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Background English materials for speech audiometry are well established. In Spanish,
speech-recognition materials are not standardized with monosyllables, bisyllables, and
trisyllables used in word-recognition protocols.

Purpose This study aimed to establish the psychometric characteristics of common
Spanish monosyllabic, bisyllabic, and trisyllabic words for potential use in word-
recognition procedures.

Research Design Prospective descriptive study.

Study Sample Eighteen adult Puerto Ricans (M =25.6 years) with normal hearing
[M = 7.8-dB hearing level (HL) pure-tone average] were recruited for two experiments.
Data Collection and Analyses A digital recording of 575 Spanish words was created
(139 monosyllables, 359 bisyllables, and 77 trisyllables), incorporating materials from a
variety of Spanish word-recognition lists. Experiment 1 (n =6) used 25 randomly
selected words from each of the three syllabic categories to estimate the presentation
level ranges needed to obtain recognition performances over the 10 to 90% range. In
Experiment 2 (n = 12) the 575 words were presented over five 1-hour sessions using
presentation levels from 0- to 30-dB HL in 5-dB steps (monosyllables), 0- to 25-dB HL in
5-dB steps (bisyllables), and —3- to 17-dB HL in 4-dB steps (trisyllables). The presenta-
tion order of both the words and the presentation levels were randomized for each
listener. The functions for each listener and each word were fit with polynomial
equations from which the 50% points and slopes at the 50% point were calculated.
Results The mean 50% points and slopes at 50% were 8.9-dB HL, 4.0%/dB (monosyl-
lables), 6.9-dB HL, 5.1%/dB (bisyllables), and 1.4-dB HL, 6.3%/dB (trisyllables). The
Kruskal-Wallis test with Mann-Whitney U post-hoc analysis indicated that the mean
50% points and slopes at the 50% points of the individual word functions were
significantly different among the syllabic categories. Although significant differences
were observed among the syllabic categories, substantial overlap was noted in the
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individual word functions, indicating that the psychometric characteristics of the
words were not dictated exclusively by the syllabic number. Influences associated with
word difficulty, word familiarity, singular and plural form words, phonetic stress
patterns, and gender word patterns also were evaluated.

Conclusion The main finding was the direct relation between the number of syllables
in a word and word-recognition performance. In general, words with more syllables
were more easily recognized; there were, however, exceptions. The current data from
young adults with normal hearing established the psychometric characteristics of the
575 Spanish words on which the formulation of word lists for both threshold and
suprathreshold measures of word-recognition abilities in quiet and in noise and other
word-recognition protocols can be based.

English word-recognition materials used in audiology have
been investigated extensively, standardized, and even
recorded since the 1940s when the principles involved in
the word-recognition construct were delineated."? A multi-
tude of Spanish word-recognition lists have been developed
over the years,>'% but available, recorded, standardized
Spanish materials for audiologic protocols are lacking.

English word-recognition materials, like spondaic words
used to establish the speech-recognition threshold (SRT) and
monosyllabic words used to evaluate word-recognition per-
formance in a variety of paradigms, have been used as
references in the development of Spanish materials for
similar tasks. Findings from the English literature must be
applied cautiously to Spanish word-recognition materials
because of the lexical, phonetic, and phonotactic differences
that exist between the two languages. Although Modern
English reflects substantial influences from Romance lan-
guages, such as Spanish and Italian, the lexicons of each
language are distinct. Phonetically, English and Spanish vary
in vowel and consonant inventories. For example, Spanish
has only five phonetic vowels, whereas English has over 10
(the number of vowels also varies by dialect). Some English
phonetic consonants do not occur in Spanish (e.g., v/, /z/, / [/,
and /4/) or only occur in specific Spanish dialects (e.g., /x/ and
/6/). Other phonetic consonants occur in the Spanish lan-
guage but not in English (e.g., /n/ and /r/).

Phonotactic rules deal with the acceptable combinations
of phonemes in a language that define permissible syllable
structure, consonant clusters, and vowel sequences. Spanish
is more phonotactically constrained than English in the use
of consonants.!" English has over 30 onset consonant clusters
that are permissible in the language and over 19 coda
clusters.’? Onset consonant clusters are a combination of
two or more consonants before the syllable nucleus, which is
often a vowel, whereas coda clusters are consonant combi-
nations following the syllable nucleus. Spanish only allows
approximately 12 onset consonant clusters, all of which
combine an initial consonant with either /r/ or /I/; the use
of /s/ as an initial phoneme in onset clusters is prohibited."’
In word endings, English allows up to four consonants in a
coda cluster, whereas in Spanish coda clusters in word
endings are not allowed.'? Coda consonant clusters in Span-
ish are allowed in nonfinal positions but only when a
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consonant is combined with /s/. Exceptions to Spanish pho-
notactic constraints, however, may occur with words that
have been borrowed from other languages. The strict conso-
nant cluster constraints in Spanish inevitably result in a
vowel-dominated language with 71.8% of its syllables ending
in a vowel (open syllables'4). The increased use of vowels in
the Spanish language results in a greater frequency of
multisyllabic words since syllabification is directly influ-
enced by the number of audible vowels in a word. Likely as
a result of these phonotactic constraints, bisyllables are the
most frequently occurring words in Spanish followed by
trisyllables.’ With the exception of function words (e.g.,
articles, pronouns, and prepositions), monosyllables are
infrequent in Spanish, which is in contrast with English, in
which monosyllabic words constitute up to 71.5% of the
vocabulary.'® Given the aforementioned language differen-
ces, it would be inappropriate to attempt to adapt directly
English word materials in the development of Spanish
speech-recognition tests. General recommendations from
the English literature on the development of appropriate
word-recognition materials, however, can be followed, such
as the use of items that are representative of the language,
familiar to the listener, and of average equal difficulty.?
Most, if not all, of the word-recognition materials in
current use originated with a list of written words that
were thought, through one process or another, to be simple
and familiar words to the target listeners. Additionally, some
linguistic considerations were factored into the selection
process. As Hudgins et al' and Cancel-Ferrer* noted, an
equally important variable in the word-recognition process
is the intelligibility of the particular utterance of the word
under consideration. This utterance-intelligibility factor
prompted the initial phase of this project reported here
that was to develop a corpus of recorded Spanish words
with established psychometric characteristics from which
various lists of words can be compiled for speech-perception
protocols used in audiological evaluations (e.g., speech
threshold and suprathreshold measures, speech-in-noise,
dichotic listening, and the variety of distorted speech para-
digms). The present study evaluated the recognition per-
formances of young listeners with normal hearing for pure
tones on monosyllabic, bisyllabic, and trisyllabic Spanish
words recorded by a female speaker and presented at

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Psychometric Characteristics of Spanish Words

multiple presentation levels. Two experiments were con-
ducted. Experiment 1 used 25 randomly selected words from
each of the three syllabic categories to determine the pre-
sentations levels required with each syllabic category to
produce word-recognition functions minimally over the 20
to 80% correct range. Experiment 2 generated word-recog-
nition functions on each of the 139 monosyllabic, 359
bisyllabic, and 77 trisyllabic words using a protocol in which
both the word order and the presentation levels were
randomized. Prior to detailing the two experiments, the
material preparations (including word selection, recording,
editing, calibrating, and the compilation of the stimulus
words for the individual participants) are presented along
with general, common characteristics of the participant
groups and of the two experimental protocols.

