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Audiovisual Asynchrony Detection and Speech Percepn
in Normal-Hearing Listeners and Hearing-Impaired Listeners
with Cochlear Implants

Abstract. This study examined the effects of hearing loss @ging on the detection of
AV asynchrony in both normal hearing adults andringaimpaired listeners with
cochlear implants. Additionally, the relationshigtlveen AV asynchrony detection skills
and speech perception was assessed. Twenty-fivdeemamplant users and 22 normal-
hearing adults participated in this study. Botheelgd and middle-aged sub-groups of
individuals were included in the normal hearing andhlear implant groups. Individuals
were asked to make judgments about the synchrodywdpeech and to complete three
speech perception tests, the CUNY, HINT and CNG significant differences were
observed in the detection of AV asynchronous spdastfween the normal-hearing
listeners and the cochlear implant users. The datealed, however, that older adults
had wider windows over which they identified AV ashronous speech as being
synchronous than younger adults. Additionally,rformal hearing listeners the temporal
AV asynchrony processing window was found to beealated with speech perception
measures. Specifically, wider temporal windows wassociated with poorer speech
perception skills. This trend was not observechhearing impaired populatiohhese
findings suggest that there may be fundamentatdiffces in how speech is perceived in
individuals with cochlear implants.

Introduction

The assessment of speech perception skills in eaclnplant users commonly involves the use
of cues provided through one modality, namely, thirmation acquired through listening-alone.
However, in order to fully understand speech pdroapprocesses it also is appropriate to evaluage t
impact that visual cues have on individual word aadtence recognition abilities. In the normal hegr
population, a number of studies have shown that bisual and auditory information play an important
role in speech perception. For example, Sumby atddk (1954) demonstrated the importance of visual
information for speech understanding in the presexidackground noise. This study demonstrated that
for extremely poor listening environments (i.e-38 dB signal-to-noise ratio) a 40% to 80% increiase
word recognition can be achieved when visual cuesadded to the auditory stimuli. The benefits of
visual cues for the identification of sentenceaamse also was demonstrated by Middelweerd and lom
(1987). Additionally, McGurk and McDonald (1976)rdenstrated that when a visual production of one
consonant is paired with an auditory productiommdther consonant, a third consonant, neither lysua
or auditorily presented, is perceived. Specificalhen a visual /g/ is paired with an auditory /&/,
perceived /d/ will often occur. These studies destrate that the use of auditory and visual cues is
crucial for the understanding of speech.

The temporal alterations of audiovisual signale dlas been examined to determine how speech
perception is affected when listening to degradsshehronous multimodal signals (Grant & Greenberg,
2001; McGrath & Summerfield, 1985; Pandey, Kunov, Abel, 1986). In one study, Grant and
Greenberg demonstrated that normal hearing indadeould successfully recognize Harvard/IEEE
sentences when they were filtered and exposeddm-®isual delays. The sentences were filtered into
1/3-octave bands, and two of the bands, one lowoaedhigh frequency band, were used to constrect th
final stimuli. They found that when the auditorgrsal led the visual signal by up to approximatedys
or the visual signal led the auditory signal by top160 to 200 milliseconds, the stimuli could be
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successfully recognized. McGrath and Summerfietd adlemonstrated that when using an FO-modulated
pulse train audio feed as part of an audiovisugiiadi AV asynchronous speech was not affected when
the audio and visual delays were less than 16Gsedibnds. Similar findings were reported by Pandey,
Kunov, and Abel who demonstrated that in the preseaf background noise, AV asynchronous
sentences can be successfully perceived for asymghevels up to approximately 120 milliseconds.
More recently, Conrey and Pisoni (2006) demondirétat young adults were able to identify isolated
AV asynchronous words as being synchronous overerpdral window of approximately 150
milliseconds. The ability to recognize speech etvemugh the audio and visual cues are not synchsonou
is clearly advantageous in noisy or reverberantrenmnents where the audio and visual cues might not
be aligned.

However, very little exploration of how individualgith hearing impairment integrate auditory
and visual signals has been conducted. A hearsgvmuld imply that not all of the auditory freqagn
bandwidths from an audiovisual speech signal aszjaakely perceived, thereby potentially preventing
the complete integration of auditory and visuamsti. Grant and Seitz (1998) studied a group of
individuals with mild sloping to severe hearingdes to determine the importance of synchronous AV
speech stimuli for speech understanding. Theiririiggl showed that speech recognition for audiovisual
sentences was not affected until the audio delageded 200 ms.

The effects of aging on AV asynchrony detectionehalso received little attention in the past. It
has been reported that elderly listeners have ndiffeculty than younger adults with temporal
processing of speech (Fitzgibbons & Gordon-Sal4896; Gordon-Salant & Fitzgibbons, 2001, 2004;
Schneider, Pichora-Fuller, Kowalchuk, & Lamb, 19%ell, 1997; Sommers, Tye-Murray, & Spehar,
2005; Spehar, Tye-Murray, & Sommers, 2004). Fornexda, the detection of brief temporal gaps
between pairs of tones or noisebursts is aboutetwhe magnitude for elderly individuals as it is fo
younger listeners (Fitzgibbons & Gordon-Salant,8t9chneider, Pichora-Fuller, Kowalchuk, & Lamb,
1994; Snell, 1997). Also, processing rapid speem$ lbeen shown to be more challenging for elderly
individuals compared to younger adults (Gordon-+$a& Fitzgibbons, 2001, 2004). Finally, research
has suggested that although older individuals cfteow a decline of speechreading abilities, thigiitg
to comprehend time-altered visual speech is notpcomised (Sommers, Tye-Murray, & Spehar, 2005;
Spehar, Tye-Murray, & Sommers, 2004). It could gpdthesized, therefore, that due to the changes in
auditory and visual processing, elderly individuatight integrate auditory and visual signals in a
fundamentally different manner than younger indint$. Differences in auditory and visual integratio
could affect the perception of AV asynchronous sphee

