHz SRT MCL 

RE 10 15 15 10 35 55 75 90 15 

LE 15 20 20 35 50 50 80 75 15 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 0 5 11 10 12 

Trial 2 14 0 9 6 11 13 

Trial 3: 15 0 5 6 13 13 

Median: 14 0 5 6 11 13 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 2 4 15 14 

Trial 2: 0 2 7 12 13 

Trial 3: 0 2 7 9 13 

Median: 0 2 7 12 13 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 10 8 9 9 5 10 

Trial 2: 5 7 4 6 8 6 

Trial 3: 9 8 3 6 6 8 

Median: 9 8 4 6 6 8 
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Subject 3 
Male, Normal Hearing 

16t t16 
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Signai-to-noise ratio (dB) 

WRQ ■ WRMT □ WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task)
MTBL - Memory Task Baseline (no auditory task) 



 

81 

DATA SHEET SUBJECT4 

Gender:Female Age:58 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8 kHz SRT 

5 20 40 15RE 15 5 10 10 15 

LE 15 5 5 . 10 15 10 15 25 10 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 3 8 9 14 15 

Trial 2: 13 0 9 10 14 14 

Trial 3: 15 0 6 9 15 15 

0 8 9 14 15Median: 15 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

0 11 10 14 15Trial 1: 

Trial 2: 3 1-0 10 13 14 

Trial 3: 0 6 10 15 15 

0 10 10 14 15Median: 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 9 6 4 8 5 4 

Trial 2: 6 0 4 3 5 6 

Trial 3: 8 3 6 4 9 7 

6Median: 8 3 4 4 5 

50 
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Subject4 
Female, Normal Hearing 
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Signal-to-noise ratio(dB) 

WRQ WRMT □ WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT5 

Gender: Male Age:53Test Ear: Left Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4 kHZ 6 kHz 8kHz SRT 

RE 10 5 0 5 35 35 40 45 15 

LE 5 10 15 35 30 35 40 45 25 60 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 - 0 5 4 14 15 

Trial 2: 14 - 0 5 9 13 14 

Trial 3; 15 - 0 6 5 13 14 

Median: 14 - 0 5 5 13 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 6 8 15 14 

Trial 2: 0 4 6, 13 15 

Trial 3: 0 5 6 14 14 

Median: 0 5 6 14 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 9 - 9 8 2 9 6 

Trial 2: 7 - 8 2 8 6 5 

Trial 3: 5 - 5 4 5 6 9 

Median: 7 - 8 4 5 6 6 
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Subject5 
Male, Hearing Loss 

16t t16 
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Signal-to-noise ratio(dB) 

WRQ WRMT □ WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT6 

Gender: Male Age:55 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT 

RE 25 10 10 10 5 20 15 10 5 

LE 15 10 5 0 10 25 15 15 5 45 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 0 11 7 10 13 

Trial 2: 15 0 6 10 12 13 

Trial 3: 15 0 7 8 11 15 

Median: 15 0 7 8 11 13 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 8 7 11 14 

Trial 2 -: 0 8 10 12 14 

Trial 3 -: 0 7 9 11 14 

-Median: 0 8 9 11 14 

Digits Remembered Baseline and at Each Signai/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 6 5 3 2 7 5 

Trial 2: 8 2 2 6 4 9 

Trial 3: 9 2 5 4 5 5 

Median: 8 2 3 4 5 5 
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Subject 6 
Male, Normal Hearing 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT7 

Gender:Female Age:55 Test Ear: Right Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1kHz 2kHz 3kHz 4 kHZ 6 kHz 8 kHz SRT MCL 

RE 15 15 5 5 5 20 25 25 15 

LE 5 10 5 0 15 25 20 10 15 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 2 7 11 11 14 

Trial 2: 15 0 10 7 14 15 

Trial 3: 15 0 8 8 12 12 

Median: 15 0 8 8 12 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 5 7 13 14 

Trial 2: 0 9 10 13 15 

Trial 3: 0 8 12 12 13 

Median: 0 8 10 13 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 8 7 4 8 5 3 

