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Abstract 

InterIist equivalency of lists one to four of the Northwestern 
University Auditory Test No. 6, in quiet and in continuous broad 
band noise, was investigated with 48 normal hearing young adults. 
All lists were administered at 50 dB sensation level in quiet and in 
noise at signal-to-noise ratios (SINs) of 10, 5, D, -5. -10, -15, and 
-20 dB. Results indicated no statistical differences in word 
recognition performance among lists when administrated in quiet 
(p .542). However, a significant list effect was found when 
administered in noise (p .0082). In general. such differences are 
taken to support the caution that interpretation of performance 
differences of subjects on speech tasks should be tempered when 
presented in a background of noise. In practice, however, the size 
of the differences was so small (e.g .• less than I % of data variance 
was accounted for, and mean list differences never exceeded 7.9% 
or were less than four words) that the effect was seen as beha­
viorally/clinically irrelevant. 

Abrege 

En vue de determiner l'equivalence entre les listes un a quatre de 
l'epreuve auditive no 6 de I' Universite Northwestern, on a fait 
subir l'epreuve, dans le silence et dans un bruit a large bande 
contiflU, a 18 jeufles aduftes entendants normaux. On feur a fait 

ecouler toutes les listes a un niveau de perception de 50 dB, dans le 
silence, d'une part, et dam le bruit, avec un rapport signal-a-bruit 
(S/B) de 10, 5. 0, -5, -10, -15 et -20 dB. d'autre part. On ne note 
aucune variation statistique entre les listes en ce qui concerne 
['aptitude (I reconnaltre les mols lorsqu'on fait passer l'epreuve 
dans le silence (p 0,542). Cependant, on note un e.ffet de liste 
significatif /orsque l' epreuve est administree dans le bruit (p > 
0,0082). Generalement, de telles differences servent a appuyer 
I'avertissement selon lequel if convient de temperer !'interpretation 
des variations de rendemellt d'un sujet a I 'autre fors de ['execution 
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de taches verbales avec un bruit de fond. Toutefois, en pratique, les 
eearts sont sifaibles (p. ex., on ne peut exp/iquer que moins de I % 

de la variance; l'ecart moyen entre les /istes n 'exd:de jamais 7,9 % 
ou est inferieur a quatre mots) qu 'on cOflsidere l'effet sans 

imponance d 'un point de vue comportemental et/ou clinique. 

Word recognition is routinely used by audiologists as part of 
a basic battery of tests to measure auditory function and for 
hearing aid evaluations. Numerous stimulus lists are avail­
able and there are several procedures for presenting test 
items and recording responses (see Bess, 1983; Olsen & 
Matkin, 1991). One such measure, which has enjoyed con­
siderable usage in both clinical assessment (see Martin & 
Morris, 1989) and research, is the Northwestern University 
Auditory Test No. 6 (NU-6) originally reported by Tillman 
and Carhart (1966). 

The stimuli contained in the NU-6 are monosyllabic 
words having a consonant-nucleus-consonant construction. 
They are based on stimulus items originally developed by 
Lehiste and Peterson (1959). Initially, the Northwestern 
University Auditory Test comprised two lists (Tillman, 
Carhart, & Wilber, 1963) and was later expanded to four 
phonemic 50-word lists (Till man & Carhart, 1966). 

Open set word recognition testing in quiet has been 
criticized on a number of grounds including: a lack of face 
validity. an inability to differentiate normal and sensori­
neural impaired listeners. and an inability to differentiate the 
performance of hearing aids (Bess, 1983; Danhauer, Doyle, 
& Lucks, 1985; Surr & Schwartz, 1980). Assessment of 
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word recognition ability in competing background noise has 
been advocated as a means of increasing face validity (Bess, 
1983; Olsen & Matkin, 1991) and improving test sensitivity 
(Cohen & Keilh, 1976; Cooper & Cutts, 1971; FindJay, 
1976). The most common type of background competing 
stimulus is continuous broad band noise, due to its avail­
ability on clinical audiometers (Bess, 1983). 

An important issue with respect to multiple list 
measures of word recognition abilities is the equivalence of 
test lists. Tillman and Carhart (1966) reported interlist 
equivalence for the NU-6 stimuli with normal and hearing 
impaired listeners, and several authors have since verified 
these findings (Rintelmann, et aI., 1974; Wilson, Coley, 
Haenel, & Browning, 1975). The reported list equivalency, 
however, has been reported only for data collected in quiet, 
and may not apply to situations where word recognition 
measures are employed in conditions with the presence of 
competing background noise. 