Although AV asynchrony perception has not been émadin the elderly population, the
integration of auditory and visual information Haeen assessed using several behavioral measures. Fo
example, Cienkowski and Carney (2002) examinedMb&urk effect in younger and older adults to
assess the effects of aging on the ability to matsgauditory and visual information. They foundttthe
percentage of fused responses to an auditoryrieavisual /gi/ and an auditory /pi/ and visual were
not significantly different in younger and oldereagroups, suggesting that older adults are just as
successful at integrating auditory and visual dgras younger adults. However, because individual
measures of auditory and visual performance weteneasured, it is not clear whether the younger and
older study participants were integrating the argtitand visual cues in similar manners. That ideol
adults could have relied more heavily either onitang or visual cues to fuse stimuli whereas the
younger adults could have used auditory and visues$ equally for fusion.

To address these concerns, Sommers, Tye-Murray Saettar (2005) recently examined the
individual contributions that auditory and visuafarmation provide for the integration of AV stimul
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To minimize differences in unimodal performancé,salidy participants had normal hearing, as defined
as hearing thresholds better than 25 dB HL from B20o 4000 Hz, and normal or normal-corrected
vision. The study participants were asked to repesisonants, isolated words and sentences under
several different signal-to-noise ratios that woptdduce similar auditory performance between W t
age groups. The speech materials also were presengidiovisual and visual-only modalities in arde
to assess the effects of auditory or visual cuesmeech understanding. The older normal hearing
participants demonstrated significantly poorer spesading skills than the younger adults suggesting
that aging may be associated with declines in mashes that are responsible for the successful
encoding of visual information, independently ofatieg status. The findings also demonstrated that
auditory and visual enhancement scores were coilgafar the younger and older age groups.
Therefore, the age differences that were obtainedidiovisual performance appear to reflect ageed|
differences in speechreading abilities rather ttenability to integrate or combine auditory andual
stimuli.

In order to further examine the effects of healimgs and aging on the integration of auditory
and visual information in speech perception, wengrad AV asynchrony perception in middle-aged and
elderly normal hearing adults and cochlear implas#grs. Specifically, the present study measured the
AV asynchrony detection skills in normal hearingiésland cochlear implant users to determine whethe
individuals who use cochlear implants detect AVnatyonous stimuli differently than normal hearing
persons. This study also examined the effectsadpag may have on the perception of AV asynchronous
stimuli. Finally, because speech understandingridetées as the AV signal becomes increasingly
asynchronous (Grant & Greenberg, 2001; Grant &S&898), another goal of this study was to assess
the association between AV asynchrony detection spebech perception abilities. Determining how
normal hearing adults and cochlear implant usersegpee AV asynchrony might provide some new
insights into the sources of variability that urigethe wide range of speech perception skills Hrat
typically observed within the cochlear implant plaiion.

Method
Study Participants

Both normal hearing listeners and cochlear implesatrs participated in this study. Two different
groups of English speaking cochlear implant usessewecruited, 13 elderly adults ranging in agenfro
66 to 80 (mean 73 years old), and 12 middle-agettsachnging in age from 41 to 54 years old (mean 4
years old). These individuals received either ahar Corporation, an Advanced Bionics, or a Med El
cochlear implant between the years of 1995 and ZQ0¢he Indiana University School of Medicine,
Department of Otolaryngology—Head and Neck Surg@mne elderly participant had bilateral implants;
the first device was implanted in 1996 while thecs®l device was implanted in 2004. These adulte wer
all native English speakers and none of them repoat history of stroke or head injury. The normal
hearing participants consisted of 12 middle-agadtadanging in age from 41 to 55 years old (megas a
48 years old), and 10 elderly adults ranging in fage 65 to 79 years old with a mean age of 70 year
old. All of the normal hearing participants weremeted locally through posted advertisements aodbw
of mouth. All of the normal hearing study partianpgreported that English was their first languabat
they did not have prior speechreading training, thad they had no history of stroke or head injury.

Screening Tests

Pure-tone air-conductions thresholds were obtafaedll normal hearing listeners from octaves
250 Hz to 4000 Hz using a Grason-Stadler GSI 6hi€l Audiometer and EAR insert earphones. For
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purposes of this study, normal hearing was defamtehavioral thresholds of 25 dB HL or betterllat a
test frequencies. Additionally, all individuals Iaded in this study had symmetrical audiometricrimea
configurations (i.e., less than 20 dB HL differeie#ween ears at one test frequency). Additionétly,
sound field audiometric behavioral thresholds alsoe obtained for the cochlear implant users.

Screening for vision was completed prior to testmgnsure that all participants were capable of
perceiving and encoding visual speech informatiormal or corrected-to-normal visual acuity of Z9/2
or better was indicated for all study participamslditionally, the Mini Mental Status Exam was
administered to all individuals to assess cognifivection (Folstein, Folstein, & McHugh, 1975). All
individuals who participated in this study receigedcore of 27 or better out of a possible 30 goifihe
mean score for cognitively intact individuals iretholstein, Folstein, and McHugh study was 27.6 ait
range of 24 to 30.

