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Abstract
Introduction: Temporal patterning is one of the important aspects in auditory processing and it 
not only tells us about one’s ability to sequence auditory events in the correct order by retaining 
them but based on the mode of response can give substantial information regarding the processing 
at the interhemispheric level. It has major implications in terms of auditory sequencing; perception 
of prosodic as well as musical aspects.

Aim: This study aims at assessing temporal patterning abilities in typically developing children 
using Duration Pattern Test (DPT).

Methods: DPT was administered on 150 normal hearing children (chronological age 6 years to 11 
years) under headphones (closed field) and sound field conditions using verbal mode of response. 
Scores were calculated in percentage under each condition and for each ear separately.

Results and Discussion: Results showed an improvement in the performance of normal hearing 
children as a function of age. Also, a significant right ear advantage was observed. However, no 
significant difference was seen between headphones and sound field conditions.

Conclusion: Neuro-maturation along with other higher order factors significantly affect temporal 
patterning abilities of typically developing children with evident right ear advantage/left hemisphere 
dominance.

Aim and Objectives: This study aimed at assessing temporal patterning abilities in 6 years to 
11-years-old typically developing children using Duration Pattern Test (DPT) in order to analyze 
the effect of age, ear and listening condition (under headphones vs. sound field condition).
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Introduction
The ASHA task force on Central Auditory Processing (ASHA) defined Central Auditory 

Processing as the auditory system mechanisms and processes responsible for the following 
behavioral phenomena: Sound localization and lateralization; auditory discrimination; auditory 
pattern recognition; temporal aspects of audition, including: temporal resolution, temporal 
masking, temporal integration, temporal ordering; auditory performance with competing acoustic 
signals; auditory performance with degraded acoustic signals [1].

Temporal processing is one of the central auditory processes that are required even for simple 
everyday listening tasks, speech perception and even music perception [2]. CAPD and temporal 
processing has been extensively studied. Bellis et al. [3] explained deficits in temporal processing 
as prosodic deficits where difficulty in perceiving and recognizing nonverbal information such as 
tonal patterns is observed. Temporal processing deficits involves deficits in any of its aspects such as 
temporal resolution which is the shortest duration of time in which an individual can discriminate 
between two auditory signals; temporal integration that results from the summation or aggregation 
of neuronal activity as a function of the additional duration of sound energy [4]. Another aspect in 
temporal processing is temporal masking that occurs when the threshold of one sound shifts due 
to the presence of another sound which precedes or follows it. Each of these temporal processes 
assesses different aspects such as auditory discrimination and identification in the presence of 
noise, prosodic aspects etc. However, except for temporal patterning none of the above-mentioned 
processes are required for interhemispheric connections.
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Children with temporal patterning deficits exhibit difficulty in 
extracting key words from a spoken message. They could be flat or 
monotonous readers and sequencing of elements within a message or 
individual speech sounds within a word could be an issue. This critical 
role of temporal patterning abilities in speech perception has made it 
a highly investigated phenomenon in terms of clinical practice [5-8].

Performance on temporal patterning tasks involving linguistic 
labeling of non-speech stimuli would not be expected to reach adult 
values until neuro-maturation of the relevant neural structures, 
especially the corpus callosum is complete. This was supported by 
Musiek et al. [9-13] and colleagues in a series of experiments studying 
the effects of surgical sectioning of corpus callosum on frequency 
pattern test in both the linguistic labeling and humming conditions. 
Following the surgical sectioning, the linguistic labeling of the tonal 
patterns was affected; however, their ability to hum or sing the 
patterns was intact. Berwanger et al. [14] found out that children 
younger than 7 years had difficulties performing the task of temporal 
ordering successfully.