It has been found that the presence of background noise 
can change the equivalency of speech materials (Chermak, 
Pederson. & Bendal, 1984; Chermak, Wagner, & Bendel, 
1988; Gengel, Miller, & Rosenthal, 1981; Loven & Haw­
kins, 1983; Ripply, Dancer, & Piltenger, 1983; Schubert & 
Stenhjem, 1978). That is, the presence of noise has altered 
performance of speech materials to a greater extent than 
would be predicted for masking effects alone. With respect 
to phonemically balanced monosyllabic speech materials, it 
is speculated that competing noise changes a word list in a 
nonpredictive fashion and, consequently, the relationship 
between word lists (Loven & Hawkins, \983). James, 
Bowsher, and Simpson (1991) suggest: 

The non-equivalence of isophonemic lists can be 
attributed to the fundamental inability of articulatory 
description to provide accurate information about the 
acoustical features of the word-forms and the occur­
rence of context effects. These contextual factors 
present in the particular combination of features plays a 
large part in the subjective perceptibility of the lists. The 
'robustness' of the complete word-forms dictates the 
overall intelligibility of the word lists, and affects their 
relative difficulty under certain conditions .... Thus 
controlling for content, featurally or phonetically, 
between lists does not necessarily achieve a balance of 
difficulty (p.120). 

To the best of our knowledge there has been no attempt 
to explore the equivalency of the NU-6 lists when admi­
nistered in the presence of background noise. The purpose of 
the present study was, therefore, to examine the effect of 
continuous broad band noise on the list equivalency of the 
NU-6 stimuli. 
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Method 

Subjects 

Forty-eight young adults (M =23.7 years, SD 15 males 
and 33 females) served as subjects. All subjects presented 
normal hearing sensitivity, defined as having pure tone 
thresholds at octave frequencies from 250 to 8000 Hz and 
speech reception thresholds (SRTs) of 20 dB HL (American 
National Standards Institute, 1989) or better. As well, all 
subjects presented with normal middle ear function (Ameri­
can Speech-Language-Hearing Association, 1990). 

Stimuli 

The test stimuli consisted of custom two channel stereo 
cassette tape recordings of 50-word lists one to four of the 
NU-6 (male talker). The competing stimulus was continuous 
broad band noise. The custom recordings were developed by 
first transferring compact disk male talker recordings of the 
NU-6 lists (Department of Veterans Affairs, 1989) onto an 
IBM compatible computer's (Zenith Model Z-386/20) hard 
drive via a compact disk player (Sony Model 608ESD) 
interfaced with an analog input/output board (Dalanco Spry 
Model 250). The word lists were then edited to remove the 
carrier phrase and to reduce the interstimulus intervals from 
4.2 to 3.0 s. 

The competing continuous broad band noise was 
generated by the computer. An examination of a ID s 
segment of the noise file, using signal processing software 
(Signal Technology Inc. Model Interactive Laboratory 
System V6.l), confirmed that the noise spectrum was "flat" 
within two dB from lOO to 8000 Hz. Two 1000 Hz 
calibration tones were then generated, one at full scale and 
the other at the normalized power level (i.e., 0 dB signal-to­
noise level). The full scale calibration was utilized to ensure 
no overloading within the recording/playback chain. All 
speech and noise files were normalized to have equal power. 
As the software with the analog input/output board only 
permitted single channel recording and playback, the process 
of playback from the computer and recording onto tape was 
first accomplished with two video cassette recorders 
(Panasonic Models PVS 4960 and AG-1960). The first 
recorded the noise file while the second combined the noise 
and speech files. The final VHS tape was employed to 
produce cassette copies for experimental use. 

All editing, noise generation, signal power measurement 
and normalization. calibration tone generation, and playback 
from the hard disk was accomplished with custom software. 
The sampling rate for all these computer based operations 
was 20000 Hz giving an effective bandwidth of 8000 Hz. 
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Apparatus 

A double wall sound-treated audiometric suite (Industrial 
Acoustics Corporation), meeting specifications for 
permissible ambient noise (American National Standards 
Institute, 1977), served as the test environment. The 
recorded stimuli were routed from a stereo cassette deck 
(AKA! Model GX-R66) to a clinical audiometer (Grason 
Stadler OSI 10 Model 1710-9700) and presented to the sub­
jects through a Telephonics TDH-50P supraaural earphone 
housed in an M-51 cushion. All noise reduction and filter 
systems on the stereo cassette deck were in the off position 
during testing. 

Procedure 

Each subject was presented with the NU-6 stimuli at 50 dB 
sensation level re their respective SRTs. The speech stimuli 
were presented in both quiet and noise with signal-to-noise 
ratios (SINs) of 10, 5, 0, -5, -10, 15, and -20 dB. The 
presentation order of lists, noiselquiet condition, and SIN 
was determined with a Latin Square design. All test stimuli 
were presented monaurally to the subjects' right ear. Sub­
jects' responses were scored as total whole word percent 
correct by the test administrators. 

Results 

Total whole word percent correct mean scores and standard 
error of the means as a function of NU-6 list and SIN are 
displayed in Figure I. Total whole word percent correct 
mean scores and standard error of the means as a function of 
NU-6 list in quiet are shown in Table I. Not surprisingly, 
subjects' performance improved with increasing SINs and 
the best performance was observed in the quiet condition. 

Figure 1. Total whole word percent correct mean scores 
in continuous broad band noise as a function of SIN and 
NU-6Iist. Error bars represent pluslminus one standard 
error of the mean. 
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Table 1. Total whole word percent correct mean scores 
and standard errors of the mean (SEM) in quiet as a 
function of NU-6Iist. 

