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SUMMARY 

 
TITLE : THE CLINICAL VALUE OF THE AUDITORY STEADY  

STATE RESPONSE FOR EARLY DIAGNOSIS AND 

AMPLIFICATION FOR INFANTS (0 – 8 months) WITH 

HEARING LOSS 

NAME   : DEIDRÉ STROEBEL 

SUPERVISORS : DR. DE WET SWANEPOEL   

   : MS.  E. GROENEWALD 

DEPARTMENT : COMMUNICATION PATHOLOGY 

    UNIVERSITY OF PRETORIA 

DEGREE  : M. COMMUNICATION PATHOLOGY 

 

There has always been a need for objective tests that assess auditory 

function in infants, young children, and/or any patient whose 

development level precludes the use of behavioral audiometric 

techniques. Although the Auditory Brainstem Response (ABR) is seen as 

the ‘gold standard’ in the field of objective audiometry, it presents with its 

own set of limitations. The Auditory Steady State Response (ASSR) has 

gained considerable attention and is seen as a promising addition to the 

AEP ‘family’ to address some of the limitations of the ABR. The ASSR 

promises to estimate all categories of hearing loss (mild to profound) in a 

frequency specific manner. It also indicates to the possibility to validate 

hearing aid fittings by determining functional gain of hearing aids by 

determining unaided and aided ASSR thresholds. 

An exploratory research design was selected in order to compare 

unaided thresholds, obtained through the use of three different 

procedures – ABR, ASSR and behavioral thresholds. Aided thresholds were 

also obtained and compared with two procedures – the aided ASSR 
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(measured and predicted) and aided behavioral threshold. The results 

indicated that both the ABR (tone burst and click) and ASSR provided a 

reasonable estimation of the subsequently obtained behavioral 

audiograms. The ASSR, however, approximated the behavioral thresholds 

closer than the ABR and were furthermore able to quantify hearing 

thresholds accurately for subjects with severe and profound hearing 

losses. The result indicated further that the ASSR can be instrumental in the 

validation process of hearing aid fittings in infants. These results 

demonstrated however, that the ASSR measured thresholds 

underestimate the aided behavioral thresholds and the aided ASSR 

predicted thresholds overestimate the aided behavioral thresholds. 

 

The research concluded that the ASSR is useful in estimating frequency-

specific behavioral thresholds accurately in infants and validating hearing 

aid fittings. Until evidence is sufficient to recommend the ASSR as primary 

electrophysiological measure of hearing in infants, the ASSR should be 

used in conjunction with the ABR – following a test battery approach in 

the diagnostic process of hearing loss in infants. The ASSR further shows 

great promise in validating hearing aid fittings, but this specific application 

of the ASSR needs further research evidence on large groups to validate 

the procedure. 

 

Key terms: Objective tests, estimate behavioral thresholds, auditory 

brainstem response, auditory steady state response, frequency specific, 

test battery, validation of hearing aids, ASSR measured thresholds, ASSR 

predicted thresholds, auditory evoked potentials. 
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OPSOMMING 

 
TITEL : DIE KLINIESE WAARDE VAN DIE OUDITIEF  

STANDHOUDENDE RESPONS VIR VROEË 

IDENTIFIKASIE VAN GEHOORVERLIES EN VROEË 

PASSING VAN GEHOORAPPARATE IN DIE JONG 

BABA (0 – 8 maande) 

NAAM  : DEIDRÉ STROEBEL 

STUDIELEIERS  : DR DE WET SWANEPOEL 

   : ME E. GROENEWALD 

DEPARTEMENT : KOMMUNIKASIEPATOLOGIE 

    UNIVERSITEIT VAN PRETORIA 

GRAAD    : M. KOMMUNIKASIEPATOLOGIE 

 

In die veld van Oudiologie is daar ‘n voortdurende behoefte na 

objektiewe oudiometriese prosedures om ouditiewe sensitiwiteit in babas, 

jong kinders en/of enige pasiënte wie se ontwikkelingsvlak hul uitskakel 

van gedragsoudiometrie, te bepaal. Die Ouditiewe Breinstam Respons 

(OBR) word gesien as die “goue standaard” in die veld van objektiewe 

oudiometrie, alhoewel die tegniek sy eie beperkinge voorhou. Die 

Ouditiewe Standhoudende Respons (OSR), het aansienlike aandag begin 

geniet en word gesien as ‘n belowende toevoeging tot die ‘familie’ van 

Ouditief Ontlokte Potensiale (OOP), wat gevolglik sekere van die OBR se 

tekortkominge kan aanspreek. Die OSR blyk ‘n ouditief ontlokte respons te 

wees wat spesifiek geskik is om alle kategorieë van gehoorverlies 

frekwensie-spesifiek te voorspel. Daar is ook aanduidings dat die OSR 

geskik mag wees om passings van gehoorapparate by jong babs te 

bevestig, deur beide onversterkte en versterkte OSR drempels te bepaal. 
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‘n Ondersoekende navorsingsontwerp is gebruik om onversterkte 

drempels, soos bepaal deur drie verskillende prosedures – OBR, OSR en 

gedragsoudiometrie – te bepaal en te vergelyk. Versterkte drempels is 

ook bepaal en vergelyk deur middel van twee prosedures, naamlik die 

versterkte OSR (meting en voorspelling) en versterkte gedragsoudiometrie. 

Die resultate het getoon dat beide die OBR (toonbreuk en klik) en die OSR 

‘n redelike beraming van suiwertoon gedragsoudiometrie vertoon. Die 

OSR het egter die suiwertoondrempels meer akkuraat beraam en was 

daartoe instaat om die erge en uitermatige gehoorverliese te 

kwantifiseer. Die resultate het verder daarop gedui dat die OSR ‘n rol kan 

speel in die bevestiging/validasie van gehoorapparaatpassings in babas. 

Die resultate het gedui daarop dat die OSR meting die versterkte 

gedragsoudiometrie drempels onderskat, terwyl die OSR voorspelde 

drempels die versterkte gedragsoudiometrie drempels oorskat. 

 

Die navorsing het bevind dat die OSR nuttig is om frekwensie-spesifieke 

suiwertoondrempels akkuraat vir babas te voorspel. Die OSR toon ook 

waarde in die validasie-proses wanneer gehoorapparate gepas word. 

Verdere navorsing is egter nodig alvorens die OSR as primêre 

elektrofisiologiese prosedure aanbeveel kan word om gehoor van babas 

te evalueer. Dit is duidelik dat die OSR deel van ‘n toets-battery 

benadering moet wees om gehoorsensitiwiteit van babas te evalueer. Die 

OSR dui verder daarop dat dit ‘n rol kan speel in die validasie-proses 

wanneer gehoorapparate gepas word, maar dat hierdie toepassing van 

die tegniek verdere navorsing benodig. Validasie daarvan op groot 

groepe is nodig. 

 

Sleutelwoorde: Objektiewe oudiometrie, beraming van 

suiwertoondrempels, ouditiewe breinstam respons, ouditiewe 
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standhoudende respons, frekwensie-spesifiek, toetsbattery, validasie van 

gehoorapparate, OSR meting, OSR voorspelling, ouditief ontlokte 

potensiale. 
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AABR   - Automated Auditory Brainstem Response 

ABG   - Air Bone Gap 

ABR(s)  - Auditory Brainstem Response(s) 
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AEP(s)  - Auditory Evoked Potential(s) 

AER   - Auditory Evoked Response 

AM   - Amplitude Modulation 
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Chapter 1 

 

INTRODUCTION 

 

 

Chapter one introduc es the p rob lem this study c onfronts; the ra tiona le 

therefore, desc ribes the terminology used , and  p resents an overview of 

the c ontent and  organiza tion of the study. 

 

 

 

1.1 ORIENTATION TO THE STUDY 

 

 

The p rac tic e of ped ia tric  aud iology is based  on the p rinc ip le tha t the best  

outc omes for a  c hild  w ith hearing loss a re ac hieved  when his or her 

hearing sta tus is determined  as early as possib le, followed  by timely 

intervention (Cone-Wesson, 2003:253). Hearing loss in newborn infants c an 

go undetec ted  until as la te as three years of age w ithout spec ia lized  

testing (Hayes & Northern, 1997:4). When hearing loss is detec ted  in the 

newborn period , infants c an benefit maxima lly from amplific a tion 

(hearing a ids) and  intervention to fac ilita te speec h and  language 

development (Sininger, Doyle & Moore, 1999:11). Evidenc e regard ing 

neura l development strong ly supports suc h early intervention for op tima l 

outc omes of c ommunic a tion ab ility and  hearing in infants (Sininger, Doyle 

& Moore, 1999:11). Ped ia tric  aud iolog ists, therefore, should  fac ilita te early 

detec tion of hearing loss and  intervention through sc reening p rograms 

and  in-dep th hearing assessments, determining whic h tec hnolog ies and  

hab ilita tion p rograms a re best suited  to the needs of both the infant and  

the family. 
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In order to c ap ita lize on the positive aspec ts of early identific a tion, the 

Year 2000 Position Sta tement on Infant Hearing Sc reening p roduc ed  by 

the Joint Committee on Infant Hearing (JCIH), rec ommend  tha t a ll infants’  

hearing should  be sc reened  using objective, physiologic measures in 

order to identify hearing loss (JCIH, 2000:10). Aud iolog ic  and  med ic a l 

eva lua tions should  be c onduc ted  before three months of age. Infants 

w ith c onfirmed  hearing loss should  rec eive intervention before six months 

of age from hea lth c a re and  educ a tion p rofessiona ls w ith expertise in 

hearing loss and  dea fness in infants and  young c hild ren (JCIH, 2000:10). 

 

Infants identified  ac c ord ing to these rec ommendations a re too young for 

the use of trad itiona l aud iometric  p roc edures to determine an aud iogram 

(Cone-Wesson, 2003: 254). Instead , elec trophysiolog ic  methods suc h as 

Aud itory Evoked  Potentia ls (AEP) must be used  to estimate hearing 

thresholds. Ongoing eva lua tion of hearing func tion is furthermore needed  

to monitor the effec ts of early intervention and  AEP tests may a lso form an 

important part in this p roc ess (Cone-Wesson, 2003:270). 

 

Ac c ord ing to Diefendorf and  Weber (1994:56), four c riteria  need  to be 

add ressed  before amp lific a tion of a  hearing loss c an oc c ur. The degree, 

the c onfigura tion, the symmetry and  the type of hearing loss must be 

determined . Amplific a tion and  hab ilita tion stra teg ies, suc h as c hoic e of 

hearing a ids, c oc hlear imp lants and  c hoic e of mode of c ommunic a tion, 

a re based  on the above c riteria  – usua lly revea led  by the aud iogram 

(Ross, 2001:3). Elec trophysiolog ic a l tests c an assist in the p roc ess of 

c harac terizing hearing loss for infants, sinc e these tests c an measure 

aud itory func tion ob jec tively - g iving frequenc y-spec ific  information 

needed  to fit appropria te amp lific a tion in this young popula tion.  
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Apart from assisting in the p roc ess of d iagnosing the hearing loss, it is 

important to verify tha t a  spec ific  hearing a id  p rovides adequate 

amp lific a tion (Pic ton, Dimitrijevic , Van Roon, Sasha-John, Reed  & 

Finkelstein, 2002:63). Ac c ord ing to Pic ton et a l. (2002:64), verific a tion of a  

hearing a id  fitting  p rovides some ind ic a tion of how well sounds a re heard  

when the a id  is used  a t its p resc ribed  settings. Elec trophysiolog ic a l tests 

c an assist in this p roc ess of verific a tion in infants and  young c hild ren. 

Stud ies have ind ic a ted  tha t both the Aud itory Bra instem Response (ABR) 

and  the Aud itory Steady Sta te Response (ASSR) c an be used  to estimate 

threshold  when the stimuli is transduc ed  by a  hearing a id  (Garnham, 

Cope, Durst, Mc Cormic k, & Mason, 2000:268; Pic ton, Durieux-Smith, 

Champagne, Whittingham, Moran, Gigueve & Beauregard , 1998:315). 

Sinc e the early identific a tion of hearing loss through newborn hearing 

sc reening has resulted  in a  younger popula tion being served  by the 

aud iolog ist, elec trophysiolog ic a l tests a re bec oming a  more essentia l pa rt 

of the required  test-ba ttery. 

 

1.2 BACKGROUND 

 

 

The aud iolog ist serves as the p rofessiona l p rimarily responsib le for the 

assessment and  non-med ic a l d iagnosis of aud itory impa irment. 

Assessment inc ludes, but is not lim ited  to, the administra tion and  

interp reta tion of behaviora l, elec troac oustic , and  elec trophysiolog ic  

measures of the sta tus of peripheral and  central auditory nervous systems 

(Stac h, 1998:3).  The ma in purpose of a  hearing eva lua tion is to define the 

na ture and  extent of hearing impa irment. A c omprehensive desc rip tion of 

hearing ab ility serves as a  first step  in the rehab ilita tion of a  hearing 

hand ic ap  tha t result from an impa irment. An ind ividua l w ith a  hearing 
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d isorder must therefore rely on an assessment of aud itory func tion as the 

foundation of the rehab ilita tion p roc ess (Swanepoel, 2001:1). 

 

Pure tone aud iometry represents the first and , a rguab ly, the most 

fundamenta l measure of hearing ac uity (Harrell, 2002: 71). The behaviora l 

pure tone aud iogram is a  measure of aud itory threshold  as a  func tion of 

frequenc y. The aud iogram c onfigura tion p rovides fundamenta l baseline 

information for the selec tion of a  suitab le amp lific a tion system (Stac h, 

1998:68). It is understandab le then tha t pure tone aud iometry has 

rema ined  the aud iometric  p roc edure of c hoic e. It embod ies the gold  

standard  for frequenc y-spec ific  threshold  estab lishment aga inst whic h a ll 

other aud iometric  measures a re c ompared  (Swanepoel, 2001:3). 

 

It is c lear tha t the standard  c linic a l pure tone tec hnique w ill not be 

effec tive for a ll c linic a l popula tions. The most obvious is the ped ia tric  

popula tion. This is a lso true of the developmenta lly delayed  and , in some 

c ases, the severely physic a lly impa ired  (Harrell, 2002:73). Cond itioned  

aud iometric  test tec hniques (suc h as visua l reinforc ement aud iometry), 

tha t c an p rovide inc reasing ly ac c ura te information in older c hild ren (>6 

months), a re not suitab le for quantifying hearing loss in very young infants 

or for those w ith visua l or developmenta l d isab ilities (Ranc e & Briggs, 

2002:237) as supra threshold  stimula tion is required  to elic it reflexive 

responses.  These c ond itioned  aud iometric  methods a re lim ited  to the 

detec tion of hearing loss grea ter than 50 dB HL (Diefendorf & Weber, 

1994:57). 

 

Therefore, as the age of identific a tion is reduc ed  the need  for ac c ura te, 

reliab le, objective  methods for determining hearing thresholds, is 

bec oming more urgent. When an infant is identified  as having a  hearing 

loss, there is an immed ia te need  to c harac terize the degree, the 
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c onfigura tion, and  the type of loss, sinc e appropria te rec ommendations 

regard ing the selec tion and  fitting  of devic es suc h as hearing a ids and  

c oc hlear imp lants, c an only be made with an understand ing of both the 

degree and  c onfigura tion of a  c hild ’ s hearing loss (Ranc e & Briggs, 

2002:237; Vander Werff, Brown, Gienapp, & Sc hmid t Clay, 2002:228). 

 

Different tec hniques have therefore been developed  over the years in 

order to add ress the p rob lem of quantifying hearing loss in young infants. 

One suc h a  measure, tha t was rec eived  positively for d iagnostic  purposes 

in the ped ia tric  field , was otoac oustic  emissions – d isc overed  in 1978 by 

David  Kemp. Otoac oustic  emissions (OAE’s) a re sounds tha t orig ina te in 

the c oc hlea  and  p ropagate through the midd le ear and  into the ear 

c ana l, where they c an be measured  using a  sensitive mic rophone (Prieve 

& Fitzgera ld , 2002:440). It has been known for the last 20 years tha t 

ind ividua ls w ith signific ant c oc hlear hearing loss have no measurab le 

Evoked  Otoac oustic  Emissions (EOAE’s). Ha ll (1997:265) has ind ic a ted  tha t 

EOAE’s a re either not measurab le from sub jec ts w ith hearing loss or a re 

substantia lly reduc ed  in amp litude c ompared  to norma l hearing 

ind ividua ls. The minimum level required  for measurab le EOAE’s ranges 

from 25 – 40 dB HL (Prieve & Fitzgera ld , 2002:452). 

 

Given this spec ific  popula tion and  the need  for spec ific  information, w ith 

regard  to degree, c onfigura tion, symmetry and  type of hearing loss, work 

in the a rea  of OAE’s does not p rovide c ompelling evidenc e to ind ic a te 

tha t EOAE’s c ould  be used  to p red ic t the na ture of an infant’ s hearing loss 

(Prieve & Fitzgera ld , 2002:456). This p roc edure is, however, a  powerful tool 

for newborn hearing sc reening and  should  form an integra l part of the 

d ifferentia l d iagnosis test ba ttery in the d iagnosis of hearing loss in infants 

(Ha ll, 2000:391). 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006)



 6

The ABR is a  fa r field  evoked  potentia l tha t is used  frequently to estimate 

aud itory sensitivity in c hild ren too young to be tested  using standard  

behaviora l methods. The ABR to c lic k stimuli is the most c ommonly used  

c linic a l p roc edure in p red ic ting hearing sensitivity (Vander Werff, Brown, 

Gienapp, & Sc hmid t Clay, 2002:228). Although the abrup t onset of the 

c lic k stimulus is idea l for genera ting the ABR, the d rawbac k is tha t the c lic k 

is a  b road -spec trum signa l, c onta ining energy ac ross a  w ide range of 

frequenc ies. Owing to this frequenc y spread , c lic ks c annot be used  to 

assess sensitivity in spec ific  frequenc y reg ions, but ra ther to p rovide a  gross 

estimate of hearing sensitivity (Arnold , 2000:454).  

 

ABR to b rief tones c an be used  to ob ta in more frequenc y-spec ific  

threshold  information than ava ilab le from the c lic k ABR. Stapells 

(2000a:13) has shown ac ross stud ies tha t tone-ABR thresholds have been 

found  to be a  reliab le method  in ob ta ining frequenc y spec ific  information 

in this young popula tion. Stapells (2004: c onferenc e p resenta tion) 

ma inta ins tha t the tone-evoked  aud itory b ra instem response (tone-ABR) is 

c urrently the only measure tha t c an reliab ly p rovide information w ith 

regard  to severity, c onfigura tion and  na ture of hearing loss in infants. 

Some stud ies have however questioned  the frequenc y-spec ific ity and  

reliab ility of threshold  estimation w ith low frequenc y tone-evoked  ABR 

(Cone-Wesson et a l., 2002:174). In add ition, toneburst ABR waveforms, 

espec ia lly to low-frequenc y stimuli, tend  to be less d istinc t and  more 

d iffic ult to identify than the c lic k ABR (Arnold , 2000:459). Output lim ita tions 

a re a lso a  c onc ern w ith tone burst stimuli, pa rtic ula rly for low-frequenc y 

tone bursts for whic h thresholds a re eleva ted  rela tive to behaviora l 

thresholds. These c onc erns may lim it the imp lementa tion of toneburst ABR 

protoc ols (Vander Werff et a l., 2002:229). 
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1.3 RATIONALE 

 

 

In the past two dec ades, the Aud itory Steady Sta te Response (ASSR) has 

been developed  as an a lterna tive frequenc y spec ific  Aud itory Evoked  

Potentia l (AEP) approac h to quantify hearing loss (Ranc e et a l., 1998:499). 

Vander Werff et a l. (2002:228) define the ASSR as “ an a lterna tive evoked  

potentia l tec hnique tha t uses c ontinuous ra ther than transient stimuli to 

elic it a  response from the aud itory system” . Unlike the ABR, the ASSR use 

stimuli tha t is c ontinuous. The stimuli used  to evoke ASSR, a re modula ted  

tones, whic h a re frequenc y spec ific  due to the fac t tha t spec tra l energy is 

c onta ined  only a t the frequenc y of the c arrier tone and  the frequenc y of 

the modula tion (Hood , 1998:117). Responses from the neura l system tha t 

responds to the c hanges or modula tions in the stimuli a re rec orded .  The 

ASSR appears to be genera ted  by the same neura l ana tomic a l reg ions 

from whic h the ABR evoked  by c lic ks or tone-bursts is p roduc ed  (Cone-

Wesson, 2003:267).    

 

The ASSR shows potentia l to add ress some of the lim ita tions assoc ia ted  

w ith ABR testing in the early d iagnosis and  amplific a tion of infants. One of 

the lim ita tions of ABR is the lac k of frequenc y spec ific ity. The na ture of the 

ASSR stimuli offers advantages over other short dura tion stimuli (Ranc e et 

a l, 1998:499). Bec ause the threshold  estimates ob ta ined  from ASSR testing 

a re frequenc y spec ific , it a llows for testing ac ross the aud iometric  range 

and  for the genera tion of evoked  potentia l aud iograms (Ranc e et a l., 

1998:499). This fea ture w ill add ress the p rob lem of determining the 

c onfigura tion of hearing loss in infants. 

 

Due to the lim ita tions in maximum output w ith the ABR, the absenc e of 

wave V in ABR test results does not inevitab ly imp ly the absenc e of 

hearing (Arnold , 200:457). Ranc e et a l. (1998:506) demonstra ted  the 
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advantages of using ASSR’s to determine residua l hearing thresholds in 

infants and  c hild ren for whom ABR’s c ould  not be evoked  a t 100 dBnHL. 

The c ontinuously modula ted  tone used  to elic it the ASSR c an be 

p resented  a t levels as high as 120 dB HL. Absenc e of a  c lic k- or tone-burst 

ABR does not inevitab ly ind ic a te p rofound  dea fness, and  ASSR tests may 

revea l enough residua l hearing to c onsider the use of amp lific a tion or 

help  determine the p referred  ear for c oc hlear imp lanta tion (Ranc e et a l., 

1998:506). The advantages offered  by the ASSR in this regard  a re most 

benefic ia l for infants and  c hild ren as the severity of the hearing loss c an 

be determined  in a  more ac c ura te manner. 

 

Cone-Wesson et a l. (2002:270) mentions a  third  lim ita tion of the ABR for 

aud iolog ic  app lic a tion as the sub jec tive na ture of response detec tion. 

Although methods for “ automatic  detec tion”  of ABR exist, these 

a lgorithms have been suc c essfully app lied  for c lic k-evoked  ABR. There a re 

no pub lished  da ta  on the use of automatic  detec tion c riteria  for 

detec ting the response to tona l stimuli. In c ontrast, there has been 

extensive researc h on the effic ac y for detec ting a  steady-sta te response 

automatic a lly (Cone-Wesson et a l., 2002:175; Ranc e et a l., 1995:499). The 

ob jec tive na ture of response detec tion in the ASSR measures may lead  to 

more ac c ura te d iagnosis of hearing loss in infants. 

 

Ac c ord ing to Ranc e et a l. (1998:506) a  further advantage of the ASSR as 

opposed  to the ABR, is the speed  with whic h a  response c an be 

detec ted . Although Ha ll (2005:c onferenc e p resenta tion) d isputes the 

speed  of the ASSR to be faster than the ABR, severa l researc hers have 

c onc luded  tha t ASSR offers the possib ility of estimating frequenc y-spec ific  

hearing thresholds in bab ies in a  more time-effic ient way (Luts, 

Desloovere, Kumar, Vandermeersc h & Wouters, 2004:995; Swanepoel, 

2001:112; Ranc e et a l., 1998:506). A c onstant unpred ic tab le fac tor in 
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testing infants is tha t they may awake a t any moment during the 

p roc edure. The fast detec tion speed  of the ASSR thus reduc es the need  to 

have the infant asleep  or under seda tion for long periods of time.  

 

It is tec hniques suc h as the ASSR tha t underlie suc c essful early 

amp lific a tion of hearing nec essary to p rec lude or lim it the aud itory 

sensory depriva tion effec ts (Ross, 1996:13). The amplific a tion p roc ess 

beg ins d irec tly a fter the d iagnosis of a  hearing loss has been made. 

Func tiona l eva lua tion of a  hearing a id  seeks to determine whether the 

c hild  benefits from suc h amplific a tion. The func tiona l eva lua tion of 

hearing a ids is as essentia l as an elec troac oustic  eva lua tion thereof. The 

a ided  aud iogram c an eva lua te whether the c hild  is ab le to hear soft 

sounds w ithin expec ta tions, based  on the elec troac oustic  fitting  of the 

hearing a id . Kuk (2004:1) a lso ma inta ins tha t using the levels ob ta ined  

through func tiona l ga in must be a  reassuranc e to the parent to ensure 

tha t the op tima l opportunity is g iven to develop  a  c hild ’ s potentia l. 

Although ABR measures have been used  in the past to assist in the fitting  

of hearing a ids in c hild ren, the c linic a l use of these p roc edures a re 

tec hnic a lly c ha lleng ing (Garnham et a l., 2000:268; Mahoney, 1985:351). 

 

ASSR’s have been used  to demonstra te the ga in p rovided  by 

amp lific a tion (Pic ton et a l., 1998:315). ASSR’s c an be ob ta ined  in the 

sound -field  c ond ition – measuring an una ided  response as well as the 

a ided  response. The d ifferenc e in ASSR threshold  ob ta ined  in the a ided  

c ond ition is then used  to p red ic t the func tiona l ga in of the hearing a id  

(Cone-Wesson, 2003:272). Ac c ord ing to Gloc kner in Cone-Wesson 

(2003:272), hearing a ids appear to transduc e the modula ted  tones w ith 

good  fidelity; the spec tra l c harac teristic s of the modula ted  tones p layed  

through an ana log hearing a id  w ith no c ompression a re well p reserved . 

The fac t tha t the stimuli a re muc h more stab le over time than b rief 
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transients means tha t they a re more reliab ly transferred  through the free 

field  speakers and  hearing a ids – even when the hearing a ids a re non-

linear (Pic ton et a l., 2002:66). After being d iagnosed  with a  hearing loss 

and  fitted  appropria tely w ith hearing a ids, the adequac y of the fitting  

needs to be va lida ted . Va lida tion is an ongoing p roc ess designed  to 

ensure tha t the infant is rec eiving op tima l speec h input from others and  

tha t his or her own speec h is adequately perc eived  (Ped ia tric  

Amplific a tion Protoc ol, 2003:15).  

 

 

1.4 PROBLEM STATEMENT 

 

 

The dawn of an era  of early identific a tion of hearing loss in newborns and  

infants c onfronts aud iolog ists w ith new c ha llenges and  opportunities. The 

advent of universa l newborn hearing sc reening has made it a ll the more 

c ommon for aud iolog ists to see infants less than two to three months of 

age who have been identified  as being a t risk of having a  hearing loss. 

The p roc ess of fitting  a  hearing a id  or determining the c and idac y for 

c oc hlear imp lanta tion requires deta iled  knowledge of these infants’  

residua l hearing ab ilities (Vander Werff et a l., 2002:228). For newborns and  

infants, evoked  potentia l estimates of aud iometric  thresholds may be the 

only information about hearing sta tus tha t is ava ilab le a t the time when 

these c ritic a l dec isions need  to be made.  

 

The transformation of new d isc overies into p rac tic a l c linic a l p roc edures 

has been a  frequent oc c urrenc e in aud iolog ic a l test development over 

the past three dec ades (Gorga , 1999:29). Severa l rec ent stud ies have 

therefore exp lored  the rela tionship  between ASSR elec trophysiolog ic a l 

thresholds and  aud iometric  behaviora l thresholds for norma l-hearing and  

hearing impa ired  listeners (Dimitrijevic  et a l., 2002:205; Herdman & Stapells, 
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2001:41; Lins et a l., 1996:81; Ranc e et a l., 1995:499). These investiga tors 

have reported  find ing signific ant c orrela tions between ASSR thresholds 

and  behaviora l aud iometric  thresholds for ind ividua ls w ith a  range of 

hearing losses. Other stud ies have foc used  on the c orrela tions between 

the ASSR and  ABR as threshold  p red ic tion tec hnique (Cone-Wesson et a l., 

2002:173, Vander Werff et a l., 2002:227). Although these results appear 

p romising, it is d iffic ult to make definite c onc lusions about the app lic a tion 

of ASSR to the infant popula tion, as these stud ies were based  on the 

responses of adults or older c hild ren ra ther than infants to eva lua te the 

effic ac y of the ASSR as a  threshold  estimation tool.  

 

Stapells (2002a:14 & 2004: c onferenc e p resenta tion) c autions tha t too few 

stud ies a re ava ilab le c onc erning the infant popula tion to rec ommend  the 

ASSR method  for c linic a l use. However, the potentia l advantages of the 

ASSR tha t c ome from c ontinuous ra ther than transient stimuli, inc lud ing 

potentia lly better frequenc y-spec ific ity and  the ab ility to ob ta in higher 

output levels, warrant further investiga tion of the c linic a l app lic a tion of the 

ASSR in the infant popula tion.   

 

In add ition to the need  of a  tool for frequenc y spec ific  estimations of 

hearing in infants the va lida tion of amp lific a tion early on is a lso an 

essentia l c omponent. Seewa ld  (2001:70) emphasizes the need  for 

improving the qua lity of ped ia tric  hearing a id  fitting , as the c onsequenc es 

of dec isions made will be w ith a  c hild  forever. Yet, a fter fitting  hearing a ids 

on infants, va lida tion of the fitting  in most c ases oc c urs through the use of 

sub jec tive questionna ires and  variab les being eva lua ted  suc h as aud itory 

awareness, speec h-produc tion ab ilities, ra te of language ac quisition and  

soc ia l development (Sc ollie & Seewa ld , 2002:702) Aided  thresholds a re 

genera lly done only when the infant is mature enough to c omplete 
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behaviora l aud iometry whic h may be severa l months a fter the initia l 

fitting . In the age of early identific a tion, this needs to be add ressed . A 

lim ited  number of stud ies on ASSR and  func tiona l ga in have been 

performed  (Gloc kner in Cone-Wesson, 2003:272; Pic ton et a l., 2002:63; 

Pic ton et a l., 1998:315). These stud ies foc used  on adults and  older c hild ren 

and  a lthough the results a re p romising, the app lic a tion possib ilities of the 

ASSR in add ressing the spec ific  needs of the infant popula tion need  

further investiga tion.  

 

Bess (2000:250) and  Gravel (2005:19) urge aud iolog ist to c ollec t, eva lua te 

and  integra te evidenc e about p roc edures in order to bec ome evidenc e-

based  p rac titioners1. This imp lies tha t as new proc edures bec ome 

ava ilab le, c linic ians must be w illing  to c ontinua lly eva lua te and  mod ify 

their c linic a l p rotoc ols. Therefore, w ith the advent of the ASSR in c linic a l 

p rac tic e and  in light of the c ruc ia l importanc e of early identific a tion of 

hearing loss and  of the intervention p roc ess tha t follows, the question tha t 

a rises is: 

 

What is the clinical value of Auditory Steady State Response for early 

diagnosis and for evaluation of amplification in infants with hearing loss? 

 

It was the purpose of this researc h endeavor to find  answers to this 

partic ula r question. 

 

                                                 
1
 Evidenc e Based  Prac tic e is an app roac h to c linic a l servic e delivery tha t has bec ome 

inc reasing ly advoc a ted  in the past dec ade. EBP is defined  as the ‘ c onsc ientious, exp lic it, 

and  jud ic ious use of c urrent best evidenc e in making  dec isions about the c a re of 

pa tients (Oxford -Centre for Evidenc e Based  Med ic ine, 2004: online). 
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1.5 DEFINITION OF TERMS 

 

For the purposes of this study, the following terms will be defined  and  

d isc ussed  in order to p romote a  mutua l understand ing of the basic  and  

p rimary c onc ep ts dea lt w ith in it. The terms p rovided  a re adap ted  from 

the work of Mendel, Danhauer & Singh (1999) in the Illustra ted  Dic tionary 

of Aud iology, unless otherwise sta ted . 

 

Amplification of a hearing loss – amplific a tion refers to an inc rease in the 

intensity of sounds. This is a  c ollec tive term used  for devic es suc h as 

hearing a ids. When referring to hearing a id  assessment, the term 

func tiona l ga in is often used  when va lida ting a  hearing a id  fitting . 

Func tiona l ga in refers to the d ifferenc e in performanc e between a ided  

and  una ided  thresholds measures. 

 

Auditory Evoked Potential – elec tric a l ac tivity evoked  by sounds a rising 

from aud itory portions of the periphera l or c entra l nervous system traveling 

from c rania l nerve VII to the c ortex, rec orded  with elec trodes and  a lso 

known as aud itory evoked  response. In this study the foc us w ill be on the 

following evoked  potentia ls: 

 

• Aud itory Bra instem Response  (ABR) – an ob jec tive test tha t 

measures the elec tric a l potentia l p roduc ed  in response to sound  

stimuli by the sync hronous d isc harge of the first- through sixth- order 

neurons in the aud itory nerve and  b ra instem; a lso known as 

b ra instem aud itory evoked  potentia l (BAEP) and  b ra instem aud itory 

evoked  response (BAER). 

•  Aud itory Steady Sta te Response  (ASSR) – an aud itory evoked  

potentia l in whic h the response wave-form approximates the ra te 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006)



 14 

of stimula tion; a lso referred  to as steady-sta te evoked  potentia l 

(SSEP). 

 

Clinical value – Aud iology is the hea lth-c are p rofession devoted  to 

hearing. It is a  c linic a l p rofession tha t has as its unique mission the 

eva lua tion of hearing ab ility and  the ameliora tion of impa irment tha t 

results from hearing d isorders (Stac h, 1998:2). Ped ia tric  aud iolog ists p lay a  

c ruc ia l role in early identific a tion of hearing impa irment in infants and  

eva lua tion of their hearing ab ilities. In add ition, ped ia tric  aud iolog ists 

eva lua te the need  for hearing a id  amp lific a tion in the ped ia tric  

popula tion and  monitor the suc c ess of these fittings. This study foc uses on 

the potentia l va lue of the ASSR as an assessment tool tha t c ould  a id  the 

ped ia tric  aud iolog ist in fulfilling  his/ her c linic a l responsib ilities. 

 

The ASSR have been used  in aud iology researc h c enters a round  the 

world . The results from the c linic a l stud ies have shown tha t ASSR thresholds 

c an be used  to p red ic t pure-tone thresholds in sleep ing infants and  young 

c hild ren. It has a lso shown suc c ess in eva lua ting hearing a id  fittings by 

determining func tiona l ga in. As w ith other d isc overies in the field  of 

aud iology where transformation of new d isc overies into c linic a l 

p roc edures has oc c urred , this study investiga tes the adop tion of the ASSR 

into the c linic a l setting, c omparing this p romising tec hnique w ith the 

trad itiona l approac hes used  in the d iffic ult-to-test popula tions. 

  

Early diagnosis – The  Hea lthy Peop le 2000 initia tive estab lished  the goa l to 

reduc e the average age a t whic h c hild ren w ith signific ant hearing 

impa irment a re identified  to no more than 12 months of age by the year 

2000 (Diefendorf, 2002:469). With the imp lementa tion of universa l hearing 

sc reening p rograms, the Joint Committee on Infant Hearing (1994) 
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rec ommendations were tha t a ll infants w ith hearing loss should  be 

identified  by three months of age, and  rec eive intervention by six months 

of age. In this study the time of identific a tion varied  between three 

months of age and  6 months of age. Intervention (amp lific a tion) was 

imp lemented  immed ia tely a fter d iagnosis – trying to c onform to the 

guidelines of the JCIH.   

 

Infant - refers to a  c hild  during earliest period  of life – before age 1 a fter 

the neonata l period  (The c onc ise Oxford  d ic tionary, 1982:512). 

 

1.6 DIVISION OF CHAP TE R S 

 

A researc h endeavor, c onsisting of both an empiric a l and  theoretic a l 

c omponent was c onduc ted , in order to answer the researc h question 

sta ted  above. The following sec tion delinea tes the d ivision of c hap ters 

and  p rovides a  short summary of the c ontents of eac h c hap ter. 

 

Chapter one: Background and rationale  

 

This c hap ter p rovides an overview of the importanc e of the need  of 

elec trophysiolog ic a l p roc edures in the d iagnostic  p roc ess of hearing loss 

in young infants and  the d iffic ult-to-test popula tion. The ABR is c ontrasted  

w ith the ASSR tec hnique w ith regard  to its potentia l for estimating pure 

tone behaviora l thresholds. The use of ASSR in estimating func tiona l ga in in 

the young popula tion is d isc ussed . The ra tiona le for the study and  the 

p rob lem sta tement is p rovided . Definitions of the terms and  c onc ep ts 

fundamenta l to this study a re p rovided  and  c la rified .  
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Chapter two: Clinical application of Auditory Evoked Potentials in 

infants: Comparing the auditory brainstem response 

and auditory steady state response  

 

The c urrent p roc edures of c hoic e for early intervention for infants a re 

d isc ussed  – c onsidering early identific a tion and  d iagnosis of hearing loss 

and  amplific a tion for infants w ith hearing loss. Attention is g iven to the 

d iagnostic  p roc ess and  hearing a id  fitting  in the young infant popula tion - 

foc using on the p rob lems and  c ha llenges. A c ritic a l d isc ussion of AEP’s in 

ped ia tric  aud iology w ill follow therea fter – c omparing the ABR method  

with the ASSR method .  

 

Chapter three:  Research Methodology 

 

This c hap ter desc ribes the opera tiona l framework imp lemented  to 

c onduc t this study. The a ims of this p resent study a re outlined . The 

researc h design and  method  a re d isc ussed . The ethic a l issues rela ted  to 

this study a re c onsidered . The sub jec ts, materia l and  appara tus used  in 

the study a re desc ribed  as well as the p roc edure tha t was followed  to 

c onduc t this study. 

 

Chapter four:  Results and Discussion 

 

The results a re p resented  ac c ord ing to the sub-a ims stipula ted  in c hap ter 

three in order to add ress the ma in a im of the study. The results a re 

p resented  – utilizing the results from eac h ind ividua l sub jec t. Therea fter the 

c ollec tive results of the six sub jec ts w ill be c onsidered . Interp reta tion and  

d isc ussion of the results a re performed . The va lue and  meaning of the 
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researc h find ings in rela tion to other stud ies and  litera ture in this regard  is 

d isc ussed . 

 

Chapter five:  Conclusions and Implications 

 

The results from this study a re summarized . This c hap ter p rovides an outline 

of the signific ant results and  the way they c ontribute to c urrent litera ture. 

Using c ritic a l appra isa l methods, the researc h evidenc e a re assessed  – 

c onsidering the va lue, va lid ity, reliab ility and  relevanc e thereof. Future 

researc h rec ommendations a re p rovided  and  a  c onc lusion regard ing the 

study is formula ted . 

