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Summary

Processing acoustic clues from the sounds of speech
depends on the proper perception of the frequency and
duration of stimuli as a sequence of events. Aim: To assess
the capacity for temporal organization in users of multichannel
CI. Method: 14 normal hearing individuals formed the
control group, matching in age and gender other 14 users
of multichannel CI, who made up the study group, and they
were assessed and compared as to the Frequency Patterns
Test (FPT) and Duration Patterns Test (DPT). Results: CI
users had good performance in temporal organization tasks,
with mean results of 48.7% in the FPT and 59.6% in the DPT.
For the control group, mean performance at the FPT was of
63.4% and in the DPT of 64.6%. We did not see statistically
significant difference between the results from the control
and study groups. Conclusion: the CI provided favorable
performance in the tasks that required temporal organization
skill for individuals evaluated in this study.

! Specialist in sound amplification lab - Hospital de Reabilitacio de Anomalias Craniofaciais da Universidade de Sao Paulo, HRAC/USP, Bauru/SP.
2 PhD, Professor - Department of Speech and Hearing Therapy - Faculdade de Odontologia de Bauru, Universidade de Sao Paulo, FOB/USP.
3 PhD, Speech and Hearing therapist - Centro de Pesquisas Audioldgicas do Hospital de Reabilitacio de Anomalias Craniofaciais da Universidade de Sao Paulo,
HRAC/USP.
“ PhD, Speech and Hearing therapist - Centro de Pesquisas Audioldgicas do Hospital de Reabilitacio de Anomalias Craniofaciais da Universidade de Sao Paulo,
HRAC/USP, Bauru/SP.
* Associate Professor - Department of Radiology and Cognitive Neurosciences Lab - LIM-43 University of Sao Paulo Medical School, Sio Paulo/SP.
¢ Associate Professor, Cochlear Implant Program Coordinator - CPA do HRAC/USP, Bauru/SP.
7 Associate Professor, Full Professor and Head of the Speech and Hearing Department FOB/USP, Bauru/SP.
Hospital de Reabilitacao de Anomalias Craniofaciais da Universidade de Sao Paulo.
Send correspondence to: Patricia Danieli Campos - Rua Prudente de Moraes 8-54 Vila Falcao Bauru SP 17051-010.
This paper was submitted to the RBORL-SGP (Publishing Manager System) on 13 July 2007. Code 4656.
The article was accepted on 28 August 2007.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 74 (6) Novemser/DEcemBER 2008
http://www.rborl.org.br / e-mail: revista@aborlccf.org.br

884



INTRODUCTION

Auditory processing involves the behavioral phe-
nomena of sound lateralization and location, auditory
discrimination, recognition of auditory patterns, temporal
aspects of hearing (temporal resolution, temporal masking,
temporal integration and temporal ordering), auditory
perception of a competitive acoustic sign and distorted
acoustic signs'.

Auditory processing starts as of the sound capture
by the external acoustic meatus all the way to the time
when the acoustic event is experienced by the listener.
The acoustic sign is filtered, transduced, codified, decoded
and processed along the auditory system, until eventually
it is perceived by the individual. Thus, we can say that
the auditory perception is the result of auditory signal
processing?.

The behavioral evaluation of the temporal auditory
processing aims at analyzing individual performance as to
their capacity to detect and discriminate stimuli variations
along time?®. The global objective of studies that involve
temporal sequencing and ordering tasks is to determine
the competence through which a person identifies these
stimuli and locates the neural structures involved or com-
mitted with this skill.*

Two temporal sequencing detection and identifi-
cation tests very much used today are the Pitch Pattern
Sequence Test (PPST) and the Duration Pattern Sequence
Test (DPST). Technically, such tests can be applied in the
open field, since normative studies did not show significant
differences between right and left ears>®.

In a study involving children from seven years of
age all the way to 11 years and 9 months, Balen com-
pared PPST and DPST results among females and males
by age range, and did not notice statistically significant
differences7 between males and females when compared
in PPST and DPST. #

Individuals with hearing impairment presented a
loss in sound sensation that allows for the discrimination
between low/high, strong/weak and long/short sounds’.
Sensorineural hearing loss distorts the sound resulting in
sensitivity reduction, abnormal increase in the sensation
of intensity, decline in frequency selectiveness and a
reduction in temporal resolution. With the involvement
of the frequency resolution capacity, there is difficulty in
speech perception, especially when we consider compe-
titive noise. Speech temporal envelope, which codifies
information is distorted in an altered auditory system,
resulting in speech perception distortions!®.

