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- Abstract
' ‘ | . “
N N . ) . ' s R

h’? ‘The effect of dffferént atfﬁulusfsets.(regular digtfs,.

spatial and somatic sensory digits, and” the signs for the

- ¢

digits) on the span capacity of deaf . and hearing Ss was in-

¢

"vesqigated. Results were recprded fot forward and reverse

.

rsbaLl ovef pre.and pést-cueﬁ conditions for 411 stimulus

séts_.j Sban capacity.of hearing Ss remained invariant. to

LY
y

-stinulus’set: Span capatity of deaf Ss, whiie infétior’to o, Coie

that 6f'the hearing.group, improved with the sign\digit T - o

presevtation. Serial position analyses revealed that both

: .

deaf and hearing-Ss demonstrated“fogward/reverse effects aif '
(i.e. fbrward span greater than reverse span). Finally, no cou
. g § R ¢ . N . : - O .

difference in performance was observed over pre and post- ...

. L}

cued'cohditions_for hearing §s, while deaf 8s performed

A ° . .
— . N '

bettér on pre than post-cued conditions., Results are

\ . \
: . M i B ¥ ’ - .
discussed in.terms of capacity, rehearsal and coding aspects MK
) ’ PN * . . . ] R . ‘
.of short term memory p&€rformance.- > .
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accepted by most researchers,

their hearing co uterparts in 'overall intellectual competence.
.t

and hearing_were qualitative in nature.

) By this it was meant
that the intellectualppdtentials of the deaf group, by

.
. 4
-
(

Early research in the area of deafness focused om
determining whether the phy31ca1 d1sability of loss of heardng

had any systematic effect on the psychological funetions of
those disabled.\ At that time,

researchers wvere 1nterested
in finding out if there was a systematic 1nte11ectual

1nferiority in the'deaf population.

‘Studies were desighed
comparing deaf Ss’ to hearing Ss on the dependent variable,
e . ) . b
intelligence o ,
| -

'

Results wvere inconsistent with the:hypothesis that
the deaf had an overall deficit in 1ntelligence.

~

In standard
intelligencé7tests involving high verbal content,

deaf groups
scored lower than their hearing counterparts (Pintner and
Paterson 1916 1917'

Dréver and Collins 1928)

However, in
othen tests, such as~the %Modenough Draw A~ Man Test (Springer
d A
1938),'

tests of spatiar ability (Morsh 1937), and tests of

° : N,
motor memory (Fuller 1959), the deaf'performed ‘as well or °
better than the hearing.' e -

More recent researchers, notably Myklebust (1960),
proposed a different interpretation of”the question of

e
R

systematic effects of deafness | on psychological functions.

i)

- u‘,‘

Because the intellectual inferiority hxpothesis was not'
supported by the evidence, it was '’ proposei
t~

13
.

and subsequently
. PR .
that the deaf were similar to

N

*

y

was hypothesized that the differences between the deaf

Ll
.
i
. i

[

L wire
T



g necessity, focused.onfdifferent abiiitiés‘than‘those.
" necessary for the héaring group. The center of attention * .

". then shifted from the{study-of qverall inteilectual'compéteneé

T . I . " ~ to
to the 5tudy of differences between- the hearing -and the deaf

-

- -

.on ability specific tasks ., T
This thesis will coneern itself 6ith the study'of

, one such ability, namely., short-term emory. "Short term

memory as defined here refers to th description of’ any memory

. experiment that involves short term retention intervals, and
1} .~ I'
not necessarily to a distinct mdnqry pnocess or mechanism

»
«

. , ,
(Waugh and Norman 19659 .

H

7

~There are good reasons for atudying short term mémory

.

in. deaf and hearing children. ‘Firat -it has been, shown (Biair.

-(

- .1957, Conrad 1971) that there is a high degree of correlation "o,

« ‘. -

‘betweern performance in short tern memoFy tasks and performance

in imbortant‘elassroom behavior shch as reading. The sxudyﬂ

- of 'short. term memory may then have 1mpLications for the

¢

‘educatiod Of “deaf, and hearing students.“ This is particularly'

relevant for the deaf who ate found to be on the average six
vears behind their hearing counterparts ‘in readlng ability
: e ) : -5 X
) t . .t R . oot
« (Furth 1966) . | R i . .
- ‘ ] .. wrd ~e
Study of short term memory may provide further«

indications on the adaptive or functional plasticity of the

._/—

o

centra} nervous system in humans. As we shall,sep; auditory'
- : / . - . : ° e . M .

18

experience appears to play‘ah'important role in® short term
P p 8 b . -

S

(\ * memory procesaes,i; ﬁhe hearing. .The deaf are by definition

-Without auditory experience. Thd s tudy of~§hort term memeryf19'

may illuminate the tﬂpes of adaptatLons, if any, the deaf " ffin.

< é’ V"I,",. .ﬂ_ .
o , L

* . ! t . . . °

- R . v . P '
v . .



i . - '~. hd * . VI‘ B A N
make to compensate for their sgnsory deprivation.:

v . - * ' ’ ‘o '.' LT ¢

~e , ¥

- Short Term Memory L )., . -

B Short term memory processes arev characterized by a--

finiteocapacity, the fecility and quicknESs‘hith which
in%ormation is retrieved*.swift forgétﬂgng,‘and no permanent
record (Craik 197la) ’ . %ﬁ - ‘

~In- general menory theorists conceive of thevmemory-

~ 3
a 1

process as a set of successive gqﬁy91multaneous) transform-
- R
) ations performed ‘upon theé input stimuli (Broadbent 1971)
A - ¢
One useful tendency,‘ﬁnfroduced.by Crowder and Morton (1969;§
B’ '. N ) ! n . "

is to Mescribe the form of transferred storage as .'pre' ‘and
. . . s e C S

: ' 'post-categorical' storage. 'Pre-categorical storage refers

¥ . , . r . ", v
- \' . <:;;\£ye maintegance of the stimulus in-an untransferred.pre—

[ Lo , , T o . - ) ) .
» ~N‘- + sensory form (Sperling 1963, Pogner et al. 1969). Post-
L _ .categorical storage, on the other hand, referg to the-storage

of'information sfter5its transformation to a semantic level.

v - - . ,
Post—categorlcal stores may contain rehearsed material fstored

- % w

in a semantic (Baddeley 1966) or phonetic (Wicklegren 1965,

';; SR 1966) form, rather,than sensory bésed forms.

H 4 . 4
.

L ' 0f current.theoretical interest d memory research

A - .
. % . . L)

. ' — oy '
. . is how (i e, u%ing what sfrategies) infor tion from the pre-

‘ categorlcal store 1i's transferred to and r¢ported from post—

\ o categorical.stores. VA method of inves igating these strategies,

o in the visuelwcase is the pre/post dnstruction‘method. If
h the subjects show no.difference with pre and post instruction,

=

o this means that they are using a stimulus directed storage

° .r'\;l: AN

~strategy. They store the stinulus-in a ceftain;manner

N

S

o . N R A

2k W ",‘ -



v
{

.‘regerdless'of instrqction? 'If the Ss dovﬁhqw axdifference

with‘pre and post instruction, this means that they are i

usdng a response directed storage strategy. They store the. : - .

o o, ¢ '

'stimulus in a manner‘which is contingent on‘response conditions.

In this‘way, one can highlight differences in storage strategies.

Studies of short term memory can “be conveniently © . A
. - W " )
divided into'three main types. ~(Craik 1971b) : those invest- .

igating the capacity of short term memory; these investigstingn

the effects of rehearsal on short ‘ternm memory;.and'thosé .

. . . R
'investigating the types of co¥ ing processes involved in short
term Inemdry. L IR - t " ' ' . - "o

- - N . '

1
Tlie modality of stimulus presentation (e g. auditory,

~ 4

‘visual, kinesthetic, etc...) and the type of response demanded

- W ’ .

\ . i ,
(e.g: ordered re%all, ordered recognition,_etc...)'are.important

LI

: , . . ' . _
'elements in the short term memory paradigm. We will focus -

_primarily on experime%ﬁation‘involving visnal stimulns.
presentatipn and demanding ordered written recall:
f 1 . “ ) . > .

] CaEacity B :. :'.' . ¢ . - ) o B

:

A common method for determining the capacity in short

term memkry is to calculate ‘hov many stimuli can be retained, ve

(

over- a short period of time, This capacity, called a stimulus

'fspan, is derived from the longest series of stimuli a § can,

€

recall in full in the proper order of presentatfon.‘
With the hearxing, as well ‘as with the deaf, the most

freque%tly used_stimulus,material has been ‘digits.
. A ' a‘ . . . ) < R ) ‘ . ' , "

| PRTREIIN . . t -
A e e - . - -
-53 = . . " . . . + . L. . .
% .
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ba

C 77 sub- normal and low defective groups.

* ' . - ‘ o . ‘ - v . . ’ . - ‘
. ) C ) S C S o o - - 5'. .
v . : ’ "

Studies~wi~th Hearing Su‘bjec'ts: ' - St //

° -

Smedely (ZL9OO 1901, as' report‘éd‘*"&n Pintner 'and

Paterson 1916) reported the following mean forward digit

b 3

spans for ‘written ordered recall for sequentially presented

-digits':. ages 7-8, 5 digits, ages 9-11, 6 digits,\ages-12 15
» .
7 digits; ages 16-19, 7.5 d_igits. Forward’ digit span in- "

~
.

‘¢ creases developmentally.

. Gates-°(1916) found that .the mean forward;digit span .

" for written recall with college students was 7.7 digits for

1 et \\

‘seque_ntial.audito y presentation and- 8.2 digits for sequential,

r

visual presentatio‘n.' The autHébr noted that for both modalities,

i

an increase in the number of digits presentéd beyond thg

subject 8 absolute span, tendedeto decrease tire n.umber ‘of

“

_digits recalled. o ’ ’

.-
~
B

In/an interesting addition to the standard digit

‘:capac:l.ty short term recall paradigm, inv"estigators began U

]

~c:ompax;‘:l.ng recall of digits forward to recall of digits reverse.,

In the latter condition, .the subjects were required to respond
m 4 ~
by reversing t e oxrder of the initial stimulus preSentation.

/)A

S p

ln\f

v

' . .

"( ';and sequential auditory presentation, forward span was con-'

-

sistent.ly longer than‘-reverse span for'normal, re@rded, "y r

.. . v o'y
. ' a

;
\

‘ -

Star" study.‘ Both studies demonstrated a developmental in-

[ - (,
e ‘

cr’eaSe ‘ in both forward and reverse span., Reverse- span
H ' . a - - P,
increased more gradually than forward span across the ages,'

- -forward span being superlior_ at all ages te_*sted. .As is - R

. ™ . . - Lo e
h_,'l‘ : o . :

Star (1% 23) demo‘nstrated that for oral ordered respon‘se,.g

- McCaulley (1928) confirmed in full the results ‘of the



-

&

of tasks was not counterbalanced, with performancé on the B o

. forward recall task always demanded first It may be that o

s L

frequently¢feen iq_tnese studies, the.ordex‘of'presentatibn

. R . ‘ - : - - i
- ‘
¢ . — : -
.

W
this task is susceptible to practice effects, in which case ', . ,

’

these results mﬂy reflect an underestimatiom of the difference

. ' . .
) ] 4 ' . . . -
between forward and reverse span, the reverse hpan being & ° . - .
oo - © d& : . S
systematically overestimated because of actice. e T

‘:presentation. At very quick rdtes (e.g. 10 digits per second)' j;~

r'“-better-than those in the middle. Waugh (196@) studied thq o !

normal intelligence and"sub-normal intelligence_groups. , Coe

determinants of memory span. ,Conradfand.ﬂille (1958), o S ..

“ 4 . H
For all hearing groups tested, forward span A8 con-s
sistently larger than_reverse span.. This is _true for both
i L. e A - . .
' Rate and mode of presentation of stimuli are important -, *~'

.

-4 - - -
& . v o v o, . L e

.dembnstrated better recall at fast rateés for auditory P -

4
i

: - \ -

A\,
' performance decreases rapidly (Ynt?ma et al. 1964) Mackarth cn .

' L ¢ L -

(1962, 1964? showed that a slower rate of presentation max-

~ A .
imized recall of digits for visual stimuli. Posner‘(1964) e

' d . 4 1 ( )

showed . that the rate- of auditory presentationfinteracted’with e

N
s

rfz

order of recall; "When Ss were required to reCall the digi
in a given order, performance wag better at a faster ratenhb //

. ) ] N » - v - ! l r' Jo .
Performanceé was better at a glow-rdte ‘when thé'gs.had to !

recall the last four digits first and then thé first-four. - » o
e~ : = . s ' R
: The,serial position efféct; -an accompaniment of " e -

Q

exceedlpg a subject s span, “is éﬁfimportant;phenomenon ,L o .
: : -t . R
occurn“ng in serial ‘order recall paradigms..-It refers to theu

"fact that stimuli on the periphery of the span are negglled

v . R D R R ) . I

: )
interaction of primacy (mean number of items re lled cor{3ctly R



' at theﬂbeglnning of a series Jbefore- a- mistake) and recency

-

" - - o N Y ¢ a hd
(mean number of 1tems recalled correctly at the end of a 4 ’
. o . . N

D\seriie before a mistake) effects for visual presentwtion of N

- digits. «In general it was: found ihat with short stimulus

S '(_,. .

= vyhwa=? -

: : spéhé; pnimacy and réce{cy effects overlapmand all items are~

' L . . Y . I3

o k) )
s recalled*equally well. As bhe span length increasesg exceeding

- r
1 L] < 7 B ‘,
& . o .