 

1.7 SUMMARY 

 

This c hap ter a imed  to p rovide relevant bac kground  information in order 

to foc us on the researc h endeavor and  to p rovide a  b road  perspec tive   

of the ra tiona le underlying the study. Attention was d rawn to the infant 

popula tion as a  d iffic ult-to-test popula tion and  the spec ia l need  for 

ob jec tive aud iometric  measures in this popula tion a t a  time when c ritic a l 

dec isions need  to be made about intervention stra teg ies.  
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Chapter 2 

 

CLINICAL APPLICATION OF AUDITORY EVOKED POTENTIALS IN 

INFANTS: COMPARING THE AUDITORY BRAINSTEM RESPONSE AND 

AUDITORY STEADY STATE RESPONSE 

 

 
 

This c hap ter a ims to p rovide a  theoretic a l bac kground  to the emp iric a l 

researc h and  p rovides a  c ritic a l eva lua tion and  interp reta tion of the 

relevant litera ture perta ining to the sc ope of this study 

 

 

 
2.1 INTRODUCTION 

 

‘From the moment tha t Aud itory Evoked  Potentia ls (AEP) were first 

rec orded , aud iolog ists sought to exp loit the responses in order to eva lua te 

the hearing sta tus of persons d iffic ult to test’  (Jerger, 1998: ed itoria l). The 

use of AEP’s for estimation of hearing sensitivity and  infant hearing 

sc reening has had  a  ma jor impac t on the ab ility to identify hearing 

impa irment in c hild ren, as this p rovides an ob jec tive means of assessing 

the integrity of the periphera l and  c entra l aud itory systems (Stac h, 

1998:293). The Aud itory Bra instem Response (ABR) has bec ome the most 

w idely c linic a lly used  AEP in estimating hearing thresholds, but for the past 

few dec ades an evoked  potentia l, pa rtic ula rly suited  for frequenc y-

spec ific  measurements, the Aud itory Steady Sta te Response (ASSR), has 

c ome under c lose sc rutiny (Hood , 1998:117). In add ition to estimating 

hearing sensitivity in infants, the ASSR promises to p rovide a  better 

eva lua tion of hearing a id  performanc e (Swanepoel, Sc hmulian & Hugo, 
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2002:52), whic h is an important c omponent in the va lida tion of hearing 

a id  fittings.  

 

This c hap ter therefore exp lores the c linic a l app lic a tion of Aud itory Evoked  

Potentia ls – c omparing the ABR and  ASSR as an ob jec tive p roc edure in 

the d iagnosis of hearing loss and  va lida tion of hearing a id  fitting  in infants.  

 

In the first sec tion, the c urrent p roc edures of c hoic e for early intervention 

for infants w ill be d isc ussed  under the following two sub-head ings: Early 

identification and diagnosis of hearing loss and  amplification for infants 

with hearing loss. After laying this founda tion, a  c ritic a l d isc ussion of AEP’s 

in pediatric audiology will follow .    

 

2.2 EARLY INTERVENTION FOR INFANTS WITH HEARING LOSS 

 

Aud iolog ists a re entering a  partic ula rly op timistic  era  for the p rovision of 

early intervention servic es. There a re tec hnolog ic a l advanc es resulting in 

muc h earlier identific a tion of c hildhood  hearing loss, improved  

amplific a tion devic es p rovid ing enhanc ed  aud ib ility, and  inc reased  

opportunities for families to rec eive interventions tha t a re responsive to 

family-identified  needs (Moeller, 2001:109). 

 

The Joint Committee on Infants Hearing (JCIH) therefore endorses early 

detec tion of and  intervention for infants w ith hearing loss through 

integra ted , interd isc ip lina ry systems of universa l hearing sc reening, 

eva lua tion, and  family-c entered  intervention (Northern & Downs, 

2002:269). This very early intervention maximizes the p rospec ts tha t these 

pa tients w ill ac quire the c ommunic a tion skills nec essary to ac hieve their 

full potentia l (Kirkwood , 2002: ed itoria l).  
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2.2.1 Early identification and diagnosis of hearing loss 

 

Hearing loss is an important hea lth p rob lem in c hildhood  tha t severely 

impac ts on qua lity of life. The identific a tion of permanent hearing 

impa irment is the first step  in a  lifelong p roc ess for eac h infant (Seewa ld , 

2000: vii). Early identific a tion of hearing loss in c hild ren has a lways been a  

longstand ing c linic a l p riority in aud iology, as hearing loss tha t goes 

undetec ted  in infants and  young c hild ren c ompromises op tima l 

development and  persona l ac hievement (Diefendorf, 2002:469). 

Language and  c ommunic a tion serve as a  foundation for norma l c hild  

development, and  delays in the ac quisition of these skills a ffec t literac y, 

ac ademic  ac hievement, and  soc ia l and  persona l development (Hayes & 

Northern, 1997:4).  Identific a tion of a  c hild ’ s hearing loss a t an early age is 

therefore the first step  in a  c omprehensive p lan tha t a llows for early 

med ic a l management, c onsidera tion of ac oustic  amp lific a tion, and  

p lac ement in an early intervention p rogram (Diefendorf & Weber, 

1994:43). 

 

With the positive effec t of early identific a tion, the Joint Committee on 

Infant Hearing (2000) in the USA rec ommends tha t, whenever possib le, 

d iagnostic  testing should  be c ompleted  and  hab ilita tion should  beg in by 

the time an infant w ith a  c ongenita l hearing impa irment reac hes the age 

of six months. The effec tiveness of the early intervention p roc ess hinges on 

the aud iolog ist’ s ab ility to ac c ura tely p red ic t hearing thresholds in the first 

months of life. The p rimary ob jec tive in assessing the hearing of an infant 

or young c hild  is to ob ta in reliab le, ear-spec ific  and  frequenc y-spec ific  

information on aud itory func tion as soon a fter b irth as possib le (Bac hmann 

& Ha ll, 1998:4). This ob jec tive c an c urrently only be met through the use of 

aud itory evoked  potentia ls (AEP) (Sininger & Cone-Wesson, 2002:298). 
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AEP’s have been used  in d iagnostic  aud iology for more than three 

dec ades and  is bec oming inc reasing ly p rominent as the age of hearing 

loss identific a tion is being reduc ed  signific antly due to Universa l Newborn 

Hearing Sc reening (UNHS) p rograms (Roeser, Va lente & Hosford -Dunn, 

2000:10).  

 

The c ha llenge of ac c ura tely determining the hearing sta tus of an infant or 

young c hild  is reliant on spec ia lized  tra ining and  extensive c linic a l 

experienc e (Hayes & Northern, 1997:234). No sing le aud itory test is p rec ise 

enough to be a  perfec t and  c omplete assessment tool. Defining the 

na ture and  degree of an infant’ s hearing loss requires the use of multip le 

tests and  tec hniques. The need  for a  test-ba ttery approac h in ped ia tric  

assessment c an therefore not be oversta ted  (Diefendorf, 2002:473). The 

basic  ped ia tric  hearing eva lua tion inc ludes a  thorough developmenta l 

history, followed  by behaviora l frequenc y-spec ific  threshold  tests, ac oustic  

immittanc e measurements, otoac oustic  emission tests (OAE) and  ABR as 

nec essary (Hayes & Northern, 1997:234).  The ped ia tric  hearing eva lua tion 

typ ic a lly is an ongoing ac tivity and  should  be adap tab le to d ifferent 

c irc umstanc es (Hayes & Northern, 1997:234).      

 

With the age of identific a tion dec reasing, behaviora l c ond itioning of 

neonates and  very young infants to sound  field  aud itory stimuli is not 

feasib le (Diefendorf & Weber, 1994:56). An ac oustic  immittanc e test 

ba ttery c an be used  to c a tegorize the na ture of the hearing loss into 

c onduc tive, c oc hlear, or b ra instem pa thology (Northern & Downs, 

2002:211; Hayes & Northern, 1997:251). Although immittanc e c an p rovide 

va luab le information, it c annot p red ic t the degree, c onfigura tion, type 

and  symmetry of the hearing loss.  
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With the introduc tion of c linic a l devic es in 1988 for measuring evoked  

otoac oustic  emissions, this tec hnique has bec ome a  rela tively rec ent 

ad junc t to nonbehaviora l physiolog ic -based  aud itory response 

measurements (Ha ll, 2000:2). The p resenc e of EOAE’s has p roven to be 

evidenc e of a  norma l func tioning c oc hlea  and  periphera l hearing system. 

However, Rob inette & Gla ttke (2000:506) c autions tha t OAE’s c annot be 

used  to estimate the amount of hearing loss. The app lic a tion of OAE’s 

inc lude the sc reening for hearing loss in the newborn and  ped ia tric  

popula tion, augmenting behaviora l test results in d iffic ult-to-test pa tients, 

develop ing a  true d ifferentia l d iagnosis in terms of separa ting hearing loss 

into “ sensory”  and  “ neura l”  c omponents and  identifying ind ividua ls w ith 

sub tle abnorma lities of CNS func tion (Rob inette & Gla ttke, 2000:506). 

 

In order to ob jec tively measure the neura l responses beyond  the sensory 

response of the c oc hlea , AEP’s must be emp loyed . Mendel, Danhauer & 

Singh (1999:7) defines AEP’s as elec tric a l ac tivity evoked  by sounds a rising 

from aud itory portions of the periphera l or c entra l nervous system traveling 

from c rania l nerve VIII to the c ortex – a lso known as aud itory evoked  

responses (AER). Although inferenc es c an be made about hearing from 

the evoked  potentia l da ta , it should  be emphasized  tha t it is not a  test of 

hearing, but ra ther a  test of sync hronous neura l func tion – the ab ility of 

the c entra l nervous system to respond  to externa l stimula tion in a  

sync hronous manner (Hood , 1998:95).  

 

The c urrent most c ommon c lassific a tion of AEP ac c ord ing to the la tenc y 

epoc h of the response to be examined , was adap ted  from the work of 

Pic ton et a l. in 1974 and  1977 and  Pic ton and  Fitzgera ld  in 1983 (Ferra ro & 

Durrant, 1994:318). The la te la tenc y response  (LLR) is the elec tric a l 

potentia ls emanating from the surfac e of the sc a lp  in response to an 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006 



 23 

aud itory signa l. These responses a re genera ted  by the c ortex a t time 

interva ls of 100 to 200 msec  a fter p resenta tion of an aud itory stimulus 

(Hood , 1998:4). These inc lude the N1 c omplex and  the P300 (Ferra ro & 

Durrant, 1994:318). The midd le la tenc y response  (MLR) oc c urs between 10 

and  80 msec  following signa l onset and  a re thought to a rise from tha lamic  

and  p rimary c ortic a l p rojec tion a reas (Hood , 1998:4). The most p rominent 

of these is the 40 Hz steady sta te potentia l (SSP) (Ferra ro & Durrant, 

1994:318). 

 

Those AEP’s oc c urring w ithin the first 10 -15 msec  following stimulus onset 

a re genera lly referred  to as the “ early”  or short la tenc y responses (SLR). 

The SLR inc ludes the ABR and  a lso severa l c omponents p rec ed ing the ABR 

tha t a re rec orded  via  elec troc oc hleography (ECoc hG) (Burkard  & Sec or, 

2002:233). Other SLR inc lude the slow-negative potentia l (SN10) and  the 

frequenc y following response (FFR). The c linic a l use of both these SLR’s has 

been overshadowed  by tha t of other AEP’s like the ABR. 

 

The la te la tenc y responses a re p resent in infants and  c hild ren, but a re 

unreliab le for threshold  estimates in sleep ing ind ividua ls and  the rec ord ing 

and  interp reta tion in c hild ren require c onsiderab le experienc e (Stapells, 

2000a :13; Ha ll, 1992:107). The midd le la tenc y responses a re not reliab ly 

ob ta ined  in infants and  young c hild ren, and  their absenc e in an otherwise 

norma l sleep ing infant may be c ompletely norma l (Stapells, 2000a :13). 

 

The ABR has none of these lim ita tions and  has bec ome the p roc edure of 

c hoic e in the d iagnostic  assessment of the d iffic ult-to-test popula tions 

(Stapells, 2002:14; Bac hmann & Ha ll, 1998:41; Ha ll & Mueller, 1997:321). 

Severa l rec ord ing methods have been p roposed  in whic h the ABR c an be 

used  to p red ic t the degree, c onfigura tion, type and  symmetry of the 
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hearing loss (Hood , 1998:98). Many reports exist demonstra ting the 

usefulness of these tec hniques in the d iagnostic  p roc ess of hearing loss in 

infants (Gorga , 2002:49; Stapells, 2000a :16; Gorga , 1999:31; Bac hman & 

Ha ll, 1998:41; Stapells & Oates, 1997:261). The ASSR have rec ently ga ined  

c onsiderab le a ttention and  c aused  exc itement among aud iolog ists, 

espec ia lly those involved  in the assessment and  subsequent hearing a id  

fitting  of infants w ith hearing loss (Stapells et a l., 2005:43). 

 

2.2.2 Early amplification for infants with hearing loss 

 

Onc e a  hearing impa irment has been identified , a  c omplete assessment 

must be performed  in a  va lid  and  timely manner. The find ings from the 

assessment a re used  to develop  the initia l c omponents of the intervention 

for the infant’ s entire life (Seewa ld , 2000: vii). Although many guidelines, 

suc h as the Joint Committee on Infant Hearing (JCIH, 2000:10), c a ll for 

app lic a tion of intervention p roc edures to beg in no la ter than six months of 

age, the c ha llenge of meeting suc h an ob liga tion is daunting. The fitting  

of hearing a ids on infants has a lways p resented  p rob lems due to the 

lim ited  c apab ility to utilize standard  behaviora l testing tec hniques. With 

infants, hearing a ids a re fitted  on the basis of only a  few thresholds per 

ear, w ith no supra threshold  aud itory perc ep tion (Ped ia tric  Working Group , 

1996:53). Even with the more rec ent advanc es in infant assessment, the 

threshold  p red ic tions a re useful, but do not rep lac e behaviora l 

aud iometry (Sc ollie & Seewa ld , 2002:687). The hearing a id  selec tion, 

fitting , verific a tion and  va lida tion p roc ess is therefore an ongoing 

c ha llenge in this young popula tion. 
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2.2.2.1 Approac hes to ped ia tric  hearing a id  fitting  

 

The immed ia te goa l of sensory assistanc e to hearing impa ired  c hild ren is 

to p rovide as muc h sensory information as possib le w ith regards to the 

sound  pa tterns of speec h (Boothroyd , 1997:17). The long term goa l of 

enhanc ing sensory c apac ity is to inc rease the speed  and  qua lity of 

development of spoken language skills – to emp loy a  developmenta l 

ra ther than remed ia l approac h (Ross, 1996:13). Suc c ess in meeting this 

long-term goa l depends not only on a ided  sensory c apac ity, but a lso on 

c ommunic a tive experienc e, c ombined  with appropria te c linic a l and  

educ a tiona l management (Boothroyd , 1997:17). 

 

Onc e hearing loss has been c harac terized , the next step  is to determine 

whether amp lific a tion should  be worn (Lewis, 2000:150). Ac c ord ing to The 

Ped ia tric  Working Group  (1996:54), “ thresholds equa l to or poorer than 25 

dB HL would  ind ic a te c and idac y for amp lific a tion in some form.”  As 

sta ted  before, the goa l of amp lific a tion is to ensure aud ib ility of the 

speec h input, verify tha t sounds a re not unc omfortab ly loud  and  to ensure 

c onsistent aud ib ility and  hearing a id  performanc e over time (Pa lmer, 

2005:10; Kuk & Marc oux, 2002:504).  

 

Although simila r dec isions about amp lific a tion c harac teristic s must be 

made for the infant as for the adult, the information on whic h these 

dec isions a re based  and  the needs of these two groups a re quite d ifferent 

(Pa lmer, 2005:11; Beauc hine & Donaghy, 1996:145). At the simp lest level, 

infants’  ea rs a re sma ller than those of adults: a  d ifferenc e tha t signific antly 

impac ts amp lific a tion-fitting  dec isions, suc h as c hoic e of moulds and  

c hoic e of p resc rip tive ta rgets (Pa lmer, 2005:11; Sc ollie & Seewa ld , 
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2002:687; Dillon, 2001:410; Lewis, 2000:150; Beauc hine & Donaghy, 

1996:145). 

 

Moreover, aud iolog ic a l information ava ilab le a t the time of hearing 

instrument fitting  may be lim ited  in the c ase of infants. The ped ia tric  

aud iolog ist needs to rely on threshold  estimates a t the time when the 

hearing instruments a re selec ted . Delaying amplific a tion until c omp lete 

aud iolog ic a l information is ava ilab le, may mean tha t the infant is w ithout 

amp lific a tion during c ritic a l periods of language development (Sc ollie & 

Seewa ld , 2002:685; Beauc hine & Donaghy, 1996:145). 

 

Furthermore, the c ommunic a tion needs of an infant who has a  c ongenita l 

hearing loss a re a lso d istinc t from those of an adult who has p rogressive, 

la te-onset hearing loss. Infants d iffer from adults in how they use 

amplific a tion. They listen to speec h from d ifferent d istanc es and  heights 

and  amplific a tion should  ac c ount for these input d ifferenc es. Infants a lso 

d iffer from adults in tha t they use amplific a tion to ac quire  spoken 

language. They do not have the same knowledge base tha t adults have 

when a ttempting to make sense of aud itory signa ls tha t may be d istorted , 

inc omplete, or a ffec ted  by noise (Sc ollie & Seewa ld , 2002:685; Lewis, 

2000:150; Beauc ha ine & Donaghy, 1996:145). 

 

Ped ia tric  amp lific a tion fitting  p roc edures should  therefore p rovide 

ob jec tive, va lid , and  reliab le measures of hearing a id  performanc e for 

speec h-level and  high-level inputs for the infant/ c hild  (Pa lmer, 2005:12; 

Sc ollie & Seewa ld , 2002:689, Dillon 2001:404). These measures should  take 

into ac c ount the needs of infants and  c hild ren for aud itory self-monitoring 

and  the ac quisition of aud itory p roc essing ab ilities through a ided  sound . 
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The hearing a id  fitting  p roc ess for infants c an be desc ribed  as five 

sequentia l stages (Ped ia tric  Amplific a tion Protoc ol, 2003:15; Sc ollie & 

Seewa ld , 2002:685; Ped ia tric  Working Group , 1996:53). These stages a re 

summarized  in Tab le 2.1. 

 

Table 2.1 Stages of hearing aid fitting process 

Stage Process 

• Assessment 

 

• Selec tion 

 

 

• Verific a tion 

 

• Va lida tion 

 

• Informa tiona l 

Counseling  and  

follow-up  

¾�The hea ring  loss is measured , and  c and idac y for 

amp lific a tion is determined  

¾�Numeric  ta rget for hea ring  a id  elec troac oustic  

performanc e a re c a lc ula ted , and  app rop ria te hea ring 

a ids a re c hosen 

¾�The hea ring  a ids a re ad justed  to p rovide the desired  

elec troac oustic  performanc e 

¾�Aided  aud itory func tion is eva lua ted  and  c ompared  

w ith hab ilita tive goa ls 

¾�Orienta tion to hea ring  a ids a re p rovided  and  hea ring  a id  

usage is monitored  

 

A short d isc ussion of eac h of these stages w ill follow: 

 

• Assessment 

 

The effic ac y of hearing a id  fitting  is p red ic a ted  on the va lid ity of the 

aud iolog ic a l assessment. An essentia l goa l of the c omprehensive 

aud iolog ic a l assessment is to ob ta in ear- and  frequenc y- spec ific  

estimates of hearing threshold  for use as a  sta rting point in hearing 

instrument fitting  a t the earliest opportunity (Roush, 2005:105; Ped ia tric  

Working Group , 1996:54). Complete aud iolog ic a l da ta  is seldom 

ob ta ined  when testing the very young c hild . In the absenc e of an 
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aud iogram, hearing a id  fitting  should  p roc eed  on the basis of 

frequenc y-spec ific  ABR threshold  estimations unless neurolog ic a l sta tus 

c ontra -ind ic a tes suc h ac tion (Roush, 2005:105; Sc ollie & Seewa ld , 

2002:689; Ross, 1996:16; Diefendorf, Reitz, Esc obar & Wynne, 1996:125). 

 

• Selec tion 

 

The Ped ia tric  Working Group  (1996:54) rec ommended  tha t 

infants/ c hild ren w ith thresholds poorer than 25 dB HL between 1000 

and  4000 Hz should  be seen as c and ida tes for amp lific a tion – either 

through the use of persona l hearing a ids or some other form of 

amp lific a tion (Lewis, 2000:150). Onc e the dec ision to p rovide 

amplific a tion has been made, selec tion of hearing a ids is a  c omplex 

p roc ess (Sc ollie & Seewa ld , 2002:691; Beauc ha ine & Donaghy, 

1996:145). Rec ent advanc ements in hearing instrument tec hnology 

offer the potentia l for signific ant improvement in the language and  

c ommunic a tion ab ilities and  overa ll qua lity of life of infants w ith 

hearing loss (Buerkli-Ha levy & Chec kley, 2000:77). It is important to 

selec t amp lific a tion based  on the full range of unique c harac teristic s of 

eac h infant, inc lud ing the hearing loss, the family, the educ a tiona l and  

home environment, and  ava ilab le hearing a id  tec hnology (Buerkli-

Ha levy & Chec kley, 2000:77; Beauc ha ine & Donaghy, 1996:145). 

 

• Verific a tion 

 

In the c ontext of early intervention, infants w ill wear their hearing a ids 

a t fixed , c linic ian- determined  settings for a  long period  of time (Sc ollie, 

2005:91). Rec ent c onsensus sta tements have rec ommended  tha t 

hearing a id  p resc rip tion should  be done in an ob jec tive manner 
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(Ped ia tric  Working Group , 1996; Ped ia tric  Amplific a tion Protoc ol, 2003). 

At the verific a tion stage, ob jec tive hearing a id  p resc rip tions a re used  

to p resc ribe spec ific  amp lific a tion c harac teristic s (Sc ollie, 2005:91). The 

hearing a ids a re ad justed  until they p rovide the elec troac oustic  

performanc e tha t is deemed  appropria te for eac h infant/ c hild  (Sc ollie 

& Seewa ld , 2002:698; Beauc ha ine, 2002:106). The output of the 

instrument is measured  ob jec tively ac ross frequenc y and  input ranges. 

This p roc edure must c onfirm tha t the rea l-ear performanc e of the 

instrument p rovides output levels tha t a re c omfortab le, sa fe, and  

w ithout feedbac k. The use of this ob jec tive approac h results in 

c onsistent trea tment ac ross infants and  c hild ren (Sc ollie, 2005:91). 

 

• Valida tion 

 

Onc e the p resc rip tive p roc edure is c omplete, and  the settings of the 

hearing a ids have been verified , the va lida tion p roc ess beg ins 

(Ped ia tric  Amplific a tion Protoc ol, 2003:15). Va lida tion of a ided  aud itory 

func tion is a  c ritic a l c omponent of the ped ia tric  amp lific a tion p rovision 

p roc ess. The purpose of va lida ting a ided  aud itory func tion is to 

demonstra te the benefits/ lim ita tions of an infant’ s/ c hild ’ s a ided  

listening ab ilities for perc eiving speec h of others as well as his/ her own 

speec h (Ped ia tric  Amplific a tion Protoc ol, 200315; Dillon, 2001:106; The 

Ped ia tric  Working Group , 1996:56). Va lida tion is ac c omplished , over 

time, using information derived  through the aura l hab ilita tion p roc ess, 

as well as the d irec t measurement of the infant’ s/ c hild ’ s a ided  aud itory 

performanc e. 
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• Informationa l c ounseling and  follow-up  

 

Thorough and  suitab le c ounseling, monitoring and  follow-up  a re 

essentia l in a  ped ia tric  hearing a id  fitting  p roc ess. Hearing a id  

orienta tion p rograms should  inc lude a ll members who will be assisting 

the infant (Beauc hine, 2002:111). Typ ic a l aud iolog ic a l follow-up  

sc hedules for infants and  young c hild ren a re a t least every three 

months to the age of three years. More frequent visits may be required  

when fitting  infants younger than six months of age, (Beauc ha ine, 

2002:111). 

 

In the past aud iolog ists have relied  on a ided  aud iograms (a lso known as 

func tiona l ga in measurements) as the p rimary verification tool for hearing 

a id  fittings in infants and  young c hild ren (Stelmac howic z, Hoover, Lewis & 

Brenman, 2002:38; Seewa ld , Mood ie, Sinc la ir & Cornelisse, 1996:165; 

Hed ley-Williams, Thorpe & Bess, 1996:107). Tec hnic a lly, func tiona l ga in is 

defined  as the d ifferenc e in dB between a ided  and  una ided  sound -field  

thresholds as a  func tion of frequenc y. (Stelmac howic z et a l., 2002:38). 

Typ ic a lly, the goa l has been to “ shift”  thresholds into the range of 20-25 

dBHL. 

 

Over the years, it has been ac knowledged  tha t severa l lim ita tions a re 

assoc ia ted  w ith the use of func tiona l ga in approac hes for hearing a id  

verification (Seewa ld , Mood ie, Sinc la ir & Cornelisse, 1996:178). 

 

One serious lim ita tion of this p roc edure is rela ted  to the form in whic h the 

performanc e c riteria  a re spec ified  (Stelmac howic z et a l., 2002:38; 

Seewa ld  et a l., 1996:178). When a  purely aud iometric -based  approac h is 

taken to the selec tion p roc ess, it is not possib le to verify tha t the desired  
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elec troac oustic  c harac teristic s have been p rovided  to the infant w ithout 

va lid  behaviora l test results. Consequently, for infants, this approac h w ill 

be of lim ited  use when important selec tion-rela ted  dec isions need  to be 

made (Ped ia tric  Amplific a tion Protoc ol, 2003:13; Dillon, 2001:106). Another 

c ritic ism of this p roc edure is the poor test-retest reliab ility (Stelmac howic z 

et a l., 2002:13). 

 

Func tiona l ga in measurements ind ic a te only the frequenc y/ ga in 

c harac teristic s of a  hearing a id  (Seewa ld  et a l., 1996:178). There a re 

add itiona l elec troac oustic  c harac teristic s of hearing a ids tha t should  be 

c onsidered  w ithin the selec tion p roc ess. Considera tion should  be g iven to 

aspec ts suc h as output lim iting, c ompression thresholds, c ompression 

ra tios and  c ross-over frequenc ies. Func tiona l ga in a lso does not supp ly 

frequenc y spec ific  information. It g ives information ac ross the frequenc y 

spec trum a t oc tave frequenc ies, but the inter oc tave frequenc ies and  

troughs a re overlooked . The frequenc y resolution is therefore poor (Dillon, 

2001:106). Small c hanges in elec tro-ac oustic  output of the hearing a id , or 

ac oustic  mod ific a tions may c rea te a ltera tions in the frequenc y response 

and  ga in c harac teristic s of the hearing a id . This w ill not nec essarily be 

noted  in the func tiona l ga in measurement. 

 

Aided  aud iograms desc ribe hearing a id  func tion for very soft sounds only, 

and  then only a t a  few frequenc ies. In c ases of severe to p rofound  

hearing loss, minima l or mild  loss, or when non-linear signa l p roc essing, 

d ig ita l noise reduc tion, or automatic  feedbac k reduc tion c irc uitry is used , 

mislead ing information may be ob ta ined  (Sc ollie & Seewa ld , 2002:688). 

 

Due to the above lim ita tions, c omputerized  rea l-ear p robe mic rophone 

measurements have bec ome the p referred  p roc edure to fit and  ad just 
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hearing a ids w ith infants.  But func tiona l ga in measures do however p lay a  

role in the ongoing p roc ess of validation. Dillon (2001:419) emphasizes tha t 

these measurements should  be a  supp lement to the elec troac oustic  

measurements. Func tiona l ga in measures have the following uses: 

 

• It demonstra tes to the parents tha t the c hild  is c apab le of reac ting 

to sound  (Dillon, 2001:419). Aided  and  una ided  speec h rec ep tion or 

speec h awareness thresholds c an demonstra te the benefit of 

amp lific a tion to parents of infants. It may a lso rule out the possib ility 

of non-organic  hearing loss, neurolog ic a l c ond itions, or aud itory 

neuropa thy (Stelmac howic z et a l., 2002:39). 

• It demonstra tes tha t the hearing a id  maximum output exc eeds the 

c hild ’ s hearing threshold  a t eac h frequenc y tested  (Dillon, 

2001:419). 

• An a ided  threshold  a t the level expec ted , g iven the hearing a id  

c oup ler ga in and  una ided  hearing threshold , p rovides further 

c onfirmation of the c hild ’ s una ided  thresholds (Dillon, 2001:419). 

• In the c ase of p rofound  hearing loss, a ided  thresholds a t the 

expec ted  levels c onfirm tha t the una ided  thresholds were not 

based  solely on vib ra tory sensa tions (Dillon, 2001:419). Aided  

thresholds a re a lso the best way to doc ument performanc e for 

bone-c onduc tion instruments, frequenc y-transposition devic es and  

c oc hlear imp lants (Stelmac howic z et a l., 2002:42). 

 

Validation of a ided  aud itory func tion is a  demonstra tion of the benefits 

and  lim ita tions of a ided  hearing ab ilities and  beg ins immed ia tely a fter the 

fitting  and  ob jec tive elec troac oustic  verific a tion of amp lific a tion 

(Ped ia tric  Amplific a tion Protoc ol, 2003:15). Va lida tion is an ongoing 

p roc ess designed  to ensure tha t the c hild  is rec eiving op tima l speec h 
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input from others and  tha t his or her own speec h is adequately perc eived  

(Ped ia tric  Working Group , 1996:56; Ped ia tric  Amplific a tion Protoc ol, 

2003:14). Func tiona l ga in is measured  by find ing the hearing thresholds in 

a  sound  field  while a  person is una ided  and  aga in while a ided  – through 

the use of behaviora l aud iometric  p roc edures (Dillon, 2001:106).  

 

Infants a re however unab le to p rovide c onc lusive behaviora l information. 

It may therefore be nec essary to inc orpora te sub jec tive non-trad itiona l 

eva lua tions, suc h as parent questionna ires, to ga in behaviora l information 

about the fitting  outc ome (Sc ollie & Seewa ld , 2002:701). Without the da ta  

derived  from behaviora l assessments, it is d iffic ult to assess the 

performanc e of hearing a ids even when the theoretic a l amp lific a tion 

spec ific a tion is known (Garnham et a l., 2000:267). Ob jec tive measures – 

using AEP’s - to assess hearing a id  performanc e would  potentia lly a id  the 

management of these d iffic ult-to-test sub jec ts as the behaviora l 

func tiona l ga in measurements may only be performed  a fter the infant has 

reac hed  an appropria te developmenta l age where a  response suc h as  

the head  turn response may be utilized  to measure func tiona l ga in. 

Therefore AEP’s may p rovide useful information when behaviora l 

func tiona l ga in measurements a re not read ily ava ilab le due to the 

sub jec t’ s age or developmenta l inc apac ity. The next sec tion w ill therefore 

foc us on AEP’s in the field  of ped ia tric  aud iology. 

 

2.3 CRITICAL EVALUATION OF AEP’s IN PEDIATRIC AUDIOLOGY 

 

There has a lways been a  need  for ob jec tive tests tha t assess aud itory 

func tion in infants, young c hild ren and / or any pa tient whose 

developmenta l level p rec luded  the use of behaviora l aud iometric  

tec hniques. Although severa l approac hes have been tried , for the past 25 
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years, tha t need  has been met p rimarily by the measurements of short-

la tenc y aud itory-evoked  potentia ls, p rimarily the aud itory b ra instem 

response (ABR) (Gorga  & Neely, 2002:49). In rec ent years the Aud itory 

Steady Sta te Responses has bec ome ava ilab le as a  d ifferent tec hnique to 

measuring the b ra in’ s responses to sound  (Pic ton et a l., 2002:65). In 

ped ia tric  aud iolog ic a l p rac tic e AEP’s have p roven to be ind ispensab le for 

d iagnostic  purposes but they have a lso begun to demonstra te the 

potentia l to assist beyond  the d iagnostic  p roc ess w ith the va lida tion of 

amp lific a tion. 

 

In the following sec tion these two tec hniques w ill be d isc ussed  in terms of 

their app lic a tion in the field  of ped ia tric  aud iology, both d iagnostic  and  in 

amp lific a tion va lida tion. 

 

2.3.1 Auditory Brainstem Response  

 

The ABR is mostly used  in the assessment of aud itory func tion in infants, 

c hild ren and  adults who c annot partic ipa te in volunta ry aud iometry and  

is by fa r the most w idely used  AEP in aud iology (Arnold  2000:451; Hood , 

1998:96). The popula rity of the ABR stems from the fac t tha t it is a  robust 

response tha t va ries very little between ind ividua ls (inc lud ing infants), 

making the response fa irly easy to identify under most c irc umstanc es (Ha ll, 

1992:20). It is a lso highly stab le – c harac teristic s of the response do not 

va ry between wakefulness and  sleep  and  a re not a ffec ted  by most 

med ic a tions, whic h mean tha t c hild ren may be tested  reliab ly during 

na tura l or seda tion induc ed  sleep  (Arnold , 2000:455; Ranc e et a l., 

1995:499). These c harac teristic s have made it the most c ommonly used  

elec trophysiolog ic a l tool to estimate hearing thresholds in d iffic ult-to-test 

popula tions. The ABR will be d isc ussed  in terms of three app lic a tions in the 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006 



 35 

field  of ped ia tric  aud iology, namely: detection, diagnosis and  hearing aid 

fitting in infants. 

 

2.3.1.1 Detec tion of hearing loss 

 

Sc reening, or early detec tion, of d isorders has rec eived  inc reasing 

a ttention in hea lth c a re over the last quarter c entury (Feightner, 1992:1). 

The genera l p remise for sc reening, or early detec tion, c learly makes sense. 

Early detec tion offers the opportunity to rec ognize the c ond ition before 

symptoms appear, and  to p revent or d iminish suffering (Feightner, 1992:2). 

Hearing loss is an invisib le d isab ility and  is nearly impossib le to detec t 

during a  routine c linic a l examina tion. Thus, if hearing loss is not detec ted  

through newborn hearing sc reening p rograms, it often goes undetec ted  

before 18 months of age (Diefendorf, 2002:469; Hayes & Northern, 

1997:214).  

 

Although the ABR is not a  d irec t test of hearing sensitivity, it has earned  a  

strong c linic a l reputa tion as a  va luab le tool to eva lua te the integrity of the 

aud itory pa thways (Diefendorf, 2002:471; Stapells, 2000a :13). Clic k evoked  

ABR’s c an be rec orded  from infants as young as 27 weeks gesta tion age, 

a lthough responses may be poorly formed  (Ha ll, 1992:490). By 33 to 35 

weeks of gesta tion, responses a re more stab le, and  visua l detec tion level 

is c omparab le to tha t of older infants. Trad itiona l ABR sc reening 

depended  on identific a tion of wave V a t 30-40 dBnHL (Northern & Downs, 

2002:285).  

 

Automated  ABR (AABR) systems have been developed  and  used  

spec ific a lly for hearing sc reening purposes. The automated  ABR systems 

use a  rule-d irec ted , sta tistic a l method  to detec t a  response – thus 
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elimina ting sub jec tive response rec ognition (Cone-Wesson, 2003:266). 

These automatic  detec tion a lgorithms works by c omparing the online 

responses from the infant w ith a  ‘ norma l’  temp la te response pa ttern 

ob ta ined  from a  la rge sample popula tion of newborns. If the test infant’ s 

responses c orrela te w ith the normative da ta , the automated  instrument 

renders a  ‘ pass’  dec ision. If there is no c orrela tion between the ‘norma l’  

temp la te and  the test infant’ s responses, a  ‘ refer’  response is ob ta ined  – 

suggesting the need  for further testing (Northern & Downs, 2002:285). 

These AABR systems a re entirely ob jec tive and  a re p rogrammed  to 

determine pass or refer c riteria  for infants younger than six months of age. 

 

A c lic k stimulus is used  when elic iting  an AABR. The c lic k ABR ac c ura tely 

approximates behaviora l pure tone thresholds in the midd le to high 

frequenc y reg ions (Sininger & Cone-Wesson, 2002:303) – therefore lim iting 

detec tion of hearing loss in d ifferent frequenc y ranges (Stapells, Gravel & 

Martin, 1995:361). Information from this sing le intensity sc reening test is 

insuffic ient to p red ic t degree of hearing impa irment or the site of 

dysfunc tion (Hayes & Northern, 1997:256). The advantages and  lim ita tions 

of the c lic k evoked  ABR will be d isc ussed  in deta il in the following sec tion. 

 

2.3.1.2 Diagnosis of hearing loss 

 

i.  ABR threshold  eva lua tions using c lic ks 

 

The most w idely used  evoked  potentia l method  for eva lua ting aud itory 

threshold  is the ABR to non-masked  b roadband  c lic ks (Stapells & Oates, 

1997:258). The c lic k-evoked  ABR c onsists of a  series of seven positive-to-

nega tive waves, oc c urring w ithin about 10 ms a fter stimulus onset (Arnold , 

2000:451). It was not until the la te 1960’s tha t elec tric a l potentia ls 
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genera ted  by the b ra instem were identified  in the labora tories of Jewett 

and  c olleagues in the USA and  Sohmer and  Feinmesser in Israel (Ha ll & 

Mueller, 1997:322; Hood , 1998:5). Jewett and  c olleagues demonstra ted  

tha t neura l responses c ould  be rec orded  from the b ra instem pa thways – 

showing a  response c omposed  of a  series of five to seven peaks (Burkard  

& Déc or, 2002:233). It is genera lly agreed  tha t the ABR is genera ted  by the 

aud itory nerve and  subsequent fiber trac ts and  nuc lei w ithin the aud itory 

b ra instem pa thways. A series of Roman numera ls (from I to VII) were 

assigned  to the peaks. These designa tors have been used  sinc e tha t time 

to identify the various c omponents of the ABR (Hood , 1998:5). The most 

w idely used  ABR measure is the la tenc y of a  c omponent peak (Don & 

Kwong, 2002:274). 

 

The c lic k-evoked  ABR yields the c learest ABR response for threshold  

estimation as this robust response varies little between ind ividua ls and  is 

easy to identify (Ha ll, 1992:20; Arnold , 2000:455). In assessing hearing 

sensitivity, wave V of the ABR is used  bec ause it is the most robust of the 

waves and  the one best c orrela ted  w ith behaviora l aud iometric  

thresholds (Arnold , 2000:456). The lowest c lic k level a t whic h Wave V c an 

be elic ited  p rovides information about the degree of hearing loss (Arnold , 

2000:456).  

 

However, the rap id  onset of the c lic k, and  its b road  frequenc y spec tra l 

c ontent, results in ac tiva tion of a  w ide a rea  of the basila r membrane. 

Sinc e a  b road  range of frequenc ies is stimula ted , it is not possib le to 

ob ta in ac c ura te information about hearing sensitivity a t d ifferent 

frequenc ies using a  non-masked  c lic k a lone (Stapells & Oates, 1997:248). 

When using frequenc y-spec ific  stimuli, there is a  trade-off between 

frequenc y spec ific ity and  neura l sync hrony (Hood , 1998:96; Ha ll 1992:123). 
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The ac oustic  p rinc ip le underlying this trade-off, involves the rela tionship  

between the dura tion of the stimulus and  its frequenc y c ontent – the 

longer the dura tion, the more frequenc y spec ific  it w ill be.  

 

Another aspec t influenc ing the frequenc y spec ific ity of the c lic k ABR is the 

transduc er. A 100-mic rosec ond  elec tric a l pulse, impressed  on a  standard  

earphone, genera tes a  b roadband  signa l (c lic k) whose p rimary 

frequenc y emphasis is determined  by the resonant frequenc y of the 

transduc er (Hood , 1998:96; Ha ll, 1992:123). Thus a  c lic k, though a  

b roadband  stimulus, is nonetheless somewhat frequenc y spec ific , based  

p rimarily on the frequenc y response of the earphones (Gorga , 1999:31; 

Hood , 1998:96). A c lic k therefore, w ith its abrup t onset and  b rief dura tion, 

is better to elic it a  sync hronous neura l response, but is not very frequenc y 

spec ific  (Hood , 1998:97). The maximum energy peaks a re in the frequenc y 

reg ion between 1000 and  4000 Hz (Hood , 1998:96; Ha ll, 1992:107). The 

grea test agreement w ith pure-tone thresholds is in the 2000 to 4000 Hz 

frequenc y range. Clic k ABR’s do; however, p rovide a  gross estimate of 

hearing sensitivity and  an assessment of VIIIth nerve and  aud itory 

b ra instem pa thway integrity – a llowing the c linic ian to rule out possib le 

neurolog ic a l involvement (Arnold , 2000:454; Gorga , 1999:31; Stapells & 

Oates, 1997:248).  

