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Speech recognition by the elderly: test proposal
concerning word predictability

Reconhecimento de fala em idosos: proposta de um teste

considerando a previsibilidade da palavra

Lucila Leal Calais’, Aveliny Mantovan Lima-Gregio? Maristela Julio Costa®, Daniela Gil%, Alda Christina Lopes
de Carvalho Borges®

ABSTRACT

Purpose: evaluation of the speech recognition concerning the word
predictability based on a developed test. Methods: It was perfomed a
clinical history, cognitive impairment and depression screening tests
and conventional audiological conventional evaluation. A Speech Re-
cognition Test using high- and low-predictability sentences has been
developed and applied to 36 elderly (G1 and G3 - groups with normal
hearing thresholds of up to 4 kHz, and G2 and G4 - groups with mild-
-to-moderate sensorineural hearing loss). Two groups underwent the
tests in the silence and in the noise (signal/noise ratio of +5 dB) and the
other two groups only in the noise (ratio ranging from +5 dB to 0 dB).
Results: In general, Speech recognition test showed a higher score in the
high predictability sentences and better performance for groups without
hearing loss. In the silence, elderly with and without hearing loss have
also obtained high scores and the lowest scores were achieved in situa-
tions with most intense noise. The benefit of predictability was positive
for groups 1, 2 and 3. Group 4 showed a different behavior towards the
use of predictability (sometimes positive or negative). Conclusion: For
the elderly evaluated and the differences observed in one of the groups,
it was not possible to precisely determine how the elderly benefit from
predictability. The hearing loss and the noise have negatively influenced
the test performance. Further researches in the area are necessary to
confirm the validity of the material produced.

Keywords: Speech perception; Speech discrimination tests; Aging;
Presbycusis; Cognition

RESUMO

Objetivo: Avaliar o reconhecimento de fala, considerando a previsibili-
dade da palavra a partir de um teste elaborado. Métodos: Foi realizada
anamnese, testes de rastreio de comprometimento cognitivo e depressao
e avaliacdo audioldgica convencional. Foi desenvolvido um Teste de
Reconhecimento de Fala utilizando Frases de Previsibilidade Alta e
Baixa e aplicado a 36 idosos (G1 e G3 - grupos sem perda auditiva até
4 kHz e G2 e G4 - grupos com perda auditiva neurossensorial de grau
leve a moderado). Dois grupos realizaram o teste no siléncio e com
ruido (relacdo sinal/ruido +5 dB) e os outros dois grupos somente com
ruido (relagdes +5 dB e 0 dB). Resultados: O teste de reconhecimento
de fala revelou, de modo geral, maior pontuagdo nas frases de previsibi-
lidade alta e melhores desempenhos para os grupos sem perda auditiva.
No siléncio, os idosos sem e com perda auditiva obtiveram pontuagao
méxima igual e as menores pontuacdes ocorreram na condicao de ruido
mais intenso. O beneficio da previsibilidade foi positivo para os grupos
1,2 e 3. O grupo 4 apresentou comportamento variado quanto ao uso da
previsibilidade (ora positivo, ora negativo). Conclusao: Com a popula-
¢do de idosos avaliados e as diferengas observadas em um dos grupos
considerados, ndo foi possivel compreender, com exatidao, como os
idosos se beneficiam do apoio da previsibilidade. A perda auditiva e a
presenca do ruido influenciaram negativamente o desempenho no teste.
Faz-se necessdria a continuidade desta linha de pesquisa para determinar
a validade do material elaborado.

Descritores: Percepgdo de fala; Testes de discriminag@o da fala; Enve-
lhecimento; Presbiacusia; Cogni¢ao
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INTRODUCTION

The aging process naturally deteriorate several body func-
tions like motor skills, visual and auditory acuity, and cogni-
tion itself. The functions usually deteriorate at the same time,
affecting the individuals’ quality of life™™.

Although many adults continue to have good hearing
at older ages, some level of hearing loss related to aging is
common. In addition to peripheral hearing loss, aging can also
affect the central auditory process, reducing the efficiency
of auditory temporal and spectral resolution, as the sounds
are processed. Even a mild peripheral or central hearing loss
can affect the success of understanding and of information
storage®.

