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Abstract 

The present study aimed at finding whether the type of hearing loss has any effect on the bandwidth required to 

achieve minimum amount of speech identification scores with low and high center frequencies and also ability 

to integrate informarion from these two bandwidths. Participants included 29 individuals with normal hearing, 

12 individuals with cochlear hearing loss and 17  individuals with auditory dys-synchrony. Two CSBs (Criterion 

Speech bandwidth) were obtained for all the participants. The first one for the low center frequency of 500 Hz 

and the second one for rhe higher center frequency of 2500 Hz. To determine the spectral integrarion abilities, 

words having both the CSBs were presented to the participants. Results showed that individuals with auditory dys­

synchrony failed to achieve criterion score even at maximum bandwidth at 500 Hz center frequency. All the three 

groups differed significantly from each other for the normalized bandwidth required to achieve minimum speech 

identification scores (normalized CSB) at 2500 Hz. Individuals with auditory dys-synchrony showed significantly 

lower spectral integration scores from the other two groups and they showed two types of spectral integration 

scores. One group showed reduced spectral integrarion scores compared to the criterion score obtained at 2500 

Hz center frequency. Another group showed marginal improvement. It was seen rhat individuals with cochlear 

hearing loss were as good as normal hearing individuals in their ability to combine the information across different 

frequency bands. 
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Introduction 

Speech is a complex signal. The components of speech 
vary in terms of frequency and intensity over time. 
Approx imately 95% of the frequency components in 
speech lie between 300 Hz and 3000 Hz (Hamernik & 
Davis, 1988). To perceive and understand speech one 
needs to have normal hearing sensitivity within this fre­
quency range. Hearing loss at any frequency within this 
frequency range will affect speech perception. The im­
pact of hearing loss on speech perception is based on 
both type and configuration of hearing loss. 

It is well established that different speech sounds have 
predominantly different energies across frequencies. 
For example nasals are predominantly lower in fre­
quency, whereas fricatives are more of high frequency 
speech sounds. Thus, individual with low frequency 
hearing loss will have difficulty perceiving nasals and 
individuals with high frequency hearing loss will not be 
able to get the important features which are necessary to 
perceive fricatives. Hence, all these individuals would 
fail to comprehend speech. 

Similarly, type of hearing loss has also different percep­
tual consequences (Zeng & Liu, 2006). A conductive 
type of hearing loss which is thought to attenuate the 
acoustic signal reaching to the cochlea is likely to have 
less impact on speech perception, whereas cochlear 
hearing loss would show deterioration in speech percep-
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tion with the increase in severity of hearing loss. This is 
probably due to the loss of OHC's in the cochlea, which 
is responsible fo r fine discrimination. As the fundamen­
tal frequency, formant frequency and frequency transi­
tion are important features to understand speech, per­
ception of these features will be affected due to lack 
of sharper tuning as a result of OHC damage. Peo­
ple with cochlear hearing loss usually have auditory fil­
ters that are broader than normal (Glasberg & Moore, 
1986; Tyler, 1986). This means that their ability to de­
termine the spectral shape of speech sounds and to sep­
arate components of speech from back ground noise is 
reduced. I mpaired frequency resolution has been iden­
tified as the main reason for speech perception deficits 
in cochlear hearing loss with greater than moderate de­
gree of hearing loss (G lasberg & Moore, 1989). 

Another reason fo r impaired speech perception can be/ 
reduced phase locking in these individuals. This may 
be due to fact that the propagation time of the travelling 
wave along the basilar membrane can be affected by the 
cochlear damage and this may disrupt the processing of 
temporal info rmation by central mechanisms (Leob & 
White, 1983). 

People with cochlear hearing impairment often com­
plain that their greatest problem is understanding 
speech when back ground rtoise is present. The hearing 
impaired needs a higher signal-to noise ratio (SNR) to 
achieve the same level of performance (Plomp, 1994 ). 

This increase in signal to noise ratio ranged from 2. 5 
dB for mild hearing loss to 7 dB for moderate to severe 
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hearing loss. An even larger SNR is requi red when th e 
n oise is fluctuating  (Plomp, 1994). 

Audi tory dys-synchron y is another hearing disorder th at 
h as unique path ologies an d perceptual consequen ces 
(Starr, Picton, Sininger, Hood & Berlin , 1996). I t  is 
a disorder ch aracterized by abn ormal or absen t auditory 
brain stem respon ses (ABR s) an d th e presen ce of otoa­
cousti c emi ssi on s (OAEs) and/or coch lear mi croph on ­
ics (CMs), indicati n g  n ormal functi on ing of th e outer 
h ai r  cells (OHCs) (Starr et al. , 1996). 

It is difficult to localize the exact cause for auditory dys­
syn chrony. Th ere may be multi ple un derlying causes 
(Ran ce, 2005). Auditory dys-synch rony (AN) may re­
sult from a loss of inner h ai r  cells (IHC), dysfunction of 
th e IHC-n erve syn apses, n eural demyelin ation, axon al 
loss or a possi ble combin ation of multiple sites. Th ese 
path ologies may be presen t with th e traditional coch lear 
loss involving outer h air cells and/or cen tral process­
ing disorders involving th e brai n.stem an d cortex, com­
pli cating th e classification of audi tory dys-syn chron y 
(Rapin & G ravel, 2003). 

On e major characteri stic of AN is an impair�d capac­
i ty for temporal processing an d difficulty in speech un ­
derstan din g, particularly in n oise, th at i s  disproportion ­
ate to th e degree of h earing loss measured by pure­
tone thresh olds (Ran ce, Con e- Wesson , Wun derli ch & 
Dowell, 2002; R an ce, McKay & G rayden , 2004, Z en g, 
Kong, Michalewski & Starr, 2005). Zen g  an d Li u 
(2006) sai d th at th ese i n di viduals h ave poor pi tch pro­
cessing at low frequen cies, excessi ve masking in n oi se, 
and inability to process in teraural timing i n formati on . 
Most of th e in dividuals with auditory dys-syn chron y 
h ave a rai sing pattern of h earin g loss indicating a low 
frequen cy h eari n g  loss. Th is is mainly due to th e au­
ditory n erve fibers wh ich are getting affected in th em 
since the low frequen cy fibers are th e longest ones th ey 
h ave more ch ances of getting in volved and th is results 
in poor pitch processing at low frequen cies. Zen g, Oba, 
G arde, Sin inger an d Starr (1999) studi ed th e frequen cy 
discrimination abili ti es of th ese individuals across fre­
quen ci es and found th at th ey have very poor discrimi­
n ation at low frequen cies. E ven at sign al to n oi se rati os 
of I O  to 15 dB, in dividuals wi th audi tory dys-syn chron y 
foun d it difficult to percei ve speech which is due to th e 
excessi ve maski n g. 