Individuals with hearing deficiency have more
difficulties than people with normal hearing in temporal
sequencing and ordering because of perception deficits''.
Nonetheless, other studies reported that PPST and DPST
seem to resist cochlear alterations®'*'3.

One of the therapeutic resources for profound and
severe sensorineural hearing impairment (re) habilitation
is the cochlear implant (CD), or bionic ear, an electronic
device which replaces the organ of Corti and directly
stimulates the ganglion cells of the auditory nerve, giving
the individual the sensation of hearing.

The CI is made up of internal - surgically inserted,
and external components, which include the antenna,
transmission wires and speech processor. The latter con-
tinuously analyzes the speech sound and those of the
environment and codifies them, preserving the important
characteristics of speech temporal information and spec-
trum. Information from the acoustic signal spectrum is
codified by the stimulation of different electrodes and the
temporal information is codified by the temporal control
of auditory nerve fiber firings*+’.

The CI decodes the sound pattern in frequencies
and intensities by means of electrical stimuli in electrodes
located in different portions of the cochlea, thus leading
to speech recognition. Nonetheless, sound decoding is
not easily reproduced'.

The performance level in speech perception rea-
ched by individuals with CI is directly associated to the
speed in which information can be processed, electroni-
cally transmitted and decoded successfully by the nervous
system'.

The goal of the present investigation was to carry
out a preliminary investigative study about the temporal
ordering capacity of users of multichannel CI.

METHODS

This study was approved by the Ethics in Research
Committee under protocol # 148/2007-SVAPEPE-CEP.
All the participants signed a Free and Informed Consent
Form.

The evaluation protocol was made up of two beha-
vioral tests, the Pitch Pattern Sequence Test (PPST) and
the Duration Pattern Sequence Test (DPST). We used the
comparative methodology of control and experimental
groups.

MATERIALS

The experimental group was made up of individuals
using multichannel CI, older than 8 years of age at the
time of the tests, who had been effectively using the CI
for at least 6 months, complete electrode insertion in the
cochlea and speech recognition in an open setting.

The control group was made up of normal hearing
individuals, checked by means of threshold tonal audio-
metry, speech audiometry and tympanometry, ipsilateral
and contralateral stapes reflex, matching the experimental
group in age and gender. As inclusion criteria, the indi-
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viduals could not have a prior history of pre or perinatal
complications, neuro-psychomotor development delays,
language development delays, past of repetition otitis,
difficulties to read and write, musical knowledge, arti-
culatory alteration or hyperactivity/attention deficit. This
information was obtained by means of a questionnaire
held before the tests.

The patients were then divided in two groups:

e Experimental group: 14 individuals using multi-
channel CI, 7 men and 7 women, with mean age of 29.2
years and standard deviation of 16.6; mean time of pro-
found hearing loss of 70.3 months, with standard devia-
tion of 82.5 and mean time of CI use of 46.3 months and
standard deviation of 33.9. As far as etiology is concerned,
30% had hearing loss as a consequence of meningitis, 29%
was idiopathic, 7% hereditary, 7% caused by encephalitis
and 21% caused by head injury.

e Control group: matched the experimental group
as far as gender and age are concerned. We assessed 14
individuals with normal hearing and without a history
that could suggest auditory processing alteration, seven
females and seven males, with mean age of 29.7 years and
standard deviation of 16.1.

Since this is a preliminary study, we did not consider
for result analysis purposes the following variables: type
of CI, speech codifying strategy and external device.

PROCEDURES

Individuals from the experimental group were eva-
luated in an open field with the speaker positioned at 0°
azimuth and 60 cm away from the individual. The CI was
on, the external component controls were positioned in the
most common settings before the new speech processor
programming took place.

For the control group, the tests were carried out
under two situations: with supra-aural phones and in the
open field, with the aim of analyzing the test applicability
in the open field and characterize the normality.

Temporal ordering tests

We used the 1998 version of the Audiology Illus-
trated stored in the LCC - Central Auditory Tests CD20.
To perform the PPST and the DPST we used 6 sequences
during the training phase, 40 in the open field and 60
sequences with the supra-aural phones, 30 for the right
ear and 30 for the left. The test was applied in the inten-
sity of 50dBSL, and as a reference we used the auditory
threshold mean values in the frequencies of 500, 1000 and
2000Hz obtained from the threshold tonal audiometry and
by means of open field audiometry*#.

