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Abstract: Background: There are few hearing tests in Spanish that assess speech discrimination in
noise in the adult population that take into account the Lombard effect. This study presents the
design and development of a Spanish hearing test for speech in noise (Prueba Auditiva de Habla en
Ruido en Español (PAHRE) in Spanish). The pattern of the Quick Speech in Noise test was followed
when drafting sentences with five key words each grouped in lists of six sentences. It was necessary
to take into account the differences between English and Spanish. Methods: A total of 61 people
(24 men and 37 women) with an average age of 46.9 (range 18–84 years) participated in the study. The
work was carried out in two phases. In the first phase, a list of Spanish sentences was drafted and
subjected to a familiarity test based on the semantic and syntactic characteristics of the sentences; as a
result, a list of sentences was selected for the final test. In the second phase, the selected sentences
were recorded with and without the Lombard effect, the equivalence between both lists was analysed,
and the test was applied to a first reference population. Results: The results obtained allow us to
affirm that it is representative of the Spanish spoken in its variety in peninsular Spain. Conclusions:
In addition, these results point to the usefulness of the PAHRE test in assessing speech in noise by
maintaining a fixed speech intensity while varying the intensity of the multi-speaker background
noise. The incorporation of the Lombard effect in the test shows discrimination differences with the
same signal-to-noise ratio compared to the test without the Lombard effect.

Keywords: speech in noise; hearing assessment; Spanish hearing test

1. Introduction

Noisy environments undoubtedly lead to a degradation in the intelligibility of speech,
and hence make it more difficult to understand the spoken message, especially for older
individuals or those with hearing loss. This is so because noise masks part of the speech
signal, leading to a loss of acoustic information and thus to an increase in recognition
errors [1]. The noises that generate the greatest changes in speech production are those that
share spectral components with vocalization, as well as those of greatest intensity, which
thus involve a decrease in the signal-to-noise ratio (SNR) [2–5].

SNR loss is not reflected, nor can be predicted, by means of tonal audiometry [6–8].
However, there does appear to be a relationship between the degree of hearing loss and the
SNR loss. That is, the greater the degree of hearing loss, the greater the SNR loss [9–11],
especially if this loss affects high-frequency acoustic signals to a greater extent than other
frequencies [12]. Because of the difficulties in comprehension by the listener involved
in a speech-in-noise situation, especially in older people and/or those with hearing loss,
incorporating speech-in-noise tests into hearing tests has been highly recommended [13].

However, the oral communication system has mechanisms to cope with the effects of
noise on speech. The most studied of these has been the so-called “Lombard effect”.
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1.1. The Lombard Effect

The Lombard effect, first described in 1911 by Etienne Lombard [14], is an unconscious
adaptation by the speaker to the noise through a series of changes in speech to improve
the intelligibility of the message. Over the last hundred years, the Lombard effect has been
studied in countless research studies. In summary, we can say that, even when taking into
account differences due to the nature of the speaker, the context, and the environment,
most studies agree in pointing out some consequences of the Lombard effect on the signal
in interactive situations [2,15–21]. Table 1 sets out these characteristics.

Table 1. Characteristics of the Lombard Effect in Interactive Situations.

- Signal energy enhancement
- Tilt of the speech spectrum that emphasises higher frequencies, where background noise has

less energy
- Increased vowel duration and intensity, leading to an overall reduction in the speed of the

spoken word
- Increased syllable duration
- Increase in fundamental frequency (F0)
- Increase in the frequency of the first formant (F1) and the second formant (F2)
- More pronounced facial movements (e.g., lips and jaw)

All these aspects of the Lombard effect typically affect words with greater semantic
load the most, with functional words, which tend to have a lower information load, being
less affected [5,17].

The Lombard effect has been assessed in Spanish, with results similar to those found
in other studies of other languages, although in comparison with American English and
French there is a tendency in Spanish towards a greater variation of the second formant and
of speech intensity [22]. In Junqua [16], significant differences were also found between
male and female speakers, with Lombard speech by females being more intelligible. This
set of features makes speech produced under the Lombard effect more intelligible than
speech produced in silence when presented under equal SNR conditions [3,5,23].

As can be deduced from the above information, the Lombard effect goes far beyond a
simple increase in signal intensity and it does not only affect the signal-to-noise ratio, but
also involves frequency and temporal changes aimed at improving signal perceptibility. A
hearing evaluation that aims to reproduce as closely as possible the natural conditions of
verbal communication should consider this effect, which occurs naturally and continuously
in verbal interactions.

1.2. Assessment of Signal-to-Noise Loss Using Speech-in-Noise Tests

Over recent years, tests to assess speech-in-noise and quantify the SNR loss quickly
and reliably have gained prominence. Its use has demonstrated many benefits. On the
one hand, these tests favour the selection and fitting of hearing aids, providing realistic
expectations in terms of their use [6]. On the other hand, they allow for an assessment of
the need to add aural rehabilitation to the fitting of hearing aids [24–28]. These tests are
also helpful in the post-fitting phases when the effectiveness of hearing aids is assessed
and validated [29], as well as in assessing the usefulness of hearing assistive technology
such as remote microphones [30,31]. Since then, various speech-in-noise tests have been
developed. These tests are differentiated according to the verbal stimulus presented, the
SNR used, and approximate application time. Table 2 sets out the main speech-in-noise
tests and summarises their primary characteristics.



Audiol. Res. 2023, 13 34

Table 2. Main tests for signal-to-noise loss assessment.

Speech in Noise Tests Stimulus Presentation Signal-to-Noise Ratio Approximate Application Time

Speech Perception in
Noise test (SPIN) [32]

Multi-speaker
background noise Fixed SNR of +8 dB

Matrix test [33] Noise with spectral
speech matching

Variable speech intensity and
fixed noise intensity with

variable SNR

4–6 min with 8 min of
pre-training

Digit in Noise test [34] Multi-speaker
background noise Different versions 3 min

Hearing in Noise test
(HINT) [35]

Male speaker with spectrally
matched noise

weighted speech

Variable speech intensity in 2 dB
steps and fixed noise intensity 5–10 min

Words-in-Noise test
(WIN) [36]

Female speaker with
multi-speaker noise

Variable speech intensity and
fixed noise intensity in 4 dB

steps with SNR from +24 to 0 dB

Quick Speech-in-Noise
(QuickSIN) [37]

Female speaker with
multi-speaker noise

Fixed speech intensity and
variable noise intensity in 5 dB
steps with SNR from +25 to 0 dB

2–3 min

Bamford-Kowal-Bench
Speech-in-Noise
(BKB-SIN) [38]

Male speaker with
multi-speaker noise

Fixed speech intensity and
variable noise intensity in 3 dB

steps with SNR of +21 to
0/−6 dB

6 min

Research has made it possible to compare the effectiveness of some of the most
frequently used tests in the evaluation of signal-to-noise loss. In particular, Duncan and
Aarts [39] compared the HINT and QuickSIN tests, noting the advantages of the latter
in terms of both usability and sensitivity for subjects with hearing loss. The results of
Wilson, McArdle, and Smith [12] indicated that the QuickSIN and WIN tests are more
sensitive measures of recognition in background noise than the BKB-SIN and HINT tests.
More recently, Sultan et al. [40] reported a higher correlation of the QuickSIN test with the
background noise (BN) subscale of the Abbreviated Profile of Hearing Aid Benefit (APHAB)
questionnaire [41] as compared to the HINT test, both in normal hearing subjects and in
subjects with hearing loss. In a systematic review of 21 studies on the relationship between
auditory behavioural measures and hearing aid satisfaction, Davidson et al. [42] conclude
that speech-in-noise tests had the highest associations with hearing aid satisfaction, and
specifically the QuickSIN was found to be a significant predictor of hearing aid satisfaction.

Although the tests listed are the most frequently used, both in their original English
version and in adaptations to other languages, additional tests of this type are still being
developed. In some cases, additional tests are developed for use in specific populations,
as in the case of AzBio [43], which is used with people with cochlear implants. Other
tests have emerged as a consequence of technological advances, greater accessibility by
individuals, or lower cost, such as those that allow the initial screening of hearing using
mobile phones [44–47].