Trial 2: 7 1 7 5 6 6 

Trial 3: 7 3 2 3 7 7 

Median: 7 3 4 5 6 6 
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Subject 7 
Female, Normal Hearing 
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□ WRBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT8 

Gender:Female Age:56 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4 kHZ 6kHz 8 kHz SRT 

RE 20 10 15 10 5 10 30 25 15 

LE 15 5 5 5 10 10 25 15 10 50 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 0 9 10 9 11 14 

Trial 2: 14 0 2 11 9 13 14 

Trial 3: 15 0 1 7 11 15 15 

Median: 14 0 2 10 9 13 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 1 7 9 12 15 

Trial 2: 0 4 10 9 14 14 

Trial 3: 0 5 9 10 14 14 

Median: 0 4 9 9 14 14 

Digits Remembered Baseline and at Each Signai/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 8 5 2 6 4 7 7 

Trial 2: 6 4 2 2 8 6 7 

Trial 3: 9 6 6 3 4 9 6 

Median: 8 5 2 3 4 7 7 
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Subject8 
Female, Normal Hearing 
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DATA SHEET SUBJECT9 

Gender:Female Age:59Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT 

RE 20 15 30 45 50 55 40 30 35 65 

LE 15 15 25 30 35 35 40 45 25 

Baseline Words Correct:at Each Signai/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 0 3 5 10 14 

Trial 2: 15 0 2 10 11 12 

Trial 3: 15 0 2 2 11 15 

Median: 15 0 2 5 11 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 1 5 11 14 

Trial 2: 0 4 7 11 15 

Trial 3: 0 1 6 12 13 

Median: 0 1 6 11 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 7 5 4 3 9 6 

Trial 2: 9 8 3 9 5 6 

Trial 3: 6 2 7 5 5 6 

Median: 7 5 4 5 5 6 
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Subjects 
Female, Hearing Loss 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task)
MT - Memory Task (digits recalled with auditory task)
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 10 

Gender:Female Age:55 Test Ear: Left Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT 

RE 15 15 15 10 25 25 35 35 15 

35 30 25 30 70LE 15 20 25 35 35 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 - 0 8 5 14 15 

Trial 2: 15 - 0 0 7 14 14 

Trial 3: 15 - 0 5 5 14 13 

5 14Median: 15 - 0 5 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 5 6 12 13 

0 3 6 15 15Trial 2: 

Trial 3: 0 7 155 15 

Median: 0 5 6 15 15 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

+6 +12 

Trial 1: 8 - 7 4 4 6 5 

Trial 2: 8 - 3 4 5 5 8 

Trial 3: 6 - 1 7 6 3 5 

Baseline -15 -12 -6 0 

Median: 8 - 3 4 5 5 5 
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Subject10 
Female, Hearing Loss 
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Signal-to-noise ratio (dB) 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT 11 

Gender:Female Age:51 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8 kHz SRT 

RE 30 20 15 15 20 10 20 20 15 

LE 25 10 10 15 20 15 20 25 10 50 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 1 4 11 14 15 

Trial 2: 15 0 10 11 15 15 

Trial 3: 15 0 5 13 13 14 

Median: 15 . 0 5 11 14, 15 

Words Correct With Memory Task at Each Signai/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 8 13 15 14 

Trial 2: 1 6 14 13 14 

Trial 3: 0 7 14 15 15 

Median: 0 7 14 15 14 

Digits Remembered Baseline and at Each Signai/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 7 8 2 3 8 6 

Trial 2: 7 7 1 6 4 5 

Trial 3: 6 7 6 4 5 6 

Median: 7 7 2 4 5 6 



96 

Subject 11 
Female, Normal Hearing 
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WRQ - Words Correct in Quiet 
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MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT 12 

Gender:Female Age:55 Test Ear: Left Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT 

RE 15 15 25 20 25 25 20 15 15 

LE 15 15 20 30 35 30 25 25 25 65 

Baseline Words Correct;at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 0 8 9 13 15 

Trial 2: 14 0 2 11 13 14 

Trial 3: 14 0 3 11 13 12 

Median: 14 0 3 11 13 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 5 12 13 14 