List M SEM 

93.5 1.3 

2 94.7 0.9 

3 92.7 0.8 

4 94.7 0.9 

The subjects' proportional scores were transformed to 
rationalized arcsine units [Le., a simple linear arcsine trans­
formation (Studebaker, 1985)] prior to subjecting them to 
inferential statistical analyses. In order to investigate the 
effect of NU-6 list and SIN on word recognition perfor­
mance, a two-way mixed analysis of variance (ANOVA) was 
conducted. List was the between subjects factor while SIN 
was the within subjects factor. Significant main effects of 
List [F (3, 44) 4.45, P .0082] and SIN [F (6, 264) = 
1072.83, p < .0001] were found as well as a nonsignificant 
interaction between the two factors [F (18, 264) .45, p 
.45]. Percentage of variance accounted for each source was 
.16,94.8, and .22 for List, SIN, and List X SIN respectively. 
A separate one-way ANOVA was also utilized to determine 
the effect of NU-6 list on word recognition performance in 
quiet. The results indicated no statistically significant 
differences in word recognition as a function of list [F (3,44) 
= .73, P .542]. 

As our primary interest was to investigate NU-6 list 
effects, we further examined the main effect of list with 
Student-Newman-Keuls post hoc pair-wise comparisons 
between lists at each SIN. Statistically significant differences 
between pairs of list means were found at SINs of 10, 5, -10, 
and -15 dB, while no statistically significant differences 
among pairs were found at SINs of 0, -5, and -20 dB. The 
results of these comparisons which found significant differ­
ences are displayed in Table 2. 

Table 2. Statistically Significant (p < .05) Student­
Newman-Keuls pair-wise comparisons of NU-6 list 
transformed means as a function of SIN . 

List 

2 

3 

4 

a,d 

2 3 4 

b 

a,c 

Note: a, b, c, and d denote pair-wise comparisons at SINs of 10. 5. -10, and 
-15 respectively. 
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It is worthy to note that although a list effect was found 
to be statistically significant, the effect size was very small 
indeed. That is, the amount of data variance accounted for by 
these differences was less than I %. Further, across all SINs 
the greatest difference between list means was 7.9% (i.e., 
less than four words). On average, mean list differences 
across SINs were 5.4% or less than three words. Moreover, 
the directions of the differences appear not to be systematic. 

Discussion 

The findings of the present study suggest that, although 
interlist equivalency of NU-6 lists one to four exists in quiet, 
the lists are not necessarily equivalent when administered in 
continuous broad band noise. Findings of nonequivalence of 
word lists when administered in noise is concordant with 
other investigators who report nonequivalence of other word 
lists administered in competing background noise (Chermak 
et aI., 1984; Gengel et aI., 1981; Loven & Hawkins, 1983). 
The findings NU-6 list equivalency in quiet are consistent 
with previous reports (Rintelmann et aI., 1974; Tillman & 
Carhart, 1966; Wilson et aI., 1975). 

We are of the opinion that the list differences seen here, 
while statistically significant, are behaviorally/clinically 
irrelevant. This interpretation is based on three lines of 
evidence. First, the size of the list effect was small, account­
ing for less than I % of the data variance. Mean list differ­
ences across SINs never exceeded 7.9% (i.e., mean list 
differences were less than four words). Second, the direction 
of mean list differences appeared to be random. Finally, it 
has been suggested that when a between-subjects designed 
test is employed to investigate list equivalency, test vari­
ability can not be estimated (Dillon, 1982). That is, "when 
scores from different subjects are combined and treated as 
repeated measures of the same subject, the dispersion of 
scores so obtained cannot be attributed to the 'variability' of 
the test" (Dillon, p. 55). We suggest, however, that this is 
only important for "equivalency" studies that actually find 
list differences. In other words. when differences are found 
one does not know if they result from list nonequivalences or 
from intersubject variability. The present study found very 
small and unsystematic list effects. 

It should be cautioned that conclusions regarding the 
stimuli used in this study may not be appropriately applied to 
other NU-6 applications. For example. it has been reported 
that the spectra of NU-6 stimuli differ considerably depend­
ing on the talker and recording procedure (Sherbecoe, 
Studebaker, & Crawford, 1993). As well, stimuli vary in 
their presentation level because of the difference between the 
long-term RMS level of the list material and the calibration 
tone (Sherbecoe, el al.). Further. when one employs a 
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different competing background noise. the relationship 
between the articulatory composition of the words and the 
spectral characteristics of the noise changes thereby influ­
encing masking effects. As well, Schwartz, Bess. and Larson 
(J 977) reported that the individual variability of the NU-6 
for half-list measures at various SINs is too large to support 
its use. Finally, cli nicians should also be aware of the 
possibility that individuals with varying degrees of hearing 
impairment may not mirror the pattern of performance in­
dicated by this group of normal listeners (Loven & Hawkins, 
1983). Considering the above, it seems prudent to question 
the list equivalency of NU-6 stimuli as a function of re­
corded stimuli, competing background noise, list length, and 
clinical population. 

Please address all correspondence to: Andrew Stuan, Dept. 
of Psychology, Dalhousie University, Halifax, Nova Scotia 
B3H4Jl. 
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