At present, in Spain, the most frequently used verbal test in audiological assessments
is verbal audiometry with lists of words with two syllables [48]. Although this test is
very useful for traditional speech audiometry, its effectiveness is reduced when including
background noise; in addition, it relies only on single words, not sentences. Isolated
monosyllabic or bisyllabic words, recorded and reproduced at uniform intensity levels,
are not representative of real-world speech. Sentences are a closer and more realistic
representation of everyday speech [35,49,50]. With regards to speech-in-noise tests for the
adult population, we have some adapted to Spanish: the Digit Triplet Identification Test [51],
the Sentence Matrix Test for Spanish speakers [52], the Spanish adaptation of HINT [53],
SPIN adapted for Spanish as Spanish Sentence Lists (LFE in Spanish) [54], and its shortened
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version [55]. However, these tests have not had a great impact at the clinical level, either
because they take a long time to administer, they require the prior training of the patient,
or simply because they are not easily accessible by the clinicians. A set of 700 phonetically
balanced Spanish sentences is also available called the Sharvard Corpus [56], but verbal
material for audiometry in noise requires an added control of variables, as will be discussed
below, which prevents the use of these sentences and demands the construction of an ad
hoc corpus.

Finally, it is surprising that despite the fact that speakers produce Lombard speech
when in background noise to improve both SNR and speech discrimination, few tests
take this effect into account when assessing speech intelligibility in noise. Incorporating
Lombard speech into a speech-in-noise test would allow for more realistic speech-in-noise
discrimination data. In Spanish, the Verbal Noise Hearing Test (Prueba de Audiometría
Verbal en Ruido (PAVER) in Spanish) developed by Marrero-Aguiar [57] is itself based
on the QuickSIN test. It is the only such test that takes this effect into consideration in
the paediatric population. It contains three blocks of sentences, one of which includes the
Lombard effect.

Based on all the above, the development of a speech-in-noise test for the adult pop-
ulation in Spanish seems to be useful and indeed necessary. To this end, the QuickSIN
test was taken as a model, due to its speed, simplicity of administration, and because
of the amount of information it yields. The QuickSIN pattern was maintained in terms
of the number of keywords per sentence (five) and the number of sentences in each list
(six), but adaptations from English to Spanish involved taking into account the differences
between the two languages in terms of lexical quantity and distribution, sentence length,
word length, vowel and consonant use, weight of functional and lexical words, sounds,
symmetry in orthographic, morphological and syntactic parameters, and similarities in
terms of the conceptual organisation underlying the words themselves [58]. The choice of
speech materials and background noise will, as Villchur [50] points out, be a compromise
between realism and reproducibility. In other words, the aim is to reproduce an everyday
speech situation with noise.

Another contribution of this test has been the incorporation of the Lombard effect to
compare the results obtained when the speech is presented without this effect (as in the rest
of the SIN tests) and when it is a Lombard speech. We assume that the Lombard lists will
present a higher score and that it will be maintained with lower SNR values. The results
will make it possible to establish the need to incorporate this effect in the SIN tests or to
maintain only the recording of the verbal material under the same conditions as has been
done so far in the existing speech-in-noise tests.

2. Materials and Methods

This paper describes the process followed in the design and development of the lists of
sentences that will form part of a Spanish hearing test of speech-in-noise (in Spanish, Prueba
Auditiva de Habla en Ruido en Español, PAHRE). In the first phase, a list of sentences was
compiled and subjected to a familiarity test based on the type of semantic and syntactic
features of the sentences. In the second phase, the sentences were recorded with and
without the Lombard effect, after which the equivalence between both lists was analysed
and the test was applied.

As in any speech-in-noise test, decisions had to be made regarding the preparation of
the verbal material, as well as its recording and playback, taking into account issues such
as the characteristics of the speaker, the type of background noise, and the SNR used.

2.1. PHASE 1: Familiarity Test
2.1.1. Purpose

The preparation of the lists of six sentences from a total of 240 sentences containing
five key words, that are representative of spoken Spanish.
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2.1.2. Participants

The sample consisted of a total of 31 Spanish–Galician bilingual subjects (11 men and
20 women) with a mean age of 46.81 years (range 23–84 years). The educational level of the
subjects ranged from basic to master’s degree studies (see Table 3). The inclusion criterion
was to be over 18 years of age and not to have cognitive impairments that prevented an
understanding the instructions given.

Table 3. Socio demographic characteristics of group 1.

N Average Age

Gender
Male 11 46.91

Female 20 46.75
Total 31 46.81

Level of education

Basic Education 3
Intermediate Vocational Training 3

Advanced Vocational Training 6
Baccalaureate 2

University Studies 14
Master’s Degrees Courses 3

Total 31

2.1.3. Instruments

The verbal material to be included in the test was taken from a total of 240 sentences,
each containing five key Spanish words. The sentences were grouped into lists of six, so
that each list contained 30 keywords (a total of 40 lists and 1200 keywords). The complexity
of the sentences varied according to semantic and syntactic features. The following criteria
were considered in creating this list:

(a) Following CORPES XXI corpus [59], nouns, verbs, adjectives, and adverbs were
considered key words, in that these constitute 51.97% of all Spanish word classes.
Taking into account the frequency of occurrence of each type of keyword, each list of
six sentences with a total of 30 keywords was required to contain fifteen nouns, eight
verbs, four adjectives, and three adverbs.

(b) Given that studies vary regarding the number of words that an adult is likely to
know (between 34,000 and 50,000 words), and to avoid the influence of factors such
as age and socio-educational and cultural level, the lexicon was limited to some
of the most familiar and frequently occurring words in the Spanish language. The
selection of these was again based on CORPES XXI. Function words, punctuation
marks, orthographic marks, fixed word combinations, abbreviations, acronyms, digits,
proper names, and Anglicisms were excluded, until 3000 items were reached.

(c) To achieve a phonic and syllabic balance in each list of sentences, we followed the indi-
cations set out in the Inventory of Phonemic and Syllabic Frequencies of Spontaneous
and Written Spanish (In Spanish, Inventario de Frecuencias Fonémicas y Silábicas del
Castellano Espontáneo y Escrito, IFFSCEE) [60].

(d) All sentences were expressed in the declarative form to avoid differences in
intonation patterns.

(e) At the syntactic level, the structure of most of the sentences was subject-verb-predicate.
(f) Following Véliz et al. [61], the length and syntactic complexity of the sentences had to

allow for their exact and immediate reproduction after their presentation in auditory
mode, regardless of the age and working memory of the participants.

The list of 240 sentences was subjected to a familiarity test in which participants were
asked to discard those sentences they considered the most complex or unusual based on
their lexical and/or syntactic characteristics. In this way, the final list comprised a total of
168 sentences (28 lists of six sentences each).
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2.1.4. Procedure

Participants were recruited by means of a text message sent to their phones) describing
the purpose of the study to work colleagues and acquaintances. Participation was voluntary,
and once the main aim of the study had been explained, participants were asked to sign
an informed consent form. This meeting was also used to address and possible queries or
doubts that participants might have.

A document with the 240 sentences was then sent by e-mail to the 31 participants
for their assessment, together with brief instructions and a template on which to note
observations and unusual sentences. The instructions indicated that they should read each
sentence and indicate on the template any that they considered complex and/or unusual,
either at a semantic and/or syntactic level, explaining the reasons for their choice. They
were asked to complete the assessment within one week.

Once all ratings had been received, the choices made by each of the participants were
analysed. The sentences in which there was greater agreement regarding their complexity
(four or more people discarded them) were eliminated. In total there were 72 sentences
that were removed from the original list, resulting in a list of 168 sentences, these grouped
into 28 lists of six sentences. Each list maintained the proportion of keywords indicated
above (fifteen nouns, eight verbs, four adjectives, and three adverbs).