For the PPST we used tone sequences with the same
duration and with variable frequencies: low frequency tone
of 880Hz and high frequency of 1122Hz. The tones were
combined in 6 different patterns: high-high-low (AAG),

high-low-low (AGG), high-low-high (AGA), low-low-high
(GGA), low-high-low (GAG) and low-high-high (GAA).
The sequences were introduced randomly?.

DPST was made up of stimuli that differed in terms
of duration, fixed frequency, and they could be long -L
(500ms) or short-C (250ms). As it happened in the PPST,
the tones were combined in 6 different patterns: LLC, LCL,
LCC, CLL, CLC, CCL?.

The individuals were required to verbally answer
the patterns they had heard, and such answers were writ-
ten down by the evaluator in a printed recording sheet.
For result analyses, we calculated the number of correct
answers, inversions and errors and the percentage establi-
shed. The inversions were considered errors.

We used descriptive statistics (mean, median,
standard deviation, minimum and maximum) in order to
characterize the series in terms of age, time of CI use and
sensorial deprivation time, and to introduce the rates of
PPST and DPST.

Wilcoxon’s non-parametric test was applied with the
aim of comparing the results between temporal ordering
tests. In order to compare the results obtained in the open
field and with supra-aural phones, we used the Friedman’s
non-parametric test. The influence of the gender variable
in the results of the experimental and control groups was
analyzed by the Mann-Whitney U non-parametric test.
Spearman’s non-parametric test was used to check the
correlation between age and test performance, as well as
the percentages of correct answers in the PPST and DPST
for both groups evaluated (experimental and control). The
level of significance used for all the tests was 0.05.

RESULTS

Control group individuals’ temporal ordering test
result analyses, by means of the Mann-Whitney U non-pa-
rametric test did not show statistically significant difference
between men and women for PPST and DPST, p=0.06 and
p=0.25, respectively. Thus, in the analysis carried out after
that, the gender variable was not considered among the
14 individuals in the control group.

On Table 1 we see the summary of the mean,
median, standard deviation, minimum and maximum
values obtained from the temporal ordering tests (PPST
and DPST), with a supra-aural phone on the right ear, left
ear and open field for control individuals, as well as the
results from the Friedman’s test comparing the assessment
situation.

We did not see statistically significant differences
between the evaluations carried out for PPST and DPST
with the supra-aural phone on the right ear, left ear and
in the open field, p=0.87 and p=0.11, respectively.

Comparing PPST and DPST performances with
the Wilcoxon non-parametric test, we did not observe
statistically significant difference (p=0.36); however, the-
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Table 1. Mean, median, standard deviation and minimum and maximum values of the percentage of correct answers in the temporal ordering
tests (frequency and duration) applied to control group individuals. Friedman test to compare the evaluation situations.

TEMPORAL ORDERING TEST
Frequency pattern Duration pattern
Right side supra- Left side supra- Open field Right side supra- Left side supra- Open field
aural phone aural phone aural phone aural phone
Mean (%) 64,6 62,3 63,4 62,5 58,0 64,6
sd (%) 28,7 31,1 28,8 23,0 27,0 23,9
Median (%) 71,5 77,0 70,0 57,0 57,0 62,5
Minimum (%) 13,0 7,0 12,5 30,0 14,0 17,5
Maximum (%) 100 100 97,5 100 100 100
P 0,87 0,11

Legend: sd standard deviation
P<0.05 - significant

Table 2. Mean, median, standard deviation, minimum and maximum value of correct answers in the temporal ordering tests (frequency and
duration) applied to the control and experimental groups in the open field assessment. Mann-Whitney U test to compare the two groups.