 

Stapells & Oates (1997:258) c autions tha t this may be true, on average 

and  ac ross a  la rge group  of pa tients w ith hearing loss. It does not transla te 

into one being ab le to use the c lic k ABR threshold  as a  reliab le estimate of 

2000-4000 Hz threshold  for ind ividua l pa tients. These researc hers have 

demonstra ted  tha t any partic ula r c lic k ABR threshold  may represent a  

w ide range of pure-tone thresholds, making ac c ura te determina tion of 
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degree of hearing loss impossib le. This seems espec ia lly true in the c ase of 

slop ing hearing losses. 

 

The ma jor exp lana tion for the p rob lems with the c lic k ABR for threshold  

estimation lies w ith the b road -band  na ture of c lic ks, and  the resulting 

frequenc y c ontributions to the c lic k-evoked  ABR (Stapells & Oates, 

1997:261). A norma l c lic k ABR threshold  does not nec essarily imp ly norma l 

hearing. It may only imp ly an a rea  of norma l sensitivity between 1000 and  

4000 Hz (Perez-Aba lo et a l., 2001:200; Ric kards et a l., 1994:327). When a  

hearing impa irment is restric ted  to a  partic ula r frequenc y reg ion, c lic k-

evoked  ABR will often miss the loss or substantia lly underestimate the 

degree of the loss (Stapells, 2000a :15; Stapells, Gravel & Martin, 1995:361). 

This situa tion c an oc c ur w ith high frequenc y losses, low-frequenc y losses or 

impa irments c onfined  to the mid -frequenc y reg ions (e.g . ‘ c ookie-b ite’  

losses) (Stapells & Oates, 1997:261). As in behaviora l aud iometry in older 

c hild ren, narrower band  stimuli must be used  in order to ob ta in ABR 

threshold  estimated  for spec ific  frequenc y reg ions. In c ontrast to 

thresholds to c lic ks, ABR thresholds to b rief tona l stimuli p rovide more 

frequenc y spec ific  results. 

  

ii.  ABR threshold  eva lua tion using b rief tones 

 

The c lic k-evoked  ABR may be useful and  c linic a lly p rac tic a l for estimation 

of aud itory func tion in the 1000 – 4000 Hz reg ion. This might be adequate 

for hearing sc reening, but information on aud itory sensitivity ac ross the 

aud iometric  range, espec ia lly the speec h frequenc y reg ion (500 – 4000 

Hz) is essentia l for aud iolog ic a l management, suc h as for the fitting  of 

hearing a ids (Gorga  & Neely, 2002:50; Ha ll, 1992:107). The ABR to c lic ks 

a lone c an therefore not p rovide information c onc erning hearing sensitivity 
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for spec ific  frequenc ies (Gorga , 1999:31; Stapells, Gravel & Martin, 

1995:361). Stapells, Gravel and  Martin (1995:361) a lso sta te tha t hearing 

loss restric ted  to partic ula r frequenc y reg ions may be underestimated  or 

missed  entirely by the c lic k-ABR threshold . It is therefore not possib le to 

c harac terize the shape of the hearing loss from c lic k-evoked  ABR a lone 

even with c onsidera tion of the la tenc y/ intensity func tion (Sininger & Cone-

Wesson, 2002:303). An estimation of low frequenc y hearing sta tus is 

espec ia lly desirab le in order to estimate aud itory func tion ac ross the 

aud iometric  range (Ha ll, 1992:107). Severa l types of stimuli and  rec ord ing 

methods have therefore been p roposed  to p rovide information for 

narrower frequenc y reg ions, suc h as tone bursts, filtered  c lic ks, tone bursts 

and  c lic ks mixed  w ith va rious types of noise, and  high-pass masking of 

c lic ks (Hood , 1998:98). These tec hniques a ll have advantages and  

lim ita tions. Tone burst stimuli a re now widely ava ilab le on c ommerc ia l ABR 

instrumenta tion, and  a re therefore the most c ommonly used  type of 

frequenc y spec ific  stimuli in ABR testing (Hood , 1998:98; Stapells & Oates, 

1997:258). 

 

In a ttempting to approximate the behaviora l pure tone aud iogram, it has 

bec ome fa irly c ommon to inc lude b rief-dura tion tona l stimuli as part of 

the test p rotoc ol in order to estimate the aud iogram of young infants 

(Sininger & Cone-Wesson, 2002:303; Stapells, 2002:11; Hood , 1998:96; Ha ll & 

Mueller, 1997:360).  This type of stimulus is the result of an a ttempt to find  

the “ best c ompromise”  tha t would  maximize frequenc y spec ific ity and  

neura l sync hrony (Hood , 1998:98). These stimuli have narrower frequenc y 

spec tra  than c lic ks but a re substantia lly b roader than the pure tone stimuli 

used  for c onventiona l aud iometry, bec ause of the b rief rise/ fa ll time (Ha ll, 

1992:108).  
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Brief tone bursts have their c onc entra tion of energy a t a  nomina l 

frequenc y of the tone (p redominant energy peak) and  sidebands of 

energy a t lower and  higher frequenc ies (Arnold , 2000:459; Oates & 

Stapells, 1998:62). The spread  of stimulus energy to frequenc ies other than 

the nomina l frequenc y is known as spec tra l sp la tter. Bec ause the 

sidebands a re less intense than the peak of energy, the frequenc y spread  

is more of a  p rob lem a t high levels of stimula tion (Arnold , 2000:459). The 

degree of spec tra l sp la tter is a lso influenc ed  by severa l parameters of the 

stimuli, inc lud ing rise time, dura tion, tempora l shap ing and  type of 

transduc er used  (Oates & Stapells, 1998:62). 

 

Various ramp ing or envelope shap ing tec hniques suc h as Blac kman 

ramp ing have been imp lemented  as a  way to improve frequenc y 

spec ific ity of toneburst stimuli. At high stimulus intensities, stimula tion c an 

however still sp read  to ad jac ent frequenc y a reas in persons w ith better 

hearing, due to basila r membrane mec hanic s (Arnold , 2000:459). An 

a lterna tive way to ensure frequenc y spec ific ity is to c ombine d ifferent 

masking methods w ith the stimuli (Gorga , 1999:29). The notc hed  noise is 

c urrently the most c linic a lly used  masking tec hnique (Arnold , 2000:459). 

Notc hed  noise is simila r to w ide band  noise, c onta ining energy ac ross the 

frequenc y spec trum, exc ep t w ithin a  c erta in narrow range of frequenc ies 

(the notc h). The frequenc y, a t whic h the notc h oc c urs, c orresponds to the 

frequenc y of the tone burst. Thus, the side bands of energy p resent in the 

tone burst a re masked  out, restric ting the a rea  of stimula tion to the 

nomina l frequenc y of the tone burst. This ensures tha t the ABR is 

genera ted  by neurons sensitive only to the test frequenc y (Arnold , 

2000:459; Gorga , 1999:36; Oates & Stapells, 1998:62).  

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006 



 42 

Gorga  (1999:40) c onc luded  in his researc h, tha t ac c ura te estimates of 

thresholds a re possib le for a  w ide range of frequenc ies, using tone burst 

stimuli. Reasonab ly ac c ura te estimates of the pure tone behaviora l 

aud iogram from 500 Hz – 4000 Hz c an be p rovided . Although a  rec ent 

meta -ana lysis of the tone burst ABR litera ture by Stapells (2000b:74) has 

shown tha t ac ross stud ies, tone-ABR thresholds have been found  to be 

between 10 and  20 dBnHL in norma l hearing ind ividua ls and  a re genera lly 

w ithin 15 dB of behaviora l threshold  for hearing impa ired  ind ividua ls, some 

stud ies have questioned  the frequenc y spec ific ity and  reliab ility of 

threshold  estimation w ith low frequenc y tone- evoked  ABR (Vander Werff 

et a l., 2002:228; Dimitrijevic  et a l., 2002:206). The c redenc e is tha t the ABR 

to 500 Hz tona l stimuli is primarily genera ted  from the basa l end  of the 

c oc hlea , espec ia lly to higher-intensity stimuli, and  thus these thresholds 

a re poor p red ic tors of low-frequenc y behaviora l thresholds (Stapells & 

Oates, 1997:261).  

 

Furthermore, ABR to both c lic k and  tone burst stimuli does not appear to 

be ab le to d istinguish severe-to-p rofound  hearing losses  in the range of 85 

to 95 dB HL from those in the more p rofound  ranges of 100 to 120 dB HL 

(Stapells, 2000a :24). The possib ility of residua l hearing a t these p rofound  

levels c an therefore not be investiga ted  through the use of ABR (Arnold , 

2000:454; Ranc e, 1998:506). Another lim ita tion of the ABR is the sub jec tive 

na ture of interp reting the results (Oates & Stapells, 1998:67; Bac hmann & 

Ha ll, 1998:42). Interp reting ABR waves – espec ia lly to low frequenc y tone 

burst stimuli - is p rob lematic . Interp reta tion of these results requires 

experienc e and  expertise (Stapells, 2000a :13). These tec hniques may a lso 

be time c onsuming (Dimitrijevic  et a l., 2002:206). 
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In c arrying out c linic a l ABR tests on infants and  young c hild ren, c linic ians 

usua lly p roc eed  with an expec ta tion tha t the pa tient w ill wake up  a t any 

moment (Stapells, 2002:26). The a im in ped ia tric  aud iology is therefore to 

ga in as muc h information as possib le in the time ava ilab le. ABR test 

p rotoc ols, therefore a im to ga ther frequenc y-spec ific  threshold  

information in the shortest possib le time (Stapells, 2000a :26; Arnold , 

2000:460). The dura tion of an ABR test session for infants and  young 

c hild ren is determined  by the amount of time they w ill rema in asleep  

(Stapells, 2002:16). It is therefore essentia l to use a  test p rotoc ol tha t is fast, 

effic ient, and  one tha t p rovides the grea test inc rease in c linic a l 

information w ith eac h suc c essive step  (Stapells, 2002:14). Although the 

c lic k ABR provides important information about aud itory func tion, it does 

not p rovide suffic ient information to understand  aud itory func tion ac ross 

the frequenc y range (Gorga , 1999:40). With low frequenc y information, 

p rovided  through tone burst ABR, aud itory func tion c an be defined  w ith 

grea ter p rec ision. Ac quisition of the high frequenc y information p rovided  

by the c lic k ABR or 2000 Hz tone burst, in c ombina tion w ith low frequenc y 

information p rovided  by the tone burst ABR, is nec essary to define the 

c onfigura tion of the hearing loss (Arnold , 2000:461). This information is 

essentia l in the development of a  hab ilita tive p rogram, inc lud ing the use 

of persona l amp lific a tion (Gorga , 1999:40). 

 

2.3.1.3 The ABR in ped ia tric  hearing a id  fittings 

 

Without the information from behaviora l eva lua tions, it is d iffic ult to assess 

the performanc e of hearing a ids – even when the theoretic a l 

amp lific a tion spec ific a tions a re known (Garnham, Cope, Durst, 

Mc Cormic k & Mason, 2000:267). Using elec trophysiolog ic a l measures to 

assist in the hearing a id  fitting  in infants is not a  new idea . Ac c ord ing to 
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Mahoney (1985:351) a ltered  aud itory evoked  potentia ls were measured  

by Rap in and  Graziani in 1967 under amp lific a tion. This p roc edure 

involved  the ad justment of the hearing a id  until the la tenc y of wave V of 

the ABR dec reased  to w ithin norma l lim its (Pic ton et a l., 1998:315). 

 

Some stud ies have used  the ABR threshold  method . Ac c ord ing to 

Mahoney (1985:357), Mokotoff and  Krebs (1976) ob ta ined  una ided  and  

a ided  ABR thresholds, aud iometric  thresholds and  elec troac oustic  

measures on c oopera tive adult hearing a id  users and  found  favorab le 

c orrela tions between these p roc edures. Other stud ies (Cox & Metz, 1980; 

Hec ox, 1983) mentioned  in Mahoney (1985:359), suggested  the use of ABR 

wave V absolute la tenc y and / or L-I slope to p red ic t appropria te hearing 

a id  spec ific a tions. The basic  p remises were tha t norma l wave V la tenc ies 

require an intac t aud itory system up  to the neura l genera tor, tha t norma l 

L-I slope suggests norma l dynamic  loudness func tion and  tha t speec h 

intellig ib ility and  ABR la tenc y a re c orrela ted . It followed  tha t if a  hearing 

a id  c an be ad justed  in ga in, output, and  c ompression c harac teristic s to 

genera te as norma l an ABR as possib le in a  pa tholog ic a l ear, the 

p roc edure had  merit as a  tool for the eva lua tion of amp lific a tion. Another 

ABR Hearing Aid  Eva lua tion method  was employed  by Kiessling (1982) 

(Mahoney, 1985:361). An una ided  ABR projec tion system based  on norma l 

and  patholog ic a l amp litude growth, to p resc ribe appropria te hearing a id  

ga in, c ompression ra tio and  c ompression onset was used . 

 

More rec ently Garnham et a l. (2000:267) used  the ABR as an ob jec tive 

measure to verify the a ided  hearing thresholds in a  group  of c hild ren. 

Ob jec tive da ta  were c ollec ted  from the ABR and  behaviora l thresholds 

were measured  by use of age appropria te tests. When c omparing the 

una ided  ABR c lic k thresholds to behaviora l thresholds, the ABR threshold  
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was on average 9 dB lower. Using the same c omparison for a ided  

responses, a  d ifferenc e of <5 dB was observed .  This group  of researc hers 

c onc luded  tha t a ided  ABR thresholds a re va luab le in the management of 

young c hild ren. However, when performing these measurements, it is 

essentia l to be aware of the lim ita tions of the hearing a id  and  the stimulus. 

  

Although Mahoney (1985:356) illustra ted  the feasib ility of using ABR for 

func tiona l ga in measurements, the w idespread  use of this tec hnique d id  

not oc c ur. This p roc edure is tec hnic a lly c ha lleng ing due to four ma in 

c onc erns. First, the c lic k stimulus is very b rief and  c an be signific antly 

d istorted  both in the sound  field  speaker and  in the hearing a id . The 

resultant stimulus a rtifac ts may obsc ure interp reta tion of the responses 

(Garnham et a l., 2000:268). Sec ond , the most signific ant lim ita tion 

c onc erning this tec hnique stems from the fac t tha t hearing a ids reac t 

d ifferently to rap id ly c hanging stimuli than to more c ontinuous stimuli 

whic h leads to d istortion of the stimulus (Mahoney, 1985:368). Third , the 

c lic k ABR is ma inly rela ted  to high frequenc y ga in and  c orrela tion 

between wave V la tenc y and  loudness is low, partic ula rly when there is a  

slop ing hearing loss (Pic ton et a l., 1998:316). Fourth, the b rief stimuli tha t 

a re op tima l for ABR rec ord ings may not ac tiva te the hearing instrument’ s 

c ompression c irc uitry in the same way as longer-dura tion speec h sounds 

(Brown, Klein & Snydee, 1999:196) and  may be trea ted  as ‘noise’  by 

hearing instruments w ith speec h detec tion a lgorithms (Alc antra , Moore, 

Kuhnel & Launer, 2003:40). For these reasons a ttempts to use the ABR to 

eva lua te hearing instruments have la rgely been abandoned  (Purdy, 

Ka tsc h, Dillon, Storey, Sharma & Agung, 2005:116). 
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2.3.1.4 Summary of the ABR app lic a tion in ped ia tric  aud iology 

 

As a  c onc lusion to this c ritic a l eva lua tion of the ABR, Tab le 2.2 summarizes 

the advantages and  lim ita tions of the ABR. 

 

Table 2.2 Advantages and limitations of the ABR  

Advantages Limitations 

Diagnosis 

• A noninvasive, sa fe app roac h 

• Stab le response – resistant to sta te of 

c onsc iousness 

• Charac teristic s simila r between peop le 

– easy to identify response – even in 

infants 

• Rec ordab le – c lose to behaviora l 

thresholds 

• Tone burst stimuli c an be used  to 

p rovide more frequenc y-spec ific  

informa tion 

 

 

• Clic k ABR p rovides genera l assessment 

of high frequenc ies 

• No d istinc tion between severe and  

p rofound  losses 

• Stimuli c onta in energy over range of 

frequenc ies and  may evoke a  response 

a t any of these 

• Time-c onsuming 

• Sub jec tive interp reta tion of results 

 

Validation Process 

• Potentia l to p rovide ob jec tive 

informa tion c onc erning  hea ring  a id  

func tiona l benefit 

 

 

• Clic k stimuli is very b rief and  d istorts in 

speaker and / or hea ring  a id   

• Hearing  a ids reac t d ifferently to rap id ly 

c hang ing  stimuli 

• Clic k ABR is ma inly rela ted  to high 

frequenc y ga in and  c orrela tion 

between wave V la tenc y and  loudness 

is low 

• Compression c irc uitry ac tiva ted  

d ifferently from speec h stimuli 
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One tec hnique tha t has demonstra ted  p romise in add ressing the 

lim ita tions of the ABR in va lida ting hearing a id  fittings in infants is the 

Aud itory Steady Sta te Response (ASSR). This p roc edure a lso demonstra tes 

p romise in add ressing some of the ABR limita tions in assessing hearing 

ab ilities in the d iffic ult-to-test popula tion (Swanepoel, Hugo & Roode, 

2004:531).   

 

2.3.2  Perspectives on the Auditory Steady State Response  

 

In the past two dec ades, an evoked  potentia l pa rtic ula rly suited  to 

frequenc y-spec ific  measurement, c ommonly referred  to as the Aud itory 

Steady Sta te Response (ASSR) or Steady Sta te Evoked  Potentia l (SSEP), has 

been under c lose sc rutiny for c linic a l app lic a tion (Perez-Aba lo et a l., 

2001:200).  

 

2.3.2.1 Definition and  Development of Aud itory Steady Sta te 

Response 

 

The ASSR are period ic  sc a lp  potentia ls tha t a rise in response to regula rly 

va rying stimuli suc h as sinusoida l amp litude and / or frequenc y modula ted  

tone (Ranc e, Dowell, Ric kards, Beer & Cla rk, 1998:49). It yields a  waveform 

c losely following the time c ourse of the stimulus modula tion and  a  

response spec ific  to the frequenc y of the c arrier. By varying the intensity of 

the elic iting  stimulus a  threshold  response c an be measured  (Jerger, 1998: 

ed itoria l). 

 

The p rinc ip le underlying the ASSR is based  on the following c oc hlear 

mec hanic s as outlined  by Lins, Pic ton, Bouc her, Durieux-Smith, 

Champagne, Moran, Perez-Aba lo, Martin and  Savio (1996:84) and  
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illustra ted  by Figure 2.1: Sound  waves p roduc e an effec t of pola riza tion 

and  depola riza tion of the inner ha ir c ells. Only the depola riza tion of inner 

ha ir c ells c auses aud itory nerve fibers to transmit ac tion potentia ls. The 

elec tric a l ac tion potentia l output of the c oc hlea  therefore c onta ins a  

rec tified  version of the ac oustic  stimuli. This rec tific a tion c auses the output 

of the c oc hlea  to have a  spec tra l c omponent a t the frequenc y a t whic h 

the c arrier was modula ted . This c omponent, whic h is not p resent in the 

spec trum of the stimuli, c an be used  to assess the response of the c oc hlea  

to the frequenc y of the c arrier tone. 

 

 
Figure 2.1 Principles underlying the ASSR (from Pic ton, 2005: c onferenc e p resenta tion) 

 

The stimuli used  to evoke the ASSR are a  modula ted  tone in the standard  

aud iometric  range (Cone-Wesson, 2003:267). The tone c an be amplitude 

(AM) or frequenc y (FM) modula ted ; or both amp litude and  frequenc y 

modula ted . The stimuli c onsists of a  c a rrier frequenc y (CF) (test 

frequenc y), modula ted  over time in the amp litude domain a t a  frequenc y 

of modula tion (MF) (Perez-Aba lo, et a l., 2001:201). Figure 2.2 demonstra tes 

the modula tion of a  pure tone. 
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Figure 2.2 A single tone and a modulated tone (from Sw anepoel, Sc hmulian & Hugo, 

2002:51). 

 

Ac c ord ing to Dimitrijevic  et a l. (2002:206), ASSR’s were first suggested  as 

an ob jec tive means to assess hearing by Ga lambos and  c olleagues in 

1981.  These researc hers used  modula tion frequenc ies between 35 and  55 

Hz to assess hearing threshold . They subsequently showed  tha t the 40-Hz 

steady-sta te response was easy to identify a t intensities just above 

behaviora l thresholds. However, some lim ita tions for ob jec tive aud iometry 

a re p resent w ith the 40-Hz steady-sta te response suc h as: (1) The response 

is unreliab le in estimating thresholds in infants and  young c hild ren 

(Herdman & Stapells, 2001:41); (2) The response d iminishes when sub jec ts 

a re asleep  or seda ted  (Dimitrijevic , 2002:206 & Ranc e, 1995:500); (3) 

Response amplitude d iminishes when severa l stimuli a re p resented  

simultaneously (John, 1998:59). 

 

Rec ent work has therefore foc used  on a lterna tive ra tes of stimula tion for 

aud iometric  purposes. Some researc hers have found  tha t responses a re 

rec orded  c onsistently – during sleep , and  a t low sound  p ressure levels - in 

a ll sub jec ts (inc lud ing infants) when a  modula tion ra te of above 70 Hz is 

used  (Stapells & Herdmann 2001:41; Lins et a l., 1996:82; Ranc e et a l., 

1995:500; Ric kards et a l., 1994:327). Therefore the ASSR elic ited  by c arrier 

frequenc ies w ith higher modula tion ra tes have been p roposed  as an 

a lterna tive to ob jec tive frequenc y spec ific  aud iometry (Perez-Aba lo et a l., 

2001:200). The c arrier sine wave is the frequenc y being tested  and  c an be 
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p resented  a t any low or high frequenc y tone as in pure tone testing 

(Swanepoel, Sc hmulian & Hugo, 2002:51). These modula ted  tones a re as 

frequenc y spec ific  as pure tones bec ause spec tra l energy is c onta ined  

only a t the frequenc y of the c arrier tone and  the frequenc y of modula tion 

(Cone-Wesson & Sininger, 2002:311; Hood , 1998:117). 

 

Stud ies investiga ting the neura l sourc es of the ASSR ind ic a te they orig ina te 

p rimarily from bra instem struc tures (Stapells, 2005:44; Kuwada et a l., 

2002:202) but this depends on the ra te of modula tion and  sub jec t sta te 

(Cone-Wesson, 2003:267). Although not yet c onfirmed , it is possib le tha t 

the ASSR are ABR wave V to rap id ly p resented  stimuli (Stapells, 2005:44). 

The ASSR is genera ted  when the c arrier frequenc y (test frequenc y) is 

p resented  a t a  ra te (modula tion frequenc y) tha t is suffic ient to c ause an 

overlapp ing of transient responses, thus being a  susta ined  response 

(Swanepoel, Sc hmulian & Hugo, 2002:51). A c arrier frequenc y stimulus 

triggers a  spec ific  reg ion of the basila r membrane, ac tiva ting ha ir c ells in 

the c oc hlea  in the reg ion tha t c orresponds p rimarily to the tone 

frequenc y. As the resulting neura l ac tivity travels a long the aud itory 

pa thway, EEG ac tivity ‘ sync hronizes w ith’  or ‘ follows’  the amp litude 

modula tion frequenc y  (Lins et a l., 1996:85). This means tha t the c arrier 

frequenc y stimula tes the c oc hlea  w ith poc kets of energy a t the ra te of 

the modula tion frequenc y (Swanepoel, Sc hmulian & Hugo, 2002:51). The 

energy in the resultant response is a t the frequenc y of modula tion and  its 

harmonic s, a llowing ana lysis of the response in the frequenc y domain 

(Herdman & Stapells, 2001:41).  

 

The ASSR is rec orded  in a  time-domain and  must be c onverted  to a  

frequenc y-domain by a  Fast Fourier Transform (FFT) for ana lysis (Lins, 

1996:85).  In the frequenc y domain, the response to the c arrier frequenc y 
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c an be assessed  by the amp litude and  phase of the FFT c omponent 

c orrespond ing to the frequenc y of modula tion of the c arrier (Swanepoel, 

Sc hmulian & Hugo, 2002:51). Combining responses whilst ma inta ining both 

phase and  amplitude information ob ta in an average response (Perez-

Aba lo et a l., 2001:201). Figure 2.3 illustra tes this p roc edure. 

 

Figure 2.3 Recording the ASSR (from Sw anepoel, Sc hmulian & Hugo, 2002:52).  

 

i. Sing le stimuli vs. multip le stimuli ASSR 

 

The ASSR c an be evoked  using a  sing le frequenc y stimulus (Ranc e et a l., 

1995:501) or the ASSR c an be evoked  using multip le-frequenc y stimuli 

p resented  simultaneously (Lins et a l., 1996:81). With the la tter tec hnique, it 

is possib le to p resent multip le amp litude-modula ted  CF’s simultaneously 

and  perform a  separa te ana lysis for eac h MF used  in the c omplex stimulus 
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(Sininger & Cone-Wesson, 2002:313). Lins and  Pic ton (1995:420) showed  

tha t it is possib le to p resent up  to four CF’s in ears, using 500, 1000, 2000 

and  4000 Hz w ith eight d ifferent MF’s. The MF’s vary for eac h ear and  CF. 

When supra threshold  level (60 dB SPL) stimuli were used , there were no 

d ifferenc e in response amplitude for the sing le-tone-a lone c ond ition, four 

stimuli c ombined  in one ear, or four stimuli c ombined  in two ears (Cone-

Wesson, 2003:271; Sininger & Cone-Wesson, 2002:313). On average, an 18 

dB d ifferenc e between behaviora l thresholds for the sing le tones and  the 

ASSR thresholds was found  when two CF’s were p resented  simultaneously. 

The ma jor advantage of this tec hnique is tha t by simultaneously 

p resenting multip le stimuli, (e.g . four stimuli in eac h ear for a  tota l of eight), 

multip le responses c an be rec orded  during the time norma lly required  to 

rec ord  one (John et a l., 2002:247; Dimitrijevic  et a l., 2000:207). Figure 2.4 

illustra tes the multi frequenc y ASSR. 

 

 

 

 

Figure 2.4 Multiple ASSR (From Stapells, 2004: c onferenc e p resenta tion). 
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 2.3.2.2 Threshold  determina tion 

 

The p resenc e or absenc e of a  response is determined  automatic a lly and  

ob jec tively, using detec tion p rotoc ols tha t c ompare the response to the 

bac kground  EEG ac tivity (Pic ton, 2002:65; Ranc e, 1995:501). Automatic  

response detec tion p rotoc ols rely on c omputer a lgorithms whic h a re 

app lied  to the rec orded  EEG signa l to ana lyze the magnitude and  phase 

of EEG ac tivity c orrespond ing to the modula tion frequenc y of the tone 

and  to determine the p resenc e or absenc e of an ASSR (Cone-Wesson & 

Sininger, 2002:317).  

 

Samples of EEG ac tivity a re rec orded  and  ana lyzed  as the c ontinuous 

modula ted  tone is p resented . In eac h EEG sample, the magnitude and  

phase of the EEG ac tivity c orrespond ing to the tone modula tion 

frequenc y is quantified  (Cone-Wesson & Sininger, 2002:317). The peaks in 

the resulting spec trum, and  the amp litude and  phase of the spec tra l 

peak, c an be measured  for phase c oherenc e (PC). The phase of the 

ma jor peak c an be p lotted  on pola r c oord ina tes.  The sine and  c osine of 

the ang les formed  by eac h phase vec tor a re c a lc ula ted . PC va lues vary 

from 0.0 to 1.0 (Cone-Wesson & Sininger, 2002:317). When the sample 

phases a re in phase w ith one another, there is a  high c oherenc e, and  the 

va lue w ill be c loser to 1.0. When the sample phases a re random, there is 

low c oherenc e and  va lues a re c loser to 0. Usua lly when a  signific ant level 

of p  < 0, 05 is ob ta ined , the nil hypothesis is rejec ted , the samples c an be 

c onsidered  phase loc ked  or c oherent, and  an evoked  response is 

determined  to be p resent. Figure 2.5 shows a  pola r p lot of phase 

c oherenc e. 
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Figure 2.5 Polar Plot to Phase Coherence (from Sininger & Cone-Wesson, 2002) 

 

By rec ord ing responses a t desc end ing intensities, a  threshold  or minimum 

response level c an be ob ta ined  a t the lowest intensity elic iting  a  response 

(Swanepoel et a l, 2002:51). 

 

2.3.2.3 Current Clinic a l App lic a tion of the ASSR in Infants 

 

The ma jor goa l of evoked  potentia l aud iometry in infants is to p red ic t or to 

estimate an infant’ s behaviora l aud iogram from evoked  potentia l da ta  – 

w ithout any response from the pa tient or sub jec tive interp reta tions of the 

results by a  c linic ian (Dimitrijev et a l., 2002:206; Goldstein & Ald ric h, 

1999:109). Furthermore it is important to seek a  p roc edure tha t may g ive 

the most information w ith regard  to frequenc y range, signa l magnitude 

range, response reliab ility, c lear c riteria  for estab lishing threshold  and  

va lid ity in terms of the pa tient’ s ac tua l aud itory sensitivity. In the past two 

dec ades, ASSR tec hniques have bec ome ava ilab le as an op tion for 

ob jec tive hearing testing (Ranc e et a l., 1998:499). Severa l researc hers 
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found  the ASSR to be a  reliab le method  to ob ta in frequenc y spec ific  

estimates of behaviora l pure tone thresholds in adults and  older c hild ren 

(Dimitrijevic  et a l., 2002:205; Herdman & Stapells, 2001:41; Lins et a l.; 

1996:81 and  Ranc e et a l., 1995:499). Ric kards et a l. (1994:327) d id  researc h 

on the app lic a tion of ASSR on well bab ies and  other researc hers d id  

retrospec tive stud ies on the app lic a tion of ASSR on infants (Vander Werff 

et a l., 2002:227; Cone-Wesson et a l., 2002:173) – c omparing the ABR results 

w ith ASSR results. The c linic a l app lic a tion of the ASSR will now be d isc ussed  

– looking a t three aspec ts, namely detection, diagnosis and  hearing aid 

fitting in infants. 

 

i. Detec tion 

 

‘ It is a lmost axiomatic  in the field  of aud iology tha t early detec tion and  

early intervention will yield  a  better func tioning hearing impa ired  c hild ’  

(Luterman, 1999:35). Over the past thirty years, severa l d ifferent 

p roc edures for sc reening newborns, inc lud ing c ard iac  response, 

resp ira tion aud iometry, or a ltera tion of suc king and  sta rtle responses have 

been used , investiga ted  and  found  wanting (Luterman, 1999:37). Severa l 

methods of imp lementa tion of the high risk reg ister approac h have been 

used  in the USA.  It seems to identify about ha lf of newborns w ith hearing 

loss (Northern & Hayes, 1997:21). Rec ently the ABR has been automated  

and  the EOAE has been developed . Both these p roc edures c an be 

rap id ly administered , thus making universa l sc reening for hearing 

impa irment feasib le (Luterman, 1999:39). 

 

ASSR’s may have an advantage over the ABR and  EOAE’s in newborn 

sc reening (Sininger & Cone-Wesson, 2002:318). EOAE’s a re thought to 

have an advantage over the c lic k-evoked  ABR, bec ause it is more 
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“ frequenc y-spec ific ” . EOAE’s appear to ind ic a te c oc hlear integrity for a t 

least the 1000 – 4000 Hz hearing range (Sininger & Cone-Wesson, 

2002:318), however, EOAE’s do not test neura l func tion and  c annot 

p red ic t hearing threshold  (Ha ll, 2000:26). The AABR on the other hand , only 

uses c lic k stimuli, lim iting estimation of hearing loss in d ifferent frequenc y 

ranges (Stapells, Gravel & Martin, 1995:361). 

 

ASSR tests op timized  for sc reening may overc ome both the frequenc y 

lim ita tions of c lic k AABR and  the site-of–lesion lim ita tions of EOAE. Sinc e 

ASSR tests use tona l stimuli, the evoked  potentia l c an be effic iently 

detec ted  w ith well-doc umented  a lgorithms, and  ac c ura te threshold  

estimates c an be ob ta ined  (Sininger & Cone-Wesson, 2002:318; Ric kards, 

1994:327). The Ric kards group  rec orded  ASSR’s from 337 norma l full-term 

sleep ing newborns to c ombined  amplitude and  frequenc y modula ted  

tones. Responses were found  most easily and  c onsistently, rec orded  a t 

c a rrier frequenc ies of 500 Hz, 1500 Hz and  4000 Hz w ith modula tion 

frequenc ies between 60 Hz and  100 Hz. In this modula tion frequenc y 

range, the response la tenc ies were between 11 ms and  15 ms and  the 

mean response threshold  for the three c arrier frequenc ies were found  to 

be 41.36 dB HL, 24.41 dB HL and  34.51 db  HL respec tively. These 

researc hers suggested  tha t the ASSR may be useful for frequenc y-spec ific  

automated  sc reening in newborns when modula tion ra tes exc eeded  60 

Hz. Cone-Wesson et a l. (2002:276) used  estab lished  tools (AABR and  

EOAE’s) as the gold  standard  aga inst whic h an ASSR sc reening p rotoc ol 

was c ompared . It was found  tha t a  three-frequenc y sc reening test (1000, 

2000 and  4000 Hz) p rotoc ol c ould  be c ompleted  w ithin two minutes for 

eac h ear. Although the ASSR would  seem to be an idea l sc reening tool, 

appropria te sc reening performanc e da ta  (i.e., sensitivity and  spec ific ity) 
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in appropria te c linic a l samples w ill be needed  before possib le 

imp lementa tion (Stapells, 2005:56). 

 

Aud iogram estimation is c learly the most important c linic a l app lic a tion of 

the ASSR a t this time. The following sec tion w ill foc us on the d iagnosis of 

hearing loss in infants 

 

ii. Diagnosis 

 

Various experiments have demonstra ted  tha t the ASSR c an be reliab ly 

rec orded  a t intensities near behaviora l thresholds in seda ted  and  sleep ing 

adults (Dimitrijevic  et a l., 2002:205; Herdman & Stapells, 2001:41; Lins et a l., 

1996:81). Lins et a l. (1996:81) used  a  test time of 3.2 to 12.8 minutes for 

eac h rec ord ing and  found  evoked  response thresholds tha t were 

approximately 11 to 14 dB above behaviora l thresholds in the frequenc y 

range of 500 – 4000 Hz. ASSR thresholds appear to approac h behaviora l 

thresholds more c losely w ith hearing losses of approximately 60 dB HL or 

higher. Ranc e et a l. (1995:500) rec orded  ASSR thresholds w ithin 11 to 20 dB 

of the behaviora l thresholds in a  range 1 to 4 kHz and  approximately 11 to 

40 dB a t 500 Hz in sub jec ts w ith a  hearing loss of 60 dB or more. In sub jec ts 

w ith hearing losses below 60 dB HL, ASSR thresholds were found  over a  

w ider range.  

 

Severa l investiga tors ob ta ined  ASSR thresholds from infants who were not 

a t risk for hearing loss. There were some d ifferenc es in age of the infants 

between the stud ies – Ric kards et a l. (1994:327) tested  infants younger 

than 7 days. This group  of investiga tors found  ASSR thresholds from 32 dB 

SPL (1500 Hz) to 53 dB SPL (500 Hz). Lins et a l. (1996:81) tested  the age 

range of 1 to 10 months and  found  thresholds from 26 dB SPL (2000 Hz) to 
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58 dB SPL (500 Hz). Cone-Wesson et a l. (2002:260) tested  a t a  mean age of 

11.5 months and  had  simila r results: thresholds varied  from 29 dB SPL (2000 

Hz) to 45 dB SPL (500 Hz).  The ASSR evoked  responses offers definite 

advantages over tec hniques tha t require short dura tion stimuli (Ranc e et 

a l., 1998:49). The ASSR is evoked  by frequenc y-spec ific  stimuli (Cone-

Wesson, 2003:267 & Hood , 1998:117). This is bec ause the steady sta te 

stimuli a re c ontinuous tones tha t do not suffer the spec tra l d istortion 

p rob lems assoc ia ted  w ith b rief tone bursts and  c lic ks (Ranc e et a l., 

1998:49). This spec ific ity a llows testing ac ross the aud iometric  range and  

the genera tion of evoked  potentia l aud iograms, whic h in sub jec ts w ith 

hearing loss, c an reflec t the c onfigura tion of the loss ac c ura tely (Ranc e et 

a l., 1995:500). 

 

Ranc e et a l. (2005:297) and  Ranc e et a l. (1998:506) demonstra ted  the 

advantages of using the ASSR to determine residua l hearing thresholds for 

those infants and  c hild ren from whom a  c lic k ABR c ould  not be evoked  

(a t 100 dBnHL). In the 1998 study, c ompleted  by Ranc e et a l., ASSR’s were 

ob ta ined  using CF’s of 250-4000 Hz w ith MF’s of 90 Hz. The average 

d isc repanc y between ASSR and  behaviora l threshold  ranged  only 3 to 6 

dB with la rger d isc repanc ies found  a t 250 and  500 Hz. ASSR thresholds 

were w ithin 20 dB of pure tone thresholds for 99% of the c omparisons and  

10 dB or less for 82% of the c omparisons. Ranc e et a l. (2005:297) 

demonstra ted  results c onsistent w ith the p revious study. Overa ll, the 

find ings showed  a  strong c orrela tion between ASSR threshold  and  

behaviora l hearing threshold  levels. Pearson r c orrela tion c oeffic ient 

va lues ranged  from 0.96 to 0.98 ac ross the test frequenc ies in sub jec ts w ith 

hearing loss. These find ings demonstra ted  the effic ac y of ASSR’s for 

estimating the aud iogram in infants and  c hild ren who c an benefit from 

amplific a tion of their residua l hearing (Sininger & Cone-Wesson, 2002:316). 
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The determina tion of a ir-c onduc tion (AC) and  bone-c onduc tion (BC) 

thresholds is a  ma instay of c linic a l aud iology (Cone-Wesson, Ric kards, 

Poulis, Parker, Tan & Polla rd , 2002:271). It is therefore important to 

determine the c onduc tive c omponent to an infant’ s hearing loss (Jeng, 

Brown, Johnson & Vander Werff, 2004:68), partic ula r in infants and  young 

c hild ren, who have a  high inc idenc e of midd le ear d isorders, c ausing 

c onduc tive hearing loss (Cone-Wesson et a l., 2002:271). The ASSR c an be 

p resented  using both AC and  BC transduc ers (Pic ton & John, 2004:542).  

Jeng et a l. (2004;68) and  Cone-Wesson et a l. (2002:271) have shown a  

strong c orrela tion between tha t of the ASSR bone c onduc tion gap  and  

aud iometric  estimates of a ir bone gap . Using the ASSR in this manner 

p rovides add itiona l information about the na ture of the hearing loss. 