2.1.5. Data Analysis

The SPSS statistical package, version 28.0 for Windows, was used to analyse the data
obtained in this first phase of the study. A correlation analysis was carried out in order
to check the representativeness of the phonemes and syllables included in the Spanish
keywords in the lists of the 168 sentences as grouped in 28 lists and presented to the subjects.
Through this analysis we were able to verify the relationship between the frequency of the
phonemes and syllables of the sentences that were intended to be included in the listening
test with those of the IFFSCEE [60], which was used as a reference.

2.1.6. Results

The 28 lists of six sentences resulting from the familiarity test were used to test whether
the phonemes and syllables that made up the sentences were representative of the key
Spanish words (nouns, verbs, adjectives, and adverbs). A Pearson correlation analysis was
carried out to check the relationship between the frequency of occurrence of phonemes and
syllables in each of the lists with those of spoken Spanish according to the IFFSCEE [60].

Taking all the phonemes into account, a statistically significant positive correlation
was obtained (r = 0.88; p ≤ 0.05), with the correlation being higher with respect to syllable
frequency (r = 0.90; p ≤ 0.01). In terms of the frequency of each Spanish phoneme and
syllable type, as seen in Table 4, statistically significant positive correlations were obtained
for both phonemes and syllables. Figures 1 and 2 show the strong relationship between the
syllabic and phonemic frequency of the 28 lists of sentences with the frequencies of those
taken as a reference.
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Table 4. Results of Pearson’s correlation analysis of the frequency of occurrence of phonemes and
syllables in the drafted lists and those of the IFFSCEE.

List Sentences r Phonemes r Syllables

1 0.97 ** 0.98 **
2 0.91 ** 0.99 **
3 0.91 ** 0.96 **
4 0.91 ** 0.98 **
5 0.95 ** 0.98 **
6 0.92 ** 0.97 **
7 0.96 ** 0.98 **
8 0.91 ** 0.98 **
9 0.96 ** 0.99 **
10 0.92 ** 0.99 **
11 0.97 ** 0.99 **
12 0.94 ** 0.96 **
13 0.92 ** 0.99 **
14 0.92 ** 0.98 **
15 0.96 ** 0.91 **
16 0.97 ** 0.95 **
17 0.96 ** 0.96 **
18 0.93 ** 0.97 **
19 0.88 ** 0.98 **
20 0.94 ** 0.98 **
21 0.94 ** 0.99 **
22 0.93 ** 0.99 **
23 0.93 ** 0.99 **
24 0.90 ** 0.98 **
25 0.97 ** 0.98 **
26 0.93 ** 0.95 **
27 0.95 ** 0.95 **
28 0.96 ** 0.97 **

** p ≤ 0.01

2.2. PHASE 2: Calculation of Intelligibility and Assessment of the Lombard Effect
2.2.1. Purpose

To assess the level of difficulty and equivalence of the sentences in the normal listening
population and to ascertain the incidence of the two types of speech, in silence and under
the Lombard effect.

2.2.2. Participants

The sample consisted of a total of 30 Spanish–Galician bilingual subjects (13 men
and 17 women) with an average age of 48.37 years (range 18–74 years), with educational
levels ranging from elementary schooling to doctorate level (see Table 5). In this case,
the inclusion criteria were to be over 18 years of age, to present no cognitive alterations
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that prevented understanding the instructions given and to present no hearing loss or
alterations in speech production.

Table 5. Socio-demographic characteristics of group 2.

N Average Age

Gender
Male 13 48.23

Female 17 48.47
Total 30 48.37

Level of Education

Basic Education 5
Intermediate Vocational Training 4

Advanced Vocational Training 7
Baccalaureate 1

University Studies 11
Master’s Degrees Courses 1

PhD Degree 1
Total 30

To ensure that the participants’ hearing was within the normal hearing range (0–20 dB)
and hence that they could participate in the study, all subjects were assessed by means
of a battery of hearing tests: otoscopy, pure tone audiometry with TDH 39 headphones,
discomfort threshold, and verbal audiometry [48]. Hearing was calculated as the pure tone
average of four frequencies (0.5, 1, 2, and 4 kHz) [62,63].

2.2.3. Instruments

Once the 28 lists of sentences from the first phase of this study were obtained, they
were recorded. A female speaker was chosen for the recording, as most studies consider
female speech to be more intelligible, which is also noted in the recommendations of
the International Collegium of Rehabilitative Audiology (ICRA) [64]. Given that the
mean fundamental frequency of women’s speech is 200 Hz, with a range from 58 Hz to
274 Hz [65–67], a Spanish professional female speaker was sought whose fundamental
frequency met these characteristics.

The sentences were recorded in two different listening situations, one with no noise
and one with multi-speaker noise presented through headphones to the speaker to generate
the Lombard effect. The noise used was multi-speaker noise, since this is more effective in
evoking the Lombard effect by sharing spectral components with vocalization.

Since the Lombard effect is more likely to occur at a low SNR [68], different intensity
levels were assessed for its presentation. Finally, the SNR was chosen to be low or even
negative to avoid generating auditory fatigue in the speaker (78 dB SPL).

The multi-speaker noise was presented to the speaker through insert headphones
routed through an application/app, calibrated by the “live listening” functionality to a
level of 71, 78 and 80 dB SPL in order to generate the Lombard effect. Recorded speech
with a noise of 78 dB SPL was used since the Lombard effect was better represented with
this intensity without causing excessive, exaggerated, and unnatural hyper-articulation.
The four-person, multi-speaker noise (three females and one male) originally used in
Marrero-Aguiar et al. [69] was employed, with the authors’ permission, in that it allows
both energetic and informational masking to be generated. The speech was recorded with
a Gefell M930 cardioid condenser microphone, about 30 cm away from the speaker and
pre-amplified by JZ Track, digitised at 44.1 kHz and 16 bits through the Avid HD-Omni
interface with Avid Protocols software.

In order to vary the SNR in each sentence of the list, a fixed intensity was maintained
for the sentences while the intensity of the noise was varied following the QuickSIN model.
The noise used was the same multi-speaker noise used for the recordings. Since the purpose
of a SIN test is the SNR loss evaluation of individuals with hearing difficulty, the recorded
material was applied to five people with hearing loss to determine the choice between
the SNR values to be used. The five participants had a bilateral moderate sensorineural
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hearing loss. The goal was to achieve maximum speech discrimination with the highest
SNR and a progressive decrease to zero discrimination at the lowest SNR. The results here
showed that the possibility of obtaining a score of 100% in the first sentence became 0%
in the last sentence using the SNR +15, +9, +6, +3, 0, and −3 dB for the lists without the
Lombard effect. In the case of the lists with the Lombard effect, these same results were
obtained with the SNR +12, +6, +3, 0, −3, and −6 dB. Although the results varied between
the standard list and with the Lombard effect list, it was decided to use the SNR from +12 to
−6 dB, otherwise 0% would not be attained in the list with the Lombard effect. The latency
between each of the sentences was eight seconds, enough time for the subject to repeat the
sentence comfortably, taking as a reference the QuickSIN test as well as the duration of the
recorded sentences in this test.

2.2.4. Procedure

Participants were selected by sending an SMS explaining the purpose of the study to
work colleagues and acquaintances. Participation was voluntary, and once the main aims
of the study to be carried had been explained, participants were asked to sign an informed
consent form.

After being assessed through a battery of hearing tests to ensure normal hearing
values, they were presented with the 28 lists of sentences without the Lombard effect and
instructed to repeat each of the sentences or the parts that they perceived. The lists were
presented in random order and binaurally through TDH39 headphones at an intensity
of 60 dB HL considering previous studies with speech-in-noise tests in normal-hearing
subjects [37,70]. An Equinox 2.0 clinical audiometer was used. The tests were carried out in
an acoustically conditioned room, and all the pauses that were deemed convenient were
granted either at the request of the subject or at the discretion of the assessor, in order to
minimise the effects of fatigue and/or lack of attention. There was no maximum number of
breaks allotted, although none of the participants had exceeded three breaks.

