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ABSTRACT 

M.A. Diane McLean Education 

SPATIAL-TEMPORAL P-ROCESSING AND CEREBRAL DOMINANCE: 

A DEVELOP~NTAL STUDY WITH NORMAL READERS 

The development of spatial-temporal processing abilities 

and their relationship to hemisphere specializatipn was studied 

in 45 dextral boys (ages 7.6, 10.7 and 13.7 years), classified 

as n~rnal readers. AlI subjects wère admini~tered four forms of ~ 

a spàti~l-temporal test and a' dichotic digits task. In addition, 

each child was administered ~Q and a reading test,' While sig-

nifi~ant differen~es were found in,overall performance between 

the youngest and the two aIder groups on the spatial-temporal 

test, the order of difficulty remained identical for each group~ 

the only sign1ficant difference was between the temporal-temporal 
JP1 

and spatial-temporal tasks, the foomer being less difficult. 
\ 

Further analysis': controlling for intelligence, revealed that 

children in the low 1Q group found spatial-spatial, spatial-

tempora,l and temporal-spatial t-asks significantly more difficult 

than temporal-temporal tasks. Children in the high IQ group per-

f~rmed'equally weIl on aIl tasks. A significant right ear advan­

tage was found at 7.6 ànd 10.7 years,; howev~. no signif~s~nt 

correlations were found between performances on the temporal-

temporal task and ear difference or reading s'eores. ResultSi are 

. 
discussed in terms of the intellectual level and performanc~ of 

the subjeqts. Recommendations for further research are rnadb. 
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ABSTRAIT 

M.A. Di.ane McLean 

Le déVeloppement de capacitéS spatiale-temporelles et le 

rapport entre ce déVeloppement et la spééi~lisation hémisphérique 

'a été e'tudié" dans 45 garcons droitiers (agé' de 7.6, 10.7 et 13.7 
~ , . 

ans) 'ayant é{:E!' classiÙé comme lecteurs normaux. Chaqu~ candidat 

a subi quatre formes d'une t~che spatiale-temporelle et une 

t~che d'écoute dichotique (chiffres comme stimulus). En plus, 

chaque candidat a subi un' test de quotient intellectuel et un / 

test de .lecture. Quoique des difféi:-enceè significatives ont été ,,( 

trouvéés entre la performance du groupe a~e de 7.6 ans et des 

deux autres groupes dans la tSche spatiale-temporelle: l'ordre 

de difficulté est resté"'" identique pour chacun des groupes; la 
" 

seule difféfence significative étant entre les t$ches temporelle-

temporelles et spatiale-temporelles, ces dernith-es étant les plus 

difficiles. 
.. 

,. 
Une analyse plus approfondie, en cçntrolant la variante 

d ,'intelligence,' a ré4lr! que pour lt! groupe ayant un quotient 

intellectuel inf{rieur la performance des taches spatiale-spatiales, 

. ~de~.te~relle. et temporelle-spatial •• ét~it significative- . 

ment plus difficile que celle des t~ches Jmporel1e-tern~9relles. 

Le groupe ayant un quotient (levé' ~ 1 a pas montré de dif­

f{renoes significatives dans la performance des quatre t~ches. 
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Un avantage significatif d'oreille droite a ete. trouve 
l' 

dans les groupes 7.6 et 10.7 mais aucun rapport' ~ignificatif n'at 

été trouvé' entre le's performances des t~ches lemporelles-tempor-
1 

elles et les àifféIences d'oreilles ou les r'~ultats du test de 

lecture. 
,. .;.r 

Les résultats sont analyse! en fonction du niveau intel-

lectuel et de la performance des candidits. Des recommendations 

pour d'autres reçherches possibles sont faites. 
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I. INTRODUCTION 

, 
Over time psycho1ogists and educators have been willing 

ta conc~ve of sorne model by which the brain (or brain and cen-

tral nervous system) was be1ieved to operate thereby allowing 

a reso1ution of many intractab1e prob1ems. 

The notions advanced at different times have emphasized 

sensory imagery, handedness, eyedness, crossed dominance espec-

ia11y in relation ta a major and continuing educational problem, 
-1 

that of enab1ing chi1dren ta read and ta comprehend what they 

have read. 
y. 

Approachea have deve10ped from that of genera1 mental 

hygiene in the 1940's ta direct sensory training (visual, audi-

tory, psychomotor) i~ the i950's, where phys~alogi~al, medical 

or educationa1 treatment fo11owed diagnosis. More recently the 

emphas~s has shifted from various forms of straight sensory 

'Ii • 
tra~ning to overcome 'diagnosed weaknesses' ,ta a re-examinatian 

of the prob1erns in terms·of sensory processing.and sensory inte-

gration,a1ong with investigation in terms of hemispheric specia1-

, ization. . , 

The continuing presence in our schools of children who 

cannat, read, or do sa with great difficu1ty, has provided a 

population where aensory deficits, failure of sensory integrations, 
1 .R 

"""\ 

~ -
L 
f 

• 

! 

... 

r 
f 

, . 



/ 

" 

2 

problèms of laterality, even~f possible cerebral dysfunctians, 

• appear to abound. Perhaps" it is now time ta examine, in a pop-

ulation'of normal children who do not present such problerns, 
" 

and .who are reported by their teachers to read satisfactorily, 

'sorne of tl)e tentative conclusions reached by study of t,heir more 
. ~ 

( 
a-normal age mates. The research which will be subsequently 

, r 
d,escribed attempts to rnake such an enquiry wi th respect ta sen-

sory integration, especiilly of the spatial ~nd temporal modes, 
o 

and in relation to aspects of hemispheric specialization. 

o i 
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II. REVIEW OF REIATED RESEARCH 

A. SPATIAL-TEMPORAL .. PROCESSING 

Thl studies of spatla1-temporal processlng have evolved 

from investigations of sensory inteqration. 

1. Sensory Inte9ration: 
'A Developrnental Perspective • 

Research into sensory integratlon has ltS orlgln ln com-

parative psychology (Maier & Scheira, 1935) and comparatlve 

neurophysiology (Sherrington, 1940), the baslc premlse being 

that with the ascent of the phylogenetic scale, behavior be-

cornes increasing1y control1~d by multl-modal as compared ta 

modal functioning (the integration of the sensory moda1itles). 

The lomplex behavior of the organisrn is possible th~gh the .. 

development of intersensory liaison, where ln infancy, proxl-

!fa moceptive input (via a receptor WfllCh can only be stImulated 

through contact with it) is increasing1y replaced by Input via 

teleceptor systems (receptors which are adap~ed to recelve 

stimuli from a distance) (Birch & Lefford, 1967). Behavior ls 

subserved by the integration of informatio~ which arrives through 
/i) 

differ~nt sensory channels. 

TMe importance of inJégration of information from aIl 
3 
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sensory modalities has been comprehensively rev~ewed in studies '" 

of perception (Gibson, 1969; wohwill, 1960), reading'achievement 

(Derevensky, 1977), learning '(Birch & Bitt'erman, 1949,1951) and 

informat~on processlng (Freides, 1974; Ryan, 1940). 

Sensory integration has been st~died by lnvestigati~ 

the 'perceptiop of intersensory equiva1ences (the equating of 

-
stimuli presented ~n one modality with stimuli presented in 

another; i.e. the perception of a letter through vision and 

touch). This was stud~ed mainly by a matching to sample method. 

The equivalences examined have included the use of both the 

visual haptic moda1ities (eg~ Abravanel, 1968; Dere~ensky, 

1976; Ford, 1~67; Milner & Bryant, 1970) and auditory visua1 

modalities (eg. ~eery, 1967; Bryden, 1972: Ford, 1967; Jorgen-

sen & Hyde, 1974; Kahn & Birch, 1968; MacKinnon & McCarthy, 
~ 

1973; Reilly, 1971,1972; Sterritt &: Rudnick, 1966). The cur-

rent review will foeus upon the integration of auditory and 

visual moda1ities. 

Birch (1962) reported a relationship between reading 

abl1ity and intersensory integration, and indicated that poor 

readers showed inadequacy in the integration of auditory and 
~ 

visual stimul~. This integrative organization between modali-

ties was be1ieved to be essential for in ~~ early stages read-' 

ing requires visua11y pr,.ented stimuli to be equated with 

auditori1y presented stimulus patterns. Ability to shift from 

j 

i 
1 

f 
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the use of one ~allty to another has also been lnvestigated 

by Raab, Deut~ch & Freedman (1960) and Katz & Deutsch (1963), 

by testing reactl0n times to visuai colored stimuli and to pure 

1 aupitory tone stimuli. It was found that paor readers had more 

difficu1ty than '~OGd readers in rapidly shlftlng from one sen-

sory modallty to another. To sorne specifie investigations of 

these kinds of lntegratlon we now turn. 

a. Birch Studies 

Birch lnvestigated the development of intermodal equi-

valence (equiva1ence between sensory modalitiesl in normal chil-

dre~ (Blrch & Leffard, 1963) and the disturbances of intersen-

sory lntegration in the neuro1ogica11y damaged (Birch & Belmont, 

1964; Birch & Belmont, 1965a; Birch, Belmont, Reilly & Belmont, 

1961; Birch, ~elmont, Reilly & Belmont, 1962) finding that 

neurointegrative deve1opment(intersensory integrationl was sig-

nifieantly poorer in these children. Studies of cerebral palsied • \ 
and schizophrenie child~en, then followed (Belmont, Birch & Karp, 

1965: Walker & Birch, 1970). Here also, there was marked di ffi-

cult Y in intersensory processing. The particular.studies, Sirch 

& Belmont (1964) and Bireh & Belmont (1965b) are often regarded 

as the seminal studies in this entire area. 