Material Preparation

A list of 575 Spanish monosyllabic, bisyllabic, and trisyllabic
words was created mainly of words belonging to clinically
available Spanish speech-recognition lists with some famil-
iar words added. Words common to two or more lists were
included only once, a principle that was also applied to
homophone words of Spanish dialects that use seseo (i.e.,
tiza, tisa; lez, les; and taza, tasa). Seseo refers to the
pronunciation of the grapheme (z) as /s/, as well as, for
the grapheme (c), when encountered before (e) or (i). The
139 monosyllabic words were drawn from Rosenbliit and
Cruz® and the Auditec of St. Louis Spanish Monosyllables
(Auditec Item 151; www.auditec.com). Of the 359 bisyllabic
words, 344 were from one or more of four sources (Spanish
Words for Speech Recognition Threshold lists,* Spanish Bisyl-
lables Form 1, Lists A-D [Auditec, Item 268], the Spanish
Picture Identification Task,'” and the Brigham Young Uni-
versity Spanish word-recognition lists'® with 15 supple-
mental words added. The added words included two
bisyllabic digits that were not included in the source lists
and 11 bisyllabic words based on familiarity within the
Puerto Rican dialect. Of the 77 trisyllabic words, 36 were
from the Auditec Spanish Trisyllables for SRT (Auditec, Item
120) with 41 other familiar trisyllabic words added. The 575
words and their sources are listed in Tables S1 to S3 in the
Supplementary Material.

Recordings

Digital recordings of the 575 words were produced in a
professional recording studio during five 1.5-hour sessions
at the same time each day. Each session included an initial
practice period. The recordings were made in an IAC single-
wall sound booth with a wind screened microphone (Electro-
Voice, Model RE20) routed through a digital mixing console
(Yamaha, Model 02R96) to a computer for storage. The bit
depth was 16-bits with 44,100 samples/s. The speaker was a
professional Puerto Rican female broadcaster with a neutral
Spanish accent. During the recording sessions, an audiologist
(firstauthor) and a linguist/speech-language pathologist (third
author), both native Spanish speakers from Puerto Rico, pro-
vided feedback to the speaker on word productions and
requested additional utterances when necessary.

Carlo et al.

The recording sequence was from monosyllabic to trisyl-
labic words with the order of the words within each syllable
type randomized. For each word, the speaker repeated the
carrier phrase diga usted (say the word), followed by two
consecutive utterances of the word, monitoring the level of
the carrier phrase on a volume unit (vu) meter.'®%® This
format was replicated a minimum of three times for each
word. The interval between the carrier phrase and the first
utterance was 200 to 300 ms. In this manner, the carrier
phrase and words were independent utterances, making it
possible to create future delivery paradigms that were not
carrier-phrase dependent, e.g., presenting the target words
without a carrier phrase or presenting more than one target
word following a carrier phrase. Additional carrier phrases
muéstrame and enséiiame (show me) as well as instructions
in Spanish for word-recognition tasks also were recorded.

Audio Editing

A two-step judging process was completed to select the best
recorded utterance of each target word. First, the audiologist
and the linguist/speech-language pathologist involved in the
recording sessions listened to the recordings and selected the
best three utterances of each word by qualitatively discussing
which were the most natural sounding utterances based on
accurate articulation, rate of speech, intonation, and voice
projection. The audio file containing only the three best utter-
ances of each word were then listened to by a clinical audiologist
(with no previous exposure to the audio recordings) who
selected the best utterance of each word based only on auditory
perception. The first author was present during the final selec-
tion process to assist with the manipulation of the audio but did
not provide feedback to the rater. Each word and diga usted then
were put in separate *.pcm files, which are *.wav files without a
header. The batch-processing routine in the waveform editor?'
was used to obtain the various presentation levels.

Word Durations

Descriptive statistics on word duration by syllabic word category
are available in Table S4 in the Supplementary Material and can
be summarized as follows: monosyllables (M = 535 ms, stan-
dard deviation [SD]= 103 ms, max =750 ms, min =247 ms),
bisyllables (M =611ms, SD=95ms, max=953ms, min=
378 ms), and trisyllables (M =717 ms, SD=93ms, max=
947 ms, min = 571 ms). Thus, there is a marked positive relation
between the number of syllables and the duration of the word.
The distributions of the word durations for each of the three
syllable types are shown in Figure S1 in the Supplementary
Material with the individual word durations and English trans-
lations provided in Tables S5 to S7. Based on the skewness
coefficients shown in Figure S1 and listed in Table S1, the
monosyllabic and bisyllabic word durations were approximately
symmetrical (—0.5 to 0.5), whereas the trisyllable distribution
was moderately skewed (0.5 to 1.0).

Calibration

The waveforms of a word typically can be characterized as
having a large amplitude-modulation component that has a
major influence on most overall word amplitude measures like
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root-mean-square (rms) and vu levels. In speech audiometry,
the amplitudes of materials are set traditionally with a vu
meter, which is basically a mechanical average with a time
constant of approximately 300 to 350 ms.?> The intended
application of the vu meter was monitoring the signal level
in broadcast and transmission line applications, not the pre-
cise measurement of signal level (Wilson? provides a recent
review of the vu meter). Most often the target words have
sustained amplitudes whose durations are shorter than the
time constant of the vu meter. For these reasons, the vu meter
is ineffective in measuring the amplitudes of single words,
which is why the ANSI $3.16%* standard specifies monitoring
the level of the carrier phrase followed by the naturally spoken
target word. The vu level of the carrier phrase should corre-
spond to the vu level of the 1,000-Hz calibration tone.

As the target words were uttered independent of a carrier
phrase, an rms technique was needed to “equate” the levels of
the words. Almost exclusively, the largest signal amplitudes in
words are achieved by a segment of the vowel, which com-
pared with the consonants is fairly sustained. The majority of
the 575 words were multisyllables with most having one
vowel whose amplitude was greater than the other vowel(s)
in the word. As illustrated in =Fig. 1, a visual determination
was made of the maximum-amplitude segment of the word
and the rms of that segment was calculated. Note from the
figure that the durations of the maximum-amplitude seg-
ments varied substantially and one word, tres, had a short-
lived maximum amplitude in a nonvowel segment /r/. The
overall amplitude of each word then was adjusted so that the
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amplitude of the maximum amplitude segment of each word
was set to the same rms. The carrier phrase was also adjusted
to the same rms as the target words. This calibration technique
was not intended to produce equal intelligibility among words
but was intended to provide a replicable calibration technique
that can be applied to relatively short signals (note: for all
words in a more recent study, the maximum amplitude of the
vowel has been defined as the 50-ms segment of the vowel
with the maximum amplitude).?

