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Abstract
Background: auditory temporal processing. Aim: to compare the performance of children in auditory
temporal processing tests according to different temporal variables such as inter-stimulus interval, stimuli
duration and type of task (discrimination or ordering). Method: 27 children, with ages between 9 to 12
years, were evaluated. In order to analyze the effect of temporal variables, an adaptation of the American
"Repetition test" was developed, containing four tests of frequency discrimination and ordering, and four
tests of temporal discrimination and ordering. In order to investigate the variable 'type of requested task',
tests involving frequency and temporal discrimination and ordering were elaborated. In order to evaluate the
variable 'stimulus duration', frequency discrimination and ordering tests were elaborated, with stimulus
durations of 200ms and 100 ms. In addition, temporal discrimination and ordering tests were carried out,
with stimulus durations of 200/400ms and 300/600ms. In order to evaluate the variable 'inter-stimulus
interval', tests were elaborated with randomly variable inter-stimulus intervals, ranging between 50ms and
250ms. Results: regarding inter-stimulus interval, there was no statistically significant difference between
the average number of correct answers when intervals varied between 50 and 250ms, in all of the tests.
Regarding stimulus duration, the research group presented a poor performance for when stimulus had a
shorter duration (100ms), compared to those with longer duration, but only in the tests involving frequency.
Regarding order, the research group presented a poor performance in ordering tasks when compared to
discrimination tasks. Conclusion: temporal variables such stimuli duration and type of task (discrimination
and ordering) can interfere in the performance of children in tests of auditory temporal processing.
Keywords: Hearing, Hearing Tests, Children.

Resumo
Tema: processamento temporal auditivo. Objetivo: comparar o desempenho de crianças, em testes de
processamento temporal auditivo de acordo com diferentes paradigmas temporais como intervalo inter-
estímulos, duração do estímulo e tipo de tarefa solicitada (discriminação ou ordenação). Método: foram
avaliadas 27 crianças de 9 a 12 anos. Para analisar o efeito de cada variável temporal, foi desenvolvida e
aplicada uma adaptação do teste americano "Repetition Test", contendo quatro testes de discriminação e de
ordenação de frequência, e quatro testes de discriminação e de ordenação de duração. Para investigar a
variável "tipo de tarefa solicitada", foram elaborados testes envolvendo discriminação e ordenação de
frequência e discriminação e ordenação de duração. Para investigar a variável "duração do estímulo", foram
elaborados testes de discriminação e ordenação de freqüência com estímulos de 200ms e 100ms e testes de
discriminação e ordenação de duração com estímulos de 200/400ms e 300/600ms. Para investigar a variável
"intervalo inter-estímulos", foram elaborados testes com intervalos inter-estímulos variáveis aleatoriamente
entre 50ms e 250ms.Resultados: em relação à variável intervalo inter-estímulos, não houve diferença
estatisticamente significante entre a média de acertos quando os intervalos variavam de 50 a 250 ms, em
todos os testes realizados; em relação à duração do estímulo, o grupo apresentou pior desempenho para
estímulos com menor duração (100ms) em comparação com estímulos maiores, mas apenas nos testes
envolvendo freqüência; em relação à ordem solicitada, o grupo apresentou pior desempenho nas tarefas de
ordenação, se comparada com discriminação. Conclusão: variáveis temporais como duração do estímulo e
tipo de ordem solicitada (discriminação e ordenação) podem interferir no desempenho de crianças em testes
de processamento temporal auditivo.
Palavras Chave: Audição; Testes Auditivos; Criança.
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Introduction

The way the human brain realizes and
discriminates the complex and fast speech sounds
components are still discussed (Frisina, 2001),
nevertheless it is known that the codification of
temporal information of the sound, such as its
duration, interval and presentation order of the
stimuli, provides vital information for the nervous
system. This is because, in continuous speech the
speech segments are co-articulated, that is, their
acoustic pattern is modified regarding the duration,
intensity and frequency. Thus, the listener has to
analyze the acoustic clues the speaker produced,
organizing the speech segments from the acoustic
point of view, in a sequential order defined by his
language's patterns (Balen,1997).

