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Chapter 3 

 

RESEARCH METHODOLOGY 

 

  

This c hap ter a ims to exp la in the method  used  to c onduc t the researc h 

c omponent of this study. This w ill be d isc ussed  in terms of a ims set for 

this researc h, the researc h design, ethic a l c onsidera tions, sub jec ts, 

materia l appara tus and  p roc edures used . 

 

 

 

3.1 INTRODUCTION 

 

“ Researc h has one end : the ultimate d isc overy of truth”  (Leedy & Omrod , 

2001: xviii). Its purpose is to lea rn what has never been known before; to 

ask a  signific ant question for whic h no c onc lusive answer has p reviously 

been found ; and , through the med ium of relevant da ta  and  their 

interp reta tion, to find  an answer to tha t question (Leedy & Omrod , 

2001:xviii).  

 

Chapter one introduc ed  the p rob lem surround ing this researc h endeavor. 

It a lso p rovided  a  ra tiona le for the study and  exp la ined  the researc h 

question. Chapter two p rovided  a  theoretic a l framework, as support for 

the emp iric a l researc h c omponent, c onc ep ts and  c onstruc ts were then 

spec ified . Chapter two a lso p rovided  an interp reta tion of the c urrent and  

relevant litera ture ava ilab le. 
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This c hap ter a ims to exp la in the methodolog ic a l approac h imp lemented  

in c onduc ting the emp iric a l c omponent of the c urrent study.  

 

3.2 AIMS OF RESEARCH 

 

Signific ant c orrela tions between ASSR thresholds and  behaviora l 

aud iometric  thresholds as well as c orrela tions between the ASSR and  ABR 

as a  threshold  p red ic tion tec hnique have been found  by severa l 

researc hers (Dimitrijevic , 2002:205; Cone-Wesson et a l., 2002:173; Vander 

Werff et a l., 2002:227; Herdman & Stapells, 2001:41; Lins et a l., 1996:81; 

Ranc e et a l., 1995:499). Although these results ind ic a te the ASSR to be a  

p romising tec hnique in determining the aud itory ab ility of adults, the need  

a rises to va lida te this p roc edure for the infant popula tion. 

 

Stapells (2002:14 & 2004:c onferenc e p resenta tion) c autioned  aud iolog ists 

about the use of the ASSR in the c linic a l setting in the infant popula tion, as 

only a  few stud ies had  been done in this regard . This p resent study 

foc used  on the use of ASSR in the d iagnosis of hearing loss and  va lida tion 

of hearing a id  fitting  in infants. The importanc e of this tec hnique, should  it 

p rove to have va lid  c linic a l app lic a tion, is evident for the d iffic ult-to-test 

popula tions.  Therefore the a ims of the c urrent study a re as follows: 

 

3.2.1  Main aim 

 

 

The ma in a im of the study is to investiga te the c linic a l va lue of the ASSR for 

early d iagnosis and  for early hearing instrument fitting  of hearing loss in 

infants. 
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3.2.2 Sub aims 

 

The following sub-a ims were formula ted  in order to rea lize the ma in a im of 

the study: 

 

• To investiga te the potentia l c linic a l va lue of the ASSR for early 

d iagnosis of a  hearing loss in a  group  of infants by determining and  

c omparing the: 

• Una ided  ABR thresholds (c lic k and  toneburst) a t the age of 3 

– 6 months  

• Una ided  ASSR thresholds a t the age of 3 – 6 months  

• Una ided  behaviora l thresholds a t the age of 8 – 12 months 

(a fter a  time lapse of 2 – 6 months following d iagnosis) 

 

• To investiga te the potentia l c linic a l va lue of the ASSR for early 

hearing a id  fitting  in a  group  of infants by: 

• Determining a ided  ASSR a t the time of hearing a id  fitting  

• Comparing una ided  and  a ided  ASSR a t the time of hearing 

instrument fitting  

• Determining a ided  behaviora l thresholds a t the age of 8 – 12 

months and  c omparing these results w ith a ided  ASSR’s. 

 

3.3  RESEARCH DESIGN  

 

Babb ie and  Mouton (2002:72) sa id  sc ienc e is an enterp rise ded ic a ted  to 

“ find ing out” . Researc h design add resses the p lanning of sc ientific  

enquiry, designing a  stra tegy for find ing out something spec ific . The 

design is the c omplete stra tegy of tac kling the c entra l p rob lem. It p rovides 

the struc ture w ithin whic h the selec ted  variab les a re c ontrolled , 
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manipula ted  and  measured  (Hegde, 1987:135). The method  of researc h is 

defined  by Leedy and  Ormrod  (2001:100) as the framework to extrac t the 

meaning from the da ta  c ollec ted . 

 

In this sec tion the researc h p lan is desc ribed  in terms of the goa l set, the 

approac h followed  and  the spec ific  researc h design utilized . An 

exp lora tory, c orrela tive-desc rip tive study (Bellis, 2003:433) w ith a  quasi-

experimenta l design (Leedy & Ormrod , 2005:231), imp lementing a  

quantita tive researc h approac h, was selec ted  to ac hieve the a ims of this 

study.  

 

The goa l or purpose of this study was to exp lore, desc ribe and  c orrela te 

(Bellis, 2003:433). Exploratory researc h is typ ic a lly used  when a  researc her 

is examining a  new interest or when the sub jec t of study is itself rela tively 

new and  unstud ied  (Babb ie, 1992:90). The ASSR is a  rela tively new ad junc t 

to the field  of Aud iology and  spec ific a lly needs va lida tion in the ped ia tric  

field . The goa l of descriptive researc h is to desc ribe the c harac teristic s of 

a  selec ted  phenomenon (Bellis, 2003:436). In this study information was 

c ollec ted  w ith regards to d ifferent test methods in a  group  of sub jec ts. The 

results from this group ’s performanc e was rec orded  and  desc ribed . The 

goa l of the study as reflec ted  in the ma in- and  sub-a ims was therefore to 

exp lore, c orrela te and  desc ribe the c linic a l va lue of the ASSR as 

c ompared  w ith the ABR for d iagnosis of hearing loss. The role of the ASSR 

and  va lida tion p roc esses of hearing instrument in infants a re a lso exp lored  

and  desc ribed . A correlative  study examines the extent to whic h 

d ifferenc es in one c harac teristic  or va riab le a re rela ted  to d ifferenc es in 

one or more other c harac teristic s or va riab les (Leedy & Ormrod , 2001:191). 