Several studies h ave tri ed to explain th e reason s for poor 
speech perception abilities, especially in th e presen ce 
of n oise in th e in divi duals with auditory dys-syn chrony. 
Psych oph ysical studies h ave demonstrated poor tempo­
ral an d spectral processing in parti cipants with auditory 
dys-syn chrony and th ey attributed this as th e reason for 
poor speech perception (R ance et al., 2004; Starr et al., 
200 3; Z en g  et al., 1999). 

Vin ay an d Moore (2007 )  reported th at th ei r parti cipants 
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wi th auditory dys-syn ch ron y  h ad poor frequen cy reso­
luti on wh en compared to in dividuals wi th normal h ear­
ing. Kumar an d J ayaram (20 10) reported th at the poor 
speech percepti on abi lities are predomi n an tly due to 
temporal processing deficit. Th ey also saw a poor cor­
relation between pure tone thresholds an d speech per­
cepti on abili ti es an d con cluded th at audibility i s  not a 
maj or factor th at causes i mpaired speech perception in 
indi vi duals with audi tory dys- synchrony. 

Most of th e studies in th e li terature aimed at relating  the 
impaired speech perception to th e defici ts in phase Jock­
in g, frequen cy resolution an d temporal processing. A 
few oth er studi es h ave seen th e speech perception ·scores 
in th e presence of n oi se. Th ere are only a few studies 
whi ch compared th e ability to combine speech informa­
tion from differen t frequen cy region s in  individuals with 
h earing loss. 

Th e abi li ty to perceive speech on th e basis of sparse 
cues th at are separated in frequen cy could be importan t 
for speech un derstan din g  in n oisy backgroun ds. For ex­
ample, wh en th e sign al to n oise ratio i s  very low, a lis­
tener may n ot h ave access to th e entire spectrum of a 
speech target an d good performance may depen d upon 
th e ability to in tegrate speech fragmen ts that are sepa­
rated in frequen cy (Assmann & Summerfield, 2004). 

Many studies in  speech perception h ave used vocoders 
to simulate th e spectral ch ann els of cochlear implants. 
Sh ann on ,  Z eng, Karnath, Wygonski an d E kelid(l995), 
developed a n oise-ban d vocoder to simulate Cl speech 
processin g  for n ormal h earing listen ers. They found 
th at h igh level of speech recogni tion was possible with 
as few as four spectral ch ann els of information. Thi s  
result was obtain ed with simple sen ten ce materials and 
in qui et listenin g con dition s. 

Mlot, Buss and Hall (2010) studied the development of 
th e abi lity to combi n e  speech information from differ­
en t frequen cy regi ons. Th ey also studied ban dwidth re­
quired to ach ieve a low criteri on level of speech i denti ­

fication for two frequen cy ban ds. Th ey foun d th at chil- . 

dren required more ·ban dwidth to i de,ntify the stimulus 

but th ei r ability to in tegrate th e in formation was similar 

to th at of adults. 

G rant, Tufts an d G reenberg (2007 ) exami n ed th e in tel­

li gibility of speech filtered in to relati vely n arrow spec­

tral ban ds for both n ormal-h earing listen ers an d listen ­

ers with sen sorin eural h earing impairmen t. Th ey found 

th at ability to in tegrate the in formati on across the bands 

was reduced in listen ers with sensorin eural h earing im­

pairment compared to n onnals. 

Hall, Buss an d G rose (2008) consi dered ban dwi dth of 

speech centered eith er on 500 or 2500 Hz. They �ar­

ied th e bandwidth adapti vely to determin e  the cnte­

ri on speech ban dwidth requi red to get a score of 15 



to 25%. Speech recogn iti on was assessed fo r low an d 
high ban ds presen ted alone, an d fo r th e ban ds presen ted 
togeth er. Th e speech material con sisted of Bamford­
Kowal-Ben ch sentences. Th ere was n o  apparen t rela­
ti on between th e criterion normali zed ban dwi dth s at the, 
two cen ter frequen cies. There were relatively large indi-· 
vi dual differences in th e ban dwi dth n ecessary for crite­
rion performan ce in th e h 0aring-impaired li steners, with 
cri teri on n ormali zed ban dwi dth rangi n g  from approxi- · 
mately 0 .28 to 1.06 Hz at 500 Hz, an d from approxi ­
mately 0. 14 to 0. 54 Hz at 2500 Hz. Th e criterion speech 
bandwidth s obtained for th e hearing-impaired listen ers 
were broadly similar to those obtained by th e n ormal 
hearing li sten e'rs. Th ey found th at listen ers wjth mild­
moderate sensorin eural hearin g loss do n ot h ave an es­
sen ti al defici t in th e ability to in tegrate across-frequen cy 
speech informati on as their results were comparable 
with th at of individuals with n ormal h earing. 

As is eviden t from th e literature, th ere are on ly a few 
studi es (G ran t et al. , 2007; Hall et al. , 2008; Mlot et 
al. , 2010) which h ave examin ed th e ability to spectrally 
integrate information across frequen cies. These studies 
h ave considered only individuals with cochlear h earin g 
loss, an d n ot in dividuals with auditory dys-synch ron y. 
It is eviden t from the literature th at in dividuals wi th 
audi tory dys-syn chrony also h ave poor speech percep­
tion abilities (Zeng et al., 1999; R ance et al. , 2004) an d 
also difficulty hearing in n oise. So it is all th e more 
i mportan t to study how the h earing impaired popula­
tion combin e th e differen t spectral informati on to un ­
derstan d speech , even in n oise. 

Most of the studies (Hall et al. , 2008; Mlot et al. , 2010) 
h ave used sentences as stimuli whi ch i s  more redun dan t. 
It would be better to use words which are less redun ­
dan t in speech percepti on studies. Th e presen t study 
has used filtered words whi ch makes it more difficult to 
get the redun dan t information . It is also seen th at th ere 
is variability amon g the results of these studies. Hall et 
al. (2008) said th at in dividuals with coch lear h earing 
loss h as n o  difficulty in in tegratin g information across 
frequen cies whereas G ran t et al. (2007) foun d that indi­
viduals with cochlear hearing loss h as· difficulty in in te­
grating info rmation .across frequen cies. Th us th ere is a 
n eed to study spectral in tegration abi lities in individuals 
wi th cochlear hearing loss an d also in indi vi duals with 
auditory dys -syn chrony. 

Th e presen t study aimed at findin g a cri terion speech . 
ban dwidth wh ich is n ecessary to get a mini mum (15 
to 25%) speech i dentification score separately for two 
cen ter frequen ci es (500 Hz & 2500 Hz) in individuals 
with n ormal.hearin g, cochlear h eari n g  loss an d audi tory · 
dys-syn ch ron y. The study furth er aimed at investigating 
th e spectral in tegration abili ties( improvemen t in speech 
iden tification abi lity that resulted when both ban ds were 
presented si multaneously) in all th e three groups. Fi - . 
nally, th e study in tended to investigate if an y relation 
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exi sts between th e spectral in tegration abili ties and th e 
speech iden tification scores in qui et without an y modi­
fication to th e speech stimulus. 