Nowadays, it is known that the human ear is
able to realize two sounds when they are separated
by an interval longer than 2 milliseconds (Hirsh,
1959). Sounds can also be ordered when the interval
between them is from 20 to 40 milliseconds,
approximately (Kanabus et al,2002), however, this
threshold can vary according to the parameters used
in the task, such as inter-stimuli interval, for instance
(Kanabus et al,2002). Furthermore, in certain
populations, such as in the elderly (Neves, 2002;
Mendelson & Riccketts,2001) and in children with
language disorders (Rosen & Manganari, 2001,
Borges & Schochat, 2005a, Furbeta & Felippe, 2005),
where there is an alteration in the Auditory
Processing, such threshold may also have a different
value.

Mendelson and Riccketts (2001) affirmed that
an alteration in the fast processing of complex
acoustic clues may be one of the reasons for the
poor speech discrimination in the elderly. In their
researches, the authors were able to relate the
individual's age to the decrease of the perception
of the frequency change rate of speech sounds,
which could lead to a poor discrimination.

Regarding the language disorders, one of the
hypotheses related to the etiology of the problem
is the existence of perceptual basis problems. These
difficulties would involve the temporal processing
of auditory, visual and sensory-motor stimuli
presented quickly and sequentially. This theory tries
to conciliate auditory and visual deficits through a
single basis, the temporal processing (Rosen &
Manganari, 2001).

Researches have also showed that the linguistic
experience may interfere in ability to realize temporal
characteristics of the acoustic signal (Gandour et
al,2002; Klein et al,2001).

Phonemes are more easily discriminated in
Portuguese than in English, and therefore there is
less effort of the auditory system, resulting in a
poorer discrimination in temporal tasks involving
frequency and duration (Schochat & Musiek, 2006).

Considering the fact that the auditory temporal
processing is closely related to the speech
perception, it is extremely important the use of tests
involving temporal skills in individuals with oral and
written language complaints, and in the battery of
tests for the auditory processing evaluation (Samelli,
2005). Thus, the investigation about temporal
parameters present in the tests is also important.

Chermak and Lee (2005), for example, compared
the performance of American children in 4 different
auditory temporal processing tests aiming to analyze
if differences between the stimuli or the tasks
requested in each test could interfere in the
diagnosis of each child. The analyzed tests were:
RGDT (random gap detection test), AFTR (auditory
fusion test-revised), GIN (gap in noise) and BFT
(binaural fusion test). Results showed that all
children presented results within normality patterns
in all tests, which demonstrated that there are no
significant differences between the temporal
parameters used in each test.

In Brazil there isn't a criterion regarding the
selection of temporal tests used in the auditory
processing evaluation, as well as there aren't
researches that show the interference of temporal
parameters in the performance for each one. Thus,
the aim of this study is to compare the performance
of children in auditory processing tests according
to different temporal paradigms, such as inter-stimuli
interval, stimulus duration and type of task
requested (discrimination or ordering). This way, it
will be possible to analyze how temporal variables
influence the performance of children in auditory
temporal processing tests.

Method

The study was approved by the Ethics
Committee for Research Projects Analysis -
CAPPesq of the clinical board of the Clínicas
Hospital of the Medical School of University of
São Paulo (FMUSP), in  9/10/2002, Research
Protocol n  649/01.

Subjects

Data collecting was performed in the Speech
and Hearing Investigation Laboratory in Auditory
Processing of the Speech and Hearing Course of
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FMUSP during January and March, 2004. The 27
participants came from private schools near the
area where data were collected. Children should
be between 9 and 12 years and 11 months of age,
and should present results within the normality
patterns in the Basic Audiological Evaluation
(audiometry, speech audiometry and immitance
measures). Through the anamnesis, it was verified
that all participants did not present cognitive,
psychological, neurological, and ophthalmological
alterations. Furthermore, they didn't present
academic complaints, otitis background or musical
knowledge. All participants consented to
participate and allowed the publication of the
results.

Material

Individuals were submitted to a series of
procedures: clinical story, complete audiological
evaluation composed by otoscopy, immitance
measures, tonal audiometry and speech audiometry.
After these procedures, children who did not meet
the inclusion criteria described above were excluded,
and when it was necessary they were referred to the
responsible Professional. Once the group was
selected, the following tests were applied:

Auditory progressive temporal test (Borges &
Schochat, 2005b)

The eight tests related to the auditory temporal
processing were applied in an isolated and silent
room, through a CD played in a LG computer with
the Windows Media Player program, and using a
Pioneer earphone SE-A20. The CD with the test
recording was recorded in the Radio Laboratory of

the Arts and Communication School (ECA) of USP,
using the Software Sound Forge 4.5. For the
recording, a mixing console MACKIE SR 32-4 and
a CD recorder HP 8100 were used. The recording
was performed directly in the computer's Hard Disc
with a Pentium processer. The introduction of the
tests (naming) was done by a locator using a SM81-
LC microphone.

