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Streszczenie 

Celem pracy było opracowanie, zrównoważonych psychometryczne list słów dwusylabowych w języku polskim przeznaczonych do audiometrii 
slownej . Jako materiał słowny wybrano 70 słów dwusylabowych akcentowanych na pierwszą sylabę, potocznie używanych w języku polskim. 
Materiał słowny nagrano z zastosowaniem techniki zapisu cyfrowego. Slowa były wypowiadane zarówno przez mężczyznę jak i kobietę . Lek
torzy pochodzili z obszaru centralnej Potski. W grupie 26 osób dobrze słyszących dla każdego z 70 słów wykreślono krzywą psychometryczną 
i dla 15 poziomów natężenia (od -10 do 18 dB HL ze skokiem 2 dB). Ostatecznie wybrano 25 dwusylabowych słów o najbardziej stromym 
nachyleniu krzywej psychometrycznej . W celu poprawy jednorodności tak utworzonej listy dokonano cyfrowej regulacji natężenia każdego ze 
słów, tak aby próg zrozumiałości każdego z nich wynosił 2,37 dB HL. Wartość średnia nachylenia krzywej zrozumiałości dla wybranych słów 
dwusylabowych wynosiła 10,1 %1 da dla list wypowiadanych głosem męskim oraz 9,8 %/dB wypowiadanych głosem żeńskim . W efekcie opra
cowano listę słów dwusylabowych, które były jednorodne pod kątem wartości progów słyszenia, a także pod kątem nachylenia krzywej psy
chometrycznej. Opracowane w pracy, zrównoważone psychometrycznie polskie listy słów dwusylabowych służące do badań audiometrii 
słownej, wypowiadane przez lektora mężczyznę i kobietę dostępne są na płycie CD pl. Polskie Listy Słowne dla Aud iometri i Mowy, Brigham 
Yopung University (Dysk 1.0) 

Słowa kluczowe: próg rozumienia mowy, język polski, dwusylabowe. rozróżnianie mowy, słuchowe rozpoznawanie słów. 

Summary 

This investigation was undertaken lo develop, digitally record , evaluate, and psychomelrically equate Polish bisyllabic words for use in meas
urement of the speech reception threshold (SRT). Seventy familiar bisyllabic words, with stress on the first syllable, were selected for the SRT 
test materiais. These words were recorded by both male and female talkers native to Poland who spoke the standard centra l Polish dialect. 
Psychometrie functions were calculaled for each ot the 70 bisyllabic words using 26 normally hearing subjects who listened to these words at 
15 intensity levels from -10 to 18 dB HL in 2 dB increments. The 25 best bisyllabic words were selected and then digitally adjusted, wilh respect 
to intensity. so that the threshołd of each word was equal to the mea n PTA (2.37 dB HL) of the normally hearing subjects . The mean slope 
(%/d8) for the bisylJabic words was 10.1 %/db for the male talker and 9.8 %/dB for the female talker. The resuł! was the development of a li si 
of Polish bisyllabic words (male and female talker) which were homogeneous with respect to threshold audibility and also with respect to psy
chometrie function slope. These psychometrically equivalent Polish bisyllabic words spoken by both male and female talkers are included on 
the Brigham Young University PoJish Speech Aud iometry Materials (Disc 1.0) compact disc. 

Key words: speech reception threshold, Polish, bisytlabic, speech discrimination, auditory word recognition . 

The speeeh reeeption threshold (SRT) and auditory word 
recognition score are among the most fundamental meas
ures ebtained during speech audiometry evaluatiens. The 
SRT is defined as the lowest level, in dB HL, at whieh an indi
vidual ean eorreetly identify 50% of the spondaie words that 
are presented [Ameriean Speeeh-Language-Hearing Assoei
ation (ASHA) Committee on Audiologie Evaluation 1988). 

Over the years, many researchers have contributed to 
the development and standardization of speech audiometry 
materials in English. Following much research and evalua
tion, spondaic words have been chesen as the preferred 
stimuli for SRT testing, and monosyllabic words have 
become the preferred stimuli for auditory word recognition 
testing in English [AS HA Committee on Audiologie Evalua-

tion 1988). A spondaie word is defined as a two syllable word 
with equal stress on both syllables. 

Several ałtributes of recorded word lists have been, er 
still are considered influential in the standardization of such 
lists. Included in these variabies are word familiarity, word 
length, dialeet of the talker, and mode of presentation. During 
the course of th is review, each of these variabies will be dis
cussed. 

Word lists may be presented by means of a recording or 
by monitored live voiee (MLV). The ASHA Committee on 
Audiologie Evaluation (1988) has endorsed reeorded materi
ais as the preferred manner for presenting speech stimuli. Of 
the several reeording methods, the digital method is eonsid
ered the most favorable due to the quality, versatility and 



2 Richard W. Harris, Wayne S. Nielson, David L. McPherson, Henryk Skarżyński ------------------
durability af the recordings it praduces [Kamm, Carteretle, 
Morgan, & Dirks 1980; Ridgway 1986]. 

Speech audiometry materials in other languages have 
not been as well developed ar standardized as those in Eng
lish. Recently, there have been efforts to improve the quality 
of Brazilian Portuguese, Spanish, Italian, and Russian 
speech audiometry materials [Aleksandrovsky, McCullough, 
& Wilson 1998; Christensen 1995; Greer 1997; Harris, Goffi, 
Pedalini, Gygi and Merri1l2001; Weisleder & Hodgson 1989]. 
In the midst of these efforts, important discoveries have been 
made as to how the structure of a language affects the effi
cacy ot a word list. 

The development of standardized digital recordings of 
speech audiometry materials in languages other than Eng
lish is ot interest to audiologists within the United States as 
well as those in other countries. According to a survey ot 
American audiologists, 37% perform speech audiometry in 
languages other than English [Martin & Sides 1985]. 

The current project was undertaken in an effort to turther 
contribute to the development of digital speech audiometry 
materials in languages other than English. The aim af this 
project was to produce standardized lists in Polish tor use in 
measurement ot the SRT and auditory word recognition. 
These lists may be used within the United States when test
ing individuals whose native language is Polish and in 
Poland during standard audiometrie evaluations. 

Through research efforts at Brigham Young University, 
digitally recorded word lists have been produced in English, 
Spanish, Italian and Brazilian Portuguese [Harris and Hilton 
1991; Christensen 1995; Greer 1997; Harris et al. 2001]. 
During the development ot these lists, particular attention 
was paid to the selection of words that were frequently used 
in each language. After these lists were created , extensive 
efforts were made to standardize the lists by calculating psy
chometrie tunctions and eliminating words that produced 
extreme results. Adjustments in intensity were made to make 
word s or lists more homogeneous with respect to audibility. 
Similar mełhods were used in the creation ot the Polish 
speech audiometry materials. 

Review ot Literature 

Stimuli Used in SRT Testing 

A variety ot stimuli, including digits, sentences, and 
spondaic words, have been used in the evaluation of the 
SRT. The Western Electric 4A test, developed in 1926, was 
the first recorded test that was widely used for the evaluation 
of the SRT. This test was developed by means of a joint effort 
bełween the Bell Telephone Laboratories and the American 
Federation ot Organizations ot the Hard ot Hearing. Digits 
were used as stimuli because they are highly familiar and 
because they are effective in the evaluation ot very young 
children [ASHA 1988; Hudgins, Hawkins, Karlin, & Stevens 
1947]. 

The efficacy of spondaic words was evaluated by Hud
gins et al. [1947] at the Psycho-Acoustic Laboratory (PAL) at 
Harvard. A list ot 42 spondaic words was compiled and enti
tled PAL Auditory Test No. 9. This list was then compared to 
both bisyllabic and monosyllabic word lists. After peńorm
ance intensity data were obtained on all three types ot mate-

rials , Hudgins et al. concluded that spondaic words have the 
steepest slope on a psychometrie function and the highest 
degree of homogeneity. Hudgins et al. continued working 
wit h spondaic words and, as a result, later developed PAL 
Auditory Test No. 14 [Hirsh et al. 1952]. 

The primary deficiency of the PAL lists was that some of 
the words in the lists were not highly familiar to certain pop
ulations. In compiling the Central Institute for the Deaf (C ID) 
Auditory Tests W-1 and W-2, Hirsh et al. [1952] ensured that 
the CID lists included only thase words from the PAL lists that 
were highly familiar. The CID W-1 and CID W-2 word lists 
were also more rigid ly phonetically balanced than the PAL 
lists. 

The ASHA Commitlee on Audiologie Evaluation [1988] 
recommended that spondaic words be used tor SRT testing . 
Spondaic words have come to be preferred because ot their 
steep slope on the psychometrie tunction and because ot 
their homogeneity. In regard to the use ot other stimuli tor 
evaluation of the SRT, the Committee stated, "II should be 
recognized ... that the use of speech stimuli wit h less homo
geneity than spondaic words may compromise the reliability 
of this measure" (p. 86). 