Method 

Participants 

To achi eve th e goal, three groups of indi vi duals were 
considered in the presen t study. Th e first group be­
in g th e con trol group an d th e n ext two groups being 
th e clinical groups. Th e con trol group con sisted of i n ­
dividuals h aving n ormal h earing. Indivi duals h aving 
coch lear pathology fo rmed the first clinical group an d 
secon d clin ical group was formed by indi vi duals h aving 
audi tory dys-syn ch ron y. 

Control Group-Individuals with normal hearing sensi­

tivity: Thi s  group consisted of 29 indivi duals with n or­
mal h earin g sensitivity in th e age range of 18 to 50 yrs 
wi th a mean age of 28. 12 yrs, match ed for age wi th th e 
participan ts in the clinical group. 

All th e partici pan ts in th e con trol group had n ormal 
hearin g sen sitivity (pure ton e th resholds with in 15 dB 
HL in octave frequen cies between 250 Hz to 8000 Hz) 
in both th e ears. Participants h ad greater than 90 % 
speech iden tification scores in quiet and more than 60% 
speech iden tification scores at OdB SNR. 

I mmittan ce evaluation showed type 'A' tympanogram 
with th e presen ce of acousti c reflexes. Non e  of th em 
had an y h istory of otological symptoms (ear disch arge, · 
ear pain , giddin ess, or ototoxicity). They did n ot h ave 
an y past or presen t h istory of n eurological dysfun ction 
th at was relevan t to th e presen t study. All participan ts 
were fluent Kannada speakers an d did n ot h ave any 
speech or language problems. 

Clinical group I-Individuals with cochlear hearing 

Loss: Con sisted of 12 partici pan ts in th e age range of 18 
to 50 years with a mean age of 30. 3  years. The partic­
ipants h ad acquired mild or moderate sensory h earing 
impairmen t as  determin ed by air an d bon e con duction 
pure tone audi ometry. Th e pattern of h earin g loss was 
eith er flat across frequen cies or gradually sloping (in ­
crease in th resh old of around 5-12 dB per octave and 
th e difference between th e highest an d lowest thresh old 
being n o  more th an 35 dB) from 250 Hz to 8000 Hz. All 
of parti cipan ts h ad speech i den tification scores propor­
tional to th ei r degree of h earing loss indicating th at the 
h eari n g  loss was predomin antly due to coch lear path ol­
ogy. 

Immi ttan ce evaluati on sh owed type 'A' tympanogram 
with eith er presen ce, elevated or absen ce of acoustic re­
flexes. All parti ci pan ts h ad absen t DPOAEs suggesti ve 
of outer hair cell dysfun ction . Click evoked ABR was 
presen t (proporti on al to th eir degree of hearing loss) at 
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80 dBnHL wi th a repetiti on rate of 1 I. I clicks/secon d. 
Th ere was n o  past or presen t hi story of n eurologi cal 
dysfun cti on th at was relevan t to th e presen t study. All 
participan ts were fl uen t Kann ada speakers an d did n ot 
h ave an y speech or language problems. 

Clinical g roup 2-lndividuals with auditory dys­

synchrony: Con sisted of 17 participan ts in th e age ran ge 
of 1 8  to 50 years with a mean age of 25.95 years. All 
of th em h ad bi lateral acquired auditory dys-synch rony, 
with h earing loss n ot exceedi n g  moderate degree (PTA 
of 41-55 dB HL). Their speech identificati on scores 
were eith er disproporti onate to their degree an d con fig­
uration of hearing Joss or very poor speech percepti on 
in n oise (SPIN) scores at 0 dB SNR. 

On ly those in dividuals wh o h ad speech iden tifi cation 
scores more th an 30% in quiet at 40 dB SL were se­
lected for th e presen t study as th e presen t study requi red 
th em to iden tify fi ltered words. All participan ts h ad ab­
sen t auditory brainstem respon se (beyond that was ex­
pected with th e degree of pure ton e hearing th resh old) at 
80 dBnHL wi th a repetiti on rate of 11. 1 cli cks/second. 
All the participan ts had DPOAEs an d/or cochlear mi­
crophonics present. 

Th ese participan ts h ad n onnal tympanometric findings 
with absen t ipsilateral and con tralateral acousti c re­
fl exes. No other n eurological abnormali ty was presen t, 
wh ich was ruled out by an experienced n eurologist. All 
participan ts were fluen t K ann ada speakers an d did n ot 
h ave an y speech or language problem. 

Equipments 

G SI 61, G Sl-TS, Capella OAE analyzer, Bi ologic Nav­
i gator Pro were used to obtain th e h earin g th resh olds, 
to ch eck the middle ear fun cti oning, OHC' s function ­
in g, an d also to ch eck retrococh lear involvemen t respec­
tively. All th e equipmen ts were calibrated as per th e 
standards specifi ed by th e man ufacturer. 

Test Environment 

R ecording of OAEs and all other audiological evalua­
ti on s, includin g tests admin istered to collect data were 
carri ed out in a sound treated room. Th e ambi en t noise 
of th e test rooms were within th e permissi ble li mits as 
recommen ded by ANSI (S3. l ,  1999). 

Test Procedure 

All th e participan ts un derwent pureton e audiometry, 
i mmittance audi ometry, OAEs an d ABR testing. All 
th ose partici pan ts who met th e criteri a were selected 
for th e study. Th e experi ment was carried out in th ree 
phases:Preparation of the stimulus. obtai11ing the crite­

rion speech bandwidth (ie., the 111i11imum bandwidth re­

quired to get 1 5  to 25% SIS), an d determining the speq­

tral integration score: 
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. Phase 1: Preparation of the stimulus 

The speech sti muli used in th is study was bisyllabic 
words developed by Sreela an d Devi (2009) in Kan­
n ada. This test con tains  fo ur lists, each li st h aving 25 
bisyllabic words which are ph onemically balan ced. All 
th e 25 words in each li st are equally difficult. For the 
presen t study, all th e four lists were taken . 

Th e words were recorded in an acoustically treated 
room. Th e words were spoken in con versational style 
by a female n ative speak er of Kann ada. A unidirec­
ti onal microphon e kept at a distan ce of 1 0  cm from the 
speaker' s mouth was used. Th e sampling rate of 441 00 
Hz an d the resolution of 32 bits were used to record the 
speech stimuli. E ach word was recorded thrice to select 
th e best out of three. 

Speech intelligibility rating: These recorded words 
were j udged by fi ve n ative speakers of K annada. Only 
those words h aving good in telligibility were selected for 
th e study. 

