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Norms for the Pitch Pattern Sequence (PPS) Test for Cantonese Adults
TSANG, Ka-Man

Abstract

Normative values for the Pitch Pattern Sequence (PPS) test have not been reported for
Chinese populations in the previous literature. Therefore, normative values obtained from 33
Cantonese-speaking normal hearing young adults were developed in this study. The effects of
use of two types of response methods (hummed vs verbal responses) and test stimuli
(complex vs pure tones) were investigated. When the pure tone stimuli were used, means for
percent correct (including reversals) and percent correct (excluding reversals) were 97% and
89% respectively, which were approximately the same as those mentioned in the English
adult version of the PPS test instruction manual. The 90" percentile cut-off score was 69%
correct (excluding reversals) and 92% correct (including reversals) averaged in both ears
using the pure tone stimuli. Significant differences were noted in scores for the hummed and
verbal response conditions and separate norms for them were developed. However, an ear
difference was found within the complex tone stimuli condition in which the right ear had a

significantly higher percentage correct (excluding reversals) than the left ear.



Introduction

Background Information

The American Speech-Language-Hearing Association Task Force on Central Auditory
Processing Consensus Development defined a central auditory processing disorder (CAPD)
as “an observed deficiency in one or more of a group of mechanisms and processes related to
a variety of auditory behaviors ” (ASHA, 1996, p.43). This definition is based on a number of

behavioral processes.

These processes include: sound localization, auditory discrimination, auditory pattern
recognition, temporal aspects of audition (including resolution, masking, integration, and
ordering), auditory performance decrements with completing acoustic signals, and the
auditory performance decrements with degraded acoustic signals. Therefore, a central
auditory test battery should identify auditory processing disorders by addressing these
different behavioral processes. The five behavioral auditory test measures include temporal
processes, localization and lateralization, low redundancy monaural speech, dichotic stimuli,
binaural interaction procedures. However, there are no specific corresponding test measures

to the six auditory processes (Schow, Chermak & Berent, 2000).

Literature Review

The development of an auditory processing test battery is not a new topic. There are a
number of test batteries available to assess CAPD. The consensus statement recommended a
minimal task set for a test battery includes a pure-tone audiometry, word recognition tests, a
dichotic task, frequency or duration pattern tests, and temporal gap detection. The temporal

processing tasks of frequency or duration tests and temporal gap detection were essential in a



test battery. The Pitch Pattern Sequence (PPS) test is a task which requires auditory
discrimination, temporal ordering, and pattern recognition. According to a recent survey of
auditory processing diagnostic practices (Emanuel, 2002), the PPS test was found to be the
most commonly used among the temporal processing tests, such as Duration Pattern Test
(Musiek et al, 1990, cited in Emanuel, 2002) in the state of Maryland and various other
locations in the United States. It was reported that over 60% of the Internet and Maryland
respondents used the PPS test respectively. (Emanuel, 2002). The validity of the frequency
pattern test is based upon its sensitivity in identifying patients with known cerebral lesions

(Neijenhuis, Stollman, Snik & Van den Broek, 2001).

The PPS test using non-linguistic stimuli is now commercially available from Auditec,
Audiology Illustrated, and the Veterans’ Administration (Emanuel, 2002). The PPS test from
Auditec provides a child version (age 6 to 9) with normative data of means and ranges for
three age groups of children. An ‘adult’ version (age 9 to adult) provides means and ranges
for 9 to 10-year-old children and for adults. The Audiology Illustrated frequency pattern test
also provided norms for age 8 to 11 and age 12 to adult. It is different from the Auditec test,
in that reversals are not counted as normal. In the reversal, the form of the pattern is correct
but the sequence is reversed, i.e., “high low high” for “low high low”. However, subjects with
brain dysfunction were found to have a number of reversals even though it is less frequent for
subjects with normal hearing (Musiek, 1994). The inclusion of reversals is a controversial

1ssue.

The response type employed by the test is either hummed or verbal response of “high”
or “low” tones in sequence. It was found that both left and right hemispheres and the corpus
callosum must interact to give a correct verbal response to tone pattern sequences. Thus, the

test would be used with two different types of response methods to identify those people who



have dysfunction in either hemisphere or the corpus callosum. Those who have dysfunction
in corpus callosum and/or left hemisphere would get better scores using the hummed
response method than the verbal one. Those who have dysfunction in the right hemisphere
would get better scores using the hummed response method than the verbal one. However,

separate norms are not available for the two response methods in the PPS test.

In the present study, the effect of the type of test stimuli used on the performance of
perception of temporal sequences was investigated. Apart from the pure tone stimuli that are
conventionally used in the PPS test, complex tone stimuli were also used. A pure tone is a
simple tone that is sinusoidal. A periodic complex tone is made up of a number of sine waves
of different frequencies. Complex tone stimuli provide more "natural" stimuli, more closely
linking to the speech signals that CAPD patients experience difficulties in processing. Pitch
of a pure tone stimulus is related to its frequency while that of a periodic complex tone is
related to its fundamental frequency (Moore, 1989). As the nature of the two tones is different,
the mechanisms for pitch perception of them might be different. According to Moore (1989),
two theories of pitch perception of pure tones were suggested. One is the place theory. In this
theory, two hypotheses were suggested. The first hypothesis is that neurons in the basilar
membrane in the inner ear have different distinctive frequencies. Thus, different frequencies
of the stimulus would excite different places in the inner ear (Moore, 1989). The second
hypothesis is that stimulus would give an excitation pattern in the inner ear. Thus, the pitch of
the pure tone stimulus is related to the location of the maximum excitation. Another theory is
the temporal theory. It suggests that the tone stimuli would generate a time pattern of nerve
impulses that corresponds to the pitch of that stimulus. For the pitch perception of the
complex tone stimuli, Moore (1989) also proposed a model. It assumes that a complex tone
stimulus would go through a bank of filters. It would then generate activity in neurons of the