Trial 2: 0 2 10 13 15 

Trial 3: 0 5 12 12 14 

Median: 0 5 12 13 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 8 1 5 3 8 5 

Trial 2: 7 0 3 5 4 3 

Trial 3: 5 1 2 3 4 7 

Median: 7 1 3 3 4 5 
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Subject12 
Female, Hearing Loss 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no rhemory task)
MT - Memory Task (digits recalled with auditory task)
MTBL - Memory Task Baseline (no auditory task) 

t16-

-14 •o 
0 

-12 0 
o 
0 

-10 OL 
<n 

-8 *5) 

-6 Q 
c 

-4 CO 

<0 
-2 

io 
MTBL 



 

99 

DATA SHEET SUBJECT 13 

Gender:Female Age:55Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4 kHZ 6 kHz 8 kHz SRT 

RE 10 15 30 25 30 35 40 45 25 60 

LE 10 15 10 25 25 30 35 40 15 

Baseline Words Correct;at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 0 7 13 12 13 

Trial 2: 14 0 7 10 14 13 

Trial 3: 14 0 ' 5 9 13 14 

Median: 14 0 7 10 13 13 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 4 12 10 13 

Trial 2: 0 4 8 13 15 

Trial 3: 0 7 10 13 13 

Median: 0 4 10 13 13 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 13 9 2 4 8 3 

Trial 2: 9 5 3 9 4 9 

Trial 3: 5 8 6 2 3 5 

5Median: 9 8 3 4 4 
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Subject 13 
Female, Hearing Loss 
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WRQ - Words Correct in Quiet 
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WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task)
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 14 

Gender:Female Age:56 Test Ear: Right Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT 

RE 5 5 15 5 10 5 10 10 10 50 

LE 5 5 5 10 20 25 30 35 5 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 - 0 5 15 15 15 

Trial 2: 14 - 0 8 9 14 15 

Trial 3: 15 - 1 5 12 12 12 

Median: 14 - 0 5 12 14 15 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 6 11 14 15 

Trial 2: 0 8 13 15 14 

Trial 3: 0 5 12 13 13 

Median: 0 6 12 14 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 5 - 3 5 8 5 7 

Trial 2: 8 - 6 5 3 9 8 
Trials: 7 - 4 8 6 6 5 

Median: 7 - 4 5 6 6 7 
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Subject 14 
Female, Normal Hearing 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATASHEETSUBJECT 15 

Gender:Male Age:50 Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT 1 

RE 10 0 20 40 45 50 20 15 25 65 

LE 70 65 65 50 50, 65 75 75 60 

Baseline Words Correct at Each SIgnal/Nolse Ratio 

Quiet -15 -12 -6 0 +6 +12 

Triall: 13 - 0 1 5 12 14 

Trial 2: 15 0 0 9 13 14 

Trial 3: 14 0 1 8 10 14 

Median: 14 0 1 8 12 14 

Words Correct With Memory Task at Each SIgnal/Nolse Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 0 6 11 14 

Trial 2: 0 1 8 13 13 

Trial 3: 0 1 9 13 15 

Median: 0 1 . 8 13 14 

Digits Remembered Baseline and at Each SIgnal/Nolse Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 9 - 7. 8 7 9 6 

Trial 2: 6 - : 9 7 3 6 6 

Trial 3: 7 - 7 7 5 6 8 

Median: 7 - 7 7 5 6 6 
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Subject 15 
Male, Hearing Loss 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task)
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 16 

Gender:Female Age:50Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8 kHz SRT 1 

RE 15 15 30 45 40 45 50 35 25 

LE 15 15 10 45 45 50 45 30 15 

Baseline Words Correct at Each SIgnal/Nolse Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 13 0 0 2 8 10 

Trial 2: 15 0 0 4 10 8 

Trial 3: 13 0 0 7 7 15 

Median: 13 0 0 4 8 10 

Words Correct With Memory Task at Each SIgnal/Nolse Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 0 6 11 10 

Trial 2: 0 0 4 6 11 

Trial 3: 0 0 7 6 11 

Median: 0 0 6 6 11 

Digits Remembered Baseline and at Each SIgnal/Nolse Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 6 7 8 6 9 3 