= » , ,the subject's absolute sSpan, primacy and recency effetts no

. . Jonger overlap and iteﬁb‘in the midﬁle are_recalled less

.
e, »

o - ' Ead -
aEcurabely than thosg on the periphery of- the span. -

.*“

»

- v " - Further, Waugh demonsfrated that span‘performance‘is_
: s :

best when a subject“knows beforehand the number of sflmuli
LY < 2 * a R ’3 .4)'. ',',.‘ R

sty . to be‘presented., For- example’, prpviding the squect wIth an

a

“ *

;: . -_‘answer sheet imdicatiné'how’manx stimuli-are to be presented:
- . '(efg. blanks on whicgh Ehejstimnli are to be recorded) improves

B - . .
- .
. . - v
% KN . - B . K a

S performance. ‘ .

Y . N Lo .-

, In summary, one canidetermrne an absolute span length

[N A."’v- : .
.in short term memory, for both forward and r€verse recall. .

? . A Tem

e’ ."... L 4 - " -e
' Various factors can affect the ‘size of thigy spam. An -t

<o

1 N e

; . increase in the number of digits presented beyond : ‘'subject’'s

absolute spanolength decreases the total number of digits ,a

- < ‘ ° > .
.

* o

o - ~« subject can reeﬁll. Prior knowledge of the length of the
B ‘ stimulus presentation improves span length., A slower rate ; "

o - L ¥
0 - q o o ?

- of presenpation maximizes recall for visual presentation.

.
, K o, «

- C Forward span is greater than reverse span at all age
) - . - e ' - ‘ ) e " - _, '
levele. Both forward and reverse apang increase with age
- v . L —- ~ o ? , ‘l e )

<in early 1ife. The“fact that forward span is greater than

I

‘"'.ﬂ , reverse span at all age levels is not a functLon of ' - Ay ;

. . - - -, - A ’B\- . )

co

v

.
.o
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"Finally we note that at spans greater ;hhn the

- : . R

subject's absolute sban, stimuli afe‘rgcalled more accurately

d

. on the periphery of .the span thgn in the middle. Daté' ‘
¢ o Fa N q

demonstrating serial position effects comes from studies

“r

of forward recall. Studie’s using reverse Feéall hdve not

analyzed data for serial position ef&ééts. ‘ *L

Studies with Deaf Subjects: : o

. McMillan agg'Bruner (1906) were the first to imvest-
i , L ' . : ‘ v
igate immediate written .recall .for visual digit stimuli sets

piesenEEQ seqﬁentially to‘dédf children (éges 8—18,. They

End Pintner and Paterson (191?) demonstrated thﬁt the average

P s~
. .

deaf child never }eacheé the forward span of the average 7
year old hearing child. Pintner and Paterson attributed the.
. . p -5

S : . 0 .
poor petformance of the deaf -child to his lack of auditory

experience,. Theyihypothesized that after the,offset of the a,,

*

stimulus, the deaf child had but a visual perceﬁt or image . -

]
1A

- = g ' .
, on which to depend, while the hearing child had some type of
R " - ~

A}

auditory image in additioﬂ to the visual .one. To support L
N . A . :

" this-explanation, they found a positive correlation betweeg/
. . . ’ y v

-

-age of onset of deafness (an index of auditory experience)

and absolute span. I

. ) In a recognition task) Blair (1957) confirmed the "‘ T

* dnferiority of the deafiin short term memory for digits, “o

. - ¥

while obtaiﬁing~similar results for different sets of stimuli,

némely pictures and\dominoes.l Blair tested both forward -

o

and revefsé recall for digits. While hearing Ss showed

;The author notéd that domino gpan was greater Ehag digit !
span in the .deaf. .

) 0
v

- = - . ' -
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. § y
significantly better scores on forward recog%}iion,-deaf

.Ss did not. No significanf diﬁference'was obse'rved between

oL

. .
.
. , o . .
o ) T . 9.
'

.

mean ,forward and reverse span in the deaf., Tan fact, mean N

reverse span was actually greater than the forward, althbugh

not significantly Lo. The author does not mention'order'of

application of his tasks. If order was not coun;erbal;nced,

then thif fesult may be due to a practice effect. ‘__ )
_Fuller (1959) replicated Blair's study usigg diglts
for forward and reverge recognition. Overall results conflrmed

the inferior span caplacity in the deaf. A developmental

breakdown showed that the rate.of growth of digit span fcrwsrd

in ‘the deaf was virtually the same; as in other studies (McMillan~
S . , \ s

and Bruner 1906, Pintner and Paterson d9l7f, despite scoring
\ a. A . ‘._, Y er ot

and sample dirfferences., Fuller also demonstrated that the
rate of grcwth of digit span reverse was the same ‘as thatjcf*f

e .
. St e

i EEER -

digit span forward for the deaf. R . ST

w

Fuller confirmed jhe fact that forWard span was the

2 ! R “
same as reverse gspan for all ages tested. <A tabulation of
N ’ .

-

longest complete span demonstrated that less than half of

the deaf children.had a longer forward span chan reverse span

(41.9%); most of the children had‘equal.forward and reverse

-

spans (47%) while a small number hsﬂxa greater reverse span

-~ o

L 4

than forward span (8.44). . Because forward trials .were always

given before reverse trials, the author offered a practice,

effecé 2s partia% explanation for the lack of difference

~
2

between forward and reverse span for digits in thes deaf.
aOlSSOﬂ €1962) presented (both simultaneously and
successively) deaf and hearing Ss (aged 12 ~16) with eith

e, . . rp

’ .
< ' “ 4

®} 3
. ) }‘3

-
‘
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for immediate recognition.

b

After each’ trial,

M

Ss were

. . :
of - two sets of Stimuli (digits or randomly ‘drawn forms)

- presented with an envelope containing all ,of the stimuli

s

o

shownjin that trial.
successive presentation,

wae-noﬂstatisticel difference between thehﬁroups over both
cdndidions.

. Thus far studies which have héen présented_hane shdwn
that the
This has ‘baen recorded for
Further,

reverse span for digits in

set is randomly drawn forms,,

the same as that of the hearing.

>

Both,groupsfperformed better on simultaneous“than"

v

~deaf have a smaller stimulus span than the hearing,

no diﬁference haé

+

However, we have also noted that when the stimulus

Recpgnition consisted of a re;oﬁdering%';
. ting”

iof the stimulus material,

methods of presentation.

&

digits,

{

. .
Withsrandomly drawn forms,.

.confirmed the inferior perfdrmance of the deaf for both

there

,or

\.,‘

‘Recognition of digits.forward

pictures and dominoes.

been observed bEtween forwatd and

the - deaf.

follow demonstrate'that'the‘stimulus span of the deaf is

greatér or equal to that -of the hearing for other types of

stimdlus sets, -

Y

superior to hearing.childreh'of the same ages in the Knox

Cube\{Lsk. In this taék; the subject is confronted with four

taps individual blécks in increeéingly difficult.sequences.

w

lair (1§57) found deaf children (ages 7.6~12.,6)

1

\

Recall was an ordering task,

o

2

The subject was required_to

w

the stimulus span of the deaf is

The group of studies which

hlocks placed on a table.JPWith a fifth blopk, the examiner\

0.
,.y}_- .



immediately replicate .the seqdence'of movements in,eaoh.
trial. o . °t . ‘ l ,

‘ -
B -

-Ihe.euperior p#rformance of the deaf ehild,in this
type of task. is noteworthy. We have.recorded the inferior.

performance of the deaf when the stimulus set is wisually

Y L

presented digits for immediate recall. howgver,'uhen.the task
. R i '

invoélves the visual presentation of ordered movements for

— s .

"Ymmediate recall, the deaf are superior to the Hearing. Both .

memory tasks involve visual‘presentation of .stimulus materiai;

for immediate ordered recall, “What varies then, 1is the

. \ ‘“ ' %

nature of the etimulus material., This. variation between
I [

“

stimulhs sets.could”be" attributed to either of two factors:
;the spatial aspects oftthe ordered movauents; or the relative
. . ' [ o e .
familfarity of the movements and digit set to deaf and hearing
‘subjects. ' .. | S ‘

v
L4

Fuller (1959) found deaﬁ}subjects (ages 6-12) superior
< ‘ .
to hearing;controls'in the Van der Lugt Test of Motor Memory.

In this task,’ “the examiner blindfolds the subject and helps

hif trace through a raised maze with his finger. The-subject,
still blindfolded must then retrace this pattern on the

maze without assistance. The patterns to be traced beéome
increasingly more difficult. ' - i

?

The Van der Lugt task involves the immediate ordered

recaIl of, tactual not visual -information. Neuertheless, the
f 3 ]
-superior memory span of the deaf for ordqred recall of tactual

A—a" ¢

information is noteworthy.“ Again we find the deaf better able

< .
! -

to remember and make use of spatial information.

[
T



. . There are some studies whioh, although théy do not .. . °

'invoive the ordered recall of the stimulus presentation,

'

>

.

-controls in -this task. ' . /

Lo
"

iy

A Y

‘

'identical but empty board. GiVenfan unlimited amount of

'
- . ¢ '

further demonstrate the superiority Or equaldﬁy of the deaf

when the stimulus array’ involVes gpatial information.

v

°

" In a Memory for Designs task,'subjects were exposed
“ * . A : ) . 14

to various geometric designs presented singly for two seconds

and were immediately asked to' reproduce “the figure with pencil
T

and paper. Blair (1957) found the d&%f superior to hearing °'.

. _i-' N
In an object location. task of hig own. design, gorsh

7

‘r' ) ‘ ' 4 - . < '
(1937) presented deaf and hearing subjeots,(ages-llﬁZO) a

vertical Poard with’ twenty compartments, each of which con-—

v"v

tained a familiar objegt (e.g. a pin) | Subjects were permitted
:
onenminute to look at the board after which it was removed

“n
'3 A}

s, Al
. N

fron sight Subjects vere then placed in front of another
. S,

@
e ey

‘time, subjects were required to’reproduce the or1gina1

4 /
presentation by‘éhoosing art!%les from, 2 pool of forty

'objécts and placing them in the appropriate compartments'on
‘the. board. ‘For each object in the initial'dishlay,,there.Was

a similar object placed in ' the pool (e.g..pin - nail)-which
T M 3 ' ' ' o ’ '
contained the twenty correct articles and the twenty. in-
s ' . o . B '
correct articles. Morsh reported'that deaf subjects performed

"‘)’ »

-

bé%ter than hearing controls. ' .

Blair (1957) repeated ﬁorsh's object location task'

: 3 . S ' .o
with certain modifications.  He'‘reduced the number of target

f ! . i M '\, \ , N . i' ..
articles to fifteen and the exposure.. time to twenty seconds.; .

i
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P S
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The replacing.task, now with a time limit, was conducted )

PR

with, only the ﬁiféeen original objects on the boardn No

o ‘ -

.‘.‘

difference in performance was observed between deaf and

°
’

hearing subjects. . : .~

S Inm qummary, the stimulus‘;pan o% the deai,'relatiue.,
to the heartngT varies with the't§pe of e;imulus-set. -With o
digits, nictures, and' dominoes as the atimulus material the "

u .

stimulus span of the deaf is smaller ‘than that of 'the hearing.

With randomly drawn forms, visual and tactual movemeénts,
geqmetric de;igns, and- object arrangenentsAas;Ehe stimulus:’
- material, the.stimulus span of the deaf is greater.or equal

to that of the hearing; . . . o ' . .

4

Two factors seem to emerge as-important variablea in

the stimulus set, differentiating ‘span capacity of deaf an%

. - . A
hearing groups. They are the amount of spatial information
. ’ . Vo . . 0
in the stimulus‘set and the relative familiarity of the

‘

- . . -

stimulus set to hearing and'dEZE é?bupsf

The deaf seem better at remeﬂbering stimulus sets
'

which contain spatial information. 'For unordered recall of

©

stimulus sets with spatial information, the deaf perform-

‘ﬁomparably to the hearing in thes Object location and Geometric
. . N . l
‘Design tasks., For ordered recall the superiqr_performande‘

g

. St
. Lo

of the deaf is observed on. the Knox Cugevtaskaahdfvan'der

. LI S

’{ Lugt Test of Motor Memory, both of which involve dealing with
. N - . 14 . . . . -
“wspatial cues. For ordered recall 0f digits<the deaf are .

consistently inferior. The dominoe span in the deaf is‘ -

.t

. ‘ " s V' «
larger than the digit span. If one assumes that the dominoe

-t
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o

13

o
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&

~

7/ ' . ! ) . v ' . . '
: “ r,; -:r’k . . ‘ . . N 2. . , l 4 LI .
arréy is remembered as digits, and not as a pattern 3 then

®

thrs result is consistent with the hypothesis that the amount

vaa. .

of spatial information in the stimulus 'is an important

variable affecting span capacity in the_deaf. Yet dominoe
: \ o , ‘ . :

span in the deaf is st{ill inﬁerior.to'that in the hearing. .

It seems'then‘that spatial information in the stimulus set

cannot totally accoﬁnt for the discrepancy observed in stimulus

8

capacitﬁkﬁor deaf and hearing groupt

Another eﬁplana;ion, not muSM 1lly .exclusive from the
‘s . bt

hypothesis of additional spatial cues, but nevertheless im=

LI

portant, is the familiarity of the stimulus setw Familiarity
here refers to the frequency of occurrence of the stimulus "'
from day ‘to day. The ordering of moveme;?;T'as-in the .

monitoring of the signs- of a speaker in-sbgn language,.must°e
" be- more familiar to . the deaf than to t;e non- signing hearing
‘subject.' This_would.account for thE-superior performance of

the deaf in the Knox Cube task. 1In tasks where- the familiarity

- of the stimufus is minimal, as with ranaomly drawn forms, no

i .differencegin‘span capacityjis obseryedg The superior span .

»

e ' v ' .
capacity of the-hearing for digi}s does not, however, seem :to,
. , . - : A

be totally attributable to the-famiﬁiarity of the stimulus,
. . - - ! .