In this study a  c orrela tion was made between the two d ifferent methods 

utilized  to estimate infants’  hearing ab ilities. A further c orrela tion was 

d rawn between the a ided  and  una ided  p red ic ted  thresholds done 
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through ASSR tec hnology and  the gold  standard  of behaviora l threshold  

measures – looking a t both the a ided  and  una ided  behaviora l thresholds.  

 

A quantita tive researc h approac h was imp lemented . Quantitative 

researc h is used  to answer questions about rela tionships among measured  

variab les w ith the purpose of exp la ining, p red ic ting, and  c ontrolling  

phenomena (Leedy & Ormrod , 2001:101). Quantita tive researc hers seek 

exp lana tions and  p red ic tions tha t w ill genera lize to other persons and  

p lac es (Leedy & Ormrod , 2001:102). Quantita tive da ta  c ollec tion methods 

were selec ted  for this study due to the na ture of the da ta  to be c ollec ted , 

namely threshold  estimation va lues, behaviora l thresholds, func tiona l ga in 

estimations and  func tiona l ga in behaviora l thresholds. Quantita tive 

researc h is a lso used  to answer questions about rela tionships among 

measured  variab les, w ith the purpose of exp la ining, p red ic ting and  

c ontrolling  phenomena (Leedy & Ormrod , 2005:231). This study a imed  to 

look a t the rela tionship  between d ifferent methods used  to p red ic t 

thresholds in infants and  func tiona l ga in measurements. During 

quantita tive researc h, standard ized  p roc edures a re used  to c ollec t 

numeric a l da ta  (Leedy & Ormrod , 2001:191). The variab les to be stud ied  

a re usua lly isola ted  and  extraneous variab les a re c ontrolled . This type of 

da ta  c ollec tion a llows for the use of sta tistic a l p roc edures to ana lyze and  

interp ret the da ta .  

 

This study lends itself to a  quasi-experimenta l design (Drummond , 2003:32). 

When c onduc ting a  quasi-experimental study, a ll c onfound ing variab les 

c annot be c ontrolled . Variab les and  exp lana tions tha t have not been 

c ontrolled  for need  to be taken into c onsidera tion when da ta  is 

interp reted  (Leedy & Ormrod , 2005:227). Ac c ord ing to Mouton (2001:160), 

a  quasi-experimenta l design is usua lly quantita tive in na ture, a ims to 
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p rovide a  c ausa l study of a  sma ll number of c ases under c ontrolled  

c ond itions as in this study. Subsequently this study lac ks the ingred ient of 

randomiza tion tec hniques of a  true experimenta l design.  

 

A c ontrolled  test environment, w ith uniformity in test equipment and  test 

p rotoc ol, was selec ted  to c ontrol environmenta l c ond itions. The va lid ity of 

the exp lora tory study was enhanc ed  by the inc lusion of six sub jec ts. 

 

3.4  ETHICAL CONSIDERATIONS 

 

Sc ientists c onsider researc h to be an ethic a l ac tivity. Researc hers seek 

knowledge, solve p rob lems, and  design new methods of trea ting d iseases 

and  d isorders, but they have the responsib ility of doing a ll of this in an 

honest, responsib le, open and  ethically justifiab le manner (Hegde, 

1987:414). The basic  tenet of ethic a l researc h is to p reserve and  p rotec t 

the human d ignity and  rights of a ll sub jec ts involved  in a  researc h p rojec t 

(Jenkins, Pric e & Straker, 2003:46). 

 

The basic  ethic a l p rinc ip les of autonomy, benefic enc e and  justic e (Hyde, 

2005:297; Louw, 2004:1) were inc orpora ted  in this study. 

 

3.4.1 Autonomy 

 

Autonomy refers to the freedom of w ill, the right to self-government and  

persona l freedom (Conc ise Oxford  Dic tionary, 1984:59). In researc h, 

autonomy refers to stric tly volunta ry partic ipa tion (Leedy & Ormrod , 

2001:107), to c hoose whether or not to be rec ip ients of spec ific  ac tions 

(Hyde, 2005:297).  The person involved  must have the lega l c apac ity to 

g ive c onsent (Jenkins, Pric e & Straker, 2003:47). The infant is a  minor and  
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therefore the parent or c a reg iver bec ame the advoc a te for the infant. In 

this study, the parent or c a reg iver had  the responsib ility to ac t in the best 

interest of the infant. 

 

• Informed consent 

 

Eac h sub jec t’ s parent or c a reg iver was requested  to g ive written 

permission for partic ipa tion in this study. A letter of informed  c onsent was 

d rawn up  (Append ix B). This letter exp la ined  the purpose and  na ture of 

this study (Leedy & Ormrod , 2001:107).  The letter informed  the parents or 

c a reg ivers of the infants of wha t was expec ted  of them and  about their 

and  their infant’ s rights. Sub jec ts’  rights inc luded  the following: 

 

Withd rawa l of partic ipants 

 

The parents/ c areg ivers were g iven the assuranc e tha t they had  the right 

to w ithd raw their baby as a  sub jec t from this study a t any time. 

 

Privac y, c onfidentia lity, anonymity 

 

Parents’ / c a reg ivers’  permission was requested  to use information in 

persona l c lient rec ords of a  p riva te p rac tic e, for researc h purposes. All 

information used  was c onfidentia l. The p rivac y of a ll sub jec ts was upheld . 

A letter sta ting the la tter was g iven to eac h sub jec t (Append ix B). 

 

Disc losure of information 

 

The parents/ c areg ivers of sub jec ts were informed  of the fac t tha t the 

results from this study may in future be used  in the pub lishing of a  sc ientific  
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a rtic le or c onferenc e or seminar p resenta tion. Information might be 

d isc ussed  a t ac ademic  ga therings. 

 

Debriefing of respondents 

 

All information ga thered  from this researc h was made ava ilab le to the 

parents or c a reg ivers. Researc h find ings were summarized  in a  letter and  

sent to eac h partic ipant. Sinc e these letters c onta ined  persona l 

information, no c op ies a re inc luded  in the append ix of this researc h 

report. 

 

• Ethical Clearance 

 

This study had  ethic a l c learanc e from the Researc h Proposa l and  Ethic s 

Committee of the Fac ulty of Humanities, University of Pretoria . A letter of 

c onfirmation to this effec t is inc luded  in Append ix A. Sinc e the sub jec ts 

were c lients of the researc her’ s own p riva te p rac tic e, no ethic a l 

c learanc e or letter of informed  c onsent to another institution was 

required . 