Trial 2: 8 8 5 4 4 8 

Trial 3: 12 7 6 3 5 5 

Median: 8 7 6 4 5 5 
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Female, Hearing Loss 
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DATA SHEETSUBJECT 17 

Gender:Female Age:54 Test Ear: Right Hearing Classification: Normal 

Hearing Threshoids(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8 kHz SRT MCL 

RE 10 0 0 0 5 10 20 20 5 45 

LE 5 0 0 5 15 15 15 15 5 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Triai 1: 15 - . 0 3 8 8 13 

Trial 2: 13 1 9 7 14 13 

Trial 3: 14 0 3 10 12 12 

13Median: 14 0 3 8 12 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 0 8 11 13 

Trial 2: 0 0 10 13 12 

Trial 3: 0 3 8 9 12 

Median: 0 0 8 11 12 

Digits Remembered Baseline and at Each Signai/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Triai 1: 7 8 8 8 8 8 

Trial 2: 9 5 6 10 8 8 

Trial 3: 9 8 10 7 10 3 

8Median: 9 8 8 8 8 
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Subject 17 
Female, Normal Hearing 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 



109 

DATA SHEETSUBJECT 18 

Gender: Male Age:58 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT 

RE 10 10 15 25 35 30 40 55 20 

LE 10 10 10 15 30 40 50 65 10 50 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 0 1 4 10 13 

Trial 2: 14 0 3 5 12 12 

Trial 3: 14 0 1 4 8 13 

Median: 14 0 1 4 10 13 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 0 2 10 13-

-Trial 2: 0 2 1 12 12 

-Trial 3: 0 0 5 8 13 

-Median: 0 0 2 10 13 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 8 6 4 8 6 5 

Trial 2: 10 8 8 4 4 8 

Trial 3: 8 9 8 4 8 6 

Median: 8 8 8 4 6 6 
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Subject 18 
Male,. Normal Hearing 
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MT - Memory Task (digits recalled with auditory task) 
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DATA SHEETSUBJECT 19 

Gender: Male Age:58 Test Ear: Left Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4 kHZ 6 kHz 8kHz SRT MCL 

RE 15 15 15 10 10 30 30 15 20 

LE 20 20 25 25 15 30 35 20 25 65 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 - 0 2 10 9 13 

Trial 2: 13 - 0 8 8 14 12 

Trial 3: 15 - 0 5 11 12 15 

Median: 15 , 0 5 10 12 13 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 7 10 13 13-

-Trial 2: 1 6 7 13 15 

-Trial 3: 0 5 11 12 13 

Median: 0 6 10 13 13 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

-Trial 1: 2 8 9 9 7 6 

Trial 2: 6 - 8 6 5 6 4 
Trials: 8 - 8 6 6 5 6 

Median: 6 - 8 6 6 6 6 
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Subject19 
Male, Hearing Loss 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT20 

Gender:Female Age:51 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT 

RE 15 10 5 0 .5 20 20 5 10 

IE 15 5 10 5 5 5 15 5 10 50 

Baseline Words Correctat Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 - 0 7 7 15 14 

Trial 2: 15 - 0 6 12 11 14 

Trial 3: 13 - 0 4 10 10 14 

Median: 15 - 0 6 10 11 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 8 10 14 14 

Trial 2: 0 9 9 8 13 

Trial 3: 0 5 9 10 14 

Median: 0 8 9 10 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 10 - 10 6 3 8 8 

Trial 2: 6 - 9 8 4 8 9 

Trial 3: 10 - 9 6 5 7 8 

Median: 8 - 9 6 4 8 8 
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Subject 20 
Female, Normal Hearing 

o 

o 

() 

(0 
■o 

o 

§ 
c 

0 

IOt 

14-

12-

10-

8-

fi-

4-

2-

oi 
WRQ -12 0 6 12 MTBL 

t16 

14 

12 

10 

T3 

"to 
0 
<D 
01 

gj 
b 
c 
eg 

Signal-to-noise ratio (dB) 

