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Study of the long-term effects of frequency
compression by behavioral verbal tests in adults

Estudo dos efeitos de longo prazo da
compressao de frequéncias por meio de testes
comportamentais verbais em adultos

ABSTRACT

Purpose: To verify the effect of long-term use of hearing aids with frequency compression for verbal
behavior tests and daily activities. Methods: Thirty-two adults, aged between 30 and 60 years old, with
moderate to severe sensorineural hearing loss at high frequencies with steeply sloping configuration were
divided into two groups: 16 with hearing aids with frequency compression algorithm enabled and 16 not
enabled. All participants underwent the detection tests of consonant sounds, monosyllable recognition
in quiet environments, identification of fricative monosyllables, and Abbreviated Profile of Hearing Aid
Benefit (APHAB) questionnaire in five times throughout a 12-month trial. Results: Detection of consonant
sounds, recognition of monosyllables in quiet environments and identification of fricative monosyllables
improved significantly with frequency compression enabled. Participants had their APHAB scores improved
whether they were adapted to the frequency compression or not. Conclusion: Frequency compression
provides the anticipated improvement in audibility, detection of high-frequency consonant sounds, and

recognition of monosyllables.
RESUMO

Objetivo: Verificar o efeito do uso de longo prazo de préteses auditivas com compressao de frequéncias
em testes comportamentais verbais e atividades didrias. Métodos: Trinta e dois adultos, com idade entre
30 e 60 anos, com perda auditiva neurossensorial de grau moderado a severo em altas frequéncias com
configuragdo descendente foram distribuidos em dois grupos: 16 com préteses auditivas com o algoritmo
de compressdo de frequéncias ativado e 16 ndo ativado. Foram submetidos a testes de deteccdo de sons
consonantais, reconhecimento de monossilabos no siléncio, identificacdo de monossilabos com fricativos e
questiondrio Abbreviated Profile of Hearing Aid Benefit (APHAB) em cinco momentos ao longo de 12 meses.
Resultados: A detecgdo de sons consonantais, o reconhecimento de monossilabos no siléncio e a identificagdo
de monossilabos com fricativos melhoraram significantemente com a compressiao de frequéncias ativada.
Os participantes apresentaram melhora das pontuagdes do APHAB independentemente de estarem adaptados
ou nio a compressao de frequéncias. Conclusao: A compressao de frequéncias propicia a melhora antecipada
da audibilidade, detec¢@o de sons consonantais de altas frequéncias e o reconhecimento de monossilabos.

Study carried out at the Speech-Language Pathology and Audiology Department, Universidade Federal de Sdo
Paulo — UNIFESP - Séo Paulo (SP), Brazil.
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INTRODUCTION

In the last decades, audiology professionals have faced the
challenge of achieving a satisfactory adaptation and selection
of hearing aids in patients with sensorineural hearing loss, espe-
cially those with steeply sloping configuration. These patients
usually have normal or almost normal hearing sensitivity in
low and medium frequencies and were elected as candidates
with restrictions for the use of amplification due to technologi-
cal limitations” and to poor speech perception in noisy envi-
ronments, once high-frequency amplification is not enough to
provide good audibility of speech sounds and cannot be reused
because of organic limitations®.

In view of this, some researchers recommend the prescrip-
tion of little or none amplification in high frequencies during
adaptation of hearing aids for patients with steeply sloping
hearing loss®*.

Conversely, it is known that information input at high fre-
quencies can significantly improve speech perception, especially
in noisy environments®?. Other studies suggest that extending
the frequency band can improve speech sounds detection®'?
and fricative sounds perception'V.

Aiming to resolve difficulties in adaptation of hearing aids
in patients with steeply sloping hearing loss, algorithms capable
of lowering frequency have been created, where speech sounds
information is moved to a lower frequency band that is audible
for the patient. Currently, many digital hearing aids are able
to lower frequencies in real time. These techniques can help
patients detect and distinguish high-frequency phonemes, thus
enhancing communication>3),

These techniques include frequency compression (FC),
where the input is processed with frequency lowering by
means of compression of the sound frequency band starting
from a frequency cutoff and with specific compression ratio'*.
Recent studies suggest that FC may bring greater benefits to
adults and children’>'”, and the most common clinical results
are spontaneous acceptance by the user, fast acclimatization
during adaptation of hearing aid, significant improvement in
quality of voice"!61® acoustic feedback problems, and issues
related to the excessive volume resulting from amplification
of high frequencies'¥.