On one hand, one might argue that deaf :subjects do not en=~
eounter(digits as frequentl;xas the'hearing.j The usge of :

telephone mumbers 13 an example of this. The deaf, because -
Ll
of ‘the very nature of their disability, do not make use of the

telephone while the hearing consistently do. However, thts.

-!1

:" ‘74\:‘ A - . '
2This"is highly probable. . In Blair s sequence of tasks (1957)
the dominoe task was always presented after the digit span

~v, task, thus facilitating a set to code the pattern as digits.

. . . f o
. .
. - . . . . o
~ - N . .
b . - . » T
o . 1 . .

e
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-explanation wouLdtingolve maintaining that heariq%gﬁybjects

in isblated areaa;-without telephones,' nd hearing groups.

.beforewthe advent of the-teleppone, had the same.digit span

as the'deaf._ One'snspects that this'is‘probably'not-the

1 —

cage. As one might expect, other factors, ‘such as coding
. £ o

h— i -

processes in tre memory svstem, may, further define this

(S

-familia¥ity hypothesis.’

v

Finally, whereas hearing subjects remember more digits

forward than reverse, no such difference is reported for the,
+ B

-~

deaf. However, these studfes have failed ﬂqugounterbalance
’ ’
" order of presentatidh of forward and reverse tasks. The
v A\] 'v\-""l 3 o
forward -task has always been given first, the reverse last, -

] , _.._,J-l-‘ S

If one-assumes that ,a positive practité‘effect cecurs, then

0

these studies may have systematically overestimated the reverse

.
M
e - )

. - -

- . .
- RS

span Capacity. - L

b . - N a0
One also wonders whether aﬁserial position analysis

J_a

of forward ‘and reverse span at each 'span length might not

Ve o e sy T ~

&

v % -

. reveal a significant differénce between forward ard reversg®

span for the deaf. Thishserial positiqn,analysis is more

rigoroua than mean span analysis, permitting the summing of
. 2. - - "' . N ( .

‘observations at -each''span level as well as"accounting for;

LY

-spans¢w1th incomplete recall. A Mean span analysis disrégards

~a11 bat mean maximum- spap performance. An analysis of results

A\
e, \

for serial position.@t each span_might t%en prove helpful in

% N
defining the paraméters of this effecﬁ! 'For example, if
L

forward Hpan.is indeed equal to reverse span for the deaf,

~ ~

~

then results at all spanjlevels should indicate this.



%

L detrimental effect on recall.
~ . ~ Coe

S

: v - ' . ) \' .
s : . ; . . . e . - 16.
Lack %L couﬁtefbalancing.and the lack of a .serial ; ""

"posifibn,analysis then create an unpgrtéinty in the validity

. ) : . . L
of the result that there is no difference between forward

Y

and reverse recall for the deaf. S T

X v

”

Fﬁrthgr, for the deaf, with digits as the séimulus

set, no, studies EFV%\deﬁantrated'the effect of increasing .
R
K "% . -

the number.of.digité.prééented beyond the subject's absolute

LA )

span on fhe togfi number of{digits~recalled. -No studles have

~ -

3
e . .

determined whether p}{if knéhlgdge of presentation length or = &
1

slower rates—of -visua resentation maximize performance in.

the deaf. No studies hav demonstrated-se}ial positjon effecﬁs:

o

for forward and reverse recill.
4 .
? . N . Y

Rehearsal: - . Ll
I ——" S . . ' .

. ; The rehearsal (i.e. cirqulation of information) of

appropriate and~inappropriaté\inforﬁation i3 an ihportént‘
. P . - s { . ~

variable affecting performance‘in“short term memory. Generally,
) 1 1 N -
. [

rehearsal of appropriate material (i.e. the target stimulus)

aids recall while rehearsal of extrapneous material 'has a

1 R

o . “~ L ' = s
Studies with the Heafing: ’ ' . e .

S

.

Rehearsal in hearing subjects is more effective for

.

v$rbal material thaa it is forhnon;verbal materiél (Baddeley"

-,

.

-and Paterson-1971)..- Studieé demonstrating non-verbal

s -

rehearsal are rare in the Iiterature. The most common ° B :

-

.o . .
technique used ip the few 'studies available Is to present
. B q h . N

N )
-5

. . , , T
information in the same modality as-the target “stimulus. N

If this shadowing, as ‘it is calléd,'interfereé wiphlggs'
. c . BN '

- - . 8
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s ®

-

-~ rehearsal process.

performance, fhen it is inferred that rehearsal has been:

’interrppted.‘_This is consistent with the assumption that
the presentation of extraneous material interferes with the

a

} . b2 oL

.

Deutsch (1970) ‘has demonstrated that memory for. tonal

pitch (same or different response) is disrupted .by the inter-

polation of other tonES.m'Gilson and Baddeley (1969) have

<

shown that memory for tactilewtimuli ig* affected by the: o

interpolated activity of’ counting backwards. Results are

2

'inconﬁlusive as “counting- backwards Canngt be considered

shadowing*in the game moﬁalitv»as'the~presented‘stimnli.

[} * o \\

Therefore, one cannot cOncludeﬂwhether tactual rehearSal

Il
.

'took'place. ‘In a slightly different paradigm, Kroll et -al.,

(1970) measured recall of an oral (i.e. spoken) or visuad’

o

,target stimulus.wh@h vocal shadowing by the. subje&t. Results

¢

showed better recallefof intervals of 1~-25 seconds for the

visual target stimulus,,indicating that this stimulus can be

‘o Ve

- held or rehearsed in memorgofor 25 seconds.' Unfortnnately,

ERR RS

this demonstrates rehearsal for only one visual stimilus.-
X , 3 P '
Thus reseafth demonstrating non-verbal rehearsal s ,

( gv, ¢ g .

P

inconclusive for hearing sdbjects ZUDemonstrated evidence for
. Fo

rehearsal of one tone or one visual stimulus“is not compellihg

-

evidence for 'such processes in hearing sgbjects. S R

Some studies, designed tq investigate the parameters:.ji
' s

.-ﬁnvolved in rehearsal of' appropriate materialy usually'verbal‘h

by the subject. - . L *

- v, 2 4) .
in nature, have fociusad on the actual rehearsal strategy .used
.4’: . . N - ° M
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Corballis (1966) investigated the effects on rehearsal
- < v e BTN

strategies of varying inter- stimulus intervals in separate e LT

. 'Y" ' ., e
, f , uditory and visual sequential presentations of digits. #In-

. - one condition, the inter—stimulus intervals-became longer as -.

. et - 6, ‘ -
~ ' the setfes wore on, while 4n the other condition, the intervals

became prﬁgressively shorter. If the Ss used a cumulatave R

rehearsal strategy (i.e. ré-rehearsed each time aftér each ’

- v v ! ;'-‘ hd \’. . .,
stimulus ‘presentation) then the condition with.the lengthening * .- - ™
| "‘ intervals woqld maximize performance. Results.for visual v * -

-

pxeggnthqion confirmed this hypothesis ‘but results for the

auditory 'presentation -were not conclusive, . ,
. 5 . .
. . . , .. «

. In a further study. of visually'presented _sequential
' . '

lists of digits, Corballis (1968) investigated the types of .-*

.rehearaal strategies employed by recording timing of reheaEEal L

2

'frompthroet microphones.o 0f the ten Ss used,'si; demonstrated

° . -t -

cumulative rehearsal strategies;'three demonstpated grouping

RN \\ strategies, while the other § did not manifest any rehearsal

LA N e r

\ : strategy. Corballis suggested that the purpose of rehearsal -

strategies was to order recall information Both the §s 'who °
o ! > A
» . cumnlatively rehearsed and the g% who grouped peér

-

well, while the S who did not rehearse performed con
A \ . n

O

more poorly in ordered recall,
. <. » PR

1

Studies with the Deaf . - ‘ v

No studies haye been directed at the description of

:rehearsal strategies in the. deaf. —No;data'are avallable



'tha‘deaf is then speculative in nﬁture.

author, as well'as those made by Locke and Locke11197l)

'this,lit-seems likeiy that stim li,can be

.4n the deaf in.a kinesthetic-vidyal system

'reliable, these results are consiétent #ith the notion that a'

Ll L T o T ST

, Vel T A - . 7 < ’ . RERTy

e VN - . P <
o B - . \‘ F) . ~*

. b s % o } i ) ' : o 19- -~
demonstrating that mehearsal is more effective for certain T
i » . E”, ou“o .. ) '. v - -
typeg 6& stimulus material. The discussion of rehearsal in.

t
nformal observation in pilot study made byuthis

o

"r

.

.
o ' - .

,;indicate that. some deaf Ss do make use of manual-rehexréal,

o 7 . . -

Manuai_rehearsgi refers to the ‘overt rehear ing'of_sgimuli - R

in\signflanguage on the hanid of the §.' This has been observed

e @,

Qoth'together with oral ‘reheaggsal and in’ solatién.' Given.

| ouertiyvrehearsed
. s an internaiéi ‘«i?:‘jzfﬁj
ifation of sign language. ;The co ertfuse'of shgn language N

-
' *

iS‘talled dactillich(Lodke and Lotke 1971). Therenis some t

L3

ev1dEnce consistent with the notion of a dactyllic memory ° -

RN
K]

system in ‘the dedf: o T B

v B
/ - -,

:; McGuigan (1971) replicated Max s'work (1937) on .-
thought processes ‘in the deéf Using more sophisticated'

equipment, McGuigan recorded electrical impulses (EEG) from S

-

both arms, right’ leg, 1ip muscies and the motor area of the L

- -»._,__ - »

cerebral cortex\from hearing and deaf subjects. Results were

7 r

/
consistent with/Max s results-with deaf subjects. ’Finger and

arm-musculeture (1eft m. only) as well ag\lips functioned

. . ‘ '
° . ) 3

covertly during a silent proﬁlem solving task for the deaf - ;
- ? . -

while the othef EEG measures shoWed no significant chang&

Although gross EEG recordings such as these are not totally

> -

kS

}»-
dactyllfe.method_gf rehearsal is used-by deaf subjects.

At , , ’ L -



. . . ‘ i l - e - 20 +- ,
- If the deaf do use a kinesthetic visual system then .
LT . ' . . - (fp . A‘- . - «:{
‘the rehearsal of certain items which can be easily translated )
or encoded‘to this system should be facilitated for deaf N T
) : 1 ’ ’ u -\,’_.‘_..———'
= C. .subjects compared to hearing subjects._ This might account ‘\)

- -

- v

.'for the .superior- span capacity of the deaf in certain tasks,f

e e K
such a’s mhe Knox Cube task and those making jse of spatial cueq. o
&

vIn, summary,‘research with h;ariag subjects shows that

a

hch rehearsal ig. more effective for Verbal than non verbal -

-

.,"i&materlal. No similar research is aVailable fot the deaf :7 . ’ ’, .

PR -

. ) Observation 1ndicates that a manual rehearsal system can be_ n v
'1‘ . \ s °. .

_ used b& the deaf for verbal ma’gripl Rehearsal oflCertafn .
non- verbal material could be more easily adapted to a couertd‘t
7‘- . dactyllic system in’ the deaf.than to the oral verbal system
) " . Tof the‘hea‘ring. o k_ .i_-__-l--' T e : ’,L..

. B ‘t‘,.' «
Ao, 7 Hearing subjects use cumulative oral rehearsal and oy

~: et - - P 4 B
p oral grouping rehearsal for verbal material No comparable Co
- J‘ . . ’v <. ’ ) )
. o ,‘ - r -
- S S qdies have been done with:the'deaf. Observation indicates } 2
IR o ' L

) T ft deaf subjects use complex manual rehearsal strateqies ' -
- N R [) “ N
/

¢ i isolation and/or in concordance with oral’ rehearsai.for\"

A - + *

- ‘ ‘verbal material. o ’ . i : i

. o S " o . R ‘- Yo e T o v

N . . .: \‘ ) c 4 . N . '."? . i . Y , ne

. : Codin&: 5 . ..'g * . . PN ".'. i ) . B '
. . - N o -7 ¢ - ey -

- i L 1 -

¢ . il .
Investigationsu the type oP”tUding processes‘ ..
A e — e T o T i R

- . .-+ 1nvolyed in- short term memory performance stemnfrom the L -

-

analysis of ernprs made in rechll (Bartlett lQﬂZ) Recall E .o
: o Y . - N . E .

- e LT errors of/ certai types (Spec1fied below) were analyzed in S
o ’ . @ '

. M - o - 2 3 "‘ .
. ro ﬁerms of a,certain code-based.on similarities within a ,," e o

o

e o sensory system.' If this code is based on a. Sensory éystem T o e
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which is different “from the original éensory modality of %'. Lo
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*b T preéfntation, and if theaerrors ar%‘significant it-is

- v ‘

‘. assumed that the original stimuli“had been recoded intd

B ° .

*7the sensory system,in'which errors were obgerved. Thus, -

-4 . t

. : . ‘ , _
errors reflect qonfusioh'in”the sensoyy system in which . -

"I recodifng.occurred. - L S
L} i . -‘o ’ , ot - :,u; Aol ~ '
' Studies with the Hearing: C l'r ' . . A
fle _ . : Rz ' ' '
p ot In paradigms where serlal order. recall- is demanded

- o .
. n .. .

"“one-can separate four classes of errors (Conrad 1959):

'-.,- € . ¢ - '

- (1) Transposition errors occur when adjacent stimuli ane'
v o reversed in order. uTransposition of two stimuli>are comman,
! . ’ 3 ) ° ; L4 Iy

snd}transbositions of three and fohr_stimuli-sre‘possiblel

- ’

> Transposrtions of more than four stimuli (n+4) are difficult

4 . L h -

-

to identify unless the n+4 transposdtions are from a fieldw¢
. of n+4-stimuli. ; S e - -{l.f
- . N . . \ . . e e,

S IR

ro. N ‘ - L
“ % '¢62) Omisslion erro;s occur, when a subject does not make a. _

v e R hd » .. Y
response in a pdrticular slot, . -
- D . : /

N

« (3) Serial order intrusions ocdur when stimuli from' a Tk

o 4 previpushy}pnesented sequence are recalled.in the correct

L3

. ' Lt N . - .
» " 2~ R : RN s

- sbtial.positfon of a subsequent sequence.

