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- jABSTRACT

The purpose of th|s study was‘ to determlne the effects of l|sten|ng task .
dlffculty on attentlonal effort for normal hearlng and heanng impalred |ndiv1duals :
'The study utillzed a duaI-task paradlgm |nvoIV|ng an auditory task (pnmary task) »
' ‘of listening tospeech in nonse and a memory task (secondary task) of diglt,recaii.v B
The rnemory task was.use'd to.measure changes in attentional effort as the ,b -
dif_ﬁculty of the auditory task was changed. |
The resiults of the study identiﬁed two main strategies for listening to
rspeech in noise. The attenti_onal e:ffort- strategy used by most subjects in this .. B
N study was one of borrov'ving from tne mernorytask as the auditory task b'ecarne“
» more difficuit. The seoond attentional effort strategy used by a rninority of
:subjects in this study was one of m|n|maI borrowmg from the memory task as the -
: aud|tory task became more dlfﬁcult The group using the minimal borrowing -
_ strategy only demonstrated borrowmg at the easnest auditory task conditron.
They did not show an inorease in attentional effort as the task became more -
difficutt. | | | |
Within'the two mainstrategies, t'nr’ee sub—strategies were found to be .
used when the auditory task became very difﬁoult or impossible. At this point,
-the majority of‘those using‘ tne borrowin'g strategy‘decreased attentionai effort to
" 'tne auditory task, This sub-strategy was labeled as punting. IAoout one;third of
‘ thoseusing the borrowing strategy continued to incréase attentional _etfort‘_to the

auditory task, even when the auditory task became impossiblei 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 norrﬁal hearing subjects were about eq'ually likely to
use the borrowing strategy. Hearing impaired subjects were slightly more likely

to use the punting sub-strategy.
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CHAPTER |

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 spéech, 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 of fan, air
conditioners, car motors, vacuum cleaners, etc. Intermittent or fluctuating 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 at the same time, the speech may
become inaudible or “masked.” Three parameters of the noise are important in
its effectiveness to mask speech: (a) the long term spectrum, (b) the intensity
fluctuation over time, and (c) the average intensity relative to the intensity of
speech (Nabelek and Nabelek, 1994). Noise may make consonant identification
difficult by masking the less intense segments of speech (Miller and Nicely,
1955). Vowels which have formant frequencies in close spectral proximity may

be confused in the presence of noise (Pickett, 1957). Constant noise appears to




‘affe‘ct ‘s.p'eech perception of normal h_e'aAr'ing indf'vilduaIsA more than fluctuating

. nois;e (Carhart? et al,, 1969; Festen aﬁd Plomp, -19_90). Impulsive noise tends tAo‘,
be less disruptive than constént noise (Nabelek and Pickett, 1974). Itis also.

' éppérent thét noise can affect some individuals more than others. Nabelek et
al.,, (1991) studied the toleran‘ce of backgroundl noises for hearing aid useré;_

‘ They fdund that thoée 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

of the major reasons for rejection of Hearing aids (Surr et al., 1978; Kapteyn,
1977, Franks and Beckman, 1985). |
Because of the detrimental eﬁgbts of noise on speech perception,

investigators have sought to quantify the effecfs of noise on an individual’s
perforfnance in speech récognition taské Several researchers have compared
'speech recognltlon performance in noise to performance i in quiet for normal
hearlng and hearing impaired subjects (Carhart and Tillman, 1970; T|Ilman et al,
- 1970; Jokinen, 1973; Cohen and Keith, 1976; Findlay, 1976; Dirks et al, 1982
Dubno et al, 1984; Plomp, 1986;'Beattie, 1'989; Wilson et al, 1990). The results
of these studies generally ind’icatel,d that hearing impaired individuals were more
susceptible to the effects of noise than are normal hearing listeners. These
results demonstrated that word recognitiAon tests performed.in n;oise 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

'ifhe studies on speech communioation in noise offer a description of the

. diﬁ" culty Iisteners have in processing worcts in isolation in the presence of a
~ competing noise. As such they give little information concerning the strategles |
that individuals use in an effort to overcome the interfering effects of noise on
communication. - One method ,to further study the strategies ulsed in
communicating in noise is to inyestigate the use of attentional effort in these

'sﬂuaﬁons.

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

.. psychologists who were 'investigating information processing (Keele, 1973).
Keele reported that these investigators found that limitations of space‘influence
information processing. If two tasks cannot be performed simultaneously, then
some aspect of the tasks is sald to take space that causes mterference between
the two tasks. An example of two tasks that can be done simultaneously by
most people is walkino and talking. ,.Neither activity interferes signiﬁoantly with |

‘the other. Hence, the two processes invoived in walking and talking' must require

- no interfering spaoe In contrast, taiking and solving a difficult math problem on
a calculator appear to |nterfere strongly W|th each other desplte the fact that the
two tasks use completely different sensory and motor systems Some processes
involved in conversing and some processes invoIved in solvmg math problems
each take ,enough space so that they cannot occur simultaneously without

interference.
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‘The study oflimitatfons of space also offers insight to thé problem of the
nature of attention. One use Qf the term attention implieé that when a person is
attending td one thing, he can‘ir'iot simultaneously attend-to sdmething eiée '
 without interference of one or t;oth of thé ta'sk's (Keelé, 1973). Soiving a math

problem is said to requi(e attehtion 'bécause' one canﬁot simultaneously do it and
participate in conversation. In the 6ohtext of space, solving a méth problem' -
‘would take spacé that interferes with participating in cdn\;ersatidn. Walking is\
séid to require very little attention because other tasks performed |
‘ simultaheously, such-as talking, in'terferé very little with walking. [n the context of
's‘pace, walking would not take s_paée’ that interferés with walking.

Very early in the history of psychologic resea‘rch, investigatqrs suggiaested'
~ that attention hight be undérétood in ierrﬁé of task interference. Keele (1973)
indicated that Binet fou_nd in 1890 that the task of mental addition interfered with
the task of squeeéiﬁg é rubbe; Ball at.:-:x ée‘gular rate for a predetermined number
‘of times. However, in casés Wﬁére thle' ndrﬁber o.f repetitive movements énd the
mévefne’nt accurécy did not .ne:ed'-tb bé rriéhitbr'ed, Binet found that there was no
'interférgnce from such a task as reading. in 1898 Welch showed that the )-
mafnténance of a strong hand grip deteriorated during the performance of
vario‘u’s mental tasks such as arithmetic (Keele, 1973‘). <

Theée and othef studies ,resmiJ'Ited ”in no general conéiusions regarding
atteﬁtion’, but they Idid résult ina techhique- for studying atte_ntion; Kahnemén
.(1 973) proposed a capécity rﬁodel of aﬁention. He assumed that there was a

general limit on man’s cabacity to perform mental tasks. Kahneman also
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: suggested that capaC|ty and arousal were cIoser reIated Arousal and capaC|ty ;'. '
"both increase and decrease accord|ng to the changmg demands of the actlvmes __ "

' "‘belng undertaken. In this context arousal and capaC|ty are dependent on the -

- .d|fﬁculty of the task. If,the task is dlfﬁcult there will be-greater arousal and :

| capacity, than if the task is easy. His model also assumed that this limited. -

capacity could be aIIocated with considerable freedom among'concurren,t" Oy k

aictivities (Moray and O’Brien, 1‘,9'67). Kahneman (1973) used an ahaﬂlogy 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 wh|ch mcreases the

output asa resuIt of the |ncreased Ioad The |ncrease W|ll contlnue untll the flnlte 4

) capa0|ty of the generator is reached
As noted by earlier researchers dlfferent mentaI tasks i |mpose dlfferent

" demands on a ||m|ted capacrty Easy tasks such as walk|ng requwe llttle effort

(little space), while difficult taskssuch as solvmg math problems requwemuch - )

effort (more space) When the supply of attention does not meet demands

performance falters or fails. Accordlng to this model, performance can fail elther

' because of a Iow capacity or because the allocation center channels some of the‘:
avallable capacnty to other actlwtles In descrlblng th|s modeI Kahneman (1973) £
proposed a procedure for evaluatlng attentional éffort. He noted that the degree »
| of attentlon belng applied to a primary task could be assessed by measurement

ofa subject s ability to respond to a secondary stlmulus As attentlon or focus to




the primary task increases, the capaéity fo‘r'processihg and responding to the
secondary stimqlus decreasés. Tﬁis‘;ésul"cs in e'rrors in secondary sensory
system‘ respénses, orin del;jyed fespdnSes to the secondary task. _ In theory, as
*“the difficulty of the primary task ihcréases, performance on the secondafy task

declines.

Attentional Effort for Speéch Undérstanding,

’Feuerstein (1992) us_éd Kahn.e~man’s procedure to study the éttehtiohal
‘. effort required in moﬁau}al aﬁd bi‘nau'ral hearing. One of this researchers
interests was thé differeﬁce in attentional effort in monaural hearing and binaural.
hearing. - He noted that children with unilateral hearing loss often have greater
~ problems in schodl and laﬁguagé acqu.isition.‘ He speculated that a unilaterél
heérin'g losé, while not appeéririg~ to be audiometrically severe, could place :
. dehands on attentional effortlfrom otﬁer tasks. In this study slejects were .
required to perform the Revfsed Speech in Noise (SPIN) test (Bilger et al., 19844).‘
The speech and noise 'wére-deli\)ered in sound field. The simulated unilaterél
conductive hearing loss was acéomplished by use of an earplug inone ear. In
the binaural condition the speech was bresented to one ear and the noise to thé
other ear. In the nﬂc-m‘au_ral condition the Speéch was preséﬁted to ;the side of the |
ear with no simuiated hearing loss and the noise to the ear witﬁ the simul_ated
hearing 'Ioss('monaural-near condition). A sécond monaural condition 'had
speech presented to the side wifh thé 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 change from binaurél 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



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 of the combined
effects of the p»eripheral 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 57 to 90 dB HL. The acquired hearing
impaired group had three frequency pure tone averages ‘ranging‘ from 33 to-50 - .
dB HL. ltis 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.

Present Study

While the studies of attentional effort show differences between normal
hearing and hearing impaired listeners, it is unclear wheth'er the differences in
attentional effort are due to hearing loss, the difficulty of the task, or an
interaction of the two' factors. -In order to study the interaction of attentional effort
and task difficulty, it is necessary to vary the difficulty of the 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 of area 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 of this 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 of the listening task, and 2) for listening conditions that
vary in difficulty , does attentional .effort differ for normal hearing individuals and

hearing impaired individuals.