Filtering of the words:E ach word was fi ltered using 
Adobe Audition software (version 3). Th e slope of th e 
fi lter was 60dB/ octave. All th e words from all the 
lists were passed through a ban d pass fi lter having ei­
th er 500Hz or 2500Hz cen ter frequency. Th e first one 
was h aving  a low frequen cy center frequen cy of 500 
Hz an d th e second one was h avi n g  a h igh frequency 
center frequen cy of 2500Hz respectively. These cen­
ter frequen cies were also used by Hall, Buss an d Grose 
(2008) in their study on spectral in tegration . They had 
selected th ese cen ter frequen cies based on th e rationale 
th at frequency compon ents in a speech spectrum pre­
dominan tly lay between 300 to 3000 Hz. Thus, if a cen ­
ter frequen cy of 500 Hz and 2500 Hz are taken, these 
would lie at low an d h igh portion s of the speech spec­
trum respecti vely. Thi s  h elps in fin ding th e spectral in ­
tegration across the speech spectrum. Each word list 
was filtered using two cen ter frequen cy h avin g  different 

ban dwidths. 

Bandwidths considered: Th e number of ban dwidths 

avai lable for th e two cen ter frequen cies were different. 

The words were first passed th rough a ban d pass filter 

with a 500 Hz center frequen cy. Th e ban dwidth of the 

fi lter h aving  500 Hz as th e center frequen cy was var­

ied from 100 Hz till 1000 Hz in 100 Hz steps. Similarly 

th e bandwi dth of fi lter h avin g  2500 Hz center frequency 

was also varied from I 00 Hz till 3000 Hz in I 00 Hz 
steps. 

In iti ally a pilot study was don e on 5 n ati ve speakers 

of Kannada. In iti ally, fi ltered speech materials haV· 

ing either low center frequen cy or h igh er cen ter � 
quen cy. were presen ted to th e parti cipan ts, with th e min ·  

imum ban dwi dth .  G radually th e bandwidth of the fil· 

tered speech was increased. Th e min imum bandwidth 



at which the individuals obt ained 15 to 25% speech 
ident ificat ion scores was not ed. This is called as cri­
terion speech bandwidt h (CSB) as suggested by Hall et 
al. (2 008). 

In the pilot st udy it was seen that fi ltered words having 
500 Hz cent er frequency wit h bandwidths of I 00 or 200 
Hz was not suffi cient for individuals with normal hear­
ing to  achieve the criterion score of 15 to  25%. Thus, 
these t wo bandwidths were not considered for the study. 
Similarly for the fi ltered words having 2500 Hz center 
frequency bandwidt hs till 1100 Hz was not sufficient for 
nonnal hearing individuals to achieve the crit erion score 
of 15 to 25%. Thus, bandwidt hs t ill 1100 Hz were not 
considered in the study. Table I shows the details of 
bandwidt hs of two different center frequencies consid­
ered for the study. 

Maximum bandwidth considered for 500 Hz and 2500 
Hz center frequency was I 000 Hz and 3000 Hz respec­
t ively. This was not increased further because it would 
lead to overlapping of bandwidt hs. For example, if 3100 
Hz was considered it would contain frequency compo­
nents bet ween 950 to 4050 Hz and this will overlap 
with t he 500 Hz center frequency having a bandwidth 
of I 000 Hz (0-1000 Hz). 

Phase 2: Obtaining Criterion Speech Bandwidth 
(CSB) 

Crit erion Speech Bandwidth was established using t wo 
steps. Step one was to obtain initial bandwidth for CSB 
and the second step to establish the CSB. 

Step to obtain Initial Bandwidth for CSB: To obtain the 
initial level the st imuli were present ed through a cal­
ibrat ed 2 channel diagnost ic audiqmeter G SI -61 with 
TOH 50P earphones. Presentation level was kept at 
40 dB SL for all the participants and it was monitored 
through audiometer. R esponses were obtained from t he 
participants by instructing t hem either to repeat or write 
the words. Participants were instructed to guess the 
words if it was not clearly perceived. Only one ear was 
considered for all the participants to reduce the pract ice 
effect . The ear which fulfi lled the criteria was select ed 
for test ing. I f  both the ears of a single subj ect passed 
the criteria then their right ear was considered for test ­
ing. E xperimenter didn't give any feedback regarding 
their responses during the testing. 

Effect of spectral bandwidth and spectral integration 

Table 1: Bandwidths used for the study having two 

different center frequencies 

500 Hz center frequency 2500 Hz center frequency 

Frequency Bandwidth Frequency Bandwidth 
range (Hz) (Hz) range (Hz) (Hz) 

350- 300Hz 1900- 1200 
650Hz 3100 

300- 400Hz 1850- 1300 
700Hz 3150 

250- 500Hz 1800- 1400 
750Hz 3200 

2 00- 600Hz 1750- 1500 
800Hz 3250 

150- 700Hz 1700- 1600 
850Hz 3300 

100- 800Hz 1650- 1700 
900Hz 3350 

50-950Hz 900Hz 1600- 1800 
3400 

0-I OOOHz I O OOHz 1550- 1900 
3450 

1500- 2000 
3500 

1450- 2100 
3550 

1400- 2200 
3600 

1350- 2 300 
3650 

1300- 2400 
3700 

1250- 2500 
3750 

1200- 2 600 
3800 

1150- 2700 
3850 

1100- 2800 
3900 
1050- 2900 
3950 

1000- 3000 
4000 

Wit h the goal of predicting the CSB, fi ltered words were iarizing the part icipants by presenting fi ltered word with 
presented to the part icipants. At first fi ltered words hav- largest bandwidt h, fi ltered words having a bandwidth 
ing center frequency of 500 Hz were presented. An ini- of·30QHz were presented. Since the participant could 
ti ally fi ltered word with largest bandwidth of I 000 Hz not ident ify bot h the words at this bandwidth, the band­
was present ed for familiarizat ion. Two fi ltered words width was increased by I 00 Hz ie, 400Hz and again 
were presented at each bandwidt h. I f  t he part icipants two fi ltered words were present ed. When t he partici­
failed to identify both the words, t hen bandwidth was pants were able to ident ify bot h the words at a particular 
increased by I 00 Hz and the next set of filt ered words bandwidt h, this was considered as initiation bandwidth 
were presented. For example, in the Table 2, after famil- for CSB. I n  the Table 2, at the bandwidt h of 500 Hz, the 
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Table 2: Procedure to obtain initiation. bandwidth for 

CSB 

Bandwidth 
(center frequency 
500 Hz) 

1000 Hz, for fa­
miliarization 
300 Hz 
400 Hz 
500 Hz 

Response(Word 
identification-two words at 

each b�nd width) 

1-'1 word 2"d word 

present present 

absent absent 
absent absent 
present present 

participant correctly identified the filtered words. Thus 
the initiation bandwidth for CSB is 500Hz. 

The same procedure was also followed for the 2500 Hz 
center frequency to obtain the initiation bandwidth for 
CSB. This procedure was followed to minimize the pre­
sentation of full list to obtain CSB. 