When applying the test, each correctly repeated key word was scored with 1 point.
Hence, the maximum score for each list was 30 points. Subjects’ verbal productions were
recorded to collect data on the keywords in each sentence that were repeated correctly, and
thus totals for each list.

After a minimum of two weeks and a maximum of four weeks, the same subjects
were presented with the lists with Lombard effect sentences under the same conditions.
This period between the presentation of the two lists was intended to avoid possible
auditory memory and learning effects. However, this period of time may not be sufficient
to eliminate the memory of lexical items. It is assumed that items not perceived in the
sentences without the Lombard effect will be perceived as new in the presentation of the
Lombard sentences. For this reason, the lists of sentences were presented in this order.
The instructions were also the same as for the presentation of the sentences without the
Lombard effect, that is, subjects were asked to repeat either the sentence or the parts of it
that they had perceived. Once again, pauses were taken between the presentation of the
28 lists of sentences to avoid fatigue and lack of attention.

As in the lists without the Lombard effect, each correctly repeated key word was
scored with 1 point, and subjects’ verbal productions were recorded to collect data on the
keywords in each sentence that were repeated correctly, and thus totals for each list.

2.2.5. Data Analysis

The SPSS statistical package (version 28.0) for Windows was used to analyse the data
obtained in this phase of the study. Two-factor analyses were performed to test the main
components of the 28 lists in both conditions (with and without the Lombard effect). These
analyses made it possible to assess the inclusion of the total number of lists in the test, and
to judge the scope for reducing them without losing reliability. Cronbach’s alpha coefficient
was used to calculate reliability.
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Finally, once the normality of the data had been confirmed, a T-test for related samples
was used to test the possible existence of differences with respect to the total score obtained
by the participants in both lists. In addition, considering the RSR levels, differences between
the two lists with respect to the decrease in speech intelligibility were tested by applying
non-parametric tests.

2.2.6. Results

The equivalence between the lists of sentences presented without the Lombard effect
and those presented with the Lombard effect was analysed. For this purpose, an exploratory
factor analysis was carried out with each of the lists. For the block without the Lombard
effect, a statistically significant Bartlett’s test was obtained (χ2 (378) = 632.15, p ≤ 0.001,
and Kaiser-Meyer-Olkin (KMO) = 0.36), allowing for factor clustering. A main component
analysis yielded eight main components with eigenvalues > 1; that is, the lists of sentences
were classified within eight factors. Factor 1 accounted for 36.34% of the variance, and
factor 2 accounted for 10.27%. Together, these two factors explained 46.61% of the total
variance. Factor 1 contained 21 of the 28 lists of sentences, while factor 2 contained only
4 of the 28 lists.

A statistically significant Bartlett’s test (χ2 (378) = 613.44, p ≤ 0.001, and KMO = 0.15)
was also obtained for the block with the Lombard effect, allowing for factor clustering. A
main component analysis yielded nine main components with eigenvalues > 1; that is, in
this case, the lists of sentences were classified in nine factors. Factor 1 explained 27.86% of
the variance, and factor 2 explained 9.63%. Together, these two factors explained 37.49% of
the total variance. Factor 1 contained 16 of the 28 lists of sentences, while factor 2 contained
3 of the 28 lists.

Cronbach’s alpha coefficient was calculated in order to test the reliability of the 21 lists
that were part of factor 1 in the lists without the Lombard effect and of the 16 lists of factor
1 in the block with the Lombard effect. In both cases, high reliability was obtained (α = 0.86
and α = 0.89, respectively). In order to equalise the number of lists that would be part of
the test, the last 5 of the lists without the Lombard effect factor 1 lists were discarded, thus
adjusting to the 16 lists with the Lombard effect factor 1.

Thus, the resulting verbal material comprised two blocks of 16 lists of sentences each,
one of the blocks without the Lombard effect and the other with the Lombard effect.

Giving a score of one point for each correctly repeated keyword allowed for a maxi-
mum score for each sentence list of 30 points, and the maximum score that could be attained
was thus 480 after scoring the 16 lists of the block without the Lombard effect and the same
maximum for the 16 lists of the block with the Lombard effect.

Once both blocks had been applied to the 30 participants, we looked at whether there
were differences in the total score obtained in each of the lists. First, the normality of the
data was analysed using the Shapiro–Wilk test and the results here showed that the scores
had a normal distribution for both the block without the Lombard effect (W (30) = 0.97,
p = 0.64) and the block with the Lombard effect (W (30) = 0.98, p = 0.70). Therefore, a T-test
for related samples was applied, obtaining statistically significant differences with respect
to the scores obtained by the subjects in both blocks of lists (t (29) = −54.20, p ≤ 0.001), the
mean scores of the block with the Lombard effect (see Figure 3) being higher.

In conclusion, participants performed better when sentence lists were presented with
the Lombard effect.

Finally, the scores obtained by the participants were analysed according to the different
levels of SNR in the presentation of the sentence lists. As indicated above, the 30 subjects
did not have any hearing loss, and although they were of different ages (range 18–74 years),
all of them were able to repeat the five key words of the sentences without the Lombard
effect for the positive SNRs. However, speech discrimination from the SNR of 0 dB started
to decrease, with no repetition of any words at SNR of −6 dB. In the case of the lists
with the Lombard effect, speech intelligibility was maintained up to a SNR of −3 dB, and
participants were even able to repeat around 3 words with a SNR of −6 dB. Figure 4 shows
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these results graphically. The dashed line shows the SRT so it can be seen that there is a SRT
difference greater than 4dB between the non-Lombard lists and the Lombard lists. These
results are in line with those obtained previously when the total scores achieved in both
lists were compared.
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without the Lombard effect.

Since the Shapiro–Wilk test showed that the scores obtained, taking into account SNR
levels, did not meet the criteria of normality, the Wilcoxon signed-rank test was applied
to analyse the differences between the two blocks with respect to the number of repeated
words. The results obtained are shown in Table 6.

Table 6. Wilcoxon signed-rank test results for different SNR levels.

RSR Levels (dB) Z

L+12 − NL+12 −1.26

L+6 − NL+6 −4.47 **

L+3 − NL+3 −4.52 **

L0 − NL0 −4.78 **

L−3 − NL−3 −4.79 **

L−6 − NL−6 −4.78 **
** p ≤ 0.001; L = Lombard block; NL = non-Lombard block.
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These results confirm that participants scored higher on the list with the Lombard
effect on both positive and negative SNR levels. An examination of the ranges revealed
that at the +12 dB levels, 23 of 30 subjects scored similarly on both lists and only five scored
higher on the list with the Lombard effect. At the +6 and +3 dB levels, while there was little
variability in the scores obtained in the two lists (as shown in Figure 4), 26 subjects obtained
higher scores in the list with the Lombard effect. As already indicated, the differences are
clear at the negative SNR levels, with all 30 subjects having higher scores on the list with
the Lombard effect.

Again, the results indicate the Lombard speech benefits on word recognition in noise.
The data obtained after the analysis of the results allowed us to establish a hearing

test in which a list of sentences from the block without the Lombard effect and a list of
sentences from the block with the Lombard effect were randomly paired to form 16 pairs
of lists.

Three blocks were elaborated to be used as training by some patients if necessary.
These blocks are composed from the three discarded Lombard lists of the factor two and
three of the five discarded non-Lombard lists of the factor 1. The application time for each
pair of sentence lists in the binaural condition was three minutes.

3. Discussion

As already indicated, there are currently very few Spanish-adapted tests of speech-in-
noise for the adult population (Digit Triplet Identification, Sentence Matrix Test for Spanish
speakers, HINT adapted to Spanish, SPIN adapted to Spanish as Spanish Sentence Lists
(LFE), and its reduced version), and they offer little scope in terms of having an impact at the
clinical level, sometimes because they involve long application times. The Spanish hearing
test for speech-in-noise (PAHRE) aims to overcome some of these previous drawbacks. It
is short, since its application in binaural conditions does not exceed three minutes, easy to
administer through any clinical audiometer without the need for prior preparation or complex
explanations for the patient, but with high reliability when assessing speech-in-noise.

