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Abstract

Background: Tests to assess auditory memory are scored differently, but there is scanty information regarding the effect of
the scoring procedure.

Material and method: The current retrospective study compared two scoring procedures for evaluating auditory memory in
189 children aged 5 to 11 years. One scoring procedure was the original memory technique used by Yathiraj and Vijayalaksh-
mi. The other was a modification calculated using the same data obtained by Yathiraj and Vijayalakshmi. The original audito-
ry memory and sequencing scoring procedure required the administration of the entire test, while the alternate scoring pro-
cedure, that calculated auditory memory and sequencing span, did not.

Results: A Pearson’s correlation coefficient between the two scoring procedure was calculated. Both scoring procedures showed
gradual improvement with age. A significant high correlation was found between the two scoring procedures when the age
groups were combined.

Conclusions: Since the two scoring procedures provide similar information, it is recommended that, for individuals with rel-
atively poor auditory memory and sequencing abilities, the span should be the choice of scoring. This would avoid a sense
of failure when individuals are tested on the more difficult longer word-sequences. Additionally, it would make the test more
time efficient. However, if subtle changes in performance across ages are to be determined, the original scoring procedure is
recommended.

Keywords: auditory memory score « auditory sequencing score  auditory memory span « and auditory sequencing span

RELACION ENTRE DOS PROCEDIMIENTOS DE EVALUACION DE MEMORIA
AUDITIVA Y DE MEMORIZACION DE SECUENCIAS

Resumen

Fondo: Los anilisis de la memoria auditiva utilizan diferentes formas de evaluacion, sin embargo, falta la informacion respec-
to a los resultados de cada una de ellas

Materiales y métodos: En los estudios retrospectivos realizados se han comparado dos procedimientos de evaluacion para
examinar la memoria auditiva en 189 nifos de 5 a 11 afos. El primer procedimiento de valoracion se basaba en el método de
la memoria primaria, utilizada por Yathiraj y Vijayalakshmi. El segundo método ha sido modificado, pero aprovechando los
mismos datos que los obtenidos por Yathiraj y Vijayalkshmi. Para el procedimiento de la evaluacion de la memoria auditiva
primaria y de la memorizacién de las secuencias fue necesario realizar ensayos completos, mientras estos no han sido necesa-
rios en el caso del método alternativo, que valoraba el alcance de la memoria auditiva y de la memorizacién de las secuencias.

Resultados: Se ha definido el coeficiente de la correlacion de Pearson entre dos procedimientos de evaluacién. Ambos proce-
dimientos de valoracién mostraron una mejora gradual con la edad. Se ha demostrado una correlacion especialmente elevada
entre los procedimientos de evaluacion cuando los grupos de edad fueron unidos.

Conclusiones: Dado que ambos procedimientos de evaluacion proporcionan informacion similar, se recomienda que para las
personas con la memoria auditiva y con la capacidad de memorizar secuencias relativamente malas, su alcance deberia deter-
minar la eleccidon del procedimiento de evaluacién. Esto permitiria evitar el sentimiento de fracaso que puede ocurrir cuando
las personas estan sujetas a las pruebas en base a unas secuencias de palabras dificiles y largas. Ademads, esto afectaria la efica-
cia de la prueba. Sin embargo, en el caso de evaluacion de diferencias en los resultados de las personas de todas las edades, se
recomienda el método tradicional de evaluacion.
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Palabras clave: resultados de memoria auditiva « resultados de memorizacién de secuencias « alcance de la memoria auditiva
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CBA3b MEXY IBYMSA ITPOLIETYPAMU OLIEHKM CJTYXOBOW ITAMATU
" BATIOMUHAHUA ITIOCTETOBATEIbHOCTEN

N3noxxenue

®on: ViccmenoBaHns CIyX0BOI IaMATH UCIONb3YIOT pa3Hble (OPMBI OLIEHKM, OFHAKO He XBaTaeT MH(pOpManmum OTHO-
CUTE/IbHO Pe3y/IbTaTOB STUX OTHE/IbHBIX IIPOLIEAYP.