corresponding center frequencies given through the filers (critical bands). A comparator



device would analyze the time intervals of successive nerve impulses at each center frequency.
A decision device would then select the most prominent time interval. That would always
correspond to the period of the fundamental frequency of the complex tone stimuli. Thus,
different mechanisms were suggested for the pitch perception of the two types of tone stimuli.
However, there is little information available on that comparison of the performance of the

PPS test.

Currently, the PPS test is available only with English instructions. Standardized
instructions in Chinese have not yet been developed. Furthermore, no normative studies were
done for Chinese populations before. To obtain the normative values of the test for the

purpose of clinical practices in the Chinese population become necessary.

Research Objectives

The purpose of this study is to develop simple, standardized instructions and produce

norms for the PPS test for Cantonese young adults in Hong Kong.

Research Questions

1.Are the normative data obtained in this study different from the English version of the
PPS test (Auditecrm)?

2.What are the normative data of the means and ranges of the PPS test using the pure
and complex tone test stimuli separately for Cantonese young adults in Hong Kong? Are
there any differences between the two types of test stimuli used?

3.What are the normative data of the means and ranges of the PPS test using the
hummed and verbal responses separately for Cantonese young adults in Hong Kong? Are
there any differences between the two response methods?

4.Are there any differences of the normative data obtained between the right and left



ears?

5.Are acoustic reversals (high for low or low for high) common occurrences in normal
subjects? What is the percentage of reversals occurred in the total number of errors in normal
subjects? Are there any differences between the ears, types of response method, and types of

test stimuli used?

Relevance of the Study

As the PPS test is unavailable in a Chinese instruction version, the development of a
standardized test instruction and norms for the test will be useful for the clinical assessment

of CADP in Chinese adults in Hong Kong.

Method

Subjects

Thirty-four native Cantonese-speaking adults (16 females and 18 males) were recruited.
Their age ranged from 19-27, with a mean age of 22. All subjects were naive listeners with
education levels ranging from secondary to tertiary education. They had no history of any
hearing disorders, middle ear infections, and no known neurological disorders. All subjects
had normal hearing with pure-tone average (0.5, 1, 2, 3 and 4 kHz) less than or equal to 15
dBHL for both ears.
Materials

All tests were conducted in a sound treated room at the audiology center in the Division
of Speech and Hearing Sciences at the University of Hong Kong. The pure tone audiometry
was conducted using the Madsen Orbiter 922(version 2). The computer-generated PPS test
was routed through the clinical audiometer and delivered through the TDH-39 headphones. A
microphone was placed in the sound treated room for the subjects to communicate with the

researcher outside the room.



Test Stimuli

Two sets of PPS stimuli were developed. One set used pure tones and the other used
complex tones. Each frequency pattern using pure tones was composed of three tone bursts
which were either a low frequency (L) with 880 Hz or a high frequency (H) with 1430 Hz.
They were generated with reference to the English adult version of PPS test (Auditectm). In
the current investigation, another set of stimuli using complex tones was generated. Each
frequency pattern was composed of three tone bursts which were the first seven harmonics of
a 220 Hz (a low frequency) and a 357.5 Hz (a high frequency) fundamental frequency (F0).
The amplitude of the harmonics followed a —6dB/octave slope. These FOs were chosen
because the 4™ harmonic frequencies are 880 and 1430 Hz (same frequencies as the pure
tones). There were six possible frequency patterns (HHL, LLH, HLH, LHL, LHH, HLL) for
the PPS tests and four possible frequency patterns (HL, LL, HH, LH) for the pitch
discrimination task which would be administrated before the PPS tests. They were presented
in the same order of frequency patterns as those presented in the standard PPS test. The
frequency patterns were presented with a tone burst time of 200 ms, a rise/fall time of 10 ms,
and an interburst interval of 150 ms. The presentation level was 50 dBHL. The interpattern
interval time was not fixed but controlled by the researcher to suit individual subject
requirements.
Questionnaire

A questionnaire was constructed with the reference to The Amsterdam Inventory for
Auditory disability and Handicap (Kramer, Kapteyn, Festen & Tobi, 1995) was used. Both
the English (see Appendix A) and Chinese versions (see Appendix B) of the questionnaires
were constructed. The questionnaire consisted of 27 questions. Questions concerned about
whether subjects could be able to listen under various daily listening situations. Responses to

% L6 9% &<

each question were made by giving a rating, i.e., “almost never”, “occasionally”, “frequently”,



and “almost always”. If a subject rates “never” to a question, it means that he/she always has
great difficulty in listening under that specific situation. If a subject rates “always” to a
question, it means that he/she always has no problem in listening under that situation. The
fewer questions are rated as “occasionally” or “almost never”, the less likely the subject has
CAPD. Thus, in this study, all the included subjects needed to rate less than 3 questions out of
the total 27 questions as either “occasionally” or “almost never”. It indicated that they were
very unlikely to have CAPD.

