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The study in\r\estigated temporal processing in the auditory,. kinaeg= .
thetic, and visual \xiiédalities‘ in grade 4 boys. 12 poor and 12 good - . L
. ® - . * M d 1
: LT oo A
' readers performed a .spatial task in which they judged whether a spatial ~.
. . , . ]
o pét,tern was the same as a temporal pattiern, .and a temperal task ia which .
\ t s 1

\X )Nsing deﬂcit in dys}eexia. The deficit specifie to the visual modality ’ o

yoo . - .
’ , » d

they; judged whether s(:'we consecutive tempoyal patterns were the ‘same. T ’

~ - -

. 4] .
The tasks were presgted “in an ABAB sequence over four test sessions.

- . a

. . ~ v g . s .

Each. subject was given 1() patterns in each modality in each sesqion. LA )

’

-

. [ . < . . . .
analysis ‘of variance showed no significant task effect, a.significant .

) ’ . s A
reading group effect [F (1, 22) = 14 80 p< .005] s and a' aignificant . \"

modality effeet [F (2, 44) = 3,75 p <. 05] which was, _asgociated with a ,‘

N

-

significant Group X Modality interaction [F (2, 44) = 3, &2 p< .05) and was PR

.

s attributable to the perfotmance of the poor readers. Paor readers 'mgde |, _ \
,K‘/ fewer corré&iesponses than good rea,dera and “unlike the good feede;:s, . "‘,‘
\ Wf’hﬁ&rfomed worse 1n the %risual, than in the audiiory or kinaeathei:té . g

modalit:ies. ’The results were interpreted as suggesting a t:empora_‘; ptoces-

was attributed to faulty. atg:enf:iop.
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" Deve\}oomental‘dyslexid has been defined as a condition in which the

o

child "is unable tq learn to read with'proper facility 'deSpite norma_l
-'intelligence,' intact sensesg, proper instruction, and normal motivation"
- . ’ xt' - ) o&
(Eisenberg, ‘1962 P. 4) For reasons as yet undetermined the condition

is' ny)re commqn iw boys than in girls. Theories regarding the etiology

' of dyslexia have tended to be either biologicaf or psychological in '
neture. Bijologiical theories a‘ttribute dysle;;ia t\o such fa;tofs as
"matyrational’ leg", ;'a pattern o’f}distgrbed neuro\]:ogical organiza'tion", , .

or "minimal brain dysfunction', while psychologica\\l theories deal with
o 4. ' ) Lo
the child as a product of his experiences and attri‘put‘é dysiexia to

<

such factors as "incomplete resolution of internal and external conflicts",
. - . .

(Heinicke, 1972). ‘ T S, T

3
»

. One promising research approa‘eh based on a biological theory was ’

initiated 'by Birch and Beimont in 1964._ Their assumption was thatr .

[

reaciing involves a match of an auditory input of ~spoken 1gngdage to a

a

— ‘spg.tial input of writt_enq language. They postulated that.one of the -

g

¢, > : .
causes of developmental dyslexia might be '"a primary inadequacy in the* -

- s . -

ability to integrate auditory and visual: stimuli.“i Their .subjects were .

two groups of boys, good and poor readers, 9 to 10 years of age. Id !
v / s
their study bhe experimenuer tapped out a rhythm on a t&ble edge wit:h

PR

a pencil on each trial, and then asked the c;hﬂd to' identify which one

s 0 i

of three spatial dot patterns shown on a card matched the tap pattern he’

had just heard. . Each dot patter.n consisted of a row of dots separated T

,‘..f ¢ . , - " N
{

7 by either short or long spaces representing the short, or '}.ong time




(4
»

. . . N q . *
intervals in the tlap patterns. Birch and Belmont found that retarded T )
- ! * - ’ . K
readers had significantly more difficulty than normal readers 'in . re-

. .performiné this task. They interpreted their finding-as indicatiné c

. ‘ ' _,that auditory-visudl integration is one of Mvera factors that ’ . -
' o contribote to reading disability. , , <L
Birch and Belmont (1965) subsequently administered their task to

-7 §
/
chi dren in elementary school, and found that matching performance .

?

improved with age. The improvement was most rapid in the early grades -
¥y

.

~ and reached an asymptote by the fifth grade. - In addit‘:ion, s’ignificant 0 o '

. -

' positive correlations .were found between IQ and reading performance for T

3 . e , B -7 . \

all grades except the {:‘:urth grade. A finding of greater importance, -, - 1

5 . , N , . .
SR however, was that ‘there were significant: positive correlatons between | ) ’

matching performance and . reading performance for grades l and 2, altgough

. - not for grades 3-to 6. For first gradera, in fact, matching performance
Was more highly correlated uith readi'.ng gkill than was IQ, although for

N .

. second graders, .IQ was more highly correlated with reading performance .o °

o e that/was matching performance. is ‘sgudy was. interpreted by Birch and

N . AN .r N

Belmont as indicating that intemddal integration is ‘of importance at the

time of acquisitiou of reading skills, but that the level of reading o
e | A‘ sﬂill reached in- later years is related to intellectual cmnpetence. |
o Zurif and Carson (1970) faggested thg't the poor performance of re- ' \. L
.parded’ readerr onmatching !taaka of the- Birch and Belmont type uight be d‘ue‘
not to poor auditOry-visual integrative abil:l.ty as Bitch and Belnont
’ | claimed, 'but rather to an inability to procéu the temporal mtterill in
.7, - the auditory portion of the tuk. 'l‘hua in the:h: utudy of good and poor
. readers selected fgom boyn in gudo 4. they introduced. aiu addition to

a alightly wdified cveroion of the Biech-Balmt tuk, two intrmqnl“ :‘ Cu

a2
s
h a\l%{;f;ﬁ%@}”,
R
" .’;* d



. . ‘ . - . Tk .
. temporal tasks: one auditory, and the other visugl. The two intra—.

'moéal tasks involved judging pairs of patterns as’s'ame or different,
SO L rather than selecting the correct match from ;iu:ee dlternat{ves as in
- - " : . "the ,standard Birch—Belmont task. The .intramodal ‘auditory task was the

- : N ’ " h e

rhythm subtest of the Seashore Measures of Musical Talent battery. The

‘visual temporal patterns were presented by means of a flashing light and

I

o were .not the equivalent of thosé uséd on the auditory task. They found . i
S ‘ C

S
‘. ’ normal readers to be significantly superior to retarded readers on all . L Ca

. -

” three tasks. For good and poor redders fombined, performdnce on'all three

, , , ~ |
0 .tasks was signjificantly positiyely correlated. The correlations although ‘
4 M ' .

Q o ) 0 N '

! " significant were not-vetxy high, and since the groups*were combined, might j
|
|
|

o have béen attributable to the performance of good readers only. The z
correlations suggest that a common factor, presumably temporal processing

. .

abihty, but possibly simply an attentional or motivational factor, may ,

O

5" be tapped by the three tasks. Performance on the three tasks could not
be compared directlir,'t‘fowever, since ﬁhe\ pot;terns employed were not X
S e‘quz}valent acrooss tasks. e Thus: e\.;en'('\if the gener:al temporal p’rocess~1ng‘ “‘ T
o defioit hypotg‘ésis is entertained, 11;‘i‘s‘not passible from tho data ‘to - v

. v ’

de{:emine whétr{.her the difficulty of poor® readers on the Birch—-Belmont o T

~ I

, task is solel{;v attributable to misperception of temporal sequences or o - '

'whether it reflectg both faulty ‘tempo;al processing.and fault:y cross—

- . . N .
' . . v o
N - L4 o o ‘ -

," modal integration, B ,' . e

\ : - R - -
. U
P . . )

. . ’ . . .
‘. oo Bryden (1972) pointed out that the Birch-Belmont task involves a
L, . l; s - , \‘ | . ! R S Yoo 4 ’ B L
,/ shift from temporal to spatial processing as well as a‘shift from one . A
v ’ . . i o . o 3'(‘.“'
/ . modality to another, and hence investigated temporal-—spatial procesaing r SEEEREN !

!
!
I 2 v
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Belmont task, He administered nine tasks to two- good rgader and two ~ .
: poor reader groups, one of. boys and one of girls in each case, in the fourth

UCRE grade: The task represented all possible combinations of three bresen—,

1
kY

»

tation modes paired: auditory, visual temporal, .and visual Spatial;
and sub jects were required to judge whether two patterns presenked \

consecutively were the same or different. The same patterns were used
for each task. They weré presented spatially in the form of dot patterns

PR " like those used by Birch and Belmont, as a visual temporal secjuence by

o

means of %—sec. light flashes, and as 5 auditory sequeace by means of

:

‘ h clicks produced by“depressing a- telegraph key manual]y. Foly tasks were cross-
modal and five were intramodal.. Two of the cross-—modal tasks nd two of

the .intramodal task‘s‘invo_lve'd a shift from one presentation mode to the
" qothe,x\:, tempdéral to spatial .'h_ Three of the intramodal tasks requir:'ed’no. ', \
.shift of presentati%on mode. Bryden‘?"found ‘that per formance on the
intramodal visual task u:Ln which both patterns were preient\e\d spatially
‘ , A
was superigr to performance on any of the other eight tasks, and that

o ES

tasks requiring a temporal to spatial shift were more difficult., He also
found a difference between cross-—modal and intramodal tasks, with cross—

modal tasks being more difficult. In addition, he reéorted that there

was no difference between performance of the males and the.females and

a .

that: good readers were superior o poor readers in overall perfogmance,

Q o e b . =

-~ although the diffeLences were only signififzant for four tasks- auditory-—"

¢l auditory, visual temporal-auditory, visual temporal—-visual spatial,

visual spatial-viSual temporal The difference between greupa was not
: ‘ significant for %:he condition equivalent to the standard Birch-Belmonttask
‘ . — the auditory—viaual spatial task, A similar study (Sterritt, Martin,,:

L& Rudnick, 1971) Wwas. published at approxima}:ely t:he same time a8 the




" C ot

modality. They pointed out t:hat there :ls some evidence both {or the . " .