 

A further advantage of the ASSR, important for the app lic a tion in infants, 

as c ited  by Ranc e (1995:506), is the speed  in whic h a  response c an be 

detec ted . Responses c ould  be detec ted  w ithin 20 – 90s a fter onset of the 

stimulus. Van der Reijden, Mens & Snik (2005:300) c onc luded  in their 

summary of test time in the infant popula tion tha t it approximately took 

between 3.2 to 12.8 minutes per ear, if four c a rrier frequenc ies were 

tested .  This fast test time reduc es the need  to have the infant asleep  or 

under seda tion for long periods of time. As a  result, the c linic ian is more 

likely to ob ta in a ll the information tha t is required  before the sub jec t 

awakens, and  w ithin one testing period  (John et a l., 2004:551; Ranc e et 

a l., 1995:506). 

 

A d istinguishing and  advantageous fea ture of the ASSR tec hnique is tha t 

ob jec tive detec tion a lgorithms ra ther than visua l detec tion methods a re 

a lways used  to determine p resenc e or absenc e of a  response (Sininger & 

Cone-Wesson, 2002:316; Lins et a l., 1996:82). This is a  partic ula r advantage 
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for tec hniques c la iming to be “ ob jec tive”  in na ture as ac c ura te 

information w ith regards to the c onfigura tion of the hearing loss is 

nec essary to develop  a  hab ilita tion p rogram, suc h as the use of 

amp lific a tion.  

 

iii. The ASSR in ped ia tric  hearing a id  fittings 

 

Another app lic a tion of the ASSR is when rehab ilita tion has sta rted  and  

hearing a ids have been fitted  ac c ord ing to the elec trophysiolog ic  ta rgets. 

Pic ton (1998:315) and  Gloc kner in Cone-Wesson (2003:272) showed  tha t 

ASSR’s c ould  be rec orded  when stimuli were p resented  simultaneously 

through a  sound -field  speaker and  amplified  using a  hearing a id . Pic ton et 

a l. (1998:315) rec orded  responses a t c a rrier frequenc ies of 500, 1000, 2000 

and  4000 Hz in a  group  of 35 hearing-impa ired  c hild ren using hearing a ids. 

The physiolog ic  responses were rec orded  a t intensities c lose to the 

behaviora l thresholds for sounds in the a ided  c ond ition, w ith average 

d ifferenc es between the physiolog ic  and  behaviora l thresholds of 

respec tively 17, 13, 13, and  16 dB for c a rrier frequenc ies 500, 1000, 2000 

and  4000 Hz. While there were d isc repanc ies between behaviora l (a ided ) 

threshold  and  ASSR (a ided ) threshold , it appeared  to be no grea ter than 

those found  when stimuli were transduc ed  by earphones (Sininger & 

Cone-Wesson, 2002:319). Their find ings suggest tha t it would  be possib le to 

measure func tiona l ga in of hearing a ids on the basis of ASSR threshold  

p red ic tions. The Pic ton group  (1998) used  a  multip le-simultaneous stimulus 

tec hnique and  for some sub jec ts, responses were only found  a t high 

supra threshold  levels or were absent. Retest w ith sing le AM tones in these 

c ases, showed  better c orrespondenc e between pure tone and  ASSR 

threshold . This tec hnique shows grea t p romise as a  way to assess a ided  
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thresholds ob jec tively in sub jec ts who c annot reliab ly respond  to 

behaviora l testing. 

 

Although hearing loss is c ommonly assessed  using pure tone thresholds, 

the most deb ilita ting aspec t of a  hearing loss is d iffic ulty in speec h 

perc ep tion (Dimitrijevic , John & Pic ton, 2004:68). A nec essary first step  in 

the perc ep tion of a  word  is to d isc rimina te c hanges in the frequenc y and  

amplitude of a  sound . The ab ility of the b ra in to detec t c hanges in 

frequenc y and  amplitude may be assessed  by rec ord ing ASSR’s to 

modula tions in the frequenc y and  amplitude of supra -threshold  tones 

(Dimitrijevic , John & Pic ton, 2004:68). In this partic ula r study independent 

amp litude and  frequenc y (IAFM) modula tion of tones stimulus parameters 

were ad justed  to resemble the ac oustic  p roperties of everyday speec h to 

determine how well responses to these speec h-modula ted  stimuli were 

rela ted  to word  rec ognition sc ores (WRS). The c orrela tions between WRS 

and  the number of IAFM responses rec ognized  as signific antly d ifferent 

from the bac kground  were between 0.70 and  0.81 for the 40 Hz stimuli, 

between 0.73 and  0.82 for the 80 Hz stimuli, and  between 0.76 and  0.85 for 

the c ombined  assessment of 40 Hz and  80 Hz responses. They c onc luded  

their researc h, sta ting tha t IAFM responses a re signific antly c orrela ted  w ith 

WRS and  tha t it may p rovide an ob jec tive tool for examining the b ra in’ s 

ab ility to p roc ess the aud itory information needed  to perc eive speec h.  

 

2.3.2.4 Critic a l eva lua tion of the ASSR 

 

The ASSR shows p romise in add ressing some of the lim ita tions of the ABR; 

however it still needs to be va lida ted  in the c linic a l field  – espec ia lly in the 

ped ia tric  field , before it c an be rec ommended  for c linic a l use.  
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The lim ited  da tabase for infants w ith hearing loss is a  matter of grea t 

c onc ern. Ac c ord ing to Stapells (2004: c onferenc e p resenta tion), rela tively 

few stud ies a re ava ilab le. Of these stud ies the tota l sample size is not la rge 

– espec ia lly for the multip le ASSR. Of these stud ies c omparisons were 

made with the c lic k ABR, whic h is inappropria te as this measure do not 

g ive frequenc y spec ific  information. Only two stud ies c ompared  infant 

ASSR to tone evoked  ABR, but only for 500 Hz. Only a  few stud ies inc luded  

a  c omparison between the ASSR and  behaviora l threshold . All of above 

stud ies inc luded  only Air Conduc tion (AC) ASSR. No information is 

ava ilab le on Bone Conduc tion (BC) in infants w ith hearing loss or infants 

w ith c onduc tive and / or mixed  hearing losses (Stapells, 2004: c onferenc e 

p resenta tion). Limited  information is ava ilab le about infants w ith mild  or 

modera te hearing loss.  

 

Some rec ent stud ies showed  the possib ility of spurious/ a rtific ia l ASSR’s a t 

high intensity stimuli (Small & Stapells, 2004:611; Gorga  et a l., 2004:302; 

Jeng et a l, 2004:67; Pic ton & John, 2004:541). ASSR thresholds were 

measured  in sub jec ts who had  no behaviora l responses to sound  a t the 

lim its of pure-tone aud iometers. It may thus appear tha t some responses in 

infants w ith p rofound  SNHL may not be aud itory. Some of these spurious 

responses may be due to a liasing, thus a  signa l p roc essing issue and  other 

spurious responses a re likely physiolog ic  and  may be a  vestibula r response 

(Stapells, 2004: c onferenc e p resenta tion). Clinic a lly this may be of little 

c onsequenc e, as these pa tients w ill in a ll likelihood  rec eive c oc hlear 

imp lants (Gorga  et a l., 2004:302). The manufac turer was made aware of 

this p rob lem and  c orrec tion was made to the software (Persona l 

c orrespondenc e: Biolog ic  systems). 
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Although Jeng et a l. (2004:67) and  Cone-Wesson et a l. (2002:271), 

rec orded  ASSR using BC, w ith their results demonstra ting a  good  

c orrela tion between estimated  a ir-bone gap  (ABG) using pure tone 

aud iometry and  ASSR, the sub jec ts used  in these stud ies were adults and  

therefore no information on BC ASSR are ava ilab le for infants. Da ta  from 

sub jec ts w ith p rofound  hearing loss a lso demonstra ted  tha t the levels 

where stimulus a rtifac ts bec ome prob lematic , were rela tively low (Jeng et 

a l., 2004:67; Small & Stapells, 2004:611). Small & Stapells (2004:622) 

c onc luded  their study tha t a lthough ASSR’s appear to be p romising, 

bone-c onduc tion ASSR’s w ill not be ready for c linic a l use until there a re 

normative threshold  da ta  for infants of d ifferent ages. 

 

Optima l stimuli and  ana lysis is not yet determined . Ac c ord ing to Stapells 

(2004: c onferenc e p resenta tion), this, in itself, is not a  p rob lem. However, 

the sma ll c linic a l da tabase ava ilab le has used  d ifferent p rotoc ols, e.g . 

sing le vs. multip le ASSR’s, F-test ana lysis, noise c riteria , stopp ing rules, to 

name a  few. Another c onc ern is the dura tion of the stimulus when 

assessing the p rofound  SNHL as the dura tion of high-intensity stimula tion 

c ould  result in ac oustic  trauma (Stapells, 2004: c onferenc e p resenta tion). 

 

Researc h stud ies (Ranc e et a l., 2005:297; Cone-Wesson, 2002:185; 

Dimitrijevic  et a l., 2002:205; Vander Werff, 2002:227) show tha t the ASSR 

perform in the c linic a l ped ia tric  setting and  the results to the da ta  from 

these researc h stud ies a re very p romising. The c onc erns mentioned  above 

a re surmountab le and  used  in c onjunc tion w ith the ABR, the ASSR c an 

p rovide add itiona l information about the c onfigura tion and  degree of 

any existing hearing loss. Some questions still rema in: 
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The neura l genera tors of the response a re still in d ispute, partic ula rly as a  

func tion of MF. Cone-Wesson (2002:281) feels tha t this should  not lim it 

adop tion of the ASSR in the c linic  as the p rec ise sites and  struc tures 

involved  in the ABR have not been fully defined  either. The effec t of 

neuro-development and  neuro-matura tion insult on the ASSR is a  c ritic a l 

issue for investiga tion. A rela ted  issue is the definition of norma l “ threshold ”  

for the ASSR as a  func tion of age – as this is expec ted  to va ry w ith both 

matura tion of the aud itory system periphery and  the c entra l aud itory 

nervous system. 

 

ASSR’s have not yet been exp loited  for neuro-otolog ic  d iagnosis. It is likely 

tha t measures of phase c oherenc e and  a lso of la tenc y c ould  be used  to 

ind ic a te retroc oc hlear abnorma lities for supra threshold  stimuli (Sininger & 

Cone-Wesson, 2002:319). 

 

Lins & Pic ton (1995:420) investiga ted  the physiology underlying the ASSR – 

using modula tion ra tes between 150-190 Hz. Equa l c ontributions between 

the b ra instem and  c ortic a l a reas were noted  a t these higher modula tion 

ra tes. These researc hers hypothesize tha t some insight may be ga ined  into 

pa thology of the aud itory system up  to c ortic a l level. 

 

Researc h is still required  to estab lish whether sing le modula ted  tones offer 

higher frequenc y spec ific ity a t high stimula tion intensities. Gorga , Neely, 

Hoover, Dierking, Beauc ha ine and  Manning (2004:306) c autions the 

interp reta tion of high-level ASSR threshold  measurements – using the multi-

frequenc y system, as it may not p rovide information about periphera l 

hearing. Clinic a lly this may be of little c onsequenc e, as these pa tients w ith 

“ responses”  observed  a t suc h high levels w ill in a ll likelihood  rec eive 

c oc hlear imp lants. Researc h is a lso required  to estab lish whether a ided  
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thresholds c an be ob ta ined  from c oc hlear imp lant users, using an 

adap ter c ab le, to maximize usage of elec trode c onfigura tions in the 

maps (Mara is, 2003:37). 

 

2.3.2.5 Summary of the ASSR app lic a tion in ped ia tric  aud iology 

 

As a  c onc lusion to this c ritic a l eva lua tion of the ASSR, Tab le 2.3 ind ic a tes 

the advantages as well as the lim ita tions of the ASSR.  

 

Table 2.3 Advantages and limitations of the ASSR 

Advantages Limitations 

Diagnosis 

• Frequenc y spec ific  – app roxima te 

pure tones 

• Stab le – resistant to sta te of 

c onsc iousness 

• Objec tive automatic  detec tion of 

response 

• Distinguish between severe and  

p rofound  losses 

• Rela tively fast p roc edure 

 

• Requires c linic a l va lida tion – 

espec ia lly in the ped ia tric  fie ld : 

¾�Bone-c onduc tion 

¾�Dura tion of high-intensity stimuli 

¾�New equipment 

¾�Spurious/ a rtific ia l ASSR 

• Cannot d ifferentia te between 

hea ring  loss of periphera l orig in and  

those w ith neura l transmission or 

retroc oc hlea r orig in 

 

Validation Process 

 

• Provides ab ility to eva lua te hea ring  

a ids 

 

 

• Requires c linic a l va lida tion 

¾�Very limited  resea rc h reports on 

app lic ab ility of this 

unc onventiona l app lic a tion of 

the ASSR 
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It is evident tha t the ASSR shows grea t p romise for the c linic a l field  of 

ped ia tric  aud iology as various researc hers have demonstra ted  the 

advantages of the ASSR, over other AEP tec hniques, suc h as the ABR to 

use as an ob jec tive p roc edure to identify the na ture, degree, symmetry 

and  c onfigura tion of the hearing loss in infants as well as va lida tion of 

hearing a ids. It is impera tive however tha t more researc h va lida te this 

p roc edure aga inst the ABR – the c urrent gold  standard  in c linic a l p rac tic e 

for ped ia tric  aud iology. 

 

2.4 CONCLUSION 

 

The need  for a  tec hnique to estimate frequenc y-spec ific  hearing 

thresholds in a  c linic a lly time-effic ient manner in the d iffic ult-to-test 

popula tions has long been a  p riority in the field  of ped ia tric  aud iology 

(Hayes & Northern, 1997:234). Aud itory Evoked  Potentia ls have been used  

in d iagnostic  aud iology for the past three dec ades and  it is c lear tha t in 

the field  of ob jec tive aud iology, la rge strides have been made in 

add ressing this important need . 

 

The most w idely used  AEP tec hnique c urrently used  to determine hearing 

thresholds in infants is the ABR. This tec hnique – using a  c lic k stimulus, c an 

p rovide a  genera l eva lua tion of hearing sensitivity in the high frequenc y 

reg ion (2 – 4 kHz). By using tone burst stimuli, more frequenc y spec ific  

information w ill be p rovided . Although the ABR is a  va luab le tool, it 

p resents w ith important lim ita tions.  

 

The ASSR have been used  in aud iology researc h c enters a round  the world  

for two dec ades and  has demonstra ted  p romise in add ressing some of 

the lim ita tions of the ABR (Cone-Wesson et a l., 2002:273). The results from 
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c linic a l stud ies have shown tha t ASSR thresholds c an be used  to p red ic t 

pure-tone threshold  in sleep ing infants and  young c hild ren (John et a l., 

2004; Ranc e et a l., 2002; Ranc e et a l., 1998; Ranc e et a l., 1995). ASSR 

should  therefore have an inc reasing role in the follow-up  and  d iagnostic  

eva lua tion of infants who have fa iled  newborn hearing sc reening. Used  in 

c onjunc tion w ith ABR (AC and  BC tone-evoked  ABR), ASSR’s p rovide 

add itiona l information about the c ontour and  degree of any existing 

hearing loss (Stapells, 2004: c onferenc e p resenta tion; Cone-Wesson et a l., 

2002:281). The ASSR a lso shows grea t p romise as a  way to va lida te hearing 

a id  fittings ob jec tively in sub jec ts who c annot reliab ly respond  to 

behaviora l testing, but researc h da ta  is still lim ited . 

 

2.5 SUMMARY 

 

This c hap ter a imed  to orienta te the reader on the top ic s of relevanc e and  

to p rovide a  c ritic a l eva lua tion and  interp reta tion of the relevant 

litera ture. In order to ac hieve this, the most w idely used  AER tec hnique for 

estimating aud itory thresholds in infants, namely the ABR was desc ribed , 

eva lua ted  and  d isc ussed . Subsequently the importanc e of the hearing 

a id  fitting  p roc ess was d isc ussed  – desc rib ing the d ifferent, but equa lly 

important aspec ts of verific a tion and  va lida tion. The role of eac h aspec t 

in the hearing a id  fitting  p roc ess was c la rified . Lastly the ASSR was 

d isc ussed  as an AEP promising to add ress the c urrent lim ita tions of the 

ABR. Fina lly the genera l ideas of the c hap ter were summarized  in the 

c onc lusion. 
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Chapter 3 

 

RESEARCH METHODOLOGY 

 

  

This c hap ter a ims to exp la in the method  used  to c onduc t the researc h 

c omponent of this study. This w ill be d isc ussed  in terms of a ims set for 

this researc h, the researc h design, ethic a l c onsidera tions, sub jec ts, 

materia l appara tus and  p roc edures used . 

 

 

 

3.1 INTRODUCTION 

 

“ Researc h has one end : the ultimate d isc overy of truth”  (Leedy & Omrod , 

2001: xviii). Its purpose is to lea rn what has never been known before; to 

ask a  signific ant question for whic h no c onc lusive answer has p reviously 

been found ; and , through the med ium of relevant da ta  and  their 

interp reta tion, to find  an answer to tha t question (Leedy & Omrod , 

2001:xviii).  

 

Chapter one introduc ed  the p rob lem surround ing this researc h endeavor. 

It a lso p rovided  a  ra tiona le for the study and  exp la ined  the researc h 

question. Chapter two p rovided  a  theoretic a l framework, as support for 

the emp iric a l researc h c omponent, c onc ep ts and  c onstruc ts were then 

spec ified . Chapter two a lso p rovided  an interp reta tion of the c urrent and  

relevant litera ture ava ilab le. 
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This c hap ter a ims to exp la in the methodolog ic a l approac h imp lemented  

in c onduc ting the emp iric a l c omponent of the c urrent study.  

 

3.2 AIMS OF RESEARCH 

 

Signific ant c orrela tions between ASSR thresholds and  behaviora l 

aud iometric  thresholds as well as c orrela tions between the ASSR and  ABR 

as a  threshold  p red ic tion tec hnique have been found  by severa l 

researc hers (Dimitrijevic , 2002:205; Cone-Wesson et a l., 2002:173; Vander 

Werff et a l., 2002:227; Herdman & Stapells, 2001:41; Lins et a l., 1996:81; 

Ranc e et a l., 1995:499). Although these results ind ic a te the ASSR to be a  

p romising tec hnique in determining the aud itory ab ility of adults, the need  

a rises to va lida te this p roc edure for the infant popula tion. 

 

Stapells (2002:14 & 2004:c onferenc e p resenta tion) c autioned  aud iolog ists 

about the use of the ASSR in the c linic a l setting in the infant popula tion, as 

only a  few stud ies had  been done in this regard . This p resent study 

foc used  on the use of ASSR in the d iagnosis of hearing loss and  va lida tion 

of hearing a id  fitting  in infants. The importanc e of this tec hnique, should  it 

p rove to have va lid  c linic a l app lic a tion, is evident for the d iffic ult-to-test 

popula tions.  Therefore the a ims of the c urrent study a re as follows: 

 

3.2.1  Main aim 

 

 

The ma in a im of the study is to investiga te the c linic a l va lue of the ASSR for 

early d iagnosis and  for early hearing instrument fitting  of hearing loss in 

infants. 
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3.2.2 Sub aims 

 

The following sub-a ims were formula ted  in order to rea lize the ma in a im of 

the study: 

 

• To investiga te the potentia l c linic a l va lue of the ASSR for early 

d iagnosis of a  hearing loss in a  group  of infants by determining and  

c omparing the: 

• Una ided  ABR thresholds (c lic k and  toneburst) a t the age of 3 

– 6 months  

• Una ided  ASSR thresholds a t the age of 3 – 6 months  

• Una ided  behaviora l thresholds a t the age of 8 – 12 months 

(a fter a  time lapse of 2 – 6 months following d iagnosis) 

 

• To investiga te the potentia l c linic a l va lue of the ASSR for early 

hearing a id  fitting  in a  group  of infants by: 

• Determining a ided  ASSR a t the time of hearing a id  fitting  

• Comparing una ided  and  a ided  ASSR a t the time of hearing 

instrument fitting  

• Determining a ided  behaviora l thresholds a t the age of 8 – 12 

months and  c omparing these results w ith a ided  ASSR’s. 

 

3.3  RESEARCH DESIGN  

 

Babb ie and  Mouton (2002:72) sa id  sc ienc e is an enterp rise ded ic a ted  to 

“ find ing out” . Researc h design add resses the p lanning of sc ientific  

enquiry, designing a  stra tegy for find ing out something spec ific . The 

design is the c omplete stra tegy of tac kling the c entra l p rob lem. It p rovides 

the struc ture w ithin whic h the selec ted  variab les a re c ontrolled , 
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manipula ted  and  measured  (Hegde, 1987:135). The method  of researc h is 

defined  by Leedy and  Ormrod  (2001:100) as the framework to extrac t the 

meaning from the da ta  c ollec ted . 

 

In this sec tion the researc h p lan is desc ribed  in terms of the goa l set, the 

approac h followed  and  the spec ific  researc h design utilized . An 

exp lora tory, c orrela tive-desc rip tive study (Bellis, 2003:433) w ith a  quasi-

experimenta l design (Leedy & Ormrod , 2005:231), imp lementing a  

quantita tive researc h approac h, was selec ted  to ac hieve the a ims of this 

study.  

 

The goa l or purpose of this study was to exp lore, desc ribe and  c orrela te 

(Bellis, 2003:433). Exploratory researc h is typ ic a lly used  when a  researc her 

is examining a  new interest or when the sub jec t of study is itself rela tively 

new and  unstud ied  (Babb ie, 1992:90). The ASSR is a  rela tively new ad junc t 

to the field  of Aud iology and  spec ific a lly needs va lida tion in the ped ia tric  

field . The goa l of descriptive researc h is to desc ribe the c harac teristic s of 

a  selec ted  phenomenon (Bellis, 2003:436). In this study information was 

c ollec ted  w ith regards to d ifferent test methods in a  group  of sub jec ts. The 

results from this group ’s performanc e was rec orded  and  desc ribed . The 

goa l of the study as reflec ted  in the ma in- and  sub-a ims was therefore to 

exp lore, c orrela te and  desc ribe the c linic a l va lue of the ASSR as 

c ompared  w ith the ABR for d iagnosis of hearing loss. The role of the ASSR 

and  va lida tion p roc esses of hearing instrument in infants a re a lso exp lored  

and  desc ribed . A correlative  study examines the extent to whic h 

d ifferenc es in one c harac teristic  or va riab le a re rela ted  to d ifferenc es in 

one or more other c harac teristic s or va riab les (Leedy & Ormrod , 2001:191). 

In this study a  c orrela tion was made between the two d ifferent methods 

utilized  to estimate infants’  hearing ab ilities. A further c orrela tion was 

d rawn between the a ided  and  una ided  p red ic ted  thresholds done 
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through ASSR tec hnology and  the gold  standard  of behaviora l threshold  

measures – looking a t both the a ided  and  una ided  behaviora l thresholds.  

 

A quantita tive researc h approac h was imp lemented . Quantitative 

researc h is used  to answer questions about rela tionships among measured  

variab les w ith the purpose of exp la ining, p red ic ting, and  c ontrolling  

phenomena (Leedy & Ormrod , 2001:101). Quantita tive researc hers seek 

exp lana tions and  p red ic tions tha t w ill genera lize to other persons and  

p lac es (Leedy & Ormrod , 2001:102). Quantita tive da ta  c ollec tion methods 

were selec ted  for this study due to the na ture of the da ta  to be c ollec ted , 

namely threshold  estimation va lues, behaviora l thresholds, func tiona l ga in 

estimations and  func tiona l ga in behaviora l thresholds. Quantita tive 

researc h is a lso used  to answer questions about rela tionships among 

measured  variab les, w ith the purpose of exp la ining, p red ic ting and  

c ontrolling  phenomena (Leedy & Ormrod , 2005:231). This study a imed  to 

look a t the rela tionship  between d ifferent methods used  to p red ic t 

thresholds in infants and  func tiona l ga in measurements. During 

quantita tive researc h, standard ized  p roc edures a re used  to c ollec t 

numeric a l da ta  (Leedy & Ormrod , 2001:191). The variab les to be stud ied  

a re usua lly isola ted  and  extraneous variab les a re c ontrolled . This type of 

da ta  c ollec tion a llows for the use of sta tistic a l p roc edures to ana lyze and  

interp ret the da ta .  

 

This study lends itself to a  quasi-experimenta l design (Drummond , 2003:32). 

When c onduc ting a  quasi-experimental study, a ll c onfound ing variab les 

c annot be c ontrolled . Variab les and  exp lana tions tha t have not been 

c ontrolled  for need  to be taken into c onsidera tion when da ta  is 

interp reted  (Leedy & Ormrod , 2005:227). Ac c ord ing to Mouton (2001:160), 

a  quasi-experimenta l design is usua lly quantita tive in na ture, a ims to 
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p rovide a  c ausa l study of a  sma ll number of c ases under c ontrolled  

c ond itions as in this study. Subsequently this study lac ks the ingred ient of 

randomiza tion tec hniques of a  true experimenta l design.  

 

A c ontrolled  test environment, w ith uniformity in test equipment and  test 

p rotoc ol, was selec ted  to c ontrol environmenta l c ond itions. The va lid ity of 

the exp lora tory study was enhanc ed  by the inc lusion of six sub jec ts. 

 

3.4  ETHICAL CONSIDERATIONS 

 

Sc ientists c onsider researc h to be an ethic a l ac tivity. Researc hers seek 

knowledge, solve p rob lems, and  design new methods of trea ting d iseases 

and  d isorders, but they have the responsib ility of doing a ll of this in an 

honest, responsib le, open and  ethically justifiab le manner (Hegde, 

1987:414). The basic  tenet of ethic a l researc h is to p reserve and  p rotec t 

the human d ignity and  rights of a ll sub jec ts involved  in a  researc h p rojec t 

(Jenkins, Pric e & Straker, 2003:46). 

 

The basic  ethic a l p rinc ip les of autonomy, benefic enc e and  justic e (Hyde, 

2005:297; Louw, 2004:1) were inc orpora ted  in this study. 

 

3.4.1 Autonomy 

 

Autonomy refers to the freedom of w ill, the right to self-government and  

persona l freedom (Conc ise Oxford  Dic tionary, 1984:59). In researc h, 

autonomy refers to stric tly volunta ry partic ipa tion (Leedy & Ormrod , 

2001:107), to c hoose whether or not to be rec ip ients of spec ific  ac tions 

(Hyde, 2005:297).  The person involved  must have the lega l c apac ity to 

g ive c onsent (Jenkins, Pric e & Straker, 2003:47). The infant is a  minor and  
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therefore the parent or c a reg iver bec ame the advoc a te for the infant. In 

this study, the parent or c a reg iver had  the responsib ility to ac t in the best 

interest of the infant. 

 

• Informed consent 

 

Eac h sub jec t’ s parent or c a reg iver was requested  to g ive written 

permission for partic ipa tion in this study. A letter of informed  c onsent was 

d rawn up  (Append ix B). This letter exp la ined  the purpose and  na ture of 

this study (Leedy & Ormrod , 2001:107).  The letter informed  the parents or 

c a reg ivers of the infants of wha t was expec ted  of them and  about their 

and  their infant’ s rights. Sub jec ts’  rights inc luded  the following: 

 

Withd rawa l of partic ipants 

 

The parents/ c areg ivers were g iven the assuranc e tha t they had  the right 

to w ithd raw their baby as a  sub jec t from this study a t any time. 

 

Privac y, c onfidentia lity, anonymity 

 

Parents’ / c a reg ivers’  permission was requested  to use information in 

persona l c lient rec ords of a  p riva te p rac tic e, for researc h purposes. All 

information used  was c onfidentia l. The p rivac y of a ll sub jec ts was upheld . 

A letter sta ting the la tter was g iven to eac h sub jec t (Append ix B). 

 

Disc losure of information 

 

The parents/ c areg ivers of sub jec ts were informed  of the fac t tha t the 

results from this study may in future be used  in the pub lishing of a  sc ientific  
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a rtic le or c onferenc e or seminar p resenta tion. Information might be 

d isc ussed  a t ac ademic  ga therings. 

 

Debriefing of respondents 

 

All information ga thered  from this researc h was made ava ilab le to the 

parents or c a reg ivers. Researc h find ings were summarized  in a  letter and  

sent to eac h partic ipant. Sinc e these letters c onta ined  persona l 

information, no c op ies a re inc luded  in the append ix of this researc h 

report. 

 

• Ethical Clearance 

 

This study had  ethic a l c learanc e from the Researc h Proposa l and  Ethic s 

Committee of the Fac ulty of Humanities, University of Pretoria . A letter of 

c onfirmation to this effec t is inc luded  in Append ix A. Sinc e the sub jec ts 

were c lients of the researc her’ s own p riva te p rac tic e, no ethic a l 

c learanc e or letter of informed  c onsent to another institution was 

required . 

 

3.4.2 BENEFICENCE 

 

Benefic enc e refers to ac ting in kindness (Conc ise Oxford  Dic tionary, 

1984:83) or to the c onferra l of benefits (Hyde, 2005:297). Researc hers 

should  not expose researc h partic ipants to undue physic a l or 

psyc holog ic a l harm (Leedy & Ormrod , 2001:107; Babb ie, 1992:465). The risk 

involved  in partic ipa ting in a  study should  not be apprec iab ly grea ter 

than the norma l risks of day-to-day living. This aspec t was dea lt w ith in the 

following manner:  
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• Competency 

 

The researc her was c ompetent to c a rry out the researc h due to her 

p rofessiona l qua lific a tion, as well as years of experienc e in the field  of 

Aud iology. Two supervisors were involved  in this p roc ess – ensuring a  

suitab le researc h design and  g iving guidanc e in the p roc ess of researc h. 

The researc her (STA 011037) and  the supervisors were reg istered  w ith the 

Hea lth Professions Counc il of South Afric a . 

 

• Relevance 

 

The top ic  of researc h was highly relevant a t the time of development in 

the Aud iolog ic  field  as is ind ic a ted  in the ra tiona le for the study. 

  

• Risks 

 

Potentia l med ic a l risks involved  in this study were c onsidered  and  

add ressed . The usua l p roc edures and  c are ma inta ined  in the c linic a l 

p rac tic e app lied . In c ases where sub jec ts needed  seda tion, c hlora l 

hyd ra te was p resc ribed  by a  ped ia tric ian and  administered  ora lly by a  

qua lified  and  experienc ed  ped ia tric  nurse. The ped ia tric  nurse monitored  

sub jec ts for oxygen sa tura tion, resp ira tory ra te and  heart ra te. 

 

• Discrimination 

 

There was no d isc rimina tion between sub jec ts on the grounds of rac e, 

ec onomic  sta tus or gender. Parents/ c areg ivers were g iven the assuranc e 

tha t their baby’s sta tus as c lient of the researc her’ s p riva te p rac tic e would  

not be influenc ed  by their c onsent or refusa l to partic ipa te in the study. 
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3.4.3 JUSTICE  

 

In researc h ‘ justic e’  refers to honesty w ith p rofessiona l c olleagues (Leedy 

& Ormrod , 2001:108). It a lso rela tes to fa irness in the d istribution or 

a lloc a tion of benefits among members of soc iety (Hyde, 2005:297). 

Researc hers must report their find ings in a  c omplete and  honest fashion. 

‘ Justic e’  was add ressed  in the following manner: 

 

• Dissemination of results 

 

Researc h results were made ava ilab le to a ll pa rtic ipants. The results were 

made ava ilab le to the p rofessiona ls in the field  of Aud iology in order to 

ga in knowledge of new developments in the field  as well as improve 

servic e delivery. Researc h find ings were pub lished  in the form of a  

researc h a rtic le, whic h may be used  and  d istributed  by the pub lic . 

 

3.5 SUBJECTS 

 

Six infants w ith hearing loss were identified  as sub jec ts for this study. 

 

3.5.1 Sampling 

 

The sub jec ts inc luded  in this study were selec ted , based  on a  non-

probab ility c onvenienc e sampling approac h (Babb ie, 1992:230). The 

sub jec ts were selec ted  from the c linic a l c aseload  of the researc her’ s 

p riva te p rac tic e in Cape Town. These were infants referred  for follow-up  

eva lua tions a fter fa iling  a  sc reening eva lua tion. 
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3.5.2 Selection criteria 

 

The sub jec ts were selec ted  ac c ord ing to the following c riteria : 

 

3.5.2.1 Client sta tus and  rec ord  

 

Sub jec ts were c lients of the researc her’ s p riva te p rac tic e of whom 

information is ava ilab le and  whose parent/ c a reg ivers had  g iven their 

c onsent for the baby to be inc luded  in the study (Append ix B). 

 

3.5.2.2 Hearing ab ility 

 

Sub jec ts were those who were referred  for elec trophysiolog ic  assessment 

a fter fa iling  a  c lic k-evoked  ABR sc reening and  OAE’s sc reening 

assessment. 

 

3.5.2.3 Norma l Midd le Ear Func tioning 

 

Sub jec ts were inc luded  only if they showed  no evidenc e of midd le ear 

pa thology in order to rule out any other fac tors influenc ing tests results. 

The midd le ear sta tus was determined  by otosc op ic  examina tion and  high 

frequenc y tympanometry – using a  1000 Hz p robe tone and  an 

examina tion by an Ear-Nose-and  Throa t surgeon. A sing le-peaked  high 

frequenc y (1000 Hz) tympanogram was ind ic a tive of norma l midd le ear 

func tion (Kei et a l., 2003:27). 
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3.5.2.4 Age a t time of identific a tion 

 

Infants2 were selec ted  for this study, through referra l, fa iling  a  hearing 

sc reening p rotoc ol. At the time of identific a tion, these infants were too 

young to measure hearing ab ilities through trad itiona l behaviora l methods 

and  it was therefore appropria te to use elec trophysiolog ic  measures. 

Onc e an infant ac hieved  a  developmenta l age of approximately six to 

eight months, aud iometric  information c ould  be ob ta ined  effic iently using 

a  behaviora l tec hnique, based  on p rinc ip les of c ond itioning (Diefendorf & 

Weber, 1994:57). When the sub jec ts reac hed  this age, behaviora l 

methods were used  to determine una ided  and  a ided  thresholds. 

 

3.5.2.5 Neurolog ic a l sta tus 

 

 In order to rule out the p resenc e of aud itory neuropa thy (neura l 

transmission d isorder), both an ABR and  OAE eva lua tion was c onduc ted . 

In the c ase of an aud itory neuropa thy, the OAE or c oc hlear response 

would  still be p resent w ith an abnorma l or absent ABR. Sub jec ts were 

inc luded  when the ABR assessment showed  no evidenc e of a  neura l 

transmission d isorder (Ranc e & Ric kards, 2002:237). This aspec t was further 

add ressed  by measuring OAE’s – the absenc e of these OAE’s c onfirmed  

the absenc e of aud itory neuropa thy.  

 

 

 

 

                                                 
2 Infant as defined  by Conc ise Oxford  Dic tiona ry (1984:513): c hild  during  ea rliest period  of 

life – before age 1. 
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3.5.3  Subject Selection Apparatus 

 

The following appara tus were used  in the selec tion p roc edures of the 

sub jec ts: 

 

3.5.3.1 Hearing Sc reening Appara tus 

 

Sc reening for hearing loss through Automated  Aud itory Bra instem 

Response tec hniques (AABR) and  Otoac oustic  Emissions (OAE) methods 

were done on the ABAER from Biolog ic  Aud iometric  Systems, (c a lib ra ted  

June 2004).  The sound  was transduc ed  into the ear c ana l by the p robe 

mic rophone. 

 

The ABR is a  physiolog ic a l measure of the aud itory system to stimuli 

p resented  to the ear. Short-dura tion ‘ c lic k-stimuli’  was p resented  to eac h 

ear via  the p robe mic rophone a t 35 dBnHL. Rec ord ing was done using a  

three-elec trode montage of high forehead  and  the mastoid  bone of 

eac h ear. A maximum impedanc e of 8 kOhm was a llowed  with a  

minimum d ifferenc e of 4 kOhm. 

 

Otoac oustic  Emission measurements were performed  on eac h sub jec t. 

Distortion Produc t Otoac oustic  Emissions using a  65/ 55 dB p robe tone was 

performed  on eac h sub jec t (Ha ll & Mueller, 1997:247). A 2 – 5 kHz 

sc reening p rotoc ol w ith ¾ pass ra te was used . The absenc e of a  response 

with these parameters was ind ic a tive of the p resenc e of a  hearing loss 

grea ter than 30 dB.  
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3.5.3.2 Otosc op ic  Examina tion 

 

The otosc op ic  examina tion of the externa l meatus and  tympanic  

membrane were performed  with a  Heine mini 2000 otosc ope. 

 

3.5.3.3 Midd le Ear Assessment 

 

High frequenc y tympanometry and  ac oustic  reflex measurements – using 

a  1000 Hz p robe tone were performed  with the GSI Tympsta r midd le ear 

ana lyzer (c a lib ra ted  June 2004). 

 

Fowler & Shanks (2002:201) noted  tha t tympanometry – using a  high 

frequenc y p robe tone g ive more useful information w ith regards to the 

midd le ear system of infants. A sing le-peaked  high frequenc y (1000 Hz) 

tympanogram was ind ic a tive of norma l midd le ear func tion (Kei et a l., 

2003:27). Further, the p resenc e of an ac oustic  reflex helped  to c onfirm a  

norma l midd le ear system. The absenc e of the ac oustic  reflex in the 

p resenc e of norma l tympanometry supported  the possib le p resenc e of a  

hearing loss.  

 

3.5.4  Subject Selection Procedures 

 

The six sub jec ts (2 ma le and  4 fema le) inc luded  in this study were referred  

to the p rac tic e of the researc her for d iagnostic  elec trophysiolog ic a l 

assessment following fa ilure on a  c lic k-evoked  ABR sc reening assessment 

and  a  subsequent fa ilure on the OAE sc reen. Results of these sc reening 

p roc edures ruled  out the possib ility of a  sub jec t p resenting w ith a  neura l 

transmission d isorder (aud itory neuropa thy). These assessments were 

administered  by the researc her herself. 
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All sub jec ts had  norma l midd le ear func tion as determined  by an 

otosc op ic  examina tion and  high frequenc y tympanometry – using a  1000 

Hz p robe tone. The otosc op ic  examina tion was performed  to inspec t 

whether any visib le obstruc tion was p resent tha t c ould  a ffec t the 

c onduc tion of sound  to the tympanic  membrane (Stac h, 1998:174). Both 

the otosc op ic  examina tion and  high frequenc y tympanometry were 

c onduc ted  on eac h of the test oc c asions (ABR sc reening and  OAE 

previously and  the day of d iagnostic  assessment). 

 

The test sequenc e sta rted  w ith the performanc e of the OAE 

measurement. Fa ilure on this eva lua tion was followed  with high frequenc y 

tympanometry in order to exc lude midd le ear pa thology. After showing 

norma l immittanc e measurements, an AABR assessment followed . The 

infant was c onsidered  a  sub jec t for this study, a fter fa iling  the AABR.  

 

3.6  DESCRIPTION OF SUBJECTS 

 

The sub jec ts inc luded  six infants w ith d ifferent degrees of hearing loss. Two 

ma le and  four fema le sub jec ts w ith a  hearing loss and  an average age of 

five months (ages ranged  from three to six months of age) were identified . 