Procedures

Every subject first completed the questionnaire. Both the English and the Chinese
version of the questionnaire were given to the subjects. It was followed by pure-tone
audiometry to obtain the pure-tone average threshold (PTA) of 0.5, 1, 2, 2.5 and 4 kHz for
both ears. Only those subjects who had a PTA threshold less than 15 dB HL were asked to
continue the PPS tests. An instruction sheet regarding the procedures of the tests (see
Appendix C) was given before the administration of the PPS tests.

Subjects were then required to perform the basic high/low pitch discrimination task for
each ear using pure tone stimuli. There were four possible pairs (i.e., HL, LL, HH, LH). They
were asked to say “high-low”, “low-low”, “high-high” or “low-high” in response to a pair of
tone bursts. PPS tests would only be continued only when the subject was able to perform
basic high/low discrimination.

In this study, each subject completed the test with 60 items of frequency pattern for four
times using pure and complex tone stimuli with hummed and verbal response for both ears
separately. For the “verbal” response, each subject would say “high” and “low” to indicate
the frequency pattern sequence, such as “high-low-high”. For the “hummed” response, each
subject would hum the frequency pattern sequence. There were four different conditions

testing with both ears (see Table 1).



Table 1.

Description of the testing conditions

Condition Description
A Pure tone stimuli using hummed response
B Pure tone stimuli using verbal response
C Complex tone stimuli using hummed response
D Complex tone stimuli using verbal response

Balancing using random starting order with rotation was used. All subjects were
randomly assigned to one of the orders (i.e., ABCD, BCDA, CDAB, DABC). Half of the
subjects started with the testing of the left ear and another half started with the right ear
during each testing condition. There was a 5-minute break in between each testing condition.
The whole session took about 90 minutes including the breaks. No feedback on the
performance of the tests was provided.

Test-Retest Experiment

Four male and four female subjects were retested after 2 weeks to estimate the
test-retest reliability of the modified PPS test.

Results
Data Analysis of the PPS Test

In each testing condition, the first 10 test items for each ear were practice items. Scores
were based on 50 test items only. Percent correct (including reversals), percent correct
(excluding reversals) for each ear using two types of test stimuli with two types of response
method constituted the scores. In the present study, percent reversals and percent
reversals/total errors were also investigated. It was noted that one subject, who passed the
selection criteria for the PTA and the questionnaire, made all responses as reversals in the

verbal response conditions. The possible reason might be due to his poor ability to identify
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the “high” or “low” pitch verbally even though he was able to tell the difference between
them. This was an extreme case that might not be representative in the normal population.
Thus, those results were not included in the final analyses. Descriptive statistical measures

were computed for 33 subjects only. Details of their pure tone thresholds were given in

Table 2.
Table 2.
Pure tone thresholds (in dB HL) of all 33 subjects
Frequency (Hz)
Ear 500 1000 2000 3000 4000
Left
Mean 11.67 9.39 10.30 8.79 9.24
S.D. 6.57 4.80 4.67 5.59 5.88
Right
Mean 11.67 9.24 8.78 9.24 8.48
S.D. 5.95 5.17 4.51 5.88 5.37

30

20 1

Frequency

10 1

900 925 950 975 1000

Percent correct (including reversals)
Figure 1. Frequency distribution of the scores in verbal response condition using
complex tone stimuli in the right ear.
The distributions of the scores were examined. According to the Shapiro-Wilks Test the
scores in all of the testing conditions did not follow a normal distribution (p=0.01). Due to the

skewed distributions of the scores (an example of frequency distribution was shown in Figure
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1), non-parametric tests were therefore used for the analysis of differences in means scores of
percent correct (including reversals), percent correct (excluding reversals), percent reversals

in different testing conditions.

Descriptive Statistics for the Data of the PPS Test

Descriptive statistical measures were computed and shown in Table 3 and Table 4.
According to Table 3, ceiling effect was showed in all the conditions using hummed
responses. Thus, analysis was focused on the verbal response condition. From Table 4, it was
noted the scores obtained in both ears were approximately the same when the pure tone
stimuli were used. However, more reversals were showed in the left ear condition. Also, a
higher percentage of correct (excluding reversals) were showed in the right ear when the

complex stimuli were used.

Table 3.
Means and standard deviation (S.D.) of the scores in the hummed response condition.
Complex tone Pure tone
Correct Correct Reversals Correct Correct  Reversals
(including  (excluding (including  (excluding
reversals)  reversals) reversals)  reversals)
Left ear
Mean 99.94 99.94 0.00 99.76 99.76 0.00
SD 0.35 0.35 0.00 0.83 0.83 0.00
Right ear
mean 99.76 99.76 0.00 99.64 99.64 0.00
SD 1.09 1.09 0.00 1.17 1.17 0.00
Table 4.
Means and standard deviation (S.D.) of the scores in the verbal response condition.
Complex tone Pure tone
Correct Correct Reversals Correct Correct Reversals
(including  (excluding (including  (excluding
reversals)  reversals) reversals) reversals)
Left ear
Mean 97.94 87.76 10.18 96.61 89.45 7.15
SD 3.55 16.23 14.72 6.72 13.10 9.89
Right ear
Mean 98.36 91.27 7.09 96.85 88.91 7.94

SD 2.76 11.51 10.62 6.06 14.97 10.37
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The 90" percentile cut-off points were determined within the verbal response conditions.
In the pure tone condition, 90% of the scores were 69% correct or higher (excluding reversals)
and 92% correct or higher (including reversals) averaged in both ears. In the complex tone
condition, 90% of the scores were 92% correct or higher (excluding reversals) and 70%
correct or higher (including reversals) averaged in both ears.