Procedures and Stimuli

Three speech perception measures were adminisieraitl study participants. The Consonant-
Nucleus-Consonant (CNC) word recognition test (Rete & Lehiste, 1962), the Hearing in Noise Test
(HINT) sentence recognition test (Nilsson, SoliS&llivan, 1994), and the City University of New Xor
(CUNY) sentence test (Boothroyd, Hnath-Chisolm, iHai& Kishon-Rabin, 1988) were presented to
study participants in an IAC booth. The auditorynsii were presented at 70 dB SPL for the cochlear
implant users and at 63 dB SPL for the normal hgastudy participants. Background speech noise also
was used for the normal hearing participants ams$ented at 70 dB SPL, thereby leading to a -7 dB
signal-to-noise ratio. The CNC word test was adstared first, followed by the HINT and the CUNY
sentence tests. Additionally, the CUNY sentencewes presented in three modalities in the follayin
order: auditory-only (A), visual-only (V) and audigsually (AV). All study participants were instrigd
to repeat the stimuli they heard or saw for themskd. Guessing was encouraged. For all tests, a
percentage correct score was obtained as the depemeasure.

The speech AV asynchrony task conducted in thisex@nt was the same one employed by
Conrey and Pisoni (2006). A list of ten familiargtish words was presented to the listeners using a
single talker. The words were chosen from the Hao&udiovisual Multitalker Database which contains
digitized movies of isolated monosyllabic words lego by single talkers (Lachs & Hernandez, 1998).
The most intelligible talker of this database, asednined by Lachs (1999), was chosen for stimulus
presentation. To prepare synchronous and asyncasoA® stimuli, Final Cut Pro 3 (copyright 2003,
Apple Computer, Inc.) was used to manipulate théicaand visual signals. The stimuli were prepared
such that the only cues that could be used to malgments about the synchrony of the signals were
temporally based between the audio and visual lexaiscifically, the audio track did not play whilee
screen was blank and all of the speech sounds etnet articulatory movements remained within the
movie.

Previous research on AV synchrony perception hesated that normal-hearing young adults
have a fairly wide range over which they will judg® signals as being synchronous or asynchronous.
That is, AV stimuli are typically judged as beingyachronous with 100% accuracy when the audio
signal leads the visual signal by 300 ms (i.e., ®B0or more and when the visual signal leads tldicau
signal by 500 ms (i.e., V500A) or more (Conrey &dti, 2006). For this study, 25 asynchrony levels
that covered a range of 800 ms from A300V to V500#e used. Each successive level of asynchrony,
either audio-leading or visual-leading, differed38:33 ms increments. Nine stimuli had auditoryd&a
one was synchronous, and 15 had visual leads fdr efthe ten stimulus words that were used. As a
result, a total of 250 trials were presented togaeicipants in a randomized order. The visual @ndio

157



HAY-McCuUTCHEON, PISONI AND HUNT

stimuli were presented using an Apple G4 computer &dvent sound field speakers, respectively. The
speakers were placed at + 45° azimuth from therests who were seated approximately 19 inches from
both the speakers and a Dell flat screen compubaitor.

Before the session began, the participants werenghoth written and oral instructions for
performing the task and were presented with exasnpl@synchronous and synchronous AV stimuli. For
each trial, the participants were asked to judgesthdr the AV stimulus was synchronous or
asynchronous (“in sync” or “not in sync”). They weanstructed to press one button on a button box if
they thought the audio and visual stimuli were $yonous and a different button if they thought the
stimuli were asynchronous. In order to alert theig@ants for an upcoming AV token, a fixation rkar
(“+") flashed on the computer screen for 200 msohtwas then followed by a blank screen for 300 ms.

Results

The behavioral audiometric threshold data for ceahlimplant users and the normal-hearing
individuals are displayed in Tables 1 and 2, reBpely. The cochlear implant user data presented in
Table 1 reveal similar mean behavioral threshoshoases for younger and older cochlear implantsuser
at 250 Hz and 500 Hz. A one way ANOVA revealed mmisicant differences in thresholds between the
two groups for these two warble tone behavioratgholds. Significant differences between the younge
and older cochlear implant users were obtainednerl000 Hz k (1,25) = 6.16p = 0.02), 2000 HzK
(1,25) = 7.14p = 0.01) and 4000 H#((1,25) = 4.56p = 0.04) behavioral thresholds.

Young Subjects 250 Hz 500 Hz 1000 Hz 2000 Hz 4008 H
abfl 28 24 24 22 26
abil 14 22 20 22 22
abkl 22 34 22 22 28
abnl 24 26 28 22 26
absl 24 28 26 22 38
abvl 40 40 40 35 35
abwl 18 26 24 22 24
abyl 18 28 24 32 32
achl 22 26 28 20 28
acrl 44 36 30 28 32
adhl 36 35 32 28 28
adil 36 12 12 18 26
Mean 27.2 28.1 25.8 24.4 28.8

Elderly Subjects 250 Hz 500 Hz 1000 Hz 2000 Hz 4082
abgl 24 32 36 36 32
abhl 28 36 38 28 36
abj1 24 24 28 28 30
abml 32 32 32 31 36
abol 26 24 30 26 28
abpl 24 26 32 30 38
abrl 30 35 25 20 20
abgl 20 22 28 28 28
abzl 32 38 36 32 36
accl 22 22 24 28 34
acdl 26 32 28 26 30
acfl 20 30 28 28 34