The first investigation (Birch & Belmont, 1964) was car-

( ried out within a general framework of handedness and laterality 
1 
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and was an ep1dem1olog1cal study of ttt~ school children 

(boys 9 and lO'years of age) who had s~gn~f~cant degrees of read-

ing~ retardat~on compared ~ith normal boys of the sam~ ag~. 

Integrat~on was studied by a method of equ~valence where a 

visual dot pqttern wh~ch corresponded to the pattern of a 

rhythm~c aud~tory stimulus had to be ldentlfied 1n an auditory-

visual (A-V) matching task. Retarded readers were found to be 

significantly less efflcient integrators than normaIs, and 

withln the two groups, those children having lower aUQitory-

visual scores tended ta ha~e lower reading scores. This differ­

" 
ence in favour of normal readers as oppose~ to retarded readers 

persisted even when subjects of a low intellectual level were 

removed from the comparison. 

The following year, Birch & Belmont (1965b) studied the 

developrnental course of auditoiy-vis~al equivalence in children 

between the ages of 5 and 12. The develop~ent of this skill 

in equating the two sets of stimuli was also considered in re-

lation to measures of lQ and reading skiIl. The performance of 

5 year alds was only slightly better than chance expectancy, 

with improvement occurring in successive stages until age 10 

where an asymptote was reached. The most rapid 9~th was 

found to bé between the ages of 5 and 7. Except for the oldest 

and youngest subjects there was a significant Positive relation-
.' 

ship between lQ test score and auditory-visual integration. , 

\ ...... 

) 
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There appeared ta be oppos~te age trends in the relationship 

between auditory-visual integration and reading ability and be-

tween reading ability and IQ.e From this it was suggested that 

primary perceptual factors may be most important for initial 

acquisition of reading skill but that factors more, closely re-

lated to lQ are more important in its elaboration as shawn in 

the reading skills of a more mature kind. 

b. Mojifieat~on of Studies in Bireh Tradition 

Subsequent studies using a variety of populations and 

tasks have provided add~tional support for the developmental 

perspective of auditory-visuai integration as weIl as for the 

relationship between auditory-visual integration and rea9ing 

ab~lity. However, it appears that the relationship i5 a com-

plex one; whil~ there are ~nconsisteneies ~n the reBults, there 

is evtdenee to suggest that the relationship depends upon such 

factors as the sex, socio-economic statue, intellectu~ abi11ty 

and developmental level of the individual. 

within this general conclusion it mu~t be pointed out 

that the preponderance of boys amongst children with reading 

difficulties has resulted in more single sex (boys) studies, sa ... 

that sex differences in A-V sensory integration are, perhaps, 

not so clearly delineated (Birch & Belmont, 1964; Ford, 1967~ 

Kahn & Birch, 196e~ Sterritt & Rudnick, 1966). While MUeh1 & 

1 
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Kremenak (1966) fa~led to find sex d~fference5 in integration 

skills, other studies have found girls to develop integration 

skills at an earlier age than boys (Reilly, 1971, 1972). 

The B1rch studies as weIl as those of Beery (1967), Muehl 
o 

& Kremenak (1966), and Sterritt & Rudnick (1966) with middle 

class subjects and Jorgenson & Hyde (1974) with subjects trom 

a low socio-economic background, did not find auditory-visua1 

integration ski11 to be dependent upon intelligence: however, 

Ford (1967) found the re1ationship between auditory-visual 

integration and reading achievement was weakened when 1Q was M 

control1ed. Using both boys and gir1s,~e~11y (1972) found 

sensory integration skills to be poorer in boys and girls trom 
, 

a lower socio-economic background than in middle class girls. 

Investigations questioning th~ assumption of s~etry 

in cross-modal sequences found significant asymmetries between 

auditory-visual and visual-auditory matches. While the per-l ' 
formance of paor readers on both forms (A-V and V-A) was 5ig-

nificant1y less than that of normal readers (Beery, 1967: Bry-

den, 1972i Jones, 1974; Muehl & Kremenak, 1966; Rudel & Teuber, 

.. 1971: 'Sterri tt & Rodnick, 1966) and the performance of good 

readers significantly less than that of excellent readers (Bar-

tholomeus & Doe~ring, 1972), there was evidence to suggest th~t 

the tasK having a visual standard from which to match was easier 

for bath groups. 

! 
1 



J 
1 

1 
l 
t 

1 

( 

( 

9 

Bryant (1968) stated that errors in cros&-rnodal matching 

may be due to failures of processi'ng in one or both of the 

modalities inv01ved, instead of, or in addition to failures in 

se~sory integration. Studies employing intra- as weIl as inter-

sensory matching procedures (pattern matching both within and 

between modalities~ A-A, A-V, V-V, V-A) found similar develop-

mental patterns and differences·in aIl of the matches between 

~ood and poor readers, suggesting that the effects may not 

simply be due to the hypothesized integration process between 

auditory and visua1 stimuli (Alworth, 1974: Bryden, 1972i Gould, 

-1977; Kulman & Wolking, 1972; Mueh1 & Kremenak, 1966: Rudel & 

Teuber, 1971; Rudnick, Mart~n & Sterxitt, 1972: Sterri~t, Martin 

& Rudnick, 1971; Sterritt & Rudnick. 1966: Vande Voort, Senf & 
, \ 
\ 1 
'-.) 

Benton, 1972: Vande Voort & Senf, i973; Zurif & Carson, 1970). 

2. Spatial-Temporal Aspects of 
Intersensory Integration 

The equating of auditory with temporal qualities and 

vieual with spatial ones, did not allow the individual roles of 

audition, vision, t empo ra lit y antl spatiality to be assessed. It 

was .noted that not only did the stimuli in the Birch studies 

. - 1 
differ in modality, but they differed on the spatial-temporal 

dimension as weIl (B'lank 6< Bridger 1 1964). Visual stimuli 

were presented spatially and auditory stimuli were presented 

temporally. Goodnow (1971) suggested that the major change with 

1 

" 
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age in match~ng auditory to visual patterns l~es in the individ-

ual's realization that a spatial interval can represent a time 

limit. Studies utiliz~~ visual-temporal stimuli (flashes of 

-light) and v~sual-spatial stimuli (printed dots) as weIl as 

auditory-visual materials, found the temporal-spatiàl and the 
~ 

auditory-visual tasks to be~ equal difficulty (Bryden, 1972~ 
" 

Rudnick, Sterritt & Flax, 1967; Sterritt, Martin & Rudnick, 1971; 

Sterritt & Rudnick, 1966). Here, however, instead of matching 

to sam~e, a method of paired comparisons was used. 

It has been shown that the level of diff~culty in spatial-

temporal matching tasks depends upon the combination of the spa-
" 

tial and temporal aspects. Bryden (1972) working with 9 to 10 

) 
yea~ld, good and poor readers, reported that assessment of the 

overall performance indicated that ~ntramodal matches (temporal 

to a temporal or spatial to a spatial) were of less difficulty 

than cross-modal matches (temporal to a spatial or spatial to 

a temporal) regardless of sensory modality. The mèst difficult 

df the cross modal matches was the one in which a temporal stand-

ard was presented first. It was suggested that the strategies 

involved in coding sequential (temporal) material are different 

from those involved in coding spatial material and that this 

explained the performance difference in t~e various tasks. It 

was suggested that an entire spatial pattern can be rehearsed 
. 

prior to presentation of the second pattern, but when a temporal 

, 
, 
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pattern is pr9cessed, th~ code must be modified as the i~~ 

are presented-. 

l$hile Bryden (1972) found tests involving the integra-

tion of temporal-spatial 'aspects to be more difficult than those 

not, involving integrat~on, other studies investigating ~pa~J-

temporal matching only within the visua1 modality, have not 

~btained similar results. Sterritt, Martin & Rudnick (1971) 

in a' study of preschoolers, Rudnick, Martin & Sterritt (1972) 

~n a study of first graders and Rudel & Denckla (1976) in a 

study of learning disab1ed and normal readers, ranging in age 

from 7 to 12 years, reported the following results:- purely 

spatial matching tasks were simplest (spatial to spatial, S-Sli 

ta~ks involving temporal and spatial patterns (spatial to tem-
tI 

poral, S-T, or temporal ta spatial, T-S) were of intermediate 

difficulty; and purely temporàl matching tasks (temporal to 

temporal, T-T) were most difficult. Rudel & Denckla (1976) 

reported differences between learning disabled and normal read-

ers, except on an S-S task, the only one which did ~ot differ-

entiate the groups. Of the two tasks requiring spatial and 

temporal integration, bath groups, learning disabled and normal 

readers, performed better when matching from a spatial'to a 

temporal standard (S-T) than when matching from a temporal 
l 

standard (T-S). Developmental differences were noted within 

the normal readers for the youngest children (7 to a yearB~ 
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\, màde significantly more errors than the 9 ta 10 and Il to 12 

year old chlldren on the $-T and T-S tasks. 