Stimu/i Used in Auditory Word Recognition Testing 

Telephone companies sponsored a majority ot the initial 
research on auditory word recognition in an effort to deter
mine which trequencies had to be transmiłted over telephone 
lines to maintain speech intelligibility. After years ot research 
at the research laboratories of the American Telephone and 
Telegraph Company and the Western Electric Company, 
Fletcher [1922] developed several monosyllabic word lists. 
These lists later became known as the Standard Articulation 
Word Lists. 

During World War II, there was a renewal of interest in 
auditory word recognition testing because il could be used in 
the evaluation ot military com mu ni cati on s equipmenł. As a 
result ot this renewed interest, Harvard Laborałories pro
duced 20 phonetically balanced (PS) lists of 50 monosyllab
ic words each [Carhart 1965; Hudgins et al. 1947]. One ofthe 
problems with the PAL PS-50 word lists was that many of the 
words were unfamiliar to typical listeners. Hirsh et al. [1952] 
improved upon the PAL PS-50 word lists by eliminating the 
PS-50 words that did not appear in a tabulation of familiar 
words. The new lists created by Hirsh et al. were entitled the 
CID W-22 word lists. 

In contrast to evaluation ot the SRT, where redundancy 
and predictability clues are desirable in order to produce the 
lowest threshold possible, auditory word recognition testing 
requires novelty and lack ot redundancy in order to make a 
patient's auditory word recognition difficullies evident 
[Carhart 1965]. For these reasons, monosyllabic words have 
become the preferred stimuli tor auditory word recognition 
testing. 

History ot Pa/ish Speech Audiometry 

As reported by Zakrzewski, Pruszewicz, and Rydzewski 
[1973], the first Polish word lists for use in auditory word 
recognition testing were developed by Zakrzewski, Suwalski , 
Antkowski, and Suwalski in 1953. Zakrzewski et al. [1953] 
created 10 phonetically balanced lists of 50 mo nos yllabi c 
word s each. The methods used tor the creation ot the pho-
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netically balanced lists were patterned after those used in the 
creation of the PAL PB 50 word lists and the Standard Artic
ulation Word Lists . 

Bystrzanowska [1978] and Zakrzewski et al. [1973] 
reported that no further developments in the field of Polis h 
speech audiometry were made until 1961 when Taniewski, 
Kugler, and Wysocki created monosyllabic and bisyllabic 
word lists that were both phonetically and dynamically bal
anced . In 1963, Szmeja, Pruszewicz, and Oukiewicz [as 
cited by Bystrzanowska 1978] created word lists for the eval
uation ot auditory word recognition in school children. Other 
notable events in the 1960's included the development of a 
digits test by Iwankiewicz, the establishment of guidelines for 
the evaluation of hearing in children by the Institute for 
Mothers and Children, and the development of word lists for 
adults and children by Iwankiewicz and Siciński. 

In 1971 , Zakrzewski, Pruszewicz, and Kubzdela devel
oped a series of Polish word lists. Each list contained bot h 
monosyl!abic and bisyllabic word s and was phonetically and 
structurally baJanced . The series ot lists consisted ot 10 lists 
ot 29 words each. 

Bystrzanowska [1978] and Zakrzewski et al. [1973] 
reported that in order to make valid comparisons ot results 
from speech audiometry performed at different locations 
across Poland, an organization was formed to establish 
guidelines for which word lists should be used by those who 
perform audiologie evaluations. The name of this organiza
tion was the Committee of the Audiology Section of the Pol
ish Otolaryngological Society (PTOL). In 1974, this commit
tee recommended the series of lists created by Zakrzewski et 
al. in 1971, the digits test by Iwankiewicz, the children's word 
list developed at the Institute for Mothers and Children by 
Borkowska-Gaertig, and the word list for children developed 
by Szmeja et al. in 1963. 

After the recommendation ol the PTOL in 1974, no 
developments of great significance occurred in the field ot 
Polish Speech audiometry unti l the 1990s. In 1994, 
Pruszewicz, Oemenko, Richter, and Wika developed 10 lis1s 
0124 monasyllabie words each. The words lor the lists were 
selected Irom among the most Irequently used monosyllabic 
Polish nouns. The lists were not only phonemically, acousti
cally, and structurally balanced, but were semantically bal
anced as wel!. 

Factors that Aftect the Performance ot Speech Audiom· 
etry Materials 

Many factors have been examined in an effort to deter
mine whether or not they affect the performance and test
retest rel iability ot speech aUdiometry materials. Such factors 
include: (a) word selection [Beattie, Svihovec, & Edgerton 
1975; Campbell 1965; Hood & Poole 1980]; (b) talker vari· 
ables [Brandy 1966; Cambran, Wilson, & Shanks 1991; 
Hood & Poole 1980; Kreul, Bell, & Nixon 1969; Penrod 1979]; 
(c) method ol presentation [Beattie et al. 1975; Brandy 1966; 
Creston, Gillespie, & Krahn 1966]; and (d) type ol recording 
[Kamm et al. 1980; Ridgway 1986]. 

Word selection. The words included in a word list influ
ence the difficulty ot a speech test. Some words are inherent
Jy easier to recognize than others. Words too difficult to rec
ognize can contribute to a poor psychometrie tunction and 
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can negalively skew results [Hood & Poole 1980]. 
Beattie et al. [1975] evaluated the inlluence of word dil· 

liculty in a study that involved 36 CID spondaic words pre· 
sented to 75 subjects via MLV. Three male examiners with 
experienee in administering speech audiometry materials via 
MLV were selected to present the spondaic words. An evalu· 
atlon of the mea n sensation levels at which the words were 
correctly identified revealed a 7.9 dS range in mea n sensa
bon level. Seattie et al. eonsidered large variations in relative 
intelligibility, such as those obtained with the list ol 36 CID 
spondaic words, detrimental to the measurement of the SRT. 
Spondaic words that were difficult to identify we re character
ized by more variability and constituted a key-contributing 
factor to this large variation in performance. After identitying 
spondaic word s with the least amount of variability, Seattie et 
al. developed a list using 18 ol the CID spondaic words that 
varied in mean sensation level by only 1.5 dS. 

Campbell [1965] also evaluated the inlluence ol word 
selection in a study involving 140 veterans that took place at 
the Veterans Administration Outpatient Glinie in Atlanta, 
Georgia. The veterans were selected tor participation in the 
study because they had mixed or sensorineural hearing loss 
aeeompanied by auditory word recognition scores from 10% 
to 70%. During audiological evaluations, the subjects were 
presented with words Irom the CID W-22 word lists. A com· 
parison of the percentage of word s that were incorrectly iden
tified on each list revealed a range of7.5% among lists. from 
these data, Campbell designed 8 hall-lists, each consisting 
of 25 words. The words that were easiest to identity in each 
half-list differed from one another in performance on audito
ry word recognition tests by only 2%, whereas there was a 
19% range in performance on auditory word recognition tests 
among the most difficult to identify words in each half-list. 
Campbell concluded that the distribution ol word difficulty 
and the efficiency ol the CID W-22 word lists could be 
improved if words that were more homogeneous in perform
ance on auditory word recognition test s were substituted for 
words with extremes in auditory word recognition perform
ance. 

Hood and Poole [1980] selected words lram the PAL PB· 
50 IIsts in order to create 20 odginal lists ot 25 word s each . 
The new lists were then recorded by a professional announc
er and presented to 45 subjects. The test items were rank 
ordered according to difficulty aHer the data from 36 presen· 
tations were analyzed. Two new word lists were created 
based on the results ol the graded word difficulty. One list 
contained easy to identify word s and the other list contained 
difficult to identily words. After both lists were recorded by the 
same announeer and administered to 5 normai hearing sub
jects, Hood and Poole discovered that the ranking ol word 
difficulty did not change. 

Talker variabies. Several researchers have investigated 
whether or not talker variabies influence the diffieulty of a 
word list. Ta!ker variabies include such factors as variations 
in intonation and pronunciation. Same researchers have 
found that significant differences are obtained in the auditory 
word recognition score when twa different talkers read the 
same list to the same subject [Hood & Poole 1980; Kreul et 
al. 1969]. Others claim that such differences do not exist 
[Cambron et al. 1991]. Brandy [1966] is ol the opinion that in 
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additian to the signiticant differences that occur with presen
tatians of two different talkers, multiple presentations ot the 
same list by the same talker also produce significant differ
ences. Penrod [1979J took a unique approach to this issue by 
considering not only the talker variabies but also the effect of 
the talker-listener interaction. The issue of the influence of 
variabies between talkers or variabies within an individual 
talker is ot concern because it affects the extent to which 
research results can be generalized to other settings. One 
possible explanation for the conflicting results of su ch stud
ies is the differences in the procedures used [Kreul et al. 
1969J. 