4) Shbstitution'errors occur when a subject'recalls_dn

& I . g '
.o incorfect stimulus-fqr a partitular position. There are\
;\L ‘ thfee ‘possible reasons. for the- occurrence-of a substitution

.

error. First, ,the error can be'random.¢ Second the error

vt

‘ 1r&sults becaUSe the subject guesses and has completely for- 5

., gotten\ Thﬁrd, the-error reflecte a systematic substitution

: -"df:one stinulus for'another. It is ;this last possibility

[y . -

® for this type of error which has been the focal.point of much

interest in recent years. ‘ . ) .
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‘e . - : .
naturally from the.question: What type of code do those who

1
1

*

. The interest stems from studies (Conrad 1962, 1964,

.

&

1965) which demonstrate that for visual i_)resent’:al:ion,of,>

stimuli'Tuéually letters of the alphabe;)athe code analxzaﬁle

from'th;p$fyp@.of supstitution error .is acoustic in nature.

v

Thusﬂfor:visual‘prgséﬁtations thé subject would confuse 'c'

for 'd' bécause they~'soﬁnd alike' rather than "c' for 'o'

becau ‘they. 'look alikef; Others, notably Wigklegrenx(l965, ~\

1966), 'have since argued that the nature of tWese confusions

. .- ) T L
1lly articulatory‘anﬂ not acoustic. It will suffice

. e
. 3

ﬂorwgﬁé-purposesnof this consideration AP call this typ&

of error auditory, whether it be acoustic or articulatof&f

Studies gith the ﬁeaf: (’— ! ; C '

o Reseércﬁ’@nto coding progeéses in the deaf followéd

-

have no auditory experience use? )

' L

! . ‘Conraﬂ and Rush (1965) studied immediate written
. ’ ] ¥ . C
recall of simwltaneously presgnted letters'of the alphabet

9 ‘ \ . P w 2 _‘
in deaf subjecﬁ? (ages, 13-20). The authors, arguing that the

auditory errors reﬁleqtéd-an important auditory.component An .
; ) ' .

their meémory procésses, hypothesized a similarjvisuaf-errof . \
in-tﬁé_derﬁ Their rationale for this hypothesis came mainly

< v

from results . of the digit span studies (Blair 1957, Fuller

155§) with the deaf which indicated that forward sﬁan was ‘ o
. ) / '
the same.as reverse span. .Conrad and Rush interpreted this

-

"as.QVidence for the' fact that the deaf uéed a primarily visual

o - - -

coding” system, Forward'Span being the same as reverse span

13 ’ ! . c !
was evidence "for the fact tpat they ,could 'read off' the

’ ¢ Y

rehearsed stbdmuli with gqqgl factTity in either direction.’ o o

ey )
v .
. - L & . N
.
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We have noted before that there is 'reason to doubt the fact

]

th&t'forward‘recall_is the same as reverse recall in the.deaf.

Also, this hypothesis, based on the deaf S's rehearsal of

tu,
digits, fails to take into account the inferior performance

of the deaf to the hearing. It is not surprising then that

ﬁ%%Conrad and Rush were unable to find any evidence for their
hypothesis. Errors made by the deaf were not consistent wigth
! ’ ! . . -
either auditory or stimulus shape (i.e. wisual) cues.

Dispﬁsdﬁoﬁs of manual iehearsaltsystems and dactyllic codes

r

in the deaf, ®although speculative in nature,, would suggest
that even if one ignores the inferior span capacity of the
deaf a most obvious code of analysis‘should be a dactyllic

one?, This type of analysis was not performed,

¢ - .

Conrad (1970) reported a similar study with a highlyf

select éample (i.e. high standard of. educability) of deaf:.

LY -

students,. aged 12-17, Presenting'letters of the alphabet ' -

& . .
successively for immediate written recall, Conrad was able’

T &
to divide the sample"intq two groups on the basis of error

analysis{' One group of deaf students (Group A) showed .error

. matrices consistent with articulatory confusions, however-
- . 4 o .

' -

these typég_of deaf Ss-comprise 6nly.a small minority of all

“deaf .Ss. The second group ofvﬁeaf studenté (Group B) had
error matrices with n6 consistently analyzﬁble“confusions.
Error analysis of dactyllic coding was not used.

In a test of reliability of this classification, bbth.

1

. groups silently read two lists of words for imy;diate recall,

)

One list of words consisted of five pairs df}compgn hompphones-

«

(words which sound alike but look different), while the other

. e ’ . -
; R [ . ’
! 5 3 .

“'.'. & , . Y



. lists equally 63:1. This. result confirmed the faciliatory

-

f

L]

.. “ . ‘24.

. list. consisted of five pairs of common homogfaphs (ﬁords

which loo% the same bpﬁ sound‘differént). 'Group A‘recalled

.

significantly morg’homophonés while‘aroup B recalled Bofh

use of articulatdry’ cues by Group A.

Conrad (1971) following'up the "above study with the =

gsame subjects, reported that in a test of reading coﬁprehensiqn,

' . e e . .
Group A retained more material when reading aloud than did

»

Group B. When reading slleﬂtly, both groups retained thg:.

'same amoBnt of material. This result s difficult to
. i (

—

Vihterpret, It 1s 'a moot point whethet speaking out loud

facilitated the performénce of .Group A or inﬁibited thg

’ R - ) 4 ‘,..%

performance of Group B. i

ioqd does ﬁave a faciliatory effeét on the performance of
the h;aring (Murray 1965, Cogréd ;nd Hull 1968, Murdock and
e
. Walker 1969), it is not clear{whether'this fact i; true of
the deaf, given the litile'thatiis known oé their codfng
‘strategies. The resuits_do, howeve;,lconfirm:th$4usé of
‘articulatbry cueg'by a small minority of “the dpaf'ﬁopulétionl

Another type of %gsearch relevant to the eludication

of coding strategied in the:-deaf 1% found 4in the work—%f

-l

Allen (1969). 'In her studies, paired associate tasks were
given to deaf, hard .of  hearing and hearing'subjects: The
1iéts varied in structure, In the first sfu¢§, two lists

were given, a list of homographs and a list of homophones.

) "%The results revealed an interaction between hearing ability

b\

and list type. The heéfing group took fewer mean trials to'
» . * - ’ ‘

) .
? - .

Although it does seem to be accepted thaﬁ,peadiﬂg‘odk'
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criterion on the homophoné 1ist but more trials than both
. . ¢ b - .
hearing deficient groups’on the“hémbgraph list, 1In general,
. . \ T "\. “ . . t ¢ J
- both hearing deficient and deaf groups performed alike., In
. and R :,

a second éxperimeht,_the listsg were set up tb‘producg'inf
hibitory, rather than faciliatory effects. For example, the

homophonic inhibiting lists had.homophonai‘reiationéhiﬁé
V] - M . -
'~-bétween'responge{words and not between stimulus and response

i , L
‘words (e.g. door'- sigh, more ~_lie). ' Similarly, the '

.4

. A B . ' o . '
homographic inhibiting lists wet udp homographic relation-
* ¢ . o

.’
\

ships bétween*respoﬁse words (e.g. done - %dah;'gone - push).
7

In this wa? homophondec and bomogféphip cues were interferring

¢ . 3

ra;her thanwﬂelpfui. Results wére consistent 'with thoge in
thé‘firs; experiment% Deaf grodpg nbwytooi more meah trials -
‘to cyiterion with the homographic confusing list, whiiettﬂe
- of%ositf was found ﬁor‘thg héaring group.- )

, "The author-concluded that thé;inéeractiow of list
. N . J — I3

'+ + type with hearing §bility reflected diffépences in strategies L0

in coding processes in the two groups, for verbal mateérial.

That the deaf group took advantage of visual cues in these

¢ T N "
T specific tasks does not, however, demonstrate.what strategies
. ’ —-— - b t
' i ° e
or modalities are determined By their memory processes for

Y

- verbal material, but rather.ﬁhat modalitiles can.affect.tﬁ%ir

’

‘ performance. For éxamp}e,'tbe‘fact that the aegf group ‘used

- S ,
visyal cues does not preclide the hypothesis “that theyjuse a,
& . ¢.
_dactyllic¢ system, Results from another study indicate that
. ¢ . : . )
- I . i

”h. this wfay be SO. ) S ) S . g
. v ’ N e .

e x g - -

. . Locke and Locke:.(1971) suggest. that some deaf subjects
] - 3 - )

¢ can use dactyllic ‘cues to,aid Eheir performance in visual - .

° ‘;‘ ( ' . -
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paired aseociate tasks. Three lists of letters of the "

alphabet, a list of paired phonetically similar letters, a \
f & ’ & Y - . \

‘ list of paired visually similar Jdetters, and a list of paired, '\
dactyllically similar: letters were presented to hearing, ) \
orally proficient deaf subjecas.and‘non—orally-proficient

g . . ~
\"\

1

deaf subjects for imﬁediété written recall. It was hypothésized

@

thatyvitems would be "easier to recall if they shared a feature’

'

in common (Jenkins et al. 1968, Underwood et al. 1959). If

accurately.

the items sharing ‘this feature were relevant to the''coding -
. . . : . .
strategy of the subject,.then they would be recalled more

-,
)
v
/

Results showed that hearing loss interacted ﬁith;

4]

list type. .Non—orai deaf suBjects recalled mpre dactyilically
similar pairs than both other groups, there being no differ-
s

ence in perfo;mancé between orally proffcient deaf and

. ‘l
hearing subjects. This suggests that some deaf subjects

can make use of dactyllic cues.

9

Hearing subjects recalled more phonetically similar

_there being no difference in performance between the two
N 1Y T

and visually similar letters than either of the deaf groqu,

deaf groups for these list types.

This suggests that hearing
. [~
subjects profit more frdm the use of phonetic and visual cues..

.

That hearing subjects can better use phonetic cues

is consistent with previoﬁs findingé (Cdnrai 1§62;’1964, 1965) .°

That some deaf subjects can better use dactyllic cues'is
‘cénéistenﬁ with, observations of rehearsal strategies in the
deaf. 1ndeed,

s

Lpcke and.Locke's own, observations .coxroborate
. ) h .

* ’ . . "ﬁh ’
this fact. Two results are not consistent with previous'y

)
\
N
. '
-



..discmenancy,.; : ‘ . ‘ ’

, I3 L £ ”‘. . ¢ N .
~does not demonstraté directly,:however, that"thig'is their T

authors can offer no egplanation forl&bis appareént’ y "

Hn" ' - ' v ) ,5' . te .
: . . ‘ " ’ I 227,
findings. First, that orally proficient deaf subjects were

not- better able to use phonet# cues than non- orally proficient

deaf subjects i1s not consistent with the findings of Conrad

[

(1970). ’Most likely this means that Conrad's articulators S

\
L

wete a highly select.gfoup‘of deaf subjects, as Conragd.*

himself suggested. Secdnd, that heariné-subjects madé more” . -

0

use of visual cuesd is not consistent with the findings of

,Allen (1969) who found that deaf subjects were befter able
° “ .
‘to use homographic cues in paired associate tasks. The

A . ’
! s

>t -

.That deaf_subjectSQcan'prdfit from dactyllic cues -

o

a,

primary modality of-coning for %erbal materiali’
In summary,. it has been demonstrated that auditory'

coding is an important factor in the short term memory.

performance of hearing subjects. Comparable studies(have

failed .to identify a similar code for the majonity of the .

* deaf subjects. . A small'groub.of highly select deaf subjects.
. Py i

can use'articulatory coding. However, data'from'most studiea

~

hawe not been analyzed to determine whether\a dactyllic qode of

[ ¥

'H%d been used by deaf subjects.i Results from ﬂgired associate

,studies indicate that deaf subjects can profit from the use
of dactyllic cues{as well as visual cues., ‘ oL ) . .u.|'

<

o
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. recall ability compared with hearing Ss. Fnrther it was .

\ - : . 3
. ~“heandng Ss. - U ..

v . . .8 . . . a

Exberiment'l: . o S

The ‘purpose of this experiment was to assess the Do
reIative ability of deaf and hearing S8 in the recall of

visually preéénted series of digits. Si%ce previoqs studies

. )

have falled to caunterbalance'forward and reverseAreeall

"that wis'done. Also, because the effects of ‘pre and post— T
. P.‘ N
cueing have not been’ loqked at in the deaf that variable

was included. The effects of pre ‘and post- cueing are thought
f - 1Y .
to be important in revealing'short term memory'strategies in

deaf" and hearing Ss. '

On the basis of previous stgdxgs, it was hypothesized é

.

that ‘the deaf would show an overall capacity deficit in serial

-exbected that both deaf and hearing Ss wouid show ‘better

forward.}ecall than réyerse recail (a forward/reverse effectl;
-It was -expected that this effect would be more pronounced in

s -

,Subjects: R . o o RPN

Forty deaf subjeéts from the-Newfoundland School for :
‘the Deaf (st John' s) and forty hearing subjects from Roncalli
. o -7
School (St. John's) ‘were used All subjects (24 females and

" 16 males in each group) were between the ages of 12 and 17.
Hearingfgs were drawn to match deaf §a’on age_and_sex. ‘As

therE‘exists no fair waj'of assessing.the 1Q of/deaf Se‘in R

thia age .range (Furth 1966), it was not possible to match

Ss on IQ criterion. Objections to matching ‘deaf and hearing'

M

: Ss on only age and sex can. be partly met by the lack of.