Regarding the cognition, aging usually deteriorates it and
the slower processing of information may cause a lack of un-
derstanding of the message spoken in high speed, or in a not
clear manner®.

Studies focused on the cognitive or on the hearing aspect are
vast in the literature but those considering both aspects together
are limited. To research the dynamics of this interaction, it is
a good option to better understand the aging process and its
impact on communication®®.

In 1977, a group of researchers® pioneered, when they
investigated hearing and cognition together. They developed a
test called Speech Perception in Noise (SPIN), which required
the individual to have access to both acoustic phonemic com-
ponents, and situational language. The test used a sentence
material with controled word predictability (final), presented
under different levels of background noise. In high-predictabi-
lity sentences, the keyword can be somehow predicted by the
context, because there are words semantically connected to
the keyword in the sentence. In contrast, in low-predictability
sentences, the keyword cannot be predicted by the context,
because no other word in the sentence is connected to the
keyword by meaning.

The SPIN test has been widely used, and different results
have been reported based on the age, the presence or absence
of hearing loss, and the effect of the benefit of the context for
predicting the keyword predictability®67-8910.1112.13.14.15.16)

In the national literature, there are speech recognition tests
developed by sentences"”'®, but none of them used the benefit
of the context to predict the keyword.

Given the above, this study aimed to evaluate the speech
recognition, concerning the word predictability based on a
developed test, applied to elder patients with and without
peripheral hearing loss.

METHODS
This study"” has been approved by the Ethics Committee

of the Universidade Federal de Sdo Paulo (UNIFESP), under
the number 0948/09. All participants signed a consent form.
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Material production

For developing the Speech Recognition Test, a survey
on the words has been conducted, carried out by the project
Current Portuguese Sound Analysis (ASPA)@?. This project
selected certain characteristics of words with high occurrence
in Portuguese. Among them, noun, disyllabic and paroxetine
words have been chosen (more than 50 occurrences per one
million). Another option considered was to select specific
words, but this was not available to the project. Thus, it was
necessary to use a test to determine this characteristic.

A test of concrete words®" was used and the words included
in high-concreteness categories were selected. Then, a semantic
association test!”, has been used, in order to identify words
semantically connected to all keywords, later used to formulate
the sentences.

In order to produce the most homogeneous material as
possible, the following criteria for formulating sentences
have been established: they were supposed to be declarative,
affirmative, structured in a single period, containing the basic
elements (subject, verb and predicate) and with controlled
extension (11 to 14 syllables). The sentences should also be
easy to understand, in a daily/ common language.

Regarding the position of the selected words, they had to
be placed at the end of the sentence, being called keywords.
High-predictability sentences have been formulated, for having
one or two words semantically connected to the keyword in
each of them. In low-predictability sentences, there was no
other word semantically connected to the keyword.

At the following stage, a test of word predictability was
applied to formulate sentences. Based on the Kalikow et al.
(1977)@, it was possible to define the reference range for
low-predictability sentences (from 10% to 40% of consistent
responses) and for high-predictability sentences (from 60%
to 90% of consistent responses). Thus, they have avoided
using sentences that were excessively predictable (over 90%),
not enough predictable (up to 10% of consistency among the
participants) and average predictable (from 40 to 60%), which
were not enough different from the high- and low-predictability
levels.

For the first version, the predictability test was applied to 30
college volunteers from 18 to 24 years. The number of possible
sentences was not enough for compiling the final lists. Thus,
new sentences were formulated using only the keywords that
have not formed low- and/or high-predictability sentences. Two
new versions of the test have been applied to 30 participants
for each test. Participants were university students, from 20 to
45 years old. All volunteers were asked to file the last word of
each sentence with the first word that came to their mind, and
were required to write a single word.

In order to compile the final lists, the keywords were or-
ganized according to the consonant sounds and maintaining
a phonetic balancing, so that, for each pair of list (1 and 2, 3

Audiol Commun Res. 2016;21:¢1605
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and 4), the keywords achieved the best balance of the Brazilian
Portuguese sounds as possible, in addition to the place where
the phonemic sound occurred.