It was also found that the percentage of reversals making up of the total errors in all the
33 subjects was about 67% and 82% averaged in both ears for the pure and complex tone
conditions respectively. (see Figure 2). They were calculated by dividing total number of

reversals by total number of errors made in all 33 subjects.

90 -
80 B Left ear ORight ear
70 4
60
50 4
40 4

30 4

Percent reversals/total errors

20 4

Complex tone Pure tone

Types of stimuli used

Figure 2. Ratio of acoustic reversals to total errors in all 33 subjects.

Relationship Between the Pitch Discrimination Task and the PPS Test

Correlation rank coefficients (Spearman’s Rho, p<0.01,two tailed) for the scores of
percent correct (excluding reversals) obtained between the pitch discrimination t nd the
PPS tests using verbal response were examined. Significant correlations were showed

between the pitch discrimination task and the PPS test for both types of stimuli teéted with



13

each ear (i.e., pitch discrimination task and the PPS test tested with complex tone stimuli for
the left ear, r=0.55,p<0.001; pitch discrimination task and the PPS test tested with complex
tone stimuli for the right ear, r=0.63,p<0.001; pitch discrimination task and the PPS test
tested with pure tone stimuli for the left ear, r=0.64,p<0.001; pitch discrimination task and the
PPS test tested with pure tone stimuli for the right ear, r=0.61,p<0.001).

As the pitch discrimination task was performed using verbal response, correlation
analysis was performed only for the verbal response condition.

Differences Between Different Response Conditions

Wilcoxon’s matched pairs test was performed to compare the means between the verbal
and hummed response conditions. The percent correct (excluding reversals) for the hummed
response were significantly higher than the verbal one in all testing conditions (i.e., left
ear/complex tones, T=1, p=0.000; right/complex tones, T=1, p=0.000; left ear/pure tones,

T=0, p=0.000, right ear/pure tones, T=0, p=0.000).

Differences Between the Ears and Types Of Stimuli Used

Wilcoxon’s matched pairs test was used to statistically examine the differences in mean
percent correct (including reversals), percent correct (excluding reversals), and reversals.

In the complex tone stimuli condition, the mean score of percent correct (excluding
reversals) in the right ear was significantly higher than that of the left ear (T=7,p=0.003).
Also, the mean percent reversals in the left ear were significantly higher than that in the right
ear (T=8, p=0.011). However, mean percent correct (including reversals) showed no
significant difference between left and right ear (T=6,p>0.05). In the pure tone stimuli
condition, there were no significant differences in any of the scores measured between the left
and right ear.

Comparing the scores between the complex and pure tone stimuli within left and right

ears, the percent correct (excluding reversals) in the complex tone condition was significantly
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than that in the pure one within the right ear (T=10, p=0.032). There was a greater percentage
of reversals made in the left ear within the complex tone stimuli condition than the pure one.
However, this difference was not statistically significant. (p>0.05).

As shown in Figure 2, there were consistent proportions of acoustic reversals to total
errors across the ear within each stimuli condition. It was found that higher proportion of
reversals to errors was found in the complex tone stimuli condition than the pure one.

Test-Retest Reliability

Test and re-test scores were obtained by eight subjects (four males and four females).
Wilcoxon matched pair test was performed to compare the mean scores between the test and
re-test conditions. For the hummed responses, since all subjects got 100% correct (excluding
reversals) without making any reversals, there were obviously no differences between the test
and re-test conditions. For the verbal responses, no significant differences were noted in mean
percent correct (including reversals), percent correct (excluding reversals) and reversals
between the test and re-test conditions (p>0.05).

Data Analysis of the Questionnaire

Questions developed by Kramer et al (1995) concerned with five basic auditory
abilities (i.e., intelligibility in quiet, intelligibility in noise, distinction of sounds, detection of
sounds, and auditory localization) were modified for screening of normal subjects in this
study. All subjects rated less than 3 questions as either “occasionally” or “almost never”.
Fourteen subjects gave all the answers with either “frequently” or “almost always™. Eight
subjects gave 1 out of 27 answer with “occasionally”. Seven subjects gave 2 out of 27
answers with “occasionally”. Four subjects gave 3 out of 27 answers with “occasionally”.
None of the subjects gave any answer with “almost never”. This indicated that none of the

subjects reported any significant difficulty in daily listening situations.
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Discussion

The purpose of this study was to obtain the normative values of the PPS test for
Cantonese young adults in Hong Kong. The means and ranges of the scores using the pure
tone test stimuli with verbal response obtained in this study were compared with those
obtained in the English adult version of the PPS test (Auditecty). The mean percent correct
(including reversals) of the present data was approximately the same as that shown in the
Auditec test instruction manual (Auditec, n.d.) (97% versus 96%). In comparing the mean
percent correct (excluding reversals) of this study with the English one, similar result (89%
versus 90%) but a wider range (44-100% versus 88-100%) was shown. The reason for this
difference is unclear. Generally, the norms obtained in this study were in agreement with

those shown in the English one.