CHAPTER Il

Review of Literature

The intelligibility of speech depends on three factors, the delivery, the
reception, and the ambient listening conditions. Nabelek and Dagenais (1986)
ahd Nabelek (1988) reported differences in vowel intelligibility for different
talkers. Cox et al. (1987) found that some voices were more susceptible to
degrédation from noise and reverberation than others. The sex of the talker
does not appear to influence the intelligibility of the talker's speech (Gengel and
Kupperman, 1980). It has been demonstrated that individual talkers can improve
the intelligibility of their 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 of the earliest studies of presbycusis
by Kelly (1939) demonstrated that older subjects performed more poorly on word
recognition tests than younger subjects, especially for consonants. French and
Steinberg (1947) studied the relative importance of pure tone frequencies to
speech understanding. The percentage weights were 10% at 500 Hz, 20% at

1000 Hz, 26% at 2000 Hz, 21% at 3000 Hz, and 15% at 4000 Hz. Pestalozza -



and Shore (1955) evaluated audiometric data for patients over 60 years,

comparing pure-tone thresholds at 500, 1000, and 2000 Hz with spondee
thresholds and recognition of phonetically balanced (PB) words presented at 40
dB SL. They also compared the data from older subjects with that from younger
subjects with sensorineural hearing loss. For the older subjects the relationship
between word recognition and hearing loss was almost linear with-10 dB HL
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 at 40 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 of 3000 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 of PB words in o-Ider 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-22 PB 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 of the

variance. It appears from the literature that the effect of age on word recognition
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a.bility is most pronounced when the hearing loss is substantial. |
There are two prominent theories regarding a reduction of speech

understanding by those with a heéring 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 reAduced 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
Rooj and Plomp, 1991). The second theory suggests that the reduction of
speech recognition is due to the attenuation of the 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 support for the first

hypothesis.

Noise and Speech Recognition

Helfer and Wilber (1990) reported that age may be a factor when speech
is heard in noise. However, reseérch over the years is somewhat equivocal
regarding the role of age in speech recognition in noise. Bergman (1980)
studied the effects of age on speéch understanding. He suggested that there
was a decline in sentence interpretation in the preéence of two competing talkers
beginning at approximately age 46 years when the signal-to-noise ratio was -5

dB. Levitt et al. (1975) showed a :decline in speech recognition in subjects in




" their mid-twenties when subwa'y'and traff ic 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 |nteract|on between the age and signal-to- n0|se
ratio. That s, the dlfference in recognltlon between the subjects in their 20's and
those in their 70's was Iess than 15% when the signal-to-noise ratio was +22 but
was almost 30% when the signal-to-nois,e ratio was +2; Using the Synthetic

. Sentence Identification test (Jerger, 19%3),‘presented at five message'-to-
competition ratios,.:Orchik and Burgess (1977) found that older listeners - |
consistently perforrned at p'oorerjleveis 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 srgnal-to noise ratios; however the S|gnal-to-nOise ratio appears to be an
important factor in determlnlng the age effect. Findlay and Denenburg (1977)
presented monosyllabic words at 30 dB SL in'quiet, -4 S/N babble, and iow-pase
noise to young subjects with nornial hearing, young subjects with hearing' loss,

| and oId subjects with'hearing loss. 'i'he three groups performed _eimilariy in. "
' q‘uiet.- In the presence of the babble both groups with hearing loss performed r :
worse than the young normal hearing group. Of the two hearing-impaired
groups, the older subjects performed poorer. The older group had poorer
hearing than the young hearing- |mpa|red group, so it is unclear if this a hearlng

loss effect or an age effect.

Some individuals with normal hearing complain of difﬁculty‘understanding.

13 -
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speech in noise. Thibodéau (1‘99_’6) in\restigated auditory processing asﬁa source
ot this ‘difficulty. The results"of thisstudy 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 signlﬂcant differences in the two groups for two-tone suppression when the

'duration of the suppressor was var|ed Those with difficulty understandlng

speech in hoise-showed greater suppressron when the suppressor onset
~ preceded the masker onset.
| The characteristics of the noise can be a factor. Pekkarinen et (aI (1990)
studled the effect of noise IeveI on word dlscrimination for both normal hearlng
and hearing impaired subjects They found that as the noise level increased the
word recognition ability decreased Subjects with sensorineural hearing loss
~ were more adversely affected than those W|th normal hearing and those with -
conduct|ve hearing loss. PersonsW|th_a high-frequen_cy hearing loss, cut-off -
point1 kHz, suffered in noise sinnilarly to those with sIoping or ﬂathearing
losses. In quiet and in moderate noise‘, the speech discrimination of subiects
with a conductive.’hearing Ioss-and'sub'jects with normal hearing was similar,
while at high noise levels, subjects with conductive hearing losses achieved
better discrimination than normal hearlng subjects. |

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

followmg task by hear|ng impaired and normal hearing subjects in the presence
of noise. The noise conS|sted of 1) speech-spectrum random norse 2) a'male |

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



- subjects were equally affected by the three background norses Normal hearrng

o subjects were more affected by the background speech than by the n0|se

: ._,Bronkhorst and Plomp (1992) reported speech receptlon thresholds |n var|ous

- norse cond|t|ons for both normal hearrng rmpalred subjects They found that”

_ modulatlon of the masker acts asa release from the masklng for normal hearlng

subjects but it does not carry over to the hearrng rmparred group They also -

"found that locatlon of the masker has an affect When the maskers were moved ‘

: ‘from the frontal position to posmons around the l|stener a ga|n of 1 5 to 8 dB
‘ occurred for the normal hearlng group and of 1 to 6 5 dB for the hearrng rmpalred
“ 'group The garn depended srgnrfcantly on the number of maskers and thelr c
: locat|on but less on the hearrng loss. ) o

| Souza and Turner (1994) stud;ed the contrrbutrons of var|ous propertles 'of

background norse to the speech recognltlon drffrcultles experlenced by young

'and elderly l|steners W|th hearrng loss and young normaI hearlng lrsteners Four ' A

. noise condltrons were used 1) hrgh pass. nOIse 2) hrgh pass noise wrth speech
spectrum noise, 3) h|gh pass norse W|th speech spectrum noise temporally
' modulated by the envelope of multr-talker babble and 4) hlgh pass n0|se wnth

: 'multr-talker babble For all these condltrons the hearrng |mpa|red groups ‘

- consrstently had poorer speech recognltlon scores than the normal hearlng o i

’ group Although there was a trend toward poorer speech recogn|t|on scores as ' R

the masker cond|t|on more closely resembled speech babble, the effect of '.
-masker condltron was not srgnrf cant Normal hearrng Irsteners and those wrth

hearlng loss appeared to be affected srmrlarly by the type of. background norse "

1115



16
when the Iong-term spectrum was held constant Age did not appear to be a
srgnrficant factor. Eisenberg et aI (1995) found that amplitude-modulated noise |
-provided a release from maskingigrea'ter for normal hearing subjects than those.

with hearing loss.

Attention

TraditionaIIy, attention hasb-‘been thdught of as the act of selecting from
several simultaneousiy possible objects or trains of thought, one-on which to
concentrate with the mind. It implies vyithdrawai from some things in order to ‘
" deal effectively with other things. This.presence of multiple concurrent stimuli.
- aiso implies selective attention (éowan, 1'995). |

In communication, seIective 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 Iocation of the voices and the different frequency
characteristics of different voices. Cherry (1953) simultaneously played two
~ prose passaoes through separate earphones so that one message went to 'each
- ear of the subjects. “The s'ubj‘ectsv yvere able to successfully repeat one messaoe
and ignore the other. Attempting to duplicate a more natural situation Spieth et
al. (1954) srmultaneousiy played two ‘messages spoken by the same person but
delivered through two separate speakers When the speakers were Iocated near .
each other, the subjects had signiﬁcant difficulty in separating the message‘s*. ’

However, when the speakers were located some distance from each other,
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sucess in separ’at'ing the messageé was Aalch'eived. Ina separaté part of the
. same study these rese.archers also ﬂltergd the messageé. One message was
presented through a high-péss filter (cutoff at 1600 Hz) andﬁ fhe other through a
| Iéw-pass filter (cutoff at 1600 H?_T‘),.; Wi:th -thé Mo messages presented in this way, '
subjects had little difﬁculty in sepaféting the two rhessages, even when the
s;peakérs were located near eac_:h-other.l | | |
Egrly attempts to develop a model of selective attention led to a filter
tﬁeory proposed by Broadbent (1957; 1958). According to this theory the ﬂl'ter
would block messages having cértain phyéical characteristics (such as frequency
) and location), while allowing others to pass (with different frequency and
location). The ﬁlterithould océc':uf_ early in process. This theory imp]ies thaf a
listener wouldw‘not rememberj»anythin‘g'aboﬁt an ignored message since it was
filtered out prior'to achieving meaning. The only exception would be when the
at’ténded messag-e did not requir'é‘ all the available brocessing time, and c':hannell“
- switching was possible. In the Cherry: (-1 953) study in which messages were
‘ dirécted to different ears, shigniﬁcaﬁt changés were made to the unattended
. message without the chahges beihg.notéd by the subjecfs. For instance, thgy
did not notice when the unattended m—essage chénged from English to German
- or when the rﬁessage was played backwards. However, theyjdid notice wheﬁ
the voice Achang_ed from Aa male talker to a female talker or tone. Thi~s is
sﬁpportive ofAthe filter theory s"ince the ﬁlter is based on the frequency
characteristic of the ignored -mes,sage. When the frequency is changed, the filter o

must be readjusted.
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JOther studies n/ere net suppohti;/'e efthe filter theory'.v "Moray (1959) found
that individuals-can notic‘ehtheir} natne‘ being spoken while listening to another
message. This is true even if thei'r'na'rne is spoken from a different location or in
a different trequency of the attended message.' In a study using Freneh-English ‘
bilingual'subjects, Treisman (1964)' pla)t/ed an'Eninsh message in one ear and a .
difterent French message in the 6ther ear. The subjects were to repeat the
English message. After a beriod df tirne the French message was sthched toa
French translation of the English Imessage.’ When the French message was |
lagged slightly behind the English rnessage, most subjects recognized that both
A messages had the same meaning. From these findings, Treisman suggested
‘ . that the unattended message is not ﬁltered but is attenuated. She suggested
that if @ message is important to an individual (the person’s name) or becomes
Iikely in the context of the‘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 eOntext of the English message. This
change in the original filter theory is called the Broadbent-Treismari filter theory
of selec'ti‘ve_ attention. ' | o