Finally, four lists (Appendices 1, 2, 3 and 4) were com-
piled, as List 1 (L1), List 2 (L2), List 3 (L3) and List 4 (L4),
with 20 sentences each. They were divided into a group of ten
high-predictability sentences (HP) and ten low-predictability
(LP), so that the keyword appeared only once in each list. A
training list (Appendix 5) was also made, with ten high- and
low- predictability sentences.

The Speech Recognition Test was recorded in a professional
studio, narrated by a radio host. Each list has been recorded on
a separate track, and the whole test lasted 12°26”. In addition to
the test tracks, a pure tone of 1 kHz (a track lasting 12 seconds)
was also recorded to be presented as a calibration tone.

In addition to the lists, a background noise—previously
created by another study®?,—was used, extracted from the
original CD with test Lists of Portuguese Sentences®, with
the author’s permission. The noise was tuned to a different
channel from the one of the Speech Recognition Test. Thus,
the lists could be presented in the silence and in the noise under
a monotic stimuli.

Application of the Speech Recognition test

Casuistry

Men and women over 60, considered elderly for develo-
ping countries by the World Health Organization, were par-
ticipants in the study. The elderly were selected according to
the following criteria: to have studied for at least eight years;
have normal hearing thresholds of up to 20 dB at 500 Hz to
4 kHz, or have symmetrical sensorineural hearing loss and at
the highest moderate level®”; tympanograms not indicating
middle ear disorders; no apparent neurological disorder; no
history of head injury; no cognitive impairment and no severe
depression or dysthymia.

The elderly were evaluated at the Audiology Clinic of
the Department of Speech Pathology and Audiology, from
UNIFESP, and they had been sent by the Gerontology sector
and by the University of the Third Age, from the same university
and by the audiological evaluation at the clinic.

Initially, participants were divided into two groups (G1—
without hearing loss and G2—with hearing loss), and the test
lists were presented in the silence situation and based on the
signal/ noise (S/N) ratio of + 5dB, for comparing performances
in both situations afterwards.

However, after evaluating the patients, it was observed that
all participants in groups 1 and 2 showed 100% accuracy in the
silence, revealing that this hearing situation could not detect
speech difficulties and did not differentiate the elderly with and
without hearing loss. Thus, it was concluded that this way of
presenting the speech material would not be useful to evaluate
the speech recognition with the developed tests.

Audiol Commun Res. 2016;21:¢1605

It was also observed that the in the situation of S/N ratio
+5 dB, the differences between groups 1 and 2 were subtle. It
was inferred that in a noisier situation, differences in perfor-
mances could be larger and could more clearly demonstrate
the influence of hearing loss in aging. Furthermore, as the
study aimed to analyze different performance at two different
levels of difficulty, it has been proposed to use the test at two
different S/N ratios. As the number of test lists was limited (a
total of four) and repeating the lists in a new hearing situation
could produce biased results (of learning), it was not possible
to evaluate these two groups (Gl and G2) at two different
levels of difficulty.

Thus, it was decided to form two groups, also with elderly
people without hearing loss (G3) and with hearing loss (G4),
and in these cases, the lists would be presented only in the noise
situation at a S/N ratio of +5 dB and 0 dB.

Participants totaled 22 women (nine in G1, seven in G2, five
in G3 and one in G4) and 14 men (one in G1, three in G2 and
three in G3 and seven in G4). The average age of participants
was 65.8 years at G1, 71.8 at G2, 65.1 at G3 and 71.1 at G4,
with no significant difference (p=0.159).

For tonal thresholds, the 0.5 to 4 kHz average for the groups
was as follows: G1=7.75 dB; G2=32.75 dB; G3=10.26 dB and
G4=43.01 dB.

Procedures

Initially, the participants were submitted to a mild cognitive
impairment test, using the Mini-Mental State Examination
(MMSE) and with the cut-off value of >26.5 for participants
having studied from five to eight years, > 28 for those having
studied from nine to 11 years, and >29 for individuals who have
studied for more than 11 years®. They were also submitted to
15-item Geriatrics Depression Scale (GDS-15), with a cut-off
value of 5/6@9.

The elderly who achieved values within the cutoffs of the
afore mentioned medical tests were also submitted to anamne-
sis, pure tone audiometry, vocal audiometry®”?® and acoustic
impedance was measured.

After that, the elderly were assessed by the developed
test, called Speech Recognition Test using High- and Low-
Predictability Sentences in the Silence (RTHLPSS) and in the
Noise (RTHLPSN). Each participant was instructed to repeat
the last word of each sentence heard in earphones, both in the
silence situation, and with an ipsilateral background noise.
First, a training list with ten sentences was presented to them
only in the silence situation. The stimuli were given at 40 dB
above the average frequencies of 500, 1,000 and 2,000 Hz, or
in the comfortable intensity reported by the patients. After that,
20 sentences (L1) were presented to one ear and then another
list of 20 sentences (L2) to the other ear. Then, two more lists
(L3 and L4) were presented, and again one list for each ear.

For situations in which the four lists were presented to
groups 1 and 2, L1 and L2 were presented in the silence and
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L3 and L4 with the ipsilateral noise, at the signal/noise ratio
of +5 dB. For Groups 3 and 4, L1 and L2 were presented with
the ipsilateral noise at the signal/noise ratio of +5 dB and L3
and L4 with the ipsilateral background noise at the signal/noise
ratio of 0 dB. The results were produced based on the total
percentage of words correctly repeated after each presentation.
In the statistical analysis, the Wilcoxon and Mann-Whitney
tests, both used in the study, were non-parametric. In the des-
criptive data analysis, a 95% confidence interval was selected
and the significance level used in this study was 0.05 (5%).

RESULTS

A total of 36 respondents were divided into the groups,
G1 and G2 had 10 participants each, and G3 and G4, eight
participants each. The elderly in group 1 and 3 had normal
audiometric thresholds of up to 4 kHz and the elderly in groups
2 and 4 had mild-to-moderate sensorineural hearing loss. Each
group analysis were carried out based on the results achieved
by the participants’ right and left ear, totaling thus 20 ears in
groups 1 and 2, and 16 ears in groups 3 and 4.

Calais LL, Lima-Gregio AM, Costa MJ, Gil D, Borges ACLC

Based on speech audiometry tests results and through
Mann-Whitney statistical test, a difference between groups 1
and 2 and between groups 3 and 4 has been noticed between
the values of Speech Recognition Threshold (SRT) for the
Speech Detection Threshold (SDT), and the Test using High-
and Low-Predictability Sentences in the Noise (RTHLPSR)
at a signal/noise ratio of +5 dB and 0 dB, to which groups
1 and 2 have given better performances and groups 3 and
4, worse performances. Only for the Test using High- and
Low-Predictability Sentences in the Silence (RTHLPSS), no
difference has been reported, with participants scoring a 100%
in word recognition in groups 1 and 2. Since in the silence
situation, there was also no difference between groups 1 and
2, the comparison analysis of the performance between these
two groups was carried out based only on data in the noise
situation at + 5dB.

Comparison results of medium values (%) of correct
answers for words in high-predictability sentences (HP) and
low-predictability (LP) of the RTHLPSR, at a signal/noise ratio
of +5 dB, for groups 1 and 2 and of a signal/noise ratio of + 5
dB and 0 dB for groups 3 and 4 are shown in Table 1.

Table 1. Comparison for the performance in identifying the word in high- and low-predictability sentences at the signal/noise ratio of +5 dB, in groups

1 and 2, and at the signal/ noise ratio of +5 dB and 0 dB, in groups 3 and 4

List and signal/ Level of
Grou Mean (% Median (% SD (% n -value
noise ratio predictability . (%) (%) (%) P
G1 97 100 6.7 10
HP 0.085#
G2 91 90 8.8 10
L3 S/N +5 dB
G1 95 100 71 10
LP 0.042¢
G2 89 90 5.7 10
G1 100 100 0 10
HP 1.000
G2 100 100 0 10
L4 S/N +5 dB
G1 99 100 3.2 10
LP 0.234
G2 95 100 8.5 10
G3 100 100 0 8
HP 0.001*
G4 77.5 80 14.9 8
L1 S/N +5 dB
G3 100 100 0 8
LP <0.001*
G4 66.3 70 15.1 8
G3 98.8 100 3.5 8
HP 0.008*
G4 68.8 70 25.9 8
L2 S/N +5 dB
G3 96.3 100 5.2 8
LP 0.031*
G4 81.3 80 14.6 8
G3 70 60 21.4 8
HP 0.005*
G4 30 30 19.3 8
L3 S/N 0 dB
G3 58.8 60 12.5 8
LP 0.038*
G4 37.5 35 26.6 8
G3 90 90 7.6 8
HP 0.008*
G4 46.3 45 29.2 8
L4 S/N 0 dB
G3 81.3 80 9.9 8
LP 0.009*
G4 41.3 30 27 8

*Significant values (p<0.05) — Mann-Whitney Test
#Value that tend to be significant

Subtitle: SD = standard deviation; L1 = list 1; L2 = list 2; L3 = list 3; L4 = list 4; G1 and G3 = groups with normal hearing thresholds of up to 4 kHz; G2 and G4 = groups
with mild-to-moderate sensorineural hearing loss; S/N = signal/noise ratio; dB = decibel; HP = high predictability; LP = low predictability

419

Audiol Commun Res. 2016;21:¢1605



Speech recognition and predictability

Table 2. Comparison for the performance in identifying the keyword in high- and low-predictability sentences for groups 1 and 2, at the signal/noise
ratio of +5 dB, and for groups 3 and 4 at the signal/ noise ratio of +5 dB and 0 dB

Level of

List and signal/noise ratio Grou Mean (% Median (% SD (% n -value
: . predictability %) (%) (%) &
HP 97 100 6.7 10
G1 0.157
LP 95 100 71 10
L3 S/N +5 dB
HP 91 90 8.8 10
G2 0.527
LP 89 90 5.7 10
HP 100 100 0 10
G1 0.317
LP 99 100 3.2 10
L4 S/N +5 dB
HP 100 100 0 10
G2 0.102
LP 95 100 8.5 10
HP 100 100 0 8
G3 1.000
LP 100 100 0 8
L1 S/N +5 dB
HP 77.5 80 14.9 8
G4 0.238
LP 66.3 70 15.1 8
HP 98.8 100 &3 8
G3 0.317
LP 96.3 100 5.2 8
L2 S/N +5 dB
HP 68.8 70 25.9 8
G4 0.039*
LP 81.3 80 14.6 8
HP 70 60 214 8
G3 0.056#
LP 58.8 60 12.5 8
L3 S/N 0 dB
HP 30 30 19.3 8
G4 0.221
LP BI85 35 26.6 8
HP 90 90 7.6 8
G3 0.034*
LP 81.3 80 9.9 8
L4 S/N 0 dB
HP 46.3 45 29.2 8
G4 0.389
LP 41.3 30 27 8

*Significant values (p<0.05) — Wilcoxon Test
#Value that tend to be significant

Subtitle: SD = standard deviation; L1 = list 1; L2 = list 2; L3 = list 3; L4 = list 4; G1 and G3 = groups with normal hearing thresholds of up to 4 kHz; G2 and G4 = groups
with mild-to-moderate sensorineural hearing loss; S/N = signal/noise ratio; dB = decibel; HP = high predictability; LP = low predictability

Comparisons between correct answers for keywords in
high- (HP) and low-predictability (LP) sentences given to the
Speech Recognition Test using High- and Low-Predictability
Sentences in the Noise (TRFFPABR). Each list has used the
S/N ratio of +5 dB in groups 1 and 2 and a S/N ratio of +5 dB
and 0 dB in groups 3 and 4, as presented in Table 2.

The descriptive measures of the benefit of predictability
(HP-LP) for groups 1 and 2, and for groups 3 and 4 are in
Tables 3 and 4.

