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AbstrAct:    Introduction: Distorted processing of auditory information has a negative impact on the child’s cognitive develop-
ment. There are only a few studies conducted by Polish researchers determining the normative values of psycho-
acoustic tests in auditory processing disorders. They are inconsistent due to different methodologies and different 
research protocols. 

  Objective: The aim of the work was to determine the reference values of selected psychoacoustic tests for the popu-
lation of Polish children between 7 and 12 years of age. 

  Material and method: The study group consisted of 213 healthy children from 7 to 12 years of age. The condition for 
including the child in the study was an intellectual norm, proper sound sensitivity, proper development of children’s 
voice and speech. All children underwent two auditory temporal processing tests. The diagnostic procedure used a 
standardized Frequency Pattern Test (FPT) and Duration Pattern Test (DPT). The tests were carried out in accordance 
with the authors’ recommendations, using the original versions available on the CD for 60 dB SL intensity, simultane-
ously for the right and left ear. 

  results: The reference values for FPT and DPT tests were determined at various age ranges in children aged 7–12. It 
has been shown that auditory functions change with age and development of the child. Reference values including 
age, language, cultural and educational differences were prepared. 

  conclusions: The development of reference values for individual tests for the Polish children population is a key ele-
ment in the reliable diagnosis of auditory processing.
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IntrOductIOn

Distorted auditory processing in school-aged children is still a 
difficult medical, educational and psychological issue [5, 14, 15, 
16, 18, 19]. Distorted processing of auditory information adver-
sely affects the child’s cognitive development. A literature review 
shows, that works in this area in many centers in the world are 
very intensive and have served to establish consensus, which 
constitutes an attempt to organize the diagnostic protocol [1, 2, 
4, 13, 22, 23]. Previous studies of Polish researchers in this field 
are few in number and have served to establish normative values 
of barely a few psychoacoustic tests [3, 6, 7, 14, 15]. Due to the 
growing, not only medical but also social demand in our coun-
try, works that will allow to form a unitary diagnostic model in 
auditory processing disorder should be extended.

PurPOse

This work aims to determine the reference values of selected 
psychoacoustic tests for the population of Polish children be-
tween 7 and 12 years of age.

MAterIAl And MethOd 

The study group consisted of 213 healthy children from 7 to 
12 years of age.

All children underwent laryngological-phoniatric examina-
tion as well as logopedic and psychological consultation. Cri-
teria for inclusion in the study were: intellectual norm, proper 
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DPT) and subsequently it was assessed whether the age and 
sex of the child affected test values. The study group included 
120 girls (56.4%) and 93 boys (43.6%). In individual age brac-
kets, the percentage of girls ranged from 50% to just over 59%. 
A statistical analysis was carried out assessing the impact of 
sex on values of individual psychoacoustic tests. As a result of 
analyses conducted, no significant differences were found be-
tween FPT and DPT test values obtained in girls and boys. The-
re were no significant differences for all age brackets (Fig. 1).

Thus, in further analyzes, the results of tests for girls and boys 
were treated as originating from one group. This was followed 
by a calculation of average test values and a 95% confidence in-
terval of values obtained for individual tests with the division 
into age groups. The analysis of both tests showed a correla-
tion between the age of the child and percentage of properly 
identified sequences. The percentage of sequences correctly 
identified by the child increased with age. It was observed that 
depending on the type of test, values obtained varied in diffe-
rent age groups (Fig. 2). Statistical analyzes were performed 
assessing the influence of age on the values of individual tests.

Duration Pattern Test (DPT)
Histograms for the distribution of DPT values depending on 
the examined child’s age showed that in children aged 7 and 
8 years, the most frequently observed responses ranged from 
50 to 80%, with a distribution similar to normal. Older chil-
dren aged 9 to 12 years showed a significant increase in the test 
value of over 90%. Children of this age also showed a change 
in the nature of the observed distribution, which was similar 
to unilateral distribution. The distribution of average values 
showed a tendency of dynamic growth between 7 and 9 years 
of age, and in subsequent years was characterized by mode-
rate stabilization with a marked upward trend at the age of 
12. Slight decreases in value were observed in the 10th year 
of life, but without statistical significance. Analyzes were per-
formed that confirmed a statistically significant effect of age 
(F = 18.76, p = 0.0000) on DPT test values. Based on the ana-
lyzes performed and considering the level of significance, DPT 
test values were different in individual age brackets. The analy-
sis of DPT in the 7-year-old children group and in the 8-year-
-old group indicated a distribution similar to normal, while 
values in the 9–12 age group showed unilateral distribution. 
The analysis did not show statistically significant differences 
between the DPT test values of children in 9, 10, 11 and 12 
years of age. Therefore, reference values were determined for 
three age groups: children in the age of 7; children in the age of 
8; children in the age of 9–12. Considering the characteristics 
for the distribution of results, the 5th percentile was used as a 
reference for clinical purposes, thereby minimizing the num-

