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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 
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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 
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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  
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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.  
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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  

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



 140 

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. 

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



 154 

0

2

4

6

8

10

� 10 dB 15 dB 20 d B > 20 dB

Difference in dB

C
o

m
p

a
ra

ti
v
e

 f
re

q
u

e
n

c
y

 

th
re

sh
o

ld
s

 

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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