WRQ 
MT 

■ WRMT 
MTBL 

□ WRBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 21 

Gender:Female Age:51Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT 1 

RE 40 35 35 30 30 30 45 . 45 35 

LE 30 30 25 25 30 30 35 , 35 30 . 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 - . 0 9 9 13 15 

Trial 2: 14 - 0 4 11 13 15 

Trial 3: 14 - 0 7 7 14 14 

Median: 14 - 0 7 9 13 15 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 5 10 14 15 

Trial 2: - 0 6 10 14 15 

Trial 3: 0 8 8 12 14 

Median: 0 6 10 14 15 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 8 - 5 7 7 8 7 

Trial 2: 4 - 7 6 3 8 8 

Trial 3: 7 - 8 4 5 6 8 

Median: 7 - 7 6 5 8 8 
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Subject21 
Female, Hearing Loss 
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WRQ ■ WRMT □ WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT22 

Gender: Male Age:57 Test Ear: Left Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4 kHZ 6 kHz 8 kHz SRT MCL 

RE 20 10 15 15 60 60 65 60 15 

LE 25 15 30 50 65 75 70 60 30 

Baseline Words Correct; at Each SIgnal/Nolse Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 11 - 0 0 2 1 4 

Trial 2: 7 - 0 0 2 3 4 

Trial 3: 14 - 0 0 1 3 4 

Median: 11 - 0 0 2 3 4 

Words Correct With Memory Task at Each SIgnal/Nolse Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 0 1 4 6 

Trial 2: 0 0 2 2 7 

Trial 3: 0 0 2 4 5 

Median: 0 0 2 4 6 

Digits Remembered Baseline and at Each SIgnal/Nolse Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 6 - 4 4 6 4 6 

Trial 2: 9 - 4 5 5 5 1 

Trial 3: 6 - 7 6 5 5 6 

Median: 6 - 4 5 5 5 6 
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Subject22 
Male, Hearing Loss 
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WRQ - Words Correct in Quiet - . 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT23 

Gender: Male Age:51 Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8 kHz SRT 

RE 20 10 20 40 55 95 85 80 30 

LE 10 10 10 35 35 75 85 85 25 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 13 - 0 0 . 3 8 15 

Trial 2: 15 - 0 0 4 5 13 

Trial 3: 12 - 0 0 4 10 10 

Median: 13 - 0 0 4 8 13 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 0 1 1 9 

Trial 2: 0 0 5 5 11 

Trial 3: 0 0 3 5 12 

Median: 0 0 3 5 11 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 10 - 6 5 4 7 8 

Trial 2: 6 - 8 8 8 8 8 

Trial 3: 8 - 10 9 5 6 8 

Median: 8 - 8 8 5 7 8 
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Subject 23 
Male, Hearing Loss 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task)
MT - Memory Task (digits recalled with auditory task)
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT24 

Gender: Male Age:55 Test Ear: Left Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT 

RE 30 20 20 25 25 40 25 20 20 

LE 20 15 25 35 40 45 55 55 25 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 - 0 3 5 10 14 

Trial 2: 15 - 0 2 8 9 12 

Trial 3: 13 - 0 2 6 10 11 

Median: 15 - 0 2 6 10 12 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 1 4 11 11 

Trial 2: 0 4 8 7 12 

Trial 3: 0 2 6 10 13 

Median: 0 2 6 10 12 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 5 - 6 3 6 6 1 

Trial 2: 8 - 4 3 2 7 8 

Trial 3: 6 - 6 5 3 4 7 

Median: 6 - 6 3 3 6 7 
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Subject 24 
Male, Hearing Loss 
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Signal-to-noise ratio (dB) 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 25 

Gender: Male Age:55 Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT 1 

RE 20 15 35 35 45 45 30 30 35 

LE 15 10 30 45 55 60 45 35 30 

Baseline Words Correct; at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 - 0 3 6 11 15 

Trial 2: 14 - 0 1 7 10 13 

Trial 3: 15 - 0 4 9 14 15 

Median: 14 - 0 3 7 11 15 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 2 6 13 12 

Trial 2: 0 2 11 12 12 

Trial 3: 1 1 7 11 12 

Median: 0 2 7 12 12 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 10 - 10 8 10 6 10 