DISCUSSION

A joint and dynamic motor and cognitive function evalua-
tion is an important tool for understanding better performance
in speech recognition and has been considered necessary by
some authors®?. Its importance it is recognized as the best gui-
dance for the rehabilitation process, from the broader diagnosis
involving auditory and cognitive skills.

Among the speech recognition tests, the English-language

Audiol Commun Res. 2016;21:¢1605

Table 3. Comparison for benefit of predictability between groups 1 and
2 for lists 3 and 4

Benefit of predictability List 3 List 4

(HP-LP) G1 G2 G1 G2
Mean (%) 2 2 1 5
Median (%) 0 0 0 0
Standard deviation (%) 4.2 10.3 3.2 8.5
n 10 10 10 10
p-value 0.933 0.234

Mann-Whitney Test (p<0.05)

Subtitle: HP = high predictability; LP = low predictability; G1 = group with normal
hearing thresholds of up to 4 kHz; G2 = group with mild-to-moderate sensorineural
hearing loss

test called SPIN®, was a pioneer. For the test developed in
Portuguese (RTHLPS), information on situational language
has also been used, as well as only information on phonetic
acoustic.

The audiological evaluation and performance in RTHLPS
test were first considered, and the results showed differences
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Tabela 4. Comparagéo do beneficio da previsibilidade entre os grupos 3 e 4, para as listas 1,2, 3 e 4

Benefit of predictability List 1 List 2 List 3 List 4
(HP-LP) G3 G4 G3 G4 G3 G4 G3 G4
Mean (%) 0 11.3 25 -12.5 11.3 -7.5 8.8 5]
Median (%) 0 20 0 -10 15 0 10 10
Standard deviation (%) 0 20.3 71 14.9 13.6 17.5 9.9 18.5
n 8 8 8 8 8 8 8 8
p-value 0.052# 0.017* 0.041* 0.912

*Significant values (p<0.05) — Mann-Whitney Test
#Value that tend to be significant

Subtitle: HP = high predictability; LP = low predictability; G3 = group with normal hearing thresholds of up to 4 kHz; G4 = group with mild-to-moderate sensorineural

hearing loss

between elderly with normal thresholds of up to 4 kHz and with
mild-to-moderate hearing loss. The test in the silence has not
been useful to differentiate elderly with and without hearing
loss, and have not reflected complaints of speech understanding
reported by the elderly.

Different from data collected by this study, other rese-
archers® had noticed differences between the groups in the
silence situation. In other studies, the elderly without hearing
loss gave better performance in speech recognition of sentences
with and without the benefit of the context.

Different results for speech recognition in the silence could
be justified by different characteristics of the participants,
differences between the languages of the tests compared and
differences between the materials of SPIN and RTHLPS tests.
The English-language test uses monosyllabic keywords, instead
of dissyllables. Therefore, there is a higher level of difficulty
in recognizing the word.

With the background noise, all analyzed measures under-
lined differences between the 4 groups. Better performances
were given by groups with normal thresholds of up to 4 kHz.
These results were already expected.

In studies using the SPIN test in the noise, an overall
better performance has been noticed in the elderly with better
audiometric thresholds, confirming data presented(¢821013.15.16),

Also in the noise situation, there was a negative impact of
more intense noise (S/N ratio of 0 dB), reporting the worst
performance in the test and in correctly identifying keywords
(Tables 1 and 2). The greatest loss of signal/noise ratio had
been previously reported®, revealing that the noise can reduce
the amount of audible information and create difficulties in the
auditory and cognitive processes.

When comparing medium amount of correct answers for the
words in high- and low-predictability sentences (Table 1), data
have also revealed better performances in groups with normal
pure tone thresholds. However, when comparing groups 1 and
2, the difference was significant only in low-predictability sen-
tences from one of the lists. For groups 3 and 4, the differences
were significant in all comparisons. This more clear evidence of
performance differences may have been produced by a higher
average (approximately 10 dB) of pure tone thresholds of group

619

4, compared with group 2, which has clearly differentiated the
group without hearing loss.

Other researches using the SPIN test have also showed the
deleterious influence from presbycusis in speech recognition
in the noise®®4%10.13.15.10 \which are more evident in sentences
having low contextual redundancy.