General Methods

Participants

All participants were Puerto Ricans from the University of
Puerto Rico, Medical Sciences Campus and nearby commu-
nities who learned Spanish as a first language and used
Spanish as their main mode of communication. The experi-
ments were approved by the Institutional Review Board of
the University and the investigation was conducted with the
understanding and full, informed consent of the subjects.

Procedures

The recordings were converted from *.wav files to Apple
Lossless Audio Codec (APAC) files using Apple Inc. iTunes
Software (version 12.1) and uploaded to a portable media
player (Apple Inc., iPod Touch, Cupertino, CA) that was fed to
an audiometer (Grason-Stadler, Model 61; Eden Prairie, MN)
and presented monaurally through a TDH-49 earphone
(Telephonics, Farmingdale, NY) encased in a supra-aural
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Fig. 1 Waveforms of four words highlighting the maximum amplitude segments (ms) that were utilized for the rms calculations.
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cushion. The 1-hour test sessions, which included a break
midway through the session, were conducted in a double-
walled booth (Industrial Acoustics Company, Model 120act-
3, North Aurora, IL). Prior to the experimental stimuli, the
participants listened to recorded instructions that included
two example stimuli mimicking the word-recognition task.
The instructions requested that the participants repeat each
word they heard and to guess when unsure of what they
heard. The responses to each word were recorded into a
spread sheet. For both experiments, the participants were
compensated $10 for each completed session.

Experiment 1

The goal of Experiment 1 was to provide guideline data on
the presentation levels required to produce psychometric
functions for the monosyllabic, bisyllabic, and trisyllabic
Spanish words minimally over a 60% recognition-perfor-
mance range from 20 to 80% with ideally an equal number
of datum points below and above 50% correct. The guideline
data were established at seven presentation levels with 25
words randomly selected from each syllabic category.

Participants

Two male and four female young listeners (M = 28.0 years,
SD =5.5 years) with normal hearing at the 250 to 8,000 Hz
octaves (<20-dB hearing level [HL]?*) participated. The mean
thresholds ranged from 2.5- to 10.8-dB HL with a three-
frequency (500, 1,000, and 2,000 Hz) pure-tone average
(PTA) of 8.3-dB HL (SD = 4.3 dB). Right ears were tested on
half of the listeners.

Procedures

The participants completed a single session in which 525
stimuli (25 words x 3 syllabic conditions x 7 presentation
levels) were presented randomly. The seven presentation
levels ranged from —5- to 25-dB HL in 5-dB steps. A 150 ms
silent interval separated the carrier phrases and the target
words with a 3-s interstimulus interval (ISI). For each
participant, a randomization of the 525 word files was
created and then presented via 21 tracks of 25-words each.
A schematized 25-word example track is depicted in Figure
S2 in the Supplementary Material.

Results

The percent correct recognition performances for each syllabic
group at each presentation level were computed to develop
mean recognition functions for the monosyllabic, bisyllabic,
and trisyllabic word groups and are presented in =Fig. 2
(upper left panel); the data in the three remaining panels
are discussed with Experiment 2. Third-degree polynomials
were used to describe the data. The recognition data for the 25
words of each syllabic groups used in Experiment 1 are listed in
Tables S8 to S10. The obvious observation is the direct relation
between recognition performance and number of syllables in
the words. As the number of syllables increased, recognition
performance increased. As reminded by Egan® (page 961), the
50% point on a psychometric function is the most sensitive
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region of a function because it is furthest from floor and ceiling
effects. The polynomial equations were used to calculate the
hearing level (dB) of the 50% points and the first derivatives of
the polynomials were used to calculate the slopes of the
functions (%/dB) at the 50% points. For the monosyllabic,
bisyllabic, and trisyllabic words, the 50% points were 13.3-,
8.4-, and 2.9-dB HL, respectively, with corresponding slopes of
the mean functions at the 50% points of 3.9, 4.2, and 5.2%/dB.
The maximum recognition performances (>90%) were not
obtained by the monosyllabic words at 25-dB HL but were
achieved with the bisyllabic words at 25-dB HL and with the
trisyllabic words at 20-dB HL. Minimum performances (<10%)
were around 0-dB HL for the monosyllabic and bisyllabic
words and extended below 0-dB HL for the trisyllabic words.
These preliminary data provided the presentation-level guide-
lines most appropriate for the subsequent experiment to
obtain datum points throughout the ranges of recognition
performances for each of the three syllabic categories.

Experiment 2

The objective of this experiment was to determine the
psychometric characteristics of each of the 575 words that
can be used in the future development of Spanish word-
based protocols for use in the variety of audiologic clinical
and research applications.

Participants

Three male and nine female young adults with normal hearing
at the 250 to 8,000 Hz octaves (<20-dB HL) and between 21 to
33 years of age (M = 24.3 years, SD = 4.7 years) participated.
The mean PTA was 7.5-dB HL (SD =2.5dB). Seven of the
participants were tested in the right ear. An educational
inclusion criterion of no greater than an undergraduate degree
was added in an effort to maintain the study sample represen-
tative of the young-adult Puerto Rican population.

Procedures

A separate audio file was created for each of the 973 monosyl-
labic stimuli (139 words x 7 presentation levels), each of the
2,154 bisyllabic stimuli (359 x 6 presentation levels), and each
of the 462 trisyllabic stimuli (77 words x 6 presentation
levels). Based on the data from Experiment 1, the following
presentation levels were used: (1) monosyllables, 0- to 30-dB
HL in 5-dB increments, (2) bisyllables, 0- to 25-dB HL in 5-dB
increments, and (3) trisyllables, —3 to 17-dB HL in 4-dB
increments. The 3,589 word files were randomized for each
participant and then grouped into 143, 25-word lists plus one
list of 14 words, which were parsed into the five 1-hour
sessions. The interval each listener took to complete the five
test sessions varied from 6 to 63 days (M = 26.6 days, SD = 16.4
days). The silent interval between the carrier phrase and the
target word was 200 ms and the ISI was 2s.

Results and Discussion

In this section the stability of the recognition performances
across the five test sessions are presented followed by
various central tendency measures of the monosyllabic,
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Fig. 2 Recognition-performance functions for the randomly selected 25 monosyllabic words (red circles), the 25 bisyllabic words (blue squares),
and 25 trisyllabic words (green triangles) obtained in Experiment 1 (filled symbols) from six young listeners with normal hearing are shown in the
upper left panel. For comparison, the functions for the same 75 words obtained in Experiment 2 (open symbols) from 12 young listeners are
included in the remaining three panels. Third-degree polynomials are used to describe the data. The numbers in each panel are the hearing levels
(dB) at which the 50% points occurred. The individual listener data for Experiment 1 are listed in Tables S5 to S7 in the Supplementary Material.

bisyllabic, and trisyllabic word data. Then, the recognition
performances are considered for the individual listeners,
followed by the individual words, which were analyzed on
the performance continua from the easiest to the hardest to
understand. A further focus is presented with the words in
the following unique categorical groupings: (1) familiar
versus unfamiliar words, (2) singular versus plural forms
of the same words, (3) last syllable versus penultimate
syllable stress patterns, and (4) female and male gender
words. Finally, a brief comparison is made of the current data
with similar data from earlier investigations.

The mean overall percent correct recognition performances
for sessions 1 to 5 were 64.0, 64.5, 64.4, 67.1, and 66.8,
respectively. There was good consistency across the five test
sessions with, as expected, a hint of improved performance at
the 50% point of <1 dB across sessions. The mean performance
data across sessions for the individual listeners for each of the
three syllable types are shown in Figure S3 that also includes the
linear regressions used to describe the mean data. The slopes of
the regressions, which ranged from 0.3%/session (monosyl-
lables) to 1.3%/session (trisyllables), emphasize the minimal
effect that session had on overall recognition performance.

The mean recognition performances (and standard devi-
ations) for the three syllabic categories are listed in ~Table 1

Journal of the American Academy of Audiology ~ Vol. 31 No. 7/2020

and depicted in =Fig. 3 (upper left panel), in which third-
degree polynomials are used to describe the data. The 50%
points for the mean functions calculated with the polyno-
mials for the monosyllabic, bisyllabic, and trisyllabic words
were 8.9-, 6.9-, and 1.4-dB HL, respectively, with correspond-
ing slopes at the 50% points of the mean functions (calculated
with the first derivative of the polynomial equations) of 4.0,
5.1, and 6.3%/dB. The more traditional linear slopes of the
functions (m = Ay/Ax) between the 20 and 80% points (line-
arpg_gox) were 0.2 to 0.3%/dB less steep, mainly because the
functions were not linear throughout much of the range of
presentation levels. The three mean functions were steepest
at the lower presentation levels and progressively became
more gradual as the presentation level increased. The func-
tions were linear only over a short segment of the bisyllabic
word function from approximately 2- to 5-dB HL. (Note: the
slope functions of the mean data from the polynomial first
derivatives are plotted in Figure S4.)

An indication of the test, retest characteristics of the
syllabic utterances is provided by comparing recognition
performances on the 75 words in Experiment 1 with the
performances on the same 75 words in Experiment 2 (25
words in each syllabic category), which are illustrated in
=Fig. 2. Visual inspection of the functions in =Fig. 2 indicate
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Table 1 Mean percent correct recognition and standard deviation by presentation level and 50% recognition point obtained from

the third-degree polynomial equation for the monosyllabic, bisyllabic, and trisyllabic words

Monosyllables Bisyllables Trisyllables
dB HL M SD M SD M SD
30 92.1 12.9
25 89.1 16.2 95.9 8.9
20 84.2 17.7 93.4 11.8
17 97.3 5.1
15 74.3 23.1 86.2 17.9
13 93.9 9.7
10 55.8 24.9 67.2 24.2
9 88.2 14.0
5 29.6 20.5 37.4 25.5 72.4 21.0
1 45.6 23.0
0 11.9 121 14.5 16.1
-3 20.1 15.0
50% point (dB HL) 8.9 6.9 1.4
Slope of the mean at 50% (%/dB) 4.0 5.1 6.3
Mean of the slopes at 50% (%/dB) 5.1 1.7 6.8 1.9 7.9 2.6

Note: Slopes at the 50% point on the polynomial function (function of the mean) and averaged from the individual 50% points (mean of functions)

also are included.

similar recognition functions from the two experiments with
performances from Experiment 2 better throughout the
presentation-level ranges than the performances from Ex-
periment 1. At the 50% points, there was a 2.4-dB difference
between the functions for the monosyllabic words and 2.0-
dB differences for both the bisyllabic and trisyllabic words.
The slopes of the functions at the 50% points were the same
for monosyllabic words (3.9 and 4.0 %/dB) and were approx-
imately 1.0%/dB steeper in Experiment 2 for the bisyllables
(4.2 and 5.1%/dB) and trisyllables (5.2 and 6.3%/dB). The
slight differences between recognition performances in the
two experiments are reasonable and can be attributed to
listener group differences and the differences in protocols,
viz., more exposure to the listening task in Experiment 2.

Individual-Listener Recognition Performances

Examination of the recognition performances by the individual
listeners provides insights into the data not realized from the
various measures of central tendency. A major example of these
insights involves the slopes of the mean functions presented a
couple of paragraphs earlier. As Wilson and Margolis?® demon-
strated, the mean of the individual slopes provides a better
estimate of the true slope of a function than does the slope of
the mean function. Additionally, the intersubject variability of
the measure is available from the individual data. Based on the
polynomials used to describe the individual subject data illus-
trated in ~Fig. 4, the mean 50% points (and standard devia-
tions) for the monosyllables, bisyllables, and trisyllables were
8.8-dBHL (SD = 2.7 dB), 6.9-dB HL (SD = 2.6 dB), and 1.3-dB HL
(SD = 2.7 dB), respectively, with the corresponding slopes at the
50% points of 4.3%/dB (SD = 0.4%|dB), 5.5%/dB (SD = 0.5%/dB),

and 7.3%/dB (SD = 1.0%/dB). Thus, the 50% points from the
individual functions and from mean functions presented earlier
are essentially identical, whereas the slopes are slightly steeper
when calculated from the individual-listener data. (Note: the
raw data from each listener in Experiment 2 are listed in Tables
S$11-S13 with the data calculated from the polynomials used to
describe the functions listed in Tables S14-S16.)

The recognition functions for the three syllabic categories
depicted in =Fig. 4 for each of the 12 young listeners
demonstrate the diversity of relations between the various
functions. Except for Subject 1, the functions are systematic
with the trisyllabic words the easiest to understand and the
monosyllabic words the most difficult. The following are
measures made at the 50% points on the recognition func-
tions. For Subject 1, the bisyllabic and monosyllabic func-
tions are essentially the same with recognition performance
on the monosyllabic words 0.6 dB better than on the bisyl-
labic words. For the monosyllables, S5 had the best perfor-
mance (5.4-dB HL) and S6 had the poorest performance
(12.9-dB HL). With the bisyllables, S5 also had the best
performance (3.0-dB HL) and S6 the poorest (10.8-dB HL).
For the trisyllables, S9 had the best performance (—2.2-dB
HL) and S3 had the poorest (5.2-dB HL). Finally, the slopes of
the individual subject functions ranged from 3.6%/dB (S11) to
5.0%/dB (S1) for the monosyllables, from 4.6%/dB (S11) to
6.5%/dB (S3) for the bisyllables, and from 5.6%/dB (S4) to
8.6%/dB (S11) for the trisyllables. These analyses demon-
strate the more in-depth examination that can be gleaned
from the individual data compared with the mean data.

The recognition functions in =Fig. 4, which are from a
relatively homogeneous group of young listeners,
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Fig. 3 Upper left panel: the mean recognition-performance functions for the 139 monosyllabic words (circles), 359 bisyllabic words (squares), and 77
trisyllabic words (triangles) obtained in Experiment 2 from 12 young listeners are displayed along with the third-degree polynomials used to describe the data.
Upper right panel: the mean recognition functions of the 50 easiest and 50 hardest bisyllabic words to understand. Middle left panel: the mean recognition
functions from 25 monosyllabic and 9 bisyllabic words categorized as unfamiliar are depicted (partially shaded symbols) with a like number of randomly
selected words (open symbols), Middle right panel: the mean recognition functions for the singular and plural forms of 15 monosyllabic words. Lower left panel:
the functions for the singular and plural forms of 5 bisyllabic words. Lower right panel: the mean recognition functions for 41 words bisyllabic words with
phonetic stress on the last syllable and of 318 bisyllabic words with phonetic stress on the penultimate syllable.

demonstrate that across subjects the patterns of responses
for the three syllabic categories are similar but within the
data of each listener, the interfunction relations are varied.
Finally, an interesting observation from these data are that all
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36 functions (12 listeners x 3 syllable lengths) were about
twice as steep at 20% correct compared with 80% correct.
Specifically, on average the slopes of the functions were 2.4
to 4.4%|dB steeper at the 20% points than at the 80% points.
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Fig.4 The mean recognition-performance functions for the 139 monosyllabic words (red circles), the 359 bisyllabic words (blue squares), and 77
trisyllabic words (green triangles) obtained from each of the 12 listeners in Experiment 2 are displayed along with the third-degree polynomials
used to describe the data. The individual listener data are listed in Tables S8 to S10 in the Supplementary Material.

For the monosyllabic, bisyllabic, and trisyllabic words, the
slopes at 20% correct were 5.0, 6.0, and 8.9%/dB, respectively,
whereas at 80% correct the corresponding slopes were 2.6,
3.8, and 4.5%/dB. This slope asymmetry between the 20 and
80% points was observed with most of the recognition
functions examined in this study and was highlighted in
the slopes of the mean functions illustrated in Figure S4.

Individual Words with the Extremes of the Recognition
Performance Continua

The raw data for the individual words are listed in Tables S17
to S19, along with the computed 50% points and slopes for

each. Twenty-one of the individual words (3 monosyllables,
17 bisyllables, and 1 trisyllable) had 50% points outside of the
presentation levels used in the study and were excluded from
the analyses of the 50% points and the slopes of the functions
at the 50% points. For the individual words, the mean 50%
points and slopes at 50% for the monosyllabic, bisyllabic, and
trisyllabic words were 9.5-dB HL (SD =4.9 dB, 5.5%/dB), 7.4-
dB HL (SD=4.5dB, 6.8%/dB), and 1.8-dB HL (SD =3.4dB,
8.0%/dB), respectively (note: the 50% points and the slopes at
the 50% points established with the individual word func-
tions [n=200] and with the individual listener functions
[n=12], although based on the same raw data, are slightly
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different because of differences in the number of samples
and the characteristics of the polynomials used to describe
the respective groupings of raw data.). The frequency dis-
tributions of the 50% points of the individual words are
displayed in Figure S5. The Shapiro-Wilk test revealed that
only the trisyllabic words were normally distributed
(p > 0.05). Nonparametric statistical tests were utilized to
compare the individual word data. The Kruskal-Wallis test
revealed a significant effect of the syllabic category on both
polynomial 50% points [X3(2) = 125.1, p < 0.001] and slopes
at the 50% points [X?(2)=108.7, p <0.001]. The Mann-
Whitney U post-hoc test with Bonferroni correction showed
that the three syllabic categories were significantly different
from each other for both the 50% points and the slopes at the
50% points (p <0.001). For comparison, the Spearman-
Karber 50% points for the individual words also are included
in Tables $17 to $19.%” The mean differences between the
word 50% points calculated with the polynomial and Spear-
man-Karber equations were <1 dB (SD <2 dB) for the three
syllabic categories indicating that the two measures of the
50% points produce very similar results.

The range of variability for the 50% points calculated from
the polynomials for the individual words were from 0.2- to
22.5-dB HL for the monosyllables, from —2.7- to 22.8-dB HL for
the bisyllables, and from —6.4- to 12.6-dB HL for the trisyl-
lables. The extent of this variability is illustrated in Figure S6
with the recognition functions from 50 randomly selected
words from each syllabic category. The large ranges of 50%
points, which was >20dB for the three syllable categories,
were of interest and were explored in more detail initially with
the 50 bisyllabic words with the best overall recognition
performances and the 50 bisyllabic words with the poorest
overall performances; the use of 50 words (13.9% of 359 words)
was arbitrary. Subsequently, the analysis was extended to 19
monosyllabic words and 11 trisyllabic words at both ends of
the performance continuum, which was in proportion (13.9%)
to the 50 bisyllabic words. The data for the individual words in
these groupings are listed in Tables S20 to S24.

The mean recognition functions for the easiest and hard-
est bisyllabic words are illustrated in =Fig. 3 (upper right
panel). The displacement of the two functions throughout
the range of presentation levels is obvious with a 13.8-dB
difference at the 50% point (14.4-dB HL minus 0.6-dB HL),
which closely mirrored the 13.1-dB difference calculated
with the Spearman-Kirber equation (14.9-dB HL minus
1.8-dB HL). The slope of the easier function at 50% was
3.4%/dB steeper than the slope of the harder function (8.6
vs. 5.2%/dB). Similar relations were observed between the
mean recognition functions of the easiest and hardest
monosyllabic and trisyllabic words, which are depicted in
Figure S7. Some of the extreme individual monosyllabic
word-performance outliers are illustrated in Figure S8. One
recognition function in Figure S8 is irregular (pon) because
recognition performance increased systematically between
0- and 20-dB HL with a substantial decrease in performances
at 25- and 30-dB HL. The outliers represented by hay, tos, and
ved can only be considered outliers for these particular
utterances of the words.
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The morphologies of the functions for the easiest words
and for the hardest words were both different and the same
within and between the three syllabic categories. Within
each of the three syllabic types, the functions for the easiest
words were displaced to the lower presentation levels and
about twice as steep as the functions for the hardest words.
The three syllabic functions for the easiest words were
identical in shape; likewise, the three functions for the
hardest words were almost identical with only the slopes
noticeably different. As the number of syllables increased,
the two functions within the syllabic categories both moved
to lower presentation levels and came closer together. Be-
tween the monosyllabic and trisyllabic words, the 50% points
differed (1) by 5 dB from 2.6-dB HL (monosyllables) to —2.4-
dB HL (trisyllables) for the easiest words and (2) by 13.2 dB
from 19.9-dB HL (monosyllables) to 6.7-dB HL (trisyllables)
for the hardest words. The slopes of the functions at the 50%
points changed (1) 3.6%/dB from 7.2%/dB (monosyllables) to
10.8%/dB (trisyllabic) for the easiest words and (2) 2.4%/dB
from 2.9%/dB (monosyllables) to 5.3%/dB (bisyllables and
trisyllables) for the hardest words. The differences between
the functions for the easiest and hardest words within each
syllabic type at the 50% point (Figure S7) ranged from 17.3 dB
(monosyllables) to 9.1 dB (trisyllables). Thus, as syllabic
length increases, recognition performances at the 50% points
on the so-called “easy” words (intelligibility-wise) demon-
strated minimal change with the most noticeable perfor-
mance changes observed with the “hard” words.