Some researchers have investigated the effects of FC in
adults with hearing loss at high frequencies”. No significant
enhancement in performance was seen in comparison to FC in
conventional technology. In contrast, studies conducted with
children to assess the effect of FC in sound detection showed
that FC improved it. Some authors have stated that the detection
of /s/ and /[/ was more successful when FC was activated®.
Likewise, other authors have shown that the detection of /s/
was more successful with FC after six months of experience®”.

A period of acclimatization may be needed so one can
acknowledge the benefits of FC!®. However, the long-term
performance with FC for compressed frequency signal has
been given little attention to date. A study that assessed 15
children adapted to hearing aids with FC showed benefits after
six weeks of adaptation®”. Additional benefits of FC after a
six-month period were seen, compared to initial measures
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without FC as to consonant sound detection and speech rec-
ognition in noisy conditions. The authors considered the need
of longer adaptation periods aiming at fullest advantage as evi-
dence. Recently, some authors investigated possible effects of
acclimatization of FC in children. They presented a series
of cases of children adapted with FC followed up at regular
intervals for about 30 weeks after the adaptation of hearing
aids. Long-term additional benefits of FC were proven®".
A study conducted with adults showed speech recognition in
noisy conditions and detection of consonant sounds in quiet
environments after prolonged periods of use (1-121 weeks) of
amplification with FC. Consonant sound detection in speech
recognition in quiet environments, but not in noisy conditions,
was significantly better when FC was activated. No signifi-
cant correlation between time of FC experience and its ben-
efits was found®.

No study has investigated the period of acclimatization
required to achieve fullest advantage of FC. Therefore, impor-
tant issues related to FC technology and to the use of this
algorithm in adults adapted to hearing aids remain unsolved.
The purpose of this longitudinal study was, therefore, to verify
the long-term use of hearing aids with FC in adults with verbal
behavior tests and daily activities.

METHODS

This is an experimental research with a convenience non-
probabilistic sample. The project was approved by the Ethics
Committee of Universidade Federal de Sdo Paulo, protocol
CEP 0855/10. All participants were informed about the objec-
tives and methodology of the study and agreed to participate
voluntarily after signing the informed consent form.
Exclusion criteria were the following:
hearing level fluctuations or changes;
asymmetry in air threshold greater than 15 dB in two or
more frequencies;
air-bone gap greater than 15 dB at any test frequency;
abnormal middle ear function; and
5. experience with hearing aids.
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> w

Adults comprising the sample were randomly selected
in an assistance center for the hearing impaired at Nucleo
Integrado de Assisténcia, Pesquisa e Ensino em Audicao
(NIAPEA), in a Public Hospital, after initial assessment of
medical records.

The sample comprised 32 adults with moderate to severe
bilateral sensorineural hearing loss at high frequencies, being
16 women and 16 men aging 30-60 years old (mean = 46
years; standard deviation (SD) = 11) and with mean 9.2 school-
ing years (SD = 3). They were divided into two groups with
16 adults each, paired by age, hearing loss level, and years of
study. The experimental group had FC activated and control
group had FC deactivated.

Participants that were new users of hearing aids were adapted
with hearing aids Phonak Naida III SP BTE and acrylic invis-
ible ear molds with 2.5-mm bilateral ventilation, according to
NAL/NLI prescriptions. FC patterns were prescribed by the
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software Phonak. After assuring audibility of sounds in high
frequencies, all participants were oriented as to effective use
of at least six daily hours of hearing aids.

Individuals were submitted to the following verbal behavior
tests: detection of consonant sounds /s/ and /[/, rates of speech
perception and spoken word recognition (SPWR) with recorded
monosyllables, rates of fricative phoneme perception (FPP), and
Abbreviated Profile of Hearing Aid Benefit (APHAB) ques-
tionnaire. The study was divided into five moments of eval-
uation: preadaptation of hearing aids (T0O), one month (T1),
three months (T2), six months (T3), and 12 months (T4) after
adaptation period.

Detection of consonant sounds

The Ling test is traditionally composed of six sounds: /m/,
/al, fil, tul, ]/, and /s/. To make measurement of detection eas-
ier, for it is sensible to changes in audibility of high-frequency
sounds, the phonemes /s/ and /[/ were selected, once spectrum
peaks are 6,000 Hz for /s/ and 4,000 Hz for /j/.