When comparing the results for each group of words in
high- and low-predictability sentences and low (Table 2),
it was, in general, possible to notice a higher score in high-
-predictability sentences. However, this score was significant
only in the second list (L.2), at a signal/ noise ratio of +5 dB for
group G4, and at a signal/ noise ratio of 0 dB for group 3. It is
noteworthy that, different from expected, the score was higher
in the low predictability sentences for group 4.

About better results in high-predictability sentences or with
greater benefit of the context, other authors have also reported

This result seems to reveal that despite the lower performance
as aging advances, the linguistic knowledge is preserved in
older age®.

Analyzing only the different behavior of group 4, which
reported higher scores for low-predictability sentences, one
can infer that the low frequencies of pure-tone thresholds have
negatively affected the group when using contextual cues, both
in acoustic recognition of words semantically connected and
of the keywords themselves, as in accessing cognitive abilities
for speech recognition.

There was no significant difference between groups 1
and 2 about the benefit of predictability or context (Tables
3 and 4) and data revealed positive values for the benefit
of predictability. Between groups 3 and 4, the difference
has been noticed in the second and third test list. In both
situations, group 4 showed negative values of the benefit of
predictability, which has been already reported at the results
for low-predictability sentences. For the other lists, the values
were positive, which has led to question whether, in addition
to a possible interference of the greatest hearing loss reported
in this group, which was already discussed, there might be a
difference between the lists on the difficulty level of speech
recognition. It is also worth mentioning that the behavior of
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the groups has not shown consistency in presenting greater
or lesser degree of benefit of predictability.

Among the conducted researches evaluating the extent of
the benefit of the context, some of them reported significant
differences among the elderly, with greater benefit for those
with higher degrees of hearing loss®?. In another study'?, a
similar result was achieved when using a S/N ratio of +3 dB
and +6 dB, but at the 0 dB ratio, the elderly without hearing
loss showed greater benefit of the context.

Although the effect of the context can be measured by the
SPIN test, it has no regularity in affecting the total test results.
Thus, both the much lower, as the excellent performance,
reduce the apparent usefulness of the benefit of the context, ie
individuals who do not understand the speech with background
noise may simply not be able to use the context clues, and for
the patients who understand every word without difficulty, the
context may be redundant. To be a useful indicator of higher
cortical function, the effect of context must be considered by
its performance level?.

In general, the differences in the recognition of words in
low- and high-predictability sentences have revealed how the
semantic cues may benefit for the correct identification of the
words, especially in more difficult listening situations.

Finally, it was observed that the speech recognition test
developed by the study provided relevant data on the dynamic
hearing and cognitive processes, demonstrating the ability to
use the benefit of predictability for auditory recognition by the
majority of the elder research participants. Peripheral hearing
loss and background noise have also created a negative impact
on speech recognition. However, since the developed test has
not been validated yet, it has not been possible to determine
the final parameters, i.e. the satisfactory or unsatisfactory level
of the performance using the word predictability, considering
age and hearing thresholds and, finally, the recommended
signal/noise ratio.

CONCLUSION

For the evaluated elderly and noting the differences in one of
the groups, it was not possible to properly understand how the
elderly benefit from the predictability hearing aid. It was found
that the hearing loss and the background noise adversely affec-
ted the test result. In the silence situation, the test presented no
difference between the performance of elderly with and without
hearing loss, and the background noise has negatively affected
speech recognition, especially under the most adverse condition.

Research replication with larger number of participants
is necessary to better understand the use of the predictability
benefit and it is necessary to validate the produced material.
For validation, it is fundamental to analyze the need to refor-
mulate the lists with the formulated sentences, to analyze the
signal/noise ratio in order to achieve the appropriate ratio and,
finally, it is fundamental to define the level of performance for

Audiol Commun Res. 2016;21:¢1605

low- and high-predictability sentences, according to age group
and hearing loss.
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Appendix 1. List 1

1. The mother organized in details the party (LP).

2. The old man rested on the park bench (HP).

3. It’s a beautiful wood door (LP).

4.The sun is far kilometers from the earth (HP).