These were bab ies of whom hearing sc reening da ta  sinc e b irth was 

ava ilab le to the researc her. Tab le 3.1 inc ludes information regard ing the 

age of identific a tion, gender and  the degree of hearing loss. Add itiona l 

information regard ing the ind ividua l sub jec ts ac c ompanies the 

desc rip tion of ind ividua l results in Chapter 4. 
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Table 3.1 Description of subjects 

Subject 

number 

Gender Age at time 

of hearing 

loss 

identification 

Degree of hearing loss 

1 Male 3 months Modera tely Severe 

 

2 Fema le 5 months Modera tely Severe in right ea r 

Modera te in left ea r 

 

3 Fema le 6 months Severe in right ea r 

Profound  in left ea r 

 

4 Fema le 6 months Severe 

 

5 Fema le 4 months Profound  

 

6 Male 6 months Profound  

 

 

3.7  MATERIAL AND APPARATUS 

 

The following da ta  c ollec tion appara tus, materia ls and  p roc edures 

were used  for the c ollec tion of da ta : 

 

3.7.1  Hearing threshold estimation apparatus 

 

The  GSI Audera  from GSI (a  d ivision of VIASYS), (c a lib ra ted  November  

2003), was used  to p red ic t hearing thresholds – using both c lic k evoked  

and  tone burst Aud itory Bra instem Response (ABR) and  Aud itory Steady 

Sta te Response tec hniques (ASSR). The ABR and  ASSR were rec orded  
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using both ipsila tera l and  c ontra la tera l elec trode montages w ith high 

forehead  positive, the mastoids nega tive and  the ground  elec trode 

positioned  on the low forehead  (Vander Werff et a l., 2002:229). The stimuli 

were p resented  via  TIP 50 Insert HA-2 Tubephones w ith foam earp lugs. 

Elec trode impedanc e va lues were < 5 kOhms and  were w ithin 1.5 kOhms 

of eac h other. 

 

The p rotoc ol followed  for c lic k ABR is represented  in Tab le 3.2. Tab le 3.3 

represents the p rotoc ol followed  for tone burst ABR and  Tab le 3.4 

represents the p rotoc ol for the ASSR measurements. 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006 



 85 

Table 3.2 Protocol for click ABR 

Settings Parameters  

Stimulus Clic k Ha ll & Mueller, 1997:334;  

 

Duration 0.1 ms Ha ll & Mueller, 1997:334; 

Hood , 1998:54 

 

Transducer Tip  50 insert ea rphones GSI-equipment 

 

Polarity Rarefac tion Ha ll & Mueller, 1997:334; 

Hood , 1998:52 

 

Rate 33.1/ sec . Hood , 1998:51 

 

Electrode 

placement 

Ipsila tera l and  c ontra la tera l 

elec trode montages w ith: 

• High forehead  -  positive 

• Mastoids – nega tive 

• Low forehead  – ground . 

 

 

Impedance �� �� N2KPV� ZLWK� GLIIHUHQFH� EHWZHHQ�
elec trodes no grea ter than 1.5 

kOhms. 
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Table 3.3 Protocol for tone burst ABR 

Settings Parameters  

Stimulus 500 Hz, 

Blac kman ramp ing 2-1-2 c yc les 

Purdy & Abbas (2002:359); 

Stapells (2000a :17); 

Gorga  (1999:37  

 

Filter choice 30 – 1500 Hz GSI-p rotoc ol 

 

Transducer Tip  50 insert ea rphones GSI-equipment 

 

Polarity Alterna ting  Minimizes a  frequenc y follow ing type 

of response (Stapells, 2000a :17) 

 

Rate 39.1/ sec  Stapells (2000a :17) 

 

Electrode 

placement 

Ipsila tera l and  c ontra la tera l 

elec trode montages w ith: 

• High forehead  -  positive 

• Mastoids – nega tive 

• Low forehead  – ground . 

 

 

Impedance �� �� N2KPV� ZLWK� GLIIHUHQFH� EHWZHHQ�
elec trodes no grea ter than 1.5 

kOhms. 
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Table 3.4 Protocol for the ASSR 

Settings Parameters 
 

 

Carrier 

frequencies 

 

500, 1000, 2000, 4000 Hz 

 

 

 

 

 

Modulation 

frequencies 

 

500 1000 2000 4000 

74 81 88 95 
 

 

Cone-Wesson et a l. (2002:178); 

Vander Werff et a l. (2002:230). 

 

 

AM 

percentage 

FM 

percentage 

 

100% 

 

10% 

 

GSI Audera  p rotoc ol. 

Cone-Wesson et a l. (2002:178); 

Vander Werff et a l. (2002:230). 

 

 

 

Transducer Tip  50 insert ea rphones 

 

 

Number of 

sweeps 

16 (minimum) – 64 (maximum) 

 

 

 

Impedance �� �� N2KPV� ZLWK� GLIIHUHQFH� EHWZHHQ�
elec trodes no grea ter than 1.5 kOhms. 

 

 

Electrode 

placement 

Ipsila tera l and  c ontra la tera l elec trode 

montages w ith: 

• High forehead  -  positive 

• Mastoids – nega tive 

• Low forehead  – ground . 
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The stimuli used  to evoke the ASSR c onsisted  of c a rrier frequenc ies of 

500, 1000, 2000 and  4000 Hz tha t were 100 perc ent amp litude 

modula ted  and  10 perc ent frequenc y modula ted  a t modula tion 

frequenc ies of 74, 81, 88 and  95 Hz respec tively (Cone-Wesson et a l., 

2002:178; Vander Werff et a l., 2002:230). The Audera  devic e averaged  

the ongoing EEG ac tivity and  c omputed  the phase c oherenc e of the 

spec tra l c omponent of the response a t the modula tion frequenc y. 

Sta tistic a l ana lysis was used  to determine the p robab ility tha t the 

observed  response was due to c hanc e. Between 16 and  64 sweeps 

were ana lyzed  during eac h rec ord ing. The test was termina ted  when 

the phase c oherenc e reac hed  sta tistic a l signific anc e or a t 64 sweeps if 

signific anc e was not reac hed . The signific ant level was set a t 0.03 (GSI, 

2001:3). The ASSR thresholds a re used  to estimate the pure-tone 

aud iogram. This estimation utilizes an a lgorithm based  on pub lished  

researc h from the University of Melbourne in whic h ASSR thresholds 

measured  for pa tients w ith va rious amounts of hearing loss were 

c orrela ted  w ith their behaviora l aud iograms (GSI, 2001:6). 

 

3.7.2  Functional Gain Estimation Apparatus 

 

The GSI Audera  from GSI (c a lib ra ted  November 2003), was used  to p red ic t 

func tiona l ga in. Stimuli were transduc ed  through a  RCA PRO-X33AV 

loudspeaker in the free field . The loudspeaker was c a lib ra ted  to p resent 

stimuli a t 0º, 30 c m from the forehead .  

 

3.7.3  Clinical audiometer 

 

Pure tone thresholds were ob ta ined  using a  GSI 61 Clinic a l Aud iometer 

(c a lib ra ted  June 2004). Ac oustic  stimuli were p resented  through sound  
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field  p resenta tion. Ear spec ific  information was rec orded  using insert 

earphones (Sc ollie & Seewa ld , 2002:689). Narrow bands of noise were 

used  as test stimuli, as these infants were younger than 14 months of age 

(Gravel, 2002:40). 

 

Func tiona l ga in was determined  through sound  field  p resenta tion. Narrow 

bands of noise were onc e aga in used  as test stimuli. 

 

3.7.4  Test environment 

 

Behaviora l testing was c onduc ted  in a  doub le-wa lled , sound -a ttenua ting 

room. Elec trophysiolog ic a l testing was c onduc ted  in a  quiet side room of 

the p riva te p rac tic e.  

 

3.7.5  Data collection sheet 

 

The c ollec ted  da ta  was tabula ted  on a  summative da ta  c ollec tion sheet 

(Append ix C). 

 

3.8  PROCEDURE 

 

The following p roc edures were followed  in order to ob ta in the nec essary 

da ta . 

 

3.8.1  Data Collection Procedures 

 

The a im was to c ollec t a t least five sets of da ta  on eac h infant. The five 

sets of da ta  from eac h sub jec t inc luded  the following: 

 

• Una ided  ABR to c lic k and  500 Hz tone burst stimuli 

• Una ided  ASSR to 4 frequenc ies per ear 
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• Aided  ASSR to 4 frequenc ies per ear 

• Una ided  pure tone behaviora l thresholds 

• Aided  behaviora l thresholds  

 

Da ta  c ollec tion was done by a  qua lified  aud iolog ist, reg istered  w ith the 

Hea lth Professions Counc il of South Afric a , w ith 14 years of experienc e in 

the field  of ped ia tric  aud iology. The da ta  c ollec tion p roc edures 

c onc erning the d ifferent types of da ta  w ill be d isc ussed  ac c ord ing to the 

synopsis p resented  in Figure 3.1. 

 

 

Figure 3.1 Schematic representations of the data collection procedures 

 

Sub jec ts under the age of six months of age were nursed  by a  parent and  

were tested  whilst in a  na tura l sleep . If seda tion was needed , sub jec ts 

were seda ted  w ith c hlora l hyd ra te – p resc ribed  by a  ped ia tric ian 

(50mg/ kg, administered  ora lly) and  were monitored  for oxygen sa tura tion, 

resp ira tory ra te, and  heart ra te throughout the p roc edure by a  ped ia tric  

nurse. 

Diagnosis 

ABR vs. ASSR 

(3 – 6 months)  
Behaviora l 

Thresholds 

(8 – 12 months) 

Hearing Aid Fitting 

Validation of Hearing Aid fitting 

Aided  Behaviora l 

Thresholds 

(8 – 12 months) 

Aided  ASSR vs. 

Una ided  ASSR 

(3 – 6 months) 

Compare 

Compare 

Within a  month a fter 

elec trophysiolog ic a l eva lua tion  
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3.8.1.1 Aud itory Bra instem Response (ABR) 

 

ABR testing was c ompleted  a t referra l, as shown in Figure 3.1. Initia lly, 

c lic k-evoked  ABR thresholds were rec orded  b ila tera lly (Gorga  1999:36). 

ABR thresholds were then rec orded  using 500Hz, 1000Hz and  2000Hz 

toneburst stimuli (Vander Werff et a l., 2002:230). At eac h p resenta tion 

level, a  minimum of 1200 sweeps were averaged . Inc rements of 10 dB 

were used  for supra threshold  p resenta tions. Inc rements were reduc ed  to 5 

dB near threshold , and  a  minimum of two rep lic a tions were rec orded  a t 

stimula tion levels near threshold  (Ranc e & Ric kards, 2002:238). The 

threshold  was defined  as the lowest level tha t resulted  in a  rep lic ab le ABR 

wave V (Vander Werff et a l., 2002: 230; Cone-Wesson et a l., 2002:177). 

 

3.8.1.2 Aud itory Steady Sta te Response (ASSR) 

 

The same elec trodes used  for the ABR testing were used  for ASSR testing. 

ASSR testing began a fter the ABR testing was c ompleted  (see Figure 3.1). 

ASSR testing was c onduc ted  a t 2000 Hz and  500 Hz in both ears. If time 

permitted  and  the infant was still asleep , ASSR testing a t 1000 Hz and  4000 

Hz followed  (Vander Werff et a l., 2002:228). Thresholds were ob ta ined  

using a  10 dB down and  5 dB up  searc h p roc edure w ith a  sta rting level of 

50 dB. Threshold  was defined  as the minimum level a t whic h the phase 

c oherenc e was sta tistic a lly signific ant (Ranc e & Ric kards, 2002:238; Cone-

Wesson et a l., 2002:178). When no ASSR c ould  be identified  a t maximum 

presenta tion levels, the run was repea ted  (Vander Werff et a l., 2002:231). 

 

The ASSR measured  thresholds were then used  to estimate the pure-tone 

aud iogram. This estimation utilized  an a lgorithm based  on pub lished  

researc h from the University of Melbourne in whic h ASSR thresholds 

measured  for pa tients w ith va rious amounts of hearing loss were 
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c orrela ted  w ith their behaviora l aud iograms (Ranc e et a l., 1995:499). This 

p resent study refers to these estimations as ‘ASSR pred ic ted  thresholds’ . 

 

3.8.1.3  Aided  ASSR thresholds 

 

These tests c ommenc ed  approximately a  month a fter hearing a id  fitting  

(Figure 3.1). Hearing a ids were p rogrammed  ac c ord ing to eac h infant’ s 

hearing loss – using p resc rip tive methods. Responses were measured  a t 

frequenc ies of 500 Hz, 1000 Hz, 2000 Hz and  4000 Hz through the free field  

speaker (Pic ton et a l., 2002:69).  A 10 dB down, 5 dB up  searc h p roc edure 

was aga in utilized . Sta rting levels were c ommenc ed  a t 50 dB. Threshold  for 

func tiona l ga in p red ic tion was defined  as the minimum level a t whic h the 

phase c oherenc e was sta tistic a l signific ant (Ranc e & Ric kards, 2002:238). 

Depend ing on the tec hnology of the hearing a ids, c erta in fea tures of the 

hearing a ids needed  to be deac tiva ted , suc h as noise reduc tion systems 

and  feedbac k management systems (Kuk, 2004:1). 

 

‘ASSR measured  threshold ’  for eac h frequenc y was defined  as the lowest 

HL a t whic h a  tria l was judged  to be a  ‘ response’ . ‘ASSR pred ic ted  

threshold ’  for eac h frequenc y referred  to the estimated  behaviora l 

aud iogram – using the University of Melbourne a lgorithm (Ranc e et a l., 

1995:499). Both these measurements were used  during the c omparison 

between a ided  ASSR’s and  a ided  behaviora l thresholds as the normative 

da ta  from whic h p red ic ted  thresholds were c a lc ula ted  were c ompiled  by 

da ta  not derived  for a ided  ASSR’s. 

 

3.8.1.4 Una ided  behaviora l pure tone thresholds (BT) 

 

This eva lua tion was c onduc ted  a t the age a t whic h the infants were 

mature enough to c omplete the aud iometric  testing. There was a  time 
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delay of four to six months between the times of the evoked  potentia l and  

aud iometric  testing (see Figure 3.1). Infants who were 3 – 6 months of age 

a t the time of elec trophysiolog ic a l testing were a t least 7 – 9 months old  a t 

the time of the behaviora l testing and  were therefore mature enough to 

c omplete the behaviora l assessment. 

 

The following Visua l Response Aud iometry Protoc ol was followed  (Gravel, 

2000:39): 

Narrow bands of noise were used  as test stimuli. Assessment began with 

sound  field  p resenta tions of the stimulus (500 Hz) a t 30 dB HL. If the sub jec t 

oriented  toward  the loudspeaker, the head  turn response was reinforc ed  

and  another stimulus a t the same level was p resented . A head  turn was 

aga in reinforc ed  and  the threshold  searc h (desc end ing) was initia ted . If 

no response oc c urred , a fter two p resenta tions a t 30 dB HL, signa l level was 

inc reased  in 20 dB step  sizes until an orienta tion towards the loudspeaker 

oc c urred . Two responses a t the same level was the sta rting level for 

threshold  searc h. The initia l desc ent step  size for threshold  searc h was 10 

dB and  rema ined  10 dB for the up-down threshold  searc h p roc edure. 

Sound  field  thresholds were ob ta ined  ac ross the frequenc y range from 

500 Hz through 4000 Hz. Test order was 500 Hz, followed  by 2000 Hz, 4000 

Hz, and  then 1000 Hz. Threshold  was c a lc ula ted  from the levels of the 

three response reversa ls following the first miss on the initia l desc ent. 

 

In c ases where there was no response to sound  field  stimuli a t 80 dB HL, a  

bone-c onduc ted  signa l(narrow band  noise a t 250 or 500 Hz tha t was 

intense enough to be felt) was used  to teac h the sub jec t the head -turn 

response.   
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Insert earphones were used  to determine ear spec ific  thresholds – using 

the same order of test frequenc ies as used  in sound  field  p resenta tions. 

Insert earphones were p referred  as they a re lightweight, do not inhib it the 

head -turn response and  p rovide good  interaura l a ttenua tion in the c ases 

of asymmetric a l hearing loss. For threshold  searc h under these c ond itions, 

the step  size was reduc ed  to 5 dB. Threshold  searc h was identic a l to tha t 

desc ribed  for sound  field  assessment. 

 

3.8.1.5 Aided  behaviora l thresholds 

 

Testing was c onduc ted  w ith eac h sub jec t’ s own hearing a ids. Frequenc ies 

of 500 Hz, 1000 Hz, 2000 Hz and  4000 Hz were tested  – using b road  band  

signa ls w ith the speakers positioned  a t 0º. Assessment of a ided  responses 

followed  the same proc edure as desc ribed  above with sound  field  

p resenta tions as d isc ussed  in 3.8.1.4. (Also see Figure 3.1). 

 

3.8.2  Procedures for data recording, processing and analysis 

 

The following p roc edures were followed  to rec ord , p roc ess and  ana lyze 

the da ta . 

 

3.8.2.1 Rec ord ing of da ta  

 

The following information was rec orded  for eac h sub jec t on a  da ta  sheet 

(Append ix C). 

 

Da ta  yielded  from eac h sub jec t inc luded : 

• Una ided  ABR c lic k threshold  (determined  a t time of d iagnosis) 

• Una ided  ABR 500 Hz tone burst threshold  (determined  a t time of 

d iagnosis) 
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• Una ided  ASSR threshold  for a t least 2000 Hz and  500 Hz (determined  

a t time of d iagnosis) 

• Aided  ASSR thresholds (determined  within a  month a fter d iagnosis) 

• Una ided  Behaviora l Thresholds (determined  4 – 6 months a fter 

d iagnosis) 

• Aided  Behaviora l Thresholds (determined  4 – 6 months a fter 

d iagnosis) 

 

3.8.2.2 Proc edures for p roc essing and  ana lysis of da ta  

 

“ Sta tistic s a re among the most powerful tools in the researc her’ s toolbox” , 

(Leedy & Ormrod , 2001:252). These tools inc lude desc rip tive and  inferentia l 

sta tistic s. Descriptive statistics enta ils ordering and  summarizing the da ta  

by means of tabula tion and  graphic  representa tion and  the c a lc ula tion 

of desc rip tive measures. In this way the inherent trends and  p roperties of 

the observed  da ta  emerge c learly (Steyn, Smit, Du Toit & Strasheim, 

2003:5). Inferential statistics on the other hand  serve a  d ifferent purpose. It 

d raws c onc lusions about the popula tion from whic h the sample was 

d rawn by c omparing desc rip tive measures tha t have been c a lc ula ted . 

(Leedy & Ormrod , 2005:252). In this study the op tions ava ilab le for reliab le 

and  va lid  ana lysis was to a  c erta in extent lim ited  by the rela tively sma ll 

sample. A sta tistic ian a t the Department of Sta tistic s and  Ac tuaria l 

Sc ienc e of the University of Stellenbosc h was c onsulted  in his p riva te 

c apac ity during the p lanning of this study.  

 

In order to determine the c linic a l va lue of the ASSR method  in infants, 

eac h sub jec t’ s ind ividua l performanc e was desc ribed  on eac h 

p roc edure. The results ob ta ined  during the una ided  ASSR eva lua tion were 

c ompared  w ith the una ided  ABR results a t the time of d iagnosis and  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006 



 96 

subsequently w ith the results ob ta ined  during the una ided  behaviora l 

assessment. The same proc edure was followed  with the a ided  ASSR and  

a ided  behaviora l assessment results.  Therea fter the c ollec tive results for a ll 

sub jec ts were ana lyzed . The foc us was not on c omparing the da ta  of 

d ifferent sub jec ts as suc h, but to c ompare the da ta  for the d ifferent ears 

as it was rec orded  through the use of three d ifferent measuring 

tec hniques based  on a  partic ula r stimulus. In this way the da ta  c ollec ted  

through the use of the ASSR c ould  be c ompared  to the da ta  c ollec ted  

through the use of other measuring tec hniques. The c ollec ted  da ta  were 

tabula ted  in raw da ta  tab les and  graphic a lly c ompared  in figures 

resembling an aud iogram. 

 

In order to get a  b roader perspec tive on the researc h find ings, the da ta  

for a ll sub jec ts c ollec tively was further ana lyzed  using descriptive statistics. 

In these ana lyses three aspec ts were taken into ac c ount, namely: points 

of c entra l tendenc y (mean); extent of d ispersion (range/ standard  

devia tion); and  the extent to whic h d ifferent va riab les were rela ted  to 

one another (c orrela tion) (Leedy & Ormrod , 2005:257; Drummond , 

2003:112). Da ta  p roc essing and  ana lysis of the c ollec tive da ta  enta iled  

the following: 

 

• Calc ula ting the range of threshold values for the 12 ears per 

stimulus frequenc y as rec orded  by eac h measuring tec hnique. 

• Calc ula ting the standard deviation (SD) for the measured  

thresholds for eac h stimulus frequenc y in add ition to the range. 

However, the dec ision to inc lude the SD was taken w ith full 

knowledge tha t the lim ited  number of da ta  points inc reases the 

possib ility tha t the SD may be unduly influenc ed  by a  sing le da ta  
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point. With this in mind , the SD da ta  for responses to a  sing le 

stimulus frequenc y was c onsidered  w ith extreme c are. 

• Determining the extent of the difference between thresholds 

rec orded  for a  partic ula r stimulus frequenc y by c onsidering the 

number of thresholds tha t fa lls w ithin 10 dB, 15 dB, 20 dB and  more 

than 20 dB from eac h other. This c an be seen as a  c a tegoric a l 

c omparison of d ifferenc es. 

• Determining the mean of the threshold  va lues for the 12 ears per 

stimulus frequenc y, rec orded  by eac h measurement tec hnique. 

• Calc ula ting the difference between the mean of thresholds (of 12 

ears per stimulus frequenc y) rec orded  by two spec ific  measuring 

tec hniques. 

• Estab lishing the statistical significance  of the d ifferenc es between 

the mean of thresholds for 12 ears per stimulus frequenc y by using 

inferentia l sta tistic s. Two-sample c omparisons between the una ided  

ASSR results vs. the una ided  ABR results; the una ided  ASSR results vs. 

the una ided  behaviora l results; and  the a ided  ASSR results vs. the 

a ided  behaviora l results were done by app lying the Wilc oxon 

Signed -Rank Test (Steyn et a l., 1991:594). This test is va lid  w ith the 

assumption tha t the samples were d rawn independently from two 

sets of da ta  w ith d istributions of simila r shape (Steyn et a l., 

1994:594). This test is powerful bec ause it uses the size  (magnitude) 

of d ifferenc es as well as the d irec tion (positive or nega tive). The size 

of the d ifferenc es is ind ic a ted  by ranking the d ifferenc es for the 

c ombined  sc ores (Drummond , 1998:128). The Wilc oxon Signed -

Rank test determines a  p -va lue, determining the sta tistic a l 

signific anc e of the d ifferenc e between two da ta  sets. For two sets 

of da ta  to have a  sta tistic a l signific ant d ifferenc e, the p -va lue 
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should  be sma ller than 0.05. The da ta  c onc erning this spec ific  

ana lysis a re represented  in the form of tab les showing the p -va lue. 

• In an effort to b roaden the sc ope of the sta tistic a l desc rip tion of 

results, the mean and  the SD for thresholds for a ll measurements 

(inc lud ing measurements for a ll stimulus frequenc ies and  a ll ea rs), 

eva lua ted  w ith a  partic ula r p roc edure, were c a lc ula ted . The 

motiva tion for doing so was to inc lude a  la rger number of da ta  

points and  subsequently minimizing the effec t tha t one sing le da ta  

point may have on the SD va lue. This approac h however is a lso not 

w ithout its p rob lems, sinc e one p roc edure may p rove to be more 

sensitive to higher or lower stimulus frequenc ies and  intensities than 

another, resulting in a  c anc eling effec t. These SD va lues were 

therefore a lso interp reted  w ith extreme c aution. 

• In the fina l instanc e, determining the correlation coefficient of 

threshold  va lues (per ear, per stimulus frequenc y) p rovided  by two 

spec ific  measuring tec hniques. The c orrela tion va lues were 

interp reted  ac c ord ing to c a tegoric a l guidelines p rovided  by 

Koenker (in Leedy, 1981:115). 

 

3.8.3 Validity and Reliability 

 

The  validity of a  measurement is the extent to whic h the instrument 

measures what it is supposed  to measure (Leedy & Ormrod , 2005:31). 

Researc h litera ture revea ls many va lida tion p roc edures (Ba iley, 1982:69; 

Babb ie, 1992:132): 

 

• Interna l va lid ity asks whether a  d ifferenc e exists a t a ll in any g iven 

c omparison (Ba iley, 1982:72). In this p resent study it would  ask 

whether or not an apparent d ifferenc e between results c an be 
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exp la ined  as measurement a rtifac ts. It was therefore important to 

use the same test p rotoc ol w ith the equipment set up  in the 

p resc ribed  manner w ith eac h ind ividua l sub jec t. 

• Externa l va lid ity is the p rob lem of interp reta tion (Ba iley, 1982:73). In 

this p resent study this aspec t would  refer to the interp reta tion of the 

d ifferent test results as ob ta ined  through d ifferent measurements. 

This aspec t was add ressed  by the fac t tha t the researc her was 

c ompetent to c a rry out the d ifferent p roc edures due to her 

qua lific a tion and  years of experienc e.  

 

Reliability of a  measure is simp ly its c onsistenc y (Babb ie, 1992:135; 

Drummond , 2003:79). The researc her used  d ifferent tec hniques to 

measure the same c onc ep t – in this c ase una ided  and  a ided  

thresholds measures. These tec hniques were administered  to the same 

sub jec ts, using the same test p rotoc ol and  test environment in eac h 

ind ividua l c ase. 

   

3.9 SUMMARY 

 

 

This c hap ter p rovided  a  c omprehensive desc rip tion of the p roc edures 

imp lemented  in the researc h methodology to ob ta in the da ta  ac c ord ing 

to the sub-a ims of this study. This was done in order to ac hieve the ma in 

a im of the study. The need  for c linic a l va lida tion of the ASSR in the 

ped ia tric  popula tion was the motiva tion for this study. The experimenta l 

design was desc ribed , followed  by the d isc ussion of the sub jec ts in terms 

of selec tion c riteria , p roc edures involved  in selec tion and  appara tus used  

for selec ting sub jec ts. Subsequently a  desc rip tion was p rovided  of the 

sub jec ts.  The materia l and  appara tus used  for the c ollec tion of da ta  and  

the ana lysis thereof as well as the p roc edures for da ta  ana lysis were 
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d isc ussed , followed  by a  desc rip tion of the p roc edures for da ta  

p roc essing and  ana lysis. The c hap ter c onc luded  with a  review of va lid ity 

and  reliab ility as it rela te to the c urrent study. 
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Chapter 4 

 

RESULTS AND DISCUSSION 

 

 

This c hap ter a ims to p resent the results of the emp iric a l researc h and  

eluc ida tes the meaning and  signific anc e thereof w ithin the c urrent body 

of knowledge 

 

 

4.1 INTRODUCTION 

 

The dawn of an era  of early identific a tion of hearing loss in newborns and  

infants poses new c ha llenges and  offers new opportunities to aud iolog ists. 

With the advent of universa l newborn hearing sc reening, it is c ommon for 

an aud iolog ist to see infants less than two to three months of age who, 

during the newborn period , have been identified  as being a t risk for 

hearing loss. It is therefore essentia l to find  evidenc e in order to estab lish a  

p rotoc ol tha t would  yield  the most information w ith regard  to residua l 

hearing ab ilities in this popula tion. Researc h, as initia ted  in this study, is 

essentia l to the imp lementa tion of appropria te d iagnostic  p rotoc ols in this 

spec ific  popula tion. 

 

The methodolog ic a l approac h, spec ified  in c hap ter 3 has p rovided  the 

opera tiona l framework for extrac ting the nec essary da ta  for add ressing 

the ma in a im of this study. The ma in a im of this study, to estab lish the 

c linic a l va lue of the ASSR for early d iagnosis and  amplific a tion of infants 
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with hearing loss, was add ressed  through the rea liza tion of two sub-a ims. 

These a ims a re sc hematic a lly summarized  in Figure 4.1. 

 

Figure  4.1 Main-aim and sub-aims of study 

 

 

Ana lyzed  results for the c urrent study a re grouped , reported , interp reted  

and  subsequently d isc ussed  in rela tion to relevant and  c omparab le 

litera ture. The first sub-a im was ac hieved  by determining and  c omparing 

the una ided  ASSR and  ABR thresholds a t the time of d iagnosis a t a  young 

age (3-6 months of age). These ASSR and  ABR thresholds were then 

c ompared  w ith una ided  behaviora l thresholds ob ta ined  a t a  la ter 

developmenta l age, when sub jec ts were ab le to p rovide reliab le 

behaviora l responses (8 – 14 months of age). 

 

The sec ond  sub-a im was add ressed  by determining a ided  ASSR thresholds 

w ithin a  month a fter d iagnosis of hearing loss and  a fter eac h sub jec t was 

fitted  w ith hearing a ids. The a ided  ASSR thresholds were then c ompared  

Main Aim 
To estab lish the c linic a l va lue of 

the ASSR for ea rly d iagnosis and  

amp lific a tion of infants w ith 

hea ring  loss 

Sub Aim 1 
To investiga te the c linic a l va lue of 

the ASSR in ea rly d iagnosis of 

hea ring  loss in a  group  of infants by 

determining  and  c omparing  

una ided  ASSR, ABR and  behaviora l 

thresholds. 

Sub Aim 2 
To investiga te the c linic a l va lue of 

the ASSR for relevant ea rly fitting  

of hea ring  a ids in infants by 

determining  and  c omparing  

a ided  ASSR and  a ided  behaviora l 

thresholds 
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with a ided  behaviora l thresholds when the sub jec ts reac hed  a  

developmenta l age a llowing reliab le behaviora l responses to be elic ited .  

The results a re p resented  and  desc ribed  ac c ord ing to eac h of the sub-

a ims. The results from eac h ind ividua l sub jec t a re initia lly c onsidered , 

followed  by a  c ollec tive ana lysis of the results for the six sub jec ts. In the 

sec ond  part of this c hap ter, a  d isc ussion of results a longside c urrent 

litera ture w ill follow. In the fina l sec tion of this c hap ter, genera l c onc lusions 

from the study a re d rawn and  the ma in researc h question is answered . 

 

In order to determine the clinical value of the ASSR method in early 

diagnosis of a hearing loss in infants, eac h sub jec t’ s ind ividua l 

performanc e will be desc ribed  on eac h eva lua tion p roc edure. The results 

ob ta ined  during the una ided  ASSR eva lua tion w ill be c ompared  w ith the 

una ided  ABR results a t the time of d iagnosis and  subsequently both these 

p roc edures w ill be c ompared  w ith the una ided  behaviora l assessment 

results ob ta ined . Following p resenta tions of eac h ind ividua l c ase, the 

results for the six sub jec ts c ollec tively w ill be c onsidered . In the c ollec tive 

ana lysis of the da ta , the foc us w ill be on a  c omparison of the threshold  

da ta  for a ll 12 ears (of the six sub jec ts) as it was rec orded  through the use 

of three d ifferent measuring tec hniques. The desc rip tive and  inferentia l 

sta tistic s from the group  will be reported .  

 

In order to determine the clinical value of the ASSR in the validation of 

hearing aid fitting, the sec ond  part of the results w ill p resent eac h 

sub jec t’ s ind ividua l performanc e on the a ided  ASSR – c omparing una ided  

ASSR va lues w ith the a ided  ASSR va lues and  subsequently w ith results 

ob ta ined  during a ided  behaviora l assessment. Therea fter the results of a ll 

six sub jec ts w ill be ana lyzed  c ollec tively, as it was rec orded  through the 
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use of these two measuring tec hniques. The desc rip tive and  inferentia l 

sta tistic s from this group  of six sub jec ts w ill be p resented . 

 

4.2. RESULTS FOR SUB-AIM 1: TO INVESTIGATE THE POTENTIAL CLINICAL 

VALUE OF THE ASSR IN EARLY DIAGNOSIS OF HEARING LOSS IN A 

GROUP OF INFANTS BY DETERMINING AND COMPARING UNAIDED 

ASSR, ABR AND BEHAVIORAL THRESHOLDS. 

 

Bila tera lly c lic k-evoked  ABR responses were rec orded  first. Therea fter the 

tone burst ABR assessment was c arried  out, followed  by the ASSR 

assessment. Behaviora l thresholds were ob ta ined  from eac h sub jec t a t the 

developmenta l age when they c ould  render reliab le behaviora l 

responses. The results for eac h ind ividua l sub jec t a re desc ribed  in the 

following sec tion.  

 

4.2.1 Individual subject results for sub-aim 1 

 

In order to a id  the interp reta tion of the ind ividua l results, a  short summary 

of eac h sub jec t’ s bac kground  information is added  to the una ided  ABR, 

ASSR and  behaviora l assessment results summarized  in tab le format (see 

Tab les 4.1 – 4.6).  

 

4.2.1.1 Sub jec t 1: Results for sub-a im 1 

 

The bac kground  information and  test results for sub jec t 1 a re p resented  in 

Tab le 4.1 and  Figure 4.2. 
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Table 4.1 Background information and test results for subject 1 

Sex Male 

Risk factors Born at 34 weeks gestation age. 

Diagnosed with cytomegalovirus 

Age at time of hearing loss identification 3 months 

Degree of hearing loss Moderately severe sensory neural hearing loss in the 

right ear.  

No response could be measured at maximum 

intensities of equipment in the left ear. 

Age at time of hearing aid fitting 4 months 

Type of hearing aid Digital hearing aid on right ear 

Age at time of behavioral assessment 10 months 

ABR results Tone burst 

R = 50 dBnHL 

L = NR 

Click 

R = 65 dBnHL 

L = NR 

ASSR predicted results 500 Hz 

R = 55 dB 

L = NR 

1000 Hz 

R = 55 dB 

L = NR 

2000 Hz 

R = 65 dB 

L = NR 

4000 Hz 

R = 70 dB 

L = NR 

Behavioral assessment results 500 Hz 

R = 50 dB 

L = NR 

1000 Hz 

R = 55 dB 

L = NR 

2000 Hz 

R = 65 dB 

L = NR 

4000 Hz 

R = 75 dB 

L = NR 

NR = No Response 
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Figure 4.2 Schematic representations of the ABR, ASSR predictions and 

BT results for subject 1 

 

For this ind ividua l c ase the tone burst ABR was 5 dB lower than the 500Hz 

ASSR pred ic ted  threshold . The c lic k ABR yielded  the same threshold  as the 

2000 Hz ASSR pred ic ted  threshold  and  there was only a  5 dB d ifferenc e 

c ompared  to the 4000 Hz ASSR pred ic ted  threshold , w ith the ABR having 

the lower va lue. In c omparison w ith the behaviora l thresholds measured  

a t a  la ter stage, the ASSR pred ic tion thresholds c losely followed  the 

c onfigura tion of the behaviora l thresholds – a  d ifferenc e of only 5 dB a t 

500 Hz and  4000 Hz was noted . Thresholds c orresponded  a t 1000 Hz and  

2000 Hz on these two p roc edures. When c omparing the results from the 

ABR with the behaviora l thresholds, identic a l thresholds were measured  

w ith the tone burst ABR and  a t 500 Hz. The c lic k ABR and  2000 Hz 

behaviora l response yielded  the same thresholds and  a t 4000 Hz the 

behaviora l response was 10 dB lower than the c lic k ABR. 

 

 No response c ould  be measured  on any of the three measuring 

tec hniques in the left ea r a t maximum intensity of the equipment. 

 

 

4.2.1.2 Sub jec t 2: Results for sub-a im 1 

 

The bac kground  information and  test results for sub jec t 2 a re p resented  in 

Tab le 4.2 and  Figure 4.3. 

 

Table 4.2 Background information and test results for subject 2 

Sex Female 

Risk factors Born at 36 weeks gestational age through 
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emergency caesarian; 

Low birth weight;  

Admitted to NICU. 

Age at time of hearing loss identification Five months 

Degree of hearing loss Moderately severe sensory neural loss in right ear;  

Moderate sensory neural hearing loss in left ear 

Age at time of hearing aid fitting Five months 

Type of hearing aid Digital hearing aids binaurally 

Age at time of behavioral assessment 14 months 

ABR results Tone burst 

R = 60 dBnHL 

L = 70 dBnHL 

Click 

R = 75 dBnHL 

L = 60 dBnHL 

ASSR predicted results 500 Hz 

R = 60 dB 

L = 40 dB 

1000 Hz 

R = 50 dB 

L = 50 dB 

2000 Hz 

R = 65 dB 

L = 55 dB 

4000 Hz 

R = NR 

L = 50 dB 

Behavioral assessment results 500 Hz 

R = 70 dB 

L = 50 dB 

1000 Hz 

R = 65 dB 

L = 60 dB 

2000 Hz 

R = 80 dB 

L = 75 dB 

4000 Hz 

R = 95 dB 

L = 95 dB 

NR = No Response 
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Figure 4.3 Schematic representations of the ABR, ASSR predictions and 

BT results for subject 2 
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The ABR and  ASSR ind ic a ted  c omparab le results in the right ear. On both 

the tone burst ABR and  500 Hz ASSR pred ic tion, a  threshold  estimation of 

60 dB was measured . A d ifferenc e of only 10 dB with the c lic k ABR 

threshold  and  2000 Hz ASSR pred ic ted  threshold  was noted . This sub jec t 

woke up  before c ompleting the 4000 Hz ASSR in the right ear and  

therefore no result is ava ilab le on tha t spec ific  measurement.  Behaviora l 

responses were measured  a t 14 months of age. These thresholds were 

eleva ted  by 10 to 15 dB a t the respec tive frequenc ies for both the ASSR 

and  ABR measurements. 

 

In the left ea r the tone burst ABR threshold  was 30 dB higher than the 500 

Hz ASSR pred ic ted  threshold . A d ifferenc e of 5 to 10 dB was p resent 

between the ASSR pred ic ted  thresholds for 2000 and  4000 Hz in 

c omparison w ith the c lic k evoked  ABR threshold . The ASSR had  the lower 

va lue. The behaviora l thresholds yielded  responses w ith a  d ifferenc e of 10 

dB a t 500 Hz and  1000 Hz in c omparison w ith the ASSR pred ic ted  

thresholds a t the same frequenc ies (the ASSR aga in had  the lower va lues). 

The high frequenc ies (2000 and  4000 Hz) showed  b ig  d isc repanc ies 

between the ASSR pred ic ted  thresholds and  behaviora l thresholds (± 20 to 

45 dB) w ith the ASSR having the lower va lues.  The tone burst ABR 

thresholds were 20 dB higher than the 500 Hz behaviora l threshold , but the 

high frequenc ies of 2000 Hz and  4000 Hz behaviora l thresholds were 15 to 

35 dB higher than the c lic k ABR thresholds. 

 

4.2.1.3 Sub jec t 3: Results for sub-a im 1 

 

The bac kground  information and  test results for sub jec t 3 a re p resented  in 

Tab le 4.3 and  Figure 4.4. 
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Table 4.3 Background information and test results for subject 3 

Sex Female 

Risk factors One of a twin, born at 32 weeks gestational age with 

a family history of congenital deafness. 

Age at time of hearing loss identification Six months 

Degree of hearing loss Severe sensory neural hearing loss in right ear;  

Profound sensory neural hearing loss in left ear. 