Musiek (1994) found that the 90" percentile cut-off score was 78% correct (excluding
reversals) using pure tone stimuli. When we used this criterion in the present data, five
subjects (15%) failed the test. This suggested that our result is different from those reported
by Musiek (1994). In the present study, lower cut-off score, which was 68% correct
(excluding reversals) averaged in both ear using pure tone stimuli, was found. This indicated
that 90% of scores were 68% correct or better. This value should be used as the cut-off
criteria for a normal Cantonese-speaking young adult population. It is unclear why lower
cut-off point was found. One possible reason for the difference is that relatively less subjects
was used in this study. The result of this study was also compared with those reported by
Neigenhuis et. al. (2001). They found higher cut-off scores than the present study (89% vs
68% correct). Such difference might be caused by different number of test items used. Thirty

rather than sixty items were presented in each ear in their study (Neigenhuis et. al., 2001).

Scores obtained in hummed and verbal response conditions were compared. In the
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hummed response condition, a ceiling effect was shown. No acoustic reversal was made in
any of the subjects. Mean correct response was about 100% and the range of scores was 94%
to 100%. Norms for hummed response condition were different from those obtained in verbal
one. Most subjects reported that it was easier to hum the pattern sequences than label them
verbally. This could be explained by different mechanisms involved in the two types of
responses. In a verbal response, it requires the interhemispheric transfer through the corpus
callosum from the right hemisphere for decoding acoustic contour to the left hemisphere for
temporal ordering and verbal labeling (Bellis & Ferre, 1999; Emanuel, 2002). However, when
subjects hum the pattern sequences, transfer of acoustic information interhemispherically is
unlikely to be involved. This was also supported by the study done by Musiek et al. (1980;
cited in Emanuel, 2002). They found that split-brain patients could hum the sequence patterns
normally but failed to report them verbally. Now, two separate norms for the two response
conditions were developed. If the subject has poor scores in hummed response condition,
problems in the right hemisphere may be evaluated. If the subject can hum the pattern
sequences but fails to verbalize them correctly, the corpus callosum and/or the left
hemisphere may be involved but cannot be evaluated with this test individually (Chermak &
Musiek, 1997). Other tests will also be needed. Comparison of the scores in the two response

conditions could therefore indicate the integrity of the hemispheres (Bellis & Ferre, 1999).

In the Auditec test instruction manual (Auditec n.d.), it mentioned that there is no
significant difference in response methods. However, in this study, normal subjects showed
significant higher scores in hummed than verbal response condition. More reversals and
wrong responses were made in verbal response condition. Interestingly, some of the subjects
reported that they needed to hum the pattern sequences silently in their mind before labeling
them verbally. More time might be needed to process the acoustic information before they

could give verbal responses. At a few instance, they would forget the pattern they just
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listened to, so they would give responses by guessing. Jirsa (2001) found that children with
auditory processing disorders also had relatively higher scores in the hummed response
condition than the verbal one but had lower scores in both response conditions when

compared to the normal subjects.

It was found that normative values for percent correct (including reversals) and percent
reversals obtained in complex tone stimuli condition were approximately the same as those in
pure one. There was no significant difference in those scores. However, signiﬁéant higher
percent correct (excluding reversals) in the complex tone stimuli condition than the pure one
within the right ear. This indicates that the performance of the test in the right ear might be

different when different types of stimuli are used.

When we looked at the ear difference in scores with verbal response in the two stimuli
conditions, it was showed that there were si gnificantly higher mean percent correct
(excluding reversals) in right ear in the complex tone stimuli condition. At the same time, a
significant higher percentage of reversals were made in the left ear. However, no ear effect
was shown in pure tone stimuli condition. Other studies in the literature also found that there
was no significant ear difference when pure tone test stimuli were used (Pinheiro & Godbey,
1973, cited in Musiek, 1994). Some other studies found right ear would make more pattern
reversals than the left ear, which were contradictory to the findings in this study. Ptacek and
Pinheiro (1970) reported that more reversals for noise-burst patterns based on intensity
differences were made in the left ear. McRoberts and Sanders (1992) found left-ear advantage
on the dichotic fundamental-frequency contour tests. This indicated that there might be a
left-ear advantage for acoustic processing. However, it was difficult to compare our results
with them as the methodology used was different. There is no literature on investigation of

the use of complex tone test stimuli in the PPS test. The reason for such ear differences is
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unclear unless further investigation is carried out.

When we looked at the occurrence of acoustic reversals in this study, it showed that
acoustic reversals were common errors in normal subjects. Those reversals made up about
67% of total errors in pure tone stimuli condition. This is inconsistent with the range (30% to
60%) mentioned in the Auditec test instruction manual (Auditec n.d.). A higher value was
obtained. In the present investigation, we also found that reversals made up of about 82% of
total errors when complex tone stimuli were used, which was greater than that of pure tones.
Although the mean percent reversals averaged in both ears obtained in the two tone stimuli
conditions were similar, higher proportion of reversals to total errors were found in the
complex tone stimuli condition than in the pure one. More errors in overall were made when