sound sensitivity, proper development of children’s voice and 
speech. All children underwent two auditory temporal proces-
sing tests. The diagnostic procedure used a standardized test 
to assess different tone sequences varying in frequency – Fre-
quency Pattern Test (FPT) and a test to assess different tone 
sequences varying in length – Duration Pattern Test (DPT). 
Tests were carried out in accordance with the authors’ recom-
mendations, using the original versions available on the CD 
at an intensity of 60 dB SL [8, 9, 10]. Sequences in both tests 
were presented in binaural form. In both tests, patients were 
given 30 tone sequences. In the FPT test (Frequency Pattern 
Test) patients were given 30 sequences of three tones at a fre-
quency of 880 and 1122 Hz. The interval between sounds in a 
sequence was 200 ms. The child’s task was to provide the cor-
rect sequence of presented tones (e.g., low – low – high). In 
the DPT test (Duration Pattern Test) patients were given 30 
sequences of a 1000 Hz tone with a length of 500 ms – long and 
250 ms – short. The interval between successive sounds was 
200 ms. The child’s task was to provide the correct sequence 
of presented tones (e.g., low – low – high). The test result in 
both cases was the percentage of sequences correctly identi-
fied by the child to the total number of sequences presented. 
Statistical analyzes were performed using Stat Staticica 10.0 
by Stat-soft. The characteristics of distribution of quantitati-
ve variables for individual age ranges are presented in tables, 
with average values and standard deviation. 

Comparative analyzes were preceded by Shapiro-Wilk’s test 
assessing homogeneity of variance. Depending on the results 
of these analyzes, student’s t-test was used to assess further 
relationships when data showed normal distribution and Wil-
coxon’s rank test for pairs or Mann-Whitney U test when the 
test results did not show normal distribution. Comparative 
analyzes of the influence of individual extra-auditory parame-
ters (e.g., age, sex) on the obtained test values were made using 
one-factor analysis of variance (ANOVA) and were supplemen-
ted with intragroup dependency testing. A threshold level of 
significance p <0.05 was used for formulation of conclusions 
from analyzes using statistical tests, Reference values for indi-
vidual age ranges were determined, as a limit value assuming 
the average minus two standard deviations, when data in the 
age group showed features of normal distribution or the fifth 
percentile, when the results were characterized by unilateral 
distribution [12].

results

The first phase of the study consisted in calculating average 
values, constituting the average percentage of sequences cor-
rectly identified by the child in each of the tests used (FPT, 
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dIscussIOn

The age criterion is a very important element in determining 
the auditory profile in children. Numerous literature data and 
own experience show that as the child grows and develops, 
auditory processes mature and progress [2, 4, 5, 7, 10, 11, 17, 
21]. In audiological diagnostics this means increasing the num-
ber of sequences correctly identified by the child in selected 
psychoacoustic tests [2, 10, 11, 17]. The average values of ti-
me-conversion tests such as DPT, FPT show a fairly large va-
riation, which is mainly related to the research methodology 
[8, 9, 20, 21]. This applies to the research protocol itself, the 
assessment made for one ear or both ears but also for cultu-
ral or educational differences. Unfortunately, normative valu-
es are also determined in various ways [1, 7, 14, 22]. Accor-
ding to ASHA, in the recognition of processing disorders the 
test value below the average minus two standard deviations is 
considered, while in the case of irregularities in only one test, 
the value of this test should be below the average minus three 
standard deviations. Therefore, there are a number of factors 
that have a significant impact on the normative values of te-
sts carried out in children in different countries and different 
parts of the world. Therefore, as an environment, we should 
strive to develop Polish reference values for tests from all au-
ditory test groups recommended by ASHA [1, 22]. This study 
helped to determine reference values in a binaural test on the 
basis of the 5th percentile value. Reference values indicated the 
lowest values of correctly identified sequences in each of the 
researched tests in the control group, assuming specificity of 
the test at a level of 95% below which the result obtained for 
each test was defined as incorrect. Our previous studies showed 
no effect of sex on the value of tests, which is consistent with 

ber of false positives. Tightening of criteria for determining 
normative values is important due to the large intraindividu-
al dispersion, especially in younger children. The table below 
shows average values and standard deviation, as well as the 
reference value (Tab. I).