"mtor memoty" (Btuner, 1951;) vhieh ia the ﬂnt to nppe;r developmenev-

. . . ’ >, .
Iy . . \ . ° . , . J.
L ’ ° - .

Bryden stedy. Although Sterritt et-al. preaenfed the/same, nine tasks, : .

v

their eample, a group of potential pedt: readers who had completed a , ' T

headscart prog’ramme and were about to enter Grade "1, was atypical. S
~ \ \' L ¢ * . ‘ i
Moreover, they used a betweern-subjects design which might not be sensi- o s
. . . " R " ) o b -~ a

tive to elight cposs-modal differences. -They did not in fact find

a differeﬂbe betweey cross-modal and 1nt:rameda1, tasks. Nevertheless,
1
Sterritt et al. f,qhﬁa;med two fin :tngs which were also obtained by.

'

Bryden: that performance\on the_pairs 1& which both patterns were

. ' . ¢ -~ '
presented spatially was superior to performance on-any of the other

Ny

eigﬁt éhsks, and .i:hat patterns involving temporal to spat |1 ‘integration

wefe most difflcult. Bryden seggested that the difficulty ez:perienced
: . . . ~ '

| by poor readers on the Bircli~Belmont task neither results from an auditory- ,

o . § . ,

~

visual int:egr'ation problem, nor a”gener’al’temporal processing deficit,

- -
.

. - ‘ Iy
.since his sample of poor readers showed equivalent 'deficits on ail

taslrls. He preferred to accept Blank and Bridger 8 (1966) nbtion t:het

’

poor readers have difficulty 1n converting the temporal sequences into

a verbal code. -This verbal coding deficit he suggested is related to . - g

A

a general language deficit.‘ B . , ~ ) L "

’ g v s ‘l

A different approach t:o the matyre of the poer reader's deficit . o R Py

on the Birch-Belmodt task has been uaed by Teylor and her etudente. Theyg_ ) ;:';"’

have attempted to rule out the general temporal proceuing def:l.c!.t

)

S

hypothesis by 1nveatigat1ng t'emporal processing 1n the kd.naenthenc

existence of a separate primitive enact:j.ve repreeentetion lyttea or



. -6 - o -
S LT ‘

develop later, and also that there is some evidence which points to the :
&

existence of such a systegin dysleXics. For example, 1t is known that LN

involving the dyslexic s Kinaesthetic sense, by having hih trace large

. .
/ letters in the air, or his sense of togch, bybtracing-letters on his

- )
[ T N

‘back, may gelp_him learn to discriminate héetween two readily confused E
letters. Accordingly. they hypothesi_zeci that :the poor reader's de'ficit on
the Birlch—&eilmont: t;'ask might well dis‘appear if the temporal patterns

. .were presented in ~t:he kinaestt;etic modality. Hence Taylor and Carson
(19/69{,pre'sented thrée spatial matching taslks of the Birch-Belmont type.
In® addition to ‘the auditory rhythms of the standard Birch-Belmont task,

their sub_]ects were given a task in which they had to match klnaesthetic

v

temporal patterns, and also a task .n whic‘h the temporal patterns,to be
matched were presented simultaneously in the kinaesthétic and auditory

.modalities. o present the kinaesthetic stimuli, patterns were taﬁped

- into the chkild's left palm by the experimenter who held -the subject's .
| . oL .

right hand around a pencil and moved it up and down, to tap out the rhythms.

’r ¢ . The subj'ect:s were two groups of lower socioeconomic class boys, good and , °

; poor readers, in the fourth grade. Taylor and Carson found that while
. - ' ' . t
| performance ‘on the two, conditions involving kinaesthetic temporal'ﬁnput o

did not differ and was superior to that on the standard Birch-Belmont task '

.

which involved only auditory input, good readers were still superior to

. poor readers on all three tasks. A significant 1nteractipn between

1
.
s

' reading group and task, hpwever, reflected the fact that there was a
greater imprc;\{ement in the podor readers' performance when stimuli were

. A . .
presented in the kinaesthetic modality. Thus the results did-not disprove -

the hypothéfsis of a general temporal processing deficit in dyslexia.

: Since-both groups matched kinaesthetic .temporal sequences more easily, it




* . X ) -t ' ' ' &
C : * -7~ . ~ : ) ’ .
« - ' . ) - H . \ . . .
was suggested that eith’er heightened.attention or enhanced perception im- - R
.o r '

the kinaesthe modality might have accounted for the greater effective-
e e 2o 2 ‘ C
- ness of the kinaesthetic mode of presentation. X .
» o

Q -
Taylor and Polster (1972) investigated whether the greafter‘ effective-
Y / N~

ness of the kinaest'hetic presentetion of teinporal _patterns was attribut—

[4

_ able merely to increased attention becaus'e_ the ciiil | was engaged ina’ - .

-

moter activity, or whether it was in fact the rasulf of kindesthetic

/

stimuli being more efficiently processed. In one conditionm, the standerd;

Birch—-Belmont task was presented with an additional requirement that the

-

child, while listening to the auditory patterna, simultaneously engage in a

mo®or activity — twirlihg an eraser on the end. of a string — ‘which did

1

not involve any reinforcement of the temporal pet’:terna, but did i.nvolve-n
Ca .
much arm mov‘ément as the. Taylor-Caraon kinaesthetic task. The etandard .

‘* .
B rch-Belmont task and the Taylor-(:arson kinaesthetic task were presented o

\J

as control conditions. The subjects were middle class boye, good and

' poor readers, in the fourth grade. Good readera were found to perfom .

better than poor readers on all, three taslks, and matching perf ce vas .
again found,to be better for temporal patterns administered vie the (\}*
"»f kinaesthetic modality than. for those administered via the . auditory- modality. .
Scorea -on the task in wwhich the child engaged fin irrelevant mot:or activity

-while lietening to the auditory patterne were intermediate to thoee for

\ . ¢, x

‘the other two taaks. but the difference was not significant in either |

. case. Thus -increased ettention could neither be confirmed nor tuled out

> as the factor accounting’ for the auperiority oE the kineeethetie pre‘lent.-f ‘ og‘ ™
. . , oo T O
tion. v . ! . ’ h . .. .
L . : ’ ' t ¥

’ ..j 1 The purpoae of the: present ltudy was ta inveatigate further' enpotel

)




' >3] . -
P processing in the kinaesthezic modalit swithin the. context“of the Birch- . ,'
o N - . ‘ R ' A . -4
! * - Belmont task. Accordingly, subjects were required to perform a spatial
I3 - N ‘ N . ' A
P matchihg task of the Birch-Belmont type in threé modalities. A Birch—

"

Belmont auditory spatial matching 'task and its kinaesthetic equivalent

: F)

were presented in an attempt to replicate the Taylor and Carson (1969) iand

.. , . o \ 3 ‘e
. .Taylor and Polster (1972) findings that performance.in the kinaestheti,c ° .
. ~ -
‘ modality was superior. Since the auditory and kinaesthetic tasks involved .
w’ « :

’,, ' o cross-modal as, well as t:emporal to spatial integratlon a visual equivalent:

1« a

o

\ - of the Birch'—Belmont task was also imcluded as a ‘control to asséss the

N -role of tepporal to spatial integrat'ioh. In addii:ion,‘ sub jects were'
o\ ' ©

A required to perform an intramodal teémporal matching task in the three

=4

L . . modalities in order to permit compariséns of temporaf processing abiligy ‘

o >
¢ in each modglity, and also to permit assessment of the role -of cross- ) a |

* . : 1
-, modal integration through comparisons w:Lth the appropriate Spatlal match—
- 3 1
T, s : ing task. Past studies have differed in that some (Zurif & Carson, 1970;
Bryden, 1972; Sterritt et al., 1971) have used' a sgme-different,judge-

ment task and others have sed a matching-toéseimple‘ task (Birch’& Belmont,

1964, 1965 Zurif & (‘ay:eon, 1970; Taylor0 and Carson, 1969; Taylor & -

~ .
.Polsper, 19%2). "The matching task by placing a load on memory intro- ’
guces. an additional,.variable; therefore a sdme—different Judgement task

: [ - . . . . : r
was used in the present study. ‘ N . e Y

IS




Sub jects - L . o ) N |

The subjects were 24 right handed males with no uncorrected visual
problems and no known hearing problems, who were selected from good and
poor readers in the fourthdérade. The children came from five different ‘

- schools in a middle c¢lass school district in the Montreal area. The 12 .
. o oo \ e

. : N S
Boyeein the poor reader grdup had been classified by the schoois as poor

7

readers and placed in spefcial education programmes. Reading level was

assessed by the~reading subtest of the Canadian Test of Basic Skills <

‘a

(CTBS) which had been routinely administered to all children by four® .

of tha schools and to all but poor readers by the fifth. The CIBS oo
« reading subtést was administrred individuail& to poor neadens‘in the

. )
fifth school for the purpose of the study. Each good-reader was selected

£

from boys whose CTBS scores indicated that they were readipg at grade

. ’ - *
level or better on the basis of ar IQ score that matched that of 4 poor ‘ .
reader within four points. For the poor reader3 scores on the Wechsler

.

Inteliigence Scale for children (WISsC) which had already been adminis— .

tered by the schools were’ used. 1Q scores were obtained for the good

o

'

readers by administering the Henmon-Nelson Group Test of Mental

Abilities for grades three through six, correlated t-tests indicated _ oL,

o ¥

S that the two gvoupsras finally constituted did not differ significantly in

.

age, but that the good readers whilé significantly,inferior in IQ. were
. . ‘ , (9 ; B

significantly superior:in‘readihg ability. The signific&nt differenee'in

I arose £rom a slight but Lohsistent bias in the matching which was

N

unnvoidable because of the scarcity £ good readers within the IQ Yange 31

. 1 N v

‘f R of the poor reader graup. . It was e’ngidered~aeceptabie because'the o

[

’i—‘ﬁ%‘m@ﬁf
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difference favored the poor reader group and the intention of the RN t
hatching_was’to.ensure that the good %eadets did not iepresenf -

"simply a highly intelligent,group of chilaren. The characteristics ' ., g

of the ‘groups and results of the t—teste are presented 1n Table 1.