Later, Deutsch and Deutsch (1963) took a different approach suggesting
that allf‘information is completely analyzed automatically, with‘attention being
used only to determined Wthh of this analyzed |nformat|on will enter |nto the ‘
lndlwdual S response. 'ThIS has been termed a “later filter” theory of attentlon in
contrast to the “early filter” of Broadbent (1958). Broadbent (1971) added a -

“tater filter” in combination with his “early filter.” He described this “later filter” as
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“pigeonholing.” In describing this éddition, he suggested that it was possible to
select stimuli on the basis of semantic properties and not just on the basis of
physical characteristics. Support for the addition of the “later filte.r” was found by
Greenwald (1972) who found evidence for both a perceptual set (filtering) and
response set (pigeonholing), and Johnston and Heinz (1978) found evidence
that selection on the basis of physicél éues is less effortful than selection on the
basis of semantic cues, though both can be carried out. In the Greenwald
(1972) study subjects read digifs 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, responsles were slower when the current visual item
was the 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 concurrent speeches 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 of fhought concerning



"attentlon was that the early fi lter” theory does not assert that attentlon operates IR

only at an early level. However the “late f|Iter” theory does deny that some o

- fi Iterlng takes place atan early IeveI There is evrdence agarnst the “Iate fi Iter |

‘ theory Behavnorally, Tre|sman and Geffen (1967) presented d|chot|c tapes in
. wh|ch sentences within both channels contalned target words Subjects were to o
' repeat one channel and at the same tlme make a tapplng response whenever

there was a target word on elther channel Target recognltlon was srgnlf cantly

" better on the attended channel than on the unattended channel Moray and ‘

‘O Brlen (1967) obtalned s|m|Iar resuIts and also obtalned |ntermed|ate results for
| targets ina spllt-attent|on condltlon There is also electrophyslologrcal eV|dence |
aga|nst the “late f lter" theory Woldorff et aI (1991) found that the mismatch
‘negat|V|ty wave a component of the event-related neural potentlal that occurs to-
‘d|scr|m|nable changes in the aud|tory stlmulus depends on whether the subject
. v|s attend|ng toward the channel |n wh|ch the. change occurs In addition, . |

~ Woldorff et al. (1993) reported attentlonal effects on neuromagnetlc f elds
beglnnlng about 20 mllllseconds (ms) afterthe audltory stlmulus Using both
neuromagnetrc and magnetlc resonance imaging technlques these researchers

| ,'Iocallzed the neural generators of the attentlon-sensmve braln responses in the
B audltory cortex on the supratemporal plane They concluded that these t'ndrngs '

g were support|ve of psycholog|cal theorles of attentlon that |nclude an early, pre- |

’ perceptual selectron of strmull Grard et al (1994) found eVIdence that attentron -
to one of two tone frequencnes affects the magnrtude of otoacoustlc emlssrons \

_ produced in the cochlea. They pos_tulated that effects of selectlve attent|on‘ can
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be observed at the cochlear receptor.

While almost all theories of attention can be crudely placed in one of the
two filter theories discussed above, intermediate theories hav.e also been
proposed. Noting that none of the 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 of the filter theories can account for. 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 of the available capacity is allocated to one source of stimuli 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 of time
even if other cognitive tasks weré performed during that period of time. Our
performance in recalling the digits will depend on the amount of capacity used in
performing the other cognitive task.

In addition to the concept of capacity 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 by feedback from the execution of

ongoing activities. If the demands of the activities increase, there is an increase
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in the level of effort. It is also s‘ug‘g:ested that the individual does not voluntary

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

difficult task while performlng an easy task To test this hypothesis Kahneman,

etal. (1968) used a phys10|og|cal measurement of arousal (pupll diameter) as a

reﬂectlon 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 Thelr results showed that rncentlve had:

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

The major-determinant of arousa'l (effort) was the difficulty of the task.

'Broadb'ent-(y195_8) had earlier found similar results. Broadbent distorted speech
- in various ways and to varying degrees: He found little change in speech

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

the subjects’ perceived listening effort.v.

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 of a
primary task could be measured by the performance of the individual on a
secondary task. As the diﬁiculty of the primary task increases, thereby
increasing the amount of attentional effort required to perform the task, the ability
to perform the secondary task decreases. 'This results in errors or deIayedl

responses in the secondary task. It is felt to be important that the 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 aud|ology study usmg thls methodology was by Downs and Crum '

(1978) They used a speech I|sten|ng task as their primary task and a visual task

as their secondary task in a study of aud|tory learning under adverse l|sten|ng

condmons The adverse llstenmg cond|t|ons were created by attenuating the

‘ sugnal and addlng noise in one cond|t|on All subjects had normal hearlng Their:

subjects were requ1red to turn off a randomly lit lamp as qurckly as possible while
performing an auditory leaming task. The d|fference in the reaction time to the
lamp during the auditory le,arning»task an’d‘a baseline reaction time obtained
without the auditory learning task was considered an index of the attentional
effort requrred of the audltory Iearnlng task They found that the variables of
srgnal |ntens1ty level and S|gnal-to competltlon level did not SIgn|f cantly alter
learning performance Also, a change in sngnal intensity d|d not srgnlflcantly
affect attentional effort. However, the additlon of noise to the signal did
significantly increase attentional effort. 'lFeUersteln (1992) used the same
rn'ethodology to evaluate attenti,onal 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 attentional effort in three groups of

subjects, normal hearing, congenital hear'ing loss, and acquired hearing loss. -

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

' 'l’istening"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 was the nu'mber of digits that were not remembered. Both hearing

'impaired groups requfred greaterattentional effort than the normal hearing

group. The congenital hearing impaired group required greater attentional effort
than the acquired hearing impaired group. .

| To summari'ze the findings of the Feuerstein (1992) and the Rakerd, et al.

(1996) studles suggest that changes in attentional effort can be measured as -

‘Ilstenlng condltlons change (phyS|calIy and acoustically). They do not provide

|nformat|on concernlng how changes in the I|sten|ng situation result in changes in
attentional effort in a single mdnvndual They also do not provide information

concerning the d|fference in normal heanng and hear|ng impaired individuals as

it pertains to changes in attentional .effort as a result of changes in listening .

conditions. Finally,’these studies aiso 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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‘CHAPTERIII
" - Methods "~
Subjects
Prior to partlcrpatlon in thrs study, each subject read and SIgned a
: Statement of Informed Consent form approved by the Un|vers1ty of Tennessee-

| Knoxvrlle Appendlx A conta|ns the Statement of lnformed Consent.

‘ Th|rty-two |nd|v1duals between the ages of 50 and 59 years served as

s'ubjects All subjects were natlve speakers of American Engl|sh - The th|rty-two o ‘

i ';subjects were lelded equally between 16 females and 16 males The average

age of both the female and male groups was 55 years The range of age for the
: female group was 50 to.59 years The range of age for the male group was 51
'to58years | | o
The male and female groups were‘d|v1ded equally |nto 8 normal hearlng

o and 8 hearlng lmpalred subjects All of the hearlng |mpa|red subjects had -

' ach|red heanng Iosses The subjects better ear was chosen as the test ear. - o

Each normal hear|ng subject had a speech receptron threshold (SRT) no poorer

l than 20 dB'HL (ANSI, 1989) in the test ear. If the SRTs in the two ears were

|dent|cal the subject chose the test ear. Each hearrng |mpa|red subject had an s

ASRT no better. than 25 dB HL (ANSI, 1989) in the test ear.. If both ears met the
" criteria the subject s better ear was chosen as the test ear. If the SRTs were -

ldlentlcal‘, the subject chose the test ear.
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Eqmpment and Stlmull ks |
Pure-tone alr-conductlon thresholds and SRTs were obtained wlth an

audlometer (Vlrtual Model 320) calrbrated in accordance with ANSI (1989)

specn° ications for a Type 2 audlometer All test signals were presented

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

(P/N 510C017-1) and a standard headband All audiometrlc quallf cation

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

- seated in a sound-treated room (In_dustrlal Acoustics Company, 1203) meeting”
ANSI specifi cations for permissi-ble ambient noise '(ANSI 1991). The speech

~ and noise st|muI| were produced using two cassette tape players (Elka Model

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

(TEAC, Model 2) to produce the various signal-to-noise ratios used in the study. .

_ The stimuli were presented to the‘subject using the audiometer and 4

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

test material was the recorded maie talker version of the CID W-1 word lists.

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

the NU-6 50 item word Iists. Biologic ch'ecks of the a'udiometerlwere performed

each day before testing:

Test Procedures
Al testing was accomplished during one session lasting approximateiy
" two hours. To minimize fatigue, rest periods were given as needed. ‘Each”

subject was given at least one rest period. Following audiometric _qualiﬂcation .



27

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 a 8 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 remember them and their order.
Digit strings were displayed for 15 seconds. Once the digits were removed from }
the subject’s sight, a memory retention interval of 65 seconds was initiated. The
time period of 65 seconds was selected because that was the time required to
deliver 15 words in the listening task portion of the dual-task section’of the 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 as the test
ear.

At the end of the 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 was followed by two correct digits. For example, if the correct
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seduence was 2 3,4,5,6,7,8,and 9, 'éndl the subject respoﬁded with 2, 3 4,
5, 6,8, énd 9 the subject w»avs given credit for 7 correct digits recalled. However,
|f the subject responded with 2, 3, 4, 5, 6 7, ana 9, the subject was given credit
fér 6 correct digits recalled. The sequence was terminated when the subject
| étopped‘respo'nding, V\(hen a digit-was recalled ’incorrectly, or if there were two
omissions. Amount of digit recall was the nufnber of digits répeated in sequence
correctly. This procedure was repeated two more times. The.\baseline for digit
" recall was the median score of these-thrée trials.

‘The Auditory Task.

Thé auditory task was perfofmed 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 fdr the subject. Each subject was tested using récorded NU-6
~* words in quiet and at signal-to-noise ratios of -12 dB, -6 dB, 0 dB, +6 dB, +12
dB. One subject was also testé_ad at -15 dB signal-to-noise ratio.. The speech
Was presented at a level that the sﬁbject judged to be comfortable. For the
purpose of this study this level Wés désfgnated as the most comfortable level
(MCL).' At each sigﬁal-td—noise ratio 45 words were presented té the subject.
The subject was instructéd to repeat each word as it was presented. The subjebt
was eﬁcouraged to guess. |

The 45 words were divided into three. 15 word blocks for-scoring - |
purposes. If any part of a word Was repeated inlcorrectly, it was scored as
“ incorrect. The number of correct responses was tabulated for}each block. The

median number of correct responses of the three blocks was used as the -



29

baseline words correct score for quiet and each signal-to-noise ratio.

