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Variability of word discrimination scores in clinical practice

and consequences on their sensitivity to hearing loss.

Annie MOULIN, André BERNARD, Laurent TORDELLA, Judith VERGNE,

Annie GISBERT, Christian MARTIN, Céline RICHARD.

Abstract

Speech perception scores are widely used to assess patient’s functional hearing, yet
most linguistic material used in these audiometric tests dates to before the availability of large
computerized linguistic databases. In an ENT clinic population of 120 patients with median
hearing loss of 43 dB HL, we quantified the variability and the sensitivity of speech perception
scores to hearing loss, measured using disyllabic word lists, as a function of both the number
of ten-word lists and type of scoring used (word, syllables or phonemes).

The mean word recognition scores varied significantly across lists from 54 to 68%.
The median of the variability of the word recognition score ranged from 30% for 1 ten-word
list down to 20% for 3 ten-word lists. Syllabic and phonemic scores showed much less
variability with standard deviations decreasing by 1.15 with the use of syllabic scores and by
1.45 with phonemic scores.

The sensitivity of each list to hearing loss and distortions varied significantly. There
was an increase in the minimum effect size that could be seen for syllabic scores compared to
word scores, with no significant further improvement with phonemic scores. The use of at least
two ten-word lists, quoted in syllables rather than in whole words, contributed to a large
decrease in variability and an increase in sensitivity to hearing loss. However, those results
emphasize the need of using updated linguistic material for clinical speech score assessments.

Key Words: Speech recognition scores, Disyllabic word lists, effect size, hearing-loss.



Spondaic Word Scores Variability 3

Introduction

Speech audiometry is one of the most practiced tests in audiology; its principle stems
from initial research in the Bell laboratories in the 1930s, focused on the intelligibility of speech
transmitted through phone lines[1]. Indeed, by assessing the ability of a patient to understand a
spoken message, it remains part of the gold standard tests to evaluate a patient’s functional
hearing as well as the benefits of hearing rehabilitation[2, 3]. Indeed, word recognition scores
allows the exploration of distortions in the auditory information, distortions that cannot be
explored by pure tone audiometry alone. Those distortions are due to several
neurophysiological deficits that accompany hearing loss (such as loss of frequency selectivity,
jitter in precise timing, reduction of the dynamic range and loss of binaural spectral cues) and
play a major part in communication difficulties experienced by hearing impaired patients.

Speech audiometry relies on two routine measures: the speech reception threshold
(SRT) and the speech discrimination score. The SRT is classically defined as the decibel level
required for 50% disyllabic word recognition, whereas the speech discrimination score is
usually performed at a stimulus level intensity 35 dB above the SRT using monosyllabic
words[4]. Disyllabic words have been initially chosen for the SRT because of the greater
homogeneity and the steepness of their psychometric functions[5], due to their sensitivity to
contextual influences[6]. The spondaic (disyllabic) word lists of Fournier[7], designed in the
fifties, and the monosyllabic lists of Lafon[8] are the most common lists used in the present
days for speech audiometry in French clinical practice[9]. Like most word lists in different
countries, they were designed well before the availability of large computerized lexical
databases[10, 11] and therefore could not take into account several influential factors brought
to light by psycholinguistic research such as spoken word occurrence frequency[12],
phonological similarities[13] and various indices of contextual influences—factors that can
contribute to substantial variability in speech recognition scores[14, 15].

The development of new hearing aid devices brought a greater demand for means of
measuring word recognition in a reproducible way, in multiple conditions (monaural, binaural,
with/without a hearing device, in quiet and noise, etc.) and in a time frame compatible with the
patient’s fatigue. This requires a large corpus of word lists with a good agreement between the
scores obtained from each list[16]. The standard of fifty words per list is rarely used due to time
constraints[17] and “half lists” of 25 words are preferred, hence increasing the score variability.
Several authors have recommended the use of phonemes scores for monosyllabic word lists,
rather than whole word scores, to increase the number of items to be quoted and hence the
precision, without increasing the number of words used[17, 18]. Fournier’s disyllabic word lists
are the recommended lists for speech audiometry[9] and cochlear implant evaluation and
follow-up[19] for which they are widely used[20-22].