Hood and Poole [1980J not only evaluated the ranked 
difficulty of PB-50 words but also examined the effect of var
ious talkers on word intelligibility. In addition to the profes
sional talker who made the first recording of the easy and dif
ficult lists, two non-professional talkers were selected to 
make recordings of the same lists. Each newly recorded list 
was presented to 5 different subjects. Psychometric func
tions collected on ihe lists recorded by the three talkers 
depicted a separation between the psychometrie functions ot 
the easy and difficult lists for the professional talker, where
as there was no elear separation between the psychometrie 
functions ot the two lists for the third talker. Variance ratios 
indicated no significant differences among groups on scores 
for the easy list versus the difficult lisI. A lack of significant dif
ferences was also tound when the subjects' scores for the 
easy list were compared with one another. From these 
results, it can be concluded that the differences among talk
ers were not due to differences among the groups that lis
tened to the lists or among the lists that were presented. 
Rather, it appears as though the differences among talkers 
were due to talker variabies. In summarizing the influence ot 
talker variabies, Hood and Poole concluded, "In the prepara
tion ot recorded lists ot words tor clinical use, whatever 
importance is attached to tamiliarity ar otherwise ot words, is 
tar outweighed by whatever influence the speaker brings to 
bear upon them" (p. 449). 

Kreul et al. [1969J evaluated subject performance on 
recordings made by two different ta lkers as well as record
ings made by the same talker on separate occasions. Two ot 
the individuals who were condueting the experiment were 
selected as the talkers for the study. Twenty-three adult sub
jects were assigned to one ot three groups. The tirst and sec
ond groups listened to words presented by the first talker 
whereas the third group listened to words presented by the 
second talker. Comparisons of recordings made by the same 
talker over two separate recording session s revealed no sig
nificant differences. Signiticant differences were found, how
ever, among the recordings of the two talkers. This finding 
suggests that variabies that occur between twa talkers pro
duce changes in word list difficulty. 

Cambron et al. [1991 J studied the influence of talker gen
der on the speech detection threshold (SOT) and on the SRT. 
Oigital recordings of GID W-1 spondaic words we re made ot 
both male and temale voices. Twenty-two norma I hearing 
individuals were selected to participate in the study. Before 
listening to the recordings, the subjects studied a list of the 
CIO spondaic words. Prior to the administrat ion of the test, 
the subjects were instructed to push a butlon upon the first 
detection ot sound and to repeat the word once they were 
able to recognize i1. Performance intensity functions for the 

SOT and SRT were similar for both talkers. No significant dif
terences were tound between talkers on either the SOl or 
the SRT. 

Brandy [1966J examined the effects of multiple presenta
tions ot a word list by the same talker. The word list used for 
this experiment consisted ot 25 words randomly selected 
from list 3 of the CIO W-22 word lists. Three separate ran
domizations of the 25 words were then produced in order to 
have uniquely ordered lists for each ot three recording ses
sions. An adult mate talker made a series of recordings, over 
several days , under identical circumstances each day. A few 
additional lists were created by recording the list from the 
third day three times, splicing the recordings to produce lists 
with unique word orders, and then acoustically modifying the 
recordings 50 that each word was presented with equal 
intensity. Those participating in the study were divided into 
two groups of 12 subjects. One group listened to the original 
recordings; the other group listened to the modified record
ings. An analysis of the variances between the two recording 
modes (original vs. modified) revealed significant differ
ences. Brandy tound that the original recordings had signifi
cantly larger variations among presentations than the modi
fied recordings. The resu lts of this study show that presenta
tions of the same list by the same talker on different days 
cannot be considered equivalent, due to variations within the 
talker. Examples of su ch variations include modifications in 
intensity, word duration, and inflection. 

Penrod [1979J examined the performance of 30 adults 
with sensorineural hearing impairment on auditory word 
recognition performance using GID W-22 word lists as stim
uli. Ali participants had auditory word recognition scores that 
were no greater than 90% and an average hearing impair
ment of 25 dB HL or more at 500 , 1000, and 2000 Hz. One 
female and three male audiologists, with a minimum of two 
years professional experience, were selected to read the 
lists. Ali tour audiologists read one of tour randomizations ot 
list 2 of the CIO W-22 word lists to each participanl. The 
responses ot the subjects were recorded on audio tape and 
were independently scored by each of three speech-la n
guage pathology graduate students. Penrod found that the 
talker-listener interaction accounted for 20.5% of the vari
ance among randomizations ot list 2 whereas only 5.7% of 
the variance was accounted for by talker variabies. 

While some researchers claim that talker variabies are 
not significant and others elaim that talker variabIes are very 
signiticant, the mere existence of talker variabies should be 
noted and guarded agains1. Varia bies which exist between 
talkers should be guarded against because they pose a 
threat to the ability to generalize test results from one setting 
to the nexl. Perhaps the greatest safeguard against talker 
variabies is the use of recorded materials. 

Method ot presentation. Like the issue of talker vari
ables, the issue of the existence ot signiticant differences in 
performance between MLV and recorded materials is cloud
ed with controversy and conflicting find ings. Beattie et al. 
[1975J found no significant differences among performance 
for the MLV presentations of different talkers, whereas 
Brandy [1966J discovered significant differences among mul
tiple administrations of word lists presented by MLV Others 
have found that both MLV and recorded presentations of 
word lists are equally reliable [Creston et al. 1966J. 
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The study by Beattie et al. [1975] involved the presenta
tion of CID spondaic words by three male talkers using MLV. 
In relation to the different talkers, Beattie et al. discovered 
that the scores of the three groups were quite similar despite 
the fact that a different talker presented the words to each of 
the three groups . Beattie et al. concluded that results tram 
studies using MLV could be generalized to clinics that use 
MLV tor testing purposes. 

Brandy [1966] also compared MLV to prerecorded 
speech materials. The original recordings used in this study 
were considered to be similar to MLV testing because they 
were recorded on three different occasions, were not manip
ulated in any way, and were ali produced by the same talker 
In comparison, the modified recordings were considered 
taped material because they were acoustically manipulated 
and all three recordings were produced from one original 
recording. Significant differences were discovered among 
the three MLV presentations. There were no significant differ
ences, however, among the presentations of the recorded 
lists. 

Creston et al. [1966] compared the efficacy ot recorded 
speech materials to the effieacy of MLV in a study involving 
72 adults with sensorineural hearing impairment. Ali partiei
pants in the study were required to have at least a 20 dB HL 
hearing impairmenl. The CID W-2 word list of 36 spondaic 
words was used as stimuli for SRT testing and the CID W-22 
word lists were used as stimuli for auditory word recognition 
testing. Subjects were divided into three groups. The first 
group was evaluated twice with M LV, the second was admin
istered the tests via taped recordings on two separate occa
sions, and the third group was evaluated once with MLV and 
once with the tape recorded lists. No significant differences 
were found between the first and second presentations for 
either the first ar second group. The only significant differ
ence found for the third group was that the live voice presen
tation produeed SRTs and auditory word recognition scores 
that were slightly better than those of the taped presenta
tions. Despite the difference found in the th ird group, test
retest reliability was similar for bot h MLV and taped presen
tations. Creston et al. concluded that because both testing 
procedures were similar in rel iabi Jity, the choice of whether to 
use MLV ar taped material should be determined by the test
ing situation. According to Creston et aL, tape recorded 
materials are best in situations where inexperienced clini
cIans are periorming the testing whereas MLV is more effec
tive when young chi ldren or those who are difficult to test are 
being evaluated. 

In reference to the controversy over the best presenta
tion method, the ASHA Committee on Audiologie Evaluation 
[1988] voiced the following opinion: Recorded presenlation 
ol Ihe lesl malerial is Ihe prelerred procedure. The use ol 
recorded materia! standardizes the composition and presen
lalion ollhe lesl lisi. II a/lows lor beller conlrol ol Ihe inlensi
Iy ol Ihe lesl ilems and ensures Ihal Ihe speech pallem ollhe 
recorded lalker wi/l be consislenl lo each clienl. lp. 86) 

Oifferences in intensity, intonation, and pronunciation 
may occur over several presentations of a word list by MLV 
These differences may occur when presentat ions of speech 
audiometry materials are made by different speakers or 
when presentations of sueh materials are made by the same 
speaker. In most circumstances, reeorded presentations of 

word lists are preferable to MLV presentations because 
recorded presentations help to minimize vari ability and max
imize generalizability of test results. 