 

3.4.2 BENEFICENCE 

 

Benefic enc e refers to ac ting in kindness (Conc ise Oxford  Dic tionary, 

1984:83) or to the c onferra l of benefits (Hyde, 2005:297). Researc hers 

should  not expose researc h partic ipants to undue physic a l or 

psyc holog ic a l harm (Leedy & Ormrod , 2001:107; Babb ie, 1992:465). The risk 

involved  in partic ipa ting in a  study should  not be apprec iab ly grea ter 

than the norma l risks of day-to-day living. This aspec t was dea lt w ith in the 

following manner:  
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• Competency 

 

The researc her was c ompetent to c a rry out the researc h due to her 

p rofessiona l qua lific a tion, as well as years of experienc e in the field  of 

Aud iology. Two supervisors were involved  in this p roc ess – ensuring a  

suitab le researc h design and  g iving guidanc e in the p roc ess of researc h. 

The researc her (STA 011037) and  the supervisors were reg istered  w ith the 

Hea lth Professions Counc il of South Afric a . 

 

• Relevance 

 

The top ic  of researc h was highly relevant a t the time of development in 

the Aud iolog ic  field  as is ind ic a ted  in the ra tiona le for the study. 

  

• Risks 

 

Potentia l med ic a l risks involved  in this study were c onsidered  and  

add ressed . The usua l p roc edures and  c are ma inta ined  in the c linic a l 

p rac tic e app lied . In c ases where sub jec ts needed  seda tion, c hlora l 

hyd ra te was p resc ribed  by a  ped ia tric ian and  administered  ora lly by a  

qua lified  and  experienc ed  ped ia tric  nurse. The ped ia tric  nurse monitored  

sub jec ts for oxygen sa tura tion, resp ira tory ra te and  heart ra te. 

 

• Discrimination 

 

There was no d isc rimina tion between sub jec ts on the grounds of rac e, 

ec onomic  sta tus or gender. Parents/ c areg ivers were g iven the assuranc e 

tha t their baby’s sta tus as c lient of the researc her’ s p riva te p rac tic e would  

not be influenc ed  by their c onsent or refusa l to partic ipa te in the study. 
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3.4.3 JUSTICE  

 

In researc h ‘ justic e’  refers to honesty w ith p rofessiona l c olleagues (Leedy 

& Ormrod , 2001:108). It a lso rela tes to fa irness in the d istribution or 

a lloc a tion of benefits among members of soc iety (Hyde, 2005:297). 

Researc hers must report their find ings in a  c omplete and  honest fashion. 

‘ Justic e’  was add ressed  in the following manner: 

 

• Dissemination of results 

 

Researc h results were made ava ilab le to a ll pa rtic ipants. The results were 

made ava ilab le to the p rofessiona ls in the field  of Aud iology in order to 

ga in knowledge of new developments in the field  as well as improve 

servic e delivery. Researc h find ings were pub lished  in the form of a  

researc h a rtic le, whic h may be used  and  d istributed  by the pub lic . 

 

3.5 SUBJECTS 

 

Six infants w ith hearing loss were identified  as sub jec ts for this study. 

 

3.5.1 Sampling 

 

The sub jec ts inc luded  in this study were selec ted , based  on a  non-

probab ility c onvenienc e sampling approac h (Babb ie, 1992:230). The 

sub jec ts were selec ted  from the c linic a l c aseload  of the researc her’ s 

p riva te p rac tic e in Cape Town. These were infants referred  for follow-up  

eva lua tions a fter fa iling  a  sc reening eva lua tion. 
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3.5.2 Selection criteria 

 

The sub jec ts were selec ted  ac c ord ing to the following c riteria : 

 

3.5.2.1 Client sta tus and  rec ord  

 

Sub jec ts were c lients of the researc her’ s p riva te p rac tic e of whom 

information is ava ilab le and  whose parent/ c a reg ivers had  g iven their 

c onsent for the baby to be inc luded  in the study (Append ix B). 

 

3.5.2.2 Hearing ab ility 

 

Sub jec ts were those who were referred  for elec trophysiolog ic  assessment 

a fter fa iling  a  c lic k-evoked  ABR sc reening and  OAE’s sc reening 

assessment. 

 

3.5.2.3 Norma l Midd le Ear Func tioning 

 

Sub jec ts were inc luded  only if they showed  no evidenc e of midd le ear 

pa thology in order to rule out any other fac tors influenc ing tests results. 

The midd le ear sta tus was determined  by otosc op ic  examina tion and  high 

frequenc y tympanometry – using a  1000 Hz p robe tone and  an 

examina tion by an Ear-Nose-and  Throa t surgeon. A sing le-peaked  high 

frequenc y (1000 Hz) tympanogram was ind ic a tive of norma l midd le ear 

func tion (Kei et a l., 2003:27). 
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3.5.2.4 Age a t time of identific a tion 

 

Infants2 were selec ted  for this study, through referra l, fa iling  a  hearing 

sc reening p rotoc ol. At the time of identific a tion, these infants were too 

young to measure hearing ab ilities through trad itiona l behaviora l methods 

and  it was therefore appropria te to use elec trophysiolog ic  measures. 

Onc e an infant ac hieved  a  developmenta l age of approximately six to 

eight months, aud iometric  information c ould  be ob ta ined  effic iently using 

a  behaviora l tec hnique, based  on p rinc ip les of c ond itioning (Diefendorf & 

Weber, 1994:57). When the sub jec ts reac hed  this age, behaviora l 

methods were used  to determine una ided  and  a ided  thresholds. 

 

3.5.2.5 Neurolog ic a l sta tus 

 

 In order to rule out the p resenc e of aud itory neuropa thy (neura l 

transmission d isorder), both an ABR and  OAE eva lua tion was c onduc ted . 

In the c ase of an aud itory neuropa thy, the OAE or c oc hlear response 

would  still be p resent w ith an abnorma l or absent ABR. Sub jec ts were 

inc luded  when the ABR assessment showed  no evidenc e of a  neura l 

transmission d isorder (Ranc e & Ric kards, 2002:237). This aspec t was further 

add ressed  by measuring OAE’s – the absenc e of these OAE’s c onfirmed  

the absenc e of aud itory neuropa thy.  