While studles reviewed thus far, suggest that tasks invol-

ving temporal per~eptian, whether purely temporal matches or 

matches requiring the equating of 'temporal and spatial stimuli, 

are more difficult than tasks involving only spatially ~resented 

stlmuli, sorne ln~stigations have directed their attention to 

the difficulties wlth temporal order perception. . " , 

Bndger (1970), 

for example, states that the temporal spatlal matching test can 

only be solved by means of verbal coding of the stimuli, indi-, . 

catlng that verbal labelling is a factor affecting performance 

on. the auditory-visual matching tàsks. Blank & Bridger (1964} 

suggest that when analogous stimuli (sounds and patterns) are 

presented in different modà"lities as opposed to the same stimuli 

'-' 

presented in different moqalities (i.e. a baIl matched through 

touch and vision), verbal labelling ~s nece~sary. Further, it 

WqS suggested that the auditory-visual defect reported in re-

tarded readers is not due ta a perceptual problem but rather 

due to a problem lnvolving complex conceptualization. What 

appeared to be a cross modal deficiency was instead a failure to 

accurately code temporally presented components of the task. 

Subsequent studies ~ith first and' fourth graders (BlanK 

& Bridger, 1966; Blank, Weider & Bridger, 1968), of spatial 

1 , 
1 • 
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and temporal matches wl.thin 't,he visual modality found retarded 

reaaets to have signif1cantly more difficulty than normal readers 

in establishing equ:rvalences between spatial and tempora<l. stimu li. 
l 

. 
More importantly, thl.s difficulty was found ta be depenqent on 

verbal coding. When the need to code was eliminated, there 

was no difference in performance between normal and retarded 

readers. Blank, Weider & Bridger (1968) further emphasized that 

temporal components are not unique ln their dependence on verbal 

stimull; complex spatial stimuli may also be facilit~ted by 

verbaliiation. 

Rhythm deficiencies in retarded readers reported by De 
\t 

Hlrsch, Jansky & Langford (1966) and Stambak (1951) can also 
II? 

be explained by Blank & Bridger's theory.' While th~se studies 

required non-v~bal imitation, rhythms involve the presentation 

of temporal sequences, the perception of which necessitates the 

application of a code which may demand a high level of cogni-

" tive skill. Ther~ore, the deficiency may not be,in perception 

of the rhythm but rather in the symbolic process of translation. 

In their work, De Hirsch, Jansky & Langford (1966) required 

! their subjects to imitate a pattern which had been tapped out 

ta thern. They found that temporal ord~r perception (T-O-P) 

corre1ateq positively w,ith reading ability at younger ages. The 

T-O-P and reading relation was founp ta be stronger in 5 to 8 
·r 

year old gi~ls than in boys of the same age. Sapir (1966) and ,,,',, 
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Keogh & Smith (1967) also repo,rt that first grade boys scored 

lower than first grade girls on percept10n of temporal order. 

It appeared tha~~-O-P conditioned reading and not the reverse 
• • ""I~ 

,-'~r' , 
since many ,child;r!9 in these studies had little or no reading: 

instruction. 

Additional studies provide supporting evidence that re-

tarded readers experience difficulty in T-Q-P. " While these
o <J , 

studies did not eXplicitly examine the perception of temporal 

order, temporal perception'was inherent to the task. Profiles 

of normal and disabled readers provided by the Wechsler Intelli-

gencê Scale for Chi1dren (WISe) showed that the Digit Span sub-

test aiscriminated between the groups (Belmont & Birch, 1966; 

Lyle & Goyen, 1969; Kinsbourne & Warrington, 1966). In this 

subtest, the subject hears a series of digits and, is asked to 

reproduce them in the sequence of presentation. 

Memory for bisensory stimuli has been examined.in normal 

and reading disturbeiboys (Senf, 1969; Senf & Feshback, 19701 
f. r 

Senf & Freund1, 1972). In their work an analogue of a dichoU.c 

• 
listening test was used. Here, pairs Gf digits are presented 

simultaneous1y to subjicts, one "digit bei~g visual aJa the 

other auditory. Subjects are requi~ed to.reproduce the digits 

in the sequ~ncetof pre~entation; sorne subjects reproduce by 

pair§' (.auditory, visual; .auditory, visua!. •• ) and other subjects 

reproduce a~cording to rnOdality (all auditory and then aIl 
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visual) • More errors of reproduction are found among children 

with reading difficulties than among those without such'di~fi-

cult y, especially when reproduction of pairs was required. 

Sent (1969) states that the LDC's (Learning Disturbed Child~en) 

failures were generally specifie to the ordering of the stimuli, 

not to their accuracy of recall. / 
There is evidence, too, to suggest that strategies in-

volved in ordering become more efficient with age. Ross & 

Younis.s (1969) studied the m~mory for temporal order in 6 to 

10 year old children, using series of both meaningful and mean-

ing1ess (nonsense) figures. Performance with meaningful fig-

ures was higher than with meaningless ones, and memory for 

temporal order increased with age. The younger chi1d otdered 

less spontaneously than older children with both sets qf fig-

ures. 

Bakker (1972) who bas stated that temporal order ls an 

essential moment in the .reading process, has conducted studies 

whicb~·'para'lled tbose of Birch and others but which differ in 

two respects. There is a greater variability in materials in 

their studies: verbal stimuli (letters and digits), verbally 

codifiable stimuli (meaningful figures) and nonverbal stimuli 

(meaningless figures) are utilized. The sequence factor is 
", :.. 

emphasized and seriaI location of items is obtaine~ by a recon-

strUction method. 
, 

The etudies ar~ of both a verbal explicat~on 
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• 
type (using verbal ahd verbally cddifiable material) and a non-

verbal explication type (using meaningless figures without a 

and hence incapable of direct vocalization). I l
•

bel

• 
Bakker and his co-workers have found th~t in children, 

aged 7 to la year~, the. perception of meaningful but not of 

meaningless figures correlated with the learning-to-read process 

in both normal and reading distrubed childrem, with T-Q-P found 
. 

to be better in older than in younger children (Bakker, 1967a~ 

Groenendaal & Bakker, 1971). Subsequent studies (Bakker, 1972) 

reported that T-O-P was correlated with age in a sample of por-

mal readers, correlated positively with reading abi1ity in boys, 

and differentiated between boys and girls at younger ages. With 

~pre-school and primary chi1dren T-O-P was hot only age r,lated, 

1 

but signtficant increases in pe~formance were found to take 
(f' 

place i1':J period as sh~.t as six months. Girls were better 

than boyl prior to age 7 in ~th auditory and visual rnodalities, 
• 

but this superiority lat~r disappeared and boys then perforrned 
1 
as weIl as gi~ls in auditory-temporal perception. T-O-P seems 

f 
l '0 ~ l " , 

at this age to correlate with reading ability measured at a 

" later age. With normal readers, boys and girls of 7 to Il years 

of age, oider children perceive temporal series better than 
( 

younger children, and 'among the younger age groups girls are 

superior to boys. The T-O-P reading relation applied only to 

the boys in this grotlp. 
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Byway of exp1anation Bakker postu1ates a critica1 period 

î~ temporal order perception which affects the process of learn~ 

~ng to read. Girls pass through this period between the ages 

of 4 and 6, boys between 5 and 8. Neurophysiolog~cal changes 

in the organism are held ta be responsible . 

• Reading as a verbal activity ~s presum~d ta be primarily 

v dependent upon left hemisphere f~nctioning, and by extension 

temporal order perception of verbal material is dependent ,upon 

the same left hemisphere function~ng. Correspondingly temporal 

arder perception of nonverbal material must pertain ta the 

right hemisphere. Earlier successes in the T-Q-P task with 

verbal material among g~rls would indicate an earlier neuro-

physiological development of the left hemisphere in girls. 

Thus, studies of sensory processing and sensory integra-

tion, frôm the seminal research of Birch and Belmont, c~nducted 

first with emphasis upon laterality and dominance, which had , 

kalways had an implicit reference te brain activity, comes full 

circle to suggestions of hemiqphere specialization as the impor-

èant aspect of brain activity in studies of sènsory processing 
.J 

in relation to reading. Fortunately, neurophysiological studies 

of hemisphere specialization have now provid~ a firmer fou~a-
... ' 

tion for the speculations of psychologists interested in sensory \ 

processing as pre-requisite to the development of measurable 

educational achievement. It is to sorne of t~ neurophysiological 
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SPECIALIZATION 
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The notion of homoloqous areas o~ the brain seemed to 

eXlst prior to the conduct of exp~riments on brain activity in 

situ. Early progress came from studies ,necessitated by head 

wounds sustained in war, in industrial accidents, and later, in 

automoblle accidents. The study of epileptic patients was also 

relevant. Experimental an,imal physiology, while not being cap-

able of examlning the area of the brain affecting speech, did 

allow for examination of the conditions under which contralat-

eral hemiplegia (loss of motor movements in the side of the 

body opposite to that of brain in jury) could occur. More re-

cently, electrophysiological evidence from animal studies has 

shown that crossed auditory pathways are stronger than uncrossed 

(Rosenzweig, 1951; Tunturi, 1946). Thi~ has çéen shown for 
!'-

human subjects as weIl in that while each ear has connecting 

\ 

pathways with both hemispheres, the contra1ateral connections 

are more effective than the ipsilateral ones (Kimura, 1961a). 