Phase 3: Step to obtain CSB 

Criterion speech bandwidth was the minimum band­
width required to get 15 to 25% word identification 
scores. Thus, in the next step of the study a full list of 25 
filtered words were presented to the participants at their 
initiation bandwidth for CSB 's for both the center fre­
quencies to see whether it could give the criterion score 
of 15 to 25%. Each correct word was given a score of 
4%, thus 25 words in a list makes a total of I 00%. Hall 
et al. (2008) also considered criterion score of 15 to 
25%. In case they failed to obtain 15 to 25% score at 
their initiation bandwidth for CSB then the bandwidth 
was increased at the order of JOO Hz and again a full 
list of 25 filtered words was presented. Bandwidths 
were increased till the criterion score was achieved. The 
bandwidth at which the score of 15 to 25% was obtained 
was considered as the CSB. 

The relatively low criterion of 15 to 25 % was consid­
ered to ensure that performance is below I 00% when 
both the bands are presented together. 

Determining the Spectral integration.: Two CSBs were 
obtained for all the participants. The first one for the 
low center frequency of 500 Hz and the second one for 
the higher center frequency of 2500 Hz. To determine 
the spectral integration abilities, words having both the 
CSB 's were presented to the participants. A full list of 
25 words was used and the word identification scores 
were calculated. 

Results 

For each participant, CSB 's for 500 Hz center frequency 
and 2500 Hz center frequency was noted. These CSB 's 
were then div.ided by their respective center frequen-
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cies to obtain normalized CSB. Speech identificatio 
scores were obtained by presenting words having bo� 
the CSBs. These values were taken for comparison 
across groups. · 

Within group statistical analyses were done for com­
paring the parameters within the same group. Paired t­
test was carried out to determine whether a significant 
difference existed between normalized bandwidth re­
quired to achieve minimum speech identification scores 
(normalized CSB) at low and high center frequencies 
·within each group. A Pearson correlation was don� 
to see the correlation between the spectral integration 
scores and the speech identification scores obtained in 
quiet without any modification to the speech stimulus. 

Between group statistical analyses were done to com­
pare parameters across the groups. Independent t- test 
was carried out to see the group differences for normal­
ized bandwidth required to achieve minimum speech 
identification scores (normalized CSB) at 500 Hz, be­
tween individuals with normal hearing and individu­
al.s with cochlear hearing loss. One way ANOVA was 
not done for group comparison of normalized band­
width at 500 Hz because individuals with auditory dys­
synchrony could not get minimum speech identifica­
tion scores even at the maximum bandwidth at the 
500 Hz center frequency used in the study. One way 
ANOVA was done to see whether a significant differ­
ence existed between normalized bandwidth required 
to achieve minimum speech identification scores (nor­
malized CSB) at 2500 Hz, across the three groups .One 
way ANOVA was also done to see whether a significant 
difference existed between spectral integration scores 
obtained across the groups. Duncan's post hoc analy­
sis was done to see the pairwise differences when the 
ANOVA results were significant. 

Individuals with Normal Hearing 

The mean and the standard deviation for the normal­
ized minimum bandwidth required to achieve minimum 
speech identification scores (normalized CSB) at 500 
Hz, 2500 Hz center frequency and for the speech inte­
gration scores were calculated for all the 29 individuals 
with normal hearing sensitivity. Details are given in Ta­
ble 3. 

From the table it can be seen that the normalized mini­
mum bandwidth achieving minimum speech identifica­
tion scores at 500 Hz center frequency was greater than 
the bandwidth required at 2500 Hz center frequency. 
Paired t- test was carried out to determine whether a 
significant difference existed between normalized band­
width at these two center frequencies. Results showed 

that there was a significant difference [t= (3.73), 28 

p<0.00 l] between normalized bandwidth required to 

achieve minimum speech identification scores (normal­

ized CSB) at low and high center frequencies. 



Table 3: Mean, Standard Deviation (SD), minimum .. 

and rnaximum. values for the normalized criterion 

speech bandwidths at two different center frequencies 

and also speech integration scores obtained in 

individuals with normal hearing sensitivity 

Mean SD Min Max 
(kHz) 

Normalized 0.76 0.2 0.68 0.83 
CSB at 500 (N=29) 
Hz 
Normalized 0.6 1 0.08 0.58 0.64 
CSB at 2500 (N=29) 
Hz 
Spectral inte- 90.34% ' 3.30 89.09% 9 1.50% 
gration (N=29) 

Correlation between the spectral integration scores and 
speech identification scores obtained in quiet without 
any modification to the speech stimulus was not done 
in this group, since all the participants in the group got 
100% speech identification scores in quiet without any 
modification to the speech stimulus. 

Individuals with Cochlear Hearing Loss 

The mean and the standard deviation for the normal­
ized minimum bandwidth required to achieve minimum 
speech identification scores (normalized CSB) at 500 
Hz, 2500 Hz center frequency and for the speech inte­
gration scores were calculated for all the 12 individuals 
with cochlear hearing loss. Details are given in Table 4. 

Table 4 shows that normalized baHdwidth required for 
500 Hz is more than that required for 2500 Hz cen­
ter frequency. Paired t- test was carried out to deter­
mine whether a significant difference existed between 
normalized bandwidth required to achieve minimum 
speech identification scores (normalized CSB) at low 
and high center frequencies. Results showed that there 
was no significant difference (t= ( 1.96), 11 p>0.05) be­
tween normalized bandwidth required to achieve mini­
mum speech identification scores (normalized CSB) at 
low and high center frequencies. 

Pearson correlation was done to see the relationship 
between the spectral integration scores and the speech 
identification scores obtained in quiet without any mod­
ification to the speech stimulus in individuals with 
cochlear hearing loss. Results of the correlational anal­
ysis showed that there was no significant correlation 
between the spectral integration scores and the speech 
identification scores obtained in quiet without any mod­
ification to the speech stimulus in individuals with 
cochlear hearing loss (r=0.35, p> 0.05). 

Individuals with Auditory Dys-synchrony 

Mean for the .normalized minimum bandwidth required 
to achieve minimum speech identification scores (nor-

Effect of spectral bandwidth and spectral integration 

Table 4: Mean, Standard Deviation (SD), minimum 

and maximum values for the normalized criterion 

speech bandwidths at two different center frequencies 

and for the speech integration scores obtained in 

individuals with cochlear hearing loss 

Mean SD Min Max 
(kHz) 

Normalized 0.92 0.29 0.73 I. I 
CSB at 500 (N=l2) 
Hz 
Norrnalized 0.74 O. l 7  0.63 0.84 
CSB at 2500 (N=l2) 
Hz 
Spectral inte- 92.3% 3.17 90.31% 94.84% 
gration scores (N=l2) 

Table 5: Mean, Standard Deviation (SD), minimum 

and maximum values for the normalized criterion 

speech bandwidths at 2500 Hz center frequency and 

also speech integration scores obtained in individuals 

with auditory dys-synchro11y 

Mean SD Min Max 
(kHz) 

Normalized 1.08 0. 15 1. 16 
CSB at 2500 (N=l 7) 
Hz 

Spectral inte- 30. 1 1% 13.7 1 23.06% 37.17% 
gration scores (N=l 7) 

malized CSB) at 500 Hz was not calculated as none of 
the individuals with auditory dys-synchrony could get a 
minimum speech identification score of 15 to 25%, even 
at the maximum bandwidth of 500Hz center frequency 
used in the study. 