pure tone stimuli was used

The explanation of the acoustic reversals for the pitch pattern sequences was still not
yet clear. There is limited information available in the literature focused on the investigation
of occurrence of pattern reversals in normal population. Ptacek and Pinheiro (1970) studied
the perception of pattern sequences based on intensity differences in normal population. They
also found that a large proportion of errors were pattern reversals. In this study, it was
observed that most subjects could notice that they had made a reversal immediately after they
just labeled the pattern sequence verbally during the test. Short-term memory might be a
cause (Ptacek & Pinheiro, 1970). Interestingly, several subjects, who made relatively more
reversals in the test, commented that they had difficulties in labeling the tones. They reported
that they sometimes confused whether a high pitch tone should be labeled as “high” or “low”
pitch and the vice verse. Although they could hum the pattern sequences correctly, they may
be confused and label the pattern sequences as reversals consequently. On the other hand, it

was suggested that those reversals might have some physiological mechanism similar to the
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acoustic confusions which had been investigated by previous studies (Ptacek & Pinheiro,
1970). In their studies, confusions were the errors which often had one element identical in
the same position or two identical elements in reversed position as in the sequence of
meaningful stimuli presented, i.e., digits and letter names (the Conrad studies and Wickelgren
studies, cited in Ptacek & Pinheiro, 1970). As we found that no reversals were made in all of
the subjects when a hummed response was used, the occurrence of reversals might attribute
to the interhemispheric transfer and/or the left hemisphere. However, the exact neural

mechanism for reversals was still unknown without further research.

There is limited literature on comparison of the number of reversals made in the PPS
test between normal subjects and those with brain abnormalities. Musiek (1994) noted that
people with normal hearing would make a small number of reversals but patients with brain
damages would make a large number of reversals in the PPS test. So, reversals should be
considered as incorrect responses. Currently, the Auditec test instruction considers reversals
as correct but scores them separately while another commercially available test, the
Audiology Illustrated frequency pattern test instruction scores them as incorrect. In the
present study, a certain percentage of reversals also occurred in normal subjects. Further
investigation on the PPS test in the patients with brain abnormalities might be needed in order

to find out if the reversals responses were different from those normal subjects.

Correlational analysis between preliminary pitch discrimination task and the PPS test
was performed. It is obvious that pattern recognition of three-tone-burst sequences is more
difficult than tone burst pairs discrimination task (Pinheiro & Ptacek , 1971). At present, in
the Auditec test, the pitch discrimination task is used for ensure the listeners could be able to
discriminate high from low pitch. However, the passing criterion for the pitch discrimination

task in the Auditec test is not clearly mentioned in the instruction manual. Reversals should
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not be scored as incorrect responses in that part as they are not in the PPS test. In the present
study, most errors found in that task were reversals, no incorrect responses (excluding
reversals) which showed inability to tell the differences within the tone pairs (e.g. labeling
tone pairs of “high-low” as “low-low”) were found in most of the subjects. It was noted that
normal subjects who made many reversals in the discrimination task, would also make
relatively more in the PPS test. The pitch discrimination task was found to be significantly
correlated with the PPS test. Therefore, discrimination ability of basic high/low tone pairs
might be a prerequisite in the PPS test.

The test and re-test evaluation indicated that there was no significant difference between
the results in the PPS test before and after a period of 2 weeks.

The PPS test is often included in a central auditory processing test battery. It can assist
in the diagnosis of CAPD and provide information concerning CAPD management.
Performance in this test could give insights about several central auditory processes, such as
contour recognition, interhemispheric transfer and linguistic labeling (Musiek & Chermak,
1995). Generally, intervention approaches would focus on enhancing language resources,
improving the listening environment and enhancing the signal quality (ASHA, 1996).

Now, norms of the PPS test for Cantonese-speaking young adults have been developed.
The present study did not examine the relationship between the constructed Chinese version
of The Amsterdam Inventory for Auditory Disability and Handicap (Kramer, Kapteyn, Festen
& Tobi, 1995) and the subject performance in the PPS test. All normal subjects included were
reported to have good hearing ability in various daily listening situations. The questionnaire
was only used as a screening tool to assure normal hearing ability in this study’s subjects.
Thus, how normal subjects with relatively poor hearing in daily situations as indicated in the
questionnaires would perform in the PPS test, such as number of reversals made, is unknown

without further investigation is carried out.
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Experiments on the population with CAPDs and the population with children who have
learning difficulties and normal peripheral hearing, might be needed to ascertain how their
performances in the PPS test would be different from the normal populations. On the other
hand, larger sample size could also be used in future investigations on the differences of the

reversals made between the complex and pure tone stimuli conditions.
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Appendix A

The English version of The Amsterdam Inventory for Auditory Disability and Handicap

Questionnaire

Name: Age/Sex: Contact number:

Please answer the following questions according to your daily experience

1  Can you understand a shop assistant in a crowded shop?

__Almost never __Occasionally __frequently __almost always

2 Canu carry on a conversation with someone in a quiet room?

__Almost never __Occasionally __frequently __almost always

3 Do you immediately hear from what direction a car is approaching when you are

outside?

__Almost never __Occasionally __frequently __almost always

4  Can you hear cars passing by?

__Almost never __Occasionally __frequently __almost always

5 Do you recognize members of your family members of your family voices?

__Almost never _Occasionally __frequently __almost always

6  Can you recognize melodies in music or songs?

__Almost never __Occasionally __frequently __almost always

7  Can you carry on a conversation with someone during a crowded meeting?

__Almost never __Occasionally __frequently __almost always

8  Can you carry on a telephone conversation in a quite room?

__Almost never __Occasionally __frequently __almost always

9  Can you hear from what corner of a lecture room someone is asking a question during a

meeting?