-“

>

r

’
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reliable’ intellectual criteria and also by the fact that
L3 ”

7
performance .on the digit*span is not strongly related to
~ /.x
'intelligende. For example, the Digit Span subtest of the
* ral) . 5y

~

-Wechsler Intelbigence Scale for Children has a 1ow doﬂrelation

r

with other subtests. In fact, for that.reason,,Weéhsler~yﬂ,
. . , .

omitted Digit Span frop the calculation of IQ (Wechsler)

S
' ' ! -
B

1949, p. 6) ’ , : e ol

T

&
- The Newfoundland School for the Deaf is a residential

-
,. y

school f%r deaf children from all over the prgﬁince of

Newfpuhdland. Of the 1%5 children who attend this sohool;

-~

35 children are from St. Johrn's and live at home. The rest

’

",of the, children live in a residence‘adjacent to the school.

™

The school is of the oral philésophy of deaf ,education,

Thisnmeans that the chjildren are given intensive qul training.
All communication in the c¢lassroom is done orally 4nd all the

students are encourage@ to wear.hearing aids. Sigh lanéuage

. 4
is not permitted in ghe classroom. , .

In practice,’most deaf Ss* use sign language to com-
; '-\'

“.municate,among themselves and with teachers who know sign

lahguaﬁe. However, the deaf chflﬁren vary considerably in
B co. NV ’

their sign language and oral skills. There was, unfortunately, -

w

no reliable method of ass‘essing the diversity in oral and’

. ‘ . . o

mannal skills of the deaf Ss in_ this study. Further, as the

school does not\have any records of the ebiology of deafness

for its pupils, there was no reliable method available to

Fl .

-assess the differential perforhance df congenitally and

-

adventitiously deaf Ss. - Criterion of admission to the school

‘was a hearing loss of 75 DB or more in the better ear ovey

L4 N )
- 1 &
R
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the ‘e’ﬁeech.range of frequencies. S L , ¢

Roncalli is a, school just Butside the city of St,
John's_, with students from the city and a’ nearby town,

Portugal Cove. - . L

All Ss had normal or corrected vision. No _S_ had’ L -

serious visual defects. . . e ) «
Materials: ’ . S ' - . .
T | . .- . . ' <

The stimuli consisted of single black Let:traset 42

points Il,ellvetica med;lum digits applied ‘directly to the.

surface of 2" x 2™ aelectrographic s.lidfes. Only t:he digiteh ' °

" for the 'study. . - e N

\

1 through 9 were used. A Carousel 850 Slide Prajector was
nse\d to’ {)rojectr,,a one and one~half foot square ime.ge' ‘on the .- ‘
& T e

. ‘e, o lind . o
"wall approximately-ten feet in front of the%.b. Tdming:was | B

‘ 'control_le’d by~ an electric Digibit timer a_ssembled ep,eqdific'ally

3
A\l .
- ~

P

).' " “~ . . .
° - < s L DL 9% ‘ e )
Procedure; oo 8 ,%‘ . & S o )
—_— P . .
Digits vere presented singly dn sequence in ascending e

»

spans starting with a three digit series, Span kengths we;e 2 o

-

increased by omne digit on each new trial until the naxXimum -

of a nine digi't series;was" reached, No dig‘it appeared twice
X - - ! ' .

in the same span, . . . : o e

Each S was givfen a special booklet in which to write

his respenees and was ins tructed to write the digits in tt,}e

indicated order, One page in the'booklet was used for each -

“trial,” Each page contained as many ‘empty space4s as there

Ll"‘ ~ -

‘were digits in the span to bg presented ' T T s

. f . . -~ R OF S

. ; . .~ &
Verbal instiuctions were g;ven to hearing Ss. "They _

“

~

were‘told that they would see digits in sutccession. They were,

-



&4

.

i . ~
-

told to wait.for‘an arrow to ap}earibefore writing down the

numbers they saw in the same order presented (for forward

gecall) and in the reverse order presented (for revemee
o 4

.'recall). For the deaf- §s, identical instructions were given h

- f e

isimultaneousli in oral and signtianguage. o l -

All testing was done'individually.LnItVO sittings

o
\ ~- @

‘i»(gge week apart) lasting about one—half ho&r’each. Eech_§,

o 2 ' " . EE s . &

cued condition in tne.néxt §itting: Before eaéh session, all

. IS K -

*Es received practice on two and three digit series. Practice
P P < . ) -
- kY

criteria were correct responses to two two digit series in a

. . - - . [
row, . . < ’ . . - .
. .';. . o r i
An arrow was used to cue recall and its direction

.

cued direction oﬂ recall.~ An arrow pointing ‘to the right cued.

3

4y forward recall. . Aw arrow pointimg to the leftumped reverse

:

Qre(éall. "This directional cueing was osed‘coneistentlyt. .-

thrppugh- all trials, regardless of pre and post-cued conditions.

In’ the.pre-cued Eondition, the .directional cdeing*wgs, of 2

: S
course, redundant. -In the _Post- ~cued condition, the _arrow

' Jidﬁ}he pre-cued condﬁtion 4n the first sitting end\the post- ..

0

was the 'S's sole cue* té recall the digits 1% the order given -

or in reverse.order. . .
In the pre—cued condition'each g knen‘teforehand nheb
the direction of recall would be:-;Halﬁ'the Ss did a c:mplete
forward span series first (a_threésaigit to a nine ddgit |
series) and a‘complefe reverse'span series next (three digit:

series_to a nine digit series). Thelother‘half of 'the Ss

'did the reverse span series first and the forward span series

- - -
-

last.. The 8s were randomly, assigned to the two categories,
. ) - v -’4" . .

v n o



, o - In the post—cued eondition, no subject knew before—

- /rﬁ\j hand what: the direction of recall would be. As 1n the pre—

S ‘ . . cued condition, two sets ofnstimuli consisting’of a three_
digit,to a~nine'digit seriesgiyETe presented:. However,-

forward and reverse recall (now eritically dependent on the

o _ fdirectionai cueing) were required in a random’ order, within
. D 1 - g ' : ! ' ‘ Te
’ : . " S . . ’ '
S e W, each set. Two,sets of stimuldi were necessary, therefore,

AR " -4in.-order to obtain a forward and reverse measure at eachrspan.

. . ~

R o The order of présenfation of these two sets, of stimuli was

' - . . . .
v -

S : .counterb‘T?ﬁc d.. s ¢ - o v . '. S N
L @ = : .

L

The experiment,.thereforez provided two measures of \y/

' . forward and reverse recall for pre and post‘cuedﬁponditions
over seven span 1engths (three digits through nine digits)

»
’

o . “

. for each: subject tested - f_' o = 2' . >

. . - : N - - 1

- - A standard stimulus onSet period of one second as in

-

interval was two secpnds.' fhus” one digit was presented

° e

- every. thrée seconds. (For'exampie a five digit series would

-

C e _take,apprgfimateij 15 seconds from onset %f first digit to

recall).\~Thismmay be“considered:slow, hpt Mackwdrth (1962)

s has’shown.that‘sldner visuai preSentation rates maximized
'j:performance for hearing Ss. This slow inter;ai also aliowﬁ

A ’};rﬁcumulative rehéansai for‘lonéer spans. B o

- s . T e

L , . 1
. .

- Lo . -

Scoriﬁg'” - ’ L ' S R T
to R . . , s\‘ a : . " ."' . . .

_

o,

2
a

and unordered (udg) “In OR, the number of diéits correct”

_$~. with regard tonserial position was totalled for each trial.
' '_'__ : ’f:-\.__ - . . & - . . . ‘ _‘ @ -

e~ ., - L3 . -

N B : . i o

3
£
A

) .
. - . k .
- 3 . . - . . - - .
s ° . A v R , . PR L

- Olsson (l§60) and Conrad (1970) was used The inter—stimulqs'

"Two methods wof scoriﬁg wére used orderedﬁrecali'GOR)'

K2



. . . .
; o -
- . -~ -
s - T
. , . .

* : -

. For exanble; if the § had five digits in ‘the correct . W

B positions in a nine span, "he was given a’ score "of five.v5~ :
L - g . A — T B . o *
At In UOR, the number of digits correct. without regard to serial

9 . . /’
e position was totalled for each trial. Fo

] . r

nine span"of the S above, if the other four ‘digits, wrong lp

example\ in “the

with respect~to order, did appear in the S s response series,

v

? -
"he would receive a seore of nine. | 1,- - =
* L {: " . o - - N [ P : i - .
- R . . - R ' ‘y
LT .. Design: Lo . . e e .
‘ - - . . .. ’ . : ., “4'1

ot} _ A four way analysis of varianae with repeated measures o v
< . - .. \”."“_. KM-,L

< . . -

nxnlthreefactors wvas used for both OR and UOR The‘between

C -subject variable was Deafness (D), with'two levels hearing

" and deaf. There vere three within subject factors“Cueing (C),
.with two levels, pre- cueing and post cueing, Forward/Reverse '

. . L

- (F), wlth two 1evels, forward recall and reverse recalls =~ -,
- 8 “! 10 ’

h; Ser;es Length (S), with seven 1evels, ,one ‘for each of the

1%

U spans presented (i e._h thxee digit through a ‘nine digit .t

» . N - Ry
- - < . ¢ ]
. . series). There were forty observationsﬂper cell. b . n ;@
~ Results: o Co : : R oo
-_ - | ) : LT °

:u*w The results of the. analyses of. variance areushown in

Table 1. WThexrée was a significant deafness (D) effect in- both

7—-

i , o, ‘.’"

= GR and UO# analySes.' Hgaring Ss-recalled more digits (xoR ‘ :,d?
ol s, 73, ¢=538) than deaf s (Xop=2.12, Xyop=413). S _,; .
?%;;“ '.T‘: -~;, Overall subjects - of both deaf and -hearing groups ‘
| ;~.i-' ' J; recalled more digits in the £orward spans (X 3 25, xUOR b 85) .
- *5}: P than in"the reverse spans (X0R=2;60} U0R=4.67) ' e S |
~_i;//;%-" . - The - significant -deafness by forward/reverse 1“§eraCtiJn

(DF) for both OR and UOR is shown in- Table 2. The déaf Ss

.’
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, . ! - T e T
. .

showed no differences between forwafd‘éﬁdkreverse recall on

}

. either of the scoring methods, while in the hearing case,
forward recall was greater than reverse recall 1n both

. methods oftﬁcoring (FOR=Q2.02, P<.01; F p=34.5 P<.01).
/

There was a significant deafness by series length
- "o i [ .

interaction (DS) with both,meﬁhods of scoring (see Figure 1).,

Hearing Ss recalled significantly more digits than the deaf

--

Ss at the 4, 5, 6, 7; 8 and 9% sﬁans in - OR (for these and

‘other significant multiple comparison tegts, see Appendix 1)

s

and at the 5, 6, 7, 8 and 9 spans in UOR. . °
& The significant deafness by forward/reverse by series
) ’ . , o o
al length interaction (DFS) (sge Figures 2 -and 3) showed that

-

deaf Ss gave significantly better recall for forward segies

-

for both the 4 and 5 spans in @R but no forward/reverse

N differences iﬂ UOR Hearing 8s showed better forward recall

-

-~ Efz;*reverse recell-at the.§ through 9 spans in'OR and‘at the
7, 8 and 9'spans in UOR. “. . 4 b
.EThe significant main effect cueing (C) in OR showed
that, over both deaf and hearing gr%ufgf pre—cuefng (§=3.06)
produced'better'performa?ce than did post—epeing (§=2,78): g
All other interhctipns are outlined’in Appendix 1.

'

Discussioni

L=
H

" ~ 'The ‘ovexall inferiority of deef to hearing és in short

term memory for visual pres;;tation ot digits as reported in
Y

previous studies (BYair 1957, Fuller 1959) is confirmed here. .

Eorcboth orggred and unordered measures ofgrecaLl,.deaf Ss
. did not recall as man& digits as their hearing counterparts.

. .
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Examinatien of this result reveals that the lower -’

~pe
-

perforﬁance of deaf Ss-was more pronounced in ordered recall,
the deaf béing infez}or to the;hearipg at all but the.three%

span, In unordered recall, deaf §s were'inferior to hearing

’

Ss at all but the three and féur -spans. 1In other worqs,’eij}
che three span, deaf §e recalled as many %iéits'as the_hearing
§s'fcr bcth measures of fecall, while at the four s%an;'deaf
'.gé wvere qnferior~ n OR, but recalled as many digitslas°the

hearing in UOR. This suggests that capacity deficits here s

¢

are due ﬁ? an inferiority in ordering. Deaf Ss were inferior
at the five to nine spans for both measures of recall.

1

The striking differences between the deaf and hearing
in UOR suggests a content deficiency in the deaf. Examination‘

of the performance of the deaf in UOR shows that deaf Ss. did
not have available as many correct stimuli for ordered recall

N

While hearing Ss ‘consistently retained close to the maximum_

- (S —

number of correct digits, deaf §} performed well below this

level. That these digits were not available to' the deaf for
ordered recall ‘suggests that theyoveraly_gagacity deficitxln

-
~

the deaf can, in part;’be traced to'inpdt féctorsf That few

,e

correct digits were present.means that either -the information

did not enter the system or was lost very quickly.

. \feveral possibilities exisc é% explain tpis fact. '
¢ . R : }
These include memory processing factors such as‘imferior coding

l I3

mechanisms, inferior rehearéal strategies and even the pos— ‘

-l -

sibility that the recall .of the digits themselves is ™

e
—_—

.1nterfer;ng. ‘There also exists the pOSSibility that aspects

-

of the stimulus such as inadequate spﬁtial cues or a, lack of
: ' T ’ b,
‘ﬁ\._ - -t

¥y

tr

LI
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'.familiarity,_aréjimportant. . o : T .

While hearing Ss showed overaii.superior forkard recall
for both OR and UOR, deaf Ss showed no. overall differences Jﬁr

- om both'measures; Deaf 8s did; however, show better forward
than reverse recail in OR at the four and fiveﬁspanb,‘while
{ )
| S
hearing Ss showed better fotward recall at the five through

A

nine spans, In UQR, he deaf showed noe differepce between

forward and.reverse recall at any span, while the hearning
» ( M P

' showed ‘better forward recall at the seven throygh nine spans,
L. ‘ » : - : - . .
- . . Do .