adcl-R 42 42 40 34 44
adcl-L 34 36 40 36 40
Mean 27.4 30.8 31.8 29.6 33.3

Table 1. Sound field behavioral audiometric thresholds fochdear implant users. Thresholds are
listed in dB HL for each test frequency.
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One way ANOVAs performed using the normal heariepdvioral threshold data presented in
Table 2 revealed significant differences in thrédsdoetween younger and older adults for the regirt
at 1000 Hz f (1,21) = 8.42p = 0.009) and 4000 H#A((1,21) = 8.79p = 0.008). Left ear significant
differences between the two aged groups also waetesirat 1000 HzR (1,21) = 4.48p = 0.04) and 4000
Hz (F (1,21) = 4.85p = 0.04). A significant difference in the left epure tone average (PTA) was
revealed £ (1,21) = 5.50p = 0.03) but no significant difference between tive aged groups for the
right PTA was indicated. Previous research has mieoted that individuals over the age of 60
experience significant hearing loss at frequenabes/e 4000 Hz (Lee, Matthews, Dubno, & Mills, 2005;
Pearson et al., 1995). We cannot, therefore, uléhe possibility that the older adults who papated
in this study did not have significant hearing 1@s8000 Hz. A hearing loss at 8000 Hz could have
implications for the outcome measures (i.e., sp@ecbeption and asynchrony detection tasks) that we
obtained during the course of the project.

STJ?);J:cgts Right Ear Left Ear
250 Hz 500 Hz 1000 Hz| 2000 HZ 4000 Hp PTA-H 250 Hg 500 Hz 1000 Hz | 2000 Hz| 4000 Hz PTA-L

NH1 20 15 5 5 15 8.3 15 5 5 0 5 3.3
NH2 10 5 0 -5 10 0 15 10 0 5 5 5
NH5 5 20 10 15 15 15 10 10 5 10 10 8.3
NH9 15 15 20 10 15 15 10 10 10 10 15 10
NH10 10 10 10 10 0 10 10 10 5 10 5 8.3
NH11 15 20 10 10 15 13.3 10 10 5 10 15 8.3
NH14 5 5 0 5 5 3.3 5 5 5 5 15 5
NH15 10 10 10 15 5 11.6 10 5 10 15 15 10
NH17 0 0 10 5 5 5 10 5 5 5 5 5
NH18 10 10 10 5 5 8.3 10 15 10 15 10 13.3
NH19 15 15 10 10 5 11.7 15 10 15 5 15 10
NH20 10 5 10 10 20 8.3 15 5 5 15 10 8.3
Mean 10.4 10.8 8.8 7.9 9.6 9.2 11.3 8.3 6.7 8.4 410 7.9

Elderly

Subjects
NH25 20 25 20 10 25 18.3 20 25 25 10 20 20
NH28 5 10 15 10 25 11.7 10 5 5 20 25 10
NH32 10 5 20 0 15 8.3 10 10 5 5 15 6.7
NH33 15 15 15 15 15 15 10 10 10 10 10 10
NH35 20 5 10 5 10 6.7 15 10 10 15 5 11.7
NH36 10 5 15 20 20 13.3 0 15 5 10 15 10
NH42 15 10 20 10 15 13.3 20 20 20 5 15 15
NH47 10 10 15 10 15 11.7 5 10 10 15 15 11.7
NH49 5 0 5 5 10 3.3 0 0 10 5 15 5
NH48 20 10 15 25 20 16.7 10 10 15 20 15 15
Mean 13 9.5 15 11 17 11.8 10 115 11.5 11. 15 511

Table 2. Behavioral audiometric thresholds for normal hegtisteners. Thresholds were obtained
using insert earphones and are listed in dB HL.

An individual cochlear implant user example of aN Asynchrony function is displayed in
Figure 1 Panel A. In this figure, the mean promortdof synchronous responses is presented as adinnct
of the asynchrony level in milliseconds. On thecidsa, the negative asynchrony levels indicatettteat
auditory signal led the visual signal by a spedifiene (e.g., A300V), the zero point indicates thath
the audio and visual signals were synchronousrire t{i.e., 0), and the positive asynchrony levels
indicate that the visual signal led the audio digieag., V400A). The ordinate axis represents the
proportion of synchronous responses that were tegpa@t a specific asynchrony level. Recall thaheac
AV asynchrony level was presented using 10 diffevesrds and the listener’s task was to judge wirethe
or not the stimulus was out of sync. For this gaitir example, the trials of A300V, A267V, V367A,
V400A, V433A, V467A, and V500A were judged to beymshronous with 100% accuracy. This
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individual reported that the audio and visual signaere completely synchronous for the asynchrony
levels of A67V, A33V, 0, V33A, V67A, V100A, and VB3. For all other asynchrony levels, the study
participant inconsistently reported that the Aviatli were synchronous.

1.2
10t A E
08
0.6 |

04

Actual Proportion
Synchronous Responses

0.2}

0.0

1.2

1.0
A Leading MPS
Threshold
081 V Leading

Threshold

0.6 [

04

0.2

Predicted Proportion
Synchronous Responses

0.0

-400 -200 0 200 400 600

Asynchrony Level (ms)

Figure 1. An individual AV asynchrony function. Panel A diaps the observed function and
Panel B shows the Gaussian curve fitted to thersbdeunction. The proportion of synchronous
responses is shown as a function of the asyncHewey. See text for details.

In order to quantify this AV asynchrony functiorynametrical Gaussian curves were fitted to
individual asynchrony curves through the use oh%idPlot 9.01 software and the following equation:

- 05 X- X%Z
e

y=a )

In this equationy is the observed proportion of synchronous resmorise each individual at each
asynchrony levelx. The x-interceptxo, represents the mean point of synchrony (MPS)h B@indb are

generated parameters from the Sigma Plot softvirateaid with curve fitting. The Gaussian curveefikt

to the individual asynchrony function shown in Hafids displayed in Panel B of Figure 1. The four
features that describe this AV asynchrony funcaoa the MPS, the auditory (A) leading threshol@, th
visual (V) leading threshold and the full-width hedaximum (FWHM). The A-leading threshold is the
asynchrony level for the y value at 50% of the atise from the minimum to the maximum of the
auditory leading portion of the curve (i.e., thdt Iportion of the curve). Similarly, the V-leading
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threshold is the asynchrony level for the corresipaypy value at 50% of the distance from the maximu
to the minimum of the visual leading portion (i.&he right portion) of the Gaussian function. The
FWHM is the value of the asynchrony width at théf-h@axima of the function. For this individual, the
MPS was 39.15 ms, the A leading threshold was 2B4fs, the V leading threshold was 226.65, and the
FWHM was 371.88 ms.

The mean AV asynchrony data for all of the cochlegolant users and the normal hearing adults
are shown in Figure 2. For both panels, the meapgstion of synchronous responses is displayed as a
function of the asynchrony level. The top panetla# figure shows the data for the cochlear implant
users and the bottom panel displays the data fomtrmal hearing adults. The overall results fer th
younger adults (averaged over cochlear implantsuaad normal hearing adults) are shown with the
dotted line. The data for the older adults are shawsing the solid line. The MPS, the A-leading
threshold, the V-leading threshold and the FWHMueal for the normal hearing and cochlear implant
users are presented in Table 3. Two-way ANOVA asedywere performed using age and hearing status
as independent variables and MPS, A-leading thidshé-leading threshold, and FWHM as the
dependent variables. A significant age-effect figdivas revealed for the A-leading threshdéid1,46) =
4.989,p = 0.03) and for the FWHMH(1,46) = 4.921p = 0.03). For these two variables, the younger
adults (i.e., cochlear implant users and normatihgadults) had A-leading thresholds that wereseto
to the point of AV synchrony (i.e., 0 on the absaisn Figure 2) and had narrower FWHMSs than the
older adults. No other main effects or interactiasgse obtained for any of the other analyses.

10} /’\\ Cl Adults

7 ——— Young Adults N
Elderly Adults =~

10} /"\\ NH Adults

Mean Proportion Synchronous Responses

0.6

04

0.2

0.0

-400 -200 0 200 400 600

Asynchrony Level (ms)

Figure 2. The mean AV asynchrony data for the cochlear amiplsers (top panel) and normal
hearing adults (bottom panel). The mean propowiothe synchronous responses is displayed as a
function of the asynchrony level.
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s pem R o
Young - CI 58.4210 -135.9933 260.8817 396.8750
Elderly - CI 59.8846 -154.1708 295.8292 450.0000

Young - NH 72.3434 -112.3147 262.6853 375.0000

Elderly - NH 70.7044 -134.0327 294.0923 428.1250

Table 3. Mean Asynchrony Data. Values are in millisecondiS: mean point of synchrony;
FWHM: Full Width Half Maximum.

1 Young CI
Elderly CI

100 + l
80 |

60

Percent Correct

40t

20

HINT CNC
Test

3 Young NH

100 Elderly NH 1

80 F

60

Percent Correct

40+

20 +

HINT CNC
Test

Figure 3. Mean percent correct scores and standard devgafir the HINT and CNC speech

perception tests for the cochlear implant userp (ianel) and normal hearing adults (bottom
panel).
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The results from the HINT, CNC, and CUNY speeclcpption tests are presented in Figures 3
and 4. Figure 3 displays the mean and standarchi@vs for the HINT and CNC sentence and word
tests. The scores from the cochlear implant usergpeesented in the top panel; the scores from the
normal hearing study participants are shown indbgom panel. For both panels, the white bars show
the data for the young individuals and the hatdhed show the data for the elderly participantswa
way ANOVA analysis of the HINT scores revealed amdfect for hearing statu§ (1,43) = 31.34p <
0.001), and ageF((1,43) = 6.77,p = 0.013) and an interactiorF ((1,43) = 5.37,p = 0.025). No
significant differences were observed for the CNiEad Additionally, no significant correlations were
observed between the FWHM data and the HINT and G&l&. There was, however, a trend for poorer
HINT scores to be association with wider FWHMSs tlee young and elderly normal hearing adults, but
this pattern did not reach significanee=(-0.371,p = 0.08).

Cl Adults NH Aduits
100 I

80
60

40

20
ALl

CUNY Sentences
(Mean Percent Correct)

E % i

A \% AV
Presentation Condition Presentation Condition
3.5
3.0} ClAdults — Young Adults ¢ NH Adults
os Elderly Adults
s
& 20t
=
g 15|
=
10} ) 1
?
05} c é 1
o | . D || . .
A gain Vgain AV gain A gain Vgain AV gain

Gain Condition Gain Condition

Figure 4. Mean percent correct (panels A and B) and gainesc(panels C and D) for the CUNY
sentence test for the cochlear implant and noreatihg participants.

Figure 4 shows the results from the CUNY senterest, tdisplayed for the presentation
modalities, auditory-alone (A), visual-alone (V)daaudiovisually (AV). Panels A and C show the data
for the cochlear implant users, and Panels B astidw the data for the normal hearing participahite
mean percent correct CUNY scores for each presentabndition (i.e., A, V and AV) are shown in
Panels A and B for the cochlear implant and norhedring participants, respectively. Additionally,
Panels C and D show the A, V, and AV-gain or enkarent scores obtained from the CUNY sentence
test. These gain measures assess how both auditatyvisual cues contribute to overall speech
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understanding and are described in further de¢hivib. The white bars in all panels show the datdlfe
elderly adults and the hatched bars show the dmtéhé younger adults. The error bars represent one
standard deviation around the mean.