The results obtained from the analysis of the material described here have allow
us to confirm that this material is indeed representative of spoken Spanish both at a
semantic, syllabic, and phonetic level. Therefore, it can be included as a speech-in noise
test to complete the hearing tests that are carried out in the clinic in Spain. We found that
both the length of the sentences and their syntactic complexity are such that their exact
and immediate reproduction is possible following their presentation in auditory mode,
regardless of the age of subjects. These findings reflect the criteria set out in Véliz et al. [61],
which were taken into account when designing the hearing test.

Although the QuickSIN speech-in-noise test [37] has been taken as a reference for the
development of our Spanish auditory test, a series of new aspects have been introduced
with respect to the original test. First, the Lombard effect was incorporated, given that it is
characteristic of vocal production in situations with background noise. It was considered
essential to incorporate this effect into a speech-in-noise test as it more realistically reflects
vocal production and, thus, characteristic speech discrimination in a noisy environment.
However, we wanted to also include spoken speech in silence to make the test equal to the
rest of the speech-in-noise tests. Thus, in PAHRE, two blocks of Spanish keyword sentences
were used, one without the Lombard effect and the other with the Lombard effect. This
test complements the one developed in Spanish by Marrero-Aguiar [57] for the paediatric
population, given the scarcity of hearing tests for the adult population that incorporate the
Lombard effect.

The spoken-in-silence block (without the Lombard effect) provide similar results to
those obtained with most of the speech-in-noise tests, which allows them to be compared
when presented in the same conditions. On the other hand, the block with the Lombard
effect allows to evaluate speech discrimination in conditions more representative of a noisy
environment by incorporating the vocal characteristics that are generated in a speaker



Audiol. Res. 2023, 13 44

in these conditions. The results obtained in both blocks allow comparisons to be made
regarding speech discrimination with the same SNR values.

As expected, and in line with previous studies [3,5,23,57], it was confirmed that the
lists recorded under the Lombard effect are more intelligible than the lists recorded in
silence, maintaining greater discrimination as SNR decreases and greater intelligibility
when presented in the same SNR conditions.

Incorporating the list of sentences with the Lombard effect slightly increased the time
of the application of the test with respect to the QuickSIN, yet it still does not exceed two
minutes in the binaural condition, and in this sense, we consider that the cost-benefit ratio
is positive, given the extra information that it provides.

Another difference of PAHRE with respect to QuickSIN was not incorporating band-
pass filtered lists in any frequency range as the purpose of the test is to administer the test
to people with different degrees of hearing loss.

Finally, in contrast to QuickSIN, in PAHRE variations have been made in the SNR,
starting from a positive value of less than +25 dB, in addition to decreasing the SNR until
reaching negative values in SNR steps of less than 5 dB (except between the first and
second sentence). The different SNR values had to allow total discrimination in the first
sentence and null discrimination in the last sentence, obtaining progressively lower results
as the SNR decreased. It was decided to start the test with SNR +12 dB as it was verified
that the participants could repeat all the words with this SNR both in the Lombard and
non-Lombard conditions. Therefore, it was unnecessary to include higher SNR values as
they did not provide information of interest. The decision regarding the descent of the
steps was based on the results obtained. Although with the SNR +15, +9, +6, +3, 0, and
−3 dB, the purpose established in the non-Lombard block was achieved, and in the case of
the Lombard block null discrimination was not achieved with SNR −3 dB. Since one of
the points of interest in the elaboration of this test was the incorporation of the Lombard
effect, it was decided to use the SNR +12, +6, +3, 0, −3, and −6 dB to achieve the marked
purpose as well in the Lombard block although this decision implied zero discrimination
in the last two consecutive steps of the non-Lombard lists. This difference with respect to
discrimination based on SNR between the two lists is due to the characteristics of Lombard
speech (increased intensity, greater emphasis on high frequencies, reduced speech speed,
and more pronounced articulation) that imply large benefits for speech discrimination
in noise.

The aim here was to ensure that the person being tested starts the test successfully, and
also to obtain more precise information by using 3 dB steps (smaller steps were discarded
because of their impact on the time taken to carry out the test, with consequently greater
effort and fatigue by the person being tested). These aspects are considered essential
because they allow the improvement of the selection and fitting of the hearing aids based
on its advanced features to improve SNR, such as directionality and digital noise reduc-
tion [25,27,28,71]. Prospective studies of this test will be necessary to assess the speech
discrimination loss as the SNR decreases for different age groups in the normal hearing
people. Similarly, it will also be necessary to obtain data on the speech reception threshold
(SRT) in noise for these same age groups. In this way, this information will allow assessment
of the SNR loss in the people with hearing loss and, therefore, the degrees of speaking
in noise difficulty as established by the QuickSIN test (mild, moderate, or severe). Based
on these results, patient-centred clinical decisions can be made regarding the advanced
features of the hearing aid, the use of hearing assistive technology taking as an example the
recent study by Davidson et al. [71], or even the need for auditory training.

The results obtained from future studies will present information for both conditions
(no Lombard and Lombard). We assume that both the speech discrimination curves as a
function of SNR as well as SRT will be better in the Lombard lists for any age group. These
future studies will establish the need to maintain both lists in the test due to the information
obtained with them and the usefulness of this information for auditory rehabilitation or, on
the contrary, to limit the test to one of these two lists.
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Limitations of the current study include the decision not to take into account influential
variables in the loss of signal-to-noise ratio such as age, speech intelligibility index, and
cognitive processing (cf. Humes [72]). Such variables might indeed explain differences
in the results obtained when comparing the data on both lists. In the future, and with a
larger sample of people of different ages and hearing conditions, these variables will be
considered, so that reference curves can be obtained for clinical use.

Although the duration of this test is short and the level of demand required by the
patient is limited, we cannot guarantee that it will not cause fatigue since no type of measure
has been used to assess it.

Finally, although this data has not been studied or analysed, we believe that this
test could be used by non-Spanish-speaking clinicians who work with Spanish-speaking
patients with the help of an interpreter. The simplicity of the test and the added help of
the response format in which the key words to be repeated by the patient are highlighted,
facilitate the administration and evaluation of the test by the interpreter. For this reason,
we consider that prior informative training for the interpreter would be sufficient without
the need for detailed training. The results for each SNR as well as the SNR loss could be
obtained directly and communicated to the patient.

4. Conclusions

This study describes the design and development of PAHRE, a speech-in-noise test
for Spanish-speaking adults using the QuickSIN test [37] as a model, given its proven
sensitivity and effectiveness at the clinical level. The results confirmed the usefulness of the
PAHRE test in assessing speech-in-noise, maintaining a fixed speech intensity while varying
the intensity of the background multi-speaker noise. This test provides professionals with
information about the effect of noise on speech discrimination easily and quickly, without
causing fatigue to the person being assessed due to the short duration of the test (3 min). In
addition, the assessment can be carried out using a clinical audiometer. It also provides
information about speech discrimination in noise in the presence or absence of the Lombard
effect. Although we still need prospective studies, the information obtained here will be
useful for people with hearing loss to effectively address their difficulties in understanding
speech-in-noise and will allow individualised hearing therapy to be proposed and adjusted
to each person’s needs and expectations.

Author Contributions: Conceptualization: M.R.-F. and V.M.-A.; Data curation: M.R.-F. and M.D.-B.;
Formal analysis: M.R.-F. and M.D.-B.; Investigation: M.R.-F.; Methodology: M.R.-F.; M.D.-B. and
V.M.-A.; Writing—original draft: M.R.-F., M.D.-B. and V.M.-A.; Writing—review and editing: M.R.-F.,
M.D.-B. and V.M.-A.; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This research was approved by the Ethics Committee of the
University of A Coruña (UDC) (file number 2020-0027).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: https://figshare.com/s/5fa59e0a628392cfcfb8 (accessed on 14 November
2022).