The mean and the standard deviation for the normal­
ized minimum bandwidth required to achieve minimum 
speech identification scores (normalized CSB) at 2500 
Hz and for the speech integration scores were calculated 
for all the 17 individuals with auditory dys-synchrony. 
Spectral integration scores were calculated by present­
ing filtered words having both CSBs (500 Hz and 2500 
Hz center frequency). As none of the individuals with 
auditory dys-synchrony could get a minimum speech 
identification scores even at the maximum bandwidth 
of 500 Hz center frequency, for calculating spectral in­
tegration sco_res maximum bandwidth at 500 l}z center 
frequency was presented along with the CSB obtained 
at 2500 Hz center frequency. Details are given in Table 
5. 

There were 2 different patterns of integration seen in 
these individuals. This included negative spectral in­
tegration and poor spectral integration (marginal im-
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Table 6: Scores/ Criterion scores obtained at 500 Hz and 2500 Hz center frequencies and also the spectral 
integration scores in individuals with auditory dys-synchrony · 

Participants 500 Hz center Crit. score at Spectral SI scores In 
frequency 2500 Hz integrat-ion quiet with-
with max 
bandwidth of 
lOOO Hz 

I 4% 24% 
2 8% 24% 
3 0% 20% 
4 0% 24% 
5 0% 20% 
6 8% 20% 
7 8% 24% 
8 0% 20% 
9 8% 24% 
10 8% 20% 
11 4% 24% 
12 0% 20% 
13 0% 24% 
14 0% 20% 
15 12% 16% 
16 0% 20% 
17 0% 20% 

provement). Negative spectral integration means when 
. both the low and high center frequency bands were pre­
sented together to the participants instead of getting a 
better integrated score by combining the information 
in both the bands, these individuals got a poorer score 
than the criterion score obtained at 2500 Hz center fre­
quency CSB. Out of the 17 individuals with auditory 
dys-synchrony 5 had negative spectral integration. The 
remaining 12 individuals had Jess advantage of spec­
tral integration (marginal improvement). The details are 
given in Table 6. 

From the Table 6, it is evident that none of the indi­
viduals could achieve a criterion score of 15 to 25% at 
the 500 Hz center frequency. All of them achieved a 
criterion score at 2500 Hz center frequency. When the 
information in both the bands was presented together 
first 5 participants got poorer scores, even poorer than 
their criterion scores obtained at 2500 Hz center fre­
quency indicating a negative spectral integration. All 
these five participants had poor speech identification 
scores in quiet without any modification made in the 
speech stimulus with their scores ranging from 32% to 
36%. 

The remaining 12 part1c1pants with auditory dys­
synchrony got better spectral integration values when 
compared to the first five participants with the scores 
ranging from 28% to 52%. Among the 12 participants, 
JO had speech identification scores in quiet of 60% or 
above. Only the participants 6 and 10 had speech iden-
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score out stimulus 
modification 

12% 32% 
16% 32% 
16% 36% 
4% 36% 
16% 36% 
28% 32% 
40% 88% 
32% 88% 
40% 60% 
32% 40% 
52% 88% 
52% 80% 
40% 92% 
24% 68% 
36% 100% 
36% 76% 
32% 76% 

tification scores less than 50% in this group . 

Pearson correlation was done to see the relationship 
between the spectral integration scores and the speech 
identification scores in quiet without any modifica­
tion to the speech stimulus. The results showed that 
there was a significant positive correlation between the 
spectral integration scores and the speech identification 
scores obtained in quiet without any modification to the 
speech stimulus (r=0.64 I ,  p<O.O 1 ). This means that, 
better the Speech identification scores in quiet without 
any modification made in the speech stimulus, better the 
spectral integration scores and vice-versa. 

Across Group Comparisons 

Mean, Standard Deviation of normalized criterion 
speech bandwidths at 500 Hz and 2500 Hz center fre­
quencies were compared across the groups. The results 
are given in the Figure l .  

None of the individuals with auditory dys-synchrony 
could achieve a criterion score even at maximum band­
width at 500 Hz center frequency. It is seen that individ­

uals with normal hearing obtained the criterion scores 

with least CSBs at both 500 Hz and 2500 Hz center 

frequencies followed by individuals with cochlear hear­

ing loss and then the individuals with auditory dys­

synchrony (CSB at 2500 Hz). The variability was rel­

atively great among the individuals with cochlear hear­

ing loss for the CSBs at both 500 Hz and 2500 Hz center 



frequencies. Th e mean and standard deviation fo r  spec­
tral integration scores were also compared across th e 
groups. Th e details are given in Table 7. 

j'' 1 
CSB 
(kHz) 0_5 

0 

• Normal h e aring 

h e aring loss 

Auditory dys­
CSB at 500 Hz CSB at 2500 Hz S'.'nchrony 

Figure 1: Mean, Standard Deviation (SD) at two 

different center frequencies obtained across all the 

three groups. 

Table 7: 

Wh en th e spectral integration scores were compared 
across th e groups it was seen th at both nom1al h earing 
individuals and individuals with coch lear h earing loss 
performed almost equally. Individuals with auditory 
dys- synch rony h ad very less spectral integration scores 
compared to th e oth er two groups and also the variabil­
ity was more in th is group wh ich is evident from th e 
larger standard deviation value. 

Normalized minimum bandwidth required to ach ieve 
minimum speech identifi cation scores (normalized 
CSB) at 500Hz was compared across two groups (be­
tween individuals with normal h earing and those with 
cochlear h earing loss) since th e individuals with audi­
tory dys- synchrony could not achieve th e criterion score 
even at th e maximum band width of 500 H z  center 
frequency. Hence, at 500 Hz bandwidth an indepen­
dent t-test was used to compare th e normalized mini­
mum bandwidth required to ach ieve minimum speech 
identifi cation scores (normalized CSB) across individu­
als with normal h earing and those with cochlear h ear­
ing loss. Results sh owed th at there was no signifi ­
cant difference in normalized minimum bandwidth re­
quired to achieve minimum speech identifi cation scores 
at 500Hz center frequency between the two groups (t= 
2 ,  p>0.0 5). 

One way ANOVA was done to see whether a signifi cant 
difference ex isted between normalized bandwidth re-

Table 7: Mean, Standard Deviation (SD)for the speech 

integration scores obtained across all the three groups. 