Marepuan u metopsl: [IpoBefeHHbIe peTPOCIEKTUBHbIE MCCIENOBaHMA CPAaBHI/IN [Be IPOLelyPhl OLIEHKN C LIe/IbI0 JC-
cllefloBaHuA CIyXoBoi namaTu y 189 nereir B Bospacre ot 5 1o 11 ntet. Ilepsas nmponenypa OLleHKM 3aK/II049anach B Me-
TOfie IIEPBUYHOI IIaMATH, UCIIOIb30BaHHOI SATxupait (Yathiraj) n Bussumakmmu (Vijayalakshmi). Bropas 6bi1a Mopu-
¢duLmpoBaHa, HO C MCIIO/Ib30BaHNEM 3TUX CAMbIX JAHHBIX, KOTOpble monyynin Srxupait u Bussumakimu. ITporenypa
OLIEHKJ IIEPBUYHOJ CIyXOBOJ IIaMATI M 3alIOMMHAHUA [TOC/IE0BAaTe/IbHOCTEl TpeboBaa IIpoBeeHNs MTOTHBIX MCCIIe-
IOBaHUII, TOTIa KaK OHY He ObII HeOOXOAMMBIMM B CTy4ae aJbTepHATUBHOIO METOJa, KOTOPBIil OLeHMBAJl 00beM CIIy-
XOBOI HNaMsTU U 3alIOMUHAHUSA MTOC/IET0BaTeIbHOCTEN.

Pesynbrarer: OnpeneneH kospouuyenT KoppenAanyy IInpcona Mexy AByMsA IpoliefypaMu olieHKu. ITokasaHo oco-
6EHHO BBICOKYIO KOPPEIALMIO MEX/Y IPOLIelypaMi OLIeHK), KOTIa BO3pacTHbIE IPYIIIbI Obln 06bennHeHbl. Obe mpo-
LIeAypbl OLIEHKM [TOKa3bIBa/IN IIOCTEIIEHHOE YIy4IlIeH) e C BO3PACTOM IIAI[eHTOB.

Wrorn: B cBA3u ¢ TeM, 4TO 06€ IpOLefyPhl OLIeHKM IIPEJOCTABIAIT IIOJ00HY0 MHPOPMAIVIO, PEKOMEHIYeTCs, YTO I
JIIOfiEVT C OTHOCUTENIBHO C1ab0i1 CIyXOBOIL IIAMSATHIO M YMEHILIMI 3alIOMIHATD [IOC/IE0BATENBHOCTI, MX 00beM HO/DKEH
OIIpefie/IsITh BBIOOP MPOLAYPhl OLIEHKN. ITO y6epersio Obl OT YyBCTBA IOPaXKEHNsI, KOTOPOe MOXKET MOSIBUTHCS B CITy-
Jae, KOTZia IOV CTAHOBATCSA 00beKTaMM VICC/ICOBAHMIL, KOTOPbIE IIPOBOMAATCS HAa OCHOBAHUY CJIOXKHBIX U IJIMHHBIX
MoC/IefloBaTeNIbHOCTel c1oB. KpoMe Toro, sTo MMeno 6bl BausAHMe Ha 9 PeKTMBHOCTD MccnenoBanysa. OfHAKO, B CITy-
yae MCC/IefOBaHNA PAa3HNUI] B Pe3yIbTaTax /IOflell Ppa3HOTO BO3pacTa peKOMEH/YeTCs TPafiNLIIOHHBIN METOJ] OLIeHKIL.

KnroueBbie ctoBa: pe3ynbTaThl C]'IYXOBOI7I IIaMATN e p€3Yy/IbTAaTbl 3alIOMITHAHNA MOC/IeOBATEIbHOCTEI o 06beM CHyXOBOVI
HaMATU « 00'beM 3alIOMUHAHNA OC/IeqOBaTe/IbHOCTEN

ZWIAZEK POMIEDZY DWIEMA PROCEDURAMI OCENY PAMIECI SLUCHOWE]
I ZAPAMIETYWANIA SEKWENC]I

Streszczenie

Tlo: Badania pamigci stuchowej wykorzystuja rézne formy oceny, jednakze brakuje informacji odnoscie wynikéw tych po-
szczegolnych procedur.