Acknowledgments: We would like to thank all the subjects that collaborated in this research.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Brungart, D.S. Informational and Energetic Masking Effects in Multitalker Speech Perception. In Speech Separation by Humans and

Machines, 1st ed.; Divenyi, P., Ed.; Springer: Boston, MA, USA, 2005; pp. 261–267. [CrossRef]
2. Garnier, M.; Henrich, N. Speaking in noise: How does the Lombard effect improve acoustic contrasts between speech and ambient

noise? Comput. Speech Lang. 2014, 28, 580–597. [CrossRef]

https://figshare.com/s/5fa59e0a628392cfcfb8
http://doi.org/10.1007/0-387-22794-6_17
http://doi.org/10.1016/j.csl.2013.07.005


Audiol. Res. 2023, 13 46

3. Lu, Y.; Cooke, M. The contribution of changes in F0 and spectral tilt to increased intelligibility of speech produced in noise. Speech
Commun. 2009, 51, 1253–1262. [CrossRef]

4. Stowe, L.M.; Golob, E.J. Evidence that the Lombard effect is frequency-specific in humans. J. Acoust. Soc. Am. 2013, 134, 640–647.
[CrossRef] [PubMed]

5. Summers, W.V.; Pisoni, D.B.; Bernacki, R.H.; Pedlow, R.I.; Stokes, M.A. Effects of noise on speech production: Acoustic and
perceptual analyses. J. Acoust. Soc. Am. 1988, 84, 917–928. [CrossRef]

6. Wilson, R.H.; McArdle, R. Speech signals used to evaluate functional status of the auditory system. J. Rehabil. Res. Dev. 2005, 42,
79–94. [CrossRef] [PubMed]

7. Killion, M.C.; Niquette, P.A. What can the pure-tone audiogram tell us about a patient’s SNR loss? Hear. J. 2000, 53, 46–48.
[CrossRef]

8. Vermiglio, A.J.; Soli, S.D.; Freed, D.J.; Fisher, L.M. The relationship between high-frequency pure-tone hearing loss, hearing in
noise test (HINT) thresholds, and the articulation index. J. Am. Acad. Audiol. 2012, 23, 779–788. [CrossRef]

9. Akeroyd, M.A. Are individual differences in speech reception related to individual differences in cognitive ability? A survey of
twenty experimental studies with normal and hearing-impaired adults. Int. J. Audiol. 2008, 47 (Suppl. S2), 53. [CrossRef]

10. Killion, M.C. The SIN report: Circuits haven’t solved the hearing-in-noise problem. Hear. J. 1997, 50, 28–34. [CrossRef]
11. Walden, T.C.; Walden, B.E. Predicting success with hearing aids in everyday living. J. Am. Acad. Audiol. 2004, 15, 342–352.

[CrossRef]
12. Wilson Richard, H.; McArdle Rachel, A.; Smith Sherri, L. An Evaluation of the BKB-SIN, HINT, QuickSIN, and WIN Materials

on Listeners with Normal Hearing and Listeners with Hearing Loss. J. Speech Lang. Hear. Res. 2007, 50, 844–856. [CrossRef]
[PubMed]

13. Carhart, R.; Tillman, T.W. Interaction of Competing Speech Signals with Hearing Losses. Arch. Otolaryngol. 1970, 91, 273–279.
[CrossRef] [PubMed]

14. Lombard, E. Le signe de l’elevation de la voix. Ann. des Mal. de l’Oreille et du Larynx 1911, 37, 101–109.
15. Lu, Y.; Cooke, M. Speech production modifications produced by competing talkers, babble, and stationary noise. J. Acoust. Soc.

Am. 2008, 124, 3261–3275. [CrossRef]
16. Junqua, J. The Lombard reflex and its role on human listeners and automatic speech recognizers. J. Acoust. Soc. Am. 1993, 93,

510–524. [CrossRef]
17. Patel, R.; Schell Kevin, W. The Influence of Linguistic Content on the Lombard Effect. J. Speech Lang. Hear. Res. 2008, 51, 209–220.

[CrossRef]
18. Pittman Andrea, L.; Wiley Terry, L. Recognition of Speech Produced in Noise. J. Speech Lang. Hear. Res. 2001, 44, 487–496.

[CrossRef]
19. Šimko, J.; Beňuš, Š.; Vainio, M. Hyperarticulation in Lombard speech: Global coordination of the jaw, lips and the tongue. J.

Acoust. Soc. Am. 2016, 139, 151–162. [CrossRef]
20. Stanton, B.J.; Jamieson, L.H.; Allen, G.D. Acoustic-phonetic analysis of loud and Lombard speech in simulated cockpit conditions.

In Proceedings of the ICASSP-88., International Conference on Acoustics, Speech, and Signal Processing, New York, NY, USA,
11–14 April 1988; Volume 1, pp. 331–334. [CrossRef]

21. Summers, W.V.; Johnson, K.; Pisoni, D.B.; Bernacki, R.H. An addendum to “Effects of noise on speech production: Acoustic and
perceptual analyses” [J. Acoust. Soc. Am. 84, 917–928 (1988)]. J. Acoust. Soc. Am. 1989, 86, 1717–1721. [CrossRef]

22. Castellanos, A.; Benedí, J.; Casacuberta, F. An analysis of general acoustic-phonetic features for Spanish speech produced with
the Lombard effect. Speech Commun. 1996, 20, 23–35. [CrossRef]

23. Bosker, H.R.; Cooke, M. Enhanced amplitude modulations contribute to the Lombard intelligibility benefit: Evidence from the
Nijmegen Corpus of Lombard Speech. J. Acoust. Soc. Am. 2020, 147, 721–730. [CrossRef] [PubMed]

24. Cardemil, F.; Aguayo, L.; Fuente, A. Programas de rehabilitación auditiva en adultos mayores, ¿qué sabemos de su efectividad?
Acta Otorrinolaringol. Esp. 2014, 65, 249–257. [CrossRef] [PubMed]

25. Cardemil, M.F.; Aguayo, G.L.; Fuentes, L.E.; Muñoz, S.D.; Barría, E.T.; Fuente, C.A.; Rahal, E.M.; Yueh, B.; Rojas, C.G. Adherencia
al uso de audífonos en adultos mayores con hipoacusia: Un ensayo clínico aleatorizado para evaluar un programa de rehabilitación
auditiva. Rev. Otorrinolaringol. Cir. Cabeza Cuello. 2021, 81, 20–26. [CrossRef]

26. Kim, T.S.; Chung, J.W. Evaluation of age-related hearing loss. Korean J. Audiol. 2013, 17, 50–53. [CrossRef]
27. Stropahl, M.; Besser, J.; Launer, S. Auditory Training Supports Auditory Rehabilitation: A State-of-the-Art Review. Ear Hear. 2020,

41, 697–704. [CrossRef] [PubMed]
28. Zendel, B.R.; West, G.L.; Belleville, S.; Peretz, I. Musical training improves the ability to understand speech-in-noise in older

adults. Neurobiol. Aging. 2019, 81, 102–115. [CrossRef]
29. Shi, L.F.; Doherty, K.A.; Kordas, T.M.; Pellegrino, J.T. Short-term and long-term hearing aid benefit and user satisfaction: A

comparison between two fitting protocols. J. Am. Acad. Audiol. 2007, 18, 482–495. [CrossRef]
30. Büchner, A.; Schwebs, M.; Lenarz, T. Speech understanding and listening effort in cochlear implant users—Microphone beam-

formers lead to significant improvements in noisy environments. Cochlear Implant. Int. 2020, 21, 1–8. [CrossRef]
31. Chen, J.; Wang, Z.; Dong, R.; Fu, X.; Wang, Y.; Wang, S. Effects of Wireless Remote Microphone on Speech Recognition in Noise

for Hearing Aid Users in China. Front. Neurosci. 2021, 15, 1–9. [CrossRef] [PubMed]