In order to analyze each temporal variable
separately, eight tests were applied. The difference
between each test is described in Table 1.

The inter-stimuli intervals chosen (50 to 250ms)
were based on the results found by Tallal (1980).
This interval seems to be critical in stimuli
discrimination and ordering tasks, either in control
group as in English speaking children with
language disorders. Thus, in order to analyze
different values considering this interval, we chose
to vary them in steps of 50ms, randomly presented.

The other variables, such as stimulus duration
and frequency were based on pilot studies
performed with Portuguese speaking children.

Each discrimination test has 40 attempts, that
is, 40 pairs of stimulus, and each ordering test has
30 attempts, that is, 30 pairs of stimulus. Each
stimulus presents a rise and fall of 5ms.

The participant and the researcher remained side
by side, in front of the computer. In he screen it was
possible to visualize the program used to run the
CD (track, seconds played and left). Tests were
applied in a comfortable intensity, corresponding
to 70dBHL according to the Sound Pressure Level
Measure. The stimuli are binaural, that is, presented
simultaneously in both ears. The response given
was verbal: in discrimination tests the participants
should say if the stimuli were the same or different,
and in ordering tests, they should say the order of
presentation (high/low or low/high).

TABLE 1. Description of each auditory temporal test.

 frequency Stimulus 
duration 

Type of task  inter-stimuli intervals 

Test 1 1000/1400Hz 200ms ordering 50,100,150,200,250ms 
Test 2 1000/1400Hz 100ms ordering 50,100,150,200,250ms 
Test 3 1000Hz 300/600ms ordering 50,100,150,200,250ms 
Test 4 1000Hz 200/400ms ordering 50,100,150,200,250ms 
Test 5 1000Hz/1400Hz 200ms discrimination 50,100,150,200,250ms 
Test 6 1000Hz/1400Hz 100ms discrimination 50,100,150,200,250ms 
Test 7 1000Hz 300/600ms discrimination 50,100,150,200,250ms 
Test 8 1000Hz 200/400ms discrimination 50,100,150,200,250ms 
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Results

The effect of the three temporal variables was
analyzed separately, using the ANOVA technique.

Concerning the inter-stimuli intervals (ISIs), the
number of correct responses for each interval was
totalized for each participant and, then the average
of correct responses was calculated for the group,
which can be seen in percentage in Figure 1. There
was no significant statistical difference between
the average obtained for each inter-stimulus
interval analyzed (p=0.61). There wasn't a great
standard deviation for each analyzed IIE (inter-
stimuli intervals) either, which can be observed by
the upper and lower limits of the figure.

The analysis of the stimuli duration effect was
also analyzed (Figure 2). The duration 1
corresponds to 200ms in tests involving frequency,
and 300/600ms in tests involving duration; and
the duration 2 corresponds to 100ms and 200/
400ms. Thus, we compared the group performance
regarding duration 1 and 2 in tests involving
frequency and duration. The group presented
significant statistical difference for all
comparisons: between the frequency
discrimination tests (p= 0,004), between duration
discrimination tests (p= 0,006), between ordering
and duration tests (p<0,001), except for the
Frequency Ordering test (p= 0,715), and the longer
the stimuli, the better the performance.

 The type of task requested (discrimination x
ordering) was also compared (figure 3). Thus,
figure 3 demonstrates the performance in frequency
discrimination and ordering tests with short
duration (200ms), which represents frequency 1,
and with long duration, which represents
frequency 2 (200ms). The performance in
discrimination and ordering tests of duration 1
(300/600ms) and duration 2 (200/400ms) was also
compared. Results demonstrated significant
differences only between tests involving frequency
(pfreq.1<0,001, pfreq.2<0,001), and the
discrimination task (disc.) presented better
performance when compared to the ordering (ord.)
task. Concerning the tests involving duration,
there was no significant statistical difference
regarding the requested task (p dur.1=0,836 and
p.dur.2= 0,320).

FIGURE 1. Percentage of correct responses according to the IIEs

FIGURE 2. Percentage of correct responses according to the stimuli duration.