 

 

 

 

                                                 
2 Infant as defined  by Conc ise Oxford  Dic tiona ry (1984:513): c hild  during  ea rliest period  of 

life – before age 1. 
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3.5.3  Subject Selection Apparatus 

 

The following appara tus were used  in the selec tion p roc edures of the 

sub jec ts: 

 

3.5.3.1 Hearing Sc reening Appara tus 

 

Sc reening for hearing loss through Automated  Aud itory Bra instem 

Response tec hniques (AABR) and  Otoac oustic  Emissions (OAE) methods 

were done on the ABAER from Biolog ic  Aud iometric  Systems, (c a lib ra ted  

June 2004).  The sound  was transduc ed  into the ear c ana l by the p robe 

mic rophone. 

 

The ABR is a  physiolog ic a l measure of the aud itory system to stimuli 

p resented  to the ear. Short-dura tion ‘ c lic k-stimuli’  was p resented  to eac h 

ear via  the p robe mic rophone a t 35 dBnHL. Rec ord ing was done using a  

three-elec trode montage of high forehead  and  the mastoid  bone of 

eac h ear. A maximum impedanc e of 8 kOhm was a llowed  with a  

minimum d ifferenc e of 4 kOhm. 

 

Otoac oustic  Emission measurements were performed  on eac h sub jec t. 

Distortion Produc t Otoac oustic  Emissions using a  65/ 55 dB p robe tone was 

performed  on eac h sub jec t (Ha ll & Mueller, 1997:247). A 2 – 5 kHz 

sc reening p rotoc ol w ith ¾ pass ra te was used . The absenc e of a  response 

with these parameters was ind ic a tive of the p resenc e of a  hearing loss 

grea ter than 30 dB.  
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3.5.3.2 Otosc op ic  Examina tion 

 

The otosc op ic  examina tion of the externa l meatus and  tympanic  

membrane were performed  with a  Heine mini 2000 otosc ope. 

 

3.5.3.3 Midd le Ear Assessment 

 

High frequenc y tympanometry and  ac oustic  reflex measurements – using 

a  1000 Hz p robe tone were performed  with the GSI Tympsta r midd le ear 

ana lyzer (c a lib ra ted  June 2004). 

 

Fowler & Shanks (2002:201) noted  tha t tympanometry – using a  high 

frequenc y p robe tone g ive more useful information w ith regards to the 

midd le ear system of infants. A sing le-peaked  high frequenc y (1000 Hz) 

tympanogram was ind ic a tive of norma l midd le ear func tion (Kei et a l., 

2003:27). Further, the p resenc e of an ac oustic  reflex helped  to c onfirm a  

norma l midd le ear system. The absenc e of the ac oustic  reflex in the 

p resenc e of norma l tympanometry supported  the possib le p resenc e of a  

hearing loss.  

 

3.5.4  Subject Selection Procedures 

 

The six sub jec ts (2 ma le and  4 fema le) inc luded  in this study were referred  

to the p rac tic e of the researc her for d iagnostic  elec trophysiolog ic a l 

assessment following fa ilure on a  c lic k-evoked  ABR sc reening assessment 

and  a  subsequent fa ilure on the OAE sc reen. Results of these sc reening 

p roc edures ruled  out the possib ility of a  sub jec t p resenting w ith a  neura l 

transmission d isorder (aud itory neuropa thy). These assessments were 

administered  by the researc her herself. 
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All sub jec ts had  norma l midd le ear func tion as determined  by an 

otosc op ic  examina tion and  high frequenc y tympanometry – using a  1000 

Hz p robe tone. The otosc op ic  examina tion was performed  to inspec t 

whether any visib le obstruc tion was p resent tha t c ould  a ffec t the 

c onduc tion of sound  to the tympanic  membrane (Stac h, 1998:174). Both 

the otosc op ic  examina tion and  high frequenc y tympanometry were 

c onduc ted  on eac h of the test oc c asions (ABR sc reening and  OAE 

previously and  the day of d iagnostic  assessment). 

 

The test sequenc e sta rted  w ith the performanc e of the OAE 

measurement. Fa ilure on this eva lua tion was followed  with high frequenc y 

tympanometry in order to exc lude midd le ear pa thology. After showing 

norma l immittanc e measurements, an AABR assessment followed . The 

infant was c onsidered  a  sub jec t for this study, a fter fa iling  the AABR.  

 

3.6  DESCRIPTION OF SUBJECTS 

 

The sub jec ts inc luded  six infants w ith d ifferent degrees of hearing loss. Two 

ma le and  four fema le sub jec ts w ith a  hearing loss and  an average age of 

five months (ages ranged  from three to six months of age) were identified . 

These were bab ies of whom hearing sc reening da ta  sinc e b irth was 

ava ilab le to the researc her. Tab le 3.1 inc ludes information regard ing the 

age of identific a tion, gender and  the degree of hearing loss. Add itiona l 

information regard ing the ind ividua l sub jec ts ac c ompanies the 

desc rip tion of ind ividua l results in Chapter 4. 
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Table 3.1 Description of subjects 

Subject 

number 

Gender Age at time 

of hearing 

loss 

identification 

Degree of hearing loss 

1 Male 3 months Modera tely Severe 

 

2 Fema le 5 months Modera tely Severe in right ea r 

Modera te in left ea r 

 

3 Fema le 6 months Severe in right ea r 

Profound  in left ea r 

 

4 Fema le 6 months Severe 

 

5 Fema le 4 months Profound  

 

6 Male 6 months Profound  

 

 

3.7  MATERIAL AND APPARATUS 

 

The following da ta  c ollec tion appara tus, materia ls and  p roc edures 

were used  for the c ollec tion of da ta : 

 

3.7.1  Hearing threshold estimation apparatus 

 

The  GSI Audera  from GSI (a  d ivision of VIASYS), (c a lib ra ted  November  

2003), was used  to p red ic t hearing thresholds – using both c lic k evoked  

and  tone burst Aud itory Bra instem Response (ABR) and  Aud itory Steady 

Sta te Response tec hniques (ASSR). The ABR and  ASSR were rec orded  
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using both ipsila tera l and  c ontra la tera l elec trode montages w ith high 

forehead  positive, the mastoids nega tive and  the ground  elec trode 

positioned  on the low forehead  (Vander Werff et a l., 2002:229). The stimuli 

were p resented  via  TIP 50 Insert HA-2 Tubephones w ith foam earp lugs. 

Elec trode impedanc e va lues were < 5 kOhms and  were w ithin 1.5 kOhms 

of eac h other. 

 

The p rotoc ol followed  for c lic k ABR is represented  in Tab le 3.2. Tab le 3.3 

represents the p rotoc ol followed  for tone burst ABR and  Tab le 3.4 

represents the p rotoc ol for the ASSR measurements. 
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Table 3.2 Protocol for click ABR 

Settings Parameters  

Stimulus Clic k Ha ll & Mueller, 1997:334;  

 

Duration 0.1 ms Ha ll & Mueller, 1997:334; 

Hood , 1998:54 

 

Transducer Tip  50 insert ea rphones GSI-equipment 

 

Polarity Rarefac tion Ha ll & Mueller, 1997:334; 

Hood , 1998:52 

 

Rate 33.1/ sec . Hood , 1998:51 

 

Electrode 

placement 

Ipsila tera l and  c ontra la tera l 

elec trode montages w ith: 

• High forehead  -  positive 

• Mastoids – nega tive 

• Low forehead  – ground . 

 

 

Impedance �� �� N2KPV� ZLWK� GLIIHUHQFH� EHWZHHQ�
elec trodes no grea ter than 1.5 

kOhms. 
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Table 3.3 Protocol for tone burst ABR 

Settings Parameters  

Stimulus 500 Hz, 

Blac kman ramp ing 2-1-2 c yc les 

Purdy & Abbas (2002:359); 

Stapells (2000a :17); 

Gorga  (1999:37  

 

Filter choice 30 – 1500 Hz GSI-p rotoc ol 

 

Transducer Tip  50 insert ea rphones GSI-equipment 

 

Polarity Alterna ting  Minimizes a  frequenc y follow ing type 

of response (Stapells, 2000a :17) 

 

Rate 39.1/ sec  Stapells (2000a :17) 

 

Electrode 

placement 

Ipsila tera l and  c ontra la tera l 

elec trode montages w ith: 

• High forehead  -  positive 

• Mastoids – nega tive 

• Low forehead  – ground . 

 

 

Impedance �� �� N2KPV� ZLWK� GLIIHUHQFH� EHWZHHQ�
elec trodes no grea ter than 1.5 

kOhms. 
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Table 3.4 Protocol for the ASSR 

Settings Parameters 
 

 

Carrier 

frequencies 

 

500, 1000, 2000, 4000 Hz 

 

 

 

 

 

Modulation 

frequencies 

 

500 1000 2000 4000 

74 81 88 95 
 

 

Cone-Wesson et a l. (2002:178); 

Vander Werff et a l. (2002:230). 

 

 

AM 

percentage 

FM 

percentage 

 

100% 

 

10% 

 

GSI Audera  p rotoc ol. 

Cone-Wesson et a l. (2002:178); 

Vander Werff et a l. (2002:230). 

 

 

 

Transducer Tip  50 insert ea rphones 

 

 

Number of 

sweeps 

16 (minimum) – 64 (maximum) 

 

 

 

Impedance �� �� N2KPV� ZLWK� GLIIHUHQFH� EHWZHHQ�
elec trodes no grea ter than 1.5 kOhms. 

 

 

Electrode 

placement 

Ipsila tera l and  c ontra la tera l elec trode 

montages w ith: 

• High forehead  -  positive 

• Mastoids – nega tive 

• Low forehead  – ground . 
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The stimuli used  to evoke the ASSR c onsisted  of c a rrier frequenc ies of 

500, 1000, 2000 and  4000 Hz tha t were 100 perc ent amp litude 

modula ted  and  10 perc ent frequenc y modula ted  a t modula tion 

frequenc ies of 74, 81, 88 and  95 Hz respec tively (Cone-Wesson et a l., 

2002:178; Vander Werff et a l., 2002:230). The Audera  devic e averaged  

the ongoing EEG ac tivity and  c omputed  the phase c oherenc e of the 

spec tra l c omponent of the response a t the modula tion frequenc y. 

Sta tistic a l ana lysis was used  to determine the p robab ility tha t the 

observed  response was due to c hanc e. Between 16 and  64 sweeps 

were ana lyzed  during eac h rec ord ing. The test was termina ted  when 

the phase c oherenc e reac hed  sta tistic a l signific anc e or a t 64 sweeps if 

signific anc e was not reac hed . The signific ant level was set a t 0.03 (GSI, 

2001:3). The ASSR thresholds a re used  to estimate the pure-tone 

aud iogram. This estimation utilizes an a lgorithm based  on pub lished  

researc h from the University of Melbourne in whic h ASSR thresholds 

measured  for pa tients w ith va rious amounts of hearing loss were 

c orrela ted  w ith their behaviora l aud iograms (GSI, 2001:6). 

 

3.7.2  Functional Gain Estimation Apparatus 

 

The GSI Audera  from GSI (c a lib ra ted  November 2003), was used  to p red ic t 

func tiona l ga in. Stimuli were transduc ed  through a  RCA PRO-X33AV 

loudspeaker in the free field . The loudspeaker was c a lib ra ted  to p resent 

stimuli a t 0º, 30 c m from the forehead .  

 

3.7.3  Clinical audiometer 

 

Pure tone thresholds were ob ta ined  using a  GSI 61 Clinic a l Aud iometer 

(c a lib ra ted  June 2004). Ac oustic  stimuli were p resented  through sound  
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field  p resenta tion. Ear spec ific  information was rec orded  using insert 

earphones (Sc ollie & Seewa ld , 2002:689). Narrow bands of noise were 

used  as test stimuli, as these infants were younger than 14 months of age 

(Gravel, 2002:40). 

 

Func tiona l ga in was determined  through sound  field  p resenta tion. Narrow 

bands of noise were onc e aga in used  as test stimuli. 

 

3.7.4  Test environment 

 

Behaviora l testing was c onduc ted  in a  doub le-wa lled , sound -a ttenua ting 

room. Elec trophysiolog ic a l testing was c onduc ted  in a  quiet side room of 

the p riva te p rac tic e.  

 

3.7.5  Data collection sheet 

 

The c ollec ted  da ta  was tabula ted  on a  summative da ta  c ollec tion sheet 

(Append ix C). 

 

3.8  PROCEDURE 

 

The following p roc edures were followed  in order to ob ta in the nec essary 

da ta . 

 

3.8.1  Data Collection Procedures 

 

The a im was to c ollec t a t least five sets of da ta  on eac h infant. The five 

sets of da ta  from eac h sub jec t inc luded  the following: 

 

• Una ided  ABR to c lic k and  500 Hz tone burst stimuli 

• Una ided  ASSR to 4 frequenc ies per ear 
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• Aided  ASSR to 4 frequenc ies per ear 

• Una ided  pure tone behaviora l thresholds 

• Aided  behaviora l thresholds  

 

Da ta  c ollec tion was done by a  qua lified  aud iolog ist, reg istered  w ith the 

Hea lth Professions Counc il of South Afric a , w ith 14 years of experienc e in 

the field  of ped ia tric  aud iology. The da ta  c ollec tion p roc edures 

c onc erning the d ifferent types of da ta  w ill be d isc ussed  ac c ord ing to the 

synopsis p resented  in Figure 3.1. 

 

 

Figure 3.1 Schematic representations of the data collection procedures 

 

Sub jec ts under the age of six months of age were nursed  by a  parent and  

were tested  whilst in a  na tura l sleep . If seda tion was needed , sub jec ts 

were seda ted  w ith c hlora l hyd ra te – p resc ribed  by a  ped ia tric ian 

(50mg/ kg, administered  ora lly) and  were monitored  for oxygen sa tura tion, 

resp ira tory ra te, and  heart ra te throughout the p roc edure by a  ped ia tric  

nurse. 

Diagnosis 

ABR vs. ASSR 

(3 – 6 months)  
Behaviora l 

Thresholds 

(8 – 12 months) 

Hearing Aid Fitting 

Validation of Hearing Aid fitting 

Aided  Behaviora l 

Thresholds 

(8 – 12 months) 

Aided  ASSR vs. 

Una ided  ASSR 

(3 – 6 months) 

Compare 

Compare 

Within a  month a fter 

elec trophysiolog ic a l eva lua tion  
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3.8.1.1 Aud itory Bra instem Response (ABR) 

 

ABR testing was c ompleted  a t referra l, as shown in Figure 3.1. Initia lly, 

c lic k-evoked  ABR thresholds were rec orded  b ila tera lly (Gorga  1999:36). 

ABR thresholds were then rec orded  using 500Hz, 1000Hz and  2000Hz 

toneburst stimuli (Vander Werff et a l., 2002:230). At eac h p resenta tion 

level, a  minimum of 1200 sweeps were averaged . Inc rements of 10 dB 

were used  for supra threshold  p resenta tions. Inc rements were reduc ed  to 5 

dB near threshold , and  a  minimum of two rep lic a tions were rec orded  a t 

stimula tion levels near threshold  (Ranc e & Ric kards, 2002:238). The 

threshold  was defined  as the lowest level tha t resulted  in a  rep lic ab le ABR 

wave V (Vander Werff et a l., 2002: 230; Cone-Wesson et a l., 2002:177). 

 

3.8.1.2 Aud itory Steady Sta te Response (ASSR) 

 

The same elec trodes used  for the ABR testing were used  for ASSR testing. 

ASSR testing began a fter the ABR testing was c ompleted  (see Figure 3.1). 

ASSR testing was c onduc ted  a t 2000 Hz and  500 Hz in both ears. If time 

permitted  and  the infant was still asleep , ASSR testing a t 1000 Hz and  4000 

Hz followed  (Vander Werff et a l., 2002:228). Thresholds were ob ta ined  

using a  10 dB down and  5 dB up  searc h p roc edure w ith a  sta rting level of 

50 dB. Threshold  was defined  as the minimum level a t whic h the phase 

c oherenc e was sta tistic a lly signific ant (Ranc e & Ric kards, 2002:238; Cone-

Wesson et a l., 2002:178). When no ASSR c ould  be identified  a t maximum 

presenta tion levels, the run was repea ted  (Vander Werff et a l., 2002:231). 

 

The ASSR measured  thresholds were then used  to estimate the pure-tone 

aud iogram. This estimation utilized  an a lgorithm based  on pub lished  

researc h from the University of Melbourne in whic h ASSR thresholds 

measured  for pa tients w ith va rious amounts of hearing loss were 
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c orrela ted  w ith their behaviora l aud iograms (Ranc e et a l., 1995:499). This 

p resent study refers to these estimations as ‘ASSR pred ic ted  thresholds’ . 

 

3.8.1.3  Aided  ASSR thresholds 

 

These tests c ommenc ed  approximately a  month a fter hearing a id  fitting  

(Figure 3.1). Hearing a ids were p rogrammed  ac c ord ing to eac h infant’ s 

hearing loss – using p resc rip tive methods. Responses were measured  a t 

frequenc ies of 500 Hz, 1000 Hz, 2000 Hz and  4000 Hz through the free field  

speaker (Pic ton et a l., 2002:69).  A 10 dB down, 5 dB up  searc h p roc edure 

was aga in utilized . Sta rting levels were c ommenc ed  a t 50 dB. Threshold  for 

func tiona l ga in p red ic tion was defined  as the minimum level a t whic h the 

phase c oherenc e was sta tistic a l signific ant (Ranc e & Ric kards, 2002:238). 

Depend ing on the tec hnology of the hearing a ids, c erta in fea tures of the 

hearing a ids needed  to be deac tiva ted , suc h as noise reduc tion systems 

and  feedbac k management systems (Kuk, 2004:1). 

 

‘ASSR measured  threshold ’  for eac h frequenc y was defined  as the lowest 

HL a t whic h a  tria l was judged  to be a  ‘ response’ . ‘ASSR pred ic ted  

threshold ’  for eac h frequenc y referred  to the estimated  behaviora l 

aud iogram – using the University of Melbourne a lgorithm (Ranc e et a l., 

1995:499). Both these measurements were used  during the c omparison 

between a ided  ASSR’s and  a ided  behaviora l thresholds as the normative 

da ta  from whic h p red ic ted  thresholds were c a lc ula ted  were c ompiled  by 

da ta  not derived  for a ided  ASSR’s. 

 

3.8.1.4 Una ided  behaviora l pure tone thresholds (BT) 

 

This eva lua tion was c onduc ted  a t the age a t whic h the infants were 

mature enough to c omplete the aud iometric  testing. There was a  time 
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delay of four to six months between the times of the evoked  potentia l and  

aud iometric  testing (see Figure 3.1). Infants who were 3 – 6 months of age 

a t the time of elec trophysiolog ic a l testing were a t least 7 – 9 months old  a t 

the time of the behaviora l testing and  were therefore mature enough to 

c omplete the behaviora l assessment. 