The present work is therefore aimed at quantifying the degree of variability in word
recognition scores obtained in a daily clinical population in an ENT department, using
disyllabic word lists. The ability of such material to detect differences in speech perception due
to distortions was evaluated as a function of the number of words (from 10 to 60) and the type
of scoring method used (phonemes, syllables and words).
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Material & Methods

Patients

Audiological data from 120 patients (58 women, 62 men) aged from 23 to 85 years seen
at our ENT clinic for an audiological assessment were retrospectively and anonymously
selected from the clinical database. All patients were native French speakers and had undergone
otoscopic, tympanometric and audiometric evaluation. Most patients had come for
presbyacusis. Degrees of hearing loss were mild (21-40 dB HL, n = 50), moderate (41-70 dB
HL, n = 60) and severe (70-90 dB HL, n = 10) according to the International Bureau for
Audiophonology[23].

Audiology testing:

Audiometric examinations were performed in sound-proof booths. Pure-tone baseline
audiograms were obtained for 250, 500, 1000, 2000, 4000 and 8000 Hz using an Interacoustic
AC33 clinical audiometer. Speech Audiometry testing was conducted using words taken from
current practice French word lists: triphonemic monosyllabic words taken from Lafon lists[8]
and spondaic disyllabic words taken from Fournier lists[7]. Subjects were asked to repeat the
word heard after each word presentation, and each patient’s response was written and quoted
as correct or not by an experienced audiologist. Speech scores were recorded as a function of
the stimulation intensity using the Lafon lists of monosyllabic words. We then selected the ears
that had speech scores recorded using the same six Fournier[7] lists of ten disyllabic words
presented at the same stimulus intensity. In addition, that intensity had to correspond to a
monosyllabic word score between 40 and 80% (to avoid ceiling and floor effects). This
selection process yielded a population of 120 ears from 120 patients: Only one ear per patient
was chosen at random and considered in the statistical analysis to keep the scores with the same
degree of independence.

Data and statistical analysis

The scores were averaged for each one of the 6 ten-word lists, giving 6 scores per
patient. As those ten word lists are generally used in a combination of two or more lists, all the
different mathematical combinations of two, three, four and five lists were tested (i.e., 15
different combinations for two and four lists, 20 different combinations of three lists, and 6
combinations of five lists). Hence, we obtained a total of five series of combinations per patient
corresponding to a total of 6 + 15 + 20 + 15 + 6 combinations. Variability in speech scores was
calculated, for each patient, by the standard deviation and the range of scores obtained across
each one of the 5 series of combinations as shown for two patients (Fig. 1).

To compare the performances of the different list combinations in showing significant
differences in word scores, the population was split into two groups by the median average
PTA, with one group with PTA <43.5 dB HL (the low hearing loss group), and one group with
PTA > 43.5 dB HL (the high hearing loss group). Word scores were compared between these
two groups and the corresponding effect size (Cohen’s d[24]) was calculated for each
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combination, using a method similar to Schlauch et al.[18]. Cohen’s d is an objective and
standardized measure of the magnitude of an observed effect; here, the observed effect is a
difference in word scores between two populations. Cohen’s d can therefore be used for
comparison between different sets of results: here, the different sets of results correspond to the
effect seen by different word lists combinations and type of scoring methods (whole word
scores, syllabic scores and phonemic scores). As the stimulus intensity chosen was an intensity
corresponding to a monosyllabic word score between 40% and 80%, it increased significantly
as hearing loss increased (r = 0.88, p < 0.0001). This compensation of audibility is shown in
the difference of the average stimulus intensities used between the two groups: 65 dB HL (SD
= 14.6) for the high hearing loss group and 41.6 dB (SD = 9) for the low hearing-loss group.
This corresponded to a monosyllabic word score of 54.8% and 58% respectively (Student’s t =
2.2,p<0.04).

The data were Gaussian, as ascertained by the Shapiro-Wilk test. Analyses of variance
(Anova) for repeated measurements (Anova-R) were performed to compare the different word
lists scores across the same patients. Correlation matrices were used to correlate the word scores
obtained by the different lists and list combinations using Pearson correlation coefficients.
Statistical differences in correlations were measured using z-scores. Statistical analyses were
performed using R° software version 3.2.2 (2015) with a level of statistical significance (p) less
than or equal to 0.05.
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Results

1. Differences and correlations between lists

Mean word recognition scores for the six disyllabic word lists ranged from 54.5% to
68% (maximum mean difference of 13.5%) with highly significant differences between them
whether the scores were in words, syllables or phonemes (Fig. 2). All pairwise comparisons
were statistically significant except L1L2, L1L5, L2L4 and L2L5. Two-way Anova-R showed
a main effect of list (F(5, 595) = 19.4, p < 0.0001) and of type of score [F(2, 238 = 690, p <
0.0001)] with a significant interaction [F(10, 1190) = 6.9, p < 0.001]. The maximum mean
differences between lists were 13.5% for words, 12% for syllables and 10% for phoneme scores.
The phoneme scores were, on average, 15.7% greater than word scores. When two list
combinations were used, the word scores ranged from 57.4% to 67.1% (i.e., less than 10%
difference), and from 58.6 to 66.7% for three list combinations.

Correlations between monosyllabic word scores and each of the six disyllabic lists
scores were highly significant (Table 1, p < 0.0005) and ranged between 0.33 and 0.50 (i.e., a
percentage of explained variance between 11% and 25%) with significantly greater correlations
with some lists than others (z = 2.2, p < 0.03). Correlations between the disyllabic lists were all
highly statistically significant with r values ranging from 0.43 to 0.61, i.e. a percentage of
explained variance ranging between 18% and 37% (Table 1). When combinations of two lists
were considered (i.e., 20 words), correlations ranged from 0.63 to 0.74, and from r = 0.74 and
r = 0.81 for combinations of three lists. No significant differences in correlations were obtained
between the scores in words and the scores in phonemes and in syllables.

2. Score variability

The range of the word recognition scores throughout the six lists varied greatly across
patients, from 0% to more than 50%. Box and whiskers plots of the range were calculated for
each list combination (from one to five lists) and for each patient (Figure 3). These data showed
that for a ten word score (i.e., one list), the median is 30% (mean = 33.5%, SD = 11.6), i.e., half
of patients have more than 30% of score variability. For combinations of two lists, the median
is 25% (17% for phonemic scores). As the number of lists considered increased (from one to
five, i.e., 50 words), the range decreased down to 6% for five lists (50 words). However, the
range for four and five list combinations are underestimated as those combinations necessarily
include list repetitions between the different combinations.

The differences between word scores, syllable scores and phoneme scores variability
were all statistically significant for all series of combinations. The variability of syllable scores
was systematically lower than word scores, and phoneme scores showed the least variability
(ANOVA-R F(2,199) = 94, p < 0.0001 for single list combinations) (Fig. 3). There was no
significant correlation between variability indexes across lists (such as the standard deviation
and the range), patients’ characteristics (such as age), or hearing loss.
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3. Variability in sensitivity to distortions.

As the stimulation intensity was adjusted individually for each ear tested, based on the
monosyllabic word score, in order to avoid floor or ceiling effects, a strong correlation (r =
0.88, p <0.0001) was observed between stimulus intensity and hearing loss (measured as PTA).
Due to this adjustment, the speech recognition scores measure, here, more distortions than
hearing loss per se. This is because loss of audibility has been largely compensated. Still,
correlations between word scores and hearing loss were obtained with significant differences
depending on the list considered: the strongest correlation was obtained with L3 (r =-0.32, p <
0.001, n = 120), whereas no statistical significant correlations were obtained for L2 (r = -0.10,
p=ns,n=120) (z=2.6, p<0.01) (Table 1).

Using a high hearing-loss and a low hearing-loss patient groups, each list combination
and each scoring method were compared in their ability to show significant differences in word
scores between the two groups. Although audibility has been compensated with an average
stimulus level for high hearing-loss group being more than 20 dB above the one used for low
hearing-loss group, the high hearing-loss group still showed lower word scores than the low-
hearing loss group, and the effect size varied greatly between the different list combinations
and type of scoring method. Some lists showed a highly significant difference between both
groups (t = 3, p < 0.004, d = 0.26 for L5) whereas others failed to show any significant
difference. ANOVA-R showed a significantly greater effect size (Cohen’s d) for syllabic and
phonemic scores than for the word scores, without any significant difference between syllabic
and phonemes scores: F(2,14) = 6.2, p < 0.006 for two list combinations, F(2,19) = 18.4, p <
0.0001 for three list combinations and F(2,14) = 28, p < 0.0001 for four list combinations. The
mean Cohen’s d ranged from 0.19 to 0.55 for one list, from 0.31 to 0.57 for two list
combinations and from 0.35 to 0.55 for three list combinations. The mean and median effect
size increased from one list to five list combinations, and the greatest increase is observed in
the minimum value of d obtained within each series of combinations (Fig. 4).



Spondaic Word Scores Variability 8

Discussion

The goal of this study was to determine speech scores’ variability using disyllabic word lists
and the potential improvement in effect size with syllable or phoneme scores. When developing
its spondaic words lists in 1951[7], Fournier emphasized the importance of the word
composition of each list, in which each word list has to be as easy/difficult as the others, based
on an even spread of word scores across lists. However, the present report highlights several
limitations of those spondaic word lists for an accurate and reproducible evaluation of patient’s
speech recognition. The mean population word recognition scores varies significantly from one
ten-word list to another (mean recognition scores varying from 54.5% to 68%). This average
difference of more than 13.5% for one ten-word list drops down to less than 10% for two ten-
word lists. However, those differences in scores between lists are not stable across patients:
Variability in scores for a single patient at a single intensity, can vary from 0% to 50%
depending on the list, whereas other patients can show a variation of less than 10%.

This variability observed across lists is only slightly lower when increasing the
number of lists tested at the same intensity: half of patients exhibited more than 20% of score
variability on three lists (i.e. 30 words). This variability of scores depending on the list used is
reflected in the correlations obtained between lists: relatively low correlations, although highly
statistically significant, were obtained between the different ten-word lists. The percentage of
shared variance between two lists ranged between 18 to 37% and between 40% to 55% for 2
ten-word lists combinations, reaching a maximum of 65% of shared variance for 3 ten-word
lists. The use of syllable or phoneme scores did not significantly improve correlations between
word lists.

As expected, because the phoneme and syllable scores take into account partial
responses from patients, they are significantly greater than word scores, and they show less
variability from one combination of word lists to another. Indeed, speech scores can be modeled
as a binomial variable, and thus the doubling of the number of items results in a decrease of
standard variation by 1.4[17, 25]. A decrease in standard deviation by 1.15 was observed
between word scores and syllable scores and a decrease by 1.45 from word scores to phoneme
scores: this decrease is much lower than would be expected by the number of items because
each word contains at least four phonemes. This is easily explained by the fact that the
phonemes of a word are not statistically independent and disyllabic words have been suggested
to be perceived more as two chunks of information corresponding to two syllables rather than
as a string of phonemes[15].

Syllable scores and phonemic scores showed less variability than word scores.
To see if this lower variability leads to greater statistical power and better clinical significance,
the difference in word, syllable and phoneme scores were tested between two groups of patients
differing by hearing loss. Although the word presentation levels were adjusted for each patient,
a decrease in word scores with increasing hearing loss was still obtained because adjusting
levels is not sufficient to restore the same level of perception for all patients due to distortions,
as each patient has a different degree and origin of hearing impairment. The different word lists
showed variability in their sensitivity to hearing damage: some word lists showed indeed
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decreasing scores with increasing hearing losses, whereas other failed to show any difference
for the same population. This is confirmed by variability in the effect sizes, depending on the
combinations of lists used. The effect size ranged from “mild” (0.18) to “medium” (0.68). The
increase in the number of lists used did not lead to a strong increase of the maximum effect
size, but did lead to an important increase in the minimum effect size (from 0.19 for one list to
0.31 for two ten-word lists). Increasing the number of lists beyond two did not markedly
increase the effect size. However, the syllabic scores showed systematically greater effects size
than word scores, but the use of phoneme scores did not result in a further increase in effect
size (fig. 4).

The use of a combination of at least two lists (20 words) and a syllable count can
help reduce the variability and can offer a medium effect size without increasing the duration
of the test too much with disyllabic words. The use of monosyllabic word lists[26-28] is only
a partial solution because monosyllabic words are still subject to contextual influences, albeit
in a weaker way than disyllabic words.

Indeed, speech audiometry involves not only the audibility of the word
presented, but also the entire cognitive process of reconstructing a meaningful word from partial
or deteriorated acoustic input. Word occurrence frequencies, word familiarity, age of
acquisition and phonological neighborhood all play an important role in this process[29]. For
instance, it has been largely demonstrated that word perception scores increase for words with
high occurrence frequency[6, 30] and decrease for rare words. In his work in the 1950s,
Fournier himself regretted the absence of large lexical databases in French language for
occurrence frequency[7]. More recently, the superiority of spoken occurrence frequency[31]
versus written occurrence frequency in predicting word recognition has been shown in several
languages[12, 32]. The influence of occurrence frequency on word recognition acts in
conjunction with phonological neighborhood (defined as the number of different words that
differ from the target word by one phoneme). Words with a high number of phonological
neighbors—especially if those phonological neighbors are of high occurrence frequency—are
more difficult to perceive than words with a few phonological neighbors[13, 33]. In their
psycholinguistic computational evaluation of the PBK word lists largely used in the English
language, Meyer and Pisoni[14] emphasized the need to consider word occurrence frequencies
and phonological neighborhoods in word lists construction. This would lead to less inter-subject
variability due to undesired factors such as educational level[15] and better score
reproducibility[16].

Several European countries use linguistic material developed more than 50
years ago (e.g. [9, 34, 35]) when psycholinguistic databases were not developed. More recent
updates of speech material are found in Russian[36, 37], Mandarin[38, 39] and Cantonese[40].
The recent availability of large multilingual linguistic databases including spoken occurrence
frequencies[10, 12, 41, 42] and phonological information provides the basis for an update of
word lists to obtain a better psycholinguistic equivalency between word lists.

Hearing rehabilitation strategies constantly evolve, stressing the need for reliable
and accurate means to evaluate speech perception and rehabilitation benefit[43, 44]. The data
presented here emphasizes the need for updating speech recognition word lists currently used
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in most countries. This work can be eased thanks to new technologies such as the availability
of large and regularly updated lexical databases. The recent multilingual matrix tests, that use
a closed set paradigm, can lower contextual influence and is definitely a valuable approach[45,

46].
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Fig. 1. Inter-list variability of word recognition scores.

Two patients (P52 and P82) word scores are represented for each combination of two lists (i.e.
for 15 combinations) showing a high variability with a range of 50% for P52, and a small
variability and range for P82. For P52, both word scores (black bars) and phoneme scores (grey

bars) are presented illustrating the much lower variability for phonemes scores than for word
scores.
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Fig. 2: Percent spoken word recognition scores (mean +/- sem) for each of the 6 disyllabic
Fournier lists (L1 to L6) in whole word counts (black bars), syllabic counts (dark grey bars)
and phoneme counts (grey bars). All pairwise comparisons are highly statistically significant

except the comparison between L2 and L5.
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Fig. 3. The dispersion of the range of variability of scores obtained in words (dark grey bars),
syllables (grey bars) and phonemes (light-grey bars) across 120 patients is shown as a function
of the number of lists of 10 words considered (from combinations of 1 list to 5 lists). Box and
whiskers represent the 25"/75" percentiles and 5th/95th percentiles, respectively. The black
line within the boxes represents the median score, and the grey one the mean scores.
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Fig. 4. Box-plots of effect size (Cohen’s d) obtained in the comparison of two groups of patients
(one group with averaged pure tone audiometry (PTA) < 43.5 dB HL, and one group with PTA
> 43.5 dB HL). This was done for different combinations of lists and different scores: word
(dark grey bars), syllable (grey bars) and phoneme (light-grey bars) scores. Box and whiskers
represent the 25"/75" percentiles and 5th/95th percentiles, respectively. The black lines within
the boxes represent the median scores and the grey lines are the mean scores.
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PTAl mw Fournier Lists (Spondaic words)
Score [ 1 L2 L3 L4 L5 L6
Age 0.13| 0.02 | 003 | -0.04 | -0.08 | -0.02 | -0.05 | -0.06
PTA 1 | -023]| -026 | -010 | -030 | -0.28 | -0.32 | -0.25
MW Score 1 034 | 033 | 047 | 043 | 05 | 0.36
L1 1 052 | 043 | 044 | 051 | 051
L2 1 054 | 054 | 055 | 0.49
L3 1 054 | 057 | 047
L4 1 058 | 0.61
L5 1 0.56
Table 1.

Pearson correlation coefficients between the scores obtained for different word lists (labeled
from L1 to L6), the averaged pure tone audiometry (PTA in dB HL), the age (in years), and the
monosyllabic word scores (MW score) obtained at the same stimulus intensity as the spondaic
word lists. The correlation in bold are significant with p < 0.01, and highly significant
correlations are in grey (p < 0.001).