In order to assess the effects of aging and heasiatys on the perception of the CUNY
sentences, a series of two-way ANOVA analyses wenelucted using the scores from the A, V and AV
presentations. For the CUNY A presentation, sigaiit main effects were found for ade (1,43) =
5.69,p = 0.02) and hearing statuB (1,43) = 41.27p < 0.001), along with an interactiof (1,43) =
5.65,p = 0.02). As shown in Figure 4 Panels A and B,rttean CUNY A results for the normal hearing
participants were lower than the scores for thénlgar implant users. Recall that the cochlear impla
users listened to the sentences in quiet, and ¢thmal hearing participants listened to the CUNY
sentences in the presence of background noiseder ao simulate the effects of a hearing loss and
reduce performance from ceiling effects.

The main effect of hearing status was most likbbly tesult of the added background noise that
was used for the normal hearing adults and nothi®icochlear implant users. In addition, the inteoa
between age and hearing status may be due toafiffes in the listening conditions between the two
groups. Specifically, the added background noisdgibly reduced the performance of the older normal
hearing adults to a greater extent than it affettedperformance of the younger normal hearingtadul
Degraded speech understanding in noise for eldeslynal hearing individuals has been previously
documented (Stuart & Phillips, 1996). These diffiees in performance for the older and younger
groups were not observed in the cochlear implamufation most likely due to the absence of
background noise in the listening environment.

Main effects for the V-only presentation were obeedrfor both ageR (1,43) = 50.34p <
0.001) and hearing status (1,43) = 22.55p < 0.001). An interaction also was observed({,43) =
18.95,p < 0.001). The data for the CUNY V-only scores igufe 4 Panels A and B reveal that the
younger cochlear implant users and normal hearohgt® were better speechreaders than the older
adults, a finding that has been observed previo{lsy-McCutcheon, Pisoni, & Kirk, 2005; Sommers,
Tye-Murray, & Spehar, 2005). However, the youngachtear implant users identified V speech better
than the younger normal hearing individuals. Initod, the data indicate that both the older normal
hearing participants and the older cochlear implesers performed similarly in this speechreadisg.ta

Finally, a two-way ANOVA of the CUNY AV scores realed main effects for agé (1,43) =
8.90, p = 0.005), hearing statu§ (1,43) = 26.92p < 0.001), and an interaction. The data shown in
Figure 3 revealed three findings: first, both tHdeo and younger cochlear implant users performed
similarly on this task; second, the cochlear implasers performed better than the normal hearing
participants, and third, the younger normal headdglts achieved higher scores than the older norma
hearing adults. The results shown here, howeveuldibe interpreted with some caution becausencgili
effects were observed for the AV results obtairgedtie cochlear implant users.

In order to assess the separate contributionsatiditory and visual cues provide for speech
understanding, auditory and visual gain scores waleulated. The A, V and AV scores obtained from
the CUNY speech perception test were used to @kethe benefit that audition-alone (A-gain) angl th
vision-alone (V-gain) cues provide for speech pgtio& (Lachs, Pisoni, & Kirk, 2001; Sommers, Tye-
Murray, & Spehar, 2005). Specifically, the “A-gairscore represents the improvement in speech
perception due to the addition of visual informatitm the auditory signal (i.e., AV-V/100-V), and
conversely, the “V-gain” score represents the inapnoent in speech perception due to the addition of
auditory cues to the visual signal (i.e., AV-A/18D-For the A-gain score, the contributions that th
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visual cues add to the audiovisual results areraatetd and this value is subsequently divided gy th
difference between the possible visual-alone saarkthe obtained visual-alone score. Similarly,ther
V-gain score, the contributions that the auditangs add to the audiovisual results are determined a
then divided by the difference between the possiblitory-alone score and the obtained auditorpalo
score.

We also assessed the overall integration of ayddod visual information, and determined the
superadditive nature of the use of combined madalfor speech perception (i.e., AV-gain = AV/A+V).
For individual cases, if the combined AV performarne the same as the addition of the A-alone and V-
alone scores, then AV-gain would be equal to omel lgtle AV enhancement would be indicated.
Alternatively, if the combined AV scores are gredten the simple sum of the A and V scores alone,
then the integration of auditory and visual infotioa is beneficial (i.e., superadditive) for speech
understanding.

The gain scores are presented in Panels C andAyofe 4 for the cochlear implant users and
the normal hearing adults, respectively. A seriesvo-way ANOVA analyses were conducted using the
A-gain, V-gain and AV-gain scores as the dependeaasures and hearing status and age as the
independent variables. Because the AV resultshfercbchlear implant users were at ceiling, andethes
data were used to determine the gain measureflltwing results need to be cautiously considered.

For the A-gain scores, significant main effects evebtained for ageF((1,43) = 4.823p =
0.034) and hearing status (1,43) = 19.64p < 0.001). In addition, an interaction was alsoesbed £
(1,43) = 10.88p = 0.002). For the V-gain scores, only a main éffec age was observed (1,43) =
4.46,p = 0.04). Main effects for agé((1,43) = 37.67p < 0.001), hearing statuf (1,43) = 12.81p =
0.001), and an interaction effe¢t (1,43) = 12.02p = 0.001) were found for the AV-gain scores. The
AV-gain scores displayed in Figure 4 reveal that ¢fderly normal hearing adults and cochlear inplan
users had scores above one, suggesting that thieireanuse of the auditory and visual cues provided
greater benefit to the older adults than the youadalts.