Several clinical tests are available; however, are not incorporated 
as a part of the clinical protocol. The most widely used clinical tests of 
temporal ordering are the Frequency Pattern Test (FPT) and Duration 
Pattern Test (DPT) [15]. The Frequency Pattern Test (Pitch Pattern 
Test) (FPT/PPT) was initially designed to investigate both pattern 
perception and temporal sequencing abilities [16,17]. It detects 
disorders of the cerebral hemispheres although laterality information 
cannot be obtained [13,18,19]. It may provide information regarding 
the neuro-maturation in the child with learning disability by 
indicating the degree of myelination of the corpus callosum [20]. It 
has been established as an excellent tool to use with young children, 
ages 8 years and older [21]. The DPT appears to be sensitive to 
cerebral lesions while remaining unaffected by peripheral hearing loss 
as long as the stimuli are presented at a frequency and intensity that 
can be perceived by the listener [22]. The DPT assesses the processes 
of duration discrimination, temporal ordering and linguistic labeling. 
Mean performance of normal-hearing young adults for both tests 
(FPT and DPT) was approximately 90 percent with no effect of the 
presentation levels that was used [21]. Therefore, the commercially 
available disc versions of these tests provide a highly feasible and 
accurate measure of temporal patterning and can be successfully 
administered as well.

A systematic review of literature by Delecrode et al. [23] in Brazil 
described the development of temporal processing aspects and the 
clinical use. These developments in Brazil were found to be recent, 
yet a remarkable increase in publications was seen over the last few 
years due to its clinical relevance and its role in speech perception. 
The present study involves assessing temporal patterning of typically 
developing children in under headphones and sound field conditions 
using DPT. Temporal patterning represents ability to sequence 
auditory events in the correct order by retaining them and mode of 
response gives substantial information regarding the processing at the 
inter hemispheric level. These deficits can be present even in children 
with normal hearing and no speech or language delay yet experience 
some academic difficulties or impaired auditory comprehension 
and hence could be missed very easily. Temporal patterning unlike 
other temporal aspects involves more than one process at a time 
with multiple implications in speech perception due to its role in 
discrimination and identification of prosodic aspects that may or may 
not be attributed to any hearing loss.

Materials and Methods
The current study was a survey design with purposive sampling.

Tool
The tool used for this study was the Duration Pattern Test which 

included recorded tracks of 37 practice items followed by 30 test 
items [24]. Each test item consists of a pattern of 1 kHz long and 
short tones which are 500 msec and 250 msec in duration respectively 
with an inter-tone interval of 300 msec. Each of these patterns is a 
combination of three long and short tones. There are 6 possible 
combinations namely- Long, Long, Short (LLS), LSS, LSL, SSL, SLS, 
SLL. This test was administered monaurally; at 50 dB SL of PTA in 
both closed field as well as sound field. The CD version of the test was 
used for the study.

Participants
Children in the age range 6 years to 11 years with normal motor 

and speech milestones; normal otoscopic findings with no history of 
middle ear infection; pure tone thresholds of ≤ 20 dB HL at frequencies 
250 Hz to 8 kHz in both ears; pass on Screening Checklist for Auditory 
Processing (SCAP); no associated impairments of any type such as 
mental sub-normality, visual impairment, developmental delay, 
neuro-motor disabilities, attention deficit hyperactivity disorder and 
pervasive developmental disorders; both boys and girls were included 
as participants for the study [25]. A total of 150 children with 30 
participants in each of the five sub-groups or age groups (6 years ± 
7 years, 7 years ± 8 years, 8 ± 9 years, 9 years ± 10 years and 10 years 
± 11 years) were included. The details of the participants are shown 
in Table 1.

Instrumentation
Otoscope (Welsh Allyn); GSI 38 immitance audiometer; GSI 61 

Audiometer connected to speakers; TDH 39 Supra-aural headphones, 
connecting cord; Laptop and CD version of DPT [24].

Preliminary examination
Informed parent consent was obtained and detailed case history 

was taken. All participants went through a preliminary evaluation 
followed by administration of DPT. SCAP screening was done prior 
to this preliminary evaluation and all children passing this screening 
were taken up for the preliminary audiological evaluation.

SCAP (Screening Checklist for Auditory Processing) in 
children was developed by Yathiraj et al. [26]. It was designed to be 
administered by a class teacher. It has 12 questions that tap different 
aspects of auditory processing such as auditory separation/closure, 
auditory memory, and auditory attention. It is scored on a 2-point 
rating scale and children who obtain more than the 50% score (a 
score ≥ 6) are considered at risk for auditory processing deficits. A 
modified version of this checklist called SCAP- A was developed by 
Vaidyanath et al. [27] as a tool to screen adults.

A total of 167 children were recruited for the study of which 
10 referred on the SCAP screening; so, 157 underwent preliminary 
evaluation. The preliminary stage of evaluation included an Otoscopic 
examination using a hand-held Welch Allyn otoscope in order to 
check for any external ear abnormalities like excessive wax or foreign 
bodies; tympanic membrane perforation or ear discharge. Following 
this pure tone audiometry was conducted for the participants in a 
sound treated room with ambient noise levels within permissible 
limits according to ANSI standards (ANSI S3.6/ISO 389) [28]. Air 
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conduction thresholds were determined using GSI 61 audiometer 
with calibrated TDH 39 earphones (ANSI S3.6/ISO 389) at octave 
frequencies from 250 Hz to 8 Hz using the modified Hughson 
Westlake procedure [28]. Immitance audiometry was performed 
to ensure normal middle ear functioning using GSI 38 immitance 
audiometer calibrated as per ANSI S3.6/ISO389 [28]. Tympanometry 
was done to determine the static acoustic admittance and ear canal 
volume. Reflexometry was done at 500 Hz, 1000 Hz, 2000 Hz and 
4000 Hz to ensure the presence of ipsilateral and contralateral 
acoustic reflexes. Of the 157 children, 7 children failed the preliminary 
evaluation and hence 150 children were eventually included in the 
actual administration of DPT and for analysis of the same.

Administration of the duration pattern test
Since participants were young children, the concept of long and 

short tones was explained to them and then they were instructed to 
identify each pattern of three tones by saying it aloud e.g. LLS (Long, 
Long, and Short). The test was administered in a sound treated, two 
room set up where the laptop was connected to the GSI 61 audiometer 
using a connecting cord and the output was routed through the 
headphones and/or speakers. The presentation level was set both on 
the laptop and the audiometer. The laptop volume was set to 50% of 
the total volume and on the audiometer the level was set to 50 dB SL 
of the pure tone average obtained in both the ears during preliminary 
testing. After instructing the subject and before administering the 
actual test, a practice session including 5 items of three tone pattern 
was given to ensure that the participants have understood the task 
properly.

DPT was administered in two conditions-under headphones and 
sound field. While using headphones, the laptop was connected to 
the audiometer and the output was routed through the headphones. 

In sound field condition, the output was routed through the speaker. 
The speaker was placed at an azimuth of 0° with the subject, i.e. the 
subject was exactly in front of the speaker. Randomization of the ear 
was done while testing in headphone and sound field conditions i.e. 
the order of administering the test in right ear, left ear and sound field 
was randomized to avoid the bias. The 30 items were administered in 
right and left ear each as well as in the sound field condition.

The actual test included 30 test items with gaps recorded in 
between arranged randomly thereby giving enough time for the 
participant to listen to the pattern and identify it. While administering 
the test, after every test item, enough time was given to the participant 
to identify the pattern. The total time taken for the entire procedure 
was approximately 45 min to 1 h per participant. If the participant 
identified the pattern correctly, then a score of 1 was given, an incorrect 
response was given a score of 0. Since 30 items were administered, 
a maximum score of 30 could be obtained for each ear and for the 
sound field testing. Once the total score was obtained, percentage of 
correct responses was calculated for both listening conditions.

Statistical analysis
Descriptive statistics (Mean, Standard Deviation (S.D), Standard 

Error (S.E), maximum and minimum) were obtained for each of 
the subgroups. Statistical analysis was done using one-way ANOVA 
followed by Post Hoc analysis using the Multiple Comparisons 
Bonferroni test to analyze the effect of age. Paired t test was done to 
analyze the right ear advantage by comparing the scores in each ear.

Results and Discussion
Analysis of scores obtained in the under headphones and 
sound field condition

Table 2-4 show analysis of scores obtained using headphones for 
right ear, left ear and in the sound field condition respectively.

Figure 1 shows the minimum scores (31.05%) and maximum 
score (74.99%) obtained for children in the age group of 6 to 7 year 
and 10 to 11 years for the right ear; minimum scores (27.16%) and 
maximum scores (69.77%) for the left ear and minimum scores 
(32.10%) and maximum scores (70.99%) obtained in sound field. A 
major increase in the scores was observed from 6 to 9 years, however 
beyond 9 years, scores have continued to increase but with a reduced 
margin.

Age group Mean age (y &m) Number
Gender

M F

6+ to 7 years 6.46 (6 years 6 months) 30 13 17

7+ to 8 years 7.57 (7 years 6 months) 30 16 14

8+ to 9 years 8.42 (8 years 5 months) 30 18 12

9+ to10 years 9.6 (9 years 8 months) 30 20 10

10+ to 11 years 10.64 (10 years 7 months) 30 20 10

Table 1: Details of participants.

Age Group (Years) Mean Score % Mean Score S. D S. E Maximum Minimum

6+ to 7 31.05 0.3105 0.149 0.02 0.83 0.1

7+ to 8 43.44 0.4344 0.147 0.02 0.73 0.16

8+ to 9 55.77 0.5577 0.211 0.03 0.93 0.23

9+ to 10 63.55 0.6355 0.202 0.03 1 0.33

10+ to 11 74.99 0.7499 0.183 0.03 1 0.36

Table 2: Descriptive statistics for scores obtained in the right ear.

Age Group (Years) Mean Score % Mean Score S. D S. E Maximum Minimum

6+ to 7 27.16 0.2716 0.132 0.02 0.7 0.1

7+ to 8 41.33 0.4133 0.135 0.02 0.73 0.23

8+ to9 47.66 0.4766 0.207 0.03 0.83 0.16

9+ to 10 58.99 0.5899 0.218 0.03 0.96 0.23

10+ to 11 69.77 0.6977 0.221 0.04 1 0.2

Table 3: Descriptive statistics for scores obtained in the left ear.
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An evident and consistent increase in the mean scores was seen as 
the age increases from 6 to 11 years, indicating that the performance 
on DPT i.e. temporal patterning abilities improve as a function of age 
for children with normal hearing. This is in agreement with results 
obtained by Bellis [3] in listeners ranging from 7 to 11 years in which 
cut offs for DPT were 7% to 10% lower than those for frequency 
pattern test and these cut offs were consistently found to increase 
as a function of age. Higher order functions like binaural auditory 
integration abilities, temporal processing and sequencing abilities are 
influenced by age especially in children ranging from 6 to 10 years. 
Different auditory processes develop at different rates and hence the 
corresponding areas performing those cognitive functions develop in 
accordance [29].

Neuro-maturation plays a significant role in development of 
auditory processing abilities in young children up to an age of 12 
years in which an evident increase in their performance on auditory 
processing abilities is seen and these abilities then tend to stabilize 
after this age achieving a plateau [24,30-32]. This is in agreement 
with the results obtained by Stollman et al. [33] who studied the 
development of auditory processing in young children of ages 6 
years, 7 years, 8 years, 10 years and 12 years with normal cognitive 
and language.