5. It was lovely that house’s decoration (LP).

6. The young man wished to buy a car (LP).

7.The Church named the new Pope (LP).

8. The women bought chairs for the table (LP).

9. Yesterday afternoon it fell a heavy rain (HP).

10. The master advised the text production (LP).

11. The young man played sports in the club (LP).

12. The soccer ball disappeared before the game (HP).
13. The student read each page of the book (HP).

14. The boy ran and jumped the fence (HP).

15. The grandmother sews with needle and thread (HP).
16. Cancer treatment is painful (HP).

17.The tree dropped a leaf (HP).

18. The old man writes using a pen (LP).

19. A boy rolled and another one kicked the ball (HP).
20. The ballet dancer fainted in the middle of the dance (LP).

Appendix 2. List 2

1. The choreographer created a new dance (HP).
2. Men pruned the trees in the square (LP).

3. The system collects rainwater (LP).

4. That bishop can become Pope (HP).

5. The young man wrote a poem on the paper (LP).
6. The kid threw through the window the ball (LP).
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7.The best pools are in the club (HP).

8. The animal ran away through a hole at the fence (LP).
9. The old man fell asleep at the steering wheel (HP).
10. The athlete practiced to win the game (LP).

11. Everybody danced and had a lot of fun at the party (HP).
12. The couple’s story became a book (LP).

13. The boy highlighted several parts of the text (HP).
14. The family gathers around the table (HP).

15. The bird flew and dropped a feather (HP).

16. The girl has drawn above the line (LP).

17. They covered the huge hole with soil (LP).

18. The police had to break down the door (HP).

19. The thief planned to break into the house (HP).

20. The test confirmed the suspect cancer (LP).

Appendix 3. List 3

1. The young student painted the entire face (LP).

2. The woman arrived in the square and sat on the bench (HP).
3. The cook bought twenty kilos of meat (HP).

4. The secretary called the boss’ cell phone (LP).

5. The mother swings the daughter in the hammock (LP).

6. The siblings have the same blood type (HP).

7. Many people watched that play (LP).

8. The flour is an ingredient of the pasta (LP).

9. The teacher showed the parts of the body (HP).

10. Even with pain, the boy opened his mouth (LP).

11. The man was arrested for shoplifting (LP).

12. To go to the beach everybody goes down the mountain (HP).
13. The girl had the best score in the test (LP).

14. The grandfather plays every day with his grandson (HP).
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15. The principal put my name on the list (HP).
16. The best-selling flower today is the rose (HP).

17. From the newspaper page, he took the picture (LP).
18. The mother burned herself to extinguish the flames (HP).

19. The mass was performed by Father. (HP).
20. The referee favored the best team (LP).

Appendix 4. List 4

1. The party decoration was entirely pink (LP).
2. The ballet dancer moved her body (LP).

3. On the man’s body, there were bloodstains (LP).

4. The man cut wood for the fire (LP).

5. Someone forgot the folder on the bench (LP).
6. The fish were caught in the net (HP).

7. The dentist examined the entire mouth (HP).
8. Who control the job is the boss (HP).

9. The boy wanted to play for this team (HP).

10. It is normal to be nervous before the test (HP).

11. ltalian people eat a lot of pasta (HP).
12. The boy was slapped in the face (HP).
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13. The man cut wood with the saw (LP).
14. The old woman spoiled a lot her grandson (LP).
15. That church had no priest (LP).

16. The old man went to the theater to watch the play (HP).

17. The woman signed her name on the list (LP).

18. The mother cut into several pieces the meat (LP).
19. That camera takes the best photo (HP).

20. Clothes are better in that store (HP).

Appendix 5. Training List

1. The reporter talked to many people (HP).

2. At the beginning of the war, they exploded a bomb (HP).

3. The director scheduled the group meeting (LP).
4. The thief broke the window of the room (LP).

5. The mother tenderly took care of her son (HP).

6. Students got lost in the woods (LP).

7. Water spoiled the fabric paint (LP).

8. The man seemed to be from another planet (HP).
9. The boys went to the concert of the band (LP).
10. She bought an envelope for the letter (HP).
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