Kimura, 1967; Wada & Rasmussen). i 
The interconnecting fibers (corpus callosurn) which join 

the left and right hernispheres , were considered an enigma te 
<, 

neurologists in the 1940's and 1950's. The new classic split 
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bra~n experiments carr~ed out on cats and later monkevs (origi-
, 

nating with ~);~ & sperry in the early '50's) allowed blocking 

of interhem~spheric transfer of visual information by surgi-

cally sectionlng the corpus callosum. , . 
Neurosurgical evidence from patients who hâd split brain 

surgery for controlli~g interhemispheric spread of epilepsy 
,F 

found that interhemispheric exchange of information was totally 

disrupted (Gazzaniga, Bagen & Sperry, 1963,1965; Gazzaniga & 

Sperry, 1967). The effect was such that information presented 

to one hemisphere could be processed and dealt Wi~ in that 

half brain, but the other half cerebrum was not awa~e of these 

activitles. AlI processes occurring in the le~t hemisphere 

could be verbally described by the patients; information pre-

sented to the right hemisphere went undescribed. 
~ 

Having established that there were two distinct hemi-

spheres, research then focussed on the function that each per-

formed. 

1. ASymmetry of Function 

a. Direct Evidence 

o 

The elucidâtion of the hemisphere Bpecializatiol1s has 

dep~nded primarily on the observations of behavior changes re-

sulting from localizable br~in damage either naturally occurring 

(Geschwind, 1970: Mountcast1e, 1962), or Burgically induced 

r 

j 

f , 

1 

" 



( 

( 

20 

(eg. Gazzaniga & Hillyard, 1~71; Milner, 1962). Methods such 

as e1ectrical s·timulation of the cerebral surface through an 

opening in the skull (Penf!eld & Roberts, 1959), the Wada test 

~ 

(an injection of sodium amytal into the carotid artery on one 

sid'e of the neck, which produces temporary aphasia or 105s of 

speech; Wada & Rasmussen, 1960), nlurosurgical evidence from 

epileptic patients (Ornstein, 1978; Sperry, Ga zzaniga & Bogen, 

1969), and electroençephaLPgraphic (EEG) recordings of electrl-

cal currents of- the brain from electrodes p1aced at various 

positions on the scalp, have provided more direct eVldence of 

hemisphere specia1ization; each hemispnere i5 domlnant for sorne 

functio~ and nondomlnant for' others. Although spll t braln 

techniques provided evidence that the rlght hemlsphere has a 

1;0 

llfe of its own and i8 capable of experienClnq most of the 

activities that the 1eft brain is able to experlence, the prc-

'Lvai1lng Vle'-" of ce,rebral functions lS that the left hennsphere 

.. 
i5 predominantly involved 

and analytical reasoning, 

with receptivénd expresslve 

while the right hemisphere is 

language 

ized for holistic processing, perception of music and other 

non-linguistic sounds. 

b. Indirect Evidence 

FUnctional asymmetry of the hernispheres has been examined 

with experimental techniques requiring perception of 1atera1ized 
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, 
stimuli. One example of this kind of research iB the visua1-

half-field technique where tachistoscopic stimulation can only 

be seen in either the left or the right visual field. 

\ A more widely used technique, known as dichotic listening, 

modelled after Broadbent (1954) has different stimuli presented 

simultaneously to both ears through stereophonie earphones, one 

digit to the left ear, the other digit to tlie right ear. Six 

digits are usually presented. The subject is then required ta 

recall aIl the digits he heard (usua11y in any order). Since 

the,right side of the body is served by the 1eft hemisphere, 

whi~ is predo~inantlY involved with language, a right ear ad-

vantage (R.E.A.) would be expected for verbal stimu~i. There 

is considerable evidence that the asymmetrical functioning of 

the two hemispheres for speech is reflected in unequal percep­
~, 

tion of verb~l stimuli (letters, digits, numbers, words) pre-

sented diehetica~ly te left and right ears. 

In the maj'ority of right handed individua1s, the 1eft 

~hemisphere mediates speech. It has bee, found in both a clin-

ica1 population (Branch, Milner & Rasmussen, 1964) and in a 

normal population (Bryden, 1965: Batz, Achenbach, Pattishall & 

Fenne11, 1965) that over 90% of right handed individuals and 

over 60% of left handed individuals have left hemisphere repre-

sentation for speech. There is also evidence to suggest that 

sinistrala (left handera) have greater llemispheric equipotentiality 
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than dextrals (right handers) (CUrry, 1967; Lishman & MCMeekan, 

1977: Luria, 1947; Subirina, 1958: Wite1son, 1977), i.e., there 

is a tendency for the left and right hemispheres of sinistra1s 

to be equa1ly capable of processing information, reg~dleSS of 

the type. Further, it has been suggested that sinistrals may 

need to be reclassified as mixed or ambidextrous (Annett, 1970a, 

1970b: Hecaen & de Ajuriaguerra, 1964; Kirnura & vanderwolf, 1970). 

Bryden (1970) and Zurif & Bryden (1969) suggested that sinis-
-

traIs shou1d be classified in~ two groups, familial and non-
: . 

familial, depending upon the presence of sinistra1ity in one or 

more parents or siblings. When this is done it is se~~' that 

nonfamilial sinistrals perform exactly like dextrals in terme 

of cerebral dominance. 
, 

In a brain damaged population, damage to the left tem-

porai lobe caused a greater decrease in overall performance on 

a dichotic digits tq.sk (Kimura, 1961bi Meyer & Yates, ~1955 i 
,. 

Milner, 1958), while performance on sorne subtests of the Sea-

shore Measures of Musical ~alents (Milner, 1962) and on a rnul-

tiple choice recognition test of melodies (Shankweiler, 1966) 

was affected by right temporal lobectomy. within a normal pop-

ulation there is evidence for a signifieant R.E.A. for verbal 

stimuli (Broadbent & Gregory, 1964; Bryden, 1963: Carr, 19691 
~ 

curry, 1967~ Dirks, 1964: Ing1is, 19qp: Kimura, 1961a, 1963: 

Kimura & Fa1h, ·1968: Satz, 1968; Satz, Levy & Tyson, 1970: 

\ 
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Studdert-Kennedy & Shankwei1er, 1970; Zangwill, 1960), and a 

1 
L.E.A. (left ear advantage) for melodies (Kimura, 1964). When 

mean1~gfulnes~ of material (both with verbal stimuli and melo-

dies) was considered, the same results were obtained (Kimura, 

1966,1967). 

Efron (l963a,l963b,1963c,1967), by presenting a series 

of two stimuli and requiring subjects to indicate which stirnu-

lus was presented first, found the perception of temporal order 

to be mediated by the left hemisphere. These results have been 

corroborated by other studies using this procedure (Edwards & 

Auger, 1965; Hal.liday & Mingay, 1961; Hirsch & Sherrick, 1961: 

Lowe & Campbell, 965; Van Allen, Benton & Gordon, 1966). How-

ever, Masland (1967) tates that these findings appear to be 
... 

contradictory to those of Mi1ner (1962). It will be recalled 

that Milner was concerned with hemisphere specialization in 

~'re1ation Co the nature of the stimuli, verbal or non-verbal. 

Her non-verbal stimuli though t~mporal in nature were rnediated' 

by the right hemisphere. Efron's studies leading to the con-

clusion.that temporal order perception was rnediated by the&left 

hemisphere used fla'shes of light and figures. This discrep-

ancy cou1d be resolved, in the opinion of Bakker, by postulat-
" 

ing that the identification of a temporally presented stimulUS\ 

requires a verbal label, and thus is predisposed to left herni- , 

sphere proces~ing. 
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Apparently, it lis not the temporal or non-temporal aspect of the 
J 

material which determines the hemisphere involved but the verbal 

. 
or non-verbal qualities. Studies requiring temporal perception 

of verbal and non-verbal material found that the left hemisphere 

i6 dominant for the processing of temporally presented verbal 

stimuli while the right hernisphere i5 more appropriate for the 

processing of temporally ordered non-verbal stimuli (Bakker, 

1967b, 1968, 1969,1970; Bakker & Boeijenga, 1970; Doehring, 1972; 

Frankfurter & Honeck, 1973). 

" One final point might be made on monaural and dichotic 

tasks. Bakker and his ass6ciates, Doehring (1972) and Frankfur-

ter & Honeck (1973) used monaura1 stimulation (presentation of 

stimuli to one ésr at a time). It i5 therefore not neces\ary 

to have the presence of competing stimuli as is the dase ~th 
dichotic listening tasks, as used by Kimura (1967) to produce 

ear asymmetry. 