Normative data for Duration Pattern Test on ages 8 years to 35 
years was developed by Gauri et al. [24]. The mean score for 8 to 9 
years was 20.46% whereas for 12 years increased to 78.20 % and for 
adults it was 96.81%. Statistical analysis at 0.01 level of significance 
also showed a significant difference across the subgroups from 8 to 
12 years as well as 12 years and the highest age group. Therefore, 
a gradual increase in the scores was seen from 8 to 12 years of age 
and adult like scores were achieved beyond 12 indicating that scores 
improve with the neuro-maturation.

In the present study, ceiling scores were not obtained even for 
the highest age group i.e. at 11 years of age indicating that temporal 
patterning abilities continue to improve after 11 years of age to 
achieve adult like scores. A similar effect was seen for children as well 
as adults for Frequency Pattern Test and Duration Pattern Test by 
Missouri [34]; Neijenhuis et al. [35]; thereby stating that maturation 
of auditory processing abilities takes place even during adolescence. 
Performance on temporal patterning tasks involving linguistic 
labeling of non-speech stimuli would not be expected to reach adult 

values until neuro-maturation of the relevant neural structures, 
especially the corpus callosum is complete. This is because, verbal 
labeling requires processing in the right hemisphere and then transfer 
via the corpus callosum to the left hemisphere for linguistic labeling 
[36].

One-way ANOVA was done for right ear, left ear and sound 
field conditions. Obtained p-value was 0.00 which was less than 0.05 
for scores in all listening conditions therefore, difference between 
the means across 5 subgroups was statistically significant in both 
conditions. Furthermore, post hoc analysis was done using unpaired 
t test and applying Bonferroni corrections for right ear, left ear and 
sound field. A significant difference was seen across all pairs except 
for three pairs (subgroups) 7+ to 8 and 8+ to 9; 8+ to 9 and 9+ to 10; 
9+ to 10 and 10+ to 11 for both the ears.

In the present study, children between 6 years to 8 years scored 
less than 50%. Further, children below 8 years of age were able to 
perform the test but required repetition and reinstructions at times. 
Mean scores in all the conditions for children below 8 years of age was 
<50% whereas with all the other groups scored >50% and required 
less repetitions. Also, there were several children below 8 years of 
age who despite fulfilling the inclusion criteria were not included in 
the study as they did not understand the instructions. The variability 
in the scores for children between 6 years to 8 years of age could be 
seen from the wide range of scores wherein children in 6+ to 7 year 
group (right ear) have scored as low as 10% and high as 83%. On the 
other hand, the least score for 7+ to 8 year is 16% and maximum is 
76%. This variability is seen under headphones as well as sound field 
conditions. This variability could be attributed to other factors such as 

Age Group (Years) Mean Score % Mean Score % S. D S. E Maximum Minimum

6+ to 7 32.1 0.321 0.153 0.02 0.8 0.1

7+ to 8 45.43 0.4543 0.152 0.02 0.76 0.16

8+ to 9 53.66 0.5366 0.214 0.03 0.93 0.16

9+ to10 65.77 0.6577 0.207 0.03 1 0.3

10+ to 11 70.99 0.7099 0.221 0.04 1 0.36

Table 4: Descriptive statistics for scores obtained in the sound field condition.

SUBGROUPS Mean Difference Obtained p Value Level of Significance Statistically Significant or not

6+ to 7 0.038 0.027 p=0.05 YES

7+ to 8 0.021 0.263 p=0.05 NO

8+ to 9 0.081 0 p=0.05 YES

9+ to 10 0.045 0.025 p=0.05 YES

10+ to 11 0.052 0.004 p=0.05 YES

Table 5: Result of paired t test for comparison of right ear vs. left ear scores.

6-7 7-8 8-9 9-10 10-11

Right ear 31.05 43.44 55.77 63.55 74.99

Left ear 27.16 41.33 47.66 58.99 69.77

Sound field 32.1 45.43 53.66 65.77 70.99
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Figure 1: Mean scores in % for right ear, left ear and sound field across 5 
age groups.
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attention, memory, concentration and mode of response.