TEMPORAL ORDERING TEST
Padrao de freqiiéncia Padrao de duracao
Control Group Experimental Group Control Group Experimental Group

Mean (%) 63,4 48,7 64,6 59,6
sd (%) 70,0 38,7 62,5 56,2
Median (%) 28,8 27,7 23,9 25,8
Minimum (%) 12,5 17,5 17,5 10,0
Maximum (%) 97,5 95,0 100 97,5
P 0,29 0,52

Legend: sd standard deviation
P<0.05 - significant

re was a positive and statistically significant Spearman’s
correlation, rs=0.79. 100
Comparative analyses between the control and 907
experimental groups a.")’ 807
Table 2 shows the mean, median, standard devia- 2 70:
tion, minimum and maximum values associated with the s 60
results obtained in the temporal ordering test evaluations i3] 507
in the open field for both groups, as well as the result £ 407
from the Mann-Whitney U test to compare the performance 3 307
between the two groups. ® 20]
The non-parametric Mann-Whitney U test did 107 :
not show statistically significant difference between the 0 TPF TPD
score achieved by the control and experimental group o Control  ® Experiment

individuals in PPST and DPST, with p=0.29 and p=0.52,
respectively. Figure 1. Average correct answers percentage in the frequency patterns
test and in the duration patterns test in the open field of control and

Figure 1 represents the percentage of correct : o F
experimental group individuals.

answers in PPST and DPST in the open field for individu-
als from the control group when compared to individuals
from the experimental group.
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When the performances were compared using the
Wilcoxon non-parametric test there was not significant
difference between the PPST and DPST performances in
the experimental group (p=0.55).

Temporal ordering tests showed a positive corre-
lation (rs=+0.36) with the use of Spearman’s correlation,
showing that when there is a weak trend towards the
score in one test it would increase together with the score
of another test.

DISCUSSION

Speech perception involves a complex interaction
between factors that go from a simple detection, identi-
fication, categorization and recognition of acoustic signs,
including the discrimination of the different spectra, du-
ration of temporal characteristics, sequential forms and
speech sound rhythm. The processing of speech sound
acoustic hints depends on the proper perception of fre-
quency spectrum and stimulus duration as a sequence of
events'#,

Auditory processing evaluation by means of beha-
vioral tests in the post-surgical routine of CI programs may
provide important subsidies that will help in the analyses
of individual performance in relation to speech perception,
having seen that other variables must be considered when
results obtained with CI are discussed, such as the hearing
impairment etiology, the type of electrode insertion, the CI
model, speech codifying strategies, amongst others.

The task of assessing the auditory processing skill
wholeness is very complex, especially in those individuals
with hearing loss with alterations in sound sensation and
perception distortion caused by the cochlear disorder.
Thus, when there is an alteration in sound perception,
all the subsequent mechanisms will be altered, making it
difficult to process acoustic information’.

Notwithstanding, performance in temporal orde-
ring tests does not alter significantly because of cochlear
distortions after sound amplification and, possibly, be-
cause these are tests with non-verbal stimuli to assess
auditory processing without the participation of language
processes®!#13:41,

Thus, in analyzing the results obtained in the tests
of duration and frequency of sequential patterns used in
CI users, the implanted device must be considered an
integral part of the entire set of structures responsible for

temporal ordering tests. Such findings corroborate reports
in the literature that state that both PPST and DPST can
be carried out in the open field>®.

On Table 2 and on Figure 1 we find the results
obtained from the temporal ordering tests for the control
and experimental groups performed in the open field.
We did not see a statistically significant difference in the
performance of these standard tests of duration and fre-
quency between the two groups, as well as between the
tests, both for the control and the experimental groups.
The findings show that the CI provides a hearing sensa-
tion that is enough to obtain a good performance in the
tasks that require temporal ordering skills, and there is
no difference as to the level of difficulty in perceiving
the sound characteristics associated with frequency and
duration. The electrical stimuli provided by the CI are ac-
curate in the control of the auditory nerve firings, making
the CI effectively represent the temporal information of
the sound stimulus'®'”.

There are a number of investigations ongoing with
the aim of checking the influence of the codifying strate-
gies and the type of CI used in the performance in these
behavioral tests of auditory evaluation.

CONCLUSION

The results obtained lead us to conclude that indivi-
duals users of CI evaluated in this study presented similar
performance in the temporal ordering test (frequency
and duration patterns) when compared to the group of
individuals with normal hearing.

REFERENCES

1. American speech-language-hearing association (ASHA). Central
auditory processing: current status of research and implications for
clinical practice. Am J Audiol 19906;5:41-54.

. Sloan C. Introduction: what is auditory processing? Why is it impor-
tant? In: Sloan C. Treating auditory processing difficulties in children.
San Diego: Singular Publishing Group, 19806. p. 1-4.

. Shannon RV. Psychophysics. Em: Tyler RS, editor. Cochlear implants:
audiological foundations. 3rd.ed. London: Singular Publishing Group;
1998. p. 357-88.