FIGURE 3. Percentage of correct responses according to the task
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Discussion

The present study aimed to analyze the effect
of temporal variables of a test battery of auditory
temporal processing in children. The analyzed
variables are the inter-stimuli interval, the stimulus
duration and the type of order requested.

Concerning the inter-stimuli intervals, the
intervals from 50 to 250ms were analyzed in eight
tests. Results showed that they didn't influence
the performance of the group.

A different result was found by Kanabus et al
(2002). The authors performed frequency ordering
tasks in adults. The pairs of stimuli presented 300
and 3000Hz and duration of 15ms. The inter-stimuli
intervals considered were: 5,10,20,40,80,150,300
and 500ms. The percentage of correct responses
increased with the increase of the IIEs, and the
interval that presented a great increase of the
number of correct responses was between 40 and
80ms. Therefore, in this research, we should have
found this difference between 50 and 100ms,
approximately.

 However, Kanabus et al (2002) have also found
that the IIEs threshold requested for the acoustic
stimuli ordering (75% of correct responses) is near
40ms. In the present research, for all analyzed ISIs
the percentage of correct responses was above
75%, even for 50ms. This shows that maybe if we
had included ISIs with shorter durations, we would
have found differences in the performance for each
one of them. Maybe, there aren't significant
differences above the threshold concerning the
difficulty levels.

Another hypothesis to be considered is the
influence of other temporal parameters, such as
the stimulus duration. Kanabus et al (2002) used
stimuli with 15ms, while in the present research
stimuli with 100 or 200ms were used. There might
be a correlation between these different temporal
variables; this hypothesis may be accepted if we
consider the temporal integration phenomena,
which show a relation between a stimulus duration
and its detection threshold (Shinn, 2003,
Pulgati,2001).

The interference of the Language should also
be considered. No similar studies were found in
Portuguese speaking subjects, but similar tests
were already applied in German speaking people
(Heim et al, 2001). Heim et al (2001) did not observe
influence of the IIEs varying from 8 to 305ms, in
control group.

Therefore, although non verbal stimuli are used
in researches as the ones mentioned above, the

way how this stimulus is processed by different
Languages speaking people may vary (Chermak &
Musiek, 1997). This is because each language
requires a particular acoustic perception, once each
one of them present specific phonetic
characteristics. Thus, it seems that Languages
such as English, that present a greater number of
phonemes differentiated by the variable frequency,
will present speakers with a more sensitive acoustic
perception for this aspect than Portuguese
speaking people, which present a greater number
of phonemes differentiated by the variable
duration.

Despite not including the "ordering threshold"
in the research, there isn't a consensus regarding
the threshold for other different populations, such
as children with language disorder and aged
people. Borges (2005) performed the same tests in
children with reading disorders. These children had
difficulty to perform the same tests (percentage of
correct responses below 75% for all IIEs), but,
accordingly, there was no significant difference
between the analyzed IIEs. Thus, the threshold of
children with this disorder may be above the
analyzed ISIs, that is, above 250ms. The findings
of Tallal and Piercy (1973) are another example of
the same type of research, where the group of
children with language disorder presented
approximately 75% of correct responses for the
IIEs of 300ms (ordering threshold).

We shall compare the analyzed tests with the
ones used in the clinical practice, that were
normalized for the Brazilian Portuguese (Schochat
et al, 2000; Balen,2001). The version Audiology
Illustrated (Musiek, 1994) contains the frequency
pattern tests, presenting IIEs of 200ms, and the
duration pattern test, with IIEs of 300ms. Therefore,
comparing the data from Borges (2005) and from
Tallal and Piercy (1973), it is easy to realize that the
parameters of the version Audiology Illustrated
(frequency), make the performance of the test
difficult, that is, the analysis of the ordering task
may be impossible by the parameters of such test.

The tests commercialized by Auditec of Saint
Louis present ISIs of 300ms for frequency and
duration, in the child and adult versions. Therefore,
there is a higher possibility of a better application
in a population with language disorders (Branco-
Barreiro, 2003) or even in children users of cochlear
implant (Frederigue, 2006)

Thus, it is observed that in both tests, the
parameters are responsible for the difficulty degree
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of the test, not enabling its performance many
times, and consequently the diagnosis conclusion.
Maybe, in clinical terms the application of the test
with varied parameters would be more indicated
(psychophysical tests) in order to evaluate the
performance of the individual according to the
parameters present. The disadvantages of this type
of test are the long time of application requested
and the difficulty to establish comparison
parameters.