 

The following Visua l Response Aud iometry Protoc ol was followed  (Gravel, 

2000:39): 

Narrow bands of noise were used  as test stimuli. Assessment began with 

sound  field  p resenta tions of the stimulus (500 Hz) a t 30 dB HL. If the sub jec t 

oriented  toward  the loudspeaker, the head  turn response was reinforc ed  

and  another stimulus a t the same level was p resented . A head  turn was 

aga in reinforc ed  and  the threshold  searc h (desc end ing) was initia ted . If 

no response oc c urred , a fter two p resenta tions a t 30 dB HL, signa l level was 

inc reased  in 20 dB step  sizes until an orienta tion towards the loudspeaker 

oc c urred . Two responses a t the same level was the sta rting level for 

threshold  searc h. The initia l desc ent step  size for threshold  searc h was 10 

dB and  rema ined  10 dB for the up-down threshold  searc h p roc edure. 

Sound  field  thresholds were ob ta ined  ac ross the frequenc y range from 

500 Hz through 4000 Hz. Test order was 500 Hz, followed  by 2000 Hz, 4000 

Hz, and  then 1000 Hz. Threshold  was c a lc ula ted  from the levels of the 

three response reversa ls following the first miss on the initia l desc ent. 

 

In c ases where there was no response to sound  field  stimuli a t 80 dB HL, a  

bone-c onduc ted  signa l(narrow band  noise a t 250 or 500 Hz tha t was 

intense enough to be felt) was used  to teac h the sub jec t the head -turn 

response.   
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Insert earphones were used  to determine ear spec ific  thresholds – using 

the same order of test frequenc ies as used  in sound  field  p resenta tions. 

Insert earphones were p referred  as they a re lightweight, do not inhib it the 

head -turn response and  p rovide good  interaura l a ttenua tion in the c ases 

of asymmetric a l hearing loss. For threshold  searc h under these c ond itions, 

the step  size was reduc ed  to 5 dB. Threshold  searc h was identic a l to tha t 

desc ribed  for sound  field  assessment. 

 

3.8.1.5 Aided  behaviora l thresholds 

 

Testing was c onduc ted  w ith eac h sub jec t’ s own hearing a ids. Frequenc ies 

of 500 Hz, 1000 Hz, 2000 Hz and  4000 Hz were tested  – using b road  band  

signa ls w ith the speakers positioned  a t 0º. Assessment of a ided  responses 

followed  the same proc edure as desc ribed  above with sound  field  

p resenta tions as d isc ussed  in 3.8.1.4. (Also see Figure 3.1). 

 

3.8.2  Procedures for data recording, processing and analysis 

 

The following p roc edures were followed  to rec ord , p roc ess and  ana lyze 

the da ta . 

 

3.8.2.1 Rec ord ing of da ta  

 

The following information was rec orded  for eac h sub jec t on a  da ta  sheet 

(Append ix C). 

 

Da ta  yielded  from eac h sub jec t inc luded : 

• Una ided  ABR c lic k threshold  (determined  a t time of d iagnosis) 

• Una ided  ABR 500 Hz tone burst threshold  (determined  a t time of 

d iagnosis) 
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• Una ided  ASSR threshold  for a t least 2000 Hz and  500 Hz (determined  

a t time of d iagnosis) 

• Aided  ASSR thresholds (determined  within a  month a fter d iagnosis) 

• Una ided  Behaviora l Thresholds (determined  4 – 6 months a fter 

d iagnosis) 

• Aided  Behaviora l Thresholds (determined  4 – 6 months a fter 

d iagnosis) 

 

3.8.2.2 Proc edures for p roc essing and  ana lysis of da ta  

 

“ Sta tistic s a re among the most powerful tools in the researc her’ s toolbox” , 

(Leedy & Ormrod , 2001:252). These tools inc lude desc rip tive and  inferentia l 

sta tistic s. Descriptive statistics enta ils ordering and  summarizing the da ta  

by means of tabula tion and  graphic  representa tion and  the c a lc ula tion 

of desc rip tive measures. In this way the inherent trends and  p roperties of 

the observed  da ta  emerge c learly (Steyn, Smit, Du Toit & Strasheim, 

2003:5). Inferential statistics on the other hand  serve a  d ifferent purpose. It 

d raws c onc lusions about the popula tion from whic h the sample was 

d rawn by c omparing desc rip tive measures tha t have been c a lc ula ted . 

(Leedy & Ormrod , 2005:252). In this study the op tions ava ilab le for reliab le 

and  va lid  ana lysis was to a  c erta in extent lim ited  by the rela tively sma ll 

sample. A sta tistic ian a t the Department of Sta tistic s and  Ac tuaria l 

Sc ienc e of the University of Stellenbosc h was c onsulted  in his p riva te 

c apac ity during the p lanning of this study.  

 

In order to determine the c linic a l va lue of the ASSR method  in infants, 

eac h sub jec t’ s ind ividua l performanc e was desc ribed  on eac h 

p roc edure. The results ob ta ined  during the una ided  ASSR eva lua tion were 

c ompared  w ith the una ided  ABR results a t the time of d iagnosis and  
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subsequently w ith the results ob ta ined  during the una ided  behaviora l 

assessment. The same proc edure was followed  with the a ided  ASSR and  

a ided  behaviora l assessment results.  Therea fter the c ollec tive results for a ll 

sub jec ts were ana lyzed . The foc us was not on c omparing the da ta  of 

d ifferent sub jec ts as suc h, but to c ompare the da ta  for the d ifferent ears 

as it was rec orded  through the use of three d ifferent measuring 

tec hniques based  on a  partic ula r stimulus. In this way the da ta  c ollec ted  

through the use of the ASSR c ould  be c ompared  to the da ta  c ollec ted  

through the use of other measuring tec hniques. The c ollec ted  da ta  were 

tabula ted  in raw da ta  tab les and  graphic a lly c ompared  in figures 

resembling an aud iogram. 

 

In order to get a  b roader perspec tive on the researc h find ings, the da ta  

for a ll sub jec ts c ollec tively was further ana lyzed  using descriptive statistics. 

In these ana lyses three aspec ts were taken into ac c ount, namely: points 

of c entra l tendenc y (mean); extent of d ispersion (range/ standard  

devia tion); and  the extent to whic h d ifferent va riab les were rela ted  to 

one another (c orrela tion) (Leedy & Ormrod , 2005:257; Drummond , 

2003:112). Da ta  p roc essing and  ana lysis of the c ollec tive da ta  enta iled  

the following: 

 

• Calc ula ting the range of threshold values for the 12 ears per 

stimulus frequenc y as rec orded  by eac h measuring tec hnique. 