. Schoeny ZG, Talbott RE. Testes centrais: procedimentos utilizando
estimulos nao-verbais. Em: Katz J, editor. Tratado de audiologia
clinica. 4. ed. Sio Paulo: Manole; 1999. p. 210-9.

5. Baran JA, Musiek FE. Avaliacaio comportamental do sistema nervoso

auditivo central. Em: Musiek FE, Rintelmann WF. Perspectivas atuais
em avalia¢iio auditiva. Sao Paulo: Manole; 2001. p. 371-409.

di . 6. Musiek FE. The frequency pattern test: a guide. Hear J 2002;55:58.
auditory processing. 7. Balen SA. Reconhecimento de padroes auditivos de freqiiéncia e de
In the temporal ordering tests carried out in the duracio: desempenho de criancas escolares de 7 a 11 anos. [Tesel Sio
open field with normal hearing individuals, the gender Paulo: Instituto de Psicologia, Universidade de Sao Paulo; 2001.
variable did not influence the results, being in agreement 8. Schochat E. Desenvolvimento e maturacao do sistema nervoso audi-
ith oth tudi ied out with individuals betw 7 tivo central em individuos de 7 a 16 anos de idade. [Tese] Sao Paulo:
with other studies carried out with individuals between Faculdade de Medicina, Universidade de Sao Paulo; 2001.
and 16 years of age’®. 9. Pereira LD. Processamento auditivo. Temas Desenvolv. 1993;2:7-
According to Table 1, we did not see significant 14.
differences among the results obtained from the ears se- 10. Edwards B. The distortion of auditory perception by sensorioneural
parately and the results obtained in the open field for the Ezar_ing imp ,aim?em' [Site na Internet] Audiology. Disponivel em
p://www.audiologyonline.com. Acessado em 2 de maio 2003.
—

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 74 (6) Novemser/DEecemBER 2008
http://www.rborl.org.br / e-mail: revista@aborlccf.org.br

888



11. Jutras B, Gagne JP. Auditory sequential organization among children

12.

13.

14.

16.

with and without a hearing loss. ] Speech Lang Hear Res 1999;42:533-
67.

Musiek FE. Central auditory tests. Scand Audiol Suppl 1999;51:33-
40.

Musiek FE, Baran JA. Amplification and the central auditory nervous
system. Em: Valente M. Hearing aids: standards, options, and limita-
tions. New York: Thieme; 1996. p.407-37.

Bevilacqua MC, Costa Filho OA, Martinho ACF. Implante coclear. Em:
Ferreira LP, Befi-Lopes D, Limongi SC org. Tratado de Fonoaudiologia.
Sao Paulo: Roca; 2004. p. 751-61.

. Loizou PC. Introduction to cochlear implants. IEEE Eng Med Biol

Mag 1999;18:32-42.

Gross A. Fitting techniques for the pediatric cochlear implant patient.
[Site na Internet] Audiology. Disponivel em: http://www.audiologyon-
line.com. Acessado em 22 de maio 2003.

17.

18.

19.

20.

21.

22.

Wilson BS. Cochlear implant technology. Em: Niparko JK, Kirk KI,
Mellon NK, Robbins AM, Tucci DL, Wilson BS, (editors) Cochlear
implants: principles and practices. Philadelphia: Williams e Wilkins;
2000. p.109-27.

Clark G. Cochlear implants: fundamentals and applications. Springer:
New York; 2003.

Loeb GE. An information highway to the auditory nerve. Semin Hear,
1996;17:309-16.

Audiology Illustrated. Instructions and background for frequency
pattern test. In: Audiology Illustrated, LLC. Central auditory tests,
1998.

Musiek FE, Baran JA, Pinheiro ML. Duration pattern recognition in
normal subjects and patients with cerebral and cochlear lesions.
Audiology 1990;29:304-13.

Baran JA, Musiek FE, Gollegly KM, Verkest SB, Kibbe-Michal KS.
Auditory duration pattern sequences in the assessment of CANS
pathology. ASHA 1987;29:125.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 74 (6) Novemser/DEecemBER 2008
http://www.rborl.org.br / e-mail: revista@aborlccf.org.br

889



	Temporal organization skills in cochlear implants recipients

	INTRODUCTION
	METHODS
	MATERIALS
	PROCEDURES
	Temporal ordering tests

	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES


