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proper sequence for the purposes of imwediate actica or xecall, The
students were assiqned to one of four groups: a group receiving
training in ASM, a group receiving training for sustained attention
to task, a cognitive enrichment grcup, and a ccrtrcl groop which
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affected differentially by the treatments. (FL)
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Training Auditory Sequential Hemory
and Attention on Reading
4 relationship between auditorwv secuential memory (AS)),
and reading has been demonstrated in recent research revealing

and attention in children with learning

":]‘
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m
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disturbances of

AL

diserders (ilerior, 19733 Hirshoren, 1962; Kirk, 1208, Pugel,
1974), Definitions of ASM generally refer to the abilitv to

er seguence for

WU
3
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retain auditorily presentad infermation in

a

the purposes of immediate action @r recall {(Johnson & Myklebust,

o,
o}

Yt

18967). Wnile the construct of ASM has vet tTo be clearly

validated, it has often heen operationallv define¢ in terms of

specific measurable component ckills, i.e., the abilitv to regeat

a secuence of auditorily presented digits (Mirk, 1088),
Auditory scguential memery and attentien were found to
differentiate sigrnificantly betwsen retarded and normal children

afner and Lucito, 1961; Kixk, 19€8) as well ac between Yeleba

o,
"]
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=
[
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readers and normal readers (Bannatyne, 1971, 1974; Ruple, 21974).
Errors in sound order {auditory sequence) in reading have Leen
found to discriminate Letween good and poor readers better than
fFross reading errors (Senf and Freundl, 1971). The use of fSM
for predicting success in reading has been sugpested by Chall
et. al. (1963) and Hirshoren (1966).

liirshoren (1St9) tested auditory skiils in kindergarten
children.and assessed reading achicvement at the end of sccond

rrade, lle found that the auditcry sequential memory subtest on
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the ITPA wa significantly correlated with the reading tes

lLD‘

on “he California Achievement Test. Chall, et. al. (1863)

(reguiring auditory

=

w

sequential memcry) in the first grade was correlated signifi

ties (nerict, 1673), only 8.7% had cifficulties 1n tasks Ln-

spatial relationss; 47% nad cifficulties in tasks involving
53% had difficulties in ASM. The memory/

vac suerestad in this study as the most

Tvalld diserinimator Letween normal children and children with
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A facter analvtic study

1974) and a survey
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for Children (UISC) secores (bannatne, 1

of 75 s*udies on the WISC profiles of children with reading

disavilitlies (Pupel, 1&74) indicate that reacing disabled children

have deficits in the secuential factor or "distractibility'

factor invelving auditery sequential memory and attEﬁtléﬂ, Thisg
ili-

attern of cognitive deficits of children with reading disab

vy

ties, found in studies of the WIEC, was also re mortes in studies

g
W
rd
o
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o

Psyveholinpuistic Albilities

Birelr and Belmont (1964) found that children with reading
difficulty have problems in transferring information from ohe

sensoryv modality to another. Thesc investigators have reported
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that poor reacders have difficulty repeating a sequence even

within the same modalitv. These findings suggest that the

ifficulties experienced by poor readers 1n cross modal transfer
suld Le explairned byv poor SEquantl al memorv.

Most recently, Badian (1977) investigated the nature of
the inferior performance of retarded readers on auditory=-visual
integration tests. She found that a short-term auditory
sequential memory deficit appears to be a major factor in the
inferior audit@ry;visual integration performance of retarded
readers,

:Agditary sequential memory and attention are closely inter-

related. Information presented in sequence necessarily re-

boost

quires the child'd attention over that pericd of timéduring

vhich the sequence is presenteds# Thus poor ASHM could result

‘.:ﬂ

from difficulties in attention
Attenticn skills in school age children vere found to
deVelop vith age (lagan, 19€7). The trainability of attention

thfbugh verbal approval (TFish and tciiamara, 19€3) and through

properties of visual stimuli attendd to (Berlyne, 1¢58; Fantz,
1961; and Hershernson{ 12C7) have been reported. Alth urh the

significance of attéﬁti@n in the learning situation has long
been recognized, the problem of attention and educational

badly in need of further theoretical clarification

[

development i
and research effort (FRohwer, 1970). Since the studies re-

ported on AS)M and reading were of a cqorrelational nature, one

(9|
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@éﬂ only o) -uw.late at the presznt time as to any cause and

cffect relationship between ASH and academic achievement. It

was the goal of the present study to examine the possible re-

Tationship between ASH training and reading improvement.

The training of auditory skills in the remediation of
reading pro.lens has been supgested before (Deutsch, 1864,
Durrell and Murphy, 19833 Weiner, 1%86, kepmang 19€0). low-

The present study was, Therefo designed to explore the

ollouwing two questions: (1} Can auditory sequential menory

w1

in goung children (operationally defined as dirit retention)

i < s -
' are *the effects of such training on the reading scores of
chiléren with readinp problefs?
METACLE N
Subkiacts >
E) B B
) The subjects were 92 second and third grade zuplls atteénd-
ing four schools in (Queens, llew York The children came from
. predominantlv middle class families. ALl subjects had a Verial

€ at leant BU op the Pealtody Picture Vocabularv Test (FFVT),

+—
A

were reading at least one grade below grade level and were

two measures of AEM., The sample
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33 females and 59 males. There were 54 second gracer:

witrn a mean age of 7-8, and 38 third graders with a mean aje
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Procedure

“Screening and Pretesting., Teachers of second and third

rades in the four schools were asked to list the children who

g
were behind grade level in reading. These children were then
tested individually on the followirg measures: The Gllmore

Oral Reading Test, the Digit Span subtest -of the 'echsler

i le for Chiléren Rewvised (WISC-R), and the

Pt

[ Wi

[

[Py

Intell

¥

Fence

Psycholinguistic Abilities (ASI-ITPA). This screening procedure
permitt:sd the identification of 95 subjects out of a total of

183 who were reading belcw grade level (mean reading deficit

‘was 2.1 grades), and who also scored below average on both

neasures of AS!) (mean Digit Span scaled score was 6.3; mean

ASHM-ITPA scaled score was 30.2--rental age equivalent of 5-8).

The following instruments were suisequently administered

rVI‘
(1

ession he

[y
m
Ly |

to each suvject in a second individual testing
Feabodv Picture Vocabulary Test as a general estimate of verbal
<3

abilitv and intelligence, the Coding subtest of the WISC-R

ential ability, the Uepman

WY

ktuditory Discrimination Test to identify significant auditory

perceptual deficits, the XKnox Cube Test of continuous visual

hr

attention as a measure of attention and distractibility, the

1

‘Eﬂ\
-Lh
L)

HHiskey=-ilebraska Test of visua equential memory for'digits,

and the Arithmetic test from the Vlide PRange Achievement Test,

F=g

as an estimate of arithmetic akility.
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On *he basis of the data gathered from the testing, three
children whose I0 scores were below 85 on the PPVT were eliminated

from the subject group. The remaining 92 children comprised

d in the study.

the samzle of subjects who par

m
e

tici a ate

“"J

Training. Following the selection procedure, the subjects

were randomly assijyned to one of the following four groups:
The suditory Sequential Memory group, the Attention group, the
Cognitive Enrichment group and the Standing Control group.
Based on an analysis of variance, no EigﬂifiﬁaﬁtrﬁifféféﬂCES
were found between these groups on any of the measures used
in the pretesting. F

Group l. The Auditory Sequential lemory (ASM) group. [Tne
children in this group received training in AS Alth@ugh;
the operational definition of ASM in the ;fégéﬁt study refers

only to renory for digits, the ASM training did not include the

direct training of this specific skill., Such training would

U
‘U"ﬂ
—

have consiitutecd training for testing. Rather, the ASH training
exercises paralleled the dipit repetition task, in that most

exercisce incorporated the followinp three features: (1) auditory

inpur, (2) immediate recall, and (3) retention of sequence. The
objective for this group was to increasc the rumber of units

(sounds, words, sentences, directions) a child could retain in
Lanlt

short~-term memery and retrieve in the correct sequence. lne

the number of items remembered and

¥4

criterion of success wa

recalled from immediate memory. The materials used were desirned

':':U

and presented in a manner to fit the cognitive level, motivation,
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and intevests of second and third graders (Klein and SchwartzQ
1977).
Grouy 2. The pyyention gféup. The children in this group

received traiping for &stained attention to task. The ob=

jective Yor £Lis groud was to increase the subject's ability
\

to selectively direct his focus on task activities or materials,
and to avold peing distracted by stimulation extranecus to task
cerformance. Criteria of success were the number of errors,
omissions, 0y commiss iDﬂ§ on the task. -The rationale for in-
cluding sh Atvention group was to enalle the isolation of the
effeats of tpainine for atrention inherent in the training of

LSl additionally, it permitted the study of the trainanility

Hateyials ehd activities used in the training of attention

in group ¢ were adapted from those used for the tra ining of
. £S5 in eyeur 1. Tnis prececure allowed for a comparison of
effeats wf tne two tvalning procedures with relative control

-
=3

Grouy 8. The Cogritive Enrichment (Cognitive) group weas
cesipned at a play group in order to control for the effect of
the aduly~enild {ntevaction in small groups which occurred in
the training of hnth ASI and attention. 1In addition, the
training in groups 1 and 2 both necessarily provided a degree
of verbal intevaction and c@?ﬁltﬂvm facilitation; therefore

the Cogpitive group engaged in a variety of cognitive and linruistic

enrichment activities using materials similar to those used

wd
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in groups 1 and 2, but not specifically directed toward the
training éf_g;therASE or attention. Sample activities for
this group included exercises in spatial relations and right-
left discrimination, maﬁinﬁ up .stories to a series of pictures,
color and object identification, etec.

Group 4, The Standinpg Control (Control) group. The children
in this group cid not receive any treatment intervention other

than the testing., This group was designed to neasure changes

l‘i"II

[#3]

occurring as a result of maturation and regular ool activities.

The trdining of subjects in groups 1, 2, and 3, was accom-
plished in half-nour sessicns carried out three times a week
in an isclated room in the school. A single trainer conducted
fhégfbaiﬂiﬁg sessions for all three groups. The training
groups were composed of fFive or six of the subjecéts, randomly

assipned from the screened sample. The order of the training
groups varied from one week to another within each school;

this permitted control over the variable related to time of
training, anhd insured that no group consistently missed anvy
regular school activity more often than the other groups. The
training gﬁagfgﬁ was carried out for 25 sessions, spanning a

ten weeyx penriod, from Tebruary to April. The children's regular

BaAchersy weye not informed akout the nature of the

r#

S ET00m

@

a

ot

c

training thedr pupils were recciving.

/. behavior modification model (Gardner, 1974) was uscd

Fy

or garoepu 1

h:J‘
T

throughout the training programs , 2, and 3. Zach

child progressed in the training program des 1pned for KEis group

o } O
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in accordance with his achievement on each of the tasks in-

ic reinforcements 'in the form of "stars"

L

volved. Ixtrin
(exchangeable for prizes and candy) were utilized in order
to sustain interest and motivation, and reward successes, on
the various learning tasks.

The following are examples of pairs of activity types in-’

-

h

[

volving similar materials, one of which was geared toward

the trzining of

e
L

tention.

b

- = = Nl ¥ S
training of ASM and

¥
[

h%

W

ther towar

M
e}

li

M training the child was asked to follow

=

o

Exampl n A

\m‘

a series of verbally presented directicns. In attention train-
ing the verbally presented directions were used in isolation
(nc sequence); the child was asked to attend carefully to the
trainer and follow the direction only if it was followed by a

v agreed upon by the group.
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This activity was similar to the children's game "Simon Savs."

Example 2. In ASM training the child was asked to dravu

a line connecting a series of different colored dots on a

Ly

vorksheet containing many colored dots. In attention training
thezgamé vorksheet was “used, but directions vere geared touard
the training of attention rather than.sezcuential memory;
children in the attention group were asked to choose and
connect d@té of one color onlv and not *o omnit anv.

Lxanple 3, In ASM training the child was asked to repeat

fror memory a series of landmarks on the wav to MJohnay's

' school™ (these landmarks were presented verbally, together with

ERIC - | ‘
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drawings of the landmarks). In attention training the same

™,
o

drawings were used to designate "stops" on the way to “J@hnny‘g ]
school." Children could only précaed from one landmark to the
next by attending to variéus signals indicating "stop," ’

"go forward one 1andmark,“i“gg back two iaﬁdmafksg“ etc,

Post-training Evaluation. Upon completion of the 25

sessions in each training program, suﬁjéets in groups 1,2,3,
and 4 were retested on all screeniﬁg ahduprésfest measures. ‘
The tests were administered individually in é session lasting
approximately one hour. Testers were képt blind concerning the
tféatmgﬁt,éssignment ?? the subjects they tested, and subjects
wefe assigned to testérs on a random basis. No significant
diff3fence§(§ < .05) were found between the subject groups on
any of the administered tests prior to the tpaiﬁing.
RESULTS

The post training test scores of all subjects were analyzed
by means of a three way analysis of variance (treatmeﬁt X grade -
x sex). This analysis was carried out separately for each of
the variables measured. Since no 5i§nificant differences were
found between the four participating schools, the data from all
four schools were;%@@led for analysis. The analysis of the
ASM variable was-carried out separately for the following four
scores: a) The Digit Span from the WISC-R TDS}; b) The Digit

Span Forwards, from ‘the WISC=R (DS-F), ¢) The Digic Span Back-

. wards, from thé WISC-R (D5=B), and, d) The ASM subtest from !

the ITPA (ASM=ITPA). - ' -
In comparing the DS scores of each of the four participat-

ing groups, a main effect for treatment was found (F o= 2.82,

12

e i § i
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df = 3/76, p < .,05), The subjects in the ASM group obtained the
highest DS scores iﬁ* pared with the other graups (see Table

1). The Tukey teé%*f@r the location of significant differences

revealefl that the DS scores of the ASM group were signifisantly
highér than those of the Cognitive and Control groups but not
of the -Attention group. The findings for the ASM-ITPA are in

i

N . : ) - ,
line with those for DS, i.e., a main effect for treatment was

fDund (F = 2.87, af 3}76,*p ﬁi.ﬂS) with the ASM group scoring
hlgher than the chnltlve and Gantral groups but not s;gnlfxcantly

?:'q;gth than the AftEﬁtan graup. Afma;n effect for treatment

= fgﬁas fcun%ﬁfer D%r? (F 2.91, df - 3/76; P < ,05) with the ASM
K .y ] 22 _

group -having sbtainedfsigﬁifiééntlﬁ higher scores than all other

groups. N% main effééf‘ﬁ?s/}sund for DS-B., (F = 1.85, A =
. ( 3/75’ p‘;iDS}i!; - __‘B f o - | ‘i'-,-
e - A Signifigaﬂt treatment by grade interaction was observed

for DS DS—F, and ASH—ITEA, ;ndleatxng that secénd graders in

=¥

fhe ASH group Dbtdlnéﬁ the hlghest scores on DS (F 3.84, .

insg arid ASM-

ki
ay
~
-~
e
L]

'U

df = 3/76, p < ,05) DS-F (F =

ITPA (F = 3.23, df = 3/78, p < .05

The feadin scores were analyzed\ﬁe r,'l fﬁicf both S

Reading Accuracy and REédlﬂg Ccmprehenslcﬁ. The analysis éf‘
varlance ‘for Reading Accuracy shgwed a main effect for treat-
“ment (F = 4.21‘:df £,3/7E p {Z;Ql)zyithfthe highest scores
obta;ned by the ASH gfaup The Tukey;fést'fér the location

af 51gn1flcant dlfféren es revealed that tha Reading Accuracy

\;“’“
' X}scgfes ﬁf the’ ASM group were higher than those af the Attentlcn

oup and ;he Ccntral graup but Gnly aj prnaéhed slgn;flcange

-D?) in camgar;scn w1th the Cagnlt;ve grgdﬁ. R N

. “'- J_ 133 ag
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No sigﬁificant diffé?&ﬁéés between the groups were found
ﬁifh regard to the Peading.csmpréhensian scores (F = i-DH,
df = 3/76, p > .05) ﬁ
Visual sequential memory for digits was found to be
significantly higher in the ASM group as compared to all other
groups (F = 3,72, df = 3/%5, p < .05)
| A significant main effect for treatment was found for the
“Auditory Discrimination Test (F-= 27885-df-= ~3/764—p --.%A.VQS} S
with both the ASM"and the Attention groups ébtaiﬁingrless errors
in discrimination- than the other groups. No significant differences
ﬁere found between the groups on any of the follcwiﬁg‘variablgs:
PPVT, Coding, Continuous Visual Attention and Afithmgtic, It |
should be noted that no main.effect or intefaefién involving

sex.was found for any of the measures used.
&

D EuSSlGh

) The present study §£amlnéd -the possibility of training

~ ASM in second and third grade children aﬁd the effects of this [
'tralnlng on fgad;ng.

3§séd upon the fiﬂdings, it may be_;éncluded that ASH, as

- m;asured by the WISC-R Digit.EPEHQEEd the Auditory Séquential
rHeméry Test on the ITPA, can be improved threugﬁ a relatively
short Periné éfﬁtfaining. The group éhich received specific
tfaining.in:ASH scored higheét on ASM measures. The lttenti@ﬁ
group was found to have obtained Dé and ASM-ITPA sséﬁes which
were not significantly.lgwer thén those of the A3M group, sug- °

gesting that the overall. training for attention had a similar \\
) o . )

LY

. lé | | : J i.
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:“efieet n.: ASM as direet ASM training. However, the ASM train-
ing was found to be mest.effeétiVe in.raising ASM scores of the
-second graders above all other g%@ups ineluding the second
graders in the Attention group. This finding indicétes a
special effect of ?hE-ASH training as compared with the Atténtich
training. The observed interaction between training ef§éctiveq

ness “and grade level suggests that the younger subjects were

more sensitive to the ASM training intervention than the older

The transferability of the ASM training from auditory to
visual memory was indicated by the finding that significantly
higher scébes in visual sequential iemary were found only in
the group ﬁhat received the ASM training}

Traiﬁiné of Attention did not result in reading improvement
nor did the Standing Eantrai-grgup impfave; The chﬁitivezgréup
and.the ASM group did not diffar significantly with regard to .
‘reading accuracy scores.’ The Cognitive group was engaged in
actiéitiés traditionally g@nsideréd'as language enrichment or
readinessupfagrams and thus could have had a more facilitating
effect on réadiﬁg than the Control and Attention gr@uési Tha;-
reading accurac§‘$ccrés achieved by the ASM group were however
géﬁéfally greater than those obtained by any of the other groups.
(Séé Table 1). _

The present stédg sought to examine the felaﬁi@nsﬁip between
ASM and reading by first training in a controlled manner féf