Age at time of hearing aid fitting Six months 

Type of hearing aid Digitally programmable analogue hearing aids 

binaurally 

Age at time of behavioral assessment 12 months 

ABR results Tone burst 

R = 90 dBnHL 

L = 90 dBnHL 

Click 

R = 70 dBnHL 

L = 95 dBnHL 

ASSR predicted results 500 Hz 

R = 90 dB 

L = 95 dB 

1000 Hz 

R=105 dB 

L = 95 dB 

2000 Hz 

R = 95 dB 

L = 85 dB 

4000 Hz 

R = 80 dB 

L = 80 dB 

Behavioral assessment results 500 Hz 

R = 80 dB 

L = 80 dB 

1000 Hz 

R = 70 dB 

L = 75 dB 

2000 Hz 

R = 70 dB 

L = 90 dB 

4000 Hz 

R = 80 dB 

L = 80 dB 
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Figure 4.4 Schematic representations of the ABR, ASSR predictions and 

BT results for subject 3 
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The right ear’ s responses c an be desc ribed  as follows: responses in the 

right ear for the tone burst ABR and  500 Hz ASSR pred ic ted  thresholds 

yielded  the same threshold . The c lic k ABR threshold  was 25 dB lower than 

the 2000 Hz ASSR pred ic ted  threshold . The d ifferenc e between the c lic k 

ABR threshold  and  4000 Hz ASSR pred ic ted  threshold  was 10 dB, w ith the 

c lic k ABR having the lower va lue. When c omparing the ASSR pred ic ted  

thresholds and  behaviora l thresholds, a  d ifferenc e of 10 dB was noted  a t 

500 Hz and  a  d ifferenc e of 35 dB a t 1000 Hz. The 2000 Hz c omparison 

between these two measurements showed  a  25 dB d ifferenc e. In a ll of 

these instanc es the ASSR pred ic ted  thresholds had  the higher va lue. At 

4000 Hz the thresholds between these two measurements c orresponded  

well.  A 10 dB d ifferenc e was noted  between the tone burst ABR and  500 

Hz behaviora l thresholds, w ith the tone burst ABR having the higher va lue. 

The c lic k ABR yielded  the same threshold  as the 2000 Hz behaviora l 

threshold . A 10 dB d ifferenc e was p resent between the c lic k ABR and  4000 

Hz behaviora l threshold  w ith the behaviora l response being the lower 

va lue. 

 

The thresholds from the left ea r c orresponded  better between the 

d ifferent measurements. A d ifferenc e of 5 dB was noted  between the 

tone burst ABR and  500 Hz ASSR pred ic ted  thresholds w ith the ASSR having 

the higher va lue. A simila r result was ob ta ined  in the high frequenc ies – 

w ith a  d ifferenc e of 10 dB between the c lic k ABR and  2000 Hz ASSR 

pred ic ted  thresholds, and  15 dB d ifferenc e between the c lic k ABR and  

4000 Hz ASSR pred ic ted  thresholds. In this instanc e the c lic k ABR had  the 

higher va lue. When c omparing the ASSR pred ic ted  thresholds and  

behaviora l thresholds in the low frequenc ies (500 Hz and  1000 Hz), 

behaviora l thresholds were 15 to 20 dB lower than the ASSR thresholds. The 
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ASSR pred ic ted  thresholds yielded  5 to 10 dB lower thresholds in the high 

frequenc ies of 2000 Hz and  4000 Hz. When c omparing the tone burst ABR 

threshold  w ith the behaviora l threshold , a  10 dB d ifferenc e is noted  

between these two measurement tec hniques – the tone burst ABR being 

the higher va lue. The c omparison between the c lic k ABR threshold  and  

behaviora l threshold  shows a  5 dB d ifferenc e w ith the 2000 Hz c omparison 

and  a  15 dB d ifferenc e w ith the 4000 Hz c omparison – in both c ases the 

ABR having the higher va lue. 

 

4.2.1.4 Sub jec t 4: Results for sub-a im 1 

 

The bac kground  information and  test results for sub jec t 4 a re p resented  in 

Tab le 4.4 and  Figure 4.5. 
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Table 4.4 Background information and test results for subject 4 

Sex Female 

Risk factors Twin of subject 3, born at 32 weeks gestational age 

with a family history of congenital deafness. 

Age at time of hearing loss identification Six months 

Degree of hearing loss Severe sensory neural hearing loss bilaterally 

Age at time of hearing aid fitting Six months 

Type of hearing aid Digitally programmable analogue hearing aids 

binaurally 

Age at time of behavioral assessment 12 months 

ABR results Tone burst 

R = 75 dBnHL 

L = 75 dBnHL 

Click 

R = 75 dBnHL 

L = 75 dBnHL 

ASSR predicted results 500 Hz 

R = 90 dB 

L = 80 dB 

1000 Hz 

R = 85 dB 

L = 85 dB 

2000 Hz 

R = 85 dB 

L = 85 dB 

4000 Hz 

R = 80 dB 

L = 70 dB 

Behavioral assessment results 500 Hz 

R = 80 dB 

L = 85 dB 

1000 Hz 

R = 80 dB 

L = 75 dB 

2000 Hz 

R = 75 dB 

L = 80 dB 

4000 Hz 

R = 90 dB 

L = 80 dB 

 

 

Right Ear

0

10

20

30

40

50

60

70

80

90

100

110

120

0.5 1 2 4

Frequency (kHz)

d
B

 H
L

BTH

ASSR

ABR

Left Ear

0

10

20

30

40

50

60

70

80

90

100

110

120

0.5 1 2 4

Frequency (kHz)

d
B

 H
L

BTH

ASSR

ABR

 

Figure 4.5 Schematic representations of the ABR, ASSR predictions and 

BT results for subject 4 
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The results from this sub jec t showed  a  good  c omparison between the 

d ifferent p roc edures. The right ear showed  a  d ifferenc e of 15 dB when 

c omparing the tone burst ABR threshold  w ith the 500 Hz ASSR pred ic ted  

threshold . In this c ase the ABR had  the lower threshold . The c lic k ABR 

threshold  was 10 dB lower than the threshold  for the 2000 Hz ASSR 

pred ic ted  threshold  and  5 dB lower than the threshold  for 4000 Hz ASSR 

pred ic tion. The c omparison between the ASSR pred ic ted  thresholds and  

behaviora l thresholds showed  an average d ifferenc e of 5 to 10 dB with 

the ASSR having the lower threshold  a t a ll frequenc ies exc ep t a t 4000 Hz. 

The tone burst ABR threshold  was 5 dB lower than the 500 Hz behaviora l 

threshold . The c lic k ABR threshold  had  the same va lue as the 2000 Hz 

behaviora l threshold  and  was 5 dB lower than the 4000 Hz behaviora l 

threshold . 

 

Simila r results were found  in the left ea r. The tone burst ABR threshold  was 5 

dB lower than threshold  for the 500 Hz ASSR pred ic tion. The threshold  for 

the c lic k ABR was 10 dB lower than the threshold  a t 2000 Hz on the ASSR 

pred ic tion and  5 dB lower than the 4000 Hz threshold  on the ASSR 

pred ic tion. The ASSR pred ic ted  thresholds d iffered  w ith 5 to 10 dB from 

those of the behaviora l assessment ac ross the frequenc y range. A 10 dB 

d ifferenc e was p resent between thresholds of the tone burst ABR and  the 

500 Hz behaviora l - w ith the tone burst ABR having the lower va lue.  The 

c lic k ABR threshold  was 5 dB lower than the 2000 Hz and  4000 Hz 

behaviora l thresholds. 

 

4.2.1.5 Sub jec t 5: Results for sub-a im 1 
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The bac kground  information and  test results for sub jec t 5 a re p resented  in 

Tab le 4.5 and  Figure 4.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.5 Background information and test results for subject 5 

Sex Female 

Risk factors Born at 26 weeks gestational age; Admitted to 

NICU for 2 months. 

Age at time of hearing loss identification Four months 

Degree of hearing loss Profound sensory neural hearing loss bilaterally 

Age at time of hearing aid fitting Five months 

Type of hearing aid High power digitally programmable analogue 

hearing aids binaurally 

Age at time of behavioral assessment 12 months 

ABR results Tone burst Click 
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R = NR 

L = NR 

R = NR 

L = NR 

ASSR predicted results 500 Hz 

R=105 dB 

L=105 dB 

1000 Hz 

R=115 dB 

L=105 dB 

2000 Hz 

R=105 dB 

L=105 dB 

4000 Hz 

R=100 dB 

L=110 dB 

Behavioral assessment results 500 Hz 

R = 95 dB 

L = 95 dB 

1000 Hz 

R=105 dB 

L=105 dB 

2000 Hz 

R=100 dB 

L=110 dB 

4000 Hz 

R=100 dB 

L=110 dB 

NR = No Response 

 

 

 

Right Ear

0

10

20

30

40

50

60

70

80

90

100

110

120

0.5 1 2 4

Frequency (kHz)

d
B

 H
L

BTH

ASSR

ABR

 

Left Ear

0

10

20

30

40

50

60

70

80

90

100

110

120

0.5 1 2 4

Frequency (kHz)

d
B

 H
L

BTH

ASSR

ABR

 

Figure 4.6 Schematic representations of the ABR, ASSR predictions and 

BT results for subject 5 

 

No response c ould  be measured  on the ABR a t maximum output (90 

dBnHL) of the equipment on both the tone burst ABR and  the c lic k ABR. 

The ASSR showed  responses ac ross the frequenc y range of 500 Hz to 4000 

Hz. Behaviora l responses were a lso measured  a t a ll the frequenc ies. 

 

When c omparing the results of the right ear between the ASSR pred ic ted  

thresholds and  behaviora l assessment, a  5 to 10 dB d ifferenc e was noted  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006



 116 

a t 500, 1000 and  2000 Hz, w ith the behaviora l thresholds being lower. The 

thresholds a t 4000 Hz c orresponded  on these two p roc edures. 

 

The left ea r had  simila r results. A d ifferenc e of 10 dB was noted  a t 500 Hz 

between the ASSR pred ic ted  thresholds and  behaviora l thresholds - w ith 

the behaviora l threshold  being lower. A d ifferenc e of 5 dB was p resent a t 

2000 Hz w ith the ASSR pred ic ted  thresholds being the lower va lue in this 

instanc e. The frequenc ies of 1000 Hz and  4000 Hz yielded  the same results 

on these two measurements.  

 

4.2.1.6 Sub jec t 6: Results for sub-a im 1 

 

The bac kground  information and  test results for sub jec t 6 a re p resented  in 

Tab le 4.6 and  Figure 4.7. 

 

Table 4.6 Background information and test results for subject 6 

Sex Male 

Risk factors None 

Age at time of hearing loss identification Six months 

Degree of hearing loss Profound sensory neural hearing loss bilaterally 

Age at time of hearing aid fitting Six months 

Type of hearing aid High power digital hearing aids binaurally 

Age at time of behavioral assessment 8 months 

ABR results Tone burst 

R = NR 

L = NR 

Click 

R = NR 

L = NR 

ASSR predicted results 500 Hz 

R=105 dB 

L=105 dB 

1000 Hz 

R=105 dB 

L=115 dB 

2000 Hz 

R=105 dB 

L=115 dB 

4000 Hz 

R = NR 

L = NR 

Behavioral assessment results 500 Hz 

R=105 dB 

1000 Hz 

R=110 dB 

2000 Hz 

R=105 dB 

4000 Hz 

R = NR 
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L=105 dB L=110 dB L=110 dB L = NR 

NR = No Response 
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Figure 4.7 Schematic representations of the ABR, ASSR predictions and 

BT results for subject 6 

 

No responses for sub jec t 6 c ould  be measured  on either the tone burst 

ABR or the c lic k ABR a t the maximum output of the equipment (90 dBnHL). 

Both the ASSR and  behaviora l measures yielded  no response a t 4000 Hz.  

 

The threshold  p red ic tion on the ASSR and  the measured  behaviora l 

thresholds in the right ear d iffered  w ith only 5 dB a t 1000 Hz - w ith the ASSR 

having the lower va lue. Results a t the other frequenc ies yielded  the same 

threshold  va lues. 

 

Simila r results were ob ta ined  in the left ea r, w ith a  5 dB d ifferenc e a t 1000 

Hz and  2000 Hz between the ASSR pred ic ted  thresholds and  behaviora l 

thresholds. In this c ase the behaviora l thresholds were the lower levels.  
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In c onc lusion, when c onsidering the results of the ind ividua ls, ind ic a tions 

a re tha t the ASSR may p rove to be a  very useful add ition to the ped ia tric  

aud iology test ba ttery – 80.5 % of the frequenc ies p red ic ted  by the ASSR, 

estimated  behaviora l thresholds w ithin 10 dB as oppose to the 57% of the 

ABR. Yet, it is only when c onsidering the results for a  number of ind ividua ls 

tha t a  partic ula r trend  may be identified . In the following sec tion the 

results tha t c onc ern the early d iagnosis as it is based  on measurements for 

a ll six sub jec ts (12 ears), a re desc ribed , c ompared  and  d isc ussed . 

 

4.2.2 Collective results for all six subjects concerning sub-aim 1  

 

The c ollec tive results for a ll six the sub jec ts c onc erning sub-a im 1 a re 

summarized  in Tab le 4.7. Foc using on the c ollec tive results for a ll ea rs 

measured , a  further c omparison of the three eva lua tion p roc edures were 

done taking into ac c ount the d ispersion, the c entra l tendenc y and  the 

rela tion of the c ollec tive da ta  p rovided  by the d ifferent eva lua tion 

p roc edures. The absolute threshold  measurements of eac h ear measured  

and  the a rithmetic  mean va lues for the number of ears measured , per 

stimulus frequenc y, determined  by eac h of the three p roc edures, a re a lso 

inc luded  in Tab le 4.7, as well as the c a lc ula ted  range and  the standard  

devia tion of the absolute threshold  va lues and  the number of ears 

measured  for a  partic ula r stimulus frequenc y. Tab le 4.8 summarizes the 

mean of the responses to a ll stimulus frequenc ies p resented  per ear, as 

rec orded  by the three d ifferent p roc edures, as well as the standard  

devia tion, and  the number of da ta  points used  for this c a lc ula tion.  

 

 

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006



 120 

Table 4.7 Summary of unaided thresholds for the six subjects as determined by the ABR, ASSR and BT. 

 ABR ASSR Behavioral thresholds 

 Tone Burst  Click  500 Hz 1000 Hz 2000 Hz 4000 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 

Subject 1 R=65dBnHL 

L =NR 

R=50dBnHL 

L=NR 

R=55dB 

L=NR 

R=55dB 

L=NR 

R=65dB 

L=NR 

R=70dB 

L=NR 

R=50dB 

L=NR 

R=55dB 

L=NR 

R=65dB 

L=NR 

R=75dB 

L=NR 

Subject 2 R=60dBnHL 

L=70dBnHL 

R=75dBnHL 

L=60dBnHL 

R=60dB 

L=40dB 

R=50dB 

L=50dB 

R=65dB 

L=55dB 

R=NR 

L=50dB 

R=70dB 

L=50dB 

R=65dB 

L=60dB 

R=80dB 

L=75dB 

R=95dB 

L=95dB 

Subject 3 R=90dBnHl 

L=90dBnHL 

R=70dBnHL 

L=95dBnHL 

R=90dB 

L=95dB 

R=105dB 

L=95dB 

R=95dB 

L=85dB 

R=80dB 

L=80dB 

R=80dB 

L=80dB 

R=70dB 

L=75dB 

R=70dB 

L=90dB 

R=80dB 

L=80dB 

Subject 4 R=75dBnHL 

L=75dBnHL 

R=75dBnHL 

L=75dBnHL 

R=90dB 

L=80dB 

R=85dB 

L=85dB 

R=85dB 

L=85dB 

R=80dB 

L=70dB 

R=80dB 

L=85dB 

R=80dB 

L=75dB 

R=75dB 

L=80dB 

R=90dB 

L=80dB 

Subject 5 R=NR 

L=NR 

R=NR 

L=NR 

R=105dB 

L=105dB 

R=115dB 

L=105dB 

R=105dB 

L=105dB 

R=100db 

L=110dB 

R=95dB 

L=95dB 

R=105dB 

L=105dB 

R=100dB 

L=110dB 

R=100dB 

L=110dB 

Subject 6 R=NR 

L=NR 

R=NR 

L=NR 

R=105dB 

L=105dB 

R=110dB 

L=115dB 

R=105dB 

L=115dB 

R=NR 

L=NR 

R=105dB 

L=105dB 

R=110dB 

L=110dB 

R=105dB 

L=110dB 

R=NR 

L=NR 

Mean 75dBnHL 71.4dBnHL 84.6dB 87.3dB 87.7dB 87.5dB 81.4dB 82.7dB 87.3dB 87.8dB 

Range 30 45 65 65 60 40 55 55 45 35 

SD 11.5 14.06 23.07 24.73 19.54 16.69 18.99 20.90 16.49 11.76 

Number of 

ears 

measured 

 

7 

 

7 

 

11 

 

11 

 

11 

 

8 

 

11 

 

11 

 

11 

 

9 

NR = No Response 

ASSR = ASSR predictions 

SD = Standard Deviation 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006



 121 

Table 4.8 Average of all frequencies tested on the three procedures 

 ABR ASSR 

predictions 

BT 

Mean 73.2 86.71 82.74 

SD 12.5 20.78 18.75 

Number of da ta  

points 

21 41 42 

 

Clic k ABR results were c ompleted  on 12 ears (six sub jec ts). Of those 12 

ears, five had  no response to c lic ks a t the maximum intensity lim it (90 

dBnHL) of the equipment. Toneburst ABR to 500 Hz was c ompleted  on a ll 

12 ears to whic h five had  no response a t the lim its of the equipment (90 

dBnHL).   

 

ASSR’s measurements were c ompleted  on a ll 12 ears. Only one ear had  

no response a t any frequenc y of the ASSR exc ep t 4000 Hz, where another 

three ears had  no response a t the maximum intensity of the equipment.  

 

The behaviora l assessment showed  one ear w ith no response a t a ll 

frequenc ies on the behaviora l testing. Another two ears had  no response 

a t 4000 Hz. The results from a ll the sub jec ts a re shown in Tab le 4.7. 

 

4.2.2.1 Comparing the una ided  ABR and  una ided  ASSR 

 

As ind ic a ted  in Tab le 4.7, the range of the absolute measurements va lues 

for the 500 Hz ASSR’s is 35 dB b roader than the range for the tone burst 

ABR. The range for the 2000 Hz ASSR pred ic tions is 20 dB b roader than the 

range for the c lic k ABR. The range of the 4000 Hz ASSR pred ic tions is 

however 5 dB sma ller than tha t of the c lic k ABR. The number of ears taken 

into ac c ount is aga in seven on the ABR, 11 on the 2000 Hz ASSR, but eight 
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on the 4000 Hz ASSR pred ic tion. Although the range of the threshold  tha t 

was determined  with the ASSR seems in most c ases b roader than the 

range of measurements determined  with the ABR, it would  a lso seem as if 

the d ifferenc e between the range may be influenc ed  by the number of 

ears measured  (See Tab le 4.7). It is therefore d iffic ult to d raw any 

c onc lusions based  on the range of the threshold  measured  w ith the ASSR 

and  ABR. The SD va lues seem to c onfirm the range va lues. It is however 

risky to d raw any c onc lusions from the SD da ta  sinc e the number of da ta  

points for the ABR measurements were lim ited  to seven and  c onsidering 

the inevitab le ind ividua l d ifferenc es, va ria tion in responses c an be 

expec ted  to be high and  would  inevitab ly have an a ffec t on the SD 

va lues for suc h a  sma ll sample. 

 

Comparing the ABR results for both tone bursts and  c lic ks w ith the 500 Hz, 

2000 Hz and  4000 Hz ASSR, it was noted  tha t the ma jority of c omparab le 

thresholds - 14 of the 21 (67%) – showed  a  d ifferenc e of 10 dB or less. These 

results a re summarized  in Figure 4.8. 
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Figure 4.8 Representation of comparative frequency thresholds between 

the ABR and ASSR  
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Further insight was ga ined  by c a lc ula ting the mean and  c onsidering the 

d ifferenc e between the mean of the absolute va lues for eac h of the 

eva lua tion p roc edures. The mean of the una ided  c lic k ABR’s ranged  from 

71.4 dBnHL for the c lic k ABR and  75 dBnHL for the una ided  tone burst ABR. 

The mean ASSR pred ic ted  thresholds levels ranged  from 84.6 dB HL to 87.7 

dB HL. The mean of a ll the tone burst ABR thresholds were 10 dB lower 

than the mean of a ll the 500 Hz ASSR pred ic ted  thresholds (see Tab le 4.7). 

When c omparing the c lic k ABR with the 2000 Hz ASSR and  4000 Hz ASSR, 

the mean results ind ic a te tha t the ABR measurements aga in had  the 

lower response level, w ith a  d ifferenc e of approximately 17 dB. It is 

relevant though, to take into ac c ount the number of ears tested  w ith 

eac h p roc edure (Tab le 4.7). Only seven ears represent the results on the 

ABR, where 11 a re represented  on the ASSR average. The five ears not 

represented  on the ABR results a re the ones tha t had  no response on this 

p roc edure and  therefore fa ll in a  c a tegory more severe than c ould  be 

measured  by the ABR, thus infla ting the c a lc ula ted  mean of the ASSR 

measurements. 

 

Add itiona l ana lyses p rovided  a  c ollec tive view of thresholds to a ll stimulus 

frequenc ies as determined  by a  spec ific  p roc edure. As ind ic a ted  in Tab le 

4.8, the mean of a ll frequenc ies tested  on the ABR was 73.2 dBnHL in 

c omparison w ith a  mean of the 86.71 dB on the ASSR. The standard  

devia tion on these two measuring tec hniques d iffered  - w ith the SD 12.5 

dB on the ABR and  20.78 dB on the ASSR, ind ic a ting a  w ider d ispersion of 

ASSR measurements. Due to the output lim ita tions of equipment, the ABR 

c ould  not render responses on a ll sub jec ts resulting in a  sma ller number of 

ava ilab le ABR measurements (21), as opposed  to ava ilab le ASSR 

measurements (41). Although a  higher number of da ta  points were 
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ava ilab le the SD va lues for a ll measurements per p roc edure should  aga in 

be interp reted  w ith c aution. 

  

Sta tistic a l ana lyses of the mean da ta  – using the Exac t Wilc oxon Rank Sum 

Test - ind ic a ted  tha t no sta tistic a lly signific ant d ifferenc e exist between the 

mean thresholds measured  w ith the ABR and  the ASSR. Tab le 4.9 

summarizes the results of the inferentia l sta tistic a l ana lysis of average for a ll 

the ears measured  w ith the tone burst ABR vs. 500 Hz ASSR and  the c lic k 

ABR vs. 2000 Hz and  4000 Hz ASSR. 

 

Table 4.9 Statistical analysis of ABR and ASSR predicted results 

Stimulus P  value 

• Click ABR vs. 2000 Hz ASSR 

 
• Click ABR vs. 4000 Hz ASSR 

 
• 500 Hz tone burst vs. 500 Hz ASSR 

P = 0.4074 

 

P = 1.0000 

 

P = 0.4991 

 

For a  d ifferenc e to be signific ant the p -va lue should  be sma ller than 0.05 

(Steyn, Smit, Du Toit & Strasheim, 2003:596). In this c ase none of the p -

va lues were sma ller than 0.05 and  therefore no signific ant sta tistic a l 

d ifferenc e was noted  between thresholds determined  by the una ided  

ABR and  by the una ided  ASSR. 

 

The results p rovided  by the ABR and  ASSR were a lso c ompared  w ith 

regard  to its rela tion. Figure 4.9 shows the rela tionship  or c orrela tion 

c oeffic ient between the 500 Hz toneburst ABR (TB) and  the ASSR 

pred ic ted  threshold , using a  500 Hz c arrier frequenc y. It is important to 

note tha t a  la rge p roportion of ears (5 of 12) had  no response to the 500 
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Hz tone burst ABR a t 90 dBnHL; therefore, only 7 ears a re represented  in 

the equa tion. The da ta  ind ic a te tha t there is a  modera te to marked  

positive c orrela tion between ASSR thresholds a t 500 Hz and  the 500 Hz 

tone burst ABR thresholds (r =  .77).  
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Figure 4.9 Relationship between 500 Hz tone burst ABR and ASSR 

prediction based on the measurement for seven ears 
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Figure 4.10 Relationship between the click ABR and 2000 and 4000 Hz 

ASSR prediction based on the measurement of seven ears 

 

Figure 4.10 shows a  c omparison matrix between the thresholds for seven 

ears as ob ta ined  w ith the c lic k ABR to the 2000 Hz and  4000 Hz ASSR. It is 

important to note tha t 5 of the ears tested , had  no response to c lic ks a t 90 
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dBnHL; therefore only 7 ears a re represented  in figure 4.8. The da ta  

ind ic a te tha t there is a  fa ir degree of positive c orrela tion between the 

c lic k ABR and  the 2000 Hz ASSR threshold  (r = .56). A simila r degree of 

positive c orrela tion is found  between the 4000 Hz ASSR threshold  and  the 

c lic k-evoked  ABR threshold  (r = .57). The c orrela tion results a re therefore a  

c onfirmation of wha t was ind ic a ted  by the inferentia l sta tistic s. 

 

To summarize: 

 

• Results ind ic a te tha t it was in more instanc es possib le to determine 

thresholds w ith the ASSR than w ith the ABR 

• In 67% of the frequenc ies tested  the thresholds between the ABR 

and  ASSR c orresponded  within 10 dB of eac h other. 

• ASSR thresholds for the six sub jec ts show a  b igger va ria tion than the 

ABR thresholds, but it is impossib le to c ome to a  c lear c onc lusion as 

to what this may ind ic a te. 

• Differenc es between mean thresholds measured  w ith the ASSR and  

the ABR exist, but it shows no sta tistic a l signific anc e 

• Results c onfirm tha t there is a  modera te to fa ir positive c orrela tion 

between the thresholds determined  by the ASSR and  ABR 

respec tively (Leedy & Ormrod , 2005:306).  

 

4.2.2.2 Una ided  ASSR vs. una ided  behaviora l thresholds  

 

The number of ears tested  was simila r on these two approac hes. When 

ana lyzing the range  information on these two measurements, the range 

of the results a lso seems simila r (see Tab le 4.7). A d ifferenc e of 5 dB in the 

range of the 4000 Hz c omparison is p resent, w ith a  d ifferenc e of 15 dB a t 

2000 Hz, 10 dB a t 1000 Hz and  10 dB a t 500 Hz. The SD va lues seem to 
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c onfirm the range va lues – the SD va lues on the ASSR varied  from 16.69 to 

24.73. The SD va lues on the behaviora l thresholds varied  from 11.76 to 

20.90. Interp reta tion of the SD va lues on suc h a  sma ll sample however is 

risky. 

 

Figure 4.11 illustra tes the mean una ided  ASSR pred ic ted  thresholds and  

una ided  behaviora l thresholds ob ta ined  a t eac h frequenc y for a ll the 

ears tested  (n=12). The mean una ided  ASSR pred ic ted  threshold  levels 

ranged  from 84.6 dB HL to 87.7 dB HL. The mean behaviora l threshold  

levels ranged  from 81.4 dB HL to 87.8 dB HL (Tab le 4.7). One ear showed  

no response on either of the two p roc edures a t a ll frequenc ies. Another 

three ears had  no response a t 4000 Hz on the ASSR and  two of these ears 

had  no response a t 4000 Hz on the behaviora l eva lua tion.  
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Figure 4.11 Mean unaided ASSR thresholds and unaided behavioral 

thresholds obtained at each frequency for all the ears tested 

(n=12). 
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A d ifferenc e of 5 dB was noted  a t 500 Hz and  1000 Hz and  10 dB a t 4000 

Hz between the mean of the thresholds determined  by the ASSR 

pred ic tion and  behaviora l measurements. In the low frequenc ies the 

behaviora l thresholds were slightly lower and  a t 4000 Hz the ASSR 

pred ic ted  thresholds were minima lly lower. Results show tha t the averages 

of thresholds for a ll the ears, determined  with the ASSR and  behaviora l 

assessments, were very simila r (see Tab le 4.8). 

 

Comparing the ASSR pred ic ted  thresholds w ith behaviora l thresholds for 

a ll frequenc ies tested , it was noted  tha t the ma jority of c omparab le 

thresholds - 33 of the 41 (80.5%) – showed  a  d ifferenc e of 10 dB or less. 

These results a re summarized  in Figure 4.12. 
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Figure 4.12 Representation of comparative frequency thresholds between 

the ASSR predicted thresholds and behavioral thresholds 

 

Sta tistic a l ana lyses (Exac t Wilc oxon Rank Sum Test) of the mean da ta  a re 

summarized  in Tab le 4.10. No sta tistic a l d ifferenc e between the thresholds 

determined  by the una ided  ASSR and  una ided  behaviora l assessment 

was found , as a ll p -va lues were more than 0.05. 
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Table 4.10 Statistical analysis of ASSR predictions and behavioral 

measures 

Stimulus P - value 

• 500 Hz ASSR vs. behavioural threshold 

 
• 1000 Hz ASSR vs. behavioural threshold 

 
• 2000 Hz ASSR vs. behavioural threshold 

 
• 4000 Hz ASSR vs. behavioural threshold 

P = 0.8128 

 

P = 0.7475 

 

P = 0.7440  

 

P = 0.5039 

 

 

The results p rovided  by the ASSR and  behaviora l assessment were a lso 

c ompared  w ith regard  to its rela tion. The following sc a tter p lots in Figure 

4.13 represent the rela tionship  or c orrela tion c oeffic ient between eac h 

frequenc y tested  during the ASSR eva lua tion and  the subsequent 

behaviora l measurement. A highly dependab le to modera te positive 

c orrela tion is identified  for three of the test frequenc ies, namely r = .93 a t 

500 Hz; r = .82 a t 1000 Hz; r = .79 a t 2000 Hz, determined  with the ASSR and  

behaviora l assessments. Thresholds determined  with the two p roc edures 

ind ic a tes a  modera te to fa ir degree of positive c orrela tion a t 4000 Hz (r = 

.59). 
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Figure 4.13 Relationship between thresholds determined with ASSR 

predictions and behavioral responses for a specific number of 

ears. 

 

In summary: 

 

• The number of frequenc ies where thresholds c ould  be determined  

with ASSR c ompares favorab le w ith tha t of the behaviora l 

assessments. 

• In 80.5% of the frequenc ies tested , the thresholds between the ASSR 

and  behaviora l assessment c orresponded  within 10 dB of eac h 

other. 

• The range of the measurements determined  with the two 

p roc edures c ompares well. 
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• There is no sta tistic a l d ifferenc e between averages determined  with 

the ASSR pred ic tions and  behaviora l thresholds 

• Results ind ic a te a  highly dependab le to fa irly positive c orrela tion 

between thresholds determined  by ASSR and  behaviora l 

assessments. 

 

4.2.2.3 Una ided  ABR vs. una ided  behaviora l thresholds 

 

As ind ic a ted  in Tab le 4.7, the range of the absolute measurements va lues 

for the 500 Hz behaviora l threshold  is 25 dB b roader than the range for the 

tone burst ABR. The range for the c lic k ABR and  2000 Hz behaviora l 

response a re both 45 dB. The range for the c lic k ABR was 10 dB b roader 

than the range for the 4000 Hz behaviora l thresholds. The number of ears 

taken into ac c ount is seven on the ABR and  11 on the 2000 Hz behaviora l 

thresholds assessment, but nine on the 4000 Hz behaviora l assessment. It 

would  seem as if the range of the threshold  tha t were determined  with the 

500 Hz behaviora l threshold  assessment is b roader than the range of the 

tone burst ABR. This is not the c ase however w ith the range of threshold  

determina tion between the c lic k ABR and  2000 Hz behaviora l threshold  

assessment. It is therefore d iffic ult to d raw any c onc lusions based  on the 

range of the thresholds measured  w ith the ABR and  behaviora l threshold  

assessments. It is aga in risky to d raw c onc lusion from the SD va lues. These 

va lues seem to c onfirm the range va lues. The number of da ta  points for 

the ABR measurements were lim ited  to seven and  c onsidering the 

inevitab le ind ividua l d ifferenc es, va ria tion in responses c an be expec ted  

to be high and  would  have an a ffec t on SD va lues for suc h a  sma ll 

sample. 
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Comparing the tone burst and  c lic k evoked  ABR thresholds w ith the 

behaviora l thresholds, it was noted  tha t only 12 of the 21 (57%) of the 

c omparab le thresholds, showed  a  d ifferenc e of 10 dB or less. These results 

a re summarized  in Figure 4.14. 
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Figure 4.14 Representation of comparative frequency thresholds between 

the ABR and behavioral thresholds 

  

Further insight was ga ined  by aga in c a lc ula ting the mean and  

c onsidering the d ifferenc e between the mean of the absolute va lues for 

eac h of the eva lua tion p roc edures. The mean of the ABR ranged  from 

71.4 dBnHL for the c lic k ABR to 75 dBnHL for the tone burst ABR. The mean 

of the behaviora l thresholds ranged  from 81.4 dB HL to 87.8 dB HL. The 

mean of the tone burst ABR thresholds d iffered  w ith 6.4 dB from the 500 Hz 

behaviora l thresholds (see Tab le 4.7). The tone burst ABR had  the lower 

va lue. When c omparing the c lic k ABR with the 2000 Hz and  4000 Hz 

behaviora l thresholds, the average results ind ic a te tha t the ABR aga in 

had  the lower response level – w ith a  d ifferenc e of approximately 16.3 dB. 

It is relevant though, to c onsider aga in the number of ears tested  on eac h 
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p roc edure (Tab le 4.7). Only seven ears represent the results on the ABR, 

where 11 a re represented  on the 500 Hz and  2000 Hz behaviora l threshold  

measurement and  nine ears a re represented  on the 4000 Hz behaviora l 

threshold  measurement. The five ears not represented  on the ABR results 

a re the ones tha t had  no response on this p roc edure and  therefore fa ll in 

a  c a tegory more severe than c ould  be measured  by the ABR.  

 

Add itiona l ana lyses p rovided  a  c ollec tive view of thresholds to a ll stimulus 

frequenc ies as determined  by a  spec ific  p roc edure. As ind ic a ted  in Tab le 

4.8, the mean of a ll frequenc ies tested  on the ABR was 73.2 dBnHL in 

c omparison w ith the mean of 82.74 dB on the behaviora l assessment. The 

SD on these two measuring tec hniques d iffered  – w ith the SD 12.5 dB on 

the ABR and  18.75 on the behaviora l assessment, ind ic a ting a  w ider 

d ispersion of behaviora l thresholds. Due to the output lim ita tions of 

equipment, the ABR c ould  not render response on a ll sub jec ts resulting in 

a  sma ller number of ava ilab le ABR thresholds (21) as opposed  to ava ilab le 

behaviora l thresholds (42). Although a  higher number of da ta  points were 

ava ilab le, the SD va lues for a ll measurements per p roc edure should  aga in 

be interp reted  w ith c aution.  

 

Sta tistic a l ana lysis of the mean da ta  – using the Exac t Wilc oxon Rank Sum 

Test – ind ic a ted  tha t no sta tistic a l signific ant d ifferenc e exists between the 

mean thresholds measured  w ith the ABR and  behaviora l threshold  

assessments. Tab le 4.11 summarizes the results of the inferentia l sta tistic a l 

ana lysis of the average for a ll the ears measured  w ith the tone burst ABR 

vs. 500 Hz behaviora l assessment and  the c lic k ABR vs. 2000 Hz and  4000 

Hz behaviora l threshold  assessment. 
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Table 4.11 Statistical analysis of ABR and behavioral measures 

Stimulus P - value 

• 500 Hz behavioural threshold vs. tone 

burst ABR 

 
• 2000 Hz behavioural threshold vs. click 

ABR 
 

• 4000 Hz behavioural threshold vs. click 

ABR 

P = 0.1563 

 

 

P = 0.5000  

 

 

P = 0.2188 

 

The results p rovided  by the ABR and  behaviora l assessment were a lso 

c ompared  w ith regard  to its rela tion. Figure 4.15 shows the rela tionship  or 

c orrela tion c oeffic ient between the tone burst ABR and  the 500 Hz 

behaviora l threshold  assessment. It is important to note tha t a  la rge 

p roportion of the ears (5 of 12) had  no response to the tone burst ABR a t 

90 dBnHL; therefore, only seven ears a re represented  in this equa tion. The 

da ta  ind ic a te tha t there is a  modera te to marked  positive c orrela tion 

between behaviora l threshold  assessment a t 500 Hz and  the tone burst 

ABR (r = .77). 
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Figure 4.15 Relationship between tone burst ABR and 500 Hz behavioral 

threshold assessment based on the measurement for seven 

ears 
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Figure 4.16 shows a  c orrela tion matrix between the thresholds for seven 

ears as ob ta ined  w ith the c lic k ABR to the 2000 Hz and  4000 Hz behaviora l 

threshold  assessment. Aga in it should  be noted  tha t only seven ears a re 

represented  in the equa tion as five ears had  no response to the ABR a t 90 

dBnHL. The da ta  ind ic a te tha t there is a  dependab le positive c orrela tion 

between the c lic k ABR threshold  and  2000 Hz behaviora l threshold  

assessment (r = .89). A fa ir degree of positive c orrela tion is a lso found  

between the 4000 Hz behaviora l threshold  and  the c lic k ABR (r = .40). The 

c orrela tion results a re therefore a  c onfirmation of wha t was ind ic a ted  by 

the inferentia l sta tistic s. 
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Figure 4.16 Relationship between click ABR and 2000 Hz and 4000 Hz 

behavioral threshold assessment based on the measurement 

for seven ears respectively 

 

To summarize: 

 

• Results ind ic a te tha t it was not possib le to determine thresholds w ith 

the ABR in a ll the c ases. 

• In only 57% of the frequenc ies tested  the thresholds between the 

ABR and  behaviora l assessment c orresponded  within 10 dB of eac h 

other. 
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• Differenc es between averages of thresholds measured  w ith the ABR 

and  behaviora l threshold  assessments exist, but it shows no sta tistic a l 

signific ant d ifferenc e. 

• Results c onfirm tha t there is a  fa ir to dependab le positive c orrela tion 

between the thresholds determined  by the ABR and  behaviora l 

threshold  assessment respec tively. 

 

Considering the c ompara tive results desc ribed  in 4.2.2.1, 4.2.2.2 and  

4.2.2.3, it seems tha t the ASSR measurement c ompare well to the 

measurements done with the other two p roc edures, a lthough there seems 

to be a  slightly higher c orrela tion between the ASSR and  the behaviora l 

assessments than what exist between the ABR and  the behaviora l 

assessments. 80.5% of the frequenc ies tested  through the use of ASSR 

c orresponded  within 10 dB with the behaviora l thresholds. Only 57% of the 

frequenc ies tested  through the use of the ABR c orresponded  within 10 dB 

of the behaviora l thresholds – even though no c orrec tions were made for 

the ABR thresholds.  

 

4.3 RESULTS FOR SUB-AIM 2: TO INVESTIGATE THE CLINICAL VALUE OF THE 

ASSR FOR RELEVANT EARLY FITTING OF HEARING AIDS IN INFANTS BY 

DETERMINING AND COMPARING AIDED ASSR AND AIDED 

BEHAVIORAL THRESHOLDS. 

 

Exc ept in the c ase of sub jec t 1, responses were rec orded  while the 

sub jec t was wearing b inaura l hearing a ids. The thresholds rec orded  a re 

therefore an ind ic a tion of the a ided  thresholds of the best response a t 

eac h frequenc y of the best ear.   
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Responses for the ASSR were rec orded  a t c a rrier frequenc ies of 500, 1000, 

2000 and  4000 Hz in this group  of six hearing impa ired  infants using hearing 

a ids. The same frequenc ies were eva lua ted  during the behaviora l 

assessment. The results from the ind ividua l sub jec ts w ill be d isc ussed  first, 

followed  by the c ollec tive results. 

 

4.3.1 Individual subject results for sub-aim 2 

 

Eac h ind ividua l sub jec t’ s a ided  results w ill now be reported  on. In the 

ind ividua l tab les (See Tab les 4.12 to 4.17) an ind ic a tion is g iven of both the 

una ided  ASSR results – the measured  thresholds and  the p red ic ted  

thresholds. Both these threshold  va lues w ill be taken into ac c ount as the 

normative da ta  from whic h p red ic ted  thresholds a re c a lc ula ted , were not 

c ompiled  for a ided  ASSR’s. Therefore a  true c omparison c an be made 

between the una ided  and  a ided  ASSR results. The behaviora l results w ill 

be c ompared  w ith both va lues on the a ided  ASSR. 