With the individual words, although the mean data indicat-
ed a direct relation between syllabic length and recognition
performance, it was of interest to explore within each syllabic
category the relation between word duration and recognition
performance. For these analyses, the bivariate plot shown in
~Fig. 5 was developed using for each word the duration
discussed earlier (abscissa) and the 50% point derived with
the Spearman-Kéarber equation (ordinate). Linear regressions
then were generated for each of the three syllabic categories.
The results of these analyses demonstrate basically flat regres-
sions with slopes of —0.0069dB/ms (monosyllables),
0.0037 dB/ms (bisyllables), and 0.0041dB/ms (trisyllables),
all of which indicate a random or no relation between the
word duration and recognition performance. Another obser-
vation from the datain this format is the intermingling of many
of the monosyllabic, bisyllabic, and trisyllabic word 50% points.
The extent of the overlap in recognition performances among
the words in the three syllabic categories was examined
using + 2 SDs about the mean 50% recognition performance
on the bisyllabic words as the benchmark to quantify over-
lapping performances. This &2 SD range for the bisyllables
(Table S18) was 16.4 dB from —0.4- to 16.0-dB HL, which is
depicted in =Fig. 5 as the shaded area. The algorithm was
simple, how many monosyllabic and trisyllabic words had 50%
points that were within this 16.4-dB range. Of the 139 mono-
syllabic words, 124 (89.2%) also had their 50% recognition
performances within this + 2 SD range of the bisyllabic words,
as did 65 (82.3%) of the 77 trisyllabic words. Even using the + 1
SD range from the bisyllables (8.2 dB), 61.2 and 32.9% of the
monosyllables and trisyllables, respectively, had 50% points
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obtained from the 12 listeners in Experiment 2 are displayed. Linear regressions are used to describe each set of data. The shaded area represents
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Supplementary Material.

within that reduced range of performances. Collectively, these
data on the individual words attest to the inherent variability
associated with interword recognition performances and how
mean data used in isolation obscure the underlying volatility
that typifies word-recognition tasks.

In summary, the above results delineate recognition
performances on word utterances using a variety of param-
eters. Perhaps the most straightforward comparison of per-
formances is the average or overall performance of each word
across the range presentation levels (overall % in Tables S17-
S§19). Here, the interest is in words that are difficult to
understand, even for young adults with normal hearing
sensitivity. Words with an average performance <40% cor-
rect across the various presentation levels arbitrarily were
considered difficult words for intelligibility purposes. Of the
139 monosyllabic words, 13 had overall performances <40%
correct, two of which were <30%. Of the 359 bisyllabic
words, 15 had overall performances <40%, seven of which
were <30%. None of the 77 trisyllabic words had overall
performances <40%. These 28 words should be excluded
from future lists intended for use with individuals having
sensorineural hearing loss. These difficult words refer to the
particular utterances of the words utilized in the study and

should not necessarily be generalized to other utterances of
the same words, even by the same speaker.

Familiar and Unfamiliar Words

As mentioned earlier, the use of familiar or common words is
critical in achieving an effective word-recognition instru-
ment.??82° The vast majority of words compiled for this
study were taken from word-recognition lists that originated
in a variety of Spanish-speaking countries. This diversity of
sources possibly included words that were not familiar to the
typical Puerto Rican. Although the evaluation of the effect of
word frequency of occurrence on word recognition was
beyond the scope of the current study, a brief a posteriori
survey of word familiarity was conducted to explore the
possible confounding effect of word familiarity on recogni-
tion performances. The collaborating linguist identified 27
monosyllables and 14 bisyllables from the 575-word list that
were not commonly used in Puerto Rico and could be
considered locally unfamiliar. Defining familiarity as the
ability to define or assimilate the meaning of the word, 37
undergraduate students (25 females and 7 males) were given
the 41 words and instructed to write a definition or an
associated term for each of the words. The survey revealed
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that 25 of the 27 monosyllabic words (92.6%) and 9 of the 14
bisyllabic words (64.3%) surveyed were unfamiliar to at least
75% of the participants; the survey results are included in
Table S25. The recognition performances on these unfamiliar
words are displayed in =Fig. 3 (middle left panel) for the 25
monosyllabic words (half-filled circles) and the nine bisyl-
labic words (half-filled squares). The unfilled symbols are the
recognition functions for 25 monosyllables and nine bisyl-
lables randomly selected familiar words included for com-
parison (note: because only nine words were in the bisyllabic
group, six iterations of the random selections were con-
ducted to confirm that the familiar bisyllabic recognition
function in ~Fig. 3 was representative). The 50% points on
the functions for the familiar and unfamiliar words, respec-
tively, were 7.5- and 13.1-dB HL (monosyllables) and 4.2-
and 16.0-dB HL (bisyllables) with the slopes of the familiar
functions at 50% approximately 1%/dB steeper. Thus, the
unfamiliar words required 5.6 to 11.8 dB higher presentation
levels to achieve 50% correct than did the familiar words and
the slopes of the unfamiliar word functions were more
gradual than the slopes of the familiar word functions. These
differences in performance are consistent with the relation
between word familiarity and word-recognition perfor-
mance acknowledged in the Neighborhood Activation Mod-
el 2% which proposes that spoken-word recognition is
influenced by both bottom-up and top-down processes.

Singular- and Plural-Form Words

From the pool of 575 words, 24 monosyllables and 15 bisyl-
lables are either plural forms of a word, conjugated verbs, or
prepositions that end in /n/ or /s/ and retain meaning when
the final phoneme is removed (e.g., ranas, ven, sin). An error
analysis of these words was conducted to establish the
percent of recognition errors owing to (1) the omission of
the final phoneme /n/ or /s/, (2) recognizing the word as a
totally different word, and (3) the participants not providing
aresponse. For the 24 monosyllabic words 14, 54, and 32% of
the errors were attributable to the three types of errors,
respectively, as were 39, 33, and 28% of the errors with the 15
bisyllabic words. This analysis prompted a further examina-
tion of the possible effects that the use of plural forms might
have on word-recognition performance.

