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Abstract

Background: This study studied the effect of extending the response window on the auditory processing (AP) test performance of children
with a learning disability or reading disability (LD/RD). The study also investigated whether subject practice affected test performance.

Material and methods: Twenty-four children with an LD and 12 typically developing (TD) age-matched peers between 9 and 13 years of age
participated in the study. The participants were administered three AP tests — the dichotic digit (DD), duration pattern sequence (DPS), and
random gap detection (RGD) test — under two conditions: standard response window and extended response window.

Results: The performance of the LD group on the DD and DPS tests significantly improved using an extended time window whereas the per-
formance of the TD group did not change.

Conclusions: The findings suggest that some children with an LD achieve higher scores on auditory processing tasks if given a longer response
window. This has implications for diagnosis and for providing a potential differential diagnosis tool.
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EFECTOS DE LA AMPLIACION DE LA VENTANA DE RESPUESTA Y LA ACTIVIDAD
DEL PACIENTE EXAMINADO EN CONTEXTO DEL PROCESAMIENTO AUDITIVO EN
NINOS CON DIFICULTADES DE APRENDIZAJE Y LECTURA

Resumen

Introduccion: Se examind el efecto de la ampliacion de la ventana (tiempo) de respuesta sobre los resultados de la prueba de procesamiento
auditivo (AP) en ninos con dificultades de aprendizaje (inglés: learning disability) o bien dificultades de lectura (inglés: reading disability). E1
objetivo del estudio fue también comprobar si la experiencia del paciente examinado impacta el resultado de la prueba.

Materiales y métodos: 24 nifios con dificultades de aprendizaje y 12 nifios con desarrollo tipico (inglés: typically developing) en un grupo
de edad seleccionado (9-13 afios). Los participantes se sometieron a tres pruebas de procesamiento auditivo: test de digitos dicdticos (inglés:
Dichotic Digit Test), test de patrones de duracion auditiva (inglés: Duration Pattern Sequence Test) y test de deteccion de intervalos aleatorios
en ruido (inglés: Random Gap Detection Test), en las siguientes condiciones: ventana de respuesta estandar y ventana de respuesta mas larga.

Resultados: Los resultados en el grupo con dificultades de aprendizaje para el test de digitos dicoticos y el test de patrones de duracion au-
ditiva mejoraron de forma considerable cuando se amplié la ventana de respuesta, mientras que la eficacia en el grupo de aprendizaje tipi-
co no sufrié cambios.

Conclusiones: Los resultados indican que algunos nifios con dificultades de aprendizaje obtienen mejores resultados en caso de tareas rela-
tivas al procesamiento auditivo si se les da mas tiempo para responder. Dichos resultados pueden resultar de aplicacion en el diagndstico y
pueden ser una de las herramientas en el diagnostico diferencial.

Palabras clave: procesamiento auditivo  evaluacion « ventana de respuesta « dificultades con el aprendizaje « dificultades con la lectura «
procesamiento temporal
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PE3VJIbTATbBI YBEJIMYEHWA OKHA OTBETA M1 AKTUBHOCTU
VICCNIEQYEMOTO B KOHTEKCTE IIEPEPABOTKM CJTYXOBOV MH®OPMAIIU
OETEV C IPOBJIEMAMMU C OBYYEHUMEM U YTEHUEM

W3noxxenune

Beenenne: ViccmenoBaHme Kacanoch BO3/EIICTBA yBeINYIEHNA OKHA (BpeMeHI) OTBETa Ha Pe3y/IbTaThl TECTA CIyXOBOIO BOCIPUATIS
(AP) y pereii ¢ mpobnemamu B 06ydenun (aHr. learning disability) vin npo6nemamu ¢ uyrenneM (aHri. reading disability). enpio nuc-
CIefoBaHMA GbIIa TAK)Ke MPOBEPKa, BIVAET /M OIBIT MCCIELYEMOrO Ha Pe3y/IbTaT TeCTa.

Marepuan u MeTofbl: 24 pe6éHKa ¢ mpobiemMamu ¢ oOydeHnem u 12 feTeii, pasBUBAOIINXC TUINYHO (aHIL. typically developing), B
BO3PACTHOII rpyIie 9-13 eT. YY4aCTHUKM HPOIUIN TPY T€CTa CTyXOBOTO BONPUATUA (MIepepaboTKy ayAUTOPHOIN MHpOpMaIum) — pas-
menbHOYMIHBI uydposoit Tect (aHrn. Dichotic Digit Test), TeCT OLlEHKM AIUTEIBHOCTI ITOC/IEJOBATENIBHOCTY TOHOB (aHII. Duration
Pattern Sequence Test) n TecT oOHapy>XeHus IepepbiBoB B myme (aHrn. Random Gap Detection Test) — B CleRyIOIINX YCIOBUAX: CO
CTaH/IapPTHBIM OKHOM OTBETa ¥ YBeIMYEHHBIM OKHOM OTBETA.

Pesynbrarel: Pe3ynbTaThl IPYNIIbI C Ipo6ieMamMy ¢ OOyYeHNeM B Pa3fie/IbHOYIIHOM IM(POBOM TeCTe U TeCTe OLeHKV OLeHKW JIV-
TeTbHOCTH TIOCTIE/[OBATEIbHOCTY TOHOB 3HAYMTEIbHO YIYYINVINCDH, KOTJ]a YICIO/Ib30BaI0Ch YBeMMYEHHOE OKHO OTBETa, B TO BpeMs
KaK IIPOlyKTMBHOCTD I'PYIIIIBI TUIIMYHO OOYYAIOIMXCS JleTeil He M3MEH/IACh.

BriBoppl: Pe3y/nbTaThl yKaspIBaIOT Ha TO, YTO HEKOTOPBIE IeTU C Ipo6rIeMaMu ¢ 00ydeHneM JOCTUTAI0T Gojiee XOPOILINX Pe3yIbTaToB
B CITydae 3ajJaHNil, CBA3AHHBIX CO IIepepaboTKOI ayiIuTOPHOI MHGOPMAIIVH, €C/IM UM IIPEROCTAB/AETCA OO0/IbIle BpEMEHY JIs OTBETA.
JlaHHbIe Pe3yIbTaThl MOTYT UCHOIb30BATHCSA B JUATHOCTHKE M MOTYT OBITb OJHIM U3 MHCTPYMEHTOB uddepenIianbHoil [UarHOCTUKM.

KiroueBble coBa: repepa6oTka cIyxoBoit MHGOPMALI « OLleHKA « OKHO OTBETA o IPOG/IEMBI C 00ydeHMeM o IIPO6/IeMBI C YTeHIEM
* IIpefiBapUTeIbHASA IepepaboTKa

SKUTKI WYDLUZENIA OKNA ODPOWIEDZI I AKTYWNOSCI BADANEGO
W KONTEKSCIE PRZETWARZANIA SELUCHOWEGO U DZIECI Z TRUDNOSCIAMI
W UCZENIU SIE I CZYTANIU

Streszczenie

Wprowadzenie: Badaniu poddano wplyw wydluzenia okna (czasu) odpowiedzi na wyniki testu przetwarzania stuchowego (AP) u dzieci z trud-
nosciami w uczeniu si¢ (ang. learning disability) lub z trudno$ciami w czytaniu (ang. reading disability). Celem badania bylo réwniez spraw-
dzenie czy do$wiadczenie badanego wplywa na wynik testu.

Material i metody: 24 dzieci z trudnosciami w uczeniu si¢ i 12 typowo rozwijajacych sie (ang. typically developing) w dobranej grupie wieko-
wej 9-13 lat. Uczestnicy zostali poddani trzem testom przetwarzania stuchowego — testowi rozdzielnousznemu cyfrowemu (ang. Dichotic Di-
git Test), testowi oceny dtugosci sekwencji tonéw (ang. Duration Pattern Sequence Test) oraz testowi wykrywania przerw w szumie (ang. Ran-
dom Gap Detection Test) — w nastepujacych warunkach: o standardowym oknie odpowiedzi i wydtuzonym oknie odpowiedzi.

Wryniki: Wyniki grupy z trudnosciami w uczeniu si¢ w tescie rozdzielnousznym cyfrowym i tescie oceny dtugosci sekwencji tondéw znacznie
sie poprawily gdy zastosowano wydtuzone okno odpowiedzi, podczas gdy wydajnos¢ grupy typowo uczacych si¢ nie ulegla zmianie.

Whioski: Wyniki wskazujg na to, Ze niektdre dzieci z trudnos$ciami w uczeniu sie osiagaja lepsze wyniki w przypadku zadan zwigzanych z prze-
twarzaniem stuchowym, jesli dano im dluzszy czas na odpowiedz. Wyniki te moga miec zastosowania w diagnostyce oraz moga by¢ jednym
z narzedzi diagnostyce réznicowej.

Stowa kluczowe: przetwarzanie stuchu « ocena  okno odpowiedzi « trudnosci w uczeniu sie « trudnoéci w czytaniu « przetwarzanie tymczasowe

Background

Children with a learning disability (LD) are often diag-
nosed with auditory processing disorder (APD) [1]. Com-
pared with their typically developing peers, children with
an LD or reading disorder (RD) perform poorly on au-
ditory tasks, including discrimination, temporal process-
ing, pattern recognition, and performance with competing
acoustic signals [1,2]. The nature of this processing defi-
cit is not completely understood and remains a matter of
debate [3]. There is no general agreement about whether
children with LDs have APD [4,5]. Numerous studies have
reported poor auditory processing (AP) abilities among
LD children using AP tests [6,7]. Others have questioned
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whether children with RDs or LDs have APD [8]. How-
ever, researchers do agree that children with LDs exhib-
it deficits on a range of temporal processing tasks (neural
timing deficits) when they are called on to process rapid-
ly presented stimuli, and that these temporal deficits are
not restricted to the auditory modality.

The American Speech, Language and Hearing Associa-
tion has recommended a standardized test battery for AP
assessment that includes various subjective and objec-
tive tests which measure the functioning of a wide vari-
ety of auditory processes [9]. To diagnose an individual
with APD, the individual must fail at least two tests with a
score below two standard deviations (SDs) of the mean or
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at least one test with a score below three SDs of the mean.
During the AP assessment, the audiologist should consid-
er the characteristics of the individual, such as language
development, motivation level, attention, fatigue, mental
age, native language, socioeconomic factors, and cultural
factors. The test duration should also be appropriate for
the person’s attention, motivation, and energy levels [9].

There are many sensitive and well standardized AP tests,
but their validity remains questionable [10]. A valid test
is one that measures accurately what it purports to meas-
ure. In the field of AP, it is presumed that AP tests measure
central auditory dysfunction. However, AP tests have also
been reported to be sensitive measures of attention [11],
working memory [12], and learning abilities [13]. This re-
lationship might explain the high comorbidity of APD with
attention deficit hyperactivity disorder (ADHD), LDs, and
language impairment (LI).

Performance on AP tests varies with task complexity and
practice. Most AP tests are rapid and have short response
windows, and scores on these tests can be affected by lapses
of attention [14]. Test stimuli with more items and shorter
response windows add additional working memory and
motor demands. Furthermore, performance improvement
with practice on a backward masking task has been report-
ed [15]. Children with LDs require more practice to be-
come familiar with a task [16]. Considering the variation
in the amount of practice required, and the memory and
motor demands of a particular AP test, performance on
each test differs among participants. However, the extent
to which working memory and motor demands contrib-
ute to performance on AP tests is not yet clear. Sharma et
al. [1] studied the nature of AP deficits among children
with language and/or reading difficulties and also investi-
gated the link between AP, sustained attention, and short-
term memory. They reported that LDs and reading disor-
ders (RDs) co-occurred with APD and that attention and
memory influenced performance on some of the audito-
ry tasks but only explained a small amount of the vari-
ance in scores.

Some children with LDs fail AP tests because of non-au-
ditory factors (task complexity, rapid presentation of stim-
uli, and high attentional and working memory demands)
and not because of a deficit in the neural processing of the
auditory stimuli [14]. It has been reported that children
with LD can process better with slower speech tests [17]
which facilitate real-time AP [18].

The rapid nature of AP tests, coupled with the linguistic
demands of many of them, increase the likelihood that
children will fail at least two tests and be diagnosed with
APD. The ASHA guidelines emphasize that APD reflects
a deficit in processing auditory stimuli (modality specif-
ic) and is not due to higher-order language, cognitive,
or related factors [9]. Therefore, AP tests need to be ad-
ministered in a way that minimizes the influence of these
higher-order cognitive functions. This requirement un-
derscores the need to develop comprehensive assessment
procedures that accommodate children with LDs by re-
ducing the confounding effects of higher-order process-
ing. Thus, it is necessary to modify AP assessment proce-
dures for children with LDs to differentiate children who
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actually have difficulty processing auditory information
from those whose processing difficulty is the result of the
attentional, memory, and linguistic demands of the tests.

The purpose of the current study was to investigate the ef-
fect of extending the response window on the AP test per-
formance of children with an LD/RD. This study also looks
into whether children might perform better on the second
half of AP tests than on the first half. Evidence in the lit-
erature suggests that the performance of children on AP
tasks improves in subsequent administrations of the tests.
Children with dyslexia have been reported to perform bet-
ter with practice on intensity and frequency discrimina-
tion, gap detection, and time order judgment tasks [19].
Similarly, Marler et al. [15] reported that children’s scores
on backward masking tasks improved with practice. The
changes in performance with practice in both studies were
measured over time in multiple sessions.

Material and methods

Participants

Two groups of children participated in this study. The first
group was composed of 24 children (M=18, F=6) who were
previously diagnosed with an LD. These children ranged
in age from 9.1 to 13.0 years (median age 10.7 years, first
quartile 9.65, third quartile 12.00). Thirteen children were
diagnosed with dyslexia without ADHD, and 8 were di-
agnosed with both dyslexia and ADHD. The remaining 3
children showed significant learning problems but were
not diagnosed with either dyslexia or ADHD. The sec-
ond group consisted of 12 typically developing (TD) chil-
dren (M=7, F=5) between the ages of 9.4 and 12.7 years
(median age 10.65 years, first quartile 9.70, third quar-
tile 11.77). All children showed normal hearing sensi-
tivity and could follow the instructions for AP tests. The
children who participated in this study were from Mum-
bai, India. The testing was conducted at the Dhwani Ear-
ly Intervention Centre, Mumbai. Approval was obtained
from the Institutional Review Board at the University of
North Carolina at Greensboro; permission to conduct the
research was also obtained from the center’s authorities.
Written consent was obtained from the parents as well as
the children who participated in the study after the inves-
tigation was fully explained to them.

The inclusion criteria for participant selection were as fol-

lows. Each participant had to have or demonstrate:

a) Normal otoscopic examination and normal middle ear
function (Type A tympanogram with a peak middle ear
pressure between —99 and +50 daPa);

b) Normal hearing sensitivity (hearing thresholds of 15
dB HL or better for frequencies between 250 and 8000
Hz);

¢) No medical history of behavioral, emotional, or neu-
rological problems;

d) Normal intelligence level as assessed by an IQ (> 90)

evaluation using the Wechsler Intelligence Scale for
Children IIT (WISC III) [20];

e) Normal, or corrected to normal, vision; and
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f) Studying in a school in which English was the prima-
ry language of instruction.

The LD group was recruited from intervention centers in
Mumbai where services for hearing assessment, speech
therapy, special education, and psychiatric and occupa-
tional therapy are provided on the premises. These chil-
dren were assessed and diagnosed with LDs at the B.Y.L.
Nair Ch. Hospital and T.N. Medical College, Mumbai. The
participants were recruited after they completed the as-
sessment process and were diagnosed with LDs. The LD
assessment battery included a patient history, the Wood-
cock Johnson III Test of Achievement, the WISC III, mo-
tor skills assessment, and written communication tests.

The TD group was recruited from private schools in Mum-
bai. These children demonstrated normal academic perfor-
mance and were free of LDs and ADHD based on school
records.

Procedure and stimuli

The participants were tested in a double-walled, double-
floored, sound-treated booth. Pure tone audiometry, im-
mittance audiometry, and the three AP tests — the dichotic
digit (DD), duration pattern sequence (DPS), and random
gap detection (RGD) tests (under both the standard and
extended response window conditions) — were adminis-
tered in one 120-minute session. The AP tests were pre-re-
corded on a CD. The CD was played on a Sony CD player
and routed through a GSI-61 (Grason-Stadler, Inc.) diag-
nostic audiometer to TDH-50 earphones.

American normative information was used. The DD and
DPS scores were considered ‘pass’ if the scores were with-
in 2 SDs of the mean (for norms, see [21]). For the RGD,
a gap detection threshold of 20 ms or less was regarded
as pass [22]. Children who scored 2 SDs below the mean
on two tests were classified as having APD [9]. The three
tests were administered using the standard test procedure
and with a response window extended by 2 seconds. The
time-extended test was constructed using Audacity soft-
ware and recorded on a CD. The three AP tests and two
conditions were counterbalanced in terms of their order
of presentation.

Auditory processing tests

1) Dichotic Digits (DD): A two-digit dichotic test was ad-
ministered at a presentation level of 50 dB SL (re: spon-
dee threshold) [23].

2) Duration Pattern Sequence (DPS): The test was admin-
istered binaurally at a presentation level of 50 dB SL (re:
1000 Hz threshold) [24].

3) Random Gap Detection (RGD): The test was adminis-
tered at 55 dB HL binaurally [22].

Data reduction and analysis

Descriptive statistics, including the mean, SD, and median
of the scores, were derived for all three tests under both
testing conditions. The data was then subjected to statisti-
cal testing. A series of 2 (group) x2 (condition) repeated-
measures analysis of variance (ANOVA) was conducted
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for the three AP tests. The level of significance for the re-
peated-measures ANOVA was fixed at 0.01. The effect
size was measured using eta-squared (7). The effect size
was considered medium if #* 20.13 and large if #> 20.26.
Follow-up analysis was performed using paired t-tests to
compare the test scores for the standard and extended time
conditions. The paired t-test analysis was performed for
both the LD and TD groups. The level of significance for
the paired t-tests was fixed at 0.01. The effect size for the
paired t-tests was measured using Cohen’s d. The effect size
was considered medium if d 20.50 and large if d 20.80.

Repeated-measures ANOVA was used to compare the first-
and second-half test performance. Follow-up analysis was
performed using paired t-tests to compare the test scores
from the 1st and 2nd halves of the test for both the stand-
ard and extended time conditions. The paired t-test anal-
ysis was performed for both LD and TD groups. The lev-
el of significance for the paired t-tests was fixed at 0.01.

Results

Effect of extended time on AP test scores

Tables 1 and 2 present the means and SDs for the three
AP measures (DD, DPS, and RGD) for the LD and TD
groups, respectively. The effects of group and condition
were analyzed with three 2 (group) x2 (condition) repeat-
ed-measures ANOVA. As expected, the TD group per-
formed significantly better than the LD group on all three
measures. On the DD task, the main effect of condition
(standard/extended time) was significant, F (1,34)=26.30,
p<0.01, #?=0.43, but the group x condition interaction was
also significant, F(1,34)=13.36, p<0.01, #°=0.282. The per-
formance of the LD group improved in the extended re-
sponse window condition, whereas there was no change
in the performance of the TD group. A paired ¢-test in-
dicated that the LD group’s improvement was significant
with a large effect size (f (23)=-6.64, p<0.01, d=-1.06).
The effect of condition was significant for the DPS task, F
(1,34)=8.10, p<0.01, #*>=0.19, indicating that the perfor-
mance of the participants differed between the two time
conditions. However, the interaction between group and
condition was not significant, F (1,34)=1.91, p=0.176. No
effect of condition was found for the RGD task.

Differences in scores with extended time

The difference in performance between the standard and
extended time conditions was calculated for each partici-
pant for the DD and DPS tasks. A 10% change in score was
considered a clinically meaningful difference, whereas a
20% change was considered a large difference. For the DD
task, a 10% change (10% difference from the mean score
for the standard time condition) was equivalent to 7.1%;
a 20% change was equivalent to 14.2%. For the DPS task,
a 10% change was equivalent to 4.3%, and 20% was equiv-
alent to 8.6%. On the DD task, 16 participants showed at
least a 10% improvement, and 11 participants showed a
20% or greater improvement in performance. No partici-
pant showed a reduction in score of 10% or more. On the
DPS test, 17 participants showed at least a 10% improve-
ment, and 16 participants showed at least a 20% increase
in scores in the extended time condition compared with
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Table 1. Effect of an
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extended response window on AP test scores of the LD group

DD DPS RGD
Std Ext Std Ext Std Ext
Mean 71.51 80.83 43.33 50.55 68.28 68.63
Median 71.87 83.12 41.66 51.66 81.94 80.55
SD 10.12 11.25 19.26 23.84 28.71 28.76
N 24 24 24 24 24 24
p 0.000*

*

Values in bold and marked with an

indicate statistical significance p<0.01. AP — auditory processing; LD — learning disability;

DD - dichotic digit; DPS — duration pattern sequence; RGD — random gap detection; SD — standard deviation; Std — standard time;

Ext — extended time.

Table 2. Effect of extended response window on AP test scores of the TD group

DD DPS RGD
Std Ext Std Ext Std Ext
Mean 90.93 92.50 83.05 85.55 92.12 91.66
Median 92.5 91.87 81.66 86.66 95.83 97.22
SD 4.58 2.76 7.71 8.32 9.16 9.69
N 12 12 12 12 12 12
p 0.155

Abbreviations as per Table 1.

Table 3. Number of participants who showed a significant change in performance between the normal and extended

response window conditions

LD (N=24) Scores >10% >20%
Increased 16 11
DD
Reduced 0 0
Increased 17 16
DPS
Reduced 6 4
Increased 11 7
Both DD and DPS
Reduced 0 0

the standard condition. Six participants showed at least a
10% reduction in DPS score, and 4 participants showed
at least a 20% reduction (Table 3). Further analysis was
performed to measure the number of participants who
showed a change in scores for both the DD and DPS tests.
Eleven participants showed at least a 10% increase on both
tests, and 7 participants showed at least a 20% increase.
Because the test order was counterbalanced, the children
with LD who performed better under the extended time
condition were not the same ones who received this con-
dition second in the test order.

AP test failure and APD diagnosis

Based on their test score and reported age-specific norms,
the performance of the children in the LD group on each
AP test was classified as pass or fail for both the standard
response window and extended response window condi-
tions. More participants failed the DD and DPS tests in
the standard response window condition than in the ex-
tended response window condition. The RGD test failure
rate was the same in both conditions. Twenty-one children
failed at least two tests in the standard condition compared
to only 14 for the extended response window condition (a
difference of 7 children).
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Effect of practice on AP test scores

Scores from the first and second halves of the three AP tests
were compared to determine whether there was any learning
or practice effect in the two groups and under the two con-
ditions. Descriptive statistics for the scores on the first and
second halves of the three tests for the LD and TD groups
and for the standard and extended time conditions were
measured. A series of 2 (condition: standard/extended) x2
(test part: first/second) ANOVAs did not identify any sig-
nificant differences in scores for the TD and LD groups (for
the two parts of the three tests under the two conditions).

Discussion

The present study examined whether extending the re-
sponse window of three AP tests would significantly im-
prove the performance of children with LDs or their typ-
ically developing peers. Potential differences between the
first and second halves, which might reflect a learning or
practice effect, were also examined for the three AP tests.