G roups 

NH 
CH 
AD 

Mean 

90. 34% 
92 .3% 
30. 11 % 

SD 

3.30 
3.17 
13. 71 

Effect of spectral bandwidth and spectral integration 

quired to ach ieve minimum speech identification scores 
(normalized CSB) at 2 500 H z, across th e th ree groups. 
R esults sh owed that th ere was a significant difference 
across groups [F (2, 55)=77.4 p<0.001] . Duncans post 
hoc analysis was done to see if all the th ree groups 
differed signifi cantly from each other for th e normal­
ized bandwidth required to ach ieve minimum speech 
i dentifi cation scores (normalized CSB) at 2 500 H z. I t  
was found that all t h e  th ree groups differed signifi cantly 
from each oth er (p< 0.05). 

One way ANOVA was done to see wh eth er a signifi cant 
difference is present across the groups for the spectral 
integration scores. I t  was found that th ere was a signif­
i cant difference [F(2 , 55)=356. 86, p<0.00 1 J across th e 
groups. Duncans post h oc analysis was done to see if all 
the th ree groups differed signifi cantly from each oth er 
for spectral integration scores. I t  was found that indi­
viduals with auditory dys-synch rony were signifi cantly 
different from th e oth er two groups in terms of spectrai 
integration scores (p<0 .0 5). 

Discussion 

R esults sh owed that, for individuals with normal h ear- . 
ing the normalized CSB at 500Hz center frequency 
ranged from 0. 68 to 0. 83 and for individuals with 
coch lear hearing loss it ranged from 0. 73 to I .  I .  This 
is larger in comparison to the previous studies. H all, 
Buss and G rose (200 8) in th eir study said th at for in­
dividuals with normal h earing th e criterion normalized 
bandwidth at 500 Hz center frequency ranged from 0.27 
to 0. 57 and fo r  individuals with cochlear h earing loss it  
ranged from 0 .28 to 1.06. Th e difference in th e present 
study from th e study by Hall et al. (2008) might be due 
to th e type of stimuli used. Th ey used fi ltered sentences 
whereas, in th e present study fi ltered words was used as 
stimuli and this is probably because sentences are more 
redundant th an words. 

There was no signifi cant difference in normalized band­
width required to ach ieve minimum speech identifi ca­
tion scores at 500 Hz center frequency between individ­
uals with normal h earing and individuals with cochlear 
h earing loss. However there was more variability in 
individuals with cochlear hearing loss. Similar results 
were also discussed by H all et al. (2008). Th is can 
be explained with th e degree and pattern of h earing 
loss considered in the present study. The current study 
h as taken only individuals with fl at or gradually slop­
ing hearing loss of mild-moderate degree. G lasberg and 
Moore ( 1 9 89 )  said th at individuals with cochlear h ear­
ing loss of only more than moderate degree h ave maj or 
problems with frequency resolution. Th us, most of th e 
participants in cochlear hearing loss group would not 
h ave had a problem with their freque·ncy resolution and 
temporal coding th at much which could bring a signif­
icant difference between individuals with normal h ear­
ing and individuals with cochlear h earing loss. 
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·Individuals with auditory dys-synchrony could not 
achieve the criterion score even at the maximum band­
width at 500 Hz center frequency. This can be attributed 
to their poor frequency resolution at low frequencies 
(Zeng & Liu, 2006) due to which their speech percep­
tion was severely affected at low center frequency. 

Results showed that, for individuals with normal hear­
ing the CSB at 2500 Hz ranged from 0.58 to 0.64 
and for individuals with cochlear hearing loss it ranged 
from 0.63 to 0.84 and in individuals with auditory dys­
synchrony it ranged from I to 1. 16. The bandwidth 
required by individuals with normal hearing and also 
individuals with cochlear hearing loss at both the cen­
ter frequencies in the current study were larger in com­
parison to the previous studies. Hall et al. (2008), in 
their study said that for individuals with normal hearing 
the criterion normalized bandwidth at 2500 Hz center 
frequency ranged from 0.22 to 0.48 and for individuals 
with cochlear hearing loss it ranged from 0. 14 to 0.54. 
Mlot, Buss and Hall (2010) have also reported similar 
results as that of Hall et al. (2008). The difference in 
the present study from the previous studies can be again 
explained by the type of stimuli used. 

All the three groups differed significantly from each 
other for the normalized bandwidth required to achieve 
minimum speech identification scores having 2500 Hz 
center frequency. This can be explained with the 
explanation given by Lorenzi, Gilbert, Cam, Gamier 
and Moore (2006) who reported that individuals with 
cochlear hearing loss has difficulty using the fine struc­
ture cues which are of high frequency information. So 
speech processing varies based on the frequency reso­
lution at a particular frequency and also it varies across 
listeners. Thus in the present study, individuals with 
cochlear hearing loss would have had poorer frequency . 
resolution at high center frequency due to which they 
required wider CSB than that of normal hearing individ­
uals. W hereas, individuals with auditory dys-synchrony 
required the widest band width among the three groups 
to achieve minimum speech identification scores (nor­
malized CSB) at 2500 Hz center frequency. Though 
temporal processing is majorly affected in these individ­
uals they also have spectral processing difficulties (Zeng 
, Oba, Garde, Sininger & Starr, 200 I ;  Rance, McKay & 
Grayden, 2004; Starr et al., 2003). Vinay and Moore 
(2007) reported _poor ability in individuals with audi­
tory dys-synchrony to detect tones in presence of noise 
and they also attributed this to the poor phase locking 
in these individuals. Therefore all these reasons would 
have contributed for poorer performance in this group. 

Results also showed a significant difference between 
normalized bandwidth required to achieve minimum 
speech identification scores at 500 Hz and 2500 Hz cen­
ter frequencies in individuals with normal hearing. This 
finding is in accordance with the study done by Mlot, 
Buss and Hall (20 10) where they found that normal­
ized CSB was significantly smaller for the band cen-
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tered on 2500 Hz than that for the band centered on 500 
Hz. This result can be explained with frequency band 
importance. The greater importance of the higher fi:e. 
quency band may explain the fact that it carries more 
information essential for determining consonant place, 
which is more essential in enabling the listener to dis­
criminate among words (Kasturi, Loizou, Dorman & 
Spahr, 2002). 

In individuals with cochlear hearing loss there ·Was 
no significant difference between normalized band­
width required to achieve minimum speech identifica­
tion scores at 500 Hz and 2500 Hz center frequencies. 
This result is in contrary to the results discussed by Hall 
et al. (2008). He found that even individuals with 
cochlear hearing loss require lesser CSB at 2500 Hz 
center frequency compared to 500 Hz center frequency. 
In their study they had given a high frequency boost to 
the high frequency band to ensure the constant audibil­
ity and also to reduce the effect of upward spread of 
masking among hearing impaired listeners, which was 
not done in the present study. Another reason might be 
the type of the stimuli used in both the studies. Hall 
et al. (2008), had used filtered sentences where as the 
present study used filtered words as stimuli. 