These different parameters may also explain
results within normality range in frequency pattern
tests and altered results in duration pattern tests,
and vice-versa, despite both of them evaluate the
same skill.

The effect of the variable stimulus duration was
also analyzed. The findings showed that there was
a significant difference between the percentage of
correct responses obtained in tests with duration
1 (200ms, 300/600ms) and 2 (100ms, 200/400ms); it
was observed that the longer the stimulus duration,
the better the performance. Only in the Frequency
Ordering test, no significant difference was found.
This result shows that this variable may interfere
in the performance of the individual to be tested.

Thompson et al (2001) have also analyzed the
performance of children and adults in frequency
discrimination tasks using stimuli with different
durations (20ms, 50ms and 200ms). The researchers
found that the stimuli duration is inversely
proportional to the difference threshold between
the frequencies, that is, the longer the stimulus
duration, the smaller the difference, in Hz between
the stimuli.

Wittmann and Fink (2004) discussed the use of
different types of stimuli, regarding their duration,
in researches involving language disorders.
According to the researchers, the most used
condition for this kind of population is the 75ms
one in psychophysical tests.

Tallal and Piercy (1973) compared the
performance of children with language acquisition
delay in two frequency ordering tests. Each test
presented 3 stimuli with 75ms and 250ms of
duration. When the stimuli presented 75ms of
duration, all children from the control group had a
performance within the expected pattern, and only
17% of the study group presented performance
similar to the control group. However, when the
stimuli presented duration of 250ms, 83% of the
study group presented performance similar to the
control group. A similar analysis was done by
Heiervang et al (2002) using stimuli of 75 and 250ms
of duration in tests involving frequency

discrimination and ordering. Results showed that
both groups presented worse performance when
the stimuli presented 75ms of duration, when
compared to those with 250ms, but this worsening
was more evident in the group of dyslexic children.
The authors discuss, therefore, the importance of
the stimulus duration as a variable to be considered
in researches involving dyslexia.

Let's consider again, the tests used in the
clinical practice. The version Audiology Illustrated
(Musiek, 1994) contains the frequency pattern tests
presenting a constant duration of 150ms, and the
duration pattern test with durations of 500 and
250ms. The tests commercialized by Auditec of
Saint Louis present for the variable frequency,
500ms duration in the child version and 300ms in
the adult version. The ordering tests present
durations of 250ms and 500ms. Therefore, it can be
noticed that only tests involving frequency present
different difficulty levels regarding the parameters
stimulus duration.

The last variable to be considered is the type
of task requested. Results showed that the
performance of the group in tests involving
frequency was influenced by the type of task
(discrimination x ordering); the ordering task
presented higher difficulty degree (figure 3). There
was no significant difference in tests involving
duration.

 One of the hypotheses for not having found
differences between tests involving duration would
be the presence of arbitrary responses. Eddins et
al (2001), for instance, affirm that memory and
attention could contribute for the great variability
in the performance in tests involving discrimination
of duration acoustic clues.

Banai and Ahissar (2006) compared the
performance of a control group and a group with
learning disorder in tasks involving frequency. The
researcher did not find differences between the
discrimination threshold between frequencies in
both situations when analyzing the control group.
A difference was found for the group with language
disorder. The author concludes that the ordering
task was not more difficult for the control group.

Heiverang (2002) found a similar result. The
researcher applied adapted tests of Tallal and Piercy
(1973) in dyslexic children and in controls and
observed that only the study group presented a
great fall in the performance of discrimination tasks
comparing to the ordering ones.

Therefore, one of the hypotheses for the result
found in the present study is the great variability
of responses for ordering tests which is different
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from other auditory processing tests that present
greater reliability (Frasca, 2005). This hypothesis
can also be corroborated by Berwanger et al (2004),
who found that the applicability of temporal tests
in children analyzed in research by test-retest is
discussed. The authors affirm that there is a great
variability of responses in children from the control
group.

Conclusion

The research shows that variables such as
stimulus duration and order requested can interfere
in the individual's performance in auditory temporal
tests. Concerning the stimulus duration, the longer
the stimulus the better the performance.
Concerning the type of task, the ordering skill
presented higher difficulty degree if compared to
the discrimination, in tests involving frequency. In
conclusion, it is necessary a greater concern with
temporal parameters present in each test, once
these parameters directly influence the individual's
performance, and maybe the diagnostic, requiring
further investigation in future researches.
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