http://doi.org/10.1016/j.specom.2009.07.002
http://doi.org/10.1121/1.4807645
http://www.ncbi.nlm.nih.gov/pubmed/23862838
http://doi.org/10.1121/1.396660
http://doi.org/10.1682/JRRD.2005.06.0096
http://www.ncbi.nlm.nih.gov/pubmed/16470466
http://doi.org/10.1097/00025572-200003000-00006
http://doi.org/10.3766/jaaa.23.10.4
http://doi.org/10.1080/14992020802301142
http://doi.org/10.1097/00025572-199710000-00002
http://doi.org/10.3766/jaaa.15.5.2
http://doi.org/10.1044/1092-4388(2007/059)
http://www.ncbi.nlm.nih.gov/pubmed/17675590
http://doi.org/10.1001/archotol.1970.00770040379010
http://www.ncbi.nlm.nih.gov/pubmed/5414080
http://doi.org/10.1121/1.2990705
http://doi.org/10.1121/1.405631
http://doi.org/10.1044/1092-4388(2008/016)
http://doi.org/10.1044/1092-4388(2001/038)
http://doi.org/10.1121/1.4939495
http://doi.org/10.1109/ICASSP.1988.196583
http://doi.org/10.1121/1.398602
http://doi.org/10.1016/S0167-6393(96)00042-8
http://doi.org/10.1121/10.0000646
http://www.ncbi.nlm.nih.gov/pubmed/32113258
http://doi.org/10.1016/j.otorri.2013.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24602838
http://doi.org/10.4067/S0718-48162021000100020
http://doi.org/10.7874/kja.2013.17.2.50
http://doi.org/10.1097/AUD.0000000000000806
http://www.ncbi.nlm.nih.gov/pubmed/31613823
http://doi.org/10.1016/j.neurobiolaging.2019.05.015
http://doi.org/10.3766/jaaa.18.6.3
http://doi.org/10.1080/14670100.2019.1661567
http://doi.org/10.3389/fnins.2021.643205
http://www.ncbi.nlm.nih.gov/pubmed/33912004


Audiol. Res. 2023, 13 47

32. Kalikow, D.N.; Stevens, K.N.; Elliott, L.L. Development of a test of speech intelligibility in noise using sentence materials with
controlled word predictability. J. Acoust. Soc. Am. 1977, 61, 1337–1351. [CrossRef]

33. Hagerman, B. Sentences for testing speech intelligibility in noise. Scand. Audiol. 1982, 11, 79–87. [CrossRef] [PubMed]
34. Smits, C.; Kapteyn, T.S.; Houtgast, T. Development and validation of an automatic speech-in-noise screening test by telephone.

Int. J. Audiol. 2004, 43, 15–28. [CrossRef] [PubMed]
35. Nilsson, M.; Soli, S.D.; Sullivan, J.A. Development of the Hearing in Noise Test for the measurement of speech reception thresholds

in quiet and in noise. J. Acoust. Soc. Am. 1994, 95, 1085–1099. [CrossRef]
36. Wilson, R.H.; Abrams, H.B.; Pillion, A.L. A word-recognition task in multitalker babble using a descending presentation mode

from 24 dB to 0 dB signal to babble. J. Rehabil. Res. Dev. 2003, 40, 321–327. [CrossRef]
37. Killion, M.C.; Niquette, P.A.; Gudmundsen, G.I.; Revit, L.J.; Benerjee, S. Development of a quick speech-in-noise test for measuring

signal-to-noise ratio loss in normal-hearing and hearing-impaired listeners. J. Acoust. Soc. Am. 2004, 116, 2395–2405. [CrossRef]
38. Etymotic Research. Bamford-Kowal-Bench Speech-in-Noise Test (Version 1.03) [Audio CD]; Etymotic Research: Elk Grove Village, IL,

USA, 2005.
39. Duncan, K.; Aarts, N. A comparison of the HINT and Quick SIN tests. J. Speech Lang. Pathol. Audiol. 2006, 30, 86–94.
40. Sultan, O.; Elmahallawi, T.; Kolkaila, E.; Lasheen, R. Comparison between Quick Speech in Noise Test (QuickSIN test) and

Hearing in Noise Test (HINT) in Adults with Sensorineural Hearing Loss. Egypt. J. Ear Nose Throat Allied Sci. 2020, 21, 176–185.
[CrossRef]

41. Cox, R.M.; Alexander, G.C. The abbreviated profile of hearing aid benefit. Ear Hear. 1995, 16, 176–186. [CrossRef]
42. Davidson, A.; Marrone, N.; Wong, B.; Musiek, F. Predicting Hearing Aid Satisfaction in Adults: A Systematic Review of

Speech-in-noise Tests and Other Behavioral Measures. Ear Hear. 2021, 42, 1485–1498. [CrossRef]
43. Spahr, A.J.; Dorman, M.F.; Litvak, L.M.; Van Wie, S.; Gifford, R.H.; Loizou, P.C.; Loiselle, L.M.; Oakes, T.; Cook, S. Development

and validation of the AzBio sentence lists. Ear Hear. 2012, 33, 112–117. [CrossRef]
44. Amiri, M.; Jarollahi, F.; Jalaie, S.; Sameni, S.J. A New Speech-in-Noise Test for Measuring Informational Masking in Speech

Perception Among Elderly Listeners. Cureus 2020, 12, e7356. [CrossRef]
45. Leclercq, F.; Renard, C.; Vincent, C. Speech audiometry in noise: Development of the French-language VRB (vocale rapide dans le

bruit) test. Eur. Ann. Otorhinolaryngol. Head. Neck. Dis. 2018, 135, 315–319. [CrossRef]
46. Ooster, J.; Krueger, M.; Bach, J.; Wagener, K.C.; Kollmeier, B.; Meyer, B.T. Speech Audiometry at Home: Automated Listening

Tests via Smart Speakers with Normal-Hearing and Hearing-Impaired Listeners. Trends Hear. 2020, 24, 1–13. [CrossRef] [PubMed]
47. Sheikh Rashid, M.; Dreschler, W.A. Accuracy of an internet-based speech-in-noise hearing screening test for high-frequency

hearing loss: Incorporating automatic conditional rescreening. Int. Arch. Occup. Environ. Health 2018, 91, 877–885. [CrossRef]
[PubMed]

48. Cárdenas, M.R.; Marrero, V. Cuaderno de Logoaudiometría; Universidad Nacional de Educación a Distancia—UNED: Madrid, Spain, 1994.
49. Cox, R.M.; Alexander, G.C.; Gilmore, C. Development of the Connected Speech Test (CST). Ear Hear. 1987, 8, 119S–126S. [CrossRef]
50. Villchur, E. Signal processing to improve speech intelligibility in perceptive deafness. J. Acoust. Soc. Am. 1973, 53, 1646–1657.

[CrossRef]
51. Pérez-González, P.; Gorospe, J.M.; Lopez-Poveda, E.A. A Castilian Spanish digit triplet identification test for assessing speech

intelligibility in quiet and in noise*. Rev. de Acúst. 2013, 44, 13–24.
52. Hochmuth, S.; Brand, T.; Zokoll, M.A.; Castro, F.Z.; Wardenga, N.; Kollmeier, B. A Spanish matrix sentence test for assessing

speech reception thresholds in noise. Int. J. Audiol. 2012, 51, 536–544. [CrossRef] [PubMed]
53. Huarte, A. The Castilian Spanish Hearing in Noise Test. Int. J. Audiol. 2008, 47, 369–370. [CrossRef]
54. Cervera, T.; González-Alvarez, J. Test of Spanish sentences to measure speech intelligibility in noise conditions. Behav. Res.

Methods 2011, 43, 459–467. [CrossRef]
55. Cervera, T. Elaboración de una versión reducida de las listas de frases en español (vr-LFE) para evaluar la percepción del habla

con ruido. Rev. de Logop. Foniatr. y Audiol. 2014, 34, 32–39. [CrossRef]
56. Aubanel, V.; Garcia Lecumberri, M.; Cooke, M. The Sharvard Corpus: A phonemically-balanced Spanish sentence resource for

audiology. Int. J. Audiol. 2014, 53, 1–6. [CrossRef] [PubMed]
57. Marrero-Aguiar, V. La percepción del habla en ruido: Un reto para la lingüística y para la evaluación audiológica (estudio

experimental). Rev. Esp. Linguist. Apl. 2015, 45, 129–151. [CrossRef]
58. Cantos, P.; Sánchez, A. English and Spanish from a distributional and quantitative perspective: Equivalences and contrasts. Estud.