 

4.3.1.1 Sub jec t 1: Results for sub-a im 2 

 

The a ided  test results for sub jec t 1 a re p resented  in Tab le 4.12 and  Figure 

4.17. 
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Table 4.12 Unaided ASSR, aided ASSR and aided behavioral thresholds 

measurements for subject 1 

Unaided ASSR results 500 Hz 

70 dB 

1000 Hz 

65 dB 

2000 Hz 

75 dB 

4000 Hz 

80 dB 

Unaided ASSR predicted results 500 Hz 

55 dB 

1000 Hz 

55 dB 

2000 Hz 

65 dB 

4000 Hz 

70 dB 

Aided ASSR results 500 Hz 

NR 

1000 Hz 

50 dB 

2000 Hz 

30 dB 

4000 Hz 

45 dB 

Aided ASSR predicted results 500 Hz 

NR 

1000 Hz 

30 dB 

2000 Hz 

20 dB 

4000 Hz 

15 dB 

Aided Behavioral assessment results 500 Hz 

25 dB 

1000 Hz 

20 dB 

2000 Hz 

25 dB 

4000 Hz 

30 dB 
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Figure 4.17 Aided results for subject 1 including behavioral thresholds and 

ASSR thresholds – measured and predicted 

 

A rec ognizab le d ifferenc e was noted  between the una ided  and  a ided  

ASSR responses (see Tab le 4.12). When c omparing the measured  

thresholds, a  d ifferenc e of between 15 to 45 dB ac ross the frequenc y 

range was noted . When c onsidering the d ifferenc e in the a ided  and  

una ided  pred ic ted  ASSR thresholds, the d ifferenc e is approximately 10 dB 
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more. No a ided  response c ould  be measured  a t the maximum outset of 

the equipment a t 500 Hz. 

 

When c omparing the a ided  ASSR with the a ided  behaviora l thresholds, a  

d ifferenc e of 30 dB was noted  between the measured  a ided  ASSR and  

the behaviora l threshold  a t 1000 Hz.  A d ifferenc e of 5 dB was p resent for 

the same c omparison a t 2000 Hz and  a  15 dB d ifferenc e was p resent for 

the 4000 Hz c omparison. On a ll of these c omparisons, the a ided  

behaviora l thresholds had  the lower va lue. 

 

When c omparing the a ided  ASSR – using the pred ic ted  thresholds with the 

a ided  behaviora l thresholds, a  d ifferenc e of 10 dB was noted  a t 1000 Hz, 5 

dB a t 2000 Hz and  15 dB a t 4000 Hz. In this c ase the ASSR had  the lower 

va lues for the 2000 Hz and  4000 Hz c omparison.  

 

4.3.1.2 Sub jec t 2: Results for sub-a im 2 

 

The a ided  test results for sub jec t 2 a re p resented  in Tab le 4.13 and  Figure 

4.18.  

 

 

 

 

 

 

 

 

 

Table 4.13 Unaided ASSR, aided ASSR and aided behavioral thresholds  
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measurements for subject 2 

Unaided ASSR results 500 Hz 

60 dB 

1000 Hz 

60 dB 

2000 Hz 

60 dB 

4000 Hz 

65 dB 

Unaided ASSR predicted results 500 Hz 

40 dB 

1000 Hz 

50 dB 

2000 Hz 

55 dB 

4000 Hz 

50 dB 

Aided ASSR results 500 Hz 

50 dB 

1000 Hz 

35 dB 

2000 Hz 

35 dB 

4000 Hz 

30 dB 

Aided ASSR predicted results 500 Hz 

25 dB 

1000 Hz 

20 dB 

2000 Hz 

20 dB 

4000 Hz 

5 dB 

Aided Behavioral assessment results 500 Hz 

30 dB 

1000 Hz 

35 dB 

2000 Hz 

35 dB 

4000 Hz 

40 dB 
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Figure 4.18 Aided results from subject 2 including behavioral thresholds 

and ASSR thresholds – measured and predicted 

 

A rec ognizab le d ifferenc e was noted  between the una ided  and  a ided  

ASSR thresholds (see Tab le 4.13). When c omparing the measured  

thresholds, a  d ifferenc e of between 10 to 35 dB ac ross the frequenc y 

range was noted . When c onsidering the d ifferenc e in the a ided  and  

una ided  pred ic ted  ASSR thresholds, the d ifferenc e between the va lues 

were 15 to 45 dB.  
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When c omparing the a ided  ASSR threshold  w ith the a ided  behaviora l 

thresholds, a  d ifferenc e of 20 dB was noted  between the measured  a ided  

ASSR threshold  and  the behaviora l threshold  a t 500 Hz.  No d ifferenc e was 

p resent a t 1000 Hz and  2000 Hz. At 4000 Hz a  10 dB d ifferenc e was noted . 

For the 500 Hz c omparison, the a ided  behaviora l thresholds had  the lower 

va lue. For 4000 Hz c omparison, the ASSR va lue had  the lower va lue. 

 

When c omparing the a ided  ASSR – using the pred ic ted  thresholds with the 

a ided  behaviora l thresholds, a  d ifferenc e of 5 dB was noted  a t 500 Hz, 15 

dB a t 1000 Hz, 15 dB a t 2000 Hz and  35 dB a t 4000 Hz. In this c ase the ASSR 

had  the lower va lues ac ross the frequenc y range. 

 

4.3.1.3 Sub jec t 3: Results for sub-a im 2 

 

The a ided  test results for sub jec t 3 a re p resented  in Tab le 4.14 and  Figure 

4.19.  

 

 

 

 

 

 

 

 

 

 

Table 4.14 Unaided ASSR, aided ASSR and aided behavioral thresholds  

measurements for subject 3 
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Unaided ASSR results 500 Hz 

100 dB 

1000 Hz 

100 dB 

2000 Hz 

90 dB 

4000 Hz 

90 dB 

Unaided predicted ASSR results 500 Hz 

90 dB 

1000 Hz 

95 dB 

2000 Hz 

85 dB 

4000 Hz 

80 dB 

Aided ASSR results 500 Hz 

NR 

1000 Hz 

50 dB 

2000 Hz 

60 dB 

4000 Hz 

50 dB 

Aided predicted ASSR results 500 Hz 

NR 

1000 Hz 

35 dB 

2000 Hz 

45 dB 

4000 Hz 

35 dB 

Aided Behavioral assessment results 500 Hz 

35 dB 

1000 Hz 

35 dB 

2000 Hz 

40 dB 

4000 Hz 

40 dB 
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Figure 4.19 Aided results from subject 3 including behavioral thresholds 

and ASSR thresholds – measured and predicted 

 

Aga in a  rec ognizab le d ifferenc e was noted  between the una ided  and  

a ided  ASSR thresholds (see Tab le 4.14). When c omparing the measured  

ASSR threshold , a  d ifferenc e of between 40 to 50 dB ac ross the frequenc y 

range was noted . When c onsidering the d ifferenc e in the a ided  and  

una ided  pred ic ted  ASSR thresholds, the d ifferenc e between the va lues 

were 25 to 60 dB. No a ided  ASSR response a t 500 Hz c ould  be measured  

on this sub jec t. 
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When c omparing the a ided  ASSR threshold  w ith the a ided  behaviora l 

thresholds, a  d ifferenc e of 15 dB was noted  between the measured  a ided  

ASSR threshold  and  the behaviora l threshold  a t 1000 Hz.  A d ifferenc e of 

20 dB was noted  a t 2000 Hz and  a  30 dB d ifferenc e a t 4000 Hz. In this 

c omparison the a ided  behaviora l thresholds had  the lower va lue.  

 

When c omparing the a ided  ASSR – using the pred ic ted  thresholds w ith the 

a ided  behaviora l thresholds, no d ifferenc e was noted  a t 1000 Hz, 5 dB a t 

2000 Hz and  15 dB a t 4000 Hz. In this c ase the ASSR had  the higher va lue 

for 2000 Hz and  the lower va lue for 4000 Hz.  

 

4.3.1.4 Sub jec t 4: Results for sub-a im 2 

 

The a ided  test results for sub jec t 4 a re p resented  in Tab le 4.15 and  Figure 

4.20.  

 

 

 

 

 

 

 

 

 

 

Table 4.15 Unaided ASSR, aided ASSR and aided behavioral thresholds  

measurements for subject 4 

Unaided ASSR results 500 Hz 1000 Hz 2000 Hz 4000 Hz 
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90 dB 90 dB 90 dB 80 dB 

Unaided predicted ASSR results 500 Hz 

80 dB 

1000 Hz 

85 dB 

2000 Hz 

85 dB 

4000 Hz 

70 dB 

Aided ASSR results 500 Hz 

NR 

1000 Hz 

50 dB 

2000 Hz 

60 dB 

4000 Hz 

50 dB 

Aided predicted ASSR results 500 Hz 

NR 

1000 Hz 

35 dB 

2000 Hz 

45 dB 

4000 Hz 

35 dB 

Aided Behavioral assessment results 500 Hz 

30 dB 

1000 Hz 

35 dB 

2000 Hz 

25 dB 

4000 Hz 

25 dB 
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Figure 4.20 Aided results from subject 4 including behavioral thresholds 

and ASSR thresholds – measured and predicted 

 

Aga in a  rec ognizab le d ifferenc e was noted  between the una ided  and  

a ided  ASSR responses (see Tab le 4.15). When c omparing the measured  

thresholds, a  d ifferenc e of between 30 to 40 dB ac ross the frequenc y 

range was noted . When c onsidering the d ifferenc e in the a ided  and  

una ided  pred ic ted  ASSR thresholds, the d ifferenc e between the va lues 

were 35 to 50 dB. No a ided  ASSR response a t 500 Hz c ould  aga in be 

measured  on this sub jec t. 
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When c omparing the a ided  ASSR with the a ided  behaviora l thresholds, a  

d ifferenc e of 15 dB was noted  between the measured  a ided  ASSR and  

the behaviora l threshold  a t 1000 Hz.  A d ifferenc e of 35 dB was noted  a t 

2000 Hz and  a  25 dB d ifferenc e a t 4000 Hz. In this c omparison the a ided  

behaviora l thresholds had  the lower va lue.  

 

When c omparing the a ided  ASSR – using the pred ic ted  thresholds w ith the 

a ided  behaviora l thresholds, no d ifferenc e was noted  a t 1000 Hz, 20 dB a t 

2000 Hz and  10 dB a t 4000 Hz. In this c ase the ASSR had  the higher va lue 

for 2000 Hz and  4000 Hz.  

 

4.3.1.5 Sub jec t 5: Results for sub-a im 2 

 

The a ided  test results for sub jec t 4 a re p resented  in Tab le 4.16 and  Figure 

4.21.  
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Table 4.16 Unaided ASSR, aided ASSR and aided behavioral thresholds 

measurements for subject 5 

Unaided ASSR results 500 Hz 

110 dB 

1000 Hz 

110 dB 

2000 Hz 

110 dB 

4000 Hz 

105 dB 

Unaided predicted ASSR results 500 Hz 

105 dB 

1000 Hz 

105 dB 

2000 Hz 

105 dB 

4000 Hz 

100 dB 

Aided ASSR results 500 Hz 

NR 

1000 Hz 

60 dB 

2000 Hz 

70 dB 

4000 Hz 

80 dB 

Aided predicted ASSR results 500 Hz 

NR 

1000 Hz 

45 dB 

2000 Hz 

60 dB 

4000 Hz 

65 dB 

Aided Behavioral assessment results 500 Hz 

45 dB 

1000 Hz 

50 dB 

2000 Hz 

55 dB 

4000 Hz 

60 dB 
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Figure 4.21 Aided results from subject 5 including behavioral thresholds 

and ASSR thresholds – measured and predicted 

 

Aga in a  rec ognizab le d ifferenc e was noted  between the una ided  and  

a ided  ASSR responses (see Tab le 4.16). When c omparing the measured  

thresholds, a  d ifferenc e of between 30 to 50 dB ac ross the frequenc y 

range was noted . When c onsidering the d ifferenc e in the a ided  and  

una ided  pred ic ted  ASSR thresholds, the d ifferenc e between the va lues 
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were 35 to 60 dB. No a ided  ASSR response a t 500 Hz c ould  aga in be 

measured  on this sub jec t. 

 

When c omparing the a ided  ASSR with the a ided  behaviora l thresholds, a  

d ifferenc e of 10 dB was noted  between the measured  a ided  ASSR and  

the behaviora l threshold  a t 1000 Hz.  A d ifferenc e of 15 dB was noted  a t 

2000 Hz and  a  20 dB d ifferenc e a t 4000 Hz. In this c omparison the a ided  

behaviora l thresholds had  the lower va lue.  

 

When c omparing the a ided  ASSR – using the pred ic ted  thresholds w ith the 

a ided  behaviora l thresholds, a  5 dB d ifferenc e was noted  a t a ll the 

frequenc ies measured  (1000 Hz – 4000 Hz). In this c ase the ASSR had  the 

higher va lue for 2000 Hz and  4000 Hz.  

 

4.3.1.6 Sub jec t 6: Results for sub-a im 2 

 

The a ided  test results for sub jec t 4 a re p resented  in Tab le 4.17 and  Figure 

4.22.  
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Table 4.17 Unaided ASSR, aided ASSR and aided behavioral thresholds 

measurements for subject 6 

Unaided ASSR results 500 Hz 

110 dB 

1000 Hz 

110 dB 

2000 Hz 

110 dB 

4000 Hz 

NR 

Unaided predicted ASSR results 500 Hz 

105 dB 

1000 Hz 

105 dB 

2000 Hz 

105 dB 

4000 Hz 

NR 

Aided ASSR results 500 Hz 

50 dB 

1000 Hz 

40 dB 

2000 Hz 

70 dB 

4000 Hz 

NR 

Aided predicted ASSR results 500 Hz 

25 dB 

1000 Hz 

25 dB 

2000 Hz 

60 dB 

4000 Hz 

NR 

Aided Behavioral assessment results 500 Hz 

40 dB 

1000 Hz 

50 dB 

2000 Hz 

65 dB 

4000 Hz 

NR 
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Figure 4.22 Aided results from subject 6 including behavioral thresholds 

and ASSR thresholds – measured and predicted 

 

A rec ognizab le d ifferenc e was noted  between the una ided  and  a ided  

ASSR responses (see Tab le 4.17). When c omparing the measured  

thresholds, a  d ifferenc e of between 40 to 70 dB ac ross the frequenc y 

range was noted . When c onsidering the d ifferenc e in the a ided  and  

una ided  pred ic ted  ASSR thresholds, the d ifferenc e between the 
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thresholds were 45 to 80 dB. No a ided  ASSR response a t 4000 Hz c ould  be 

measured  on this sub jec t. 

 

When c omparing the a ided  ASSR with the a ided  behaviora l thresholds, a  

d ifferenc e of 10 dB was noted  between the measured  a ided  ASSR 

threshold  and  the behaviora l threshold  a t 500 Hz.  A d ifferenc e of 10 dB 

was noted  a t 1000 Hz and  2000 Hz. In this c omparison the a ided  

behaviora l thresholds had  the lower va lue for 500 and  2000 Hz.  

 

When c omparing the a ided  ASSR – using the pred ic ted  thresholds w ith the 

a ided  behaviora l thresholds, a  15 dB d ifferenc e was noted  a t 500 Hz, 25 

dB a t 1000 Hz and  5 dB a t 2000 Hz. In this c ase the ASSR had  the lower 

thresholds for the frequenc ies tested .  

 

Looking a t these a ided  results of the ind ividua l sub jec ts, it would  seem 

tha t the ASSR may p roof a  va luab le c ontribution to the p roc ess of 

ped ia tric  hearing a id  fittings. In the following sec tion, the results tha t 

c onc ern va lida tion of hearing a id  fittings in infants as it is based  on the 

measurements for a ll six sub jec ts a re desc ribed , c ompared  and  d isc ussed . 

 

4.3.2 Collective results for all six subjects concerning sub-aim 2 

 

All of the sub jec ts showed  rec ognizab le a ided  ASSR responses above their 

una ided  ASSR thresholds. In Tab le 4.18 the results of the a ided  ASSR – the 

measured  threshold  and  the p red ic ted  ASSR threshold  (using the 

p red ic tion formulae devised  by Melbourne University: Ranc e et a l., 1995) 

as well as the a ided  behaviora l thresholds a re p rovided . Four sub jec ts 

showed  no response on the ASSR a t 500 Hz a ided  response a t the 

maximum output of the speaker (77,7dB). Only one sub jec t had  no 
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response to 4000 Hz a ided  ASSR (94,9dB). Responses were rec orded  a t 

c a rrier frequenc ies of 500, 1000, 2000 and  4000 Hz in this group  of six 

hearing impa ired  infants using hearing a ids. The same frequenc ies were 

tested  during the behaviora l assessment, namely 500 Hz, 1000 Hz, 2000 Hz 

and  4000 Hz. 
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Table 4.18 Summary of aided thresholds for the six subjects as determined by ASSR and behavioral 

assessments respectively. 

 Aided ASSR (measured) Aided ASSR (predicted) Aided BT 

 500 

Hz 

1000 

Hz 

2000 

Hz 

4000 

Hz 

500 

Hz 

1000 

Hz 

2000 

Hz 

4000 

Hz 

500 

Hz 

1000 

Hz 

2000 

Hz 

4000 

Hz 

Subject 1 NR 50 dB 30 dB 45 dB NR 30 dB 15 dB 15 dB 25 dB 20 dB 25 dB 30 dB 

Subject 2 50 dB 35 dB 35 dB 30 dB 25 dB 20 dB 20 dB 5 dB 30 dB 35 dB 35 dB 40 dB 

Subject 3 NR 50 dB 60 dB 70 dB NR 35 dB 45 db 55 dB 35 dB 35 dB 40 dB 40 dB 

Subject 4 NR 50 dB 60 dB 50 dB NR 35 dB 45 dB 35 dB 30 dB 35 dB 25 dB 25 dB 

Subject 5 NR 50 dB 70 dB 80 dB NR 45 dB 60 dB 65 dB 45 dB 50 dB 55 dB 60 dB 

Subject 6 50 dB 45 dB 70 dB NR 25 dB 25 dB 60 dB NR 40 dB 50 dB 65 dB NR 

Mean 50 dB 46.7 dB 54.2 dB 55 dB 25 dB 31.7 dB 40.8 dB 35.5 dB 34.2 dB 37.5 dB 40.8 dB 39 dB 

Range O 15 40 50 0 25 45 60 20 30 40 35 

Number  2 6 6 5 2 6 6 5 6 6 6 5 

NR = No Response 

P = prediction 
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The range of response determined  with the ASSR (measured  and  

p red ic ted ) and  behaviora l measurements was simila r between d ifferent 

measurements. At 500 Hz the range was the same between the two 

d ifferent ASSR results, as only two ears had  responses and  the response 

level was the same for the ears. The range was 20dB on the behaviora l 

measurement, but six va lues a re c a lc ula ted  as opposed  to two. The range 

a t 1000 Hz was 15dB on the measured  ASSR, 25dB on the p red ic ted  ASSR 

and  30dB on the behaviora l assessment. At 2000 Hz the same range was 

noted  for the measured  ASSR and  behaviora l assessment. The p red ic ted  

ASSR was 5 higher than these measures. At 4000 Hz the measured  ASSR 

had  a  range of 50dB, the p red ic ted  ASSR 60dB and  the behaviora l 

assessment 35dB.  
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Figure 4.23 Comparison of average aided results for all measured ears 

based on aided behavioral assessment, measured and ASSR 

predicted values 
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Figure 4.23 represents the average a ided  results. The mean a ided  ASSR 

measured  thresholds ranged  from 0 to 55 dB HL. The mean a ided  ASSR 

pred ic ted  thresholds ranged  from 25 to 40.8 dB HL and  the mean a ided  

behaviora l thresholds ranged  from 34.2 to 40.8 dB HL. A rec ognizab le 

d ifferenc e was noted  between the mean una ided  and  mean a ided  ASSR 

thresholds. When using the measured  va lues, an average d ifferenc e of 

between 20 to 40 dB ac ross the frequenc y range was noted . When 

looking a t the d ifferenc e in the pred ic ted  va lues, the d ifferenc es between 

the a ided  and  una ided  va lues were 45 to 60 dB.  

 

When c omparing the mean a ided  ASSR measured  thresholds w ith the 

a ided  behaviora l thresholds, a  d ifferenc e of 15.8 dB was noted  between 

the a ided  ASSR measured  thresholds and  the behaviora l threshold  a t 500 

Hz.  A d ifferenc e of 9.2 dB was noted  a t 1000 Hz, 13.4 dB a t 2000 Hz and  16 

dB a t 4000 Hz. In this c omparison the a ided  behaviora l thresholds had  the 

lower va lue.  

 

When c omparing the mean a ided  ASSR – using the pred ic tion va lues w ith 

the average a ided  behaviora l thresholds, a  9.2 dB d ifferenc e was noted  

a t 500 Hz, 5.8 dB a t 1000 Hz, no d ifferenc e a t 2000 Hz and  4 dB d ifferenc es 

a t 4000 Hz. In this c ase the ASSR had  the lower va lues for the frequenc ies 

tested .   

 

Comparing the a ided  ASSR measured  thresholds w ith a ided  behaviora l 

thresholds for a ll the frequenc ies tested , it was noted  tha t only 8 out of 19 

c omparab le a ided  thresholds c orresponded  within 10 dB of eac h other. 

These results a re represented  in Figure 4.24. 
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Figure 4.24 Representation of comparative frequencies on aided ASSR 

measured thresholds and aided behavioral thresholds 

 

Comparing the a ided  ASSR pred ic ted  thresholds w ith a ided  behaviora l 

thresholds for a ll the frequenc ies tested , it was noted  tha t 11 of 19 

c omparab le a ided  thresholds c orresponded  within 10 dB of eac h other. 

Figure 4.25 represents these results. 
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Figure 4.25 Representation of comparative frequencies on aided ASSR 

predicted thresholds and aided behavioral thresholds 
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Sta tistic a l ana lyses (Exac t Wilc oxon Rank Sum Test) of the results for 

d ifferenc es in average thresholds as determined  by the Aided  ASSR 

measured  thresholds and  behaviora l thresholds a re summarized  in Tab le 

4.19. No sta tistic a l d ifferenc e between any of the a ided  results 

determined  with these two p roc edures was found , as a ll p -va lues were 

more than 0.05. However the p -va lue on the 2000 Hz showed  a  sma ller 

va lue than the other frequenc y va lues. It would  seem tha t a lthough the p -

va lue still ind ic a tes no sta tistic a lly signific ant d ifferenc e, there seems to be 

a  tendenc y towards a  d ifferenc e being p resent on this spec ific  

measurement. No ana lyses c ould  be made a t 500 Hz as responses on the 

a ided  ASSR c ould  be measured  only on two sub jec ts. 

 

Table 4.19 Aided ASSR measured responses vs. aided behavioral 

responses 

Stimulus P - value 

• Aided 500 Hz ASSR vs. aided behavioural 

threshold 

 
• Aided 1000 Hz ASSR vs. aided  behavioural 

threshold 

 
• Aided 2000 Hz ASSR vs. aided behavioural 

threshold 
 

• Aided 4000 Hz ASSR vs. aided behavioural 

threshold 

N.A. ( only 2 va lues) 

 

 

P = 0.1875 

 

 

P = 0.0625 ** 

 

 

P = 0.1250 

N.A. not applicable 

** Tendency toward difference 

 

The results p rovided  by the a ided  ASSR measured  thresholds and  a ided  

behaviora l thresholds were a lso c ompared  w ith regard  to its rela tion. The 

following sc a tter p lots in Figure 4.26 represent the rela tionship  or 

c orrela tion c oeffic ient between eac h frequenc y tested  during the a ided  

ASSR measured  eva lua tion and  the subsequent a ided  behaviora l 
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measurement. A positive c orrela tion was noted  on eac h ind ividua l 

frequenc y tested . A modera te to marked  c orrela tion was noted  a t 2000 

Hz (r = .70) and  a t 4000 Hz (r = .63). A c hange rela tionship  between the 

results of the p roc edures is ind ic a ted  a t 1000 Hz (r = .07). 
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Figure 4.26 Relationship between aided behavioral thresholds and aided 

ASSR measured responses based on the measurements for six 

subjects 

 

Sta tistic a l ana lyses (Exac t Wilc oxon Rank Sum Test) of the results for 

d ifferenc es in average thresholds as determined  by the Aided  ASSR 

pred ic ted  va lues and  behaviora l thresholds a re summarized  in Tab le 4.20. 

No sta tistic a l d ifferenc e between any of the a ided  results determined  with 

these two p roc edures was found , as a ll p -va lues were more than 0.05. No 
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ana lyses c ould  be made a t 500 Hz as responses on the a ided  ASSR c ould  

be measured  only w ith two sub jec ts. 

 

Table 4.20 Aided ASSR predicted responses vs. aided behavioral  

responses 

Stimulus P - value 

• Aided 500 Hz ASSR vs. aided behavioural 

threshold 

 
• Aided 1000 Hz ASSR vs. aided  behavioural 

threshold 

 
• Aided 2000 Hz ASSR vs. aided behavioural 

threshold 
 

• Aided 4000 Hz ASSR vs. aided behavioural 

threshold 

N.A. ( only 2 va lues) 

 

P = 0.1249 

 

P = 0.2438 

 

P = 0.2504 

N.A. not applicable 

 

The c omparison w ith regard  to the rela tion between the a ided  ASSR 

pred ic ted  thresholds and  a ided  behaviora l thresholds a re represented  in 

the following sc a tter p lots. Figure 4.27 represent the rela tionship  or 

c orrela tion c oeffic ient between eac h frequenc y tested  during the a ided  

ASSR pred ic ted  eva lua tion and  the subsequent a ided  behaviora l 

measurement. A positive c orrela tion was noted  on eac h ind ividua l 

frequenc y tested . A marked  c orrela tion was noted  a t 2000 Hz (r = .76) and  

a t 4000 Hz (r = .61). A slight rela tionship  between the results of the 

p roc edures in ind ic a ted  a t 1000 Hz (r = .28). 
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Figure 4.27 Relationship between aided behavioral thresholds and aided 

ASSR predicted responses based on the measurements for six 

subjects 

 

To summarize: 

 

• The same amount of frequenc ies tested , demonstra ted  results w ith 

a ided  ASSR measured  and  the a ided  ASSR pred ic ted  thresholds.  

• In only 42% of the a ided  frequenc ies tested , the a ided  ASSR 

measured  thresholds and  a ided  behaviora l thresholds 

c orresponded  within 10 dB of eac h other. 

• In 58% of the a ided  frequenc ies tested , the a ided  ASSR pred ic ted  

thresholds and  a ided  behaviora l thresholds c orresponded  within 10 

dB of eac h other. 
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• No sta tistic a lly signific ant d ifferenc es were evident between a ided  

averages of ASSR measured  thresholds and  a ided  behaviora l 

thresholds.   

• No sta tistic a l signific ant d ifferenc es were evident between a ided  

averages of ASSR pred ic ted  thresholds and  a ided  behaviora l 

thresholds.   

• Results c onfirm tha t there is a  modera te to c hange c orrela tion 

between the a ided  ASSR measured  response and  a ided  behaviora l 

assessment. 

• Results c onfirm tha t there is a  fa ir to modera te positive c orrela tion 

between the a ided  thresholds determined  by the behaviora l 

assessment and  the ASSR pred ic ted  response. 

 

Ana lysis of the da ta  led  to c ompara tive results whic h ind ic a ted  tha t 

both the a ided  ASSR (measured  and  p red ic ted ) results c ompare 

favorab ly to tha t of a ided  behaviora l assessments, a lthough there is a  

higher c orrela tion between the a ided  ASSR pred ic tions and  the a ided  

behaviora l assessments.  

 

4.4 DISCUSSION 

 

The purpose of this study was to determine the c linic a l va lue of the ASSR 

for early d iagnosis and  amplific a tion of infants w ith hearing loss. This was 

done by using both ABR and  ASSR measurements to p red ic t hearing 

thresholds and  to c ompare these results ob ta ined  in infants w ith hearing 

loss. Aided  ASSR thresholds were measured  in order to va lida te the 

hearing a id  fitting . These results were c ompared  w ith behaviora l 

measurements. In the following sec tions the results of this study w ill be 

d isc ussed  ac c ord ing to the sub-a ims. 
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4.4.1 Sub-aim 1: To investigate the potential clinical value of the ASSR in 

early diagnosis of hearing loss in a group of infants by determining 

and comparing unaided ASSR, ABR and behavioral thresholds. 

 

Sub-a im 1 w ill be d isc ussed  in the following sec tion. 

 

4.4.1.1 ABR vs. ASSR 

 

Although some d isc repanc ies were noted  between these two measuring 

tec hniques in the ind ividua l sub jec ts (sub jec t 2 and  sub jec t 4: tone burst 

ABR vs. 500 Hz ASSR and  sub jec t 3: c lic k ABR and  2000 Hz ASSR), the results 

from this study show tha t the tone burst ABR and  500 Hz ASSR have a  

strong positive c orrela tion (r = .77). Simila r results were ob ta ined  w ith the 

c lic k ABR and  2000 Hz ASSR c omparison (r = .62). Johnson and  Brown (in 

Vander Werff et a l., 2002:233), tested  a  sma ll g roup  of hearing impa ired  

adults w ith a  range of hearing losses and  c ompared  toneburst ABR 

thresholds w ith ASSR thresholds. These researc hers found  a  strong positive 

c orrela tion of r = .91 between ABR and  ASSR thresholds. The study by 

Vander Werff et a l. (2002:233) agrees well w ith the p revious study 

mentioned . The study c onduc ted  by Cone-Wesson et a l. (2002:184) 

c onc luded  tha t tone-ABR and  ASSR c ould  both be used  to estimate 

hearing thresholds as positive c orrela tions were found  between these two 

measurements. This is c onfirmed  by the results of the c urrent study. In this 

c urrent study however, no c orrec tion were made for the ABR results. 

 

The popula tion for whom ASSR threshold  estimation p roc edures may 

p rove partic ula rly benefic ia l is c hild ren w ith severe to p rofound  hearing 

losses. The c ontinuous tones used  to elic it the ASSR resemble the stimuli 

used  in behaviora l testing and  c an therefore p resented  a t higher levels 
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than the ABR. The ASSR is therefore well suited  to quantify hearing loss in 

the severe to p rofound  range (Ranc e et a l., 2005:298). This p resent study 

reported  on five ears for whic h no c lic k ABR or 500 Hz tone burst ABR was 

rec orded  a t the maximum stimula tion levels. Four of these ears had  

measurab le ASSR thresholds a t 500 and  2000 Hz. Two ears a lso had  

responses a t 4000 Hz on the ASSR. Only one ear had  no response on either 

of the measurements. These find ings of potentia l advantages of ASSR over 

ABR for severe to p rofound  losses a re c onsistent w ith results of p reviously 

reported  stud ies (Ranc e et a l., 2005:294; Swanepoel et a l., 2004:534; 

Vander Werff, 2002:233; Ranc e et a l., 1998:57; Ranc e et a l., 1995:505). 

These stud ies have shown tha t error in p red ic tion of hearing loss dec reases 

w ith inc reasing degree of hearing loss. The evidenc e from this study further 

ind ic a tes tha t absent ASSR imp lies no usab le hearing a t tha t frequenc y. 

Tha t is not true of ABR, for whic h evidenc e has shown tha t absent ABR 

does not rule out useful residua l hearing (Ranc e et a l., 1998:48). 

 

Both the ASSR and  tone burst ABR have demonstra ted  c linic a l va lue for 

estimating the pure-tone aud iogram in infants w ith hearing loss (Cone-

Wesson et a l., 2002:185). The da ta  from this p resent study and  those of 

other stud ies (Stueve & O’Rourke, 2003; Vander Werff, 2002) suggest tha t 

there a re no signific ant d ifferenc es in threshold  determina tion between 

the two tec hniques. 

 

4.4.1.2 ASSR vs. Behaviora l measures 

 

The results from this study show tha t the ASSR proc edure c an ac c ura tely 

identify and  quantify hearing loss in infanc y. For these sub jec ts there was a  

strong rela tionship  between the ASSR thresholds ob ta ined  during infanc y 

and  their subsequently estab lished  behaviora l aud iograms. The d ifferenc e 
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between the average ASSR threshold  p red ic tion and  the average 

behaviora l threshold  was 0 – 10 dB (Figure 4.11), w ith c orrela tion va lues of 

.93 a t 500 Hz; .82 a t 1000 Hz; .79 a t 2000 Hz and  .59 a t 4000 Hz. In stud ies 

tha t have c ompared  the ASSR with behaviora l thresholds, very strong 

positive c orrela tions were a lso found  between these two measures 

(Ranc e et a l., 2005:295).   

 

In a  study to determine the effec t of aud iometric  c onfigura tion on 

thresholds and  supra threshold  ASSR, a  highly signific ant c orrela tion 

between pure-tone behaviora l and  ASSR thresholds for ind ividua ls w ith 

either slop ing or fla t aud iometric  c onfigura tions was revea led   (Vander 

Werff & Brown: 2005:319).  In the p resent study of 12 ears, it was found  tha t 

the ASSR results were ac c ura te in determining the c onfigura tion of the 

loss. As w ith the study by Ranc e et a l. (1998:58) and  Ranc e et a l. 

(2005:295), the find ings for ind ividua l frequenc ies transla ted  into ac c ura te 

desc rip tions of the sub jec ts’  hearing losses. The d ifferenc e in thresholds 

d iffered  between 0 – 20 dB, w ith the ASSR in most of the c ases being 

slightly higher than the behaviora l threshold  – espec ia lly in the low 

frequenc ies (exc lud ing sub jec t 2 & 3). Ranc e et a l. (1998:58) found  a  

simila r pa ttern in their sub jec ts w ith the ASSR thresholds slightly 

overestimating the behaviora l levels and  mirroring the aud iogram 

c onfigura tion. These find ings a re simila r to the find ings of Lins et a l. 

(1996:95) when they found  a  signific ant d ifferenc e in mean threshold  a t 

500 Hz in a  group  of adult sub jec ts. These researc hers a lso showed  a  

genera l tendenc y ac ross frequenc y for ASSR thresholds in infants to be 

higher than for adults.  

 

In this p resent study, the results from sub jec t 2 showed  inac c ura te 

thresholds p red ic tions. The ABR thresholds and  ASSR pred ic tion thresholds 
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c orrela ted  well a t time of d iagnosis, but subsequent behaviora l thresholds 

were 10 dB to 35 dB lower a t d ifferent frequenc ies than p revious 

elec trophysiolog ic a l results. There is evidenc e of deteriora tion in hearing 

level in this sub jec t. This aspec t is being eva lua ted  further. The results from 

the behaviora l assessment impac t nega tively on the results of this study. 

The elec trophysiolog ic a l assessment in sub jec t 3 ind ic a ted  to a  grea ter 

hearing loss than what was subsequently determined  with behaviora l 

aud iometry. No apparent reason for these d isc repanc ies c ould  be found . 

A possib le influenc e may be the p resenc e of abnorma l tuning c urves in 

the c oc hlea , c aused  by impa irment. Pic ton et a l. (1998:329) found  tha t 

the p resenc e of abnorma l tuning c urves in the c oc hlea  c aused  the 

impa ired  system to have p lac e and  frequenc y spec ific ity d isc repanc ies. 

This mec hanism might not lead  to well sync hronized  steady sta te 

responses and  the physiolog ic  thresholds may be eleva ted  rela tive to the 

behaviora l thresholds (Pic ton et a l., 1998:329).  

 

The aud iograms shown of eac h ind ividua l sub jec t a lso reflec ts one of the 

partic ula r advantages of the ASSR assessment in sub jec ts w ith minima l 

amounts of residua l hearing (sub jec t 5 & 6). The c ontinuous tones used  to 

elic it the ASSR resemble the stimuli used  to elic it behaviora l responses and  

c an be p resented  a t higher levels than is possib le for b rief stimuli. The ASSR 

is therefore espec ia lly well suited  for quantifying hearing loss of a  severe to 

p rofound  na ture (Ranc e et a l., 2005:298). Of the five hund red  and  fifty-six 

sub jec ts w ith either norma l hearing or sensorineura l hearing loss, only four 

showed  ASSR thresholds a t levels > 10 dB lower than their subsequently 

estab lished  behaviora l thresholds. 

 

In a  rec ent study Pic ton, Dimitrijevic , Perez-Aba lo and  Van Roon 

(2005:154) c onc luded  their report by sta ting tha t the ac c urac y of 
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threshold  estimation depends on the variab ility of threshold  estimation 

ra ther than on any mean d ifferenc e between physiolog ic a l and  

behaviora l thresholds. The results from their experiments demonstra ted  

severa l ways to improve the ac c urac y of estimating behaviora l thresholds 

from the ASSR – the ma in fac tor being to reduc e bac kground  noise. With 

time lim ita tion in the c linic a l setting, the results w ill typ ic a lly be thresholds 

tha t have a  standard  devia tion of 10 dB – whic h is simila r to the variab ility 

ob ta ined  using tone burst ABR (Stapells, 2000b :74).  

 

This p resent study supports the find ings of the p revious stud ies. The ASSR 

assessment demonstra tes the c linic a l va lue for estimating the pure-tone 

aud iogram in infants w ith hearing loss. It c an thus be seen as a  very useful 

step  in the eva lua tion p roc ess for these early-identified  infants – a llowing 

the behaviora l aud iogram to be p red ic ted  and  intervention p roc esses to 

be imp lemented . 

 

4.4.1.3 ABR vs. Behaviora l measures 

 

This study a lso shows tha t reasonab ly ac c ura te estimates of 500 Hz and  

2000 and  4000 Hz pure tone behaviora l thresholds c an be ob ta ined  by 

rec ord ing tone burst ABR and  c lic k ABR. A marked  c orrela tion (r = .77) was 

found  between the 500 Hz behaviora l assessment and  tone burst ABR. 

Simila r find ings a re well reported  on in severa l stud ies (Stapells, Gravel & 

Martin, 1995:361; Stapells, 2000a :20; Gorga , 1999:29). The c lic k ABR 

showed  a  dependab le c orrela tion w ith the 2000 Hz behaviora l assessment 

and  only a  fa ir degree of positive c orrela tion w ith 4000 Hz behaviora l 

assessment. This find ing agrees w ith the notion tha t the c lic k ABR threshold  

represents hearing in the 2000 to 4000 Hz frequenc y reg ion. 
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However it was evident tha t the severe to p rofound  sensory neura l 

hearing loss w ill not be identified  and  eva lua ted  w ith the ABR. This was 

evident as only seven of the 12 ears c ould  be eva lua ted  using the ABR. 

These find ings a re c onsistent w ith p reviously reported  stud ies (Ranc e et a l., 

2005; Vander Werff et a l., 2002; Ranc e et a l., 1998; Ranc e et a l., 1995).  

 

Summary: 

 

• This study c onc ludes tha t both the ABR and  ASSR c an both be used  

to estimate hearing thresholds – as positive c orrela tions were found  

between these two measurements. However the ASSR proved  to 

be more benefic ia l in the severe to p rofound  hearing loss 

popula tion to quantify their hearing losses. 

• This study ind ic a tes tha t the ASSR proc edure c an ac c ura tely 

identify and  quantify hearing loss in infants as a  strong rela tionship  

was noted  between the ASSR thresholds ob ta ined  during infanc y 

and  their subsequently ob ta ined  behaviora l aud iograms. 