Comparison between normalized bandwidth required to 
achieve minimum speech identification scores (normal­
ized CSB) at 500 Hz and 2500 Hz center frequencies 
was not made in the group with auditory dys-synchrony 
as none of them could achieve the criterion score even 
at the maximum bandwidth at 500 Hz center frequency. 

Results showed that individuals with normal hearing 
and individuals with cochlear hearing loss performed 
similar in spectral integration scores (with both groups 
havino more than 90% scores when both bands were 

0 presented together). Similar findings have �e� �e­
ported in individuals with normal hearing and md1v1d­
uals with cochlear hearing loss by Hall et al. (2008). 
However the amount to which integration of the infor­
mation occurred was different in the present study in 
individuals with normal hearing and individuals with 
cochlear hearing loss. Hall et al. (2008) in their stud7 
found that when the individual band which gives a cn­
terion score of 15-25% were presented together spectral 
inteoration scores were better than 70%. Resuts of Mlot 
et aJ. (2010) also closely agrees with that of Hall et 
al. (2008) finding. In the present study when the low 
and the high frequency bands were presented tog�t�er 
both the individuals with normal hearing and ind1v1d­
uals with cochlear hearino loss got spectral integration 

scores of more than 90%.0In their studies they obtained 

criterion score of 1 5-25% at smaller CSBs than that of 
the present study. In the study by HaH et al. (2008) th� 
CSBs for low and high center frequencies were 0.4 1 an 
0.35 respectively for normal hearing adults. On con­
trary in the present study CSBs for low and high center 

frequencies were 0.76 and 0.6 1 respectively for normal 



hearing adults. Thus when a two large spectral bands 
are presen ted together in tegration occurs across m an y  
frequencies than when smaller bands are presen ted to­
gether. This m ight have resulted in b etter in tegration 
scores of m ore than 90%. 

In dividuals with auditory dys-syn chron y had sign ifi­
can tly poor spectral in tegration scores than individu­
als with n ormal hearing an d individuals with cochlear 
hearin g loss.This can be ex plained based on the de­
gree of dys- syn chron y in these individuals. It is evi­
den t from the literature that these individuals have poor 
phase lockin g abilities which results in poor pitch pro­
cessing m ain ly at low frequen cies (Zen g & L iu, 2 006). 
Thus those five in dividuals who had n egative spectral 
in tegration would have had very poor pitch process­
in g at low frequencies to the extent that it even inter­
rupted their processing of high frequen cy in formation 
when b oth the CSBs were presented together. In other 
words they have failed to utilize the in formation at an d 
around 5 00 Hz center frequen cy, rather the energy of 
this level would have caused upward spread of m askin g 
leading to the m asking of high frequen cy sign al which 
resulted in reduced perform an ce. Individuals with au­
ditory dys- synchron y also shows ex cessive m asking ef­
fect (Zeng, Kong, Michalewski & Starr, 2 005 ) which 
would further enhance the upward spread of m askin g 
an d this would have resulted in poorer spectral in tegra­
tion scores, even poorer than their criterion scores ob­
tained at 2500 Hz center frequency when the inform a­
tion in both the bands was presented together. This can 
be  fu rther supported by the fact that all the five partici­
pants had poor speech identification scores (32 % - 36%) 
in quiet without any m odification m ade in the speech 
stim ulus. 

Remain in g  12 participan ts had poor spectral in tegra­
tion . Both the individuals with n ormal hearing an d indi­
viduals with cochlear hearin g loss, the spectral in tegra­
tion scores were greater than 90%, where as in in dividu­
als with auditory dys-synchrony the sp�ctral integration 
scores ranged from 2 8%-52%. 

The reason for poor perfo rmance com pared to other 
two groups can be again explained using the poor pitch 
processin g in in dividuals with auditory dys-synchrony. 
R educed pitch processing in individuals with auditory 
dys- synchrony lim its them from combining the infor­
m ation across the frequen cy ban ds effectively as in case 
of in dividuals with n ormal hearing an d also of cochlear 
hearing loss. However these 12 individuals got bet­
ter spectral in tegration scores com pared to the ot�er 5 
individuals with auditory dys-syn chrony. This m ight 
be  because the degree of dys-syn chrony was milder in 
this group. This is supported by the fact that I 0 in ­
dividuals among the 12 individuals with auditory dys­
synchrony had their speech iden tification scores greater 
than 60% in quiet without an y modification made in 
the speech stim ulus, which suggests lesser degree of 

Effect of spectral bandwidth and spectral imegration 

dys-syn chron y. Results showed no correlation between 
the spectral in tegration scores an d speech iden tification 
scores obtained in quiet without any modifi cation m ade 
in the speech stim ulus in in dividuals with cochlear hear­
in g loss. 

A positive sign ifican t correlation between the spectral 
in tegration scores an d speech iden tifi cation scores ob­
tained in quiet without any m odification made in the 
speech stimulus was seen in in dividuals with audi­
tory dys-syn chrony. In in dividuals with auditory dys­
syn chron y, only those in dividuals who had good speech 
identification had better spectral in tegration scores. 
This can be explained based on the frequen cy resolution 
at low frequencies. T hose individuals who had better 
frequen cy resolution could obtain better speech identifi­
cation scores in quiet which in turn resulted in improved 
ability to combin e information across frequen cy bands. 

Conclusion 

These fin dings of the study are helpful while selecting 
hearing aid features for these individuals. Most of the 
individuals with m oderate sensorineural hearin g Joss of 
fl at or slightly sloping pattern will b enefit from m ulti 
channel hearing aids as they have very good ability to 
combine the information across the frequen cies. In in­
dividuals with auditory dys-syn chron y it is better to se­
lect a hearing aid with lesser number of channels as they 
already have very poor abilities to combine info rmation 
across the frequencies. It is also best to give them a 
hearing aid with best n oise reduction strategies which 
will help to remove n oise which are mainly of low fre­
quen cies. Even while prescribing them channel specific 
gain it is wise to give lesser gain at low frequen cies to 
reduce the upward spread of m ask ing, which can cause 
deleterious effect, as seen in the present study. 

T his study can be used as a tool to study the spectral 
in tegration abilities in different clin ical groups. This 
can be used as a tool to assess the speech perception 
abilities in diffi cult listen ing situations as we are using 
filtered words. This study can also be used to differ­
entiate between individuals with cochlear hearing loss 
and those with auditory dys-syn chron y.This can be used 
to explain physiological basis fo r the speech percep­
tion abilities of differen t clinical groups to some ex tent. 
Further studies on CSBs required for speech perception 
m ay assist us in selection of hearing aids by helping us 
decide about the optimum n umber of channels required 
for each individual. 
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