• Calc ula ting the standard deviation (SD) for the measured  

thresholds for eac h stimulus frequenc y in add ition to the range. 

However, the dec ision to inc lude the SD was taken w ith full 

knowledge tha t the lim ited  number of da ta  points inc reases the 

possib ility tha t the SD may be unduly influenc ed  by a  sing le da ta  
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point. With this in mind , the SD da ta  for responses to a  sing le 

stimulus frequenc y was c onsidered  w ith extreme c are. 

• Determining the extent of the difference between thresholds 

rec orded  for a  partic ula r stimulus frequenc y by c onsidering the 

number of thresholds tha t fa lls w ithin 10 dB, 15 dB, 20 dB and  more 

than 20 dB from eac h other. This c an be seen as a  c a tegoric a l 

c omparison of d ifferenc es. 

• Determining the mean of the threshold  va lues for the 12 ears per 

stimulus frequenc y, rec orded  by eac h measurement tec hnique. 

• Calc ula ting the difference between the mean of thresholds (of 12 

ears per stimulus frequenc y) rec orded  by two spec ific  measuring 

tec hniques. 

• Estab lishing the statistical significance  of the d ifferenc es between 

the mean of thresholds for 12 ears per stimulus frequenc y by using 

inferentia l sta tistic s. Two-sample c omparisons between the una ided  

ASSR results vs. the una ided  ABR results; the una ided  ASSR results vs. 

the una ided  behaviora l results; and  the a ided  ASSR results vs. the 

a ided  behaviora l results were done by app lying the Wilc oxon 

Signed -Rank Test (Steyn et a l., 1991:594). This test is va lid  w ith the 

assumption tha t the samples were d rawn independently from two 

sets of da ta  w ith d istributions of simila r shape (Steyn et a l., 

1994:594). This test is powerful bec ause it uses the size  (magnitude) 

of d ifferenc es as well as the d irec tion (positive or nega tive). The size 

of the d ifferenc es is ind ic a ted  by ranking the d ifferenc es for the 

c ombined  sc ores (Drummond , 1998:128). The Wilc oxon Signed -

Rank test determines a  p -va lue, determining the sta tistic a l 

signific anc e of the d ifferenc e between two da ta  sets. For two sets 

of da ta  to have a  sta tistic a l signific ant d ifferenc e, the p -va lue 
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should  be sma ller than 0.05. The da ta  c onc erning this spec ific  

ana lysis a re represented  in the form of tab les showing the p -va lue. 

• In an effort to b roaden the sc ope of the sta tistic a l desc rip tion of 

results, the mean and  the SD for thresholds for a ll measurements 

(inc lud ing measurements for a ll stimulus frequenc ies and  a ll ea rs), 

eva lua ted  w ith a  partic ula r p roc edure, were c a lc ula ted . The 

motiva tion for doing so was to inc lude a  la rger number of da ta  

points and  subsequently minimizing the effec t tha t one sing le da ta  

point may have on the SD va lue. This approac h however is a lso not 

w ithout its p rob lems, sinc e one p roc edure may p rove to be more 

sensitive to higher or lower stimulus frequenc ies and  intensities than 

another, resulting in a  c anc eling effec t. These SD va lues were 

therefore a lso interp reted  w ith extreme c aution. 

• In the fina l instanc e, determining the correlation coefficient of 

threshold  va lues (per ear, per stimulus frequenc y) p rovided  by two 

spec ific  measuring tec hniques. The c orrela tion va lues were 

interp reted  ac c ord ing to c a tegoric a l guidelines p rovided  by 

Koenker (in Leedy, 1981:115). 

 

3.8.3 Validity and Reliability 

 

The  validity of a  measurement is the extent to whic h the instrument 

measures what it is supposed  to measure (Leedy & Ormrod , 2005:31). 

Researc h litera ture revea ls many va lida tion p roc edures (Ba iley, 1982:69; 

Babb ie, 1992:132): 

 

• Interna l va lid ity asks whether a  d ifferenc e exists a t a ll in any g iven 

c omparison (Ba iley, 1982:72). In this p resent study it would  ask 

whether or not an apparent d ifferenc e between results c an be 

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



 99 

exp la ined  as measurement a rtifac ts. It was therefore important to 

use the same test p rotoc ol w ith the equipment set up  in the 

p resc ribed  manner w ith eac h ind ividua l sub jec t. 

• Externa l va lid ity is the p rob lem of interp reta tion (Ba iley, 1982:73). In 

this p resent study this aspec t would  refer to the interp reta tion of the 

d ifferent test results as ob ta ined  through d ifferent measurements. 

This aspec t was add ressed  by the fac t tha t the researc her was 

c ompetent to c a rry out the d ifferent p roc edures due to her 

qua lific a tion and  years of experienc e.  

 

Reliability of a  measure is simp ly its c onsistenc y (Babb ie, 1992:135; 

Drummond , 2003:79). The researc her used  d ifferent tec hniques to 

measure the same c onc ep t – in this c ase una ided  and  a ided  

thresholds measures. These tec hniques were administered  to the same 

sub jec ts, using the same test p rotoc ol and  test environment in eac h 

ind ividua l c ase. 

   

3.9 SUMMARY 

 

 

This c hap ter p rovided  a  c omprehensive desc rip tion of the p roc edures 

imp lemented  in the researc h methodology to ob ta in the da ta  ac c ord ing 

to the sub-a ims of this study. This was done in order to ac hieve the ma in 

a im of the study. The need  for c linic a l va lida tion of the ASSR in the 

ped ia tric  popula tion was the motiva tion for this study. The experimenta l 

design was desc ribed , followed  by the d isc ussion of the sub jec ts in terms 

of selec tion c riteria , p roc edures involved  in selec tion and  appara tus used  

for selec ting sub jec ts. Subsequently a  desc rip tion was p rovided  of the 

sub jec ts.  The materia l and  appara tus used  for the c ollec tion of da ta  and  

the ana lysis thereof as well as the p roc edures for da ta  ana lysis were 
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d isc ussed , followed  by a  desc rip tion of the p roc edures for da ta  

p roc essing and  ana lysis. The c hap ter c onc luded  with a  review of va lid ity 

and  reliab ility as it rela te to the c urrent study. 
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