Dual-task

In order to study attentional effort, the primary and secondary tasks were
performed as part of a test sequénce. The auditory task and the memory task
were combined to form the dual-task. It was emphasized to each subject that
they should try to do well on the auditory task. For this portion of the study, the
subject was first presented the digits for memory retention, for 15 seconds. 1
During the 65 second retentioh period 15 words in noise were presented and the

subjects were reduired to repeat the words. At the end of the auditory task the

subject was asked to recite the digits in order. Scoring of the auditory task and
the memory task portions of the 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 of the 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 test time for each subject was approxrmately two. hours The’

o ) sequence of test procedures and approxrmate test times |s shown below :

1. Informed consent and aud|ometr|c quallf cat|on (20 mrnutes) T
2. Memory task (15 mrnutes) ~ . -
- 3. Auditory task (30 m|nutes)
4. Rest period (15 mrnutes)
5 -Dual-task (40 mrnutes)

l Dur|ng the rest per|od and after the duaI-task subjects would often comment on
‘the dlfﬁculty of the tasks and would drscuss their l|sten|ng strategles Informal

L notes were made of these comments

30
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. CHAPTER IV

g Results

Results are pr_esented for audiometric qualification data and then for'

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

_ Audiometric Qualification Results
A summary of all the'audiometric'qualiﬂcation measurements for all-
" subjects is shown in Table 1. 'In addition, low frequency and high frequency pure

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

as the average threshold for 250, 500, 1000, and 2000 Hz. The high frequency - -

-average (HFA) was defined as the avera‘gje threshold for. 3000, 4000, 6000, and
8000 Hz. ’ '

The analysis of the audiornetric qualiﬁcation measurements is .

" summarized in Table 2.- SRTs 'We_re sig_niﬁcantly\poorer for thehearing impaired |

subjects than for the normal hearlng subjects as required by subject selection

cr|ter|a LFAs which are correlated with SRTs were also poorer for the hearlng .

impalred subjects SRTs and LFAs were not different for males and females
" within the hearing impaired and normal hearing groups.

H|gh frequency hearlng loss (which was not a factor for subject selection
in the present study) is known to affect word recognit|on abllity In the present

study, the male subjects in the hearing |mpa|red and normal hearlng groups had
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' Tab "",”‘ ¢ audiometric o alificatic , -

HF Avg.

- Threshold | . Males ‘ Fémales ‘ Males Females
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 A\)g. 8.6 (5;.2) ."9.4 (6.0) 22.7 (11.0) 24.7(9.3)
27.8 (21.0) ; '1_5.‘8 (8.3>)» | 49.1 (21.2) . 38.0(9.6)
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Source I Dependent Variablle _ df E p
SRT Hearing Status (HS) 1,28 182.93 .00*
Gender (G) : 1,28 0.00 1.00
HS X G o , 1,31 - 093 34
LFA ' Hearing Status (HS) \ 1,28 91.96 .00*
“ Gender (G) 1,28 . - 0.93 .34
HS X G - 1,31 0.13 73
HFA - Hearing Status (HS) 1,28 18.67 .00*
‘ Gender(G) - - - . 1,28 5.35 03* .
HSXG . - - 1,31 0.02 .90
* significant

SRT - speech rececption threshold .
LFA - low frequency average
HFA - high frequency average
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Group 126 0. +6 412 _Avg* Quiet
FN WRMT 05 6.6 103 129 - 139 109

(WRBL) (0.3) (6:4) . (9.6). (12.6) (14.3) (10.7) 14.6
MN WRMT 0.0 44 f 76 113 13.5 9.1

( WRBL). (0.0) (3.9)  (7.8) (11.3) (13.8) . (9.2) 14.5
FH WRMT 00 36 85 124 139 96

(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) (59) (9.8) (12.0) (7.5) 14.4
Avg WRMT 01 42 80 116 13.2 o

(01) @41) (77) (11.4)  (13.4) 145

(WRBL)

* 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 of the 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 wbrd 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 WRMT scores relative to the WRBL scores.

Signal-to-noise Ratio

The average word recognition score with the memory task at +12 dB
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 +12 dB signal-to-noise ratio there
was a systematic decline in word recognition scores as the signal-to-noise ratio
decreased. At +6 dB signal-to-noise ratio the average word recognition score
was 11.8, at 0 dB signal-to-noise ratio it was 8.0, and at -6 dB signal-to-noise
ratio it was 4.2. At -12 dB signal-to-noise ratio 31 of 32 subjects had a word

recognition score of 0. The decrease in word recognition with decreases in
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Source df E o]
Task (T) 1,28 1.88 18
Signal-to-noise ratio (S) 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 A7
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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srgnal-to norse ratlo was hlghly srgnlflcant
| Hearmg Status |

The statistical results as' shovy“n in fable 4 indicate that the word
recognition scores‘ were significantly poorer tor hearing impaired subjects than
normal hearing subjects At each srgnal to -noise ratio the heanng |mpa|red
subjects missed 1.6 more words on average than the normaI heanng subjects
| ' Gender |

;-The statistical results as shown in'Table 4 indicate that word 'recognition

scores were srgnlf icantly poorer for male subjects than for female subjects At

‘each S|gnal-to noise ratio the maIes mrssed on average 2. 1 words more than the -

females. However based on the audlometnc qualification data this difference

may be attrlbutable toa dlfference in h|gh frequency hearlng rather than gender.

Subject cIaSS|ﬁcat|on was based on SRTs which is a wrdely accepted measure of

'vhearmg loss. The SRT depends on low frequency and m|ddIe frequency hear|ng .

sens1t|V|ty In the present study the mean HFA for normal hearing females was

12.0~dB better than for male norrnal hearrng subjects. For hearing impaired

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

‘impaired subjects.

‘Memory Task 'Results

Figure-1 shows the 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 WRMT scores are represented by the bar graphs.






io
The MANOVA of the MT scores for the signal-to-noise ratios of 0, +6, and +12 -
dB is summarlzed in Table 5. The signal-to-noise ratios of -6 and 12 dB were -
not |ncluded in the analysis to ellmlnate the confoundrng effects of changes in
” strategy The MT scores for the genders were not s1gn|f icantly dlfferent and MT
scores for heanng status were also not s|gn|f|cantly different. The MT scores at ]

each slgnal—to-nOIse ratio were significantly dlfferent.

~ Memory Task Listening'Strateg"ies o
Borrowing Strategy |
In the present study, subjects were Vi'nstructed to place primary emphasis :
'onfcorrectly repeating words in 'the aluditor_y task. Thirty of 32 subjects
dvemonstrated a reduction in digit reca'll as the difficulty of thelauditory task
increased. This reductlon in digit recaII was mterpreted as an indication that
these thrrty subjects had borrowed from the memory space being used for dlglt .
recall‘in an attempt to max1m|ze performance of the auditory task Th|s was - h
conS|dered evidence of attentlonal effort that was expended. The 30 subjects :
whose recall of digits decllned systematlcally as audltory task difficulty |ncreased
-were cIasslﬁed as uslng a listening strategy called borrowmg. The remaining -
two subjects prOvided evidence of having a primary focus on the memory task
because they showed only m|n|maI evidence of borrowing as the auditory task

increased in diffi culty They were classified as “minimal borrowers
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Source df E p
Signal-to-noise ratio (S) 2,56 26.61 .00*
Hearing Status (H) 1,28 1.21 28
Gender (G) 1,28 2.93 10
GXH 1,28 1.12 .30
S XH 2,56 0.91 41
SXG 2,56 0.32 73

* significant
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Tr_\{ing and Punting Strategies

There was evidence of additional differentiation in listening strategies
based on the patterns of change in digit recall as auditory task difficulty
increased. Subjects were placed in three response pattern groups: triers,
punters, and constant memory focus.

Subjects were classified-as triers if they increased their borrowing
(measured as a reduction in digit recall) as the difficulty of the listening task
increased, even when the listening task was impossible (O% word.recognition).
There were 11 borrowers who were triers. The 11 triers represented 34% of the
total subject population. Five of the triers were males and six were females. Six
of the 11 triers (65%) had normal hearing. Mean data for this group are shown in
Figure 2. The bar on the left side of the figure is the average median words
correct in quiet fof 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 of the-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 of the 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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from 6.6 digits at a signal-to-noise ratio of +12 dB to 3.8 digits at a signal-to-
noise ratio of -12 dB. As the signal-to-noise ratio decreases there is a consistent
decrease in the number of digits recalled. This is indicative that more attentional
effort was used for the 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) whe_zn the listening task
became very difficult or impossible. There were 20 punters, representing 63% of
the total subject population. Nineteen of the 20 punters were borrowers (95%).
The 19 borrowing punters represented 59% of the total subject population. Ten
of the 19 borrowing punters were males and 9 were females. Eight of the 19
borrowing punters had normal hearing. Mean data for the 19 punters who were
borrowers are shown in Figure 3. Figure 3 is 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 WRMT score was 0%, for one subject when the score was 7%, for one
subject when the WRMT score was 40%, and for one subject when the WRMT
score was 53%. This is represented in Figure 3 as an upturn of the MT function
at -12 dB signal-to-nose ratio.

The results of the 19 borrowiﬁg punters have been replotted in Figure 4.
The abscissa of the 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 of the data in this férm normalizes for strategy rather than
for signal-to-noise ratio.

There was one subject from the minimal borrower group who was
classified as a punter. This éubject 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 +12 dB signal-to-noise ratio. However, unlike the MT results shown in Figures
2 and 3 there was no borrowing as the signal-to-noise ratio decreased. The
upturn in MT at -12 dB signal-to-noise ratio is similar to that éhown in Figure 3
and indicated a change in listening strategy to punting.