Children below 8 years of age tend to have reduced attention and 
concentration thereby yielding such scores. Also, linguistic labeling 
of nonverbal stimuli is a complex task which is achieved only when 
the relevant structures have developed enough. As the age increases, 
these structures develop more, and the interference of other higher 
order factors is reduced yielding better scores.

Above 8 years of age, all other groups have shown less variability 
and a consistent increase in both the minimum and maximum scores. 
This high degree of variability and relatively poor results for very 
young children was noted by Bellis [36] owing to which she stated 
that both Frequency Pattern Test and Duration Pattern Test are 
difficult for children under 8 years of age. Performance of typically 
developing children improves as a function of age on DPT. Nonverbal 
response can be seen in children as young as 7 years of age along with 
a significant increase in scores especially between 8 years to 10 years 
of age [37-39]. This is supported by Frederigue-Lopes et al. [40] where 
PPT and DPT was administered on children between 7 to 12 years 
and a significant age effect was seen for both the tests.

A comparison of left vs. right ear scores was also done
Left hemisphere is dominant for speech and has a preferential role 

in processing of temporal aspects of acoustic stimuli [41]. Mean scores 
obtained in the right ear were consistently higher than those obtained 
in the left ear for all the subgroups indicating performance of children 
to be better in the right ear than the left ear. Results of paired t test 
(Table 5) obtained p<0.05 for all the groups except subgroup 7+ to 8 
years. The range of scores for 7+ to 8 group was highly overlapping 
i.e. 16 % to 73% (right ear) and 23% to 73% (left ear) which is quite 
a wide range of scores and hence mean was still found to be slightly 
better for right ear, however statistically significant difference was not 
seen for this group (Figure 2).

Zatorre et al. [42] used Positron Emission Tomography (PET) 
to study the spectral and temporal variation in auditory cortex and 
found out that left hemisphere is specialized for rapid temporal 
processing, thereby emphasizing major left hemisphere role in 
analyzing temporal aspects of acoustic stimuli. Left hemisphere has a 
major role to play in processing non-verbal stimuli [43]. Functional 
magnetic resonance imaging revealed responses to increased temporal 
variation lateralized to the left hemisphere. Therefore, increased right 
ear scores could be attributed to the left hemisphere specialization in 
processing of temporal aspects of the auditory stimuli.

However, several studies contraindicating these findings have 
stated that no significant difference was seen for right ear vs. left ear 
for DPT [13,24,44-46]. However, these studies are either reported on 
adults or on limited number of children. Small sample size could be 

a reason for no statistically significant differences between right and 
left ear scores. Therefore, it can be concluded that right ear scores 
are better than left ear in challenging tasks like temporal patterning 
mainly due to left hemisphere dominance for temporal processing.

A significant age effect was seen in both headphones and sound 
field condition, however, performance in the left ear was consistently 
lower than right ear as well as sound field across all subgroups with an 
overlap between right ear and sound field.

Conclusions
Temporal patterning abilities in children are highly influenced by 

neuro-maturation with a greater degree of variability in performance 
especially for children below 8 years of age due to presence of other 
higher order factors as well. Temporal patterning abilities improve 
as a function of age due to better comprehension of task as well as 
better attention; but adult like scores may not still be achieved even by 
11 years but rather they continue to improve beyond 11 years. Also, 
left hemisphere dominance for temporal processing was seen on DPT 
with a significant difference in the DPT scores obtained for right ear 
vs. left ear for children.

Implications and Limitations
The present study was done on children as young as 6 years 

thereby encouraging its use on the younger population with a little 
practice. Performance on DPT using nonverbal mode of response 
could be evaluated along with verbal mode considering the younger 
population. DPT can be used as a quick tool for identifying any 
temporal processing deficits in school going children. DPT could be 
used to assess the performance of children using hearing aids as well 
as cochlear implants.
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