Test Patterns qnd Stimuli _\ i B
- 4
‘ The temporal patterns cong;sted of four to seven stimulus elements. '. .
The duration of each element was k-sec., with a k-sec. interval between P

~
-

elements and a 1~se¢. inﬁerbal between- groups of elements.- Three_lists
of 10 patterns each were used. Etght of the patterns in each list were

taken from the Taylor and Carson (1969) study. The remaining patterns

v ©

were constructed to be as complex as the nwst complex in the Taylor and
Carson list. Each pattern wa§ then randomly assigned a position wi;bin .
a list. Five patterns were then randomly selected wjthin each list and T

°

each was paired vith itself{. The remaining five patterns werezgaired

N M
. . o ‘

 with different ones. Those patterns taken from Taylor and Carson were -

each matched with one of the twso incorrect choices from their 1ist. . A A

.

For the others, patterns were congltucted which were similar in number

of elemgnts, but\different in the way in which the elements were .

>

« grouped. This produced three blocks of peire of patterns, each containing

five peirs of identical patterné and five paira-of*different patterns. - v, il

»
. . -
B ’ » . R

In addition; tliere was a block of three practice pattern pairs. The

© .
first yattern of the Eirst, second, and third practice palta conststed c e

4 . oo
of three, four, and flve elements respectively, in two or three groupl ‘“‘*gu. :

. -

.‘of one to three elemen:s. The second pattern in the fitct cate diffcihd

.t/,-

i

"blcck vun uaed_with'eaeh of,the



1 . B . ? :Tabl:e 1 M

- and Reading Level Characteristics
_ P of\Good and Poor Reader Groups ‘.
) \ - F |
. ‘ : - Reading Group
V .- M i
Charatteristics ” : L.
' R Good Readers - Poor Readers
' Age in months . .

. Ranige - - ‘ 116 - 128 116 - 129

. Mean 123 .,

. IQ
. . : ) \

. Range 98 -~ 113 ’ 101 - 112 ,

. *
Mean | s S Tl

, . CTBS Reading Grade Level -

: Range . . . - "By - 5.5 :
- . <
. < Mean ) 4.8 o
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_and through a ligbc system. The light syscem cOnsisted of a 6—~olt, ‘%‘

éxéeiimengifﬁhnd pracéice patterns are shown'in Appendix A. . ' - ‘

- A

Each block 'of pattern pairs wi;h the three practice pairs was

recorded on a separate Sony C-90 cassette tape. One side of each ‘
cassette contained both patterns to a pair, while a second side of the

cassette contained only the first pattei; of each pair and the time

L3

interval required by the second pattern of each pair. The two membera

.of each pair were separated by a 3-sec. interval and the pairs were

'separated by 10-sec. intervals. The auditory stimulus was a 1000 Hp;,

66 db tone. A Grason-Stadlet noise generator, model 901.8, was used

to produce the-signal. ] - A

A get of 33 cards was construé;sd,for use in the'spatial task. .

.

Each of the second members of the pairs of the experimental and

-

practice é&tterhs.was rééroduced schematically on a separate 3—in. X ) ' t

a

5-in. card.w The elements of a pattern were represented by a row of

%—in.'black’dots,with the short and long tempdtal intervals being"

. represented by spaces between dots of 1/16-in. and %-in. respectively.

Appenéix‘B shows a sample épétial stimulus card.’

Apparatus . . \ ' . | . R %

~

A Sony TC-124 tapé recorper‘was used‘to‘play cassette tapes

i 2

through its own speaker, through Clasonic headphones, model MD 802 B, - " -

ko, SL 32@, green pilot lamp mounted on & 3-1n. X 4—in. X 5~in. Hammond

Héndy Case. The limg was driven by a two-transistor amplifier located . j"

+ T

in thé‘box.’ Pover was supplied to the system‘by a Mallbry u'918, Gyvnlt

; battery.‘ A coaxial phono cgble cOnnected to. the rtgbt a:tentton~speakst




system.

v - >
N «
— . * -
e © .
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5 Design and Procedure ‘ . o S .

' Each child was tésted individualry in four test sessions sebari_

~

. ated b?”inteivals of at least 10 days. The two matching tasks were - e
adminigtered in an ABAB sequence so that the third and fourth éessioéﬁ

" were essentiallyvreplications of the first and second sessions. In .

~ !
the first and third sessions the subject was given the spatial task

) ‘\ jn” which he was required to judge whéther *or not a spatial dot pattern
‘ oy R o

was the same as a temporal pattern he had just experfenced, while in

-

the gecond and fourth sessions he was given the temporal task in whiéh
A} .
he simply had to judge whdther or not two temporal pattérns presented .

'

consecutively were the same. In each test session the subject Was givenﬁ .
o ,

A

" all 30 patterns with a different 10-pattern block being'preﬁzhted in

’

each of three modalities: aﬁqitory, kinaesthetic, and visual. The . ‘
y . S
‘ : experimgntéb was seated acrdss from the subject for the auditory and -
- kinaesthetic conditions aQ§ besiég‘kﬁgbior the visual ‘condition.