Material i metody: Przeprowadzone badania retrospektywne poréwnywaly dwie procedury oceny w celu zbadania pamiegci
stuchowej u 189 dzieci w wieku od 5 do 11 lat. Pierwsza procedura oceny polegala na metodzie pamigci pierwotnej uzywanej
przez Yathiraj i Vijayalakshmi. Druga zostata zmodyfikowana ale przy korzystaniu z tych samych danych, ktére uzyskali Yathi-
raj i Vijayalakshmi. Procedura oceny pierwotnej pamieci stuchowej i zapamietywania sekwencji wymagata przeprowadzenia
pelnych badan, podczas gdy nie byty one konieczne w przypadku alternatywnej metody, ktéra oceniala zakres pamigci stucho-
wej i zapamigtywania sekwencji.

Wyniki: Okres§lono wspotczynnik korelacji Pearsona pomiedzy dwiema procedurami oceny. Obie procedury oceny wykazy-
waly stopniowa poprawe wraz z wiekiem. Wykazano szczeg6lnie wysoka korelacje pomigdzy procedurami oceny gdy grupy
wiekowe zostaty polaczone.

Whioski: W zwigzku z tym, ze obie procedury oceny dostarczaja podobne informacje, zaleca si¢, ze dla 0sdb z relatywnie stabg
pamigcia stuchowsa i umiejetnosciami zapamietywania sekwencji, ich zakres powinien determinowaé wybér procedury oceny.
Uchronitoby to przed poczuciem porazki, ktére moze si¢ pojawi¢ w przypadku, gdy osoby sa poddawane badaniom w opar-
ciu o trudne i dlugie sekwencje stéw. Ponadto, wplyneloby to na efektywnos¢ badania. Jednakze, w przypadku badania réznic
w wynikach 0s6b w réznym wieku zaleca si¢ tradycyjng metode oceny.

Slowa kluczowe: wyniki pamieci stuchowej « wyniki zapamietywania sekwencji « zakres pamigci stuchowej « zakres zapamie-
tywanych sekwencji
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Background

The link between memory and communication skills is
undisputed [1-4]. The importance of assessing auditory
memory has been demonstrated in research dealing with
different communication problems. Auditory memory has
been found to be compromised in children with audito-
ry processing deficits [5,6]. Studies have also found that
working memory abilities can predict learning/scholastic
progress of children and reading comprehension [7-11].
In addition, evaluation of memory has been used by psy-
chologists to determine intelligence [12], a factor known to
have an impact on an individual’s communication ability.

In acceptance of the link between auditory memory and
communication, components of memory have been in-
cluded in several tests or battery of tests that assess com-
munication or auditory processing [2,13-17]. The mem-
ory skill assessed varies from test to test. Tests such as the
‘Working memory test battery for children’ [18] and the
‘Automated working memory assessment battery’ [19] have
been designed to determine working memory. On the oth-
er hand, tests such as the ‘Kannada auditory memory and
sequencing test’ [20] and the ‘Revised auditory memory
and sequencing test in Indian-English’ [16] have focused
on the evaluation of auditory memory and sequencing. The
primary difference between the tests is in the scoring pro-
cedure. The use of span as a scoring procedure to assess
memory was used as early as 1939 in two tests developed
by Anderson [21]. This scoring procedure continues to be
utilised in several other tests such as the ‘Auditory memory
span test’ [22], the “Working memory index of WISC-IV’
[23], and the “‘Working memory index of WAIS-IV’ [24].
Memory span has been evaluated using a variety of stim-
uli such as digits [18,19,23,24], word lists [16,18,19,20,22],
non-words [18,19], letter—-number sequences [23,24], and
recall of words within sentences [18,19].

From the literature, it is evident that measurement of mem-
ory span has been used extensively in the course of eval-
uating auditory memory skills. This has been found to be
effective while establishing working memory skills [25].
Evaluating auditory memory and sequencing using the
procedure recommended by Yathiraj and Vijayalakshmi
[20] is a more time-consuming technique that entails the
presentation of all stimuli in the test. To determine the
memory and sequencing scores using the procedure rec-
ommended by them, individuals are required to listen to
the entire list, irrespective of whether they find the later
part of the test difficult or not. Thus, unnecessary time is
spent evaluating those with poor word memory abilities.
Hence, this retrospective study was carried out with the
aim of establishing an alternative scoring method for de-
tecting memory problems in individuals. The study also
aimed to determine the relation between the new mem-
ory scoring procedure with that originally used by Yathi-
raj and Vijayalakshmi.