Type of recording . A comparison of the specifications of 
tape players and compact disc (CD) players demonstrates 
the advantages ot digital recording technology. Wh ile a tape 
player can produce a signal to noise ratio that is better than 
64 dB with a channel separation of over 36 dB at 1 kHz, a CD 
player can produce a signal to noise raHo that is greater than 
110 dB with a channel separation in excess of 105 dB 
[Nakamichi, n.d.; Sony 1991]. In addition, a CD player is 
capable of a dynamie range of more than 100 dB with less 
than 0.0025% harmonie distortion [Sony 1991]. 

Kamm et al. [1980] listed the advantages of digital 
recordings over other reeording methods as follows: (a) arbi
trarily high signal-to-noise ratio and dynamie range; (b) zero 
wow and fiutter; (c) no harmonie distortion near upper signal 
intensity range and no modulation-noise sidebands near the 
signal; (d) no crosstalk between channels; (e) fuli bandwidth; 
(f) no amplitude variations caused by local changes in mag
netization; (g) no interaction (print through) between adjacent 
tape layers (pp. 709-710). 

Since its introduction to the United States in 1983, the 
CD has gradually become the preferred medium for presen
tation of recorded materials. The tracks of a CD, unlike 
recordings on tape, can be presented in any order, and cer
tain tra eks can be repeated if desired . A plastic lacquer that 
is applied to the surface of the CO serves as a protective 
coating , making it fairly resistant to minor scratches, finger
prints, and dusL Unlike analog audiocassettes, COs have a 
potentially unlimited life span that makes it possible to have 
high quality record ings that do not vary in sound quality over 
period s of extensive use [Ridgway 1986]. Perhaps the great
est advantage of a digital recording is that wit h the use of 
computers, the digital signal can be modified in a highly effi
cient and uniform manner [Kamm et al. 1980; Ridgway 
1986]. 

Fac lors that Affect Speech Audiometry 
in Other Languages 

Several factors have been found to be important in the 
development of speech audiometry materials in other lan
guages , including (a) word familia rity [Comstock & Martin 
1984; Weisleder & Hodgson 1989; Zakrzewski, Jassem, 
Pruszewicz, & Obrębowski 1975]; (b) variations in dialect 
and pronunciation [Weisleder & Hodgson 1989]; and (c) the 
linguistic structure of a word list [Aleksandrovsky et al. 1998; 
Cancel 1968; Weisleder & Hodgson 1989]. 

Word familiarity. The famil ia rit y of the words selected 
for a particular list is thought to play a major ro le in determin
ing the difficulty of that lisI. Studies of word lists in bot h Span
ish and Polish show that subjects perform more consistently 
with words that are familiar than with words that are unfamil
iar [Comstock & Martin 1984; Weisleder & Hodgson 1989; 
Zakrzewski et al. 1975]. 

Comstock and Martin [1984] developed and evaluated a 
auditory word recognition test for Spanish-speaking chiJdren. 
Twenty children , ranging in age fram three to eight years, 
participated in the study. The dominant language ot every 
participant was Spanish. Ali participants had lived in the cen
tral region ot Texas for their entire lives. Comstock and Martin 
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developed four word lists, each of which consisted of 25 
bisyllabic word s that were within the vocabularies of Span
ish-speaking preschool children in central Texas. A native 
Texan who spoke Spanish fluently was selected as the talk
er for the lists . The lists were presented in a picture identiti
cation format that required the child to point to the picture 
that represented the word that was spoken. Auditory word 
recognition scores demonstrated a tendency to improve with 
age. This tendency was attributed to a vocabulary limitation 
in the younger children. Comstock and Martin highlighted the 
importance of assessing whether test items are within a 
child's vocabulary before administering a test. 

Weisleder and Hodgson [1989[ evaluated the effect of 
word lamiliarity on 16 native Spanish-speaking adults with 
norma I hearing. Four lists, each consisting ot 50 bisyllabic 
Spanish words, were used as słimuli. A native Spanish
speaking male was selected as the ta lker for the recordings. 
Each list was presented at tour different presentation leveJs 
(8, 16, 24, & 32 dB HL) to each participant. After consulting 
a Spanish frequency usage dictionary, the authors discov
ered that 90% of the least missed words could be found in 
this dictionary, whereas only 45% of the most trequently 
missed words were in the dictionary. 

In a study involving 297 Polis h school children rang ing in 
age from 9 to 14 years, Zakrzewski et al. [1975] evaluated 
the difference between auditory word recognition scores 
obtained with monosyllabic words and those obtained with 
nonsense words. A total ot 20 lists, consisting ot 10 words 
each, were used during the study. Ten of the lists contained 
meaningful monosylJabic Polish words; the other ten co n
tained nonsense words. Scores obtained on the nonsense 
syllable word lists were significantly lower than those 
obtained on the monosylJabic word lists. 

Research has shown that unfamiliar words, nonsense 
words, and words that are not within an individual's vocabu
lary are missed more Irequently than lamiliar words in SRT 
and auditory word recognition tests. SRT and auditory word 
recognition tests should be designed so that only words that 
are famil iar to the test population are included in the word 
lists. It a word list is limited to frequently-used words, the test 
eliminates the influence of vocabulary and linguistic skilIs 
and becomes a strict test of auditory reception . 

Variations in dialect and pronunciation . The talker 
who participated in the study by Weisleder and Hodgson 
[1989J was a native ol Mexico. Nine of the 16 subjects 
involved in the study were also natives ot Mexico. The 
rema in ing subjects were natives of countries in either Central 
ar South America. An analysis that compared the scores 
obtained by native Mexicans to those obtained by the other 
sUbjects revealed that the native Mexicans performed signit
icantly betłer at law presentation leveJs. 

Talkers who have a dialect that is different Irom that of 
the test population may negatively affect aud itory word 
recognit ion scores. In order to avoid this negative affect, talk
ers selected to make recordings ot word lists should be 
native speakers of the standard dialect of the test population. 

The linguistic structure ot a word list. The number of 
syllables per word and the arrangement ol phonemes within 
the words influence the difficulty of speech audiometry mate
rials . Research has shown that words that have a large num
ber of syliables are easier to identify than words with fewer 
syl lables [Aleksandrovsky et al. 1998]. Cancel [1968J and 

Weisleder and Hodgson [1989J lound that the presence of 
certain phonemes in Spanish words contributed to their diffi
culty. 

Aleksandrovsky et al. [1998J evaluated the performance 
0121 Russian-speaking subjects wit h normai hearing on the 
Russian Picture Identification Task (RPIT). Each time the 
subject heard a word during the RPIT, a computer monitor 
depicted a set ot tour pictures. One ot the pictures represent
ed the word presented , whereas the other three were pic
tures ol words that rhymed with the test word. The subject 
was asked to identify the picture ol the word presented. Alek
sandrovsky et al. rated the word s represented by each set ot 
pictures as either minimally phonetically varied or maximally 
phonetically varied. A significant difference was noted in sub
ject performance in the two different conditions. Subjects 
experienced more difficulty in selecting a test word from a foil 
of items that were minimally phonetically varied . Differences 
in performance due to the number ot syllabJes in test items 
we re also discovered . During the analysis ot test results, 
Aleksandrovsky et al. lound that bisyllabic words we re iden
tified at lower presentation levels than monosyllabic words. 

Cancel [1968J found that the presence ol certain 
phonemes in Spanish words made them less intelligible. A 
particular difficulty was noted when the phoneme Isl was in 
the final position. Subjects frequently omilted /s/ when it 
occurred at the end of a word and always omitted /s/ when 
its presence in the final position indicated plurality. One pos
sible explanation for this phenomenon is that aspiration of Isl 
occurs in several regions ot Central and South America. 

The results ol the study by Weisleder and Hodgson 
[1989J verify the findings of Cancel [1968J. The presence ol 
the phoneme /s/ was noted in 18 of the 20 most frequently 
missed Spanish words. Weisleder and Hodgson also attrib
uted this finding to regional variations in pronunciation . 

The number of syllables per word and the presence ol 
certain phonemes in a word can affect the difficulty of a word 
list. Care should be taken to avoid words that are less intelli
gible due to the presence of certain phonemes in certa in 
posit ions. The number ol syllables per word should be cho
sen in accordance with the purpose and desired difficulty ot 
a word list. 

In summary, it is important to consider a number of fac
tors when developing speech audiometry materials. Careful 
attention must be given to the selection ot words that are 
both familiar and moderately difficu lt to identify [Campbell 
1965J. Words that are unlamiliar or are too difficult to distin
guish may hinder the development of a standardized word 
list [Comstock & Martin 1984; Weisleder & Hodgson 1989; 
Zakrzewski et al. 1975J. A list of fami liar words can be com
piled by consulting a frequency usage dictionary ol the ch 0-
sen language [Harris et al. 2001; Weisleder & Hodgson 
1989J. Talkers should be selected who use the standard or 
most com mon dialect ot that language because talkers with 
unusual dia lects may negatively affect test resu lts [Weis led
er & Hodgson 1989J. If the word lists are to be recorded , a 
high quality digita l recording method should be used. Digital 
recording methods offer the greatest longevity, quality, and 
versatility of any recording method avai lable. 

In accordance with the aforementioned requirements for 
creation ot speech audiometry materials in other languages, 
this Pol ish speech audiometry project was designed to meet 
the lollowing objectives : (1) to create word lists lor SRT and 
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auditory word recognition testing that are composed of fre
quent!y used words: (2) to identify a native male and a native 
female Pole who use a standard dialect of Polish to serve as 
lalkers for Ihe recordings; (3) lo creale high-qualily digilal 
recordings oflhe SRT and audilory word recognilion lists; (4) 
lo abla in normalive dala on bolh Ihe SRT and audilory word 
recognilion lisls; (5) lo selecl 25 words wilh the sleepesl 
slope for use in evalualion of Ihe SRT; (6) lo develop four 
equivalent, phonemically balanced auditory word recognition 
lists and eight equivalent half-lists. This manuscript will pres
enl Ihe developmenl of and results for the Polish bisyllabic 
SRT malerials. 

Method 

Subjects 

Ali subjecls participaling in Ihis sludy were natives of 
Poland. Alolal of 26 subjecls (7 male & 19 female), ranging 
in age from 20 lo 29 years (M = 23.7 years), participaled in 
the evaluation of the bisyllabic words. Summary statistics of 
Ihe subjecl Ihresholds are lisled in Table 1. Each participanl 
had pure tone air-conduction thresholds 15 dB HL at octave 
and midoclave frequencies from 125 to 8000 Hz and had 
stalic acoustic admitłance between 0.3 and 1.4 mmhos with 
peak pressure belween 100 and +50 daPa [ASHA 1990; 
Roup, Wiley, Safady, and Sloppenbach 1998). 

Tab. 1. Age (in years] and Pure Tone Thresholds (dB HL} Oescriptive 
Stalislics for the 26 Subjects that Participated in the Bisyllabic Study 

M Minimum Maximum SD 

Age 23.7 20.0 29.0 3.3 

125 Hl 7.5 -5.0 15.0 6.7 

250 Hl 6.2 -5 .0 15.0 6.7 

500 Hl 4.4 -5 .0 15.0 55 

750 Hl 3.8 -5.0 15.0 5.3 

1000 Hl 3.7 -5 .0 15.0 5.6 

1500 Hl -1.1 -5.0 15.0 12 .0 

2000 Hl -1 .0 -10.0 5.0 42 

3000 Hl 0.4 -5.0 10.0 5.1 

4000 Hl 2.5 -10.0 15.0 7.4 

6000 Hl 8.1 -10.0 15.0 6.0 

8000 Hl 9.2 0.0 15.0 4.6 

Maferials 

Word lisls, Bisyllabic words wilh slress on Ihe first syl
labie were selected for the SRT materials on the basis of 
what is currently used for the evaluation ot the SRT in Poland 
[E. Michałowska, personal communication, October 12 
1999[. Alolal of 260 bisyllabic words were inilially selected 
from Ihe frequency usage dictionary by Zgołkowa [1983) and 
from a bisyllabic word lisI by Taniewski, Kugler, and Wysocki 
[ciled by Byslrzanowska 1969). Of Ihe 260 bisyllabic words 
considered for evaluation, 70 words were seleded for 
recording and evaluation in this study. The 190 words which 
were initially selected but not evaluated were eliminated for 
one, or more, ot a number ot reasons which included: a) 
undesireable vocabulary, b) eon si de red to be unfamiliar by 
same of Ihe judges, c) queslionable slress, ar d) confuslion 
wit h other words. 

Talkers. Initial recordings were made using five native 
Polish-speaking individuals, Ihree males and twa females. Ali 

lalkers were from cenIrai Poland and spoke a slandard Pol
ish dialect. After the recordings were made, a panel of nine 
native Polish judges evaluałed the periormance of each talk
er. The judges were asked to indicate whether the vocal qual
ity and accent of the talker was acceptable or unacceptable 
and then we re asked to rank order the talkers trom best to 
worsl. The highesl ranked lalkers (one male & one female) 
were selecled as Ihe lalkers for Ihe recording~. Neilher of Ihe 
talkers who were selected received any unacceptable rat
ings, whereas twa of the rema in ing three talkers not selected 
were considered to be unacceptable by one or more of the 
judges. 

Recording . Ali recordings were made in a large ane
choic chamber located on the Brigham Young University 
campus in Ihe Eyring Science Cenler in Provo, Ulah, USA. 
The ambient background noise levels in the anechoic cham
ber were approximalely 60-65 dB down from Ihe speech lev
eis measured during recording. The microphone was posi
tioned approximately 15 cm from the talker. A Larson-Davis 
model 2541 microphone was positioned at a 00 azimuth and 
was covered by a 3" windscreen. The microphone was con
necled lo a Larson-Davis model 900B preamp, and Ihe pre
amp was coupled to a Larson-Davis model 2200C preamp 
power supply. The signal from Ihe preamp power supply was 
rouled Ihrough an Apogee AD-BOOO 24-bil analog-Io-digilal 
converter; the digiłized signal was stored on a hard drive for 
laler ediling . A 44 .1 kHz sampli ng rale wilh 24-bil quanliza
tion was used tor al! recordings, and every effort was made 
lo ulilize Ihe fuli range of Ihe 24-bil analog-Io-digital convert
er during recording. Once recorded, the words were edited 
using Sadie Disk Edilor software [Sludio Audio and Video 
Limiled 1996). 

During the recording sessions, the talker was asked to 
pronounce each word several times. A native Polish judge 
rated each word for perceived goodness ot production, and 
the best production ot each word was then selected tor inclu
sion on the CD. If there were no satisfactory recordings ot a 
word, that word was recorded a second time. After the rating 
process, the intensity of each word to be included on the CD 
was ediled lo yield Ihe same inlensily as Ihal of the 1000 Hz 
calibralion lane conlained on Ihe CD (ANSI 3.6-1996). The 
evalualion CD was produced on a Yamaha CDE 10011 
recordable CD-ROM drive using a 44.1 kHz sampling rale 
and 16-bil quanlizalion. The NS high dilher oplion in Ihe 
Sadie Disk Editor software was used to convert the record
ings from 24 lo l6-bil quanlizalion. 

Procedures 

Custom software was used to controi randomization and 
timing ot the presentation of the words. The signal was raut
ed from a compuler-conlrolled CD-ROM drive to Ihe exlernal 
inpuls of a Grasan Sladler model 1761 (GSI-61) audiomeler. 
The stimuli were routed from the audiometer to the subject 
via TDH-50P headphones. Prior lo lesting each subjecl, Ihe 
inputs to the audiometer were calibrated to O VU using the 
1000 Hz calibralion tone on Irack 1 of Ihe Polish evalualion 
CD. Ali lesling was carried oul in a sound suile Ihal met ANSI 
[1991 J standards for maximum permissible ambient noise 
sound pressure levels in one-third octave bands for the ears 
not covered condition. 

Evaluatioo ot bisyllabic words. Each subject listened 
lo Ihe enlire list of bisyllabic words al 50 dB HL in order lo 
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become familiar wit h the words before testing commenced. 
After familiarizing Ihe subjecl lo Ihe words, Ihe subjecl was 
given the following instructions: 

(Polish) Będziesz slyszal slowa dwusylabowe w 
zestawach różniących się między sobą glośnością, od bard
zo cichych do dobrze slyszalnych. Te najcichsze slowa mogą 
być trudne do uslyszenia. Zielony wskaźnik świetlny będzie 
się pojawiał podczas wymawiania danego slowa. Proszę 

słuchać jak najuważniej i powtarzać każde słowo. Jeżeli nie 
jesteś pewien jakie slowo uslyszaleś, zachęcamy abyś 

zgadywał. Jeżeli nie domyśliłeś się słowa, nie mów nic i 
czekaj na następne slowo. Czy masz jakieś pytania? 

(English) You will hear bisyllabic words (2 syllables) at a 
number of different loudness levels. These loudness levels 
will vary from very sof t to a more comfortable loudness level. 
At the very soft loudness levels it may be difficult for you to 
hear the words. The green indication light will Game on, 
informing you that a word has been presented. Pfease listen 
carefully and repeat the word that you hear II you are unsure 
ol the word, you are encouraged to guess. II you have no 
guess, please be quiet and listen for the next word. Do you 
have any questions? 

The enlire bisyllabic word lisi (70 words) was presenled 
al each of 15 different intensity levels, rang ing from -10 to 18 
dB HL in 2 dB steps. Word order within the list was random
ized prior to each presentation. Each subject listened to both 
the male and female recordings of the bisyllabic list. The 
order of presentation ot the male and female reeordings was 
randomly determined tor eaeh subject. 

Calibration 

The audiometer was ealibrated prior to, weekly during 
and at the eonclusion ot data eollection. Calibration was per
formed in aecordance with the speeitieations ot the American 
National Standards Institule (ANSI 53.6-1996). No calibra
tion adjustments were required throughout the duration ot the 
study. 

Results 

Bisy/labic Words 

After the raw data were collected, logislic regression was 
used to obtain the regression slope and regression intercept 
for each of the 70 bisyllabic words. The regression slope and 
regression intercept values were then inserted into a modi
fied logistic regression equation that was designed to ealeu-
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Fig . 1. Psychometrie functions for 70 male Polish talker bisyllabie 
words 

lale Ihe perceni correcl at each intensity level. The original 
logistic regression equation is as tollows: 

10g~~a+b'dB 
l-p (1 ) 

In Equation 1, P is the proportion correct at any given 
intensity level, a is the regression slope, b is the regression 
intercept, and dB is the intensity level in dB HL. When Equa
tion 1 is solved for p and multiplied by 100, we obtain Equa
tion 2. 

% ~ (I _ exp(a+b'dB) )'100 
l+exp(a+b'dB) 

(2) 

By inserting the regression slope, regression intereept, 
and intensity level in to Equation 2, it is possible to predict the 
percent correct at any specified intensity leve!. The percent 
eorrect was predicted for each of the bisyllabic words for a 
range of -10 to 18 dB HL in 1 dB increments. Smoothed psy
chometrie functions were then praduced using the predieted 
percentages. The smoothed psychometrie functions for eaeh 
of the 70 bisyllabic words can be found in Figures 1 (male) 
and 2 (female). 

log~-a 
dB~ l-p 

dB ~ - a 
b 

b 

(3) 

(4) 

In order to ealeulate the intensity leve1 required for a 
given proportion, Equation 1 was solved tor dB (see Equation 
3). By inserting the desired proportions into Equation 3, it is 
possible to calculate the threshold (t he intensity required for 
50% intelligibilily), the slope (%/dB) al Ihreshold, and the 
slope (%ldB) from 20 to 80% for each psychometrie funclion. 
Table 2 (male) and Table 3 (female) contain the calculations 
for the threshold, slope at threshold, and slope from 20 to 
80% for each psychometrie function. When solving for the 
threshold (p ~ 0.5), Equation 3 can be simplified to Equation 
4. 

Thresholds for the 70 bisyllabic words ranged from 4.3 
to 15.6 dB HL (M = 2.1 dB HL) for the male words, and from 
3.7 lo 14.0 dB HL (M = 5.3 dB HL) for Ihe female words. The 
slope fram 20 to 80% for each psychometrie function en com
passed a range of 2.7 to 12.9 %IdB (M = 8.5 %/dB) for the 
male words and a range of 4.7 to 11.9 %/dB (M = 8.6 %ldB ) 
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Fig. 2. Psychometrie functions for 70 female Polish talker bisyllabic 
words 
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Tab. 2. Mean Peńormance for POlish Male Bisyliabic SRT Words 

Word " b' Słope Słope t rom Thres- Change Word " b' Slope at Slope tram Th res- Change 
at 50%" 20 to 80%- hałdo in dB' 50%° 20 to 80%· holdo in dB' 

chłopiec -0.10 -0.35 8.7 7.5 ·0.3 ·2.7 ściana ·2.39 -0.56 14.0 12.1 -4.3 ·6.7 

chwiła 3.27 -0 .48 12.1 10.5 6.8 4.4 słońce 020 ·0.29 7.3 6A 07 -1.7 

córka 1.55 -0.41 10.3 8.9 3.8 1.4 słowo 0.01 ·0.26 6.5 5.7 0.1 ·2.3 

człowiek -0.11 -0.42 10.5 9.1 ·0 .3 -2 .7 sposób 2.45 -0.36 9.0 7.8 6.8 4A 

dobrze -0.18 -0.43 10.8 93 -0.4 -2 .8 środek -0.42 -0.49 12.3 10.7 -0.9 -3 .3 

drzewo -0.88 -0.49 12.2 10.6 ·0.9 -3.3 stopień 1.50 -0.46 11.6 10.0 3.2 0.8 

dziecko -0.77 -0.52 13.1 11.3 ·1.5 ·3.9 5wiatlo -2 .12 -0.49 12.3 10.7 -4.3 -6.7 

forma 1.34 -0.32 7.9 6.8 4.2 1.8 sygnał 0.32 -0.42 10.6 9.1 0.8 -1.6 

grupa 1.58 -0.32 7.9 6.8 5.0 2.6 system 1.09 -0.35 86 7.5 31 07 

kino 3.26 -0.42 10.6 9.2 7.7 53 szkoła ·0.89 -0.42 10.4 9.0 -2 .1 -4.5 

klopo! 0.21 -0.27 6 .6 5.7 0.8 -1.6 szpilal 0.63 -0.46 11 .5 9.9 1.4 -1 .0 

koniec 2.02 -0.41 10.2 8.9 4.9 2.5 sztuka 0.83 -0.60 14.9 12.9 1A -1 .0 

książka -1.32 -0.47 11.8 10.2 -2.8 -5.2 lemat 0.04 -0.36 9.0 7.8 0.1 -2.3 

księżyc -1.65 -0.45 11.1 9.6 -3 .7 -6.1 leren 0.60 -0.33 83 7.2 1.8 ·0.6 

lampa 0.11 -0.34 8.5 7.4 0.3 -2.1 lermin 1.75 -0.41 10.1 88 4.3 1 9 

lekarz -1 .33 -0 .42 10.6 9.1 ·32 ·56 tydzień 1.84 -0.45 11 .3 9.7 4.1 1.7 

ludzie 1.65 -0.40 10.1 8.7 4.1 17 uczeń 1.07 -0.45 11 .2 9.7 2A 0.0 

mama -0.81 -0.33 82 7.1 ·2.5 -4.9 wczoraj 0.88 -0.42 10.6 9.2 2.1 -0.3 

miejsce 1.37 -0.46 11.4 9.9 3.0 0.6 wieczór 0.51 -0.52 12.9 11.1 1.0 -1.4 

milość 0.43 -0. 43 10.8 9.4 1.0 -1.4 władza 0.71 -0.23 5.7 5.0 3.1 0.7 

nazwa 0.44 ·0.30 75 6.5 1.5 -0.9 woda 0.33 -0.35 8.7 7.5 1.0 -1.4 

numer 2.08 -0.45 11.3 9.8 4.6 2.2 wOjna 0.47 -0. 55 13.8 11 .9 0.8 -1.6 

okno -0.52 -0.47 11.8 10.2 -1 .1 -3.5 worek 0.96 -0.24 6.0 5.2 4.0 1.6 

okres 0.48 -0.31 7.7 6.6 1.6 -0.8 wtorek 0.16 -0.34 8A 7.3 0.5 -1.9 

palec 0.88 ·0.38 9.6 8.3 2.3 -0.1 wynik 2.69 -0.38 9.6 8.3 7.0 4.6 

pani 2.83 ·0 .32 8.0 7.0 8.8 6.4 zakład -1.95 -0.51 12.8 11 .1 ·3.8 ·6.2 

pismo 3.50 -0.41 10.2 8.8 8.6 62 zboże 1.51 -0.28 7.0 6.0 5.4 3.0 

pokój 1.03 -0.33 8.2 7.1 3.1 07 zdanie 0.82 -0.29 7.3 6.3 2.8 OA 
praca 2.10 -0.30 7.6 6.6 6.9 4.5 zdrowie 0.90 -Q.51 12.7 11.0 1.8 ·0.6 

prawda -0.12 -0.25 6.3 5.5 -0.5 -2 .9 zespół 0.34 -0.38 9.4 8.1 0.9 -1 .5 

próba 2.84 -0.31 7.7 6.7 9.2 68 zmiana 0.67 -0.26 6.6 5.7 2.6 0.2 
problem 1.64 -0.34 8.6 7A 4.8 2A żona 0.68 -0. 52 12.9 11.2 1.3 -1.1 

przerwa 0.54 -0.42 10.5 9.1 1.3 -1.1 życie -0.93 -0.46 11.5 9.9 ·2.0 -4.4 

przykład -1.68 -0.43 10.6 9.2 -4 .0 -6.4 hl 0.66 ·0.39 9.8 8.5 2.1 ·0.3 
rama 1.95 -0.13 3.1 2.7 15.6 13.2 M!D.i!r!..Y..m ·2.39 -0.60 3.1 2.7 -4.3 ·6.7 
rodzaj 1.15 ·0.36 9.1 7.9 3.1 07 ~ 3.50 -0.13 14.9 12.9 15.6 13.2 

rola 2.04 -0.35 8.7 7.5 5.9 3.5 ~ 5.89 0.47 11 .8 10.2 19.9 19.9 

(labie continues) QQ 1.31 0.09 2.3 2.0 3.6 3.6 

a' = regression slope . b' = regression inlercepl. ·Performance intensity funclion slope (%/dB) at 50% was calculated from 49.99 to 50.01 %. ·Performance inlensi
ty function slope (%/dB) tram 20-80%. °lntensity required for 50% intelligibility. 'Change in intensity required to adjust the threshold of a word to the mean PTA ot 
the subjects in the bisyltabic sludy. 
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Fig. 3. Psychometrie Funetions for the 25 seJeeted maje Polish talk
er bisyliabie words 

for the female words. In comparison to the slopes from 20 to 
80% for each psychometrie function, the slopes at the 50% 
threshold were slightly steeper. The ranges for the slopes at 
threshold were 3.1 to 14.9 %/dB (M = 9.8 %/dB) for the male 
words and 5.5 to 13.7 %/dB (M = 9.9 %/dB) for the female 
words. 
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Fig. 4. Psychometrie Funetions for the 25 seJeeted female Polish 
talker bisyliabic words 