For héaring Ss, these results in OR are consistent ‘ .
with previouS'atudies (Star 1923, McCaulley 1928) which

- indicated that performante is better for forward than reverse.

~

recall. This experiment reveals a similar result-for UOR, v .
'a measure not previously used.
For deaf gs the overall'result=that no difference,

" exists between forward and reverse recall in QRvis consistent

»

: with brevioue studies (Blair 1957,'Fu11er‘1§59)1 However,
eramination of the relative strengzhe of.forward\and'reverse .

"recall across the spans indicates that-this overall result

”-‘:.{(? o . . ' . )
'}# did not hold true at all spans. In°OR, forward recall was

,greater_than revergse recall-at the four and five spans. In
‘UQR, ‘there was no difference between forward and rerefse recall.
 f Although the cueing (C) factor was significant, it did

.not differentiate between deaf ‘and hearing groups‘ The deaf~

EY
»

mness by cueing-interaction (DC) 1in OR, however, did approach

P * = ' - { .
significance. The direction indicated is that while hearing
=
———

Ss remained unaffected by pre and post cueing conditions,_ﬁw~__-mﬁﬁ;h;

deaf Ss performed better with pre-cued instructions.. g

X
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Experiment 2 s

En Experiment l ‘it was found that deaf S8 did not

have as many correct digits available for o}dEthg as hearing

' %
S§s. - It has heen noted.that the span capacity of deaf Ss
( 5 i L . )
varies with the type of stimulus presented The purpose

[}

here then, was to increase the digit span capacity of deaf

Ss by adding cues to the\stimulus. Spatial and/or somatic K

‘below. As in the-previous'experiment, forward'and reverse
recall in pre and post-cued conditions uere.examined.

L
*Consistent. with the notion that deaf Ss'profit‘more

from added spatial information than hearing Ss, 1t was hypotht‘u-

° ~

esized that added spatial cues in the digit stimulus set would
improve the recall o? deal Ss relative to hearing Ss Also,
since deal Ss are more sensitive to kinesthetic and somatic
sensory information ‘(in that they use hand and body gestures'

to communicate), it;was hypothesized that added somatic

! . -

iy

sensory information in the digit stimulus set would improve

“the span capacity o% deaf Ss relative to the hearing.-

Subjects: ] g " ..

<

'The forty'deaf:and heariné’is from Experimént 1 were
used. ~Each of tﬂe deaf and hearing groups wag divided in two,

with.thefgs in each halg matched on' their performance in

\ ) . v

Experiment 1. . .

Materials:

" Digits were applied singly to 2x2 slides as in

Experiment 1 encept that differentﬂdigits_alwaysnappeared in

“j.

¢
]

sensory information was added to the stimulus sét as describkd

»



-+

to what used fm' ExPeriment 1.

» to the spatial LONC ition while the other subgroup vere

. kl . .
‘ . S ‘ 43, .

a fixed location on the slides (see Figure 4) Therefore,

thg/fndividual digits were discriminable not only: in terms .

. »

of their form, but also in terms of their spatial_loca;ion

A
«

on the screen. - . .
. ’

-

Added somatic sensory:information was provided by .
N . ’ ‘

E géntlﬁ tapping the §'s back in a location equivalent to the

location of the digit on the sgreent That is, 8's back was
N

divided into nine locations just as- the slides (see Figure 5)

\.

For example, if lrwas presented on the screen, the upper 1eft

-

"shoulder blade was tapped.. The hypothetical 3x3 matrix on

the back of the § mirrored in orientation the 3x3 ,matrix of
the visual display.

_The equipment used in. this experiment was identical~

I‘ ..

4 N

Procedure' ¢ .

Half the deaf Ss. and half the: hearing Ss were assigned

»

assigned to the spatial and somatic sensory condition. The-

-

procedure,used in this-experiment for thoSe Ss 'who receined

only additional spatial information in the stimulus set .was
[}

identical to that used in Experiment 1 Those §s-who, along

with the added spatial information, received\@jditional

somatic sensory information, also received practice on somatic

- -~ 2

sensory stimulation alone. -E explained (orally for the

-

hgaring and in sign language for the deaf), using an

‘ -

appropriately:mgrked visnal aid, that their back was ‘'to be’

'broken up' into the nine digits. When a digit was shown on
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the-screen, E would simul€;neously tap the’ appropriate place

for. that digit on the back of. the S. E sat df%ectly behind

-

all Ss who receive% this 'backtapping't Criteria for

8 3 1

conpletionnof practice fcr this. condition was thefcfrrect
identification of all nine digits; tapped in raﬁdo% order. /

Different random orders .of digits were again chosen

>

. ’ ) Y
- for presentation, but in all other respects, this experimen¢
‘ . - L . e
was performed like Experiment 1. : i i L e
- P . e N . z ©
* . . ' " N ° ‘. ‘. t D) N .
Design: : .. e . IR . .

A five way analysis of variance with repeated*ngasures
on three fattors was use&'for both ORband UOR. : There were

¥

e . two between subject factors: Deafness (D), with two levels,

"deaf and hearing, Backtapping (B), with two-levels, those who
received added somatic se séry information and- those who did

p- [

:ﬁ S not. There were three wit n'subject factore:-Cueing_(C),:

with two lewvels, pre-cueing and postﬁcpeing; Forward/Reverse
(f), with two ievels, fQ{ward recall’and reverse rECall'
jﬂSeries Length (8), with seven levéls,'one for each of thedé;\ ‘.
} '_.. ' spans presented (i.e -a threeohigit series, through a nine:T

. © -

digit‘series). There were twentybohservations per cell,

O
i
4
i

Results: ’ . ) v

The results of the analyses of_variance are shown in'f
Table 3. There was a significant deafness'(D) effect in.bth
OR and UOR analyses. Hearing Ss recalled more digits (XoR w‘

3,91, EU =5,60) than deaf s8 (X p=2.33, X =4, 3. .

. v
Sy -

There was no signifiiant backtapping (B) effect.

~ -
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TABLE 3 Ny -.53;
) -~s Experiment 2 ~ 1
) . Analysis of Variance’ ' . -
’ _ o ‘ 2 . Ordered ' U’nord_gred .
./ .-~. % - Source 1 DF ° | MS L F MS ;. F
* ._‘_. - ' ‘ “‘i-_:. v ) .
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@ DCF 8.50 T - 3.46 " 4.29. . 6.05%
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o ces LT 6 Coaanizel| L .48 . 26. /37
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K sfgmificant in UOR.

€,

Overall Ss of both hearing and deaf groups.recalled

more digits in the forward spans* (X 3.47, EU0R=530?) than
‘in the reverse spans (X RS 2,77, U6R=4 .92). .

The significant deafness by, forward/reverse interaction

(DF) in OR 1s shoﬁn in Table 4. Both deaf and hearing grOups :%,

.
Id

:recalled,more.digits in forward thanareverselspans.‘ However,,

the forward/reverse,effectfshown by hearingxgs,(F€73.82{ p<;01)‘

‘;was.nore pronounced than that.shown by deaf‘ss (Féhiié,‘p§;053.
This interaction was not significaﬁt in UOR. ' uf .:

', - Z There was a significant deafness by- series length

1

interaction (DS) with both methods of ‘scoring (see Figure 6).

i

Hearing Ss recalled significantly more-digits than ﬁeaf Ss

“at all spans in OR (for these and other signlflcant muﬁtiple

4

LN

comparison tests, see Appendix 2) and* at the 5 through 9 spans'

-

U\' in UORQ _!‘ e - ‘. ) 'l - v : L

e e M o , L -
-~ oy & . . . . -
- . f

- %v The :significant dEafness by forward/reverse by déries

o ¢ . ¢

. ﬁlength interaction (DFS) in OR, (se? Figure 7) shoWed that wh e

A}

&

hearing Ss showed better ‘forward than reverse recall at the

] \

through 9 spans,,deaf.Ss showed better forward than.reyerse
. Y .q- . - - _— . ) . -, -

d‘recall’at the'3, 4.and 5 5pans. ’This\ig}eraction7was not

-

) : Thensignificant main effecticueing (¢) in OR and UOR

showed that over both déaf'and hEaring;groups, pre—cueing"
-”.

0R=3{26, iUO =5, 03) produced better performance. ‘than post-

Clléi:n.g' (E,n_ =2‘l 98’ .i 4 93‘)’ to ’ ' : ' e -

-

P

UOR .. ~ : - :

- )

°The significaﬁt deafqess by cueing interaction (DC)
[-}
o .
in OR. is shown in Table SQ Deaf Ss recalléd signific{htly

more. digits in the pre-dued condition than in the“post

SR T
. -t

cued |

-

-

3
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in UOR. . ', - . . . ,

‘ - : . ’ 54-
I Y . * . B 1 .
condition (F=22.98, p<.0l1l) while o such significance was
¢ -

) E . \ :
observed for the hearing. This interaction was -not significant

. v
The deafness by, cueing by forward/reverse interaction

(DCF) in UOR is shown ih Table 6. This inﬁeraction dndicates

that "while hearing Ss maintained a fonward/revense effect over

. pre and post-cued conditions, deaf Ss showed a forward/revgrse'

-

effect'is;pre;cued conditions only. oo |

~

A
¢

All other interactions are outlined in ‘Appendix 2,

not enter the system or was lost very quickly. -Explanations

.of this fact nay

Disgussion:

l: . . The overall'deficif in capaeity of deaf §Ss compare& to

q

'

_heawing Ss in the recall of visually presented series of Jigits

‘was again confirmed in this experiment despite the fact that

. » M
- . +
added spatial and .somatic sensory cues were given. Examination

of the DS interaction in UOR again indicates that dEaf Ss did

a .- " "\lf{ C .

not have as many correct draits available for ordering as the

hearing §s. Therefpre,'the<additional cues were not sufficient

to overcome the content deficiency in the deaf. That few correct

e

digits were pfeeent egain,means that either the informatiom did

PR

\

include de icient memory processing fdctors or

~a lack of familiarity with the Stimulustéet. o

The other results were also siygiar to those found in‘

. »

Experiment 1 with three exceptions. Firsty DF and DFS inter-,

‘actions; significant for both:methods of scoring in Experiment

1, appeared only'in_dR here:. In Experiment 1:the hearingvgs'

i~ s o . . 1 ‘ f o \

showed a forward/reverse effect in UOR at the 7, 8 and 9 'spans.
Y . - . - . 8 ,

)

Here there were no suth differences. o

N ) . $ * .

b
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*TABLE 6,

Experiment 2

- DCi" Interaction: OR"-

INY

N ot " PRE-CUED POST~CUED
B FORWARD - | - 4.56
-, DEAF . — — —
REVEKSE CBL24, e
L FORWARD o .5.71
] . i . t
HEARING
Z _REVERSE 5.67
MR Y .
Ay - ~ . .
H . ld
; P A . '
) . v '/
‘p‘. ’ T i
v ’ . A "
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- -

The second exception is that the DC intefactiony

. . ) , @% b .
tending‘tpwards:s}gnifican&e ixx&xperiment 1, was significant

N
. I 4

“here and iﬁ,the sameuhifection. While‘heiiing Ss remélnedh

unaffected by cueing éonditions,‘deaf Ss pgrformed~better
o] pre—cueﬁ than po;t—c;egféonditiohs iﬁ OR.

, Third, the DCF_interaction was not significant.in
Experimeﬁt 1 in elther DR or UOR, but ié significant hér;

" T e ’ N h T
in UOR, Table 6 shows that deaf Ss had available more digits

in forward recall in the pre-cued condition. This was hot
. ]

»

the case dn the firsg experiment. )However, the additional

available digits wéﬁé not given in the correct order because
¢ e '

the DCF'intafaggion~in,0R was not significant.

r

_The-ovefall.resultq of digié span capacify in the

deaf show little change~reiativé to. the hearing in this ° .

° W

experiment., Theréforé, the added spatial and/or somatié
i %

sensory information did not have any énh@ncing effeqt~oﬂ the
digit span capacity of deaf §s. A look at the nature of
the spatial and somatic sensory information used here -may

help to explain why no improvemgnt was obtained.

Both the sphtial and somatic éeﬂsory cues were

‘redundant in that the Ss- did not have to attend to them in

order to perform the task satisfactorily. 1In all,cases,

the original- digits f;om'Experiméﬁt 1 were still present,

In fgct:’most.is in the sohatgc.sensory condition, when
questioned afterward§, réported not uéing the additional

- © T - L ) .
infbrmat%on. Therefore, “that the additional spatial and

somatic sensory information had nofdifferentihi ef%ect on

.a , . U

s .
- . . . .
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‘the ﬂerﬁgrmance of deaf Ss, may be due to;thefpesign_of the

experiment.’ A true test.of the original hypothesis would

.

57,

t

.t a
involve digit span studies using only spatial cues in place 5
. ] . ) o
of digits (e.g. the dots.in a dominoe set) or only somatic,
; : nhd T Rl
sensory.information (e.g. backtapping.alomne). . ° -
- - v o . Py
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-Experiment 3:

R P , o
In Experiments 1 and 2, it was found that deaf §s

'did not - have as many correct digits/available for btdering

as hearing Ss. It has aIso been noted that the span capacitf

of deaf Ss varies with the type of “stimulus presented. The

:purpohe here was to increase the digit span capacity of deaf

-

Ss by using stimuli more familiar to them. That was accom-

“ plished by showing theé sign language equivalents for the T

. Materiadls:

]

digits. .It was hypothesized that these more familiar stimuli

would improve the digit span capacity of deaf Ss relative

~to the hearing. " As in the previous experiments, forward and

reverse retall in pre and,posp-cuéd congitions were examined.