Material and methods

Participants

The retrospective study involved reanalysing the raw data
of the ‘Kannada auditory memory and sequencing test’

44

Table 1. Number of tokens for each word sequence with-
in the Kannada Auditory Memory and Sequencing Test

Word sequence Number of tokens

3-word 2
4-word 2
5-word 4
6-word 4
7-word 4
8-word 4

developed by Yathiraj and Vijayalakshmi [20]. The orig-
inal study evaluated 210 children with normal hearing
ranging in age from 5 years to 11 years 11 months. The
current study reanalysed the data of 189 of these children.
The data of 21 children could not be reanalysed due to the
manner in which the original data entry had been made.
Yathiraj and Vijayalakshmi reported that the children had
been screened to confirm the presence of normal hearing
sensitivity using pure-tone and immittance audiometry.
Raven’s coloured progressive matrix was used to establish
the presence of normal intelligence. The screening check-
list for auditory processing [26,27] was also administered
to rule out the presence of any auditory processing disor-
der. The participants were divided into 7 age groups: chil-
dren aged 5, 6, 7, 8, 9, 10, and 11 years.

Procedure

The four lists of the ‘Kannada auditory memory and se-
quencing test’ was administered on the children in a quiet
room free from distractions. The stimuli were presented us-
ing a CD player through a loudspeaker kept at 0° azimuth.
Each list of the test had different inter-stimulus intervals
between the test items (250, 500, 750, & 1000 ms), with all
lists having word sequences that increased in length. The
lists had different inter-stimulus intervals since one of the
aims of the original study by Yathiraj and Vijayalakshmi
[20] was to determine its impact on memory and sequenc-
ing scores. Each list commenced with 3-word sequences
and progressed to 4-, 5-, 6-, 7-, and 8-word sequences. The
number of tokens (groups of words for a word-sequence)
in each word-sequence varied. The 3-word and 4-word se-
quences had two tokens each and the remaining word se-
quences had 4 tokens each (Table 1). For example, Token 1
of the 3-word sequence contained the words /lari/, /sebu/,
/tfaku/ and Token 2 contained /mantfal, /bekku/, /tuti/.

In the original scoring procedure of Yathiraj and Vijayalak-
shmi [20], a score of 1 was awarded for every word that
was correctly recalled and an additional score of 1 given
for a word recalled in the correct sequence. The memory
and sequencing scores were calculated separately, with the
maximum score for each being 118. In the current study,
an alternative scoring procedure was utilised that involved
not having to calculate the scores of the complete test for
those individuals unable to repeat the longer word se-
quences. The alternative scoring procedure involved calcu-
lating memory span and sequencing span. An individual’s
memory span was calculated by determining the longest

© Journal of Hearing Science® - 2014 Vol. 4 - No. 4



Vaidyanath and Yathiraj — Auditory memory and sequencing scoring procedures

Table 2. Mean (and standard deviation) of the 189 children using the original memory and sequencing scoring given by
Yathiraj and Vijayalakshmi (2006), across age groups, for four lists having varying inter-stimulus intervals (ISls)

List | List Il List 111 List IV
A (IS1=250 ms) (IS1=500 ms) (IS1=750 ms) (IS1=1 s)
ge
group Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
memory sequencing memory sequencing memory sequencing memory sequencing
score score score score score score score score

5years 27 54.66 (6.45) 10.26 (6.10) 55.11 (7.27) 9.78 (7.03) 46.00 (7.78) 4.85 (3.75) 44.59 (7.47) 3.18 (2.59)
6years 26 69.31 (8.52) 22.38 (9.07) 68.11 (7.50) 19.23 (7.45) 60.07 (12.15) 12.04 (8.99) 55.73 (12.09) 9.23 (7.14)
7years 26 81.69 (3.25) 47.88 (10.50) 82.00 (3.25) 48.00 (11.30) 75.38 (3.65) 33.69 (11.53) 73.61 (4.79) 30.80 (12.71)
8years 27 85.74 (4.50) 48.74 (8.91) 84.18 (5.59) 48.37 (11.96) 79.14 (8.08) 36.18 (13.25) 78.51 (3.93) 36.81 (14.08)
9years 27 88.74 (7.31) 53.78 (12.45) 88.59 (7.56) 54.96 (10.94) 82.67 (6.89) 44.18 (11.22) 80.85 (7.20) 44.04 (13.46)
10 years 28 94.75 (6.94) 63.96 (12.59) 94.25 (6.05) 62.57 (13.38) 90.75 (7.62) 58.28 (12.68) 87.89 (6.58) 54.50 (11.37)
11years 28 102.61 (4.50) 75.03 (8.35) 101.85 (5.91) 73.50 (11.75) 96.60 (5.17) 67.28 (7.58) 94.07 (5.31) 63.10 (8.32)