Due to the wide range in slopes among the 70 bisyllabic 
words, the 25 words that had the steepest psychometrie 
function slopes for both the male and female recordings were 
selected for inclusion in the final Polish speech audiometry 
CD. The threshold, the slope at threshold , and the slope from 
20 to 80% for the 25 selected bisyllabic words are Iisted in 
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Tab. 3. Mean Performance for Polish Female Bisy\labic SRT Words 

jWord-la~-'~ S!ope -I Slope from Thres- Chang~ 
, _ _ _ L I at 50%~_~~ 80%" hold' in dB~1 
rchlopiec I 2.07 : -0.35 8.7 7.5 5.9 3.5 

chwila 2.95 -0.52 I 13.1 11.3 __ 5.o._f- 32_~ 
córka 3.26 -0 .41 l 10.4 9.0 _~ 5.5 

, człow iek 1.03 -0.51 ' 1~1.1 2.0 -0.4 

I dobrze i 1.20 -0.47 1l4---+_~1 ___ 2.5 0.1 
I drzewo I 0.94 -0.34 8.5 , 7.4 -1.4 -3.8 

L dziecko l 1.53 -0.42 10 .6 I 9.2 3.6 1.2 

L forma I 2.79 -0.34 8.6 ~I 7.4 8.1 5.7 I 

I grupa i 1.49 -0.40 -9.-9 - 8.6 3.'8-~1 

I .:. 1 ::: , :~ ~,' I :: IT'--j: 1 
- ,,' o",'ec t-2.01 +1 -0 .35 1 87 7 5 i 58 34" 

kSi~i.ka I -1.26 -0.52 '-1:G--- 11'.3 --_~_ -2'.4 .. ~, 
---;-.-: -""""- . 

kSięi.YH=H0.11 -0 .51 12.7 11.0 0.2 -2.2 ' 
~ 1.34 -0.43 10.7 9.2 ~2 r------"(ia 
~~ -Ó·.86 -0 .51 12.7 11 .0 1.7 -0 .7 

ludzie 2.26 -0.44 C---1-1.1 9.6 5.1 2.7 
mama 2.08 -0.40 9.9 8.6 5.2r-2:8-

~_ 3.14 -0.38 9.6~_f----,,8,:.::3_+---;:8,.2 5.8 
~_awda 2.45 -0.24 5.9 5.1 10~-ao--

próba 1:~~~;::3"5--ł-_-c8cc.7,,, 7.6 57 3.3 
~roblem 3.04 -0.45 11.2 9.7 6.8 4.4 

: przeIWa 1.89 -0.42 106 92 45$~' I przykład -0.0~0.38 9.~ 8:2 ------io ---=-2.4 
i rama I 3.50 I -0.25 5.2 5.4 14.0 11 .6 

It=ro_~zaj . L~~_-0.~4 11 .0 ! 9.5 8.6' ~ 
,oIal2.79 I -041 _'.0.3.........L - 8~~,9=:J_~ 