Constant Attention to Memory

One subject from the minimal borrower group had the same high level of
digit recall regardless of the difficulty of the auditory task. Since the digit recall
did not change with in'creasing' difficulty in the auditory task, these results were
inter'preied’as a constanf attention to memory strategy. This subject was a
female with normalnhearing. The data for this subject are shown in Figure 6. MT
scores were slightly poorer than baseline but were high and invariant for all
signal-to->noise ratios during WI'\;MT. Almost no space was taken from memory
during even the most difficult auditory tasks. An interesting feature of Figure 6 is
that the subject’'s WRMT tended to be worse than the WRBL, particularly at -6

and +6 dB signal-to-noise ratio. This subject was the only subject to show this
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pattern. These reductions in WRMT were probably a result of the 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 of this study it was expected that individuals would

exert more effort to understand speech as the task became more difficult. It was
believed that individualé with normal hearing and those with hearing loss would
use the same basic strategy as the task become more difficult. However, it was
thought to be likely that individuals that were hearing impaired would use more
effort to understand speech at all levels of difficulty. - The results of this 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 Iébeled 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 Iisteﬁing task became very difficult or impossible, there was a
diversion of strateg'ies in both cases. At this point most borrowers no longer
used attentionél effort in listening to the speéch in noise. This sub-strategy was

labeled as punting. A smaller group of borrowers continued to apply more
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attentional effbrt te the task, even when it became impossible. This strate‘gy 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_vras labeled as constant attention to
merﬁory. In a second case, attentibnal effort did not change as the tas.kﬂbecame
more difficult until the task becarrte imposs-ibler At this point attentional effert
decreased.’ This sub-strategy was also labeled as punting.

Clearly, the majority of the subjects in this study were borroWers - either
triers or punters (31/32). If we project these strategies into day-to-day situattons,
~ trying would almost assuredly Ieaﬁdto frustration in dealing with rtoise in'verbal
‘communication. In fact, since they do no better understanding speech in noise
than the punters, the trying strategy may actually be counterprbductive'. Triers - -
may be those individuals who eltnically present themselves as having a great
deal of difﬁeulty communieating wben there is background noise. Often this can
be attributed to the degree and type of hearrng loss, however at other times it
appears that the complaint outwelghs the severrty of the hearmg problem This
non- proportlonal problem with diffi cuIt ||sten|ng srtuatlons may be caused by a:
lack of flexibility in adaptmg to‘the situation. These mdwrduals may lack the
ability or choose not to use other sensory modalities, such as vision, tn 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 expect from their audiometric
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results. The subjects in this study who demonstrated a willingness to SW|tch |
attent|onaI effort from one task to another once the pr|mary task became dlfflcult
to perform may be showmg ﬂeX|b|l|ty in Ilstenlng strategies. They may be those |
, |nd|v1duals who eas1ly ‘use other sensory modalities to assist hearlng in diffi cult
l|sten|ng SItuatlons If true, |t would appear that punters would be more receptlve
- to non-verbal aural rehabllltatlon procedures such as l|pread|ng Punters, in fact'
may be those |ndIVIduals who appear to be excellent lipreaders without formal.
tralnlng .Of course, this begs the question of whether triers can be tralned to be
: punters or would choose to be punters if given the choice. There is the

pOSS|b|I|ty that the lnstructlons glven in this study todo as weII as possnble on the .
| audltory task may have led some‘subjects to be triers. If this is true, one has to-'
wonder vl/hy\almost two-thirds Of subjects ignored these instructions.

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

) , lattentlonal effort belng used on the auditory’ task, it appears to have ehmmated it..

The mean number of dlglts recalled by the punters at the S|gnal-to n0|se ratlo at '
WhICh the strategy changed was 6.9 (standard deV|at|on -0.0).- The mean.
' number of d|g|ts recalled by the punters at baseline was 7 8

(standard deV|at|on = 1 2) These means were not sngnlf cantly dlfferent as
- determlned by a t-test (t= O 001 p> O 01). It appears that once the strategy

‘ change occurs very little, |f any, attentlonal etfort is given to the primary task. - i

- The third strategy of constant ‘attention to- memory is used by few4

|nd|V|duals The one subject in this study who used this strategy was one of two

. subjects with normal hearlng and a WRMT score of 0% at -6 dB SIgnal-to -noise 4
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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
WRMT score of 0% at -6 dB sigr‘\ély-to-noislé rétio. As for the subject with
constar;t attention to memory, this éﬁbject’s WRMT score at this signal-to-noise
ratio may be explained by fhe sUbjecf’s history. It may also give reason to the
Iiste-ning 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.’k Thé strategy demonstrated by this subject
in this study may be one learned over time to overcome the childhood learning
disorder. By using relatively little afténtional effort with even impossible tasks,
the subject may be effectively Ieavi‘ng the atténtional 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 of this study were: 1) does attentional effort
increase with increases in the difficulty of the 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 of the study, it appears that
for mést individuals attentional effort increases with increases in the difficulty of
the auditory task up to the point when the task becomes impossible. At that
point some individuals stop trying on the auditory task and focus their effort

elsewhere. As to the second question of the study, it appears that the 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 about 60% of the borrowers become punters and stop
trying. A slightly larger percentage of hearing impaired listeners adopt the

punting strétegy 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) of an 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; Findlay, 1976; Dirks et al, 1982; Dubno
et al, 1984; Plomp, 1986; Beattie, 1989; Wilson et al, 1990) have generally found
that hearing impaired individuals were more susceptible to the effects of noise
than are normal hearing Iisteners; This finding 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 of the unique features of the present study was that
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
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somewhat surprising, since intuitively one would expect that 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 may 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
measurement technique 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. They found 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.
He found a significant difference in 'attentio‘nal 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 of the data
impossible.

A third audiologic study (Rakerd et al,1996) investigated the effort
required of heéring impaired individuals and normal hearing individuals when

they listened to speech. Using a dual-task paradigm, they found 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 of the 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 procéssing disorders. Future research should address whether one
attentional effort strategy is better for 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 important to investigate both normal hearing and hearing impaired individuals

for the existence of a listening strategy disorder.
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INFORMED CONSENT FOR A RESEARCH PROJECT ENTITLED
“Effects of Hearing Loss on Attentional Effort During Listening Tasks”

PROJECT DESCRIPTION

You are being asked to part|0|pate in an experimental study aimed at evaluatlng
the effects of the difficulty of listening tasks on attentional effort in normal hearing
and hearing impaired subjects. The results or this study will be included in a
dissertation by Robert E. Moore. Should you agree to participate, the test’
session will not exceed three hours

- Before the study, you will be glven ‘a hearing test (routine audiometry) to
determine if your hearing is normal (15 dB HL or better speech reception
threshold) or abnormal (20 dB HL or greater speech reception threshold). This -
testing will be performed in a sound treated room. You will be prowded WIth the
results of the hearing test.

- Following the hearing test, you will be asked to memorize a list of numbers for

- 15-seconds. After.an 65-second retention period, during which you will listen to
noise at a comfortable level, you will be asked to recall the numbers in order.
This will be repeated two more times. This portion of the 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, as judged by you. The level of the noise
competition will be varied as it relates to the presentation level of the words.

This portion of the study will be the listening task.

Following the listening task, you will again be asked to memorize a list of
numbers for 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, at the end of the 65-second retention period you will be asked to recall -
the numbers in order. These procedures will be repeated fourteen tlmes This
portion of the study will be the dual-task.

The above procedures are routine clinical procedures which offer no known
health risks. Regardless, every effort will be made to minimize any potential risk
or discomfort. Rest periods will 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 of the relationship of hearing loss,
listening difficulty, and attentional effort.



' Signature of Investigator: : ‘ Date:
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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 onIy the Principle Investigator and his Advisor. Your identity

will not be revealed in any description or publication of this research. This
consent form will be stored for three years following completlon of the study at a
secured location at the University of Tennessee

RIGHT TO REFUSE OR TO END PARTICIPATION

Your are free to refuse to participate in this study or to withdraw at any time
without having it affect your care in any of the University of Tennessee Clinics or

‘the Baptist Ear Center. You will suffer no loss of benefits to which you are
-other\lee entitled.

VOLUNTARY CONSENT

| have read the above lnformatlon and the PnnCIpal Investigator has explamed
the procedures and answered all my questions concerning this project. It has
been explained to me that my identity will not be revealed in any description or
publication of this research. Therefore, | consent to such publication for scientific
purposes. ‘ ‘ '

Any questions | have concernIng my rights as a research subject will be
answered by Robert E. Moore, the Principle Investigator at the Baptist Ear
Center (632-5995), or by Dr. J.W. Thelin, the Advisor, at 457 South Stadium Hall

~ (974-1796).

- My signature below means that | have had all my questions answered and freely

agree to participate in the experlmental study.

Signature of the subJect. . Date:

INVESTIGATOR’S CERTIFICATION

| certify that | have explained to the above individual the nature and purpose, the
potential benefits, and the possible risks associated with participating in this
experimental study. | have answered any questions that have been raised, and
have witnessed the above signature. - -
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DATA SHEET SUBJECT 1
Gender: Female  Age: 57 Tesf Ear: Right Hearing Classification: Normal
Hearing Thresholds (dB HL)
250 Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

RE 20 15 15 10 15 25 25 40 10 &0
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
6 8 8

Trial 3: 8 - 7 5

Median: 8 . 5 5 8 8 8




Subject 1

Female, Normal Hearing

167
141
121
101

- ®

Median Words Correct
(0+]

N
{

onN b o

o

2 6 0 6. 12
Signal-to-noise ratio (dB)

= WRQ WRMT [ WRBL
—— MT B8 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)

16
114
112
110

Median Digits Recalled



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

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

RE 35 20
LE 25 20

Baseline Words Correct at Each Signal/Noise Ratio

Quiet
Trial 1: 14
Trial 2: 15
Trial 3: 15
Median: 15

Words Correct With Memory Task at Each Signal/Noise Ratio

Digits Remembered Baseline and at Each Signal/Noise Ratio

Baseline

Trial 1:

Trial 2:

Trial 3:

Median:

Trial 1: 8
Trial 2: 8
Trial 3: 6
Median: 8

-15

-15

15

12

<12

0

0
0

0

-12

4
6
6

6

10
30

-6

-6
4
7
4

4

-6
5
2
4

4

30
40

~N~N~o

\l

O o~No

9

0
5
4
9

5

DATA SHEET SUBJECT 2
Hearing Thresholds (dB HL)

35
50

+6
14
14
12

14

+6
12
13
15

13

+6
6
4
9

6

55
60

+12
15
14
15

15

+12
14
15
15

15

+12
3
8
6

6



V Subject 2
Female, Hearing Loss

14 % | ' 14

12+ ' % 112
/

107 % 10
. g
%

/

v
.
.
.

q2 0 -6 0 . 6 12

Median Words Correct
o]
PP

s
N

oM s o
L L

o

Signal-to-noise ratio (dB)

EwrRa Z4WRMT []WRBL
- MT B2 MTBL

WRQ - Words Correct in Qu1et

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)

Median Digits Recalled
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DATA SHEET SUBJECT 3

Gender: Male Age: 58 Test Ear: Right

79

Hearing Classification: Normal

Hearing Thresholds (dB HL)