__Almost never __Occasionally __frequently __almost always

10 Can you hear somebody approaching from behind?

__Almost never __Occasionally __frequently __almost always

11 Do you recognize a presenter on TV by his/her voice?

__Almost never _ Occasionally __frequently __almost always

12 Can you understand text that’s being sung?

__Almost never __Occasionally __frequently __almost always

13 Can you easily carry a conversation with somebody in a bus or car?

__Almost never __Occasionally ___frequently __almost always
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15

16

17

18

19

20

21

22

23

24

25

26

27

25

Can you understand the presenter of the news on TV?

__Almost never __Occasionally __frequently __almost always
So you immediately look in the right direction when somebody calls you in the street?
__Almost never __Occasionally __frequently __almost always
Can you hear noises in the household, like running water, vacuuming, a washing
machine?

__Almost never __Occasionally __frequently __almost always
Can you discriminate the sound of a car and a bus?

__Almost never __Occasionally __frequently __almost always
Can you follow a conversation between a few people during dinner?

__Almost never __Occasionally __frequently __almost always
Can you understand the presenter of the news on the radio?

__Almost never __Occasionally __frequently __almost always
Can you hear from what corner of a room someone is talking to you being in a quiet
house?

__Almost never __Occasionally __frequently __almost always
Can you hear the door-bell at home?

__Almost never __Occasionally __frequently __almost always
Can you distinguish between male and female voices?

__Almost never __Occasionally _ frequently __almost always
Can you hear rhythm in music or songs?

__Almost never __Occasionally __frequently __almost always
Can you carry on a conversation with someone in a busy street?

__Almost never __Occasionally __frequently __almost always
Can you distinguish intonations and voice inflections in people’s voices?

__Almost never __Occasionally __frequently __almost always
Do you hear from what direction a car horn is coming?

__Almost never __Occasionally __frequently __almost always
Can you recognize and distinguish different musical instruments?

__Almost never __Occasionally __frequently __almost always



26

Appendix B
The Chinese version of The Amsterdam Inventory for Auditory Disability and Handicap.
e
i S/ - Ll T

A B HAETEHERRY B EE LU E -
1. VREESAEHEBRA S P B S SRR ?

_ER _H/HH _ A ST
2. {RREETE—[EZEmgny o el LR A HI5E 2

_ER _ AR/ TEH _REH _ RPIRI
3. EURIEHINEE > UREEA T ENEERREEAENRE TT 1Bl 7

__TER __BRF/ T _ASH _ TIRFRF
4. RREATEENR AR ?

__En _ BT _REH _ ARTIREIRF
5. RRERSDAKBERL BV SRACHREA 7

_fef Ak /TR _AEH _ RIS
6. RRES PR E Gt th A et 7

__TEF __Hls/TE _ A _ PRI
7. REEGE— MRS IR & P B A\ RGE 7

__ER __FAl _ A _ BPIRFRF
8. {RBEATTE—FAIEERFHY BB AAE RS T IR, 7

_En _ AT _ A _ RPIRRIR
9. TE—EEHE T  (REEREEG LI AR — AR R 7

__TER __ A/ TEH _AEH _ AR
10. {REEREEEIHI AR REELIR?

_ e __HKE /T __HEH _ ATHERF
11, {REES CATE RN H TR ARV AR AFR0M, 4h 7

__TER _ Al _ AR _ RIS
12. {RAEES I PRI A ?

_EAR _ B /TEF _ AR _ BRPIREIRF

13. {REEES A S HIAE S BGRB8 ASIRE 7
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
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26.

27.

27

I = i g ST
PR 1 T A T R 5 B e 2

R s TR
A AFEE LIS - RREE I BN Ffh, S IERERT T 2
R A _Ew BT
IRRETSHES AL - IR - B RIPE A R
R AR/ s TR
FRRES S IR SR 1 2

R AR s ST
PRRETS LRI 22 B BT 2

R AW R s BT
PRBEZSEH 1 B L TR T

Bz =% _m T
FRREZSAE SR R PYBEE T A LM R A R R 35
R AR g TR
IREETERI ST

_BR W T _ TR
PRBEZS 5 B 53 AR AR,

_RR _EEE T _ T
(RRE S SE U TS 2

B it s ST
PRREEERE N S AI3E 2

R AW R _w _HTHR
(RBEZS SR N SBRTE E S R B 2

B = %l e TR
(RRE R T R R 2

WK W R s TR

TREER RO HIAN R SE85 2
__fER _ BT _AEH _ A&



28

Appendix C.

Instruction sheet regarding the procedures of the tests

Instructions 55|

General information:
&R

The purpose of this study is to develop norms for the Pitch Pattern Sequence (PPS) Test
for Cantonese-speaking young adults in Hong Kong.

) A Sy i S R AN A L e SR/ R A N I
TN -

The PPS test is used for the purpose of assisting in the assessment of central auditory
processing disorders. This (PPS) test is made up of a series of three tone burst patterns. The
test will begin with a check session. It contains 20 tone pairs which are used to make certain
that you can tell the difference between HIGH and LOW pitch. It will be followed by two
sets of 60 three tone patterns, 60 for each ear.