'1 
2. Developrnent of Functional ASYmffietry 

The age at w~ich the hemispheres become specialized for 

functions has gene~ated a great deal of research. It appears 

that if one tests children early enough, (~ s~ difference in 

th, development of cerebral dominance may be detected. Kimura 

(1963), .using dichotic stimulation, found a significant R. E.A. 

for verbal stimuli in boys and girls, of above average 
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intelligence, as early as five years of age. Subsequent studies 

reported by' K1mura (1967) found a R.E.A. as early as four years 

of age in children from an ûpper-middle socio-economic area but 

only as early as five y~ars of age with ehildren frpm a low to 

middle elass socioeeonomic area. In the latter group, only girls 

displayed a R.E.A.; this led Kimura ta h~pothesize that these 

ehildren appeared to be at an early stage of cognitive develop-

ment. 

Much of the evidence concerning the development of herni-

sphere specialization has been provided by research investiga-

ting the relationship between cerebral dominance and reading 

ability. Sinee the superiority of the right ear is due to the 

dominance of the left hemisphere in processing verbal informa-

tion, a relationship between right ear dominance and reading 

ability has been postulated. Sparrow & Satz (1970) and Satz & 

Van Nostrand (1973) argued for a deve10pmental 1ag in hemisphere 

specialization for reading disabled children. While some stud-

ies found a definite lack of R.E.A. in disabled readers (Ozbrut, 

1979; Satz & Frie1, 1974; Satz, Friel & RUdegeair, 19~; Wite1-

son & Rabinovitch, 1972: Zurif & Carson, 1970) others have shown 

the~magnitude of the R.E~A. to be comparable to that found in 

/ 

young children (Satz, Rardin & Ross, 1971~ sparrow & Satz, J970). 

Similar studies, while not finding a significant right-left 

difference, found a trend toward left ear advantage (Lecng, 
v \l\ 
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Studies using extremes reading groups have found a posi-

tive correlation between ear-difference scores and reading abi1-

ity in, children of ages 9 to 12 (Bakker, 1969; Leong, 1976; 

Satz, Rardin & Ross, 19'1; Sparrow & Satz, 1970; witelson & 

Rabi nov i\Ch , 1972; zurif & Carson, 1970). However, in younger 

subjects (7 to 8 years) the best readers exhibited a s~aller 

between ear-dlfference score (Bakker, Smink & Reitsma, 1973). 

Smith (1971) states that perceptual analyses are as 

prominent a part of ear1y reading as are syntactic and semantic 

operations, while with fluent reading the emphasis ia placed on 

syntax and meaning. Therefore, it has been postulated that 

efficlent reading is associated with low ear dom;nance (Slightl~~ 

left or slight1y rlght) at younger ages and with high ear domi-

nance at oider ages, a notion supported by Bakker, Teunissen & 

Bosch (1976) • 
.:: 

This particu1ar research offered confirmatory evidence 

to that provided by Bryden (1970) that gir~ and boys of the 

• 
same age differ in their cerebral dominance-reading relations; 

girls establish the adult pattern of left hemisphere dominance 

for speech much earlier than boys. This was also supported by 

Bakker et al. (1976). 

, . 
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C. SUMMARY AND IMPLICATIONS FOR PRESENT STUDY 

The review of theory and research which has been pre-

sented has dealt with background studies leading to those ~n-

volving spatial and temporal process~ng,as weIl as the relation-

ship between hemisphere specialization and temporal arder per-

ception. 

Spatial-temporal processing has its origin in research 

into sensory integration. Initial studies wère concerned w~th 

the equating of auditory and v1sual stimuli, where auditory was 

synonomous with temporal and visual was synonomous with spatial 

presentation. It was found that sensory lntegration was develop-

mental in nature and that a relationsh1p existed between sen90ry 

integration skill and reading ability; however, the relationship 

appeared to be a complex one, found to be dependent upon sex, 

developmental level. IQ and soc1o-economic background of the 

individual. Studies whiéh have examiped ab1lit1es for matching 

auditory with auditory stimuli and visual with visual stimuli 

(intra as weIl as intersensory matches)have found that bath 

-types of matches differentiated good from peor readers and 

that the task h~ving a visual s~andard from which to match, was 

the easier for bath groups. 

It was noted that not only did the material in the orig1-

nal intersensory studies differ in modality of presentation 

i 
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.. 
but differed also along the spatial-temporal dimension. Studies , 
utilizing tests of spatial and temporal stimuli within the visual 

the confounding effect of equating modality 

with type of present tion (spatial or temporal). However, stud-

ies of spatial and temporal processing have produced conf1ict-

ing results. There is evidence to suggest that matches which 

require a transformation from spatia! to temporal or from tem-

poral to spatial stimuli are the most difficult (Bryden, 1972) 

while other studies (Martin & Sterritt, 1972; Rudel & Denck1a, 
,. 

1976; Sterritt, Martin & Rudnick, 1971) report that of any 

matches involving temperal perception purely temporal matches 

are the most difficult. 

However, it is difficult to ascertain whether the prob-

-
lef ia one of translation between spatial and temporal stimuli 

or.onè of perception of temporal order, since the previous 

research has used different stimuli in their spatial and tem-

pora! presentations (patterns of dots vs. flashes of light). 

This in itself requires a translation of material. Addition-

ally, there are inconsistencies in reported research as to the 

- order of difficulty of the spatial-temporal tasks for var~ous 

age' groups. 
\< . 

The particular cerebral hemisphere involved in temporal 

order perception a~pears to be dependent upon the verbal or 

nonverbal hature of the stimuli. Studies using nonverbal 

• 
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material (musical sequences) found temporal perception to be 

mediated by the right hemisphere, whereas studies using verbal 
/ 

material (flashes of light and figures,' which required labelling 

in order ta report the sequence of presentation) found temporal 

pe~Ption ta be mediated by the left hemisphere. ~akker (1972) 
1 • 

has suggested that the temporal perception of meaningfu} but 
" 

not of meaningless figures is mediated left cerebrally because 

the latter do not have a label and therefore are not verbal in 

nature. 

of right handed individuals, temporal 

is mediated by the left 

function is dependent upon 

the age and' sex of studies of upper middle 

reported hemisphere specialization to be 

early as age four, whereas other studies have re-

of function as late as ages 6 and 7. 

reported between boys and girls, 

with s revealing hemisphere specialization ~t an earlier 

age~ Therefore, it appears that ih the majority 0 e 

development of specializatfon for certain functions the"' 

appropriate èerebral hemisphere depends upon the sex, handedness, 

and age of the individu al. 

i. 
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Ernphasis in recent research has been with individual 

differences in learning patterns, and because of current inter-

est and availability of large numbers of learning disabled 

children, rnuch research has been reported on them. There is 

correspondingly a dearth of parallel studies with normal chil-

dren. The research which will be subsequently outlined should 

serve to clarify ~e controver~y regarding spatial-temporal 

processing as weIl as to investigate the developrnent of these 

abilities in normal children. The developrnent of hemisphere 

specialization will be investigated as weIL as the relation-

sh,ip between hemisphere specialization and temporal arder per-

ceptian a~d between temporal arder perception and reading 

ability. 

/ 
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III. THE EXPERIMENT 

It has been shown that sensory integration is develop-

mentally patterned and is in sorne manner related to the growth 

of reading skills, at least in the earliest stages, however, 

a controversy exists as to whether certain processing difficul-

ties encountered by children are due ta the farm of the material 

v 
presented, or are occasioned by the necessity of changing from 

, 
one forro of presentation to another (i.e. the transformation 

from spatial to temporal). There are also reported differences 

as to the age at which the cerebral hemisphere, become speciaf-

ized for xe ain functions, and the age at which a relationship 

between ,te oral order perception,and reading ability and be­

tween tem raI order perception and cerebral dominance exists. 
J 

To date, much of the interest in studies related to these 

topics have used subjects, known to have or suspected of having 

reading difficulties. It becomes important, therefore, to 

examine these processes with children who are classified as 
" \i' 

'normal' readersi are not seen as experiencing reading difficul-

ties in the eyes af their teachers. In particular, because'of 

w~rk, with a le~rning disabled population, currently in progress 

.l within the Department of Educational Psychology at McGill Uni-

versity, a developmental studyof 'normal' readers from the same 

31 
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population was desirable ta provide sorne base data fQç ~ompar-

i son pu rpos es. 

A newly developed test, the MacKenz~e Spatial-Temporal 
• 

Test (see Appendix A) i8 being used in the investigation cur-

rently taking place. This test consists of meaningless figures 

given in bath spatial and temporal presentations; there are 

four standard ta target matches: spatial ta spatial, spatial ta 

temporal, temporal to temporal, and temporal to spatial. This 

test eliminates the confounding effect of translation of mater-

ial sinee the same figures are used for bath spatial and tem-

paraI presentations, and min~izes the memory load for item 

recall since the subject is given the fi~res and is only re-

quired to reconstruct the spatial or temporal presentation. 

Also being used in the investigation currently underway is the 

Dichotic Digits Test (see Appendix B). This test, modelled 

upon the work of Broadbent (1954) which has two different digits 

presented simultaneously to the two ears through stereophonie 

earphones, one digit to the left ear, the ether te the right 

ear, in fers left hemisphere representation for verbal material 

if a right ear, advantage i8 found •. Through this test the devel-

opment of ear asymmetry ean be studied. 

Differences in the development of processing skills in 

boys and girls and in hemisphere specialization in sinistrals 

and dextrals, caused this study to be limited to dextral boys. 