As expected, the TD group performed significantly better
than the LD group on all three AP measures. These findings
are consistent with a large body of research showing that
children with LDs perform below age level on measures of
temporal processing and dichotic listening [1,7]. Compari-
son of the standard and extended time conditions revealed
only one significant difference: the DD task performance of
the children in the LD group improved significantly in the
extended response window condition. Subsequent analy-
ses of individual subject data showed that the DD and DPS
test performance of more than half the children with an LD
improved under the extended response window condition.
For the DD and DPS tasks, about two-thirds of the chil-
dren showed a clinically significant (=10%) improvement
in performance. Eleven out of 24 children showed a clin-
ically significant improvement on both the DD and DPS
tests. A large improvement (=20%) in score was observed
in 11 participants for the DD test and in 16 participants for
the DPS test. Seven participants showed a large improve-
ment on both the DD and DPS tests. Scores on the RGD
test did not change with the extended time. Comparing
the children’s score with age-specific norms also revealed
a difference in the test failure rate. Fewer participants failed
the AP tests under the extended response window condi-
tion than under the standard response window condition.

The findings of this study indicate that the extended time
helped children with LDs improve their scores on two out
of three AP measures. The findings also suggest that some
children with LDs achieve higher scores if they are given
more time to complete the task. This may have implica-
tions for diagnosis and management and could provide a
potential differential diagnosis tool. Not coincidentally, the
two tests that showed improvement, the DD and DPS tests,
had higher processing demands than the test that showed
no improvement, the RGD test. Children with LDs have
been shown to have deficiencies in attentional, memory,
and language processes [4,14].

Each AP test has different auditory, language, attention-
al, and motor demands. In the DD test, attention must be
switched between the two ears, and four digits (words)
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must be repeated after each test item. The DPS test re-
quires that three tones be labeled. In contrast to the DD
test, which uses speech, the DPS test uses tones, which
are non-linguistic stimuli. However, responses on both of
these tests require 3 or 4 words.

The test with the greatest processing demands, the DD
test, was associated with the largest change in performance
in the extended time condition. The test with the fewest
processing demands, the RGD test, showed no change in
performance in the extended time condition. In the RGD
test, a participant must listen to a tone (non-linguistic)
and respond with a single word, saying ‘one’ or ‘two. The
combination of fewer stimuli per test item and a shorter
response length (one word) makes the test less demand-
ing. Therefore, a significant change in score with extend-
ed time was not observed for the RGD test. The largest
change in score with the extended time was observed for
the test with the greatest demand (the DD test); the next-
largest change in score was observed for a test with fewer
demands (the DPS test). AP tests are known to be sensi-
tive to non-auditory factors, such as attention and work-
ing memory [10-12]. It is difficult to remove these factors
completely from the behavioral AP assessment procedures;
however, they can be minimized. As the ASHA 2005 po-
sition statement on APD notes, APD reflects a deficit in
the neural processing of auditory stimuli that is not due to
deficiencies in higher cognitive or linguistic abilities. Re-
ducing the higher-level language and cognitive demands
of AP tests will improve the diagnostic sensitivity of these
tests in identifying individuals with APD.

There was no evidence of an effect of learning or practice
when the first and second halves of the test items were
compared. This finding is not surprising given that previ-
ous research [15,19] has shown that learning and practice
effects occur only when AP tests are presented over mul-
tiple days and intervals. Due to the small sample sizes of
both groups in this study, the application of these findings
to a larger population of children with LD may be limited.
Future studies may include a larger sample size and ob-
servations that are performed longitudinally.

Conclusions

The findings of this study confirmed that extending the re-
sponse window significantly improved the performance of
children with LDs on two out of three AP measures. Us-
ing an extended response window may reduce the cogni-
tive and linguistic confounds and could help differentiate
children who have APD from those who perform poor-
ly on AP measures due to cognitive and linguistic de-
mands. No difference in performance was found when
the two halves of the AP tests were compared. This find-
ing could indicate that for LD children, experience with
half the total number of test items is not enough to im-
prove their performance.
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