ASM and then observing the effects of this trdining on reading
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scores. The obtaiied finding of greater reading accuracy

improvement in the ASM group as compared with two of the other
groups confirms the hypothesis about the relationship of ASM

and reading improvement. Of note, however, is the finding that

while reading accuracy scores were raised through the ASM

training, reading comprehension scores .were nat signifie cantly
: 7

affected. This observation may indicate that auditory SEqUEn—

tial skills relate more directly to the immediate information

prﬂcess;ng requlrements Lntf1n51c tﬂ aral readlng accuracy,

the "mechanics" of readlng, Qne ;culd say, than ta the lang

©. term memory raqulfements and other cognitive prycesses lntr;nsic

to answering comprehension questions about the contents of a

passaga read alaud; It is possible that cémprehéﬂsieh may

been extended, maklng reading accuracy nore automatic and
thereby freeing the child to Engage in the prccesses necessary
fef-ﬁgmgrahan51cn;= Equally likely, however, is that read;ng
comprehension involves abilities less immediateiy affected Ey
ASM improvement and more relatéd to abilities involved with |

the afganizatiéﬁ of a meaningful whole, and 'its recall from .

_laﬁg term memory. This question réquifeé”additianal study before

a éefinitiﬁe answer may be offeredi

were. the only training groups improving Elgnlflcantlv in

aui;farg d;serlm;naflani 'The attention training, whlch called

for thée careful distribution of attention between target ,

s

stinuli and environmental distractors, was expected to positively

16



Auditory Sequential Memory
17
éffec?wan ability like auditory discrimination. The finding
that the training of ASM also produced an improvement in -
auditory discrimination Euggests thatfin training for AéH,
attentional skills may also be developed, thereby enhancing
auditory discrimination as a by-product. |

It should be noted that ﬁa training exercise ineluded in
the present study involved actuaiﬁﬁeaéing or any activities
calling for sequential memory for digits: Thus, the observed
differences between the groups in ASM and reading accuracy may
‘not. be attributed to-direct-practice-on-either of the eriterion
tasks. In no way were the children‘specifiéally trained for
these tests,

In summary, the present study indicates that ASM nmay be
frainéd, especially in younger children. This training appeared-
to coincide with higher scores in reading accuracy but had no

effect on reading comprehension.



Mean post training scores of the 2nd

groups, on all measures used

‘Table 1

#ad 3rd graders in the four subject

Subject
Group

— Grade

~Auditory Sequential Memory  Reading

(Grade Scores)

DS

*DSfF;i7DS=5fffASM—1iPAf’Aé;ﬁsagy’C@mp?eﬁénéic

2nd 9.4 | 9.9 | 9.0 | 37.2 24 2-6
ASM n=lh *
, 3rd R )
N=25 8.2 8.2 8.2 35,3 3=-2 3-2
: n=11 | |
B - o _ _ - - - - B i
2nd
Attention n=ly :
N=22 3rd 7.5 8.0 | 7.0 | 32.5 2-8 3.4
: "”’“;"’“T”’;:;é*—“:—” e e e e S e
—— i, I i, - _ I S I SR
2nd - 7
6.4 B.4 6.5 28.1 2-2. 2-8
Cognitive n=13 ( .

(] |
5 ‘
- ) ;ﬂu.

Qantral

24

L

i.

o

lower

" 2nd

3rd |

ore indicateJ

better

28.8

perfogmance

18




Table L Page 2
Visual Auditory Continuous  PPVT Coding  WRAT - :
Sequential Discrimina~  Visual Arit! netic
Memory tion Attention
(Grade Scores)

3-5 2.8 327 102.3 | 8,0 96.1 .

2-2 1 3.0 3-0 99.6 9.1 100.7

2-9 2.7 3.5 98.2 9.4 102.8
O e e E o

zﬂD H‘-S 2“!4 lglqo 9-0 QL‘-S )

2-7 4.1 3-0 102.9 | 8.8 99.6
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