Trial 2: 12 - 10 10 12 12 11 

Trial 3: 12 - 13 6 11 11 11 

Median: 12 - 10 8 11 11 11 
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Subject 25 
Male, Hearing Loss 
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Signal-to-noise ratio (dB) 

WRQ ■ WRMT □ WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT 26 

Gender: Male Age:55 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT 

RE 20 10 15 15 50 65 55 65 15 

LE 15 10 5 10 25 30 40 50 15 

Baseline Words Correct; at Each SIgnal/Nolse Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 - 0 2 5 7 13 

Trial 2: 13 - 0 3 6 11 13 

Trial 3: 14 - 0 2 10 14 12 

Median: 14 - 0 2 6 11 13 

Words Correct With Memory Task at Each SIgnal/Nolse Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 2 11 12 13 

Trial 2: 0 2 8 11 13 

Trial 3: 0 2 8 10 15 

Median: 0 2 8 11 13 

Digits Remembered Baseline and at Each SIgnal/Nolse Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 12 - 9 6 5 9 4 

Trial 2: 11 - 9 9 4 4 9 

Trial 3: 10 - 9 3 6 7 8 

Median: 8 - 9 6 6 7 8 
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Subject26 
Male, Normal Hearing 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT27 

Gender: Male Age:51 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8 kHz SRT 1 

RE 10 5 10 5 0 40 25 25 10 

LE 10 0 5 5 10 15 15 20 10 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 0 4 12 12 14 

Trial 2: 15 0 7 10 12 14 

Trial 3: 13 0 2 8 15 15 

Median: 15 0 4 10 12 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 1 . 7 12 13 14 

Trial 2: 0 6 10 14 14 

Trial 3: 0 2 9 14 14 

Median: 0 6 10 14 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 13 7 10 10 7 10 

Trial 2: 7 7 6 7 8 7 

Trial 3: 10 6 8 8 8 9 

Median: 10 7 8 8 8 9 
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Subject27 
Male, Normal Hearing 
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Signal-to-noise ratio(dB) 

WRQ WRMT □ WRBL 
MT MTBL 

WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEETSUBJECT 28 

Gender: Male Age:53 Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8 kHz SRT MCL 

RE 20 15 20 35 65 70 70 70 25 65 

IE 15 15 20 30 60 60 50 50 25 

Baseline Words Correct at Each Signal/Noise Ratio 

OL 
Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 - 0 2 5 10 13 

Trial 2: 14 - 0 1 2 9 10
1 

Trial 3: 12 - 0 2 7 9 11 

Median: 14 - 0 2 5 9 11 

DC 
Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 3 3 6 12 

Trial 2: 0 1 6 7 11 

Trial 3: 0 0 4 10 9 

Median: 0 1 4 7 11 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 6 - 5 6 8 6 7 

Trial 2: 6 - 8 8 7 10 7 

Trial 3: 6 - 3 5 4 7 5 

Median: 6 7 7 7 
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Subject 28 
Male, Hearing Loss 
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Signal-to-noise ratio (dB) 
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□ WRBL 

WRQ - Words Correct in Quiet . 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Merhory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT29 

Gender:Female Age:52Test Ear: Right Hearing Classification: Hearing Loss 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8 kHz SRT 

RE 20 25 30 35 45 40 40 45 30 70 

LE 20 20 25 35 45 45 40 45 25 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 14 - 0 7 5 10 13 

Trial 2: 15 - 0 3 8 11 13 

Trial 3: 15 - 0 3 9 12 15 

Median: 15 - 0 3 8 11 13 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 4 6 14 15 

Trial 2: 0 4 9 14 11 

Trial 3: 0 2 11 9 14 

Median: 0 4 9 14 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 8 - 6 3 3 6 6 

Trial 2: 6 - 8 4 7 5 5 

Trial 3: 7 - 7 5 6 6 7 

Median: 7 - 7 4 6 6 6 
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Subject29 
Female, Hearing Loss 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 30 

Gender: Male Age:54 Test Ear: Right Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL 