Maximum possible score=118

Table 3. Mean (and standard deviation) of memory span and sequencing span obtained from each of the four lists having
varying inter-stimulus intervals (ISls), across the seven age groups

List | List 1l List 111 List IV
(ISI=250 ms) (ISI=500 ms) (ISI=750 ms) (1SI=1 s)
Age
group N Mean(SD) Mean(SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
memory sequencing memory sequencing memory sequencing memory sequencing
span span span span span span span span

5years 27 262 (1.15) 2.07 (1.46) 248 (1.22) 133 (1.52) 0.89 (1.39) 0.44 (1.09) 0.89 (1.39) 0.33 (0.96)
6years 26 3.46 (0.50) 3.15 (0.78) 2.61 (1.52) 2.15 (1.64) 2.15 (1.64) 1.54 (1.72) 1.88 (1.68) 1.00 (1.55)
7years 26 3.92 (0.39) 3.65 (0.48) 3.96 (0.19) 3.77 (0.43) 3.80 (0.40) 3.57 (0.50) 3.65 (0.84) 3.38 (0.85)
8years 27 4.22 (0.42) 3.81 (0.48) 4.03 (0.51) 3.70 (0.46) 3.89 (0.50) 3.59 (0.50) 3.89 (0.32) 3.44 (0.5)
9years 27 4.40 (0.64) 4.15 (0.36) 4.40 (0.57) 4.00 (0.39) 4.04 (0.19) 3.89 (0.42) 3.96 (0.34) 3.74 (0.52)
10years 28 4.78 (0.63) 4.14 (0.52) 4.82 (0.55) 4.25 (0.52) 4.53 (0.64) 4.03 (0.19) 4.21 (0.42) 3.93 (0.26)
11 years 28 5.5 (0.64) 4.89 (0.31) 5.5 (0.64) 4.64 (0.62) 4.82 (0.67) 4.28 (0.46) 4.75 (0.58) 4.07 (0.38)

Maximum possible span score=8

word sequence in which 50% of the tokens were correct-
ly recalled, irrespective of the sequence. In a similar way,
the sequencing span was calculated as the longest word se-
quence in which 50% of the tokens were identified in the
correct order. Thus, for an individual who recalled 2 out
of the 4 tokens in the 5-word sequence but only 1 of the
4 tokens in the 6-word sequence, the memory span was
calculated as 5. However, for an individual who recalled 1
of the 2 tokens in the 4-word sequence and 2 of the 4 to-
kens in the 5-word sequence, the memory span was cal-
culated as 5. Likewise, if 1 of the 2 tokens in the 4-word
sequence and 2 of the 4 tokens in the 5-word sequenc-
es were recalled in the correct sequence also, then the se-
quencing span was also calculated as 5.

The original scores and the recalculated scores were ana-
lysed using descriptive statistics as well as inferential sta-
tistics. The scores obtained from the 189 children using
the two scoring procedures (the original memory and se-
quencing scores vs. the memory and sequencing span)

© Journal of Hearing Science® - 2014 Vol. 4 - No. 4

were compared separately for each of the seven age groups
as well as for the groups combined. The analyses were car-
ried out using SPSS software (version 18).