Ingl. De La Univ. Complut. 2011, 19, 15–44. [CrossRef]
59. Real Academia Española: Banco de datos, (CORPES XXI) Corpus del Español del Siglo XXI. Available online: https://apps2.rae.

es/CORPES/view/inicioExterno.view;jsessionid=FB1727346FCE7759AF07F8A76AE8BDCB (accessed on 7 September 2020).
60. Moreno Sandoval, A.; Toledano, D.T.; Curto, N.; Torre, R.d.l. Inventario de frecuencias fonémicas y silábicas del castellano

espontáneo y escrito. In Proceedings of the IV Jornadas en tecnología del habla, Universidad de Zaragoza, Zaragoza, Spain, 8–10
November 2006; Buera, L., Lleida, E., Miguel, A. y Ortega A., Eds.; Universidad de Zaragoza: Zaragoza, Spain, 2006; pp. 77–81.

61. Véliz, M.; Riffo, B.; Vásquez, A. Recuerdo inmediato de oraciones de sintaxis compleja en adultos jóvenes y mayores. Estud. Filol.
2009, 44, 243–258. [CrossRef]

62. Humes, L.E. Examining the validity of the World Health Organization’s long-standing hearing-impairment grading system for
unaided communication in age-related hearing loss. Am. J. Audiol. 2019, 28, 810–818. [CrossRef]

http://doi.org/10.1121/1.381436
http://doi.org/10.3109/01050398209076203
http://www.ncbi.nlm.nih.gov/pubmed/7178810
http://doi.org/10.1080/14992020400050004
http://www.ncbi.nlm.nih.gov/pubmed/14974624
http://doi.org/10.1121/1.408469
http://doi.org/10.1682/JRRD.2003.07.0321
http://doi.org/10.1121/1.1784440
http://doi.org/10.21608/ejentas.2020.28080.1195
http://doi.org/10.1097/00003446-199504000-00005
http://doi.org/10.1097/AUD.0000000000001051
http://doi.org/10.1097/AUD.0b013e31822c2549
http://doi.org/10.7759/cureus.7356
http://doi.org/10.1016/j.anorl.2018.07.002
http://doi.org/10.1177/2331216520970011
http://www.ncbi.nlm.nih.gov/pubmed/33272109
http://doi.org/10.1007/s00420-018-1332-5
http://www.ncbi.nlm.nih.gov/pubmed/29959525
http://doi.org/10.1097/00003446-198710001-00010
http://doi.org/10.1121/1.1913514
http://doi.org/10.3109/14992027.2012.670731
http://www.ncbi.nlm.nih.gov/pubmed/22537033
http://doi.org/10.1080/14992020801908269
http://doi.org/10.3758/s13428-011-0063-2
http://doi.org/10.1016/j.rlfa.2013.07.007
http://doi.org/10.3109/14992027.2014.907507
http://www.ncbi.nlm.nih.gov/pubmed/24863133
http://doi.org/10.31810/RSEL.45.1
http://doi.org/10.5209/rev_EIUC.2011.v19.36242
https://apps2.rae.es/CORPES/view/inicioExterno.view;jsessionid=FB1727346FCE7759AF07F8A76AE8BDCB
https://apps2.rae.es/CORPES/view/inicioExterno.view;jsessionid=FB1727346FCE7759AF07F8A76AE8BDCB
http://doi.org/10.4067/S0071-17132009000100015
http://doi.org/10.1044/2018_AJA-HEAL18-18-0155


Audiol. Res. 2023, 13 48

63. Stevens, G.; Flaxman, S.; Brunskill, E.; Mascarenhas, M.; Mathers, C.D.; Finucane, M. Global and regional hearing impairment
prevalence: An analysis of 42 studies in 29 countries. Eur. J. Public Health. 2013, 23, 146–152. [CrossRef]

64. Akeroyd, M.A.; Arlinger, S.; Bentler, R.A.; Boothroyd, A.; Dillier, N.; Dreschler, W.A.; Gagné, J.P.; Lutman, M.; Wouters, J.;
Wong, L.; et al. International Collegium of Rehabilitative Audiology Working Group on Multilingual Speech Tests International
Collegium of Rehabilitative Audiology (ICRA) recommendations for the construction of multilingual speech tests. ICRA Working
Group on Multilingual Speech Tests. Int. J. Audiol. 2015, 54 (Suppl. S2), 17–22. [CrossRef]

65. Casado Morente, J.C.; Adrián Torres, J.A.; Conde Jiménez, M.; Piédrola Maroto, D.; Povedano Rodríguez, V.; Muñoz Gomariz,
E.; Cantillo Baños, E.; Jurado Ramos, A. Estudio objetivo de la voz en población normal y en la disfonía por nódulos y pólipos
vocales. Acta Otorrinolaringol. Esp. 2001, 52, 476–482. [CrossRef]

66. Elisei, N. Análisis acústico de la voz normal y patológica utilizando dos sistemas diferentes: ANAGRAF y PRAAT. Interdisciplinaria
2012, 29, 271–286. [CrossRef]

67. González, J.; Cervera, T.; Miralles, J. Análisis acústico de la voz: Fiabilidad de un conjunto de parámetros multidimensionales.
Acta Otorrinolaringol. Esp. 2002, 53, 256–268. [CrossRef] [PubMed]

68. Luo, J.; Hage, S.R.; Moss, C.F. The Lombard Effect: From Acoustics to Neural Mechanisms. Trends Neurosci. 2018, 41, 938–949.
[CrossRef] [PubMed]

69. Marrero-Aguiar, V.; Cruz, M.; Igualada, A. Los efectos del ruido sobre la percepción del habla. Aplicaciones audiométricas. In
Panorama de la Fonética Española Actual; Penas Ibáñez, M.A., Nieto Jiménez, L., Eds.; Arco Libros: Madrid, Spain, 2013; pp. 367–378.

70. Holder, J.T.; Levin, L.M.; Gifford, R.H. Speech Recognition in Noise for Adults with Normal Hearing: Age-Normative Performance
for AzBio, BKB-SIN, and QuickSIN. Otol. Neurotol. 2018, 39, e972–e978. [CrossRef] [PubMed]

71. Davidson, A.; Marrone, N.; Souza, P. Hearing Aid Technology Settings and Speech-in-Noise Difficulties. Am. J. Audiol. 2022, 31,
21–23. [CrossRef] [PubMed]

72. Humes, L.E. Factors Underlying Individual Differences in Speech-Recognition Threshold (SRT) in Noise Among Older Adults.
Front. Aging Neurosci. 2021, 13, 1–19. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1093/eurpub/ckr176
http://doi.org/10.3109/14992027.2015.1030513
http://doi.org/10.1016/S0001-6519(01)78239-8
http://doi.org/10.16888/interd.2012.29.2.9
http://doi.org/10.1016/S0001-6519(02)78309-X
http://www.ncbi.nlm.nih.gov/pubmed/12185903
http://doi.org/10.1016/j.tins.2018.07.011
http://www.ncbi.nlm.nih.gov/pubmed/30115413
http://doi.org/10.1097/MAO.0000000000002003
http://www.ncbi.nlm.nih.gov/pubmed/30247429
http://doi.org/10.1044/2021_AJA-21-00176
http://www.ncbi.nlm.nih.gov/pubmed/35133851
http://doi.org/10.3389/fnagi.2021.702739

	Introduction 
	The Lombard Effect 
	Assessment of Signal-to-Noise Loss Using Speech-in-Noise Tests 

	Materials and Methods 
	PHASE 1: Familiarity Test 
	Purpose 
	Participants 
	Instruments 
	Procedure 
	Data Analysis 
	Results 

	PHASE 2: Calculation of Intelligibility and Assessment of the Lombard Effect 
	Purpose 
	Participants 
	Instruments 
	Procedure 
	Data Analysis 
	Results 


	Discussion 
	Conclusions 
	References