. Patterns were presented in the auditory modality by playing the appro- ‘

priate cassette through the speaker of the taperecorder. JIn order to R
: , : C

;l? -’; . 'ﬁt grasped a pencil. Temporal patterns were preaentld visuaily in the f

e &,
~Y‘§‘tv

3
“\‘#



y Four subjects within each group were assigned to one of three

test orders in accordance with a complex Graeco-Latin Square design i

v ¢

in which the orders of bresentation of modalities and of blocﬁs\ﬁf'

t
ad <

‘pa terns were independently counterbalanced. Each child was given the .

g 4
same order for sessions one and two, then giv7n a new orderfarsesaions

s
v

-

three and four. . . .

During testing, the child was seated at a small desk in a quiet

.

‘room. For sessions durinéﬁwhicn$he was presented with the spatial task,’

ﬁ

he was %ofﬁ he was going to see, heat, or feef a pattern, depending

upon the modality, and that he was going to be shown an array of dots

»

Q N T -~
and he was to say:whether the dot pattern was the "“same" or "different".

/

For the téé{oral task, the cnild-was given the sane rnstructiona as for ;

-
“the spatial task, except that he was told he would _see,, hear, or feel two -
t
patterns and that-he was to ‘tell the experimenter, whether they vere thé‘
8

5

same or different. The instructions and the practice'pails were repeated

for each block of pgtterns. For the practice pair only,*lhe cbild was '

L
_told whether each responseﬂwas correct or incorrect. [f the/response -

.

was repeated until h ppeared to recognize why his responge had been
; M < /'

reaultn of tl;e two Sessions ‘for each taslf vere comb:lned to’ obt na’

—
IR g

score for each

~
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Results .

. 4 *

: Table 2 presents the mean number of correct spatial and temporal

» ) . ’

judgements made by each group for eaoh modality. A one-between two-

within factor desigﬁ wao performed on .the scores with,modality and task
. 7 : . v

. . -

~as within-subjects factors and reading group as the between—Subjecro

factor, Soheﬁfe s multiple comparison procedure was used to test dif~ !

b

,

ferences between means following significant main effects and inter- '
actions. ‘The analysis of variance oource table is shown %u Table 3.

The mdin éffect of roading group was sfgnificané [F (1,22? = 14.80
p<.0051]. :Good readers’performed significantly better.rhan poor readers,

-making an averoge of 14,65 correct matches for bot@)tasko and all three ~

modalities combined, in contrast to a mean of 12.04for the poor readers. .
. ' c o e, 3 v
. " . : e T

There, was no sighificant main effect of task?' The poor'readers, however, ‘

tended to nake fewer correct temporal X = 11 36) than Spatial matches

X = 12. 72), while the good readers performed equally well on both tasks

(temporal X = 14.75, spatial X o= 14455). /These“data were reflected in e ;

the sizeable Group X Task interacnion which just failea to reach signi—
.

ficance [F“(1,22) = 4,24; F of 4.30 required for p <_05] .

a -

The analysis showed that performance in.the thrTe mbdalities differed:
significantly [F X2, 44) = 3,75 p<.05)]. The mean. scores for the combined IR .
reading groups were 13. 66 for the auditory modality, 13 79 for the kinaea- - ‘1f
thetic modality,-and 12.60 for the visual modality. ’Sheffe tests‘showed o .
that performance in both the kinaesthetic and the auditory modalities was " ;‘;f

";superior to that in ‘the, visual modality, althoqgﬂ the.difference wus only

NS
signtficant at the .1b level, and that there was no s{gnifxcanc difﬁeru
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-« . -

Mean Number of Correct Spatialﬂ‘ggd Temporal -Judgements Made ’
by Good and Poor Readers in Each Modality '

t N . \ . )
) Modality , -

: Auditory . Kinaesthetic ~ Visual .. -
: } o L

' Spai;ia}.'Task ' - ‘
Poor Readers. 13.91 . 12.25 : 12.00

a Good Readers 14,58

. r . 2

" %1 Temporal Task y ' ) L
© Poor Readers  12.08 12.50 ¢ . 9.50 N
©" Good Readers 14,08 . 1550 |\ _ 16.67 - : X
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g

Source

gl

Between subjects

. Reading group

Error

Wiﬁhin subjects .

" Task

Modality -

Group X Task .
Group X Modality
"Task X Mo@ality
Gr;u; X Task X Mpd;lity

. Errorl

Ergot

.~ Error

%2
5

~

Table 3

of Varignce of Judgement Scores as a Function of
Reading Group, Task, and Modality.

MS ¥ :
265.45  14.80%%
16.58
12.25 2,38
20,01 3.75%
21,77 4.26
17.21  3.22%
9.81  2.03
480 .99
a6

s
684 _,l
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and modality[F (2 44y = 3,22 p<.05 ], which is shown in Figure 1. .