Fifteen of the 24 monosyllabic and 5 of the 15 bisyllabic
plural words had a singular form or conjugation companion
word within the 575-word corpus. Possible pairs in which
word meaning changed upon deletion of final /s/ or /n/ (e.g.,
me, mes) or in which there was not an exact word match (e.g.,
cesta, cestos) were excluded from the analysis to control for
word familiarity. The mean data comparing forms are shownin
~Fig. 3 for the monosyllabic words (middle right panel) and
bisyllabic words (lower left panel); the data for the individual
words are depicted in Figures S9 and S10, respectively. In the
case of the verbs da, de, va, and ve, both the conjugations with
final /s/ and final /n/ were available for comparison and are
presented in Figure S9. Nine of the 15 monosyllabic word pairs
had 50% points that were 1.7 to 10.0-dB lower on the singular
form word than on the plural form word. Four of the monosyl-
labic pairs had 50% points 1.1 to 6.3-dB higher on the singular
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form, and two of the compared pairs had 50% points that
differed by <1 dB. The mean data shown in =Fig. 3 for the 15
singular and plural monosyllabic word pairs demonstrated a
3.2-dB difference at the 50% point with the singular form lower
(7.2-dB HL) than the plural form (10.4-dB HL). This approxi-
mately 3-dB difference for the monosyllabic words was main-
tained throughout the range of presentation levels. The slopes
of the functions were only minimally different, 4.4%/dB (sin-
gular) and 4.1%/dB (plural). Each of the five bisyllabic word
pairs, depicted in Figure S10, demonstrated better recognition
performances with the singular form than with the plural form
with differences at the 50% points ranging from 2.7 dB (libro,
libros) to 11.6dB (cama, camas). The mean 50% point (and
slope) for the five bisyllabic singular and plural words shown in
~Fig. 3 were 5.7-dB HL (6.6%/dB) and 12.4-dB HL (4.8%/dB),
respectively. The recognition error analysis was repeated by
looking only at the plural and singular word pairs to determine
if the addition of the final phoneme was as common as the
deletion of the final phoneme in these cases. The recognition
errors for the plural forms of the word pairs (17% for monosyl-
lables and 43% for the bisyllables) were very similar to the
values previously discussed for plural final-phoneme deletions
(14% for monosyllables and 39% for the bisyllables). In contrast,
the recognition errors for the addition of a final /s/ or /n/ to the
singular forms of the words only accounted for 8% of the
monosyllabicerrors and <1% of bisyllabic errors. Error analysis
was also performed on eight bisyllabic words that also have a
final phoneme of /n/ or /s/ but that do not retain meaning if the
final phoneme is omitted (e.g., lunes, joven). Interestingly, only
1% of recognition errors for these words were due to deletion of
the final phoneme, which is in great contrast with the 39% of
these errors in the plural bisyllabic forms.

The following general tendencies were observed in the
analyses discussed in this section: (1) plural forms of a word
are on average more difficult to recognize correctly than
singular forms of the same word, (2) listeners were prone to
omitting the final /s/ or /n/ in the plural forms but rarely did
they insert a final /s/ or /n/ in the singular forms of the words,
and (3) the singular-plural differences are more common for
the bisyllabic words than for the monosyllabic words. It is
unknown if the incorrect recognition of the plural words was
more related to audibility of the final consonant or to listeners
that were inattentive to small phonetic cues that did not affect
word meaning. The substantial reduction in final phoneme
deletion errors for the words thatend in/n/ or /s/but that do not
retain meaning when omission of the final phoneme occur
support the latter. However, all of the bisyllabic plural words
had stress in the penultimate syllable (grave words), which
inherently reduces the amount of stress exerted on the final
phoneme. The fact that the singular-plural recognition differ-
ences were less pronounced in the monosyllables than in the
bisyllables could serve as an argument in support of the
audibility theory since in monosyllables the final phoneme
is within the stressed syllable. The finding of poorer recogni-
tion performances on words that retain their meaning upon
deletion of the final phoneme may offer insight into the
unexplained results from two studies that observed that the
Berruecos and Rodriguez word lists® had lower performances
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than similar word lists recorded by the same speakers.3' 32 The
words from the Berruecos and Rodriguez list are familiar to
most Spanish dialects; however, 26% of them are forms of the
word or conjugations that end in /n/ or /s/ and retain meaning
and stress pattern if the final phoneme were omitted. Other
comparable Spanish word lists have substantially fewer of
these word forms. If 26% of the Berruecos and Rodriguez words
had reduced performances compared with the other words in
the lists, then overall recognition performance on the word list
would be reduced, which is what both the Kroes and the Flores
and Aoyama studies observed. An awareness of the reduced
intelligibility of these classes of words underscores the impor-
tance of knowing the recognition characteristics of each word
before a word list is compiled from the corpus.

Penultimate Syllable and Last-Syllable Stress

Another factor that demonstrates an effect on bisyllabic-
word intelligibility is syllabic stress.>*> Of the current 359
bisyllabic words, 318 were stressed on the penultimate
syllable (the first syllable in bisyllabic words) and 41 were
stressed on the last syllable. The recognition performance
functions for these two groupings of bisyllabic words are
shown in =Fig. 3 (lower right panel). The polynomial 50%
points and the slopes at the 50% points were 2.8-dB HL
(6.6%/dB) and 7.5-dB HL (5.1%/dB) for stress on the last
and penultimate syllables, respectively. This observation
that words stressed on the penultimate syllable are more
difficult to recognize than words stressed on the last syllable
is congruent with the findings from Black®? for English
bisyllables and is acknowledged as a contributing variable
to the overall variability associated with Spanish word-
recognition performance.

Female- and Male-Gender Words

In Spanish, most nouns, adjectives, and articles are gender
specific. Gender in nouns and adjectives is indicated by the
final (vowel) phoneme or by the article that precedes the word.
The final phoneme /a/is commonly, but not exclusively, used to
indicate the female-gender form of the word whereas a final /o/
indicates the male form. For example, hijo translates to son,
whereas hija translates to daughter. Spanish verbs are not
gender-specific. However, present tense verbs in singular form
often end in /o/ or /a/. Specifically, when conjugated in the first
person, with few exceptions, they end in /o/. When conjugated
to the third person, the final phoneme of the verb most often
changes from /o/ to /a/. For example, for the verb jugar (play), I
play translates as yo juego, whereas he plays translates to el
juega. Thirteen pairs of bisyllabic words (five verbs, five
adjectives, and three nouns) that differed only by a change
of final phoneme from /a/ to /o/ were selected for analysis.
Although, as mentioned earlier, verbs are not gender-specific,
for the purposes of this analysis the terms female- and male-
gender words was utilized to describe words ending in /a/ and
/o/, respectively.