/ 
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SubjectsYwere selected as closely ~s possible to the ages of 7.6, 

10.7 and 13.7 years to coincide with the ages at which the 

'learning disabled' popu1ation,receive assessments within the 

Schoo1 Board; statuatory procedures require formal 'recognition' 

of the state of being 'learning disabled' to be determined or 

confirmed, or àmended at these ages. The selection of right 

handed male subJects, of the appropriate age, c1assified as 

normal readers required several steps. 

A. SELECTION OF SUBJECTS 

Fifteen children at each of the three age levels 7.6, 

10.7 and 13.7 years, taken from grades two, five and eight par-

ticipated in this study. AlI children were obtained from four 

fai~ large elementary schools and one larger ~econdary school 

of the Lakeshore School Board, the cooperating scnool board. 

All children were believed to come from a middle class socio-

economic background. While the School Board gave general per-

mission for the research, it does not require that schools par-

ticipate, so that consent of the schools must first be secured, 

then parental consent obtained, after being given an explanation 

of the nature and purpose of the_,Btudy. Thua, for administrative 

reasons the number of participating schools was limited, but 

neverthel~as schools from different areas of the Boards' juris-

diction were included to widen slightly the socio-economic 

... 
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class variable. Teachers were then asked ta indicate which 

children, of those for whom permission had been obtained, would 

in their opinion be classified as normal readers. AlI left 

handers (according ta the Harris Test of Lateral Dominance) 

were eliminated a~ a random selection of the remaining 'volun-

teers' was made to produce fifteen children at .each of the three 

age levels of 7.6, 10.7 and 13.7 years. It is recognized that 

"'" such a sample departs from what is theoretically desirable, 

however
f 

considering the limitations imposed on such a study 

by the present situation within schools, it may weIl be the 

only kind of sample which will become readily available. 

B. SELECTION OF TESTS 

General cognitive evidence about this group of teacher-

declared 'normal' readers was sftcured by the individual admini-

stration of the Wechsler Intelligence Seale for Childrén -

Revised (WISC-R) and group administration of the Speed and 
fIA 

Aceuracy subtests of the Gates-MaeGinitie Reading Tests, prim-

ar~ CS - Form 2, Survey 0 - Forro 2M and Survey E - Form lM, 
} 

respectively. TheFe was individual testing with the MacKenzie 

Spatial-Temporal Test as weIl as with the Dichotic Digits Test, r , 

The seri~s of digits of the Dichotiè ~i9its Test were pre-

sented by means of a Realistic Portable Stereo Cassette System, 

Madel # MD-200. The tape was made available by the oourtesy 

(. 
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of Mr. Laughli~ Taylor and is a replica of the original Kimura 

(196la) tape, made in the Department of Psychology, Montreal 

Neurological Institute. 

C. THE PROCEDURE 

AlI testing was cartied out personal1y between January 

and March, 1979, du ring regu1ar school hours in a private area 

made available by the school for this purpose. At the first 

testing session, the examiner spoke briefly with the subjects 

to explain the purpose of the experiment. Subjects were in-

forrned that the study involved a series of tests, designed to 

sho'", the development of processes involved in learning activi-

ties in boys at three different ages. The WISC-R was then 
\a 

adrninistered according to the standardized procedures for the 

test. This was followed by each of the four forme of the Mac-

~ 

Kenzie Spatial-Temporal Test, administered in a counter-balanced 

order 1 seven da ys apart (Appendix C). In another s,ession the 
/ 

Dichotic Digits Test was given (Appendix D). Finally, there 

was a group administration of the required Jf<)rrns of the Speed 

and Accuracy Subtests of the Gates-MacGinitie Read~ng Tests. 

The approxirnate testing time for each child was two hours (in-

clud~ng the time for group testing). 

When the testing with the MacKenzie Spatial-Temporal 

Test was completed, each child was asked about the method 

" J 
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adopted in the solution and performance of the various portions 

of the test. Scoring of the test (described in Appendix C) was 

indepenpent of the replies given by the chi1dren. Maximum pos-
1 

sible scores on each subtest was 12. Maximum possible score on 

the Dichotic Digits Test was 144. 

1 
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IV. ' RESULTS 

Raw 'scores for aIl variables are included in computer 

printout forro, as Appendix E. 

The characteristics of the sample as measured by the 

WISC-R and the Gates MacGinitie Reading Test are presented in 

Table 1. 

Table 1. WISC-R and reading scores for the three age groups. 

Age WISC-R Reading ~z score ~ 
X \ sd X sd 

YI, 

7.6 119.9 8.433 54.8 6.36 

10.7 118.4 6.978 59.3 6.41 

î 
13.7 121.3 9.758 60.8 7.06 

\ 
An analysis of variance was performed on the performance 

scores~of the MacKenzie Spatial-Te~~ra1 Test with the four 

forms of the test treated as repeated measures. Resulte of these 

analyses are found in Table 2. 

As indicated in Table 2, significant main effects were 

fOU~ for age as they were for test. However, there was no 

significant interaction between ~he ewe) 

37 
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Multiple comparisons of the means of the age groups were 

performed using the Scheff~ procedurE' (Kirk, n Results of 

this analysiè are presented in Table 3. 

Table 3. Multiple comparisons of age groups on aIl forms of 
MacKenzie Test - Scheff~ Procedure. Group means in 
ascending arder. ~ 

Group 
Al - 7.6 Years 

4.07, 

Al'~~ - ( 
. ~ 

A2 

A3 

A2 - 10.7 Years 
7.72 

29.35* 

*differences are significant at the .05 level. 

critical F 6.444 

A3 - 13.7 Years 
9.02 

53.98* 
i' 

3.72 

1 
,1 
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As indicated in Table 3, the 7.6 year old children dif­

fered ~nificantlY from the 10.7 and 13.7 year old groups. No 

significant difference was found ,between the 10.7 and 13.7 year 

olds. 

The means of the four forms of the MacKenzie Test were 
, 

subjected to multiple comparisons using the Scheffé" Procedure. 

These results are presented in Table 4. 

Table 4. Multiple comparisons of means of MacKenzie Tests -
Scheff~ Procedure. Test means in ascending order. 

B2 B4 BI B3 
MacKenzie S-T T-S S-S T-T 

Test 6.00 7.00 7.18 7.58 
IJ 

B2 5.7547 8.0115 14.3636* 

84 0.1864 1. 9355 

Bl 0.9205 

B3 

*differences are significant at the .05 level. 

critical F 8.0325 dl> 

As indicated in Table 4, the only significant difference 

found between the tests was between the spatial to temporal and 

the temporal to temporal forms. 

Following the results presented in Table 2, ~ hoc 

analysis was performed on the MacKenzie Test with 1Q as a 

\ 
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( factor. SubJects were div1ded 1nto two groups, IQ of 116 and 

above and 115 and be1ow. Resulys of this analysis are presented 

jn Table 5. 

..,P 

Table 5. Analysis of variance - MacKenzie Test ( includ:j)lg IQ 
as a factqr) • ( 

f 
Sum of Mean j 

Source df Squares SqUare F p 

A (Age) 2 441. 94 220.97 19.25 0.0000* 
C (IQ) 1 83.62 83.62 7.28 0.0102* 
AC 2 36.29 18.14 1. 58 0.2188 
S (AC) 39 447.71 11.47 
B (Tests) 3 77.07 25.69 7.05 0.0002* 
AB 6 24.68 4.11 1.13 0.3495 
BC 3 48.56 16.19 4.45 0.0054* 
ABC 6 19.93 3.32 0.91 0.4888 
BS (AC) 117 426.06 3.64 

As indicated in Table S, the results which were previously 

presented (Table 2) still rernain. In addition a significant 

" \. interaction waa found between test and lQ. 

The rneans of the test by lQ interaction were subjected ta 

multiple carnparisons using the Scheff~ Procedure. Resulta of 
( 

\ the analyses- for the High 10 group are presented in Table 6. 

1 
1 

No significant differences were found between the four forms 

of the test. 
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Table 6. Multip!e comparisons of means of _~cKenzie 
High rQ group-Scheffé Procedure. 

MacKenzie Test 
X 

S-T 

T-S 

S-S 

T-T 

critical F 8.04 

S-T 
6.97 

T-S 
7.51 

1.16 

*differences are significant at the .05 level 

s-S 
7.56 

1. 39 

0.010 

/ 
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Test for 

T-T 
7.85 

3.08 

0.460 

0.335 

Results of the analyses for the Low rQ group -are presented 

in Table 7. Significant differences were found between the tem-

poral to temporal test and the other three forros: spatial to 

temporal, spatial to spatial and temporal to spatial. 

Table 7. Multiple comparisons of means of MacKenzie Test for 
Low rQ group-ScheffE!"" procedure. 

MacKenzie Test S-T S-S T-S T-T 
4.19 5.50 5.77 7.98 

S-T 3.77 5.48 31. 55* 

S-S 0.043 13.51* 

T-S 10.73* 

T-T 

critical F 8.04 
*differences are significant at the .05 level 

î , 
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A~indicated in Table a significant differences were 

found !Jetw~he age groups and between the left and right 

ear scores. A significant interaction was found between age and 

ear scores. 