TIER TR S T s T PR R REL ) TGy - AR S —
RYNA= RS RIS » 2 E e TR n e T O s DA e 2 RS & RED
e BB RS - B Se R BIR - aWENEE A HHU =R E
51 > BRI B AR -

Procedures f£f%:
1. Pure tone audiometry
L=g AL
You will hear “bip” sounds with different frequency and loudness. You will be asked to

raise up your hand when you hear a “bip” sound. This test will be presented to both ears
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separately. It will takes around 5-10 mins.

R e g — R S S U ~ R VBT T e RS F -
EIE—XESEE AR TFROREE] ) EE R IR IR T -
BB A TR L= 08

Only subjects who have normal hearing for both ears will be asked to perform the
following test.

AR RE S IER (o S Rg R DU T g -
2. Pitch Pattern Sequence Test

F etk 5 HER

The test will begin with a check session. It contains 20 tone pairs which are used to

make certain that you can tell the difference between HIGH and LOW pitch. It will be

followed by two sets of 60 three tone patterns, 60 for each ear.
B SR 3B DA BRI BEE —-HE RE DAE R VRRE D P S AR B E A4 -
K&, IR B LU BRI B g /S -HRE DAL= (Ea s E AL ey FE 1 -

When you hear a set of tone burst pattern, you will be asked to say HIGH and LOW or

hum the tone patterns indicating your perception of the tone patterns.
IS AR, & REEE—HAYRRE S R R SR T s A TR B SRR
ARFE R AR R S BRI R o IR B R R ORI T RE SR s SR 5 5 -

The test will be performed four times. It will take around 20 minutes for each time. 5

minutes break will be given in between each time. The whole session will take about 2 hours.
JEfE B R A TR - KRR 08, WIRIRFE Lo SEnu IR E. - B
TR RN /N

Thanks for your cooperation and participation!

LRI S ERIZ2 B!
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Appendix D

The Chinese translation of the Auditec test instruction for administration

FR{ERERS [ HIEE (Pitch Pattern Sequence Test)

ETCRF YRR T 8 T PREMEIESIMEIERL , (central auditory processing
disorders)TTREE M) - AHIBRAE IR NSRRI S B A (EL M - AR —

T =R - SRR TR - WIS 2 — B AR SR
REITHREE - BRI ST - FILEE SRS P T RE S « SEME
NSRS AT A TS (AT EHERITHES > £ BIRA A - AT »
A R IR R TR B B -

ZHIER#E T R E R SRHEE Z B e P B AHES - BIRIEEA
it SEREEMY R T BB o ESERII - ZRELARE YRR EE I > Y REREE
HELTAHIER -

—EATHIBEE A — BAGE - TR ERER AR N e T8y - ALL
TR EEE  RESTENREH 50 B IFTE8 - SRS LISZHIE 1000 Hz
gEAL R | 50 dBSL S RIIFAEEE fA R -

IR B SR PE OB O B M 8 R 3208 A Hrh— R SR 5 A A s Iy i Bk
5 -

3 SR A B s T A e E R BT -

CIGh  EEALUT IR G

(—). AXFEL T KEEREE R FONMEF -

(D). AOEERE "5 3 TR SRR EHPITIA S -

(). B r}iﬁ’%h‘fu SRIARITE L 8 T TR REORE AR IR T

(PY). SZHFERFG/SBUALISIER - ZBUE @t - B =BT -

THFEFRRTHRE w5 o TE ) RN ERPIIR -
EZRHEM T T RIEGAERE B IRTRE  WE Bt T, 1
RERETT

A ¢
SUHLUERERE B - BRBEE AR - [HIRE N ERE LA -
AR

BRI ML S TR TR BRE Tl ) o FERRERVIEE A T EE
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(GEEERPET R 30 2 60% " HEE | i e ERHEY IR R EEE] (HE N RFEH
B IEREY - SRIEFR TEad, 8 TRy DR By, #E TeE -
SO A T Re e S R IR A -

IEHEREY] HR(EIHER ]
KR =S
= =
EHEAR =T
Bk K
V= T
(=T =R

HIgRIAT -

Pbdg TneAF BTk 86T TE) 9SSR o A A REYERERD T tH**
HESIXRFe - BB T Ok 5t T FEy ) KIET R o HIBRRIR G < SEREEINE
F AL B2 T IR -

F Tie ) RIER RS LB DI BRI - AR > T FE, A0 T Ol TR
ERE A A R AR 38 RSB RIRE S iR E Y (R - 8K ﬁﬁ{ﬁﬂﬂ“‘
SRS ERURER R IR RY » (HAERZ A > T FE), B T O, TG
RIS P ERERFAERY © BN - B (split brain) ARSI RFHIEETGES > HEL
FRESILL Tty B¢ T FEY ) BE SRR

TARZ AR LR B G U AR R -

1Ef& B (temporal lobe area)‘}ZH‘“{iE]EFsﬁﬁny} (temporo-parietal area) HIEEEHIA > EEEHRY
FIRERG 20 - AR - FEATSEEEIA G - £ B RS E SIS SR = -
T ISR Tk - TSR AN TR RERIRIAK -

FORB AN _AUERE (superior olivary complex) FY_ETH] - i & {5 Bilipg 34,
& EHUR B A TSR s B -

HIRIER A - s e — R BT U B2 HIERATS - B i A AR5
9 T e 2 E Y 88%HY -