To assess the relations between the CUNY speedemien scores and the AV asynchrony
detection, Pearson correlations were conducted.ré&$idts are summarized in Figure 5. In this figure
the results for the normal hearing listeners aes@nted in the three left graphs; the results Her t
cochlear implant users are presented in the thgké¢ graphs. The white circles and triangles regmes
individual data from the young normal hearing aslaihd cochlear implant users, respectively. Thg gra
diamonds and squares represent data from theehtgmnal hearing adults and cochlear implant users.

The Pearson correlations, presented in each pawelal that for normal hearing individuals the
wider the width of the FWHM the poorer the perforoa on CUNY A, V and AV tasks. This trend,
however, was not observed in the scores obtainethéocochlear implant users. For the V resultsreh
was a tendency for the cochlear implant users t@ lwader FWHMSs with poorer perception, but this
pattern did not reach significanae<-0.368,p = 0.071). A significant correlatiom £ -0.438,p = 0.029)
was obtained for the AV data suggesting that wil&HMs resulted in poorer speech perception scores.
Because of ceiling effects, this finding needseaoigwed with some caution.
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Figure 5. Correlation results for the CUNY and FWHM data foe normal hearing adults (left
three panels) and cochlear implant users (rigleetipanels).

The Pearson correlation coefficients for the gaimres and the FWHMs are presented in Figure
6. The normal hearing data are presented in thehefe graphs and the data from the cochlear impla
users are presented in the right three graphswihite circles and the gray diamonds represent ¢te d
for the normal hearing young and older adults, eepely. The white triangles and the gray squares
represent the data for the young and older cocingalant users, respectively.

For the normal hearing individuals, a significaretid was observed for the A-gain«-0.689p
< 0.001) and V-gainr(= -0.659,p < 0.001) scores to decrease with increasing FWHMhy This trend
was not observed for the AV-gain results=(0.114,p = 0.613). Although there was a tendency for the
A-gain (r = -0.346,p = 0.090) scores to decrease with increasing FWHMhythis observation was not
significant for the cochlear implant users. A sfip@int correlation was observed for the V-gain=(-
0.610,p = 0.001) scores for the cochlear implant userscHipally, lower V-gain scores were correlated
with wider FWHMSs. For both the normal hearing ahe tochlear implant users, the AV-gain scores
were not significantly correlated with the FWHM whd
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Figure 6. Correlation results for the gain scores and theHMA(ms) data for the normal hearing
adults (left three panels) and the cochlear implaets (right three panels).

Discussion

The goal of this study was to examine how normailrimg listeners and cochlear implant users
perceive AV asynchrony in speech and assess tloeiagen between AV asynchrony detection and
speech understanding abilities. The results of #tisdy revealed no significant differences in
performance between the normal hearing adults &ed cbchlear implant users in detecting and
perceiving AV asynchronous single words. There wasyever, a significant difference between the
number of spoken words that were identified as dpeiaynchronous for the elderly and middle-aged
study participants. Specifically, the elderly notrhaaring and cochlear implant individuals ideetifi
asynchronous words as being synchronous over a wiide window than did the younger adults. That
is, the average FWHMs for the elderly normal heariand cochlear implant population was
approximately 440 ms compared to an average oh@86or the younger normal hearing individuals and
cochlear implant users. Moreover, we found thatwidth of the asynchrony function was significantly
correlated with the CUNY A, V and AV results foretimormal hearing study participants. Correlations
indicated that wider FWHMs were associated with rpocspeech perception skills, a finding that
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replicated the earlier results of Conrey and Pig@006). This pattern also was observed with theTHI
scores in the current study, but the findings weog¢ significant. Conversely, for individuals with
cochlear implants, the A and V CUNY scores were sighificantly correlated with the FWHM data.
Overall, the results suggest that older individuadsre more difficulty identifying AV asynchronous
stimuli and that AV skills are correlated with splbeerception abilities.

AV Asynchrony Detection

The AV asynchrony findings reported here are simathose previously reported. The findings
of Conrey & Pisoni (2006) suggested that the FWH&%wn average 372 ms for young adults aged 18 to
22 years old, which was very similar to the FWHMparted in the present study for the younger adults
(i.e., 386 ms). Grant and Greenberg (2001), McGaaith Summerfield (1985), and Pandy, Kunov, and
Abel (1986) also reported findings on speech urtdeding using AV asynchronous material and all
three papers noted that sentences can be sucteg$tuatified when the auditory and visual compaisen
are approximately 200-250 milliseconds out of sykthough the findings from the current study canno
be directly compared to the results of these easliedies because of procedural differences, ctaar
that AV asynchronous speech is perceived as synobsoover a window of approximately several
hundred milliseconds.

AV Asynchrony Detection and Aging

The findings from this study also suggest thatradgieer than hearing impairment is more closely
tied with the detection of AV asynchronous spedtte data displayed in Figure 2 suggest that condpare
to younger adults, older individuals have a siguaifitly wider temporal integration window over which
they identify AV asynchronous speech as being symdus. The present findings suggest that
individuals with a severe-to-profound hearing lagso use a cochlear implant do not have more
difficulty detecting AV asynchronous speech thadividuals with normal hearing. To more fully
understand the effects of cochlear implantatiorttanperception of AV asynchronous speech, further
work should focus on the identification, ratherrthhast the detection of AV asynchronous speech in
individuals who use a cochlear implant. Additiogalluture work should address the effects that the
degree of hearing loss has upon both the deteetimh understanding of AV asynchronous speech.
Through these types of studies it may be possbimdre clearly describe the effect of hearing lass
the perception of AV asynchronous speech.