The interaction reflecte&the fact that the significant difference , ’

between the auditory and visual modalities was attributable to the per—

~

formance of the poor readers a}g The good regders althoqgh‘they

scored highest on the kinaesthetic patterns did. not, in fact, differ

3

significantly in performance in the three modalities, : On the other

.
.

) hand, the poor readers performed significantly worse.in the visual ’ o

. modality than in the auditory.modality (p<.05), although their .

i

performance in the kinaesthetic modality-did not differ from that in .
either the visual or the auditorsv modality. The interaetion also
r'eflected the .fact that the difference between the berfgrmaﬁce of good

and poor readers was substantially greater when temporal patterns were .

§ presented in the kinaesthetic (p< .005) and the visual (p <. 001) modali-
ties, than when they were presented yia the auditory modality (p> .05).

There was no ‘significant triple interaction. In order to permit
. [ - . co
comparison of the results with those obtained by other regearchers, e c
however, the performance of the two reading groups in each modality was - B

- i<}

eompared separately for the Spatialmand temporal tasks by means of two-

» : . * . -

", tailed t-tests for correlated data. ' Although the scores of the _poor L

; . ¥

readers on the spatiei task were consiatently lower thaa those of ‘the .

-

good readers, the diffetence was significant by a two-tailed test only

in the case of the visual modality t = 2,37 df = 11 p< 05). The

difference was marginally sighificant in the kinaesthetic modality 'i ;': 'l

(t = 1.93 df =11 p <.10) and clearly not significsnt An t:he auditory %

medal.ity. the tas’k equiv.alent ‘to the Birch-Belmont (t - l. 65) . On !:he o
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other hand, the difference between the groups on the temporal task was

.
L]

o -

'gsignificant for all modalities:. auditory (t = 2,44 df ?kll p<:.05);’,
» kinaesthetic (t = 3.13 df.= 11 p< .0l); and visual (t = 6.63 df = 11

{
p<.001). ° - _ : . i

S

Two étimulué pairs in block 1, two in block 2, and three in block 3 .

differed in both number of ‘elements and thythm. The proportion of correct

+ >t

judgemeyts for the combined groups increased from .61 on the unéonfouqded

- stimulus pairs to .76 on the confounded stimulus pairs. .Both good and

1

' o
poor readers showed improvement in performance on the confounded stimulus

pairs. The proportion correct for the good readers increased from .70 ' : '

3]

to .84, while the proportion for the poor readers increased from .58 to A

i .65. For both types of stimulus pairs, honger, the proportion of correct

. judgements attributable to the poor reader group was .45 and the propor-

.
N f

:

: . tion of correct judgements attributable to the good reader group was .55.
' Thevﬁéan nuﬁber of correct jpdgements for the 23.gncqnf;unded stiﬁulus
L ‘pairs was 16.15 for theagéod_readers and 13.29 for the poor:readers,
while the mean number Sf correct judgemeﬂtq_fﬁr‘the seven confounded c N
. s#imulus pairs was 5.87 for the good readers and 4.77 forqth; podi:rquerl.

- ~ Correlated two-~tgiled t-tests 1ndicated_that.good readers were signifi-

cantly superior ta poor readers oﬁ’qatching.bbth the unconfounded  stimulus R 'g

pairs (t = 3.34 df = 11 p<.01) and the confounied stimulus pairs (t = 2.42

- o
. i

df = 11 p«<.05). v
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‘ » Discussion’ _ o
While performance in the kinaesthetic modality was marginally . e
superior to that in the visual modality, the study failed to replicate

the Taylor and Carson (1969) and Taylor and Polster (1972) finding that v,
- 1 . ) .
performance in the kingesthetic modality for both good and rétarded - .

. v

. . . , <
. for the combined groups for the kinaesthetic and auditory modalities kS

> ! *

readers was superior to that in the auditory modality. The meey scores - \

.

~~ -§
were, in fact, virtually identical. One egplanation for fhis ‘failure to
. .replicate might be that while the expérimenters in the Tayldg ani Carson .
2 ¥ '

and Taylor and Polster stud?es were males, the'experimenter in the

. ‘ o I
present study wgs a.female.! $ince the kinaesthetic tagk required that
—_— ‘ N . - F
the experimenter hold the subject's hands, it is possible that the boys o

'

in the present stud might have been a littlelﬂﬁnstered ‘'or @mbarrassed. ‘
|a a‘ ' N .

o The present sthdy replicated the findgpg of a number of studies

. o

(e.g., Zurif & Caré L 1970; Bryden, 1972 Taylor & Carson, 1969;. Taylor

+ & Polster, 1972) that péot readers show a general deficit in performdnce

.
B Q\: . ° . : . . - R .
» rd i d

when given the Birch-Belmont: task in combination with either intramodq}w

tasks or other cross-mdéel tasks. Both grydén (1972) and the preseat * . | 5

. .

study{ however, found that the equivateant of the Birch-Belmont task, tﬁe

spatiel‘task~in the auditory modality, failed to«yield a significent
Q\ 3

difference between good and poor readers when tested in isolation,

although the performance Qf ‘thé poor readers was. sltghtly worse than that

iy

: :é of the gaod readers 1n each case. Bryden s,aubjects like thoae 1n the

3

mnf*

N
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cannot be the primary factor in the deficit specific to the visual

: 1
¢ v s,

the Bircthelmont type are not equivalent, at leagst for-poor readers.