Frequency Pattern Test (DPT)
Histograms of the distribution of FPT test values depending 
on the examined child’s age showed that in children aged 7, 8 
and 9, responses in the range from 40 to 80%, with a distribu-
tion close to normal were most frequent. There were results 
over 80% among these children, but there were also a few re-
sults below 40%. Oder children aged 10 to 12 years showed a 
significant increase in the test value, above 80%. Children of 
this age also showed a change in the nature of the observed 
distribution, which was similar to unilateral distribution. Sta-
tistical analysis showed that mean values for the FPT test dif-
fered depending on child’s age. The lowest values occurred in 
the youngest children aged 7 and were statistically significan-
tly different from other age groups. In the group of 8-year-
-old and 9-year-old children, the average level of the test was 
comparable (70.1% and 73.7%) and was significantly different 
from other age groups. Children aged 10 and 11 achieved si-
milar results (84.3% and 84.1%), which were higher than the 
results obtained in younger children and differed statistically 
significantly from the average values of the test in the group 
of children at 12 years of age. 

Analyzes showed a statistically significant effect of age 
(F = 15.3, p = 0.0000) on FPT test values. Test values obtained 
in children aged 7 were statistically significantly lower than 
the test values in other age groups. There were no statistical-
ly significant differences between the mean values in the age 
groups of 8 and 9 years and between age groups of 10 and 11 
years. Analyzes of intergroup interactions allowed to distingu-
ish the following age brackets: children aged 7; children aged 
8–9; children aged 10–11 years; children under the age of 12. 
Values obtained in the group of children aged 7 and in the age 
group of 8–9 years showed a distribution similar to normal, 
however, values in the group of 10–11 and 12 years were cha-
racterized by unilateral distribution. Based on the homogene-
ity analysis of variance for clinical purposes, the 5th percentile 
value was taken as the reference value. Table II presents average 
values, standard deviation and reference value. The lowest test 
values, i.e., the lowest percentage of correctly identified sequ-
ences, were observed in the group of youngest children. This 
group showed the largest standard deviation, which indicates 
quite a large diversity of the group, most probably related to 
the lower level of maturity of the auditory system in compari-
son with children from older age groups.

tab. I.  Number of tests, average values, standard deviation, reference value of DPT 
test broken down by age groups.

Age 
brAcKet

nuMber 
Of trIAls

AverAge
[%]

stAndArd 
devIAtIOn

reference 
vAlue

7-year-old 36.0 64.8 19.7 32.5

8-year-old 24.0 78.8 15.6 52.5

9–12 years 153.0 87.7 10.9 65.0

tab. II.  Number of tests, average values, standard deviation, reference value of 
FPT test broken down by age groups.

Age brAcKet nuMber 
Of trIAls

AverAge
[%]

stAndArd 
devIAtIOn

reference 
vAlue

7-year-old 36 55.6 19.9 15.8

8–9 years 65 72.4 16.6 39.2

10–11 years 74 84.2 10.6 63.0

12 year-old 38 92.4 7.6 77.1
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the age of 10, children begin subject-oriented education and 
perhaps experiences increased demands imposed on them, as 
well as requirements for specialized sensory organs, especial-
ly sight and hearing, explain the reduction in test values in the 
group of healthy children.

cOnclusIOns

Hearing functions change with a child’s age and development; 
therefore, age norms should be applied in clinical practice. The 
child’s gender does not affect the value of psychoacoustic tests. 
Assessment of reference values in psychoacoustic tests must 
consider linguistic, cultural and educational differences. De-
velopment of reference values for individual tests in our co-
untry will constitute a key element in the diagnosis of audito-
ry processing processes in the population of Polish children.

the observations of other authors [3, 7, 17, 20]. Based on the 
analysis of the distribution of values in each of the tests used 
in the study, a very interesting phenomenon was observed in 
the research group, which consisted in a clear decrease in the 
values obtained in each test for a group of 10-year-olds. The-
se values were close to those obtained by 7-year-old children. 
While the low values obtained in tests in 7-year-old children 
can be explained by the lowest, in comparison to other children, 
maturity of the auditory path related to age and the moment of 
beginning education at school, causing an increase in require-
ments in relation the hearing organ, insofar sudden lowering 
of these values for 10-year-old children requires reflection. It 
seems that the fall in value in 10-year-old children in the rese-
arch group may be closely related to educational conditions. 
Integrated education covering the first three grades of primary 
school has a completely different substantive construction and 
other pedagogical goals and expectations. After this period, at 

fig. 1. Distribution of values for FPT test depending on gender. fig. 2. Distribution of values for DPT test depending on gender.
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