• Although the tone burst ABR and  c lic k evoked  ABR ind ic a ted  to 

p rovide reasonab ly ac c ura te estimates of the 500 Hz, 2000 Hz and  

4000 Hz behaviora l aud iogram, it was evident tha t the severe to 

p rofound  sensory neura l hearing losses w ill not be identified  and  

eva lua ted  through the use of the ABR. 

 

4.4.2 Sub-aim 2: To investigate the clinical value of the ASSR for relevant  

early fitting of hearing aids in infants by determining and comparing 

aided ASSR and aided behavioral thresholds. 

 

Sub-a im 2 w ill be d isc ussed  in the following sec tion. 
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4.4.2.1 Una ided  ASSR vs. a ided  ASSR responses 

 

All of the sub jec ts showed  rec ognizab le a ided  ASSR responses above their 

una ided  ASSR thresholds. In this study both the measured  ASSR and  the 

ASSR using the p red ic tion formulae devised  by Melbourne University 

(Ranc e et a l., 1995) was used . On the measured  ASSR, the responses were 

w ithin 20 - 40 dB above the una ided  measured  ASSR. Using the p red ic tion 

formulae, the average d ifferenc e between the una ided  ASSR and  a ided  

ASSR was 45 – 60 dB. In only two sub jec ts however c ould  an a ided  ASSR 

response be measured  a t 500 Hz a t the maximum output of the speaker 

(77,7 dB). 

 

The inab ility in this p resent study to determine more a ided  ASSR thresholds 

a t 500 Hz might be exp la ined  by hearing a id  c harac teristic s and  the 

output of the c a lib ra ted  speaker. Aided  hearing thresholds a re lim ited  by 

the output of the hearing a id  (Garnham et a l., 2000:277). Sa tura tion and  

d istortion of the output signa l when using a  high-intensity stimuli in 

c onjunc tion w ith modera te to high ga ins were reported  in the study by 

Garnham and  his c olleagues. Distortion introduc es add itiona l sideband  

frequenc ies to those in the input stimuli, thus dec reasing the frequenc y 

spec ific ity of the response – influenc ing the response measurement of the 

ASSR.  

 

An aspec t tha t might have p layed  a  further role in the inab ility to ob ta in 

more a ided  ASSR thresholds a t 500 Hz might be the test environment. 

These measurements were ob ta ined  in a  quiet room in the p rac tic e of the 

researc her. Results from previously reported  stud ies (Perez-Aba lo et a l., 

2001:210; Swanepoel, 2001:120; Lins et a l., 1996:95) ind ic a ted  tha t ac oustic  

amb ient bac kground  noise exerts a  signific ant influenc e on the ASSR 
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results. Noise levels w ithin this spec ific  test room may not have been 

suffic iently quiet to estab lish thresholds in the sound  field  a t 500 Hz (Harrell, 

2002:75).  

 

Another possib le influenc e may be the p resenc e of abnorma l tuning 

c urves in the c oc hlea , c aused  by impa irment. Pic ton et a l. (1998:329) 

found  tha t the p resenc e of abnorma l tuning c urves in the c oc hlea  

c aused  the impa ired  system to have p lac e and  frequenc y spec ific ity 

d isc repanc ies. Desp ite amp lific a tion, the sounds - in this instanc e 500 Hz - 

may be p roc essed  through a reas of the c oc hlea  tha t a re not p lac e 

spec ific  for 500 Hz. This mec hanism might not lead  to well sync hronized  

steady sta te responses and  the physiolog ic  thresholds may be eleva ted  

rela tive to the behaviora l thresholds (Pic ton et a l., 1998:329).  

 

4.4.2.2 Aided  ASSR responses vs. a ided  behaviora l responses 

 

In the group  of six sub jec ts, the a ided  ASSR measured  responses were on 

average between 9.2 dB and  16 dB higher than the a ided  behaviora l 

thresholds. These results a re simila r to the d ifferenc es reported  by Pic ton et 

a l. (1998:327), where the a ided  ASSR responses were on average between 

13 and  17 dB higher than the behaviora l thresholds. The Pic ton group  of 

researc hers investiga ted  the possib le use of the MASTER (multip le aud itory 

steady-sta te response) tec hnique in the assessment of a ided  thresholds in 

the sound  field  on 38 c hild ren (ages 11 – 17 years) w ith hearing 

impa irment. Most c hild ren in their study showed  rec ognizab le responses 

w ithin 10 and  30 dB above their behaviora l thresholds w ith their hearing 

a ids. The physiolog ic  thresholds were quite c losely rela ted  to the 

behaviora l thresholds exc ep t a t 4000 Hz where there was a  signific antly 

grea ter va riab ility in the rela tion between the behaviora l and  
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physiolog ic a l thresholds. In severa l of the a ided  sub jec ts, no responses 

were found  a t 4000 Hz even when stimuli were signific antly above 

behaviora l thresholds. Pic ton et a l. (1998:322) ob ta ined  better thresholds – 

using the same stimuli – p resented  sing ly. The rela tions between the 

physiolog ic  and  behaviora l thresholds bec ame c loser. There were no 

signific ant d ifferenc es in the physiolog ic -behaviora l d ifferenc es among 

the d ifferent aud iometric  frequenc ies. The c onc lusion for their find ings was 

tha t the physiolog ic -behaviora l d ifferenc e was p robab ly rela ted  to 

rec ruitment – the response reac hes a  level where it is rec ognizab le a t 

intensity c loser to threshold . 

 

In the c urrent group  of six sub jec ts, the a ided  ASSR pred ic ted  thresholds 

were on average between 4 dB and  9.2 dB lower than the a ided  

behaviora l thresholds. These results d iffer from the Pic ton group  results 

(1998:327); however, Pic ton et a l. (1998:327) d id  not use p red ic tion 

formulae to determine a ided  ASSR threshold  levels. The a ided  ASSR 

thresholds in their report were the ac tua l measured  thresholds – using the 

MASTER.  

 

Comparing the mean a ided  ASSR measured  and  pred ic ted  thresholds in 

c omparison w ith the a ided  behaviora l thresholds, it would  seem as if the 

c orrela tion between the a ided  ASSR pred ic ted  va lues and  a ided  

behaviora l threshold  va lues a re more positive by a  sma ll marg in – 

espec ia lly a t 1000 and  2000 Hz. However in the ind ividua l c ases varia tions 

a re noted : the a ided  ASSR pred ic ted  va lues for sub jec t 1, 3, 4 and  5 

c losely approximated  the a ided  behaviora l threshold  va lues more so than 

the a ided  ASSR measured  va lues. The results from sub jec t 2 and  6 

ind ic a ted  to the ASSR measured  va lues to approximate the a ided  

behaviora l thresholds more c losely than the ASSR pred ic ted  va lues. 
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The d ifferenc es between ASSR (measured  thresholds) and  behaviora l 

thresholds varied  between 0 and  20 dB. The d ifferenc es between ASSR 

(p red ic ted  va lues) and  behaviora l thresholds varied  between 5 and  25 

dB. The varianc e might be exp la inab le by inter-sub jec t d ifferenc es. 

Sub jec t 1, 2 and  6 showed  lower responses on the a ided  ASSR pred ic ted  

va lues as on the a ided  behaviora l measurement. These were the sub jec ts 

who were fitted  w ith d ig ita l hearing a ids. Sub jec t 3, 4 and  5 were fitted  

w ith d ig ita lly p rogrammab le hearing a ids. Their a ided  ASSR pred ic ted  

responses were between 0 and  20 dB higher than the a ided  behaviora l 

thresholds. This range is fa r from op tima l; however where there is no other 

information about a ided  thresholds, this degree of ac c urac y is 

ac c ep tab le (Pic ton et a l., 1998:327). It is c lear however, tha t the results 

from this study ind ic a te to the a ided  ASSR measured  responses to be not 

spec ific  enough and  tha t the a ided  ASSR pred ic ted  thresholds 

overestimate thresholds. New c orrec tion figures may be needed  for the 

ASSR to be used  for the purpose of estimating func tiona l ga in and  la rger 

sc a le stud ies a re needed  to va lida te this approac h. 

 

This study has shown tha t a ided  ASSR are va luab le in the va lida tion of the 

a ided  performanc e in some sub jec ts and  c an p rovide va luab le func tiona l 

information. In this group  of six sub jec ts, it was the first c lear response 

rec orded  on these infants. It a lso c learly ind ic a ted  possib le c oc hlear 

imp lanta tion c and idac y for sub jec t 5 and  6 and  c onfirmed  tha t the 

una ided  thresholds were not based  solely on spurious/ a rtific ia l AASR’s a t 

high intensity stimuli (Small & Stapells, 2004:611; Gorga  et a l., 2004:302; 

Jeng et a l, 2004:67; Pic ton & John, 2004:541; Dillon, 2001:419). However, 

some lim ita tions to a ided  ASSR were found : 
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• Only the linear opera tion of the a id  c an be tested  (Garnham et a l., 

2000:277). Advanc ed  p roc essing fea tures, suc h as feedbac k 

managing systems and  noise reduc tion systems, were deac tiva ted  

on the d ig ita l hearing a ids.   

• Aided  thresholds a re not uninformative – c learly if thresholds a re 

below the speec h intensities, the a id  c annot improve speec h 

perc ep tion. Pic ton et a l. (2002:68) c autions tha t the assessment of 

a ided  thresholds is oc c urring a t levels tha t a re not relevant to the 

perc ep tion of amp lified  speec h. Ob jec tive assessment of hearing 

a id  measurements a t c omfort levels may be a  more effic ient 

approac h to fitting  of hearing a ids than determining a ided  

thresholds (Pic ton et a l., 1998:328). 

 

Although these lim ita tions a re p resent, a ided  ASSR’s were found  to be 

va luab le – espec ia lly in the c ases of sub jec t 5 and  6 where c oc hlear 

imp lant c and idac y was determined  a t suc h a  young age. Aided  ASSR 

measures may bec ome more va luab le as the need  a rise to determine 

c oc hlear imp lanta tion c and idac y a t earlier ages and  to manage infants 

w ith hearing loss more effec tively. However, when performing a ided  

hearing a id  threshold  measurements it is essentia l to be aware of 

lim ita tions in both the hearing a ids and  the stimuli used  to evoke a  

response.  

 

Summary: 

 

• All sub jec ts showed  rec ognizab le a ided  ASSR responses above their 

una ided  ASSR thresholds. There was an inab ility to determine a ided  

ASSR’s a t 500 Hz in four sub jec ts. 
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• In the group  of six sub jec ts, the a ided  ASSR measured  thresholds 

were on average between 9.2 dB and  16 dB higher than the a ided  

behaviora l thresholds. The a ided  ASSR pred ic ted  were on average 

between 4 dB and  9.2 dB lower than the a ided  behaviora l 

thresholds – ind ic a ting to the a ided  measured  thresholds to 

underestimate behaviora l thresholds and  the a ided  pred ic ted  

thresholds to overestimate the a ided  behaviora l thresholds.  

 

4.5 CONCLUSION 

 

The results from the c urrent study ind ic a te good  c orrela tion between the 

ABR and  ASSR as method  to p red ic t hearing thresholds in this group  of 

infants. The ASSR however does have the advantage over the ABR in 

ind ividua ls w ith a  severe to p rofound  hearing loss. Responses c ould  be 

measured  in these c ases through the use of ASSR in the absenc e of any 

ABR responses. Furthermore, the absenc e of ASSR responses a t maximum 

levels was a  reliab le ind ic a tor of p rofound  or tota l hearing loss. The ASSR 

thus a llowed  for grea ter degrees of hearing impa irment to be eva lua ted . 

The frequenc y spec ific ity of the stimulus tones a llowed  assessment of 

residua l hearing ac ross the aud iometric  frequenc y range. 

 

The ASSR find ings for ind ividua l frequenc ies transla ted  into ac c ura te 

desc rip tions of the sub jec ts’  hearing losses in c omparison w ith behaviora l 

thresholds. The c onfigura tion of the hearing loss c ould  be p red ic ted  

through the use of ASSR. Results suc h as these c an p rovide the basis for 

early intervention suc h as fitting  of hearing a ids or determining c and idac y 

for c oc hlear imp lanta tion. 
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Hearing a id  fitting  in the infant popula tion rema ins a  c ha llenge and  a ided  

ASSR have the potentia l to p rovide ob jec tive information w ith regards to 

hearing a id  func tiona l benefit in the va lida tion p roc ess. Aided  ASSR 

threshold  information is va luab le and  important in the management of 

c ha lleng ing c hild ren. In this study a ided  ASSR thresholds p rovided  

add itiona l information. 

 

It would  therefore seem as if the ASSR has got c linic a l va lue in the early 

d iagnosis of hearing loss in infants as the una ided  ASSR va lues c orrela ted  

well w ith the ABR a t the time of d iagnosis and  subsequently w ith the 

una ided  behaviora l thresholds. 

 

Furthermore it would  seem as if the ASSR has an add itiona l c linic a l va lue in 

the va lida tion of hearing a id  fittings for infants as the a ided  ASSR 

measured  and  pred ic ted  va lues c orrela ted  well w ith the a ided  behaviora l 

thresholds. 

 

4.6 SUMMARY 

 

This c hap ter reported  and  d isc ussed  the results ob ta ined  in this study 

ac c ord ing to the two sub-a ims. These sub-a ims were selec ted  in an 

a ttempt to answer the ma in a im of this study. The results perta ining to 

eac h sub-a im were d isc ussed  and  integra ted  w ith litera ture to ensure the 

va lid ity thereof. Conc lusions were d rawn from the results in eac h sub-a im 

and  summarized  a t the end  of the c hap ter in order to answer the ma in 

a im of the study. 
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Chapter 5 

 

CONCLUSIONS AND IMPLICATIONS 

 

 

This c hap ter a ims to d raw genera l c onc lusions and  imp lic a tions from the 

researc h, c ritic a lly eva lua te find ings, and  make rec ommendations for 

future researc h 

 

 

 

5.1 INTRODUCTION 

 

Within a  rela tively short period  of time, there has been remarkab le and  

revolutionary c hanges in the field  of ped ia tric  aud iology tha t demand  

p rofessiona ls to rethink d iagnostic  and  intervention parad igms (Kurtzer-

White & Luterman, 2001: introduc tion). ‘Evidenc e Based  Prac tic e’  (EBP) is 

therefore an approac h to c linic a l servic e delivery tha t has bec ome 

inc reasing ly advoc a ted  (Gravel, 2005:17). EBP refers to ‘c onsc ientious, 

exp lic it, and  jud ic ious use of c urrent best evidenc e in making dec isions 

about the c are of pa tients’  (Oxford -Centre for Evidenc e Based  Med ic ine, 

2004: online). The p rimary element of EBP is the ma jor role of sc ientific  

evidenc e in c linic a l dec ision-making (Gravel, 2005:17). This sentiment has 

been the underlying d riving forc e behind  the researc h endeavor of this 

study. 

 

There has a lways been a  need  for ob jec tive tests tha t assess aud itory 

func tion in infants, young c hild ren, and / or any pa tient whose 

developmenta l level p rec luded  the use of behaviora l aud iometric  

tec hniques (Gorga  & Neely, 2002:49). The ASSR have therefore ga ined  
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c onsiderab le a ttention and  is seen as a  p romising add ition to the AEP 

‘ family’ . This study p roposed  to ga ther evidenc e w ith regards to the 

c linic a l va lue of the ASSR in infants. It is thus log ic a l to eva lua te ‘best 

evidenc e’  through c ritic a l appra isa l of this researc h endeavor (Hill & 

Sp ittlehouse, 2005:1). Critic a l appra isa l is an essentia l pa rt of evidenc e-

based  c linic a l p rac tic e tha t inc ludes the p roc ess of systematic a lly find ing, 

appra ising and  ac ting on evidenc e of effec tiveness. Critic a l appra isa l is a  

systematic  p roc ess, examining researc h evidenc e to assess its va lid ity, 

results and  relevanc e. This p roc ess a llows making sense of researc h 

evidenc e and  thus beg ins to c lose the gap  between researc h and  

p rac tic e (Hill & Sp ittlehouse, 2005:1). 

  

The purpose of this c hap ter is therefore to d raw relevant c onc lusions from 

the results reported  and  d isc ussed  in c hap ter 4. A c ritic a l eva lua tion of the 

study is subsequently p rovided  to identify the inherent and  

methodolog ic a l lim ita tions of this study, followed  by rec ommendations for 

future researc h. Fina lly a  c onc lusion and  summary of the c hap ter is 

p rovided . 

 

5.2 CONCLUSIONS 

 

The need  for researc h to p rovide evidenc e to justify c linic a l p rac tic es is 

ac knowledged  by most c linic ians (Jenkins, Pric e & Straker, 2003:4). This 

exp lora tory study was c onduc ted  ac c ord ing to two sub-a ims, whic h 

resulted  in the summarized  c onc lusions tha t follow below. 
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5.2.1 Sub-aim 1: To investigate the potential clinical value of the ASSR in 

early diagnosis of hearing loss in a group of infants by determining 

and comparing unaided ASSR, ABR and behavioral thresholds 

 

• This study c onc luded  tha t both the ABR and  ASSR c ould  both be 

used  to estimate hearing thresholds – as positive c orrela tions were 

found  between these two measurements. However the ASSR 

proved  to be more benefic ia l in the severe to p rofound  hearing loss 

popula tion to quantify their hearing losses. 

• This study ind ic a ted  tha t the ASSR proc edure c an ac c ura tely 

identify and  quantify hearing loss in infants as a  strong rela tionship  

was noted  between the ASSR thresholds ob ta ined  during infanc y 

and  their subsequently ob ta ined  behaviora l aud iograms. 

• Although the tone burst ABR and  c lic k evoked  ABR ind ic a ted  to 

p rovide reasonab ly ac c ura te estimates of the 500 Hz, 2000 Hz and  

4000 Hz behaviora l aud iogram, it was evident tha t the severe to 

p rofound  sensory neura l hearing losses w ill not be identified  and  

eva lua ted  through the use of the ABR. 

 

The ASSR has the potentia l to p rovide ac c ura te p red ic tions of the 

behaviora l aud iogram and  be used  suc c essfully w ith popula tions w ith 

severe to p rofound  losses. 
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5.2.2 Sub-aim 2: To investigate the clinical value of the ASSR for relevant 

early fitting of hearing aids in infants by determining and comparing 

aided ASSR and aided behavioral thresholds 

 

• All sub jec ts showed  rec ognizab le a ided  ASSR responses above their 

una ided  ASSR thresholds. There was an inab ility to determine a ided  

ASSR’s a t 500 Hz in four sub jec ts. 

• In the group  of six sub jec ts, the a ided  ASSR measured  thresholds 

were on average between 9.2 dB and  16 dB higher than the a ided  

behaviora l thresholds. The a ided  ASSR pred ic ted  were on average 

between 4 dB and  9.2 dB lower than the a ided  behaviora l 

thresholds – ind ic a ting to the a ided  measured  thresholds to 

underestimate behaviora l thresholds and  the a ided  pred ic ted  

thresholds to overestimate the a ided  behaviora l thresholds.  

 

The ASSR has the potentia l to determine a ided  ASSR thresholds. This 

p roc edure c an therefore be used  to determine func tiona l ga in and  thus 

p lay a  role in the ongoing p roc ess of va lida ting hearing a id  fittings in 

infants. 

 

The ASSR, desp ite some lim ita tions identified , demonstra ted  grea t p romise 

for early d iagnosis and  amplific a tion of infants w ith hearing loss. The 

d isc ussions ac c ord ing to the spec ified  sub-a ims, revea led  va luab le 

theoretic a l and  c linic a l imp lic a tions and  made rec ommendations for 

p rotoc ols to serve as a  guide for future use of the ASSR in the c linic a l 

setting. 

 

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  SSttrrooebbeell,,  DD    ((2200006)



 177 

5.3 THEORETICAL AND CLINICAL IMPLICATIONS 

 

A ma jor justific a tion for elec trophysiolog ic  aud iometry is tha t reasonab le 

measures of hearing thresholds in a  frequenc y spec ific  manner c an be 

ob ta ined  in order to c onstruc t an aud iogram (Goldstein & Ald ric h 

(1999:3). Neonates p rovide the p rime example. At p resent the tone-

evoked  ABR is the only tec hnique tha t c an p rovide both the a ir- and  

bone- c onduc tion results required  for early intervention for c hild ren w ith 

c onduc tive or sensorineura l hearing loss. The tone-evoked  ABR has 

suffic ient researc h, c linic a l da tabase, and  c linic a l history to rec ommend  it 

as the primary technique  for threshold  estimation in infants (Stapells, 

2005:55).  

 

This p resent study has p roved  however tha t both the ASSR and  ABR 

demonstra ted  effic ac y for estimating the pure-tone aud iogram in infants 

w ith hearing loss. No signific ant d ifferenc e in threshold  determina tion was 

found  between these two tec hniques. The ASSR d id  however have the 

advantage over the ABR in determining residua l hearing in the severe to 

p rofound  group .  

 

It is therefore evident tha t both tec hniques have its own advantages and  

its d isadvantages. As ind ic a ted  by the review of the c urrent litera ture, the 

evidenc e is lac king and  not yet suffic ient to rec ommend  the ASSR as the 

primary elec trophysiolog ic  measure of hearing in infants (Stapells, 

2005:56). These two tec hniques should  p robab ly be used  in c onjunc tion 

w ith eac h other (Ha ll, 2005: c onferenc e p resenta tion). Jerger & Hayes 

(1976) in Diefendorf (2002:473) p romoted  the c onc ep t of a  test ba ttery 

approac h so tha t no sing le test w ill be interp reted  in isola tion, but va rious 

tests ac t as a  c ross-c hec k on the fina l outc ome. Inappropria te or 
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inc omplete d iagnostic  c onc lusions w ill lead  to inappropria te 

management and  the c onsequenc es thereof w ill be w ith the c hild  forever 

(Seewa ld , 2001:70). By using these tec hniques in c ombina tion, a  more 

solid  founda tion for intervention w ill be p rovided .  

 

When c onsidering two of the most important ‘ truths’  in EBP (Oxford -Centre 

for Evidenc e Based  Med ic ine: online), namely: 

 

• Prac tic e must a lways be c onsidered  in view of the needs, c ulture 

and  p referenc es of the ind ividua l; 

• There is the rea l p robab ility tha t some of the evidenc e-base 

supporting c urrent p rac tic e will c hange or, indeed , be entirely 

refuted  by evidenc e tha t will emerge in the future, 

  

there is a  need  to c ontinua lly re-examine the c urrent approac h to 

eva lua te hearing ab ilities in infants. 

 

The ASSR and  ABR present w ith unique qua lities tha t c an be c ombined  to 

p rovide c omplementa ry results, whic h w ill serve to verify results ob ta ined  

w ith eac h p roc edure (Swanepoel, 2001:114). Time is lim ited  when working 

w ith infants. It is therefore essentia l to use a  test p rotoc ol tha t is fast, 

effic ient, and  one tha t p rovides the grea test amount of c linic a l 

information w ith eac h suc c essive step  taken (Stapells, 2002a :14) for eac h 

ind ividua l infant (Oxford -Centre for Evidenc e Based  Med ic ine: online).  

 

Although Stapells (2004: c onferenc e) has c a lled  for the c lic k ABR to be 

abolished , the c lic k ABR has p roven itself over the last three dec ades as a  

reliab le p red ic tor of aud itory sensitivity in the high frequenc y reg ion 

desp ite its lac k of frequenc y-spec ific ity (Swanepoel, 2001:115). It has 
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rema ined  the most c ommonly used  elec trophysiolog ic  measure bec ause 

of the c lear response, the high reproduc ib ility and  stab ility of the response 

(Arnold , 2000:455). The c lic k ABR is a lso the only tec hnique a t p resent to 

assess the p resenc e of aud itory neuropa thy (AN) – a lso known as aud itory 

dys-sync hrony (Tharpe & Haynes, 2005:271). Both p roc edures 

approximated  the behaviora l thresholds well in this study – however the 

ASSR approximated  behaviora l thresholds c loser than the ABR (group  

results). This aspec t was influenc ed  by the fac t tha t fewer ears c ould  be 

tested  w ith the ABR than w ith the ASSR. Although add itiona l researc h on 

ASSR testing in infants w ith hearing loss is needed  (Stapells, 2005:55), by 

using the ASSR in add ition to the ABR, useful information may a lready be 

p rovided  to help  d istinguish between infants w ith severe and  p rofound  

losses (Roush, 2005:105).  

 

These results suggest a  test-ba ttery approac h to ob jec tive aud iometry. 

These two tec hniques a re independent measures of aud itory sensitivity 

tha t a re ab le to p rovide d ifferent, though c omplementa ry information. 

The needs and  preferenc e of eac h infant w ill be ac c ommodated  by 

using this test-ba ttery approac h. Not only w ill a  c ross-c hec k p rinc ip le be 

advantageous to eac h ind ividua l infant, but the spec ific  advantages of 

eac h p roc edure w ill g ive the most c omprehensive assessment nec essary 

to ensure tha t a  true reflec tion of eac h infant’ s aud itory sta tus is ava ilab le 

from whic h rehab ilita tive dec isions c an be made (Roush, 2005:105). 

 

After hearing loss is d iagnosed , fitting  of hearing instruments c an oc c ur 

when infants a re as young as five weeks old  (Yoshinago-Itano, 2004:451). 

Ob jec tive measures suc h as AEP’s offer the possib ility of eva lua ting the 

effec tiveness of hearing instruments in infants. This p resent study d id  not 

eva lua te the ABR’s ab ility to determine hearing instrument effec tiveness 
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as the litera ture has shown tha t the b rief stimuli tha t a re op tima l for ABR 

rec ord ings may be c ontamina ted  by stimulus a rtifac ts. This spec ific  

p roc edure was a lso seen as c omplic a ted  and  a ttempts to use the ABR to 

eva lua te hearing instruments have la rgely been abandoned  (Purdy, 

2005:116). This study ind ic a ted  to the ASSR being a  reliab le method  to 

determine a ided  thresholds to ensure aud ib ility of speec h sounds. The 

results from the a ided  ASSR may suggest the need  to c onsider a lterna tive 

management – suc h as in the c ase of two sub jec ts in this study who both 

had  p rofound  sensory neura l hearing losses and  were fitted  w ith high-

powered  hearing a ids. The dec ision to p roc eed  with c oc hlear 

imp lanta tion was exped ited . The idea  tha t the ASSR c an be used  to 

va lida te hearing instrument fittings is reasonab le, but is yet to be va lida ted  

as a  p roc edure. 

 

5.4 CRITICAL EVALUATION OF THE CURRENT STUDY 

 

Critic a l appra isa l of an emp iric a l researc h endeavor is essentia l to 

determine the va lue of the results ob ta ined  and  is an essentia l pa rt of 

evidenc e-based  c linic a l p rac tic e. Reliab ility and  va lid ity of the results as 

well as the influenc e of identified  lim ita tions, inherent to the study, is 

required  to ensure the appropria te interp reta tion thereof. Severa l aspec ts 

deserving c ritic a l appra isa l w ill be d isc ussed  in the following paragraphs. 

 

The first aspec t to be c onsidered  is the sampling size of the c urrent study. 

The basic  rule is, the la rger the sample, the better (Leedy & Ormrod , 

2005:207). The sampling size nec essary for a  study depends on the type of 

study and  is required  to p rovide a  representa tive popula tion from whic h 

inferenc es c an be d rawn regard ing a  spec ific  phenomenon in a  spec ific  

popula tion. Although the sample in the c urrent study was representa tive 
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of both sexes and  c overed  a  range of ages in infants, the sample size was 

not signific antly representa tive of hearing impa ired  infants. This was 

however an exp lora tory study – only the sec ond  reporting on a ided  

ASSR’s and  the first of its na ture on infants. 

 

The sec ond  aspec t tha t needs to be taken into c onsidera tion is the test 

environment. All behaviora l thresholds (a ided  and  una ided ) were 

ob ta ined  in a  doub le wa lled , sound -a ttenua ted  booth, while the 

elec trophysiolog ic a l assessments were c ompleted  in a  quiet room without 

any sound  a ttenua tion. The ac oustic a l amb ient bac kground  noise levels 

were not measured  and  therefore d id  not a llow for c omparison between 

ac oustic  noise levels between the doub le-wa lled , sound -a ttenua ted  

booth and  the quiet room. The possib le d ifferenc e was not c onsidered  

when interp reting the results. This noise fac tor might have p layed  a  role – 

espec ia lly in ob ta ining a ided  ASSR results. Higher levels of amb ient 

ac oustic  noise in the quiet room might have c aused  eleva ted  thresholds 

and  the absenc e of the reported  a ided  500 Hz ASSR thresholds. Thus the 

threshold  d ifferenc es c ould  be infla ted  on ac c ount of the variab ility in the 

test environments (Perez-Aba lo et a l., 2001:210; Swanepoel, 2001:120; Lins 

et a l., 1996:95). 

 

A third  aspec t identified  in the c ritic a l appra isa l of the c urrent study is the 

lac k of test-retest reliab ility measures. Ac c ord ing to Stapells (2000a:13), 

one of the lim ita tions w ith the ABR is the inappropria te interp reta tion of 

waveforms. A way to improve reliab ility of a  test is to have two 

administra tors c orrela ting the results of the same proc edure. This may be 

of va lue in both the interp reta tion of ABR and  behaviora l threshold  

assessment. The responses measured  during this study, was interp reted  by 

the researc her a lone.   
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A fourth aspec t tha t needs to be taken into c onsidera tion, is the fac t tha t 

a  c lic k-evoked  ABR and  only a  500 Hz tone burst were used  to c ompare 

w ith the ASSR. Narrow frequenc y reg ions (ASSR) were therefore c ompared  

w ith those from broad  and  unc erta in frequenc y reg ions (c lic k ABR). 

Idea lly a  c omparison should  be made between the infants’  ASSR 

thresholds to their tone-evoked  ABR – the c urrent ‘ gold  standard ’  infant 

threshold  measure (Hyde, 2005:287; Stapells, 2002:14). 

 

The c ritic a l eva lua tion of the litera ture, c urrent study and  c onsidera tion of 

signific anc e of the results ob ta ined  has revea led  future researc h 

imp lic a tions tha t a re d isc ussed  in the following paragraph. 

 

5.5 RECOMMENDATION FOR FUTURE RESEARCH 

 

Clearly, there is an important role for the ASSR in estimating hearing 

thresholds and  va lida ting hearing a id  fittings of infants. However, a  

researc h question answered  ra ises new questions to be answered . The 

results ob ta ined  in and  c onc lusions d rawn from this p resent researc h 

endeavor, revea led  aspec ts tha t require further investiga tion. These a re 

p resented  to p rovide suggestions for future researc h endeavors. 

 

In order to va lida te the ASSR proc edure in the infant popula tion, it w ill be 

of va lue to c ompare the ASSR ob ta ined  a t a ll frequenc ies, w ith tone burst 

ABR – using d ifferent frequenc y tone bursts. This da ta  w ill not only p rovide 

c ompara tive da ta  to the ac c urac y of threshold  determina tion, but a lso 

reliab ility and  time-effic ienc y of eac h p roc edure. 

 

In order to further va lida te the ASSR proc edure in the infant popula tion, it 

w ill be of va lue to determine bone c onduc tion ASSR. By determining the 
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BC ASSR, possib le midd le ear involvement w ill be ruled  out during the 

assessment and  a  true p ic ture of the hearing loss w ill emerge.  

 

Although the vast ma jority of researc h has foc used  on threshold  

determina tion and  op tima l detec tion stra teg ies, this p resent study and  a  

study from Pic ton (1998) exp lored  the use of ASSR and  hearing a id  

performanc e. The results from this study a re very p romising, but the 

p roc edures need  to be va lida ted  on a  la rger group  of infants as well as 

on c hild ren of other ages – as this p roc edure w ill p robab ly be of use to the 

d iffic ult-to-test popula tion, inc lud ing older c hild ren w ith developmenta l 

delays. Different p red ic tion formulae might a lso be nec essary to be 

developed  for the app lic a tion of the ASSR for this purpose.  

 

An a ided  threshold  supp lies c erta in information about aud ib ility of sounds, 

but no information about perc ep tion of sounds is g iven. Stud ies by 

Dimitrijevic  et a l. (2004:68) used  the ASSR to p red ic t supra threshold  

aud itory ab ilities suc h as word  d isc rimina tion. Multip le c a rriers of 

independently modula ted  frequenc y and  amplitude (‘ IAFM’ ) stimuli have 

been modeled  to have simila r ac oustic  spec tra  to speec h. Using these 

speec h-modeled  stimuli, signific ant c orrela tions between word  

d isc rimina tion and  detec tion of IAFM were found  in norma l-hearing and  

hearing-impa ired  sub jec ts (Dimitrijevic  et a l., 2004:84). Although ASSR’s 

represent a  rela tively low level of aud itory p roc essing, IAFM may be used  

to determine whether or not the aud itory system has suffic iently p roc essed  

the nec essary input required  for speec h perc ep tion a t a  la ter and  higher 

level of p roc essing (Stapells, 2005:56). 
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5.6 CONCLUSION 

 

AEP’s a re an idea l tool for investiga ting aud itory func tion in young infants, 

as they p rovide an ob jec tive measure of the b ra in’ s response to sound  

(Purdy et a l., 2005:115). Rec ent tec hnolog ic a l and  researc h 

advanc ements have a ided  the development of this field , ensuring the 

c ontinua tion of endeavors genera ting tec hniques tha t approximate the 

ac c urac y, reliab ility, frequenc y-spec ific ity and  time effic ienc y of 

behaviora l pure tone aud iometry (Swanepoel, 2001:121) – both una ided  

and  a ided . 

 

This investiga tion of the c linic a l va lue of the ASSR in infants has 

demonstra ted  the ASSR’s ab ility to estimate behaviora l pure tone 

thresholds reasonab ly well. It has a lso shown tha t the ASSR has the 

potentia l to p lay a  role in the ongoing p roc ess of hearing instrument fitting  

in infants as a ided  ASSR thresholds c ompared  reasonab ly well w ith a ided  

behaviora l thresholds. However, while add itiona l researc h on ASSR testing 

in infants w ith hearing loss is needed , it is important to c ritic a lly c onsider 

c urrently ava ilab le p roc edures a longside the new. In his c losing add ress of 

A Sound  Foundation through Early Amplific a tion c onferenc e in 1998 Bess 

c ha llenged  the c linic ians to bec ome more evidenc e based  with the 

following words: ‘Effec tive c linic ians p roduc e improved  tec hniques and  

c onstantly question and  eva lua te evidenc e, methods, and  p roc edures, 

d isc ard ing the unproduc tive, and  develop ing and  testing the new’  (Bess, 

2000:250). 

 

This bec omes essentia l in order to imp lement tec hniques in ac c ordanc e 

to the advantages and  d isadvantages of eac h p roc edure. Evidenc e from 

the c urrent study ind ic a ted  tha t the ASSR presented  w ith unique 
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c harac teristic s tha t should  be inc orpora ted  in a  test-ba ttery approac h 

and  therefore has c linic a l va lue for early d iagnosis and  amplific a tion of 

infants w ith hearing loss.  

 

 

‘ if we truly desire to a fford  the best possib le servic es to c hild ren and  their 

families, we must be willing  to c ontinua lly mod ify our c linic a l p rotoc ols as 

new evidenc e emerges ’  (Bess, 2000:250) 
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Append ix B      
 
 
 

 

Researc her: Deid ré Stroebel 

Tel: 021 930 3136 

21 July 2004 

 

To Whom It May Concern: 

 

Proposed research project:  

The clinical Application of ASSR in the Diagnosis and fitting of Hearing Aids in Infants (0 – 8 months) 

 

Thank you for c onsidering for your c hild  to be pa rt of this resea rc h p rojec t. The positive results of ea rly 

identific a tion of hea ring loss in infants on d ifferent aspec ts of their development a re w ell know n. Different 

methods a re used  to ob ta in informa tion about infants’  hea ring sta tus. These methods d iffer from the tec hniques 

used  on adults. As tec hnology improves, new  methods bec ome ava ilab le tha t show s a  lot of p romise in the 

fie ld  of ped ia tric  aud iology. 

 

I am c urrently p lanning a  resea rc h study in this rega rd  as pa rt of the requirements for a  master’ s degree a t the 

University of Pretoria .  The p roposed  p rojec t involves determining the c linic a l va lue of Aud itory Steady Sta te 

Responses (ASSR) as a  w ay to p red ic t hea ring thresholds, and  to eva lua te hea ring a ids in young infants. The 

results from the hea ring assessments w ill be monitored  and  c ompared  w ith the results of tw o c linic a lly p roven 

p roc edures, frequently used  to determine hea ring thresholds, namely the Aud itory Bra instem Response (ABR) 

and  Pure tone Aud iometry, for a  period  of time. The study w ill be c onduc ted  under the supervision of personnel 

a t the Department of Communic a tion Pa thology.  

Proc edures c urrently inc luded  in the standard  test p rotoc ol used  to assess infants in my p riva te p rac tic e, involve 

the fo llow ing: 

• The d iagnostic  session – inc lud ing ABR and  ASSR. 

• Measuring the ga in from hearing a ids through ASSR 

• Behaviora l testing  a fter the age of 6 months. 

As a  c lient of this p rac tic e these p roc edures w ill a lso be used  to eva lua te and  monitor your baby’ s hea ring. All 

of the above p roc edures a re non-invasive, no pa in is involved  and  the ABR and  ASSR p roc edures a re norma lly 

done w hile the baby is sleep ing. If seda tion should  be needed , this w ill be done in c onsulta tion w ith a  

ped ia tric ian and  w ith the nec essa ry med ic a l supervision. No add itiona l c osts w ill be c ha rged  for the Aud itory 

Steady Sta te Response test, as the va lue of this test is still being resea rc hed . 

 

I w ould  like to request your c onsent for your baby’s pa rtic ipa tion; permission to use the results of your baby’ s 

routine hea ring tests; as w ell as permission to use informa tion from your baby’ s rec ords for this resea rc h p rojec t. 

You have my assuranc e tha t no unnec essa ry tests w ill be done. You may a lso w ithd raw  your c hild  from the 

study a t any time.  

 

Myself, my supervisor, Mr. De Wet Sw anepoel, or Prof. B. Louw , head  of the Department of Communic a tion 

Pa thology a t the University of Pretoria  may be c ontac ted , should  you need  any further informa tion. 

 

Thank you for your assistanc e. 

      

 

        

Deid ré Stroebel     Mr. De Wet Sw anepoel 

Researcher     Supervisor 

 

 

 

      Prof. B. Louw  

      HEAD: Department of Communication Pathology 
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Surname: __________________________ Name: ____________________________ 

 

I have read  the letter of information regard ing Mrs. D. Stroebel’ s p roposed  

researc h study. 

 

I understand  what is involved  and  g ive permission tha t the test results of 

my c hild  __________________________________ may be used . 

 

 

____________________________  ___________________________________ 

Signa ture     Da te
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Append ix C 

 

 

DATA RECORDING SHEET 

 

Sub jec t: ___________________________ 

 

 

 

ABR 

Tone Burst Clic k 
 

Da te:      Age a t time of assessment: 

 

ASSR 

 500 Hz 1000 Hz 2000 Hz 4000 Hz 

Una ided   

Measured  

    

Una ided  

Pred ic ted  

    

Aided  

Measured  

    

Una ided  

Pred ic ted  

    

 
Date (una ided ):    Age a t time of assessment: 

Da te (a ided ):     Age a t time of assessment: 

 

Behavioral thresholds 

 500 Hz 1000 Hz 2000 Hz 4000 Hz 

Una ided  BT     

Aided  BT     

 
Date (una ided ):     Age a t time of assessment: 

Da te (a ided ):     Age a t time of assessment: 
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