Age-related effects also have been reported inrabpeevious studies that evaluated auditory
perception abilities in younger and older listen@&iszgibbons & Gordon-Salant, 1996; Gordon-Sant
Fitzgibbons, 2004; Pichora-Fuller & Souza, 2003ja8t & Phillips, 1996). Specifically, several stesli
have found that older normal hearing listeners haeee difficulty than young normal hearing adults
with temporal processing tasks such as gap detectaund duration discrimination, and identifyiimge
compressed speech (Fitzgibbons & Gordon-Salant6;1@@rdon-Salant & Fitzgibbons, 2004). Other
studies have reported that younger adults corr@cthyver more comprehension questions after lisgenin
to a passage presented in a -15 dB signal-to-n@ie condition than do older adults (Schneider,
Daneman, Murphy, & Kwong See, 2000). Stuart andlipi(1996) also demonstrated that older normal
hearing listeners identified fewer monosyllabic d®mwhen presented in background noise than did
younger adult listeners. Evidence suggests thad#udines in speech perception performance can be
partially attributed to changes that have occuiétin the peripheral auditory system (Humes, 1996;
Schneider, Daneman, Murphy, & Kwong See, 2000; & durner, 1994). However, as noted above,
the observed differences between younger and adetts with more complex tasks such as gap
detection and sound duration discrimination canextlusively be attributed to peripheral sensory
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deterioration (Fitzgibbons & Gordon-Salant, 199@ydn-Salant & Fitzgibbons, 2004; Pichora-Fuller &
Souza, 2003). Most likely, neurophysiological chesithat occur within the central auditory systeso al
contribute to the declines in performance obsemadmplex listening tasks with elderly individuals

In terms of the auditory periphery, both younged ahder adults included in this study had
hearing within normal limits. However, within thange of normal hearing, the behavioral audiometric
threshold data suggested that the older normalifgeardividuals had significantly higher thresholds
than the younger normal hearing individuals at 1830and 4000 Hz. Additionally, the sound field
thresholds for the cochlear implant users revetilatithe older study participants had significafdbyer
thresholds at 1000 Hz, 2000 Hz and 4000 Hz. Iltdssjple, therefore, that the differences in AV
asynchrony detection could have been a direct cuesee of the physiological differences in the
peripheral auditory system between younger and atdividuals.

Differences in the central auditory systems betwgamnger and older adults also should be
considered when explaining the observed differemeesV asynchrony detection. Specifically, several
studies have shown that older adults experiendecudify with tasks that require them to divide thei
attention. Madden, Pierce, and Allen (1996) demaistl that the reaction time to identify specific
tokens from a group of distracting tokens was s$igguntly longer in an elderly group of individuaged
63 to 70 than in a young group of individuals a8do 29 years old. Mayr (2001) reported that task
requiring study participants to switch between atiéit types of decisions between trials, older tadul
(mean age 71 years old, SD=3.3 years) had a signifilonger reaction time for this task than did
younger adults (mean age 33 years old, SD=1.4 yelirss possible, therefore, that the attentional
demands that were required in the current study, @ttending to both the auditory and visual shea
and making a conscious and explicit decision alizeit synchrony) placed greater processing demands
on the older participants than the younger paicip, and this could have contributed to the oleskrv
differences in performance between the two agedpgo

AV Asynchrony Detection and Speech Perception in @hlear Implant Users

Contrary to the findings of the data for the normeéring individuals, the relation between the
AV asynchrony detection task and the speech peareptores were not highly correlated as shown in
Figure 4. A correlation was observed between the @WNY results and the FWHM data, but this
finding needs to be interpreted with some cautioa tb the ceiling effects noted with the AV CUNY
data. Because the mechanism responsible for tmelabon of the CUNY speech perception data and the
FWHM in normal hearing individuals is not well umgod, it is difficult to determine the reason foe
lack of correlation found between the speech pe¢imegindings and the FWHM data in the cochlear
implant users.

It is possible that for normal hearing individuddeth the auditory and visual domains were
effectively utilized to detect the presence of As{achrony, and that the processing of the AV input
signal along the peripheral and central nervougegyspathways was successfully and effectively
completed. Additionally, it is possible that thepessing of AV asynchronous stimuli and speechrsccu
using similar mechanisms in normal hearing indigidu Conversely, the cochlear implant users hade ha
inadequate or altered peripheral auditory pathwagessing prior to and following implantation. This
change in processing strategies has been documenteeural plasticity data obtained from animal
models (Shepherd, Baxi, & Hardie, 1999; Shephetdatdie, 2001). Thus altered peripheral processing
could have an impact on the central processinghef signal, which would ultimately affect the
perception of the AV asynchronous stimuli and theesh tokens associated with the speech perception
tasks. The integration of auditory and visual infation may occur in a fundamentally different manne
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for cochlear implant users compared to the norrealing individuals and this processing might have a
impact on both the perception of AV synchronous asyghchronous speech stimuli.

Conclusions

In summary, the findings from this experiment swjghat aging has a greater effect on the
detection of AV asynchronous speech than a sewepesfound hearing loss that has been partially
corrected through the use of a cochlear implant.fesmal hearing adults, the width of the temporal
processing window over which AV asynchronous speeels identified as being synchronous was
correlated with speech perception skills. We fotimat the perception of wider temporal windows was
associated with poorer speech understanding. Ceelyerfor cochlear implant users, the temporal vidt
of the AV asynchrony function was not correlatediwspeech perception skills. The findings suggest
that the perception of speech may occur in a furdtdatly different manner for hearing-impaired
individuals who use cochlear implants users thaodés for normal hearing adults.
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