Subj;‘c/t's:'
Only 24 -of the original 40 heering'§é were available

<

-because school had cloesed for the year. Twenty-four of . the
<

.40 deaf originally tested were selected to\matéh the.heafing

.

. . . i ' f
sample.. Therefore, the results of this experiment are ol

1

reported for 24 deaf 'and 24 heeting §e:

“~ .

Colour slides-for each of the nine_digits in the
1) ' A :
American Sign Language of the Deaf were made. The hand of o

Axa native informaht was phetographed so.as to permit for

-

-

Y

iinguistip subtleties not.éppaéZntth_the hearing or non-

native epeakers‘of"sign'lepguage. A line-drawing of the, signs

. P

-

‘as in Rickehof (1963) is found in Figure 8. . .o

.1

", -~ The equipment used in this experiment was identical

l ~

to that used in Experiment 1 ) p
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Procedure: &

The procedure used in this experiment'was'identical

f

to that used in Experiment l with two- exceptions.. First,

hearing Ss vere given additional practice With the projected

’

signs as no hearing S was previonsly familiar with these e

-

4 ’ . .
symbols. Practice criteria were correct responses to nine

individually randomly presented sign digits. S@éond, diffetent

-

‘random orders of digits were again chosen<for presentation. ..

besign: : d : - ’ . n
A four way‘analysis of ﬁariance with repeated measures
on threefactors*Was psed for Bqth-QR‘and UOR. The hetWeen
sg}ject variahle sas Deafness (D),Iwith two levels,,hearing-
*and deaf. lhere nere three within subject factors: Cueing

Qp), with two ‘levels, pre-cueing and post-cueimg;‘Fo?ward/ EJ

Reverse (F), with two levels, forward recall and reverse
- R .

-~

recall; Series Length (S), with. seven leyels»,one for each of-

c
-

thefspansfpresented (i'e. a three. digit series tWough a nine o

o

digit series). There vere twenty-four observations per cell.

Results:. .:' : o ‘\" o e . o :7

The results of the analyses of variance are shown in
t

Table 7. There was a aifnificant deafness (D) effect‘ln OR

\

but~not in UOR.' Hearing Ss (Y =3.50;.XU R=5ﬁ2§) recalled

more digits than deaf §s in OR (xOR =2.83, Xyor =5.06). S

Overall, subjects of - both deaf and hearing groups'

recalled more digits in the ferward spans (X 3.44, XUOR7 T

?.25}.than in the reverse spans (X0R=2.8?L, U0R=5109)T

"
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- , TABLE 7 -
. ‘ Exl;ériment 3 # =]
”‘ Analysis of Variance '
- , Ordered. Unordered \, .
Source DF MS = F MS CFy
# Between ‘ _ = ’ . _
. Deafness (D) ~| 1 | 154,04 8,54 %* 16.08 3.06
% Subjects within e . . 3
.. .. Groups (R) =~ 4o 18.03 0 5.23 : .
Within ] . ' :
‘For/Rev. ~(F) 1" | 100.22 | 23.1:3%% 9.17 8.02%% *°
DF . : 1 | 7.29 1.68 . 3.54 " .3.08
" RF- .0 a6 e 4033 . "1.14 CT T
.Cueing (pre-post) 1 2.42 1.13 I 6.44 3.05
- © ) .. . ) 1 - - .
pc o1 3075 1.76 - .60 . . .003
. RC, ~ 46 o 2,14 ) , 2,11 e
, Series Length (S)° 6 | 30.25-[.11.24%% 517,13 . 327.99%*
DS . ., 6 18.80 6.98%% " 6.50 © 4, 18%*
- KS . 276 © 2,69 ’ 1,58 |
a. CF 1| -11.63 5.00%" . 1.51 1,27
" DCF- . -7 1 | .17 07 .81 .68
“RCF . ~ﬂQ? | 46 - 1232 . 1.18- ‘
CS iuy - 6 2.67 | 1.20 315+ .. 2.94%%
DCS.\F.~ =" 6 1.18 53 .40 .67
GRCST - . 276, 2,22 73 -
-, T . ..-v . o
F§ 6 3.46 1.69 1.56 2 G2
OFs 6 2,43 . 1.19 .87 1,36
RFS 276 "2.05 .64
' CFS e 1 6.72 ] 3. 15% 1.32 2.10%
DCFS 6. 2.56 1.20 1.70 2.70
. .RCFS L~@1§;;_ 2.13° | .63 ., ]
. * p'<_05 . e '0
" k% p<,01 - " .
- ".": ,-. ~
) E oy IR - N \
:ﬁ” . ~ . a u‘ ; . : v
. n% . N B
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There was a significaht,deafness by series length
interaction (DS) with both nethods of scoring (see_Figure 9).( S ) .

. ; , . { . ,
Hearing Ss recalled significantly more'digﬁfs tlian-deaf 8s
at the~5 and 6 spans in OR and at the 5, 6 and 7 spans in'

.
T - S

UOR, while dea& S8s recalled significantly more digits than~
the hearing at* the 9 span in ‘UOR. (For these significant- L -
. multiple comparison tests, see Appendix 3).i All other' -:"'

-

«interactions are outlined in Appendix 3. ' j" o

o : Discussion: . S o o A

2’4  .Overall. differences in digit span capacity between ' ..

. }\c. - o . o R ml:
— deaf ‘and héaring Ss were lessened in this experiment.‘ Hearing

.

In

A " Ss recalled more digits than the- deaf-in OR, but unlﬂke in .

Expeninents 1 and 2, there was no difference between groups

+ K4

- J“ in the total number of digits recalled regardless of orderr L.
J o q " 7 . -
-Examination,of the‘ﬁelative performance of deaf and ) .

s * . . . “

,hearinglgs_across the spans further confirms a lessening of . s

L differences in. digit span‘capacity ’ Unlike'fhe-brevious K e

.e§>9riments, ih which the deaf Ss did ‘not’ recall as many‘_

.fZZ ’ . digits at most of the spans in OR, deaf Ss ﬁEre remained ,"-
L. %
inferior at only the 5 and 6 spans. Similarly in UOR in

which deaf Ss- were inferior at- the‘S through 9 spans, deaf'gs

» . .
Y ’ b K -,

L~~~ 1Here were only inferior-at the 6, 7 and 8 spahs, but were “ e

N .
] (X2

. superior at the 9 7pan. This:marks-the only instance in all -
B experiments,that deaf Ss'showed a greater .Span capacity than %
N > . - . ! N

. the hearing. 1 P o Lo C : -

.-

e

;-ExaminatiOn'of'the-curves,in Figure 9-indicates-thatxhgi

deaf Ss now have considerably moze digits aVailableﬂfor‘Jb g P

R . - . .o~ . s

Lot
LA -

€

[

4

1
\i'
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ordering, in accordqnce with which their performance in QR

appears to imprpvéaslightly when compared with Experiments .’ - .

while that of the hearing’ appears to decrease.’

“

" L L . “_ . . - ‘ ‘ & '_ . o
—Howeupr, evén though deaf -Ss have more digits available in \
- . T ) . o ' . H ' . ‘\ . . - .. .
. . “ UOR,-*their performance in OR did not show the same striking
o o - . . ’ ©0 . . 4, * "
- [ R N . - ) - - . L N
_imprbyement._ SN ‘ . ¢
y - ' Results. here suppor¢ the hypothe51s that familiarity
wi h the stimuluacﬁet improves the span capacity of ‘deaf .
P S . .
3} . s )
L o Ss relative to hearing Ss,;at least in UOR. Further analy%es
' . lel be performed within the’ deaf and hearing groups "to ; :
°L assess theséuchanges. : ,
. R : o :
. ER 3
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-

Length (S) with seven levels, one.for each'oﬁ the'spans.

. Table 8. There was no significant‘backtapping (B)_eﬁﬂect;

‘Supplementary Analysis 1: o .

@ . ‘.' ’ - ' ' . ) ‘ . . . 7
SR o ’ gL |

Deaf - - o

v

.l/. - -~ ' ¢

The present'analysis was used to investigate the

4

-~

apparent fact that deaf S8s as a group improved their span

< 2

capacity in ‘OR and UDR in, Experiment 3. . Overall results of

deaf Ss across the three experiments were then ,analyzed to

-

assess the effect of stimulus type om span capacity., ‘In

-

addition, cueing effects were enalyzed. Results of all,

4
[

. Y &
forty Ss were used.

-

', A .
b -

Design: ) s R .

A five way analysis of variance with repeeted meaéures:

.
>

on four factors wasvused £0r both OR ané UOR. The.betWeenf
subject variable was the gronps for which Backtapping (B) -

.was used; with two levels, thoSe.whb received added épmatic

Y

'sensory information in Experiment 2, and those who did not.

There were four within subject variables: Presentation (P),.

1
P

with three: levels, regular digits .frrom" Experiment 1. (RD),. spatial"
'somatic sensory digitstrom Experiment 2 (sD), and sign lang-
uage or manual digits frpm Experiment 3 (MD), Cueing (C), with

A ~
_two levels, pre= cueing and post~- cueingp Forward/Reverse (F),,

. with tyo leyels;.forward recall and reverSe‘réeflli and Seriee

There were twenty observations per .cell,

R : . " : Sl
Results:. - R . i

The results of the analyses of variance are s%bwn in

. ‘:\'



E © : TABLE'S e | ff‘ S
: L Deaf , N );>»f : 66. - .

e
D

, - Analysis oF Varianée . .
I " ; : ; ' . Ordefed - Unordered
. s "7 . Soufce “{ . DF’ MS. F. :%s' " F .
. : . . B K “ﬁ‘?;‘
. 0 ’ ) ) - ' ,
. : . . 4 .
Between . . R b .° . ’ T “
"B - _ ) i . 1 3.04 | .01 |- .69 |  .019
Subjects within| 38 -1 30.37 T : 36.66 |
Groups (R) A . . "
Within oo : o , . 4 : -
P ] 2 87.86 19.25%% - 276.78 37.7.8%%
v BP 2 3,22 0.71 - 5. 44 N T4 ‘o
RP - 76 4.56 |- . A I 1 T
c _ 1 .| 95.01 | 39.22%% ‘ .76 .. .0399
BC - 1 1.95 | .81 * 43 .023
RC PR 38 2.42 ‘ S 1.91 |,
B R i 10.26 |. 66.59%% | . .48 .36
BF o N | 32.21 4.97 - |- 1.72 | . 1.29
RF - 38 1" 6.49 . ' 1.33 T
P 6 .~ | 41.98 .| 16.03%* 660.44 | 125.36%*
. BS ‘ 6 4.17 1.59 _ 9.99 1.895
, RS - %1228 ¢ 2.62 g 5.27 S
. pc .. | a2 8,73 3.37 6.35 2.81
- BEC o~ f 2 4,67 1.80 - 1.18 | - .52
- "RPC" - 76 - 2.59 ' 2.26
PF o 2 1.75 | .93 1.35 1.21
BPF ' 2. 4.39 5o 2.34 0 - 42 .38 .
RPF - , 176 -1 1.88 : 1.12
CF : T 2 30.67 | - 18.51%* 17.72 | 9.95%%
BCF . K B B L73 | w004k - A 5 B BRI & I
_ .RCF . , .| 38 1.66 " 1.78, AR L A
. PS ot b1z T 5097 | 3,674  44.08 |- 29.495%%
BPS S 12 1.33 .82 1.84 |, 1l1.23 -
RPS ‘ 456 1.63 7 | . . 1.49 - -
‘ cs ' 6, 2,22, 1.18’ Y 1 Y
BCs T ¢ 6 " ©3:33 1.78 . . . .65 .69
> - TRCS. . 228 ° | 1.88. ) T
. \ ! . . . . 2
L Fs 6 5.34 2.76% -l - . <1.73 1.62 .
_ BFS S I |l 1,57 .81 . - L.05]. . .98 -
RFS 1228 - 1.94 | 1.07
] v’ © ‘ K . ‘
v ) é
. s o~ - ' . o “
- N . ! ‘\., ¢
= : —
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) ) Table 8 (cont'd).

. R

— B[4
Soureg DF MS . F Ms -, ¢ F
! Y
'PCF 2 .28 .16 .16’ 14
BPCF 2 1.77. .98 1.22 1.05
RPCF 76 1.80 1.16 -
PCS 12 2.37 “i. 25 1.51 1.36
BFCS 1 12 2,19 1.16 9% . .85
RPCS - 456 1.89 1,11, -
PFS 12.{  1i86 1.19 .75 .82
BPFS i 12 2.51 1.60 1.30 1.41
BPFS 456 1.56° : 92"
" GFS 6 .88 49 1.32. 1.51
- BECFS . . 6 1.41 .79 1.08 1.15
< RCES 228 1.79 ' .94 S
PCFS . 12 3.68 2.13% 2,41 2. Gh4kx
- BPCFS .12 .54 .31 1.29 1.31
' RPCFS .~ 456 1.73 / +99 o
- o
. « oS5
¥ p< 05 . R T ‘ ’
' * & ;}S.Ol .
[] []
) L X
/ . . ry
, ) {
T . i
‘ N
> ‘ ) I
. 3 - e f \| r
e o ‘
B T ! ) \
. » ' A
) . . \ -
X, ' Voo -
‘.l. 'f"\’r '-‘ - ° \
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There was a signifigant presentation, (P) effect in

both OR anf UOR. ° MD (EOR32.67, =5, 09) produced better

UOR

- -

‘performance than both RD (fOR=2.12, i ‘=4.i3) and SD S B

UOR : . L

-
\

(Xpp=2.33, Xy,p=4k.37). I | - -

o - E K
The significant presentation by series length inter-

aétion (PS) in both OR and UOR is shown in Figure 10. 1In
OR, MD produced better performance than RD at the 5 through ' .
9 spans; MD produced better performance “than- SD at the 5,

and 7 through 9 spans; SD produced better performance than
RD at the 6, 7 and 8‘spans.(for ‘these and other multiple

comparison tests, see Appendix 4). In UOR, MD produced hetter'
perfyrmance than both SD and RD at the,SJthrough 9 spans and cLL

SD pyoduced better performance -than RD at the 7, '8 and 9 %pans. ,
s 2 Jt.