Inputs were presented in speakerphone positioned 1 m
behind participants (180° azimuth) in a sound insulation
room. Detection procedure was performed twice for each
phoneme in all phases of the study. Phonemes were pre-
sented in random order.

Speech perception and spoken word recognition rate

SPWR was assessed by means of a material recorded by a
Brazilian male speaker, made available in a CD, with 25 mono-
syllables. These were organized in four lists®®. List 1 was pre-
sented to the right ear and List 2 to the left ear at 40 dBNS.
Audiometer Grason Stadler 61 was used. Participants were
instructed to repeat the exact same monosyllables they heard.
SPWR was established by word correctly repeated count. All
participants were assessed without hearing aids in all phases
of evaluation.

Fricative phonemes perception rate

FPP was performed with a software®® consisting of 24
monosyllables containing the fricative phonemes /s/, /z/, /f/,
v/, /f/, and /3/ in initial position associated with vowel pho-
nemes /a/, /i/, and with or without the fricative /s/ in final
position. Phonetic combinations formed 18 words in Brazilian
Portuguese and six combinations forming no word, totaling
24 monosyllables recorded by eight speakers (four females
and four males). Therefore, 192 monosyllables composed
the test material.

The test was performed in free field in an acoustical enclo-
sure. Inputs were presented with the audiometer Grason Stadler
61 equipped with speaker/microphone. Participants were posi-
tioned 1 m ahead the audiometer (0° azimuth). Sound stimuli
were presented at 65 dB(A). In the beginning of each evalua-
tion, participants practiced with 10 words randomly presented
by the software. All participants were supposed to point out the
answers on a board with 24 written monosyllables, right after
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two presentations of the same word (obligatory test condition).
Final scores were released by the FPP software.

Self-assessment questionnaire

APHAB comprised 24 items used for measuring self-per-
ceived benefits from hearing aids. Questions were divided into
four subscales: ease of communication (EC), reverberation (RV),
background noise (BN), and aversive stimuli (AV). This fourth
subscale measures negative reactions to background sounds.
In this study, limitations referred by patients were assessed by
subscales, and benefits were not object of study. Therefore,
the higher the score, the greater the limitation. Results by sub-
scale are presented in percentage of difficulty to hear, from 0
to 100%. Participants answered the APHAB questionnaire at
the beginning of the study and 3, 6, and 12 months after hear-
ing aid adaptation.

Statistical method

Analysis of variance (ANOVA) for repeated measures was
used to assess the effects of FC in verbal behavior tests. When
results were statistically significant (p<0.05), interactions were
analyzed by corrected Bonferroni test associated with #-test. All
statistical analyses were made using Statistical Package for the
Social Sciences (SPSS) software, version 17.

RESULTS
Consonant sound detection

The results obtained per group for the consonant sound
detection test are shown in Figures 1 and 2. Comparison
between groups by ANOVA showed difference: phonemes
/s/ (F(1.320)=17.2; p<0.02) and /[/ (F(1.320)=16.8; p<0.04).
Figures 1 and 2 also showed detection of consonant sounds
in each moment of evaluation. Difference between the first
and third moments of the study was observed, in comparison
between groups (F(1.192)=27.6; p=0.01).

Recorded speech perception and recognition rate

SPWR per group is shown in Table 1. Although results
varied a little between participants, one-way ANOVA showed
that the effect of long-term acclimatization was different in the
experimental group (F(1.288)=60.4; p<0.016), but not in con-
trol group (F(1.288)=54.3; p=0.237). Also, a significant differ-
ence was observed between the first and the third moments of
the evaluation (F(1.192)=73.2; p<0.001).

Fricative phoneme perception rate

The rates of FPP per group are presented in Table 2. Values
of experimental group improved with time, and after three
months, absolute measures with FC were higher than those
of individuals who did not have it activated. A significant
difference was observed between groups (F(1.320)=49.2;
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Caption: TO = hearing aid preadaptation; T1 = first month of hearing aid adaptation;
T2 = third month of hearing aid adaptation; T3 = sixth month of hearing aid
adaptation; T4 = 12th month of hearing aid adaptation

Figure 1. Number of participants from experimental and control groups
who detected the phoneme /s/, according to moment of evaluation
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Caption: TO = hearing aid preadaptation; T1 = first month of hearing aid
adaptation; T2 = third month of hearing aid adaptation; T3 = sixth month of hearing
aid adaptation; T4 = 12th month of hearing aid adaptation

Figure 2. Number of participants from experimental and control groups
who detected the phoneme /f/, according to moment of evaluation
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p<0.001). Therefore, we may say that participants with FC
activated in all moments of the study were more benefited
than those without it. Furthermore, comparison between
the first and third moments was also statistically significant
(F(1.160)=61.1; p=0.03).

Self-assessment questionnaire

APHAB answers were registered according to the stan-
dard procedure to determine the frequency of hearing impair-
ments in daily life of each subscale. ANOVA test showed
significant differences (p<0.001) in evaluations with and
without hearing aids in three subscales in both groups when
the five moments of the study were analyzed: EC, RV, and
BN. Only the experimental group showed significant differ-
ence in subscale AV (p<0.001) at long term. Table 3 shows
mean values and standard deviations of APHAB scores
for each group. There was no difference between them
(F(1.320)=2.3; p=0.22).

DISCUSSION

This study aimed to assess the effect of FC on speech
perception of adults with moderate to severe high-frequency
hearing loss throughout 12 months. Supporting our hypoth-
esis that speech perception could improve when FC is acti-
vated, verbal behavior tests showed higher scores with FC
activated compared to FC deactivated. This improvement
in verbal behavior tests was consistent with long-term use,
which can be considered an effect of technology acclima-
tization. Acclimatization was considered by some stud-
ies®2® as an evident process only after several weeks of
amplification.

Detection of /s/ and /[/ was different when FC was acti-
vated after three months in use as compared to FC deactivated,
which suggest benefits only after long periods of acclimati-
zation. Benefits of activated FC in the detection of high fre-
quency sounds (/s/ and /[/) that was seen after three months
of study were maintained after 6 and 12 months of contin-
uous use, to the detriment of deactivated FC. These find-
ings support the long-term use of FC as responsible for the
improvement of simple detection of high-frequency sounds,
and this improvement can be immediate with the offer of
more audibility. A possible explanation for it is that adults
need more time to detect a new compressed signal, unfamil-
iar in their daily lives.

SPWR was selected in this study to assess the effects of
acclimatization. Results of the test were better with acti-
vated compared to deactivated FC. Improvement in SPWR
can be ascribed to a learning curve and to acclimatization.
This is consistent with the results from a study in which
adults with hearing loss showed improvement in speech
intelligibility when audibility was provided to high-fre-
quency speech®.

FPP was selected to measure high-frequency phonemes,
including fricative sounds. These phonemes were assessed
because they can be detected with FC, unlike a frequency
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Table 1. Mean and standard deviation of speech perception and spoken word recognition rate per moment of evaluation and group

Group " TO T T2 T3 T4
ean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Experimental
Right 63.3 (7.5) 66.5 (6.8) 76.0 (7.3) 770 (7.1) 78.0 (6.9)
Left 61.8 (74) 67.3 (7.2) 74.3 (6.4) 770 (5.2) 75.0 (5.9)
Control
Right 62.3 (6.2) 63.3 (4.9) 70.3 (6.9) 72.0 (5.5) 72.3 (7.1)
Left 61.5 (8.1) 61.8 (5.7) 69.3 (8.2) 70.8 (7.0) 70.3 (7.6)

Caption: TO = hearing aid preadaptation; T1 = first month of hearing aid adaptation; T2 = third month of hearing aid adaptation; T3 = sixth month of hearing aid adaptation;

T4 = 12th month of hearing aid adaptation

Table 2. Mean and standard deviation of rates of fricative phonemes perception per moment and group

Group " TO T T2 T3 T4
ean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Experimental
f-v 61.3 (28.2) 83.4 (13.8) 93.2 (7.1) 98.2 (2) 99.4 (0.9)
s-z 68.1 (21.3) 84.2 (8.2) 86.9 (2.7) 86.9 (3.7) 90.1 (5.6)
-3 29.6 (18.8) 575 (21.9) 72.2 (11.3) 877 (9.2) 91.2 (5.1)
Final S 72.6 (24.4) 92.5 (13) 98.8 (1.8) 99.8 (0.5) 99.9 (0.1)
Control
f-v 73.4 (19.8) 81.9 (20.4) 93.0 (5.0) 98.9 (1.3) 98.9 (1.3)
s-z 73.4 (16.5) 779 (16.5) 86.0 (4.7) 85.6 (6.1) 86.7 (6.8)
I3 33.4 (22.2) 48.2 (24.1) 72.9 (12.7) 78.7 (7.4) 78.6 (7.3)
Final S 82.0 (15.0) 94.8 (7.0) 98.8 (1.6) 99.8 (0.4) 99.8 (0.4)

Caption: TO = hearing aid preadaptation; T1 = first month of hearing aid adaptation; T2 = third month of hearing aid adaptation; T3 = sixth month of hearing aid adaptation;

T4 = 12th month of hearing aid adaptation

Table 3. Mean and standard deviation of Abbreviated Profile of Hearing Aid Benefit questionnaire in each subscale per moment and group

Grupo " TO T T2 T3 T4
ean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Experimental
FC 63.4 (21.1) 27.1 (20.8) 272 (25.6) 15.9 (16.7) 12.2 (15.1)
RV 54.9 (18.4) 36.4 (13.2) 34.3 (17.1) 32.2 (18.9) 31.3 (19.4)
RA 60.8 (19.7) 32.7 (19.6) 29.2 (20.1) 20.6 (18.5) 21.3 (18.2)
AV 50.1 (22.8) 45.3 (26.9) 39.8 (31.7) 22.9 (24.5) 17.9 (22.8)
Controle
FC 72.3 (21.7) 45.6 (24.8) 379 (29.1) 279 (17.8) 19.3 (13.9)
RV 579 (14.4) 44.4 (14.8) 39.1 (19.6) 41.9 (15.3) 4.8 (15.4)
RA 71.7 (18.3) 41.9 (17.1) 412 (20.3) 31.6 (15.6) 32.1 (14.6)
AV 40.4 (27.1) 36.1 (28.8) 35.2 (25.7) 25.4 (29.4) 17.6 (22.6)

Caption: TO = hearing aid preadaptation; T1 = first month of hearing aid adaptation; T2 = third month of hearing aid adaptation; T3 = sixth month of hearing aid adaptation;
T4 = 12th month of hearing aid adaptation; EC = ease of communication; RV = reverberation; BN = background noise; AV = aversive stimuli

band in a conventional amplification process (<5,000-
6,000 Hz), which is narrow. FPP results improved with
FCU41620 which is consistent with findings from other stud-
ies on the subject and well expected, as changes provided
by FC are specific for high frequency. Participants who

had FC activated had nearly 100% rate of correct answers
in the test after 12 months of continuous use.

However, APHAB scores did not reflect this improve-
ment, just like the findings of other studies regarding
FCU419 in which benefits of FC varied between individuals.

CoDAS 2015;27(1):37-43
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APHAB scores related to limitations in different environ-
ments showed no long-term differences between groups.
Experimental group had a difference along time in AV scale.
For all three APHAB subscales (EC, RV, and BN) groups
differed, just like in a previous study®®.

Subscale AV score is usually higher after hearing aids
adaptation. This probably reflects the increase in audibility
of certain environmental sounds that normal-hearing indi-
viduals may find uncomfortable. Control group had higher
results (upper limit) when compared to experimental group.
This finding may be related to FC activation.

Although FC brings benefits for speech perception,
results from the self-assessment questionnaire indicate little
difference in subjective assessments in both groups. These
findings are consistent with the literature"®. Audiologists
should therefore be aware that a patient can be significantly
benefited from FC, even though results of self-assessment
suggest the contrary. Results of speech perception must be
measured with and without FC, so the technician can advise
patients more effectively. This study brought evidence that
the greatest benefits of FC can be seen when individuals have
more time to adapt to their hearing aids. Another recent study
evaluated the use of hearing aids with FC reported progres-
sive improvement in speech perception along 6 months in
children®. Therefore, these results can be compared to our
findings in adults.

It is important to highlight that prolonged improvement
in speech perception may result from the need of continuous
exposure to FC signal in daily life, so the individuals can learn
to recognize it.

At the end of the study, all participants who had FC activated
chose to keep the algorithm activated, whereas 10 participants
with FC deactivated chose to activate it. Six participants with
FC deactivated decided to keep it this way, for that is how they
preferred the quality of the sound.

Further studies should extend verbal behavior tests to par-
ticipants with other hearing loss levels in order to develop pro-
tocols to support decisions related to FC.

CONCLUSION

This study showed that FC in adults provides early
improvement of audibility, detection of phonemes /s/ and //,
SPWR, and FPDR. Limitations of hearing loss in daily life
were reduced regardless of the activation of the algorithm.
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