/
The question cannot be resolved until a study is conducted in which

‘the two methods of presemgation are compared.

4

Performance in the visual modality was worse than that in the
\

kinaesthetic or auditory modalities} This effect was primarily attri—

.butable to the performance’of the poor readers. ‘The inferior perfor-.

2 .
mance of the poor readers. in the visual modality cannot be attributed

¢ o

to a cross-modal integration, problem since thiere was no cross— modal

Pl

integration requirement in either task in the visual modality. - Moreover,

it cannot be dttributed to a temporal-spatial -integration probleh since

they performed worse on the visual temporal task (in fact only at chance

level), than on-the visugl spatial task. In addition, verbal c¢oding
B . o >

v

modality, since an inability to encode temporal patterns should affect

hall modalities equally. The one hypothesis that c;nhot be ruled out is

) that the deficit was relatéd.to inattention. The patterns pre&ented in

the visual modality required that the subject focus upon the light; any
strayfhg of his attentidn would mean loss of elements pf the pattern-

\Being presented., Many poor readers, in fact, complained that the pat~"

concentration. Their chance 1eve1°performance on the visual temporal .
r - R A. . “f\,: 3
. kask apparently meant that focussing attention upon the light for the

[y e
1
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almost iu:bossihle for the poor re’aders..‘ . T o .
There. was gy significant differehce hetweeu\ performance on the-

spatial ‘ahd te:uporal tasks for the combined groups, althoughfthe?:’nean . h e

scores of the poor readers in(!icatfed that thoy performod' worse on the . *1

" temporal t:usk“ in ea\ch modality. The contributiou oé the seven confoinded w

‘ “stimulus pairs ta the sizable G;'oup X Task i'nt:.gr‘actJion is unknown, but the

fact that an almost significant G&oup X Task interoction,waé obtained .
with the relatively small sample used suggests that an effect might well
exist an&"ﬁtght be significant in a _larger sample tested with acimulus»
pairs that differ only in rhyi:hm ejnd not in number of elements. If this
wore so, it ‘\flould,provide evidence of a deficit in g:empor\a]: perceptioo in
dyslexia. R . f v ‘ .
;- é’\‘ v ?

. Vande Voort, Senf,’ and Benton (1972) have suggested that the poor

~ 'reader's deficit on\the Birch-—Belmont task is related to a defect in "
qttention "and/or a deficiency in the =encoding processes where conxplex
stimulus configuiations a;eninvol’ved. 'I.;he results do not elimina'te‘- the

’ possibility of a verbal coding‘groblen;n as a factot"in the general deficit,

since the in:presaiongof the experimenter was thah the poor readers who

Ny . performed” worst at:temptod to code the stimuli, but their coding was ° | S,
inappropriate and innccurate. ﬁsor example, some of them attempted ;to
count the element:a 1n the atimuluo without regard for the rhythm and erred Ca

o

on 1dentica1 ‘Pairs arguing that they were different 1ia nymber, Thus these

L * —
' children seened unawate

the rhythm, despite their repeated experience ) 2

with the practica pairs. The ‘role of the confounded c#imlun pairs in -

produoing this .behavioux, {s hard to detem:l.ne. ‘Both groups. did.better ‘<

on the confounded at:imulun pain ptebumbly beca\gu 1!.* wn eu:ler to ‘,;_, )

; -~

‘ acc thut etxon were -nde on

deteqt l:hnt xhe pairs were differdnt. m‘he

-
S
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- . \ . B
. S ; ‘ E)
the confounded stimulus pairs indicates that subjects did not adopt a

° ,general counting strategy. Thus the fact that fhe proportion of correct . o

& .

judgements attributeble to the poor readers was constant for both uncon-

- f

founded and confounded stimulus pairs seems best interpreted as indicating

N . . ——

L‘i‘nat theirvdeficit in pe_;:fgrmance relative to the good readers was '

o

»

acaountéq for by a failure to apprehend rhythm - the or'nle factor common to
, h

> both the unconfounded and confogr;deﬂ stimulus pairs. The possibility still

. R N B
‘remains then that the primary déficit detected by‘*the Birch-Belmont task :

« 18 one related to the perception of temporal sequences. This notion is A |
. |
supported by the existence of an almost significam: Group X Task inter-

>

actioh, and the consistent and’ marked 1n£eri_or16y of the poor readers on

the temporal task in all modalities.o I1f language is seen as being
’ ) , ’
represented by structure and patterns, a temporal processing deficit may .

, well be associated with a general-language 'deficite. Zurif and Carson A p
. 7 f

a
ks

(1970) suggested that ahhmd\ d subtle temporal processing deficit may nct al~

ter the speech ofdyslexics, it may affect reading ability by prevent:ing the

,formatlon of spelling-to sound correcpondences. .

[ .

)
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' Schematic Representation of Experimental and - - :
, . ‘ ar Practice Pattern Blocks oo - ,
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. Sample 'Visual Dot Pattern Card .
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