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

RE 10 15 15 10 35
LE 15 20 20 35 50

55
50

75
80

90 15 55
75 15

Baseline Words Correct at Each Signal/Noise Ratio

Quiet 15 12 6

Trial 1: 14 - 0 5
Trial 2 14 - 0 9

~ Trial 3: 15 - 0 5
Median: 14 - 0 5

0

11
6
6

6

+6
10
11
13

11

+12
12
13
13

13

Words Correct With Memory Task at Each Signal/Noise Ratio

15 12 -6
Trial 1: - .0 2
Trial 2: - 0 2
Trial 3: - 0 2
Median: - 0 2

0
4
7
7

7

+6
15
12

9

12

+12
14
13
13

13

Digits Remembered Baseline and at Each Signal/Noise Ratio

Baseline 15 12 -6
Trial 1: 10 - 8 9
Trial 2: 5 - 7 4
Trial 3: 9 .- 8 3

Median: 9 - 8 4

3O OO

(o))

+6
5
8
6

6

+12
10
6

8

8



Subject 3

Male, Normal Hearing

167
141
121
101

Median Words Correct
(0 0]

oM o
T 1

Signal-to-noise ratio (dB)

E WRQ WRMT [_] WRBL
- MT . BB 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)

Median Digits Recalled
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DATA SHEET SUBJECT 4
Gender: Female  Age: 58 " TestEar: Left Hearing Classification: Normal
Hearing Thresholds (dB HL)
250 Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

RE 15 5 10 10 15v 5 20 40 15
LE 15 5 5 10 . 15 10 15 25 10 50

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
Median: 15 - 0 8 9 14 15

Words Correct With Memory Task at Each Signal/Noise Ratio

15 12 -6 0 +6  +12

Trial 1: - 0 1 10 14 15
Trial 2: - 3 10 10 13 14
Trial 3: - 0 6 10 15 15
Median: - 0 10 10 14 15

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

Median: 8 - 3 4 4 5 6



 Subject 4

Female, Normal Hearing

Median Words Correct

2 6 0 6 12
Signal-to-noise ratio-(dB)

E WRQ WRMT [ ] WRBL
—— MT B MTBL

WRAQ - 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)

Median Digits Recalled
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DATA SHEET SUBJECT 5
Gender: Male Age: 53 Test Ear: Left Hearing Classification: Hearing Loss
Hearing Thresholds (dB HL)
250Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

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



Subject 5

Male, Hearing Loss

167
g 14y
§ 121
v 1 0"
O
g 8
s
5 47
(5]
= 2t
0

Signal-to-noise ratio (dB)

E wWRQ WRMT [ ] WRBL
—— MT B MTBL

WRAQ - 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)

Median Digits Recalled

84
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DATA SHEET SUBJECT 6
‘ . Gender: Male  Age: 55 TestEar: Left Hearing Classification: Norrhal
Hearing Thresholds (dB HL)
250 Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

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 Cofrect With Memory Task at Each Signal/Noise Ratio

45 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

Digifs Remembered Baseline and at Each Signal/Noise Ratio

Baseline 415 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
4 5 5

Median: 8 - 2 3




Median Words Correct

WRQ - W

Subject 6
Male, Normal Hearing
167 716
141 114
12+ 12
101 110
8t 7 118
7, 2
6+ % 216
% :
44 % 34
21 % 312
0 : % : %0
-12 -6 0
Signal-to-noise ratio (dB)
= WRQ WRMT [_]WRBL
—— MT B MTBL
ords 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)

Median Digits' Recalled

86
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DATA SHEET SUBJECT 7
Gender: Female Age: 55 TestEar: Right Hearing Classification: Normal
| ‘ Hearing Thresholds (dB HL)
250 Hz 500 Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

RE 15 15 5 5 5 20 25 25 15 55
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

45 42 6 0 +6 +12
Trial 1: - o 5 7 13 14
Trial 2: - 0o 9 10 13 15
Trial 3: - 0 8 12 12 13
Median: - o 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: 4 - 3 4 5 6 6



Subject 7
Female, Normal Hearing

167 116
B 141 7 114
§ 12¢ Z +12
» 10} % 110
8 %
E 8 . lg
= 6 Zé 316
C / o
S 4 Z 114
s 27 g 312

0 7 il

42 6 0 6

Signal-to-noise ratio (dB)

12

E wRrQ WRMT [] WRBL

—— MT B2 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)

Median Digits Recalled

88
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DATA SHEET SUBJECT 8
Gender: Female Age: 56 TestEar: Left Hearing Classification: Normal
Hearing Thresholds (dB HL)
250Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

RE 20 10 15 10 S 10 30 25 15
LE 15 5 5 S 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 1 9 13 14
Trial 3: 15 0 1 7 1 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 Signal/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



Subject 8

Female, Normal Hearing

144
124
10}

Median Words Correct
(00}

o N » o

-6

15 12
Signal-to-noise ratio (dB)

Ewra B WRMT [_]WRBL
—— MT B3 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)

Median Digits Recalled

90
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DATA SHEET SUBJECT 9
Gender: Female Age: 59Test Ear: Right Hearing Classification: Hearing Loss
Hearing Thresholds (dB HL)
250 Hz 500 Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8 kHz SRT MCL

RE 20 15 30 45 30 59 40 30 35 695
LE 15 15 25 30 35 35 40 45 25

Baseline Words Correct at Each Signal/Noise Ratio ‘

, Quiet .15 12 -6 0 +6 +12
Trial 1: 14 Co- 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



Subject 9

Female, Hearing Loss

161
&é 14+
8 121
7)) 1 0"
o
g 8
s
3
= 2+

O 2

42 6 o 6 12
Signal-to-noise ratio (dB)

E WRQ WRMT [ ] WRBL
—— MT B3 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)

Median Digits Recalled

92
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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 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

RE 15 15 15 10 25 25 35 35 15
LE 15 20 25 35 35 35 30 25 30 70

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
Median: 15 - 0 5 5 14 - 14

Words Correct With Memory Task at Each Signal/Noise Ratio

15 12 -6 0 +6 +12

Trial 1: - 0 b6 6 12 13
Trial 2: - 0 3 6 15 15
Trial 3: - 0 5 7 15 15
6 15 15

Median: - 0 5

Digits Remembered Baseline and at Each Signal/Noise Ratio

Baseline 15 12 -6 0 +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

Median: 8 - 3 4 5 5 5



oN KO

Subject 10
Female, Hearing Loss
16+
- 7
g 14y Z
5 12t %
5 s Z :
= / &
g 61 % &2
- 4__ '..Q
2 % s
= 27 % 53
0 % O
MTBL

42 6 6 12

o

Signal-to-noise ratio (dB)

E WRQ WRMT [ ] WRBL
—— MT BR MTBL

WRAQ - 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)

+16
114
112
110

Median Digits Recalled

94



DATA SHEET SUBJECT 11

95

Gender: Female - Age: 51 TestEar: Left Hearing Classification: Normal

Hearing Thresholds (dB HL)

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

RE 30 20 15 15 20 10 20, 20 15
LE 25 10 10 15 . 20 15 20 25 10

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 Signal/Noise Ratio

0 +6  +12

A5 12 6

Trial 1: ; O 8 13 15 14
Trial 2: ] 1 6 14 13 14
Trial 3: L o 7 14 15 15
Median: .0 7 14 15 14

Digits Remembered Baseline and at Each Signal/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

50



Subject 11

Female, Normal Hearing

Median Words Correct

7.
%
%
_
.
.
g
.

2 6 0 6 12
Signal-to-noise ratio (dB)

E wRQ WRMT [_]WRBL
—— MT B 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)

" MTBL

Median Digits Recalled

96



97

DATA SHEET SUBJECT 12
Gender: Female Age: 55 Test Ear: Left Hearing Classification: Hearing Loss
Hearing Thresholds (dB HL)
250 Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

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



Subject 12

Ferhéle, Hearing Loss

Median Words Correct

12

Signallto-noise ratio (dB)

E WRQ 4 WRMT E]WRBL )

—— MT @ MTBL

WRQ - Words Correct in Qwet

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) - -

Median Digits Recalled

98
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DATA SHEET SUBJECT 13
Gender: Female Age: 55Test Ear: Right Hearing Classification: Hearing Loss
Hearing Thresholds (dB HL)
250 Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8 kHz SRT MCL

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 - o 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: - o 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

Median: 9 - 8 3 4 4 5



“Subject 13

Female, Hearing Loss
167
14+
121
10t

Median Words Correct

oON b O ®
L L L

42 6 - 0
Signal-tc;-r'ioise ratio (dB)

EwRrRa:  ? WRMT DWRBL
—— MT - @ MTBL ’

WRQ Words Correct in Qu1et

" '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 audltory task) ‘

" MTBL

Median Digits Recalled

100
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DATA SHEET SUBJECT 14
Gender: Female Age: 56 Test Ear: Right Hearing Classification: Normal
Hearing Thresholds (dB HL)

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

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 - 0O 8 9 14 15

Trial 3: 15 - 1 5 12 12 12

Median: 14. - 0 & 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 ] 8
Trial 3: 7 - 4 8 6 6 5
Median: 7 - . 4 5 6 6 7



102

Subject 14
Female, Normal Hearing

167 - -16
‘g 141 114 B
s 12y r12 8
w 101 10
T o, 8 =
S 2
= i Bl B
c 6 £ 6
G B3 &
5 4 R4 o
s 2t Bl =

0 : 10

42 6 0 6
Signal-to-noise ratio (dB)

E wrQ WRMT [ ] WRBL
—— MT B8 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)




DATA QHEET SUBJECT 15

Hearing Thresholds (dB HL)

103

‘Gender: Male Age: 50 Tesv't Ear: Righf Hearing Classification: Hearing Loss

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

RE 10 0 20 40

LE 70 65 65 50 .

'Baseline Words Co‘rregt at Each Signal/Noise Ratio

Quiet = 15 12
Trial 1: 13 N
Trial 2: 15 - 0
Trial 3: 14 - 0
Median: 14 -

Words Correct With Memory Task at Each Signal/Noise Ratio

-15
Trial 1: -
Trial 2: : -
Trial 3: -

Median: : -

Digits Remembered.Baseline and at Each Signal/Noise Ratio

Baseline -15 -
Trial 1: 9 -
Trial 2: 6 - -
Trial 3: 7 Te

Median: 7

0

12

0
0
0

0

12
7.
e

7

7

50.

1

-6
0
1
1

N~N© o

~:

A0

50
65

0 O-w;mo

8

O 00O

8

(92}

gw-NoO

.20
75

+6

12

13
10

12

+6
11

13

13

13

v‘ +6

9
6

6
6

15
75 .