Results

The mean values obtained by the 189 children for the
scoring procedure of Yathiraj and Vijayalakshmi [20] are
shown in Table 2 and the alternative scoring procedure
used in the current study are shown in Table 3. The mean
values shown in these tables highlight the variation in
performance across age groups using both scoring pro-
cedures. Memory, calculated using the original and the
current scoring procedures, increased gradually with age.
Similarly, both scoring procedures resulted in a decrease
in performance with an increase in inter-stimulus inter-
val. List I, with the smallest inter-stimulus interval, result-
ed in better scores compared to List IV that had the long-
est interval. Further, since Yathiraj and Vijayalakshmi [20]
reported no difference between the scores of lists I and II,
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Table 4. Mean (and standard deviation) for memory
span and sequencing span obtained from the seven age
groups, with scores for equivalent Lists | and Il averaged

Age N Mean (SD) Meaq (SD)
group memory span  sequencing span
5 years 27 2.56 (1.18) 1.70 (1.53)
6 years 26 3.04 (1.20) 2.65 (1.37)
7 years 26 3.94 (0.30) 3.71 (0.46)
8 years 27 4.13 (0.48) 3.76 (0.47)
9 years 27 4.41 (0.60) 4.07 (0.38)
10 years 28 480 (0.58) 420 (0.52)
11 years 28 5.50 (0.63) 477 (0.50)

Total 189 407 (1.21) 3.57 (1.29)

the responses of these two lists were averaged for each age
groups. The steady increase with age continues to be ev-
ident when the span scores of the two lists are averaged,
as can be seen in Table 4 and Figure 1. The mean memo-
ry span was always better than the mean sequencing span.
This was apparent for each age group as well as when the
seven age groups were combined (Table 4).

Pearson’s correlation coefficient was calculated to exam-
ine the correlation between the scores obtained using the
original (memory and sequencing score) and the alterna-
tive scoring procedures (memory and sequencing span).
The results of the correlation for the seven age groups,
for each of the four lists, are given in Table 5. From Ta-
ble 5 it is evident that, for the four lists, significant corre-
lations are present between memory score and memory
span, as well as between sequencing score and sequenc-
ing span. Although significant moderate to high correla-
tions were present for most age groups, it was absent for
some. The restricted standard deviations present for sev-
eral of the age groups (Table 3) could have influenced

100.00 Memory score
80.00
= 60.00
=
40.00
20.00
Memory span
.
0.00 T T T . : . .
5 6 7 8 9 10 11 Years
Age group

the value of r (Pearson’s correlation coefficient), leading
to poor correlations. Comrey and Lee (28) have reported
that when the variability in scores is limited or truncated,
the resulting correlation is reduced. This is also supported
by Goodwin and Leech [29] who noted that r-values are
higher if the variability is more. This occurs since in the
formula for calculation of correlation coefficient the co-
variance is divided by the product of the standard devia-
tions of the two variables. Hence, a smaller variance in the
sample will lead to a smaller value of r. Similarly, a higher
variability in the sample, indicated by a higher covariance
value, will result in a higher r value. Thus, in order to in-
crease the variability in the data in the current study, the
responses of the seven age groups were combined for each
list (Table 6). With the responses combined for the sev-
en age groups, high positive correlations, that were high-
ly significant, were found between the memory score and
the memory span as well as the sequencing score and se-
quencing span (Table 6).

ANOVA was carried out to study the effect of age on mem-
ory span and sequencing span. A significant effect of age
on memory span (F(6,371)=91.35, p<.001) and sequencing
span (F(6,371)=77.99, p<.001) was found. To determine the
age groups that differed from each other, pair-wise com-
parisons (after Bonferroni correction) were carried out.
The results revealed that, in terms of memory span, a sig-
nificant difference occurred between all age groups except
children aged 7 to 9 years. These children aged 7, 8, and 9
years did not differ from their adjacent older age groups
(Table 7). Similarly, on the sequencing span there were no
significant differences in performance from the age of 7
until 10 years (Table 8). The youngest two age groups (5
and 6 year olds) were significantly different from the other
age groups. Likewise, the oldest age group (11 year olds)
performed significantly better than most of the younger
age groups. This trend in performance of the youngest two
and the oldest age groups was similar for the memory span
(Table 7) and the sequencing span (Table 8).