(t~ble co~~~2J 

[ word a' J; I Slop' 1 Slop' hom [' Th''-';:-l(;ha09, -1 
. __ ~~t50%' I 20to 80'/~ i~ 

~~~--~ -047 t= 116 _ + _ --'-""---- -""----, --:':.'..-1 
słońce 1.39 I -0.35 8.8 I 7.7 3.9 r 1.5 I 

słowo -~~ -.03~ 76 ---r---6T~6-6-1-"'42-1 
sposób 3.91 ~0511' 127_+ 11 ~J . .2?== 5.j-j 
środek 1.00 -0.54 13.6 11.8=r 1.8 : -0 .6 I 

stopień 4.13 -0.45! 11.2 I 9.7 __ -g:2-r-S.O 

światlo -0.18 -046 114 ~ 9:9 i -04 I -2.8 1 
sygnał 

system 
~_ -0.37 ~~.~ __ -~~.-2i-t-0 ' 0-l 

~k~ 
-~ , --~~~~~! - --- _ .. _~_.-j---~~ --~~ 

--='2'+-:""-"-" - 9.1 t ~~~I~:.'.-~ 
~~ ~~~ _H~~F 19053__ -~~---j=l1 -fj~ L sztu~~ 

temat 366 .0.37_4 9 l I 7.9 . 100 ~_!6 _j 
I teren 2.40 -025 1 6.1 L_5'" __ 9 "----1_7A . 

termin 574 -053 13.3 1_ 11.5 10:8'1 8,4 '1 
l!YdZień 211 __ ...:D47 1 __ '_"3 10 .2._~;"_;_.-"~_ 
~czeń 07~'....:g46 11.5 ~OO 15 -r -0.9 

~tor~j 0.15 -0.42 10.59.:.~ 0.4 I -2.:.~ 
wleczor 0.44 -052 13.1 !-.-.!!2.__ O-"~ ±_-=-1~ 

L władza ~~ ...:D::~f-~~-~~-'-----i 6.9 _4,~_ ~-c-
~da 

:;~ :~:-;:ttL w~pt-l ~. worek 
wtorek 2.29 -Q,38 9.5 8,3 6.0 3.6 

wynik 3.88 --=ti46 11.6 10,0 --8.4 ---6.-6---
i ·zakTaa- 0.01 _035f--~ -7:e---o:o- -2.-

zbo;e 2,49 -02~ 49 11.0 8.6 
~~--'--'--r---- ----1---.-

zdanie 1.36 -0,26 6.4 . 5.6 5.3 i 2,9 
zdrowie 3.38 ~0.38 9.4 - T ------8-.1- --g:-ó-l·'-i.~ 
G-c;--,;-=--;---'~-~ , : -

_.z:spol 2,45 -040d=~-I---ti=t.?L. ,_3_.8_ 
I :.~ ~~ -0. 2~ _~. ______ ~_.8 __ ._~.~~ ______ l ~_,_~ 

zona 1.93 -0.43 10.6 9.2 4.5 2,1 ---- ------ --- -_. _-------- ---.-------

a' = regression slope . bO = regression intercepl. 'Performance intensity funct ion s lope (%/dB) at 50% was calcułated fram 49 .99 to 50.01%. 'Performance intensi
ty function slope (%/dB) fram 20-80%. ' Intensity required for 50% intelligibility. 'Change in intensity requ ired to adjust the thresho ld of a word to the mean PTA of 
the subjects in the bisyllabic study. 

Table 4 (male) and Table 5 (female). Figures 3 and 4 contain 
the psychometrie functions for the final 25 word s for the male 
and female recordings, respectively. 

After the final 25 bisyllabic words were seleeted, there 
was still a wide range of variability in threshold of audibility 
among the words. In order to improve homogeneity among 
the 25 bisyllabic words, the intensity of each bisyllabic word 
was digitally adjusted sa that the threshold of each word was 
equal to the mea n PTA of the subjects in the bisyllabic study 
(2.37 dB HL), The adjustments necessary for each bisyllabic 
word for the male and female recordings are presented in 
Table 4 and Table 5, respectively. Figures 5 (male) and 6 
(female) contain the predicted psychometrie funclions for the 
25 selected bisyllabic words after intenslty adjustment. After 
editing of the 25 male and 25 female bisyllabic words mea n 
psychometrie functions we re calculated and are presented in 
Figure 7, 
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Fig . 5. Psychometrie functions for the 25 selected male Polis h talker 
bisyllab ic words after intensity adjustment 
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Tab. 4. Mean Peńormance for Selecled Polish Male BisyUabic SRT 
Words 

Word a" b" Slope Slope from Thres - Change 
at 50%" 20 to 80%" hold' in dB' 

człowiek 1.03 -0.51 12.9 1U 2.0 -0.4 

dobrze 1.20 --0. 47 11 .8 10.2 2.5 0.1 

dziecko 1.53 -0.42 10.6 9.2 3.6 1.2 

lampa 1.34 -0.43 10.7 9.2 3.2 0.8 
książka -1 .26 -0.52 13.1 11.3 -2 .4 -4.8 

księżyc 0.11 -0.51 12.7 11.0 0.2 -2.2 

lekarz 0.86 -0.51 12.7 11 .0 1.7 -0. 7 

ludzie 2.26 -O A4 11.1 9.6 5.1 2.7 
miejsce 2.47 -0 .43 10.8 9.4 5.7 33 
miłość 1.70 ·OA 2 10.5 9. 1 4.1 1.7 

przerwa 1.89 -0. 42 10.6 9.2 4.5 2.1 
przykład -0.01 -0.38 9.5 8.2 0.0 ·2.4 

ściana -0.40 -OA7 11 .6 10.1 -0.9 -3.3 

środek 1.00 -0.54 13.6 11.8 1.8 -0.6 
światlo -0.18 -OA6 11.4 9.9 ·0.4 -2.8 
sygnał 0.91 -0.37 9.3 8.1 2.4 0.0 
szpil ał 0.16 -0.38 9.5 8.2 0.4 -2.0 

sztuka 0.02 -0.41 10.3 9.0 0.1 -2 .3 

tydzień 2.11 -0.47 11.8 10.2 45 2.1 
uczeń 0.71 -0.46 11 .5 10.0 15 -0.9 

wczoraj 0.15 -OA2 10.5 9 1 0.4 -2 .0 
wieczór 0.44 -0.52 13.1 11.3 0.8 -1.6 

woda 1.16 -0.38 9.5 8 2 3.1 0.7 
zona 1.93 -0. 43 10.6 9.2 4.5 2.1 
życie 1.12 -0.40 10.1 8 7 2 8 0.4 

M -007 ·0 .46 11.4 98 -0 .1 -2.5 

Minimum -2.39 -0 .60 8.5 7.4 -4.3 -6.7 

Maximum 1.84 -0.35 14.9 12.9 4. 1 1.7 

Range 4.23 0.25 6.4 5.5 8.4 8.4 
50 1.18 0.05 1.5 1.3 2.5 2.5 

a' = regression slope. b" = regression intercept. 'Peńormance intensity func· 
tion slope (%/dB) at 50% was calcułaled from 49.9910 50.01%. ·Peńormance 
Intensily funclion slope (%/dB) trom 20-80%. 'Intensity required for 50% inlel· 
ligibility. 'Change in inlensity required lo adjust the threshold ot a word lo the 
mean PTA of the subjects in the bisyllabic study. 
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Fig. 6. Psychometric funclions for the 25 selected female Polis h talk
er bisyllabic words after inlensity adjustment 

11 
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Tab. 5. Mean Peńormance for Selecled Polish Female Bisyllabic 
SRT Words 

Word a" b' Slope Słope trom Thres- Change 
at 50%" 20 lo 80%" hold' in da' 

człowiek 1.03 -0.51 12.9 11.1 2.0 ·OA 

dobrze 1.20 -OA7 11.8 10.2 2.5 0.1 
dziecko 1.53 -0 .42 10.6 9.2 36 1.2 
książka -1.26 -0. 52 13.1 11.3 -2.4 -4.8 

księżyc 0.1 1 -0.51 12.7 11.0 0.2 ·2.2 

lekarz 0.86 -0.51 12.7 11.0 1.7 ·0.7 
lampa 1.34 -OA3 10.7 9.2 3.2 0.8 
ludzie 2.26 -OA4 11. 1 9.6 5.1 2.7 

miejsce 2A7 -OA3 10.8 9.4 5.7 3.3 
miłość 1.70 -O A2 10.5 9.1 4.1 1.7 

przerwa 1.89 -O A 2 10.6 9.2 4.5 2.1 
przykład -0.01 -038 9.5 8.2 0.0 -2 .4 

ściana -0.40 -0.47 11.6 10.1 -0.9 -3.3 
środek 1.00 -0.54 13.6 11.8 1.8 -0.6 
światto -0.18 ·OA6 11.4 9.9 -OA -28 
sygnał 0.91 -0.37 9.3 8.1 2.4 0.0 
szpital 0.16 -0.38 9.5 8.2 0.4 -2.0 
sztuka 0.02 -0.41 10.3 9.0 0.1 -2.3 

tydzień 2.11 -0.47 11.8 10.2 4.5 21 
uczeń 0.71 -0.46 11.5 10.0 1.5 ·0.9 

wczoraj 0.15 -0.42 10.5 9.1 0.4 ·2.0 
wieczór 0.44 -0.52 13.1 11.3 0.8 -1.6 
woda 1.16 -0. 38 9.5 8.2 3.1 0.7 
żona 1.93 -0.43 10.6 9.2 4.5 2. 1 
zycie 1.12 -0.40 10.1 8.7 2.8 04 

M 0.89 -0.45 11.2 9.7 2.0 ·0.4 
Minimum -1.26 -0. 54 9.3 8. 1 -2 .4 -4.8 
Maximum 2. 47 -0.37 13.6 11.8 5.7 33 

Range 3.73 0.17 43 3.7 8.1 81 
50 0.92 0.05 1.3 1.1 2.1 2.1 

a" = regression slope. b" = regression intercept. 'Performance inlensily func
lion slope (%/dB) al 50"/" was calculaled from 49.99 to 50.01%. "Perlormance 
intensilY funclion slope (%/dB) trom 20-80%. 'Inlensily required for 50% inlel
liglbihly. 'Ghange in inlensily required lo adjust Ihe Ihreshołd of a word lo the 
mean PTA of Ihe subjects in the bisyllabic sludy. 
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Fig. 7. Mean psychometric functions for the 25 selecłed małe and 
female Polish lalker bisyflabic words after intensity adjustment 
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Discussion 

The main purpose of this research project was to devel
op a homogeneous subset of Polish bisyllabic words for use 
in measuring the SRT. This purpose was accomplished for 
recordings of a male and a female native Polish talker. The 
homogeneity of the subset of bisyllabic words can be seen by 
referring to Figures 5 (male) and 6 (lemale), which contain 
the predicted psychometrie functions for the 25 selecłed 

bisyllabic words after intensity adjustment. 
The slopes lrom 20 to 80% lor the 25 bisyllabic words 

encompassed a range ol 8.7 to 12.9 %/dB (M = 10.1 %/dB) 
for the male words and a range 018.1 to 11.8 %/dB (M = 9.8 
%/dB) for the lemale words. The means lor the slopes lrom 
20 to 80% lor the Polish male and lemale bisyliabic psycho
metrie functions are in close agreement with means for SRT 
materials that have been reported in other languages. The 
mea n slope for English spondaic words has been reported to 
be as law as 7.2 %/dB [Wilson & Strouse 1999] to 8 %/dB 
[Hlrsh et al. 1952] ar as high as 12 %/dB [Beattie et al. 1975]. 
Both Hudgins et al. [1947] and Young, Dudley, and Gunter 
[1982] reported the mean slope lor English spondaic words 
to be 10%/dB. The mean slope lor Spanish trisyllabic SRT 
materials has been reported by Christensen [1995] to be 11.1 
%/dB for a male talker and 9.7 %/dB for a female lalker. In 
research involving Italian trisyllabic SRT materials, Greer 
[1997] reported a mea n slope 017.3 %/dB lor a male talker. 

A great deal of research remains to be done in the field 
of Pol ish speech audiometry materials. Future research 
could examine the similarities between the mea n SRT 
oblained wilh Ihe 25 adjusted bisyliabic words Irom Ihis sludy 
and Ihe mean PTA ol Ihe lesl subjecls . Future research could 
also include examining bisyllabic word homogeneity and per
formance for hearing impaired individuals. 

In addition to the research that can be conducted on the 
current Polish speech audiometry materials, there is also a 
need to develop new Polish speech materials. For example, 
speech materials could be created for children on the basis 
of word familiarity. Many of the present-day speech materials 
for Polish children contain words not highly familiar to chil
dren [M. Malesińska, personal communication, December 16 
1999]. There is also a need to develop high-qualily record
ings of Polis h speech materials used in aural rehabilitation 
for those with cochlear implants. 

In summary, Ihe bisyliabic sludies resulled in Ihe devel
opmenl ol a homogeneous subsel ol 25 bisyliabic Polish 
words for use in measuring the SRT. These bisyllabic words 
are homogeneous with respect to audibility and also with 
respect to psychometrie function slope. The bisyllabic words 
for bot h the male and female talkers are contained on the CD 
entitled Brigham Young University Polish Speech Audiometry 
Malerials (Disc 1.0). These recordings can be ulilized lo 
measure the SRT in individuals whose native language is 
Polish. 
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