+12
14
14
14

14

412

14
13
15

14

+12
6
6
8

6
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Subject 15

Male, Hearing Loss

167

8 141 8
§ 1214 §
5 10} 4
el wn
5 st £
| a
% [
- L (V]
5 4 5
D D
= 21 s

0 7

12 6 0 8 12

Signal-to-noise ratio (dB)

= wrRQ WRMT [ ] WRBL
—— MT X 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)



105

DATA SHEET SUBJECT 16
Gender: Female Age: 50Test Ear: Right Hearing Classification: Hearing Loss
Hearing Thresholds (dB.HL)
250 Hz 500 Hz 1kHz 2kHz 3kHz 4 kHZ 6kHz 8kHz SRT MCL

RE 15 15 30 45 40 45 50 35 25 65
LE 15 15 10 45 45 50 45 30 15

Baseline Words Correct at Each Signal/Noise 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/Noise 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 EachISignaIINoise Ratio

Baseline 15 12 -6 0 +6 +12
Trial 1: 6 - 7 8 6 9 3
Trial 2: 8 - 8 b5 4 4 8
Trial 3: 12 - 7 6 3 5 5
Median: 8 - 7 6 4 5 5



106

Subject 16

. .Female, Hearing Loss

-16
- ' "]
&t,’ 14 ks
S t12 §
e +10
B 8 )
(=] T )]
2 le @
c c
o 14 8
8 '3
= 2 =

0

4 " MTBL
Signal-to-noise ratio (dB).

Ewra @ wWRMT. [ WRBL
eMT  B&wmBL .

o

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)




107

DATA SHEET SUBJECT 17
Gender: Female Age: 54 Test Ear: Right Hearing Classification: Normal
Hearing Thresholds (dB HL)
250 Hz 500 Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

5 10 20 20 5 45

RE 10 0 0
5 15 15 15 15 5

0
LE 5 0 0

Baseline Words Correct at Each Signal/Noise Ratio

Quiet -15 12 -6 0 +6 +12
Trial 1: 15 - . 0o 3 8 8 13
Trial 2: 13 - 1 9 7 14 13
Trial 3: 14 - 0O 3 10 12 12
Median: 14 - 0 3 8 12 13

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 Signal/Noise Ratio

Baseline 15 12 -6 0 +6 +12

Trial 1: 7 - 8 8 8 8 8
Trial 2: 9 - 5 6 10 8 8
Trial 3: 9 - 8 .10 7 10 3

Median: 9 B 8 8 8 8 8



108

Subject 17
Female, Normal Hearing
167 116
T o
2 141 14 ©
8 12+ +12 §
» 101 110
5 8 . 8 2
(o] L4 L g 1 b=
= 6 le o
5 c
5 47 t4 8
s 2t H 12 2
0 0

12 6 0 6
Signal-to-noise ratio (dB)

E5 WRQ WRMT [_] WRBL
—— MT B 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 SUBJECT 18
Gender: Male Age: 58 Test Ear: Left Hearing Classification: Normal
Hearing Thresholds (dB HL)
250 Hz 500 Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

RE 10 10 15 25 35 30 40 55 20
LE 10 10 10 15 30 40 50 65 10 560

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



110

" Subject 18

Male, Normal Hearing

‘Median Words_ Correct
Median Digits Recalled

Slgnal-to -noise ratio (dB)

EWRQ " W4 WRMT l:] WRBL
—— MT @ MTBL -

WRQ - Words Correct in Qu1et

"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)




DATA SHEET SUBJECT 19

111

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

Hearing Thresholds (dB HL)

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

RE 15
LE 20

Trial 1:I
Trial 2:
Trial 3:

Median:

15
20

10
15

30
30

30
35

15
20

SRT MCL

20
25 65

Baseline Words Correct at Each Signal/Noise Ratio

Quiet

15
13

15

15

-15

-12
0

0
0

0

(+2]

oo N

($)]

0
10
8
11

10

+6

9
14
12

12

+12
13
12
15

13

Words Correct With Memory Task.at Each Signal/Noise Ratio

Trial 1:
Trial 2:
Trial 3:

Median:

=15

12

0
1
0

0

-6

7
6
5

6<

0
10
7
11

10

+6
13
13
12

13

+12
13
15
13

13

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:
Trial 2:
Trial 3:

Median:

Baseline

15

-12

8
8
8

8

OO

(o))

;OO

(o))

+6
7
- 6

5

6

+12
6

4

6

6
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Subject 19
Male, Hearing Loss
167 716
141 -14
121 712
101 -10

Median Words Correct
[e+]
Median Digits Recalled

oM h o

- N
N

6

N
)
3 N
o
=]

Signal-to-noise ratio (dB)

E WRQ WRMT [_] WRBL
—— MT B 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)



Gender: Female

Age: 51

DATA SHEET SUBJECT 20

113

Test Ear: Left Hearing Classification: Normal

Hearing Thresholds (dB HL)

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

RE 15
LE 15

Trial 1:
Trial 2:
Trial 3:

Median:

Words Correct With Memory Task at Each Signal/Noise Ratio

Trial 1:
Trial 2:
Trial 3:

Median:

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:
" Trial 2:
Trial 3:

Median:

10
5

Baseline Words Correct at Each Signal/Noise Ratio

Quiet
15
15
13

15

5
10

-15

-15

0
5

-12
0
0
0

0

-12

5
5

-6
7
6
4

6

-6

8
9
5

(o]

Baseline -15 12 -6
10 - 10 6

6 - 9 8

10 - 9 6

8 - 9 6

20
5

0
7

12
10

10

0
10
9
9

9

0
3
4
5

4

20
15

+6
15
11
10

11

+6
14

8
10

10

+6
8
8
7

8

5
5

+12
14
14
14

14

+12
14
13
14

14

+12
8
9
8

8

10
10

50



Subject 20

Female, Norma!l Hearing

167
§ 14+
S 12t
[72) 10'"
2
N
s
5 47
[}

s 27
0 2

12 6 0 6
Signal-to-noise ratio (dB)

E WRQ WRMT [_]WRBL
—— MT B 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)

Median Digits Recalled

114



Gender: Female Age: 51Test Ear: Right Hearing Classification: Hearing Loss -

DATA SHEET SUBJECT 21

Hearing Thresholds (dB HL)

115

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

RE 40 35
LE 30 30 -

Baseline Words Correct at Each Signal/Noise Ratio

Quiet
Trial 1: 15
Trial 2: 14
Trial 3:° 14
Median: 14

Words Correct With Memory Task at Each Signal/Noise Ratio

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:
 Trial 2:
Trial 3:
Median:
Baseline
Trial 1: 8
Trial 2: 4
Trial 3: 7.
Median: 7

-15

-15

-12

45 12

-12

5

7

8

7

[ecle)Ré .,

()]

-6
7
6
4

6

30
30

10

AW~

()]

45
35

+6

13
13
14

13

+6
14

14

12

14

+6
8
8
6

8

+12

45
35

+12
15

14

"~ 15

+12

15
15
14

15

7
8

8

8

.35 70

15 -
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Subject 21

Female, Hearing Loss

167
g ;
§ 124 3
101 ., i
£ 4l Z 2
= % 2
s O . =
5 47 % 5
s 2l % =
0 %

L
no
: [\
o
o
o

Signal-to-noise ratio (dB)

E WRQ WRMT [ ] WRBL
- MT B8 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)



DATA SHEET SUBJECT 22

117

Gender: Male Age: 57 Test Ear: Left Hearing Classification: Hearing Loss

Hearing Thresholds (dB HL)

250 Hz 500 Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8KkHz

RE 20
LE 25

Trial 1:
Trial 2:
Trial 3:

Median:

10 15 15 60
15 30 - &0 65

60
75

65
70

60
60

SRT MCL
15
30 70

Baseline Words Correct at Each Signal/Noise Ratio

15 12 -

Quiet 6
11 - 0 0

7 - 0 0

14 - 0 0
11 .- 0 0

NN O

+6
1
3
3

3

+12
4
4
4

4

Words Correct With Memory Task at Each Signal/Noise Ratio

Trial 1:
Trial 2:
Trial 3:

Median:

45 42 -

OCOOOo,

o

0
1
2
2

2

+6
4
2
4

4

+12
6
7
5

6

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:
Trial 2:
Trial 3:

Median:

Baseline 15 12 -
6 - 4
9 - 4
6 - 7
6 - 4

(o) WS I - )

(&)

oo o

(&)

+6
4
5
5

5

+12
6
1
6

6
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- Subject 22

- Male, Hearing Loss

e SRR : 116
g 147 : 14 3
§ 121 : ' 112 8
7)) 10+ L T . , : +10 Y
s 8 % B
= e 16 B8
& : : 3 =
.qa; 4" ) .I %—‘ “4 g
= 2 ‘ 412 =

0 ; — } %_] - — ——-.- E )

WRQ 12 .6 0 6 12 - MTBL

Siénal-to—noise ratio (dB)

E WRQ WRMT [_] WRBL
—~— MT B 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 SUBJECT 23

Gender: Male Age: 51 vTest Ear: Right Hearing Classification: Hearing Loss
Hearing Thresholds (dB HL)

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

RE 20 10 20 40 55 95 85 80 30 70
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 - o 0. 3 8 15
Trial 2: 15 - 0O O 4 5 13
Trial 3: 12 - 0O O 4 10 10
Median: 13 - 0 O 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



Subject 23

Male,‘ Hearing Loss

Median Words Correct

1

42 6 0 6 12
Signal-to-noise ratio (dB)

E WRQ WRMT [ WRBL.
—— MT B 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)

Median Digits Recalled
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DATA SHEET SUBJECT 24

Gender: Male Age: 55 Test Ear: Left Hearing Classification: Hearing Loss
Hearing Thresholds (dB HL)

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

RE 30 20 20 25 25 40 25 20 20
LE 20 15 25 35 40 45 55 55 25 65

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




Subject 24

Male, Hearing Loss

Median Words Correct

RS
+ +
O

a%t0% %!
s
T
N

-—
T

12 6 0 6
Signal-to-noise ratio (dB)

EwrRQ ZZWRMT [JWRBL
- M7 B MIBL '

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)

16
114
112
110

o

~ Median Digits Recalled



DATA SHEET SUBJECT 25
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Gender: Male Age: 55 Test Ear: Right Hearing Classification: Hearing Loss

Hearing Thresholds (dB HL)

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

RE 20 15
LE 15 10

35
45

45
55

45 -
60

30
45

30 35 75
35 30

Baseline Words Correct at Each Signal/Noise Ratio

‘ Quiet
Trial 1: 14
Trial 2: 14
Trial 3: 15
Median: 14

-15 12
- 0
- 0
- 0

- 0

-6
3
1
4

3

O~NO O

7

+6
11
10
14

11

+12
15
13
15

15

Words Correct With Memory Task at Each Signal/Noise Ratio

-15 12

[
(<2

= DNDN

2

0
6
11
7

7

+6
13
12
11

12

+12
12
12
12

12

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:

Trial 2:

Trial 3:

Median:

Baseline

Trial 1: 10
Trial 2: 12
Trial 3: 12

Median: 12

-15 12

- 10
- 10
- 13

- 10

-6
8
10
6

8

0
10
12
11

11

+6

6.