RE 10 5 5 0 5 15 25 20 10 50 
LE 10 5 5 5 10 20 15 25 10 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 0 8 7 13 15 

Trial 2: 15 0 6 10 12 13 

Trial 3: 15 0 4 9 12 15 

Median: 15 0 6 9 12 15 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 7 9 13 15 

Trial 2: 0 6 12 13 14 

Trial 3: 0 3 10 10 13 

Median: 0 6 10 13 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 3 1 6 8 10 8 

Trial 2: 8 8 9 7 8 5 

Trial 3: 9 10 6 7 8 9 

Median: 8 8 6 7 8 8 
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Subject30 
Male, Normal Hearing 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 31 

Gender: Male Age:57 Test Ear: Right Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1 kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT MCL 

RE 10 0 15 10 0 0 15 15 15 55 

LE 5 5 15 10 5 20 35 40 15 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 0 5 11 12 14 

Trial 2: 13 . 0 2 9 10 14 

Trial 3: 14 0 3 6 14 14 

Median: 14 0 3 9 12 14 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 1 5 10 14 14 

Trial 2: - 0 6 6 14 15 

Trial 3: - 0 3 7 13 14 

Median: 0 5 7 14 14 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 9 - 5 6 9 9 6 

Trial 2: 9 - 5 5 11 10 11 
Trials: 6 - 5 6 6 8 9 

Median: 9 - 5 6 9 9 9 
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Subject31 
Male, Normal Hearing 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled With auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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DATA SHEET SUBJECT 32 

Gender: Male Age:56 Test Ear: Left Hearing Classification: Normal 

Hearing Thresholds(dB HL) 

250 Hz 500 Hz 1kHz 2kHz 3kHz 4kHZ 6 kHz 8kHz SRT MCL 

RE 10 5 5 5 15 25 20 30 5 

LE 10 0 5 10 15 10 25 35 10 

Baseline Words Correct at Each Signal/Noise Ratio 

Quiet -15 -12 -6 0 +6 +12 

Trial 1: 15 0 3 11 13 15 

Trial 2: 13 0 3 8 11 15 

Trial 3: 14 0 2 6 10 11 

Median: 14 0 3 8 11 15 

Words Correct With Memory Task at Each Signal/Noise Ratio 

-15 -12 -6 0 +6 +12 

Trial 1: 0 7 8 12 13 

Trial 2: 0 6 9 14 12 

Trial 3: 0 5 7 10 14 

Median: 0 6 8 12 13 

Digits Remembered Baseline and at Each Signal/Noise Ratio 

Baseline -15 -12 -6 0 +6 +12 

Trial 1: 8 7 2 4 6 7 

Trial 2: .6 4 4 1 3 5 

Trial 3: 7 6 2 3 4 7 

Median: 7 6 2 3 4 7 
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Subject32 
Male, Normal Hearing 
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WRQ - Words Correct in Quiet 
WRMT - Words Correct in Noise with Memory Task 
WRBL - Words Correct in Noise Baseline (no memory task) 
MT - Memory Task (digits recalled with auditory task) 
MTBL - Memory Task Baseline (no auditory task) 
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VITA 

Robert Edwin Moore was born in Athens,Tennessee on Decennber 17, 

1946. He attended elementary school in Maryville,Tennessee and graduated 

from Everett High School there in 1964. His Bachelor of Arts degree was in 

Speech and Hearing from the University of Tennessee-Knoxville in 1975. He 

received a Master of Arts degree in Audiology from the University ofTennessee-

Knoxville in 1976. After working atthe Shea Clinic in Memphis,Tennessee as 

an audiologist for three years, he returned to the University of Tennessee-

Knoxville as an Instructor in the Department of Audiology and Speech Pathology 

in 1979. He wasthere until 1985. After working attwo hospitals in Knoxville, 

Tennessee he began working at the Baptist Ear Center as an audiologist in 

1989. In 1992, he began his doctoral studies as a part-time student atthe 

University ofTennessee-Knoxville and received a Doctor of Philosophy degree in 

Audiology in 2000. He continues to work as an audiologist at the Baptist Ear 

Center in Knoxville,Tennessee. 