The recognition functions for the 13 bisyllabic gender
word pairs are shown in Figure S11, which also includes the
mean gender word-pair data. Of the 13 words with ending
vowels of /a/ (female) and /o/ (male), only one word pair, besa
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and beso, failed to reach recognition performances above 60
to 70%. The mean gender word-pair functions (n=13)
differed by 2.6 dB at the 50% point with the better perform-
ances on the male-gender words (7.0-dB HL) than on the
female-gender words (9.6-dB HL). The slopes for the mean
functions at the 50% points were 5.4 and 5.1%/dB, respec-
tively, for the female- and male-gender words. Ten of the 13
word pairs had better performances at the 50% points on the
male-gender words than on the female-gender words by
>3.6 dB, with four of those word pairs having differences
>5 dB. The three word pairs with better performances on the
female-gender words (barca, barco; hija, hijo; and roja, rojo)
were only better than the performances on the male counter-
parts by <1 dB. The conclusion is that recognition perform-
ances on most of the gender word pairs were essentially the
same but on four of the word pairs (besa, beso; juega, juego;
mala, malo; and vota, voto) notably better recognition per-
formances were obtained on the male gender than on the
female gender, ranging from 5.1 to 8.7 dB. The interesting
question is whether these differences were owing to the
female, male gender ending of the word, familiarity differ-
ences, the particular utterance of each word, or a combina-
tion of factors.

Comparison with Previous Data

The final interest of this stage of the project was to compare
the psychometric properties of the current recorded materi-
als to the same materials recorded and studied by previous
investigators. Such comparisons are not definitive, especially
in view of the study variables that are unknown or unquan-
tifiable. Probably the most important of these variables are
inherent perceptual speaker differences, which are next to
impossible to quantify, and the presentation level that on the
surface is straightforward but in reality is elusive, especially
when consideration is given serially to (1) how the word
amplitudes were determined and set during and following
the recording session (e.g., vu meter, and rms), (2) how the
presentation level was quantified (e.g., sensation level or HL),
and (3) what reference sound-pressure level for speech was
used. With an awareness of these limitations, recognition-
performance functions from several earlier studies are pre-
sented in =Fig. 6 with the numbers in each panel noting the
HL (dB) of the 50% point, which was calculated from the
polynomial equation used to describe the data (note: the
data for these studies are listed in Table S26). The upper left
panel shows the recognition functions for 55 bisyllabic
words from the current study and for the same 55 words
recorded and studied by Kroes.>' The higher presentation
levels of the two sets of words produced almost identical
recognition performances. At the 50% points the functions
differ by 4 dB with the Kroes data exhibiting better perfor-
mance. Unfortunately, the Kroes data did not extend below
50%, prohibiting comparisons of data at the lower presenta-
tion levels and of the slopes of the functions. The upper right
panel in =Fig. 6 contains data from the 50 words in the
Auditec List 1 spoken by the Auditec speaker,'® by the Flores
and Aoyama speaker,?? and by the speaker in the current
study. The adjacent 50% points differed by approximately
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Fig. 6 Comparisons of the recognition-performance functions for various combinations of bisyllabic words from the current study (1) with the
same 55 words from Kroes,3' (2) with the 50 words from Auditec List 1 from Weisleder and Hodgson (W & H'®) and Flores and Aoyama (F & A32),
(3) with the 200 Auditec words from Weisleder and Hodgson, and (4) with the 50 monosyllabic from Flores and Aoyama (the current study

sample had 32 common words). The numbers in each panel are the hearing levels (dB) at which the 50% points occurred, calculated from the

polynomial equations for the respective functions.

4 dB, with the performance on the Flores and Aoyama version
3.9dB better than the performance on the current study,
which in turn was 4.4 dB better than the performance on the
Weisleder and Hodgson version. The slopes of the recogni-
tion functions at the 50% point were similar, ranging from 6.4
to 5.0%/dB. The functions in the lower left panel of ~Fig. 6 are
for the 200 words of the four Auditec lists from the Weisleder
and Hodgson study and from the current study; comparisons
of the four 50-word lists are depicted in Figure S15. At the
50% point, the current version (7.1 dB) was 7.4 dB easier than
the Weisleder and Hodgson version (14.5 dB); the slopes of
the functions were similar with the slope of the current being
a little steeper, 5.0 versus 4.1%/dB. As indicated in the
introduction of this paragraph, these differences probably
are attributable to a variety of unknown and known varia-
bles. Finally, from =Fig. 6, recognition performances on
monosyllabic words from the Flores and Aoyama study
and from the current study are depicted in the lower right
panel. For this comparison, there were 32 common words in

Journal of the American Academy of Audiology ~ Vol. 31 No. 7/2020

the two studies but because individual word performances
were not given in the Flores and Aoyama study, the perfor-
mance comparison is made between their 50 words and the
32 common words in the current study. The observation
from the data are that the functions are quite similar with the
50% points separated by 2.7 dB; the slopes of the functions
differed by 1.1%/dB with the function for the current function
steeper, 4.0 versus 2.9%/dB. The overriding conclusion from
the data in =Fig. 6 is that considering the multitude of issues
involved in comparing recognition performances among
studies with different speakers and different techniques,
the current recognition data are certainly “in the ballpark”
with data from several previous studies.

Conclusions

The data from the current study substantiated that there were
significant differences among the recognition-performance
functions for Spanish monosyllabic, bisyllabic, and trisyllabic
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words both in terms of the hearing level (dB) at which the 50%
points were established and of the slopes of the functions at
the 50% points. Although the mean data were significantly
different, there was substantial overlap among the recognition
functions of the individual words from the three syllabic
categories with 89% of the monosyllables and 79% of the
trisyllables having 50% points within + 2 SDs of the bisyllabic
word mean 50% points. Thus the monosyllabic and trisyllabic
words were as easy as or easier to understand than were many
of the bisyllabic words; conversely, many of the monosyllabic
and trisyllabic words were as difficult as or more difficult to
understand than were many of the bisyllabic words.

The goal of this study was to establish the psychometric
characteristics of Spanish monosyllabic, bisyllabic, and tri-
syllabic words that could serve as selection guidelines for
subsequent efforts (with individuals with sensorineural
hearing loss) to establish the variety of word-recognition
materials for use in audiologic evaluations. The current data
will be used to govern the inclusion of words especially with
respect to audibility and the influences that other character-
istics like familiarity, form, syllabic stress, and gender have
on word-recognition performance. The reader is reminded
that the characteristics reported here only apply to the
particular utterances of the materials used in this study of
young adult listeners with normal hearing sensitivity.
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