¢ © -

There was a significant cueing effect in OR. Pre- B .

cueing (i=2.545 produced hetteg performance than post-cueing

(X=2.21). :
: ‘3 k . . . .

Overall recall was greater,in forward spans’(x=2 52)

r

4 -

than rpverse spans (X=2. 23), as found in the signiflcant ma1n
¥

o~

3 _ . L,
=) fect forward/reverse (F) in OR . ) o ke _d

The results of the signlflcant cueing\py forwardﬂ/

reYErse interaction (CF) in both OR.and UQR are found in Table -
9. . 1In both casea, Porward recall was greater than reverse

recail in pre cued conditlons but noﬂﬁpost cued conditionsh

< o

All~other interactions are outlined in Appendix 4,

i

-Discussion: - . - . . .o A
‘ Interpretation of the type of presentation effect .
cduld be questioned on the basis of a practice effect AIthough -

admlnlstered several weeks apart over an eight month period,

v o ‘> . - - R

e
- : . .
e - . \"",z‘(
. " . ~ N
¢ “ ' PRI Te -~ -0
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: . TABLE 9 ,

A3
T ' '
" ) . .
Supplementary Analysis 1
L. CF Interaction’
R 3
57 I
‘ : ) . Forward . .
' O O .
' Pre-cued .. 2.78
OR B ! .
’ \ - *
- ‘Post-cued 2.25,
. Pre-cued ‘ 4,62
. . ) .
UOR '
' Post-]cue'd' 4.46
L]
“ , ' R L] t'l‘ “
- . AN
. A
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. (see Suppiemehtafy Analysis 2).

- 3 . o
Experiments 1,

order.

in performance over the three experiments.

not the case.

.

However,

»

»

-

2 and 3 were performe&?by all

-

’
<

~

In fact,

-oné would expect consistent and chronological improvement

-

“. 71‘0 .

this was

Overall results confirm the fact that per-

formance with Mé:Lgs superior to performance with the other

L

.cued condition.

two sets -of stimuli,’

-

performance between the RD and SD material,

-,I - . q:
unlikelihood that results analyzed here are cqﬁtghinated by

a practice effect.‘-

demonstrates the superiority of the MD

stimulus conditions.

qUOR at spans 5 through 9,

Close examination of the PS intEraction further

with only |

This sdperiority 1

wer the previous Q:wo

v

evident in OR and

indicating the

v

° )

e exception.

)\_"‘

This

There was no oferall difﬁerence in

’

<

confirms the 1mprhved span capacity of deaf Ss, in Experiment

3.

discrepant with the results of betweehugroup,analyses where

nO‘éignificant DCF 4nteractions were recorded.

i

< . e

-

o

L]

-

v

" The

interaction here fn@ipateslthat the forward/reverse

in the'deaf h%céuse the within group analysgsis is more

powerfuf than the between group one.

4

)

Q

That deaf Ss performe

. evident in the preecued'condit{on,

0

‘was not found in

.

[

The significant CF interactions in OR and UOR seem

o

‘'subjeats in that

if a systematic practice effect were present,

§ignificant

effect,

the post~ ,

Hearing Ss did not show the seme'éffect

<}

s\bettet]with pre than post-

‘

cued fnstruction shows that they uged a responSe directed

’

¢

.

v

r

<

o

The significant CF interaction

is probably a~ﬁqre reliable: indicator of the effect of cueing
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storage strategy. The recall strategy of deaf Ss was

contdngent on- the direction of recall demanded' When’ they

\a.

knew beforehand that forward recall wouLd be demanded, they

stored the incoming digits for. forWard recall. Similarly,

" when they knew that reverse recall would be demanded they

stored the’digits for reverse recall. A forwerdfreverse

"effect aaEﬂthen shown in this pre-cued condition because {

r . . &
.forward recall is more efficient than,reverse ,recall,

demanding less processing capacity. ~ When they .did not know.

4

beforethd what Jirection of‘;ecall would be demanded, deaf ..

Ss could not consistently and satisfactorily use a- response

'

directed storaée strategy.. The forward/reverse effect

then disappeared. This was not only true for the ordexing

’of the digite buﬁ also for the total,numﬁer.oﬁ—digits. .

K

' !)‘ o

availaﬁle_for orderiﬁg.
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Supplementary Analysis 2: . ; o oo

P The present analysis ﬁas.used to investigate the

a

24 hearing Ss were available for Experiment 3, this overall -

‘'subject variable was the groups for which Backtapping (B).was

:Table'lO.C_There-was no_ significant backtapping effecf. :?ﬁv

apparent decrease in span capacity of Eearingcgs in E#periment

. ‘.
“ . - B . R

3. In addition,'cneing effects were analyzed. Because only {

analysis was compieted'for these 24 Ss only.
Design:

[
:

A five way'anAIysis of variance with repeatled measures

on four factors was used for both OR and UOR. The between

o .

used, with two levels, those ﬁhc received added somatic sensory

L3

- information in ExperimenZ/Q—&ﬁd\Ihose who 'did not. There were-
. o )
;four,within subject variables: Presentation (P), with three

=

.. levels,-tfegular diéifs from Experiment 1 (RD), spatial and

-somafic‘eensory digits from Experiment 2 "(S8D), and sign language
or manual digits from Experimenf 3 (MD); Cueing (C), wich.two

ievels, pre—cneing-and post-cueing; Forward/Revérse (F),‘with

. -«

' two 1evels, forward recall and reverse recall; and Series- Length

<

(S), with seven levels, one for each of the spans. 'Thére_were

twelve_observatione:per'cell, ,~' ) ’ ’ ,

Resulté: ) oo , , -

9

. The results of the analyses of variance are shOWn in

Ve T e e o .
. “'.‘ o

» .

.In OR, the significant presentation (p) effect(fjg.p-

showed that RD (x 3, js) .and SD _(X=3.84) produced better

. l
overall performance than "MD. (X=3. 50)% In UOR, SD (i 3)'\

7“
\
2

,_
[ 3

oo- N Y 'P,.‘ - ) T A '._ ._'
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TABLE-10. . .- 74
Hearing ,
- Anatly'sis of _Variance"
( “Ordered ) Unorzier‘ed .
. . i ’ ‘.
" Source DF K.MS F “MS F
— ( : : ’
Betweerf- . T
B ) 1 1.096 .|~ .028 7.75 1.28
Subjects within ' ) 3 ‘ :
Gtoups-- (R) = | 22 38.88 6.04 L
- 'y : i
Within Ra s . .
P L N 19.84 Cs.25%% | 23.25 10,28%%
BP | 2 . 11,001 2.9% 3.22 1.42°
RP, . b4 3.78 - 2.26 Y
e 1 - 2.bs .87 92 1.38
BC . ‘1 v k8 Y }.19 1.80
RC - : 22 . | “3bs S . .66 .
F 1 460,004 - 61.78%% 43,75 33.20%%
BF. 1 9.04 ‘1.21 4,67 3.54""
RF 22 7,45 1,32
s 6 100.88 21.54%% || 797:43 364,08 %%
BS .6 . .66 v 141 3.12 1.43 -~
RS 132 7,45 . 2,19 -
PC .- 2 1.01 V47 1.89 7.83.
.BBC, . 2 .103 048 ©1.88 2.81
RPC - 44 2,14 .67 T
PP - 2. 8.74 3.35% 419 - L 5, 65%k
BPF.  ~ 2 . .36 14 1.09 ~ 1,47
_RPF. " 2.61 o .74 B
CF, 1 467 1.71, 11 .19
BCF 1 1,93 .34 .18 . 30.
RCF = 22 2.72 S .60 o
ps. -~ 12 .5.28° 2.34%% 3.89 ¢ 4.20%%
BPS 12 1.07 47 1.14 1.23
RPS 264 2.26 - .93
cs 6 .34 13 .78 1.31
. BCS .7 6 .55 21 1.02 1.73
- RCS 132 2.62 ) .59 :
5 r
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Tabld 10 (cont'd.) '
. P
o ) bxdered~‘ s Unordered
- N . ! ’ A < -
‘Sourqei . DF MS F MS . _Ff(

° «

N T

.dl**
LT3%

. FS . 6 "30.33 | . 13.84%% 4,07
BFS 6 W42 .19 ©1.85 ‘
RFS - | % .132 . 2.19 oo - .68 .

“u. . ’ )r\*\$ . ) L
PCF e 2 1,58 © .51 7, <. 14 < .20

L]

. BRCF °_ 2 | 4.18 - 1.36 _ S t.78
RBGF 44 | . 3.08 . .69,

[N 3 s

7

PCS : 12 | .3.91 1.68 .67 1.09
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2 .

produced better performance than both RD (X= 5 36 and, MD
2

7’

' 1] .. R N ) ‘l
‘ "There was no significant cueing (C) or cdeing by
f N— '

N . S\
forward/reverse (CF) interaction 4n ,either OR or UOR.

Y

-

v The;signiffcant presentation by series length inter-

. . )
action (PS) in both OR.and UOR -is shown in Figure 11. sD

-

¥

~.produced better performance-than bdth RD and -MD at the 9 span

< T L] .

in OR and at the 8 and 9 epaﬁ-in UOR (for these and otQer

'multiple'comparison tests, seée Appendix 5) , S

Forward/Reverse (F) appeared as-a main effect in .

both OR and "UOR. vIn both‘oases,'thiS'showed that forward

-

span (XOR=4'l7f XUOR =5. 57) was greater than reverse span

(X0R§3.22, XUOR
are odtlined in Appendix 5.

-

.28) performance. All other interactions:

7 -
-

As 1in the within group deaf analyses, the p0551ylliay

/ /‘1

Exper menés 1, 2 and 3 were, performed by all subjects in that

(¥=5.28). o ‘ o , .

fexlsts' ere that results are contaminated by a practfbe effect’ -

r ' .

ordEri althpugh several weeks apart. Results "here are not,

Q
- RN ’ : . A

-

however , consistent with this notion:- Overalllperformance ) e

-

- with MD was worse than performance.with SD and RD in OR, and

a .

SD in JYOR, Examination'of reaﬁlts acrosa thefspans indicates

that SD performance was greater than bothrMD and RD ‘at a few .

.o

'.higher-spans. CIf a ;%actice effect’ was_puresent, omne would
4 LN . ¢ .

Vexpect Mp-perfbrmange to be the best. This &gé not- the case.

" "< That performance with -MD was inferior to ‘performance

with both other stimulus sets "is not a stréking one, -Hearing

PORp

Discussion: . L C L
1 ‘ "-).

t
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g \

S5 were unfamiliarJWLth manual signs as the stimulus material.

- o e
.

. |- 4
Accordingly, they_were less efﬁicient-with the signs than -

with«the other two:stimulus sets &Alsb\'as E observed '
' 1
hearing Ss probably made more recognition errors of some.

M s . ay

ey e -

',signs which l&ok alike (eng. 3 and 6) despit -warnings in

"' .
v

pracgice sessions, -

In fact,~the most striking result with hearing Ss'

¢

was the lack of. sighificant effects produced Q{ treatment

- B R

\..'

‘conditlons. Aside from a slight defdcit in performance with
) v . .
the sign ﬂanguage digits, hearing Ss remained relatively B

’unaffected“by%treatment éonditions. This must,reflect the
nigh qé%égé of etficienci;at which‘the hearing §“m§3ti§9{k
in the'digéﬁ_span taskr ' ‘
‘e ére.and'p05t—cued,%dﬁdi%ions had'no differentiai

_effgct on the ‘performance of:héaring-ﬁs, nor did cueing

—

~ <interact with forward and reverse recallt . This. mos€ likely

\l .

means‘that hearing Ss used a etimulus direeted storage

-

strategy. That is,.regardless ofiresponse conditions, they

Stored the incoming. digit& for forward recall and hence showed

-
3

T e forward/reverse.differﬁnces in both rpre: and _post- cned -

~conditions., C : : IS - R
R N , . R - T Coa N Y. . ¥
o . . . S . °
/ . a
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‘Supplementary Analysis 3:

Serial Position Analyses . .- .
. . : At

- One 50urce of dlﬁfiCplty w1th earlfer’ findlngs

o "

concerning the aSSESSment of . forward/reverse efiec s in the

A

deaf was rnat_mean,span analysis was perf%rmed on the data.
That type of analysi's, which averages.the largest completely’

corrfect  span’ over subjects,‘ignores much of the information
) . o7 i : : - ¢
collected. Forward.and reverde differénces here are‘assessed™’

- - ~

f

4 . .0 . ) . - . LY R .
using a serial positigli andlysis of resuwlts collapsed across

"all three experiménts. Serial position énalyses were not
' * Y Co. - .
assessed separately within each experiment because of the small .

N, .

-number (i.e. only_tﬁo) of observationsfper cell, 1It,is possible

Eﬂ).-’,‘ by . . . . , ", °
“TE ’, that:this may distort the analyses but, becaJ@%’of~the laek of
dif%érence in performance o&.hearing'gs{and the relatively small

»

r

., difference in performance of deaf Ss across expgriments, this ’
i " e . , . o . . '.‘,l . -
- N T 3 N [ . R y
is not expected.. . . . ) .
. o i Lo . s
Design: o . .

v, -
Each 8 had six triaisnat_éaab span for both forward and

reverse recall throughout sthe entire study.. A two way analysis

of variance (Forward/Reverse.by Series Lengtﬁ)»ﬁ%s done separeﬁely'

.

& .
.for each of the deaf -(N=40) ‘and hearlng (N 94 groups. Mean
'J\
correct scores (out of six) were then