Thus, the findings of the study indicate that there was a
significantly high correlation between the two scoring

Sequencing score
60.00
5 40.00
=
20.00
Sequencing span
L
0.00 T T T T T T T
5 6 7 8 9 10 11 Years

Age group

Figure 1. (A) Comparison of mean memory score (top) and memory span (bottom) for the seven age groups.
(B) Sequencing score (top) and sequencing span (bottom) for the seven age groups, with scores from Lists | and |l

averaged
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Table 5. Correlation between memory score and memory span as well as sequencing score and sequencing span for each

of the age groups, across the four lists

1230 List Il List 11 List IV
Age Memory  Sequencing  Memory  Sequencing  Memory  Sequencing  Memory  Sequencing
group span and span and span and span and span and span and span and span and
memory  sequencing memory  sequencing memory sequencing memory sequencing
score score score score score score score score
5years 27 0.1 0.2 0.51* 0.53* 0.40* 0.52* 0.58* 0.58*
6 years 26 0.72%* 0.36 0.68*** 0.39* 0.68*** 0.62* 0.84** 0.81**
7 years 26 -0.21 -0.2 0.38 0.51** 0.43* 0.56** 0.58** 0.52**
8 years 27 -0.02 -0.27 0.72%** 0.311 0.31 0.43* 0.57** 0.51**
9years 27 0.36 0.39* 0.66*** 0.71%* 0.36 0.23 0.52** 0.6**
10 years 28 0.55** 0.21 0.65*** 0.66*** 0.75** 0.25 0.45* 0.0
11 years 28 0.6** 0.27 0.75** 0.63** 0.53** 0.02 0.58** 0.19

* p<0.05; ** p<0.01; *** p<0.001

Table 6. Correlation between memory score and memory span as well as sequencing score and sequencing span for the

7 age groups combined, for each of the four lists

List | List 11 List 111 List IV
Memor Sequencing Memo Sequencing eien Sequencing R Sequencing
y span and b span and y span and Y span and
span and o span and - span and o span and o
sequencing sequencing sequencing sequencing
memory score score memory score score memory score score memory score score
0.8* 0.7¢ 0.84* 0.79* 0.86* 0.78* 0.89* 0.82*
* p<.001
Table 7. Comparison across age groups on memory span
Age group 5 years 6 years 7 years 8 years 9 years 10 years
6 years *
7 years *kk *kk
8 years e o NS
9 years e e * NS
10 years Kok ok ok ok NS
11 years ook - . ok ok ok

* p<0.05; *** p<0.001; NS — not significantly different

procedures evaluated. The significant interaction between
age and the span scores indicates that the different age
groups do not function in a similar manner. With increase
in age, a gradual increase in span scores was observed.

Discussion

The current study compared two scoring procedures for eval-
uating auditory memory, one originally used by Yathiraj and

© Journal of Hearing Science® - 2014 Vol. 4 - No. 4

Vijayalakshmi [20] and an alternative procedure used in the
current study. While the original procedure calculated au-
ditory memory and sequencing scores, the alternative pro-
cedure calculated auditory memory and sequencing span.

Both scoring procedures, the original and the alternative,
showed gradual improvement with increasing age. This is
evident from the slope of the graphs depicted in Figure
la,b and from the information in Tables 2 and 3. However,
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Table 8. Comparison across age groups on sequencing span

Age group 5 years 6 years 7 years 8 years 9 years 10 years
6 years e
7 years ok sk
8 years el o NS
9 years o o NS NS
10 years e e NS NS NS
11 years - ok ok ok ok *

*** p<0.001; ** p<0.01; * p<0.05; NS — not significant

the slope was greater for the original scoring procedure
(memory and sequencing score) compared to the proce-
dure currently used (memory and sequencing span). While
the original scoring procedure was reported by Yathiraj and
Vijayalakshmi [20] to improve significantly across all age
groups, the memory span and sequencing span only in-
creased marginally after the age of 7 years. This marginal
improvement in auditory memory and sequencing span
with age is corroborated by the lack of a significant dif-
ference between the adjacent age groups after 7 years. The
span increased markedly only in the oldest age group that
was studied (11 year olds). The above pattern of responses
for the two scoring procedures was maintained irrespec-
tive of the list that was evaluated.

The results are in consensus with those reported by Hut-
tenlocher and Burke [30], Gathercole et al. [31], and Allo-
way et al. [32]. Alloway et al. [32] noted the improvement
in verbal short-term memory capacity for words, digits,
and non-words in children from 4 years to 11 years. They
also reported that memory levelled off between 10 and
11 years. Similarly, Gathercole et al. [31] reported an im-
provement with age in children aged 4 years to 15 years
for a variety of verbal stimuli. However, they noted that
memory ability levelled off between 14 and 15 years. Like-
wise, Huttenlocher and Burke [30] reported an improve-
ment with age in the ability of children aged 4, 7, 9, and
11 years to recall digits presented by speech.

Similar to the behavioural age-related changes in memo-
ry span, Howard and Polich [33] observed that improve-
ment in digit span with age was linked with event-related
brain potentials. They reported a decrease in the latency
of P300 as digit span increased. They also observed that
the span increased with age in children aged 5 to 14 years.
They attributed the decrease in P300 latency to an age-re-
lated improvement in stimulus processing abilities. From
their findings, it can be inferred that age-related improve-
ments in memory abilities depend on maturational chang-
es in cortical areas responsible for generating P300. Studies
aimed at locating the sources of the P300 potential have
reported multiple possible generators, one of them being
the hippocampus [34-36]. Further, Ellis [37] and Isaacson
and Pribram [38] have reported that the hippocampus and
amygdala in the anterior temporal regions are associated
with memory. These studies suggest that the cortical are-
as responsible for memory and some P300 generators are
similar. Hence, maturation of these common areas might
be responsible for improved memory abilities.
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It is possible that improved performance with age depends
not only on development of memory but also on the matu-
ration of other skills as well. As the participants in the cur-
rent study were required to give oral responses, it is possi-
ble that maturation of perception and speech production
had an effect. Henry and Millar [39] concluded that a sin-
gle factor could not be responsible for the improvement
in memory span with age. They opined that identification
time and articulation time were factors that helped in the
development of improved memory span.

Additionally, in the present study memory span was al-
ways better than sequencing span in all seven age groups.
This was similar to the findings of Yathiraj and Vijayalak-
shmi [20] who reported that memory scores were always
higher than sequencing scores. These findings reflect the
extra difficulty in recalling items in the correct order com-
pared to recalling them in any order. Remembering items
in the correct sequence imposes a greater load on memo-
ry since it involves recall of two different aspects, the test
items and the order in which they occur.

A moderate to high significant correlation was obtained
between the two scoring procedures for the four lists across
most of the age groups (Table 5). As mentioned earlier,
a significant correlation could not be obtained for some
age groups due to lack of variability, especially in the span
scores. This lack of variability was more obvious for List I,
probably because of the ease of the task. The lower inter-
stimulus interval in this list possibly resulted in the par-
ticipants within certain age groups performing in a simi-
lar manner. However, when the seven age groups as well
as the lists were combined, a high significant correlation
was found between the two scoring procedures (Table 6).
The significantly high correlation found between the two
scoring procedures indicates that the original scoring pro-
cedure, which is more tedious, can be replaced by calcu-
lating only memory span and sequencing span.

The use of memory span and sequencing span can re-
duce the time required to evaluate auditory memory and
sequencing abilities when using the ‘Kannada auditory
memory and sequencing test. The alternative scoring pro-
cedure requires only about 4 minutes to complete when
testing individuals who have a memory span of 5 (the
mean span measured). In comparison, the original scoring
procedure required about 10 minutes to complete the test.
This means the duration of the test can be approximately
halved. Furthermore, the sense of failure and frustration
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that individuals may experience when they are unable to
repeat longer word sequences can be avoided. In this way,
the alternative scoring procedure would be especially help-
ful when evaluating those with reduced auditory memory
abilities. Nevertheless, if more subtle differences in mem-
ory abilities are required, then the original scoring pro-
cedure (memory score and sequencing score) is recom-
mended. This recommendation is made in the light of the
large difference in performance seen across ages when the
original scoring procedure is used, a difference which is
absent when span is calculated.

Finally, it is recommended that when calculating audi-
tory memory or sequencing span, testing should not be
discontinued at the first instance when 50% of the tokens
are identified correctly. This recommendation is based on
the observation that some of the participants continued to
recall 50% of the items at a subsequent level, resulting in
them obtaining a higher memory sequencing span. Some
6.8% (13/189 participants) recalled 50% of the tokens at
two subsequent levels and 4.7% (9/189 participants) re-
called 50% of the token at two subsequent levels in the
correct sequence. Hence, testing should continue until
less than 50% of the tokens are identified.
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