Multiple comparisons using the Scheff€ Procedure were 

performed on the means of the ~ichotic scores for each age 

group. Results of these analyses are presented in Table 9. 
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Table 9. comparison of right and left ear scores of the dichotic 
digits test for three age groups - Scheff~Procedure. 

Age X left ear X right ear F 

7.6 38.93 53.27 28.52* 

10.7 55.00 61. 73 6.29* 

13.7 60.33 64.93 2.94 

*differences are significant at .05 level. 

critical F 4.08 

These analyses reveal a significant right ear advantage 

for the 7.6 and 10.7 year old groups. No right ear advantage 

was found in the 13.7 year olds. 

Pearson product-rnoment correlations were computed for 

the ear-difference scores (difference between left and right 

ears) and the scores of the temporal to temporal forro of the 

MacKenzie Spatial-Temporal Test. The results of the analyses 

are presented in Table 10. No significant correlations were 

found. 
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'Table 10. Correlations - ear difference scores with temporal 
to temporal scores. 

Age Correlation p 

7.6 year olds' -0.18 0.25 
o 

10.7 year olds 0.16 0.28 

13.7 year aIda -0.761 0.39 

Pearson product-moment corrélations were computed for 

Accuracy Score of the Gates MacGinitie Reading Tests and the 

performance on ,the temporal ta temporal forro of the MacKenzie 

44 

Test. The results of these analyses are presented in Table Il. 

As indicated by the results, the only significant correlation 

was found in the 10.7 year old group, at the .02 level of signi-

ficance. 

Table Il. Correlations - reading scores with temporal' to 
temporal scores. 

Age Correlation p 

7.6 year olda 0.00 0.50 

-10.7 year aIda 0.52 0.02 

13.7 year olds 0.10 0.36 
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DISCUSSION OF THE RESULTS 

This experiment was designed to examine the developmental 

abilities in spatial-temporal processing in normal readers as 

weIl as to explore the re~ationship between hemisphere special-

ization and performance on purely temporal tests and the rela-
1 

tionship between reading ability and temporal order perception. 

It was also expected that the MacKenzie Spatial-Temporal Test 

being used in this study would fss'ist in the clarification of 

controversies which exist in past research into spatial-temporal 

processing. 

The overall performance of the oldest and middle aged 

groups (13.7 and 10.7 years, respectively) was found to be sig-

nificant1y greater than the performance df the youngest g!OUP 

(7.6 years) on the MacKenzie Test. There was no significant 

difference betweeo the two oider groups. The results are in 
c: 

~agreement with the developmeatal study by Birch and Belmont .... 
(l965b) of audrtory and visuai ~ntegratiqn wh~re an a~ympote 

was reached at age ten. However, it i8 feit that a eeiling 
( 

effeet couid be r'esponsible for the pres'ent results, sinee the 

oldest subjects often obtained pêrfeet scores without a great 
J 

deal of challenge. 

The or& of difficulty of the tests did not vary with 
, ~ -- - \ ~ ~~ 

age. Initial comparisons of the individual ~est means revealed 
45 
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that for aIl age groups the only significant difference was be-

tween the S-T (spatial to temporal) and T-T (temporal to temporal) 

testsi the S-T being more difficult. This data would appear ta 

support Brydenls (1972) results since the transformation from 
1 

spatial to temporal stimuli was significantly more. difficu1t 

than the purely temporal to temporal tests. These results plus 

the fact that there was a considerable range in the lQls of 

these subjects led to further ana1ysis. ~e mean IQ of these 

three groups of declared 1 normal 1 readers was near1y equal (119.9, 

118.4 and 121.3, respectively) but the IQl s ranged from 96 ta 

138. When the groups were further divided into two lQ suh 

groups, 115 and be10w and 116 and above, a significant inter-

action between test and IQ was found. Comparison of the rneans 

in the High 1Q group revea1ed different resu1ts from the compar-

isons of the means in the Law 1Q group. The analyses seemed to 

indicate, as many have thought that subjects of high intelli-

gence have the faci1ity to adopt efficient and flexible strate-

,.;' 

9ie9 for handling the various tasksi there ~~e no significant 

dif;erences found between the forma of the test for these sub-

jects. However, for ~e low 1Q group significant differences 
" 

were found between the temporal to temporal test and the other 

three forma: spatial to temporal (S-T), spatial to 8p~tial 

(S-S) and temporal to spatial (T-S) 1 the temporal ta temporal 
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(T-T) be~ng the least difficult. Once again it would appear that" 

~e rssults of Brydsn (1972) are supported. 

An explanation of the differences in test difficulty is 

~ 
offered through observations made while the children performed 

the tasks and interviews conducted with them upon completion of 

the four forros of the test. AlI subjects indicated that when 

the spatial presentation exceeded three figures, an attempt 

was made, to process the pattern temporally. This would explain 

the temporal to temporal task being signifieantly easier sinee 

its presentation and response coineided with the strategies being 

used and explain why the spatial to spatial task, which does not 

imply a transformation from spatial to temporal stimuli was 

more diffieulti it was not processed as a spatial test, therefore, 

a transformation did take place. AlI subjects processed the 

tasks tempora~ly but those in the Law IQ group did not appear 

to be as capable as the High IQ g~oup in rapidly adopting flex-

ible strategies. 

AlI children indicated that they labelled the figures 

(even though they were meaningless) and rehearsed the labels 

during the five second delay between presentation and response. 

The results of the Dichotic Digits Test indicated that 

the young est and middle aged groups displayed a significant 
" 

" . 
right ear advantage. lt appears that asymmetry of cerebral .' 
function was present as early as age 7.6 years which oorroborates 

------' 
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the results of Kimura (1963,1967). It appeared once again that 

the ear difference scores in the oldest group were masked by a 

cei1ing effect of the test . 

" No s~nificant correlations were found between the tem-

poral te temporal and ear difference scores. These results 

appear te support those of Bakker (1967b) in that a relation-

ship between the temporal perception of meaninglessofigures and 

left hemisphere specialization was not found. However, it has 

been shown that these figures were labelled, making them verbal 

in n~ture. The only age6it which a relationship between reading 

ability and temporal order perception was found was in the 10.7 

year old group and this was significant only at the .02 level. 

• 
It appeared that the children in this sample had passed the crit-

ical stage at which a temporal order perception and reading 

relationship exists. 

overall Implications and Suggestions 
for Future Research 

The results of this study did not find developmental 

differences with respect t~ spatial temporal processing; while 

the overall performance increased significantly between the 

youngest and oldest and betweeri the youngest and middle aged 

groups, the order of difficulty of the tests did not vary w~,h 

age. ~r aIl groups the temporal to temporal task wae the 

easiest. However, while aIl subjects indicatéd that they 
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processed all forms of the test temporally and facilitated this 

process~y' attaching a label, those of 115 IQ and below were not 

able ta do this as successfully as those of higher IQ. Develop-

mental differences between the 10.7 and 13.7 year olds were 

masked on the MacKenzie Spatial-Tempor~l Test and on the Dichotic 

Digits Task. Also, a relationship between the latter test and 

temporal order perception was not found. 

These findings present several suggestions for future 

research, in respect to the population tested and the tests 

used. While it is believed that this sample is representative 

of 'normal' readers from the cooperating School Board, it is not 

believed that one can easily extrapolate from this group to 

other populations. It is therefore suggested that the intel-

lectual level of the sUbjects be a factor for consideration in 

future studies. Tt i8 felt that a sarnple at such an advanced 

stage does not reveal developmental differences typical in other 

popu lations. 

~ It i8 desirable that the upper lev_els of bath the ~r~hotic 
Digits and MacKenzie Spatial-Temporal Test be increased to avoid 

ceiling effects. Further it is suggested that the time allowed 

for spatial 'presentations on the MacKenzie Test be reduced1 thie 

would not allow the pattern to be processed temporally and would 
Il. 

therefore provide a better oomparison between abilities in 

spatial and temporal processing • 
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VI. SUMMARY 

This investigation of s~atial-temporal processing and 

the relationship between temporal perception and'hemisphere 

specialization developed from previous research in the area of 

sensory integration. The early work of Birch and Belmont re-

• ported correlations between deficiencies in the ability to , 

integrate auditory and visuai information and reading difficulty. 

Further research examining the spatial and temporal aspects of 

auditory visual integration has produced conflicting results. 

studies such as Bryden (1972) report that difficulties lie in 

the tasks requiring a transfer between spatial and temporal 

stimuli, wbile other studies (e.g. Rudel & Denckla, 1976) report 

that temporal'order perception is the problem. Few studies have 
, 

dealt with the development of these abilities in children class-

ified as normal readers. 

The present study attempted te clarify the issues arriv-

ing from cenflicting results and te investigate the develop-

mental patterns in normal readers as weIl as to investigate the 

relationships b~tween hemisphere speci~lizatibn and temporal 

order perception and between reading ability and hemisphere 
~ 

specializ.:ation. 

The MacKenzie Spatial-Temporal Test offers improvements 

over those used in past research in that it utilizes the sarne 
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figures (meaningless symbols) in both spatial and temporal pre-

sentations, eliminating the need for transfer between stimuJi 

necessary when flashes of light and patterns of dots werê used. 