12
11

11

+12
10
11
11

11



Median Words Correct

167
141
12._
101

" Subject 25
Male, Hearing Loss

Y
.
%
/
.
/
/
/
///

NI’

oON h O ®
T 1 1

a

Signal-to-noise ratio (dB)

6 12

- EEwRrQ WRMT [ WRBL

- MT - BB 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)

" MTBL

Median Digits Recalled
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DATA SHEET SUBJECT 26

Gender: Male Age: 55

Hearing Thresholds (dB HL)

125

Test Ear: Left Hearing Classification: Normal

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

RE 20 10 15
LE 15 10 5

Baseline Words Correct at Each Signal/Noise Ratio

. Quiet -15
Trial 1: 15 -
Trial 2: 13 -
Trial 3: 14 -

Median: 14

Words Correct With Memory Task at Each Signal/Noise Ratio

=15

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:

Trial 2:

Trial 3:

Median:

~ Baseline =15

Trial 1: 12

Trial 2: ‘ 11

Trial 3: - 10

Median: . 8

-12

0
0
0

0

-12

0
0
0

0 .

-12

9
9
9

9

50
25

NWN ®

N

(=2]

N NN

N

(=2]

wwoom

(o))

65
30

@M Né) =

(o))

0
11
8
8

8

0
5
4
6

6
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40

+6
7
11
14

11

+6
12
11
10

11

" +6
9
4
7

7

65
50

+12
13
13
12

13

+12
13
13
15

13

+12
4
9
8

8 .



Subject 26
Male, Normal Hearing

167 716
S 147 t14
§ 124 +12
v 10" “10
T
g 8t 18
A 61 16
= 4t 14
(] J
s 2t {12

0 0

2 6 0 6 12
Signal-to-noise ratio (dB)

E WRQ WRMT [ JWRBL
—— MT B 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)

Median Digits Recalled
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DATA SHEET SUBJECT 27
Gender: Male Age: 51 Test Ear: Left Hearing Classification: Normal
Hearing Thresholds (dB HL) |
250 Hz 500Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8 kHz SRT MCL

RE 10 5 10 5 0 40 25 25 10
LE 10 0 5 5 10 15 15 20 10 50

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 42 6 0  +6 412

Trial 1: : S 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 SignaI/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



Subject 27

Male, Normal Hearing

7
/
.

/

/
/
_

Median Words Correct

/
/
/

12 8 0 68 12

Signal-to-noise ratio (dB)

= WRQ WRMT [ ] WRBL
—— MT B3 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)

oN h O

16
114
+12
g7 10

Median Digits Recalled

128



DATA SHEET SUBJECT 28

129

Gender: Male Age: 53 Test Ear: Right Hearing Classification: Hearing Loss

Hearing Thresholds (dB HL)

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

RE 20
LE 15

Trial 1:
Trial 2:
Trial 3:

Median:

Words Correct With Memory Task at Each Signal/Noise Ratio

Trial 1:
Trial 2:
Trial 3:

Median:

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:
Trial 2:
Trial 3:

Median:

15 20 35 65
15 20 30 60

Baseline Words Correct at Each Signal/Noise Ratio

Quiet 15 12 -6
15 - 0 2
14 - 0 1
12 - 0 2
14 - 0 2

15 12 -6
- 0 3
- 0 1
- 0 O
- 0 1

Baseline 15 12 -6
6 - 5 6
6 - 8 8
6 - 3 5
6 - 5 6

70
60

0
5
2
7

5

0
3
6
4

S

N0 O

N

70

50

+6
10
9
9

9

+6
6
7
10

7

+6
6
10
7

7

70
50

+12
13
10
11

11

+12
12
11
9

11

+12
7
7
5

7

65



Subject 28 -

Male, Hearing Loss -

* Median Words‘C‘orrect ,

-16
14

+12
+10

oON & O ®-

12 6 .0 . 6
Signal-to-noise ratio (dB)
" EEwrRQ ®AWRMT []WwWRBL
e MT B MTBL - :

" WRQ - Words Correct in Quiet . . o
- 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)

Median Digits Recalled
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DATA SHEET SUBJECT 29
Gender: Female Age: 52Test Ear: ﬁight Hvearing Classification: Hearing Loss
Hearing Thresholds (dB HL)
250 Hz 500 Hz 1kHz 2kHz 3kHz 4kHZ 6kHz 8kHz SRT MCL

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 45 42 6 0  +6  +12
Trial 1: 14 ) o 7 5 10 13
Trial 2: 15 ] o 3 8 11 13
Trial 3: 15 ; O 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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Subject 29

- Female, Hearing Loss

16;

g o1 - ;
5 12t 5 S
O / 3
w 101 / 2
E 8 5 2
o
: [
S 4t % 8

0 + % ; R

6 12 MTBL

Signal-to-noise ratio (dB) -

= wRrQ’ WRMT [ ] WRBL
—— MT B MTBL

WRQ - Words Correct in Qwet

WRMT - Words Correct in Noise wnth 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)



Gender: Male

DATA SHEET SUBJECT 30

Hearing Thresholds (dB HL)

133

Age: 54 Test Ear: Right Hearing Classification: Normal

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

RE 10 5
LE 10 5

Baseline Words Correct at Each Signal/Noise Ratio

Quiet
Trial 1: 15
Trial 2: 15
Trial 3: 15
Median: 15

Words Correct With Memory Task at Each Signal/Noise Ratio

Digits Remembered Baseline and at Each SignéI/Noise Ratio

Trial 1:

Trial 2:

Trial 3:

Median:

Baseline

ITrial 1: 3
Trial 2: 8
Trial 3: 9
Median: 8

5
5

-15

-15

-15

0
5

-12

-12

-12
1

8
10

8

5
10

()]

» o 0

1
»

w o N

6

DO,

»

15
20

0
7
10
9
9

0
9
12
10

10

NN o

N

25
15

+6
13
12
12

12

+6
13
13
10

13

+6
10
8
8

8

20
25

+12
15
13
15

15

+12
15
14
13

14

+12
8
5
9

8

10
10

50
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Subject 30

Male, Normal Hearing

716
t14
12
10

Median Words Correct
Median Digits Recalled

2
m
1.
nm
o
.
1=
1

..‘.. 0 0.0,0.9,9,0.¢ )0,
oON A O ©

—_
N

12 6 0 6
Signal-to-noise ratio (dB)

= wRQ WRMT [ ] WRBL
—— MT B 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)




Gender: Male

'DATA SHEET SUBJECT 31 -

135

Age: 57 Test Ear: Right Hearing Classification: Normal

Hearing Thresholds (dB HL)

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

RE 10 0
LE 5 5

Baseline Words Correct at Each Signal/Noise Ratio

. Quiet
Trial 1: 15
Trial 2: 13
Trial 3: 14
Median: 14

Words Correct With Memory Task at Each Signal/Noise Ratio

Digits Remembered Baseline and at Each Signal/Noise Ratio

Trial 1:

Trial 2:

Trial 3: .

Median:

Baseline

Trial 1: 9
Trial 2: 9
Trial 3:’ 6
Median: 9

15 © 10 0

10 5

15 <12 -6
- 0 5
- .0 2
- 0 3
- 0 3

45 12 6
: 1 5
- 0 6
- 0 3
- 0

15 12 -6
- 5 6
- 5 5
- 5 6
- 5 6

(82}

0

20

10

6
7

7

0
9
11
6

9

15
35

+6
12
10
14

12

+6
14
14
13

14

+6
9
10 .

8

9

15
40

+12
14
14
14

14

+12
14
15
14

14

+12
6

11
9

9



Subject 31

Male, Normal Hearing

167
144
12}
104

S o

Median Words Cprrect
[0 0]

N

o

Signal-to-noise ratio (dB)

= WRQ WRMT []WRBL -
—— MT B 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)

Median Digits Recalled .
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DATA SHEET SUBJECT 32

Gend_er: Male

Hearing Thresholds (dB HL)

137

Age: 56 | Test Ear: Left Hearing Classification: Normal

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

5
10

RE10. 5

5
LE 10 0 5

Baseline Words Correct at Each Signal/Noise Ratio

Quiet -15

Trial 1: 15 -
Trial 2; 13 -
Trial 3: 14 -
14 -

Median:

Words Correct With Memory Task at Each SignéllNoise Ratio

-15
Trial 1: -
Trial 2: -
Trial 3: x -

Median: -

Digits Remembered Baseline and at Each Signal/Noise Ratio

. Baseline  -15
Trial 1: 8 -
Trial 2: .6 -

Trial 3: 7 -

Median: 7 -

-12

-12

12

7
4
6

6

NWWo

w

(=]

NN

N

25
10

0
11
8
6

. 8

~N© oo

(o]

0
4
1
3

3

20
25

+6
13
11
10

11

+6
12
14
10

12

+6
6
3
4

4

30
35

+12
15
15
11

15

+12
13
12
14

13

+12
7
5
7

7




Subject 32

Male, Normal Hearing

16+
3 14 8
§ 124 8
7] 1 0" m
e 8 ®
<) T =
=N 5
C C
0 44 0
3 3
= 2t =
0

5 12

4L
N
1
& D
(=}

Signal-to-noise ratio (dB)

= WRQ WRMT [ JWRBL
—— MT B2 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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VITA

Robert Edwin Moore was born in Athens, Tennessee on December 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 U.niversity of Tennessee-Kn‘oxviIIe in 1975. He
received a Master.of Arts degree in Audiology from the University of Tennessee-
Knoxville in 1976. After working at the 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 was there until 1985. After working at two hospitals in Knoxville,
Tennessee he began working at the Baptist Ear Center as an audiologist iln
1989. In 1992, he began his doctoral studies as a part-time student at the
University of Tennessee-Knoxville and received a Doctor of Philosophy degree in
Audiology in ZOOQ. He continues to work as an audiologist at the Baptist Ear

Center in Knoxville, Tennessee.