Additionally~ this test reduces the memory load since only order 

recall, as opposed to both order and item recall, is required. 

The subjects were three gr~~s of right handed males, 

aged 7.6, 10.7 and 13.7 years, c1assified as 'normal' readers 

by their teachers. AlI subjects were be1ieved to be from a 

middle-class socio-economic background. Characteristics of the 

sample were obtained by the WISC-R and the Speed and Accuracy 

Subtests of the Gates MacGinitie Reading Tests., AlI subjects 
\ 

were admi~istered the four forms of the MacKenzie Spatial-

Temporal Test and the Dichotic Digits Test. 

Resulta of the MacKenzie Spatial-Temporal Test showed 

that while there was an increase in overal1 performance with 

age, the order of difficulty of the four forma of the test re-

mained the same. Subjects of 116 and above IQ found the four 

forms to be of equal difficulty, whi1e subjects of 115 and below 

IQ found the for.ms, S-S, S-T and4T-S to be significantly more 

pifficult than the T-T. AlI ~ubjects indicated in interviews 

conducted upon completion of the testing, that they processed 

aIl forma of the test temporally and that th!s was facilitated 

by the application of a label to each symbole Resulta of the 

Dichotic Digits Test revealed a aignificant right ear advantage 
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at ages 7.6 and 10.7 years but not at age 13.7, years. Evidence 

of a relationship between'hemisphere specialization and temporal 

order perception or between temporal arder perception and read-

ing ability was not obtained. 

Recommendations for future research include suggestions 

regarding the selection of a sarnple of normal readers as well 

as recommendations for changes in the MacKenzie and Dichotic 

Digits Test. 
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Spatial Presentations. The first three grids are practice 
trials. , 
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, () Earphone ----- No. ----- Rig:ht Left Beth 

Test 1 
395 680 
7S0 293 
284 107 
132 584 
461 579 
023 748 

total test 1 
Test 2 

587 649 
417 832 
069 257 r 
504 196 

,1 

265 380 
431 976 ~, 

..,<;\ 
total test T "" 

Change earphonés No. 
Test 1 

680 395 
293 750 

( 107 284 

i ' 584 132 
579 461 

" ! 
748 023 ~ 

total test l , 
Test 2 ~; 

649 587 

I~ 
&32 417 
257 069 
196 504 
380 265 
976 , 431 ( total test 2 

l" 

, Grand Total 
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The time al10wed for viewing the symbo1s varies acco~ding 

to the nurnber of symbols in each presentation. One second is 

allowed for each symbo1, therefore, the spatial and temporal pre-

sentations range from two to six seconds. There is an interva1 
,f![ b 

, " of five sebonds between presentation and response. No time 

limit is plac~d on the response. Tes~ing ceases when three con­

secutive errors ~ ma1e. one score is given 

presentation. ~ possible score on each 

for each correct 

subtest is 12. 

The test has four forms: spatial tO spatial, spatial to 

temporal, temporal t1rte~poral and temporal to spatial. The 

subject is shown the spatial or temporal presentation and a~ed 
1 

to reconstruct it spatially or tem~orally. Three practice trials 
1 

are g~ven for ~ach condition. Unless the first test is a purely 

temporal one (temporal tojtemporal) the subject is shown a sam-

pIe spatial representatioVî' and instructed as to its interpreta-

tion: 1 

i "l'Il show you ho\" te read this pattern of Xl S (Show pat..J 
! . 

C) 

tern #1). l.See, we have signa here, and numbers here. œhe x's 
'"\ ?l~ 

te!l us ,about the order the ~igns are in. See, this sign i8 
1 

first because the x across from it ie under number 1,. This sign 
, , 

. '~. 
is second because the x acrOSSl from it ia under nuÏ'nber 2." 

"Now.look at this pattern. Il (Show pattern 2). "Look at 

the x' s. Put yout finger on the sign that the x saya ia first. If , 

~ 
(if the subjebt cannot do this, then say, "lt is thia sign .,.. 

i 
1 
J 

1 
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because the x across from j.t is under number 1. ") "Put your 

finger on the sign that the x says is second." , 

Go back to card number 1. and say, Ille thiJ sign firet or 
\ 1 

second?" IIls this sign first or second?" Go to card number 2 

and say, "Put your finger on the first sign." "Put your finger 

on the second sign." proceed ta ei ther the spatial f'to spatial, 

spatial ta temporal, temporal to ~emporal or temporal to spatial~ 
1 

condition. 

Since it was felt that directions for adrninistering should 

be the same acrass age groups, very explicit language wae used 
,/ 

to ensure understanding in the yout\gfst group. 

'" ,1 

Spatial. to Spatial • • Experimenter-nas grids displaying spatial patterns of 

symbols. Subject has empty grids. 

Il l ~m going to show you sorne pa ttern~ • After you look 
f) If r 

at-a pattern and ~ave waited for five seconds, l will say 'read~' 

and you may begin to make the pattern with your pencil on this 

~ ~ 
paper by putt:lng the x' s in the riqht spaces." For practice 

~ 

tri~ls, show patterns #1 and #2 (for 2 seconds each), wait five 

seconds and say, "Ready oow ma" the pattern ,on your paper. Il 

Show card #3 and say, "Look)at this pattern. See, now 

1 wé have one more sign and one more number. Il prooeed to card :ff:4 
v· 

(also a practice ~ial), display it ·(fat 3 seconds),·wait five , 
..w , 

1 

'. 
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seconds and s9Yt "Ready, now make the pattern on your paper." 
~Y 

Each time a.new sign is introduced, show the blank grid first 
,~ 

80 

and day, "See, now we have one more sign-and one more number." 

proceed with successive patterns until three consecutive errors 

are made. 

Spatial ta Temporal 

Experiment~r has grids displaying spatial patterns of 

symbols. Subject has symbols on individual cards. Initially, 
~ 

the subject has only two carda and ia given an additional one 

e?ch time a new ,a~bel l~ introduced. 

"Now 1 am going to give you sorne cards with the signa 

,\ on them. l will show you a pattern and after five seconds l will 

v 

say 'ready' and you may put the signa on your ~ards in the sarne 

arder they are shown in the p~ttern.1J For practice trials, show 
., 

cards #1 and #2 (for two seconds each), wait five seconds and 
\ 

say, Il Réady, place your cards sa that the signe are in the sarne 

order they are shawn in' ~ patti!rn." 

Show card #3 aI!d say" ',' See now we haye one more sign and ." 

one more number." Show card #4 (alao a practice trial) for three 

seconds, wait five seconds and say. Il Ready, piaCè}'OUr cards so 

that~the signs are in 'the sarne order as they are shawn in the 

pattern. Il Bach time a new sigri i8 introduced, show the blank 

grid first and say, uSee now 'we have one more sign and one more' 

/' 

1 

1 
î 
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l 
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number." proceed with successive patterns until three consecu-

tive errors are made. 

Temporal to Temporal 

Experimenter and subjects have individual cards with syrn-

bols on t~em. Initially the subject has only the first two 

cards and is given an additional one each time a new syrnbol is 

introduced. 

"1 have sorne cards for you and sorne card's for me. Each 

card has a different sign on it. l am going to show you my 

" cards in a special order and after five seconds, l will say, 
, 

'ready' and you rnay place your carda on the table in the sarne 

order. Letia start with t'G,ese." IShow sequence land 2 (prac-

tice trials). '" Then say, 
~ 

"Now we are going to use one more signe Il 

) ...--Give ~ubject sign 3 .. , and display th~ third sequence (also a prac--
tice trial). , Proceed with~the rernaining sequences until thr~e 

consecutive errors are made. 

Temporal to Spatial 

Experimenter has individual'cards with symbols on tbem 

and subject has empty grids. 

--"11 have sorne cards with signs on them. l am going to 

show the~ to you ~ne at a tim~-' in "a 'special order. After l have , 

shown thern to you, we will wa~t ffQr fiv'e seconds,,' l will say 
• f 

~ '-

'ready', and yeu May put.~he xls in the pattern so that they are . . 

1 
1 

! • 
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in the same order in which l showed them to you. The sign which 

yeu see first should have an x across from it, under number 1. 

The sign which you see secqnd should have an x across from it, 

under number 2. Here are the first ones. Il Show sequence land 

2 (practice trials). Then say, "Now we are going to use one ' 

,. more sign." Show the new sign and pattern (ej'tid) #3. Each time 
'W'JF 

• 

\ , 

a new Siyn i. introduced. the new grid should be shown as weil. 

proceed te #4 (a practice trial) and the remaining sequences, 

until three consecutive errora are made. 
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TWenty-six series of three digit pairs were presented~ , 

the first 14 series, of which two were practice trials, ~ the 

rate of two pairs per ha1f second and the next twelve series at 

the rate of two pairs per one and a half seconds. The earphones 

were exchanged interindividually in order to counterbalance pos-

sible channel eff~ts. 

Instructions were as follows: "Different numerals will 

, b~ presented to each ear at the same time, followed by a pause. 

When you hear this pause'I would like you to repeatl' in any 

order, as many numerals as you can remember hearing. Il 

Digits reported from the right and left ears were totalled 

separately. A grand total for bath ears and for all series was 

a1so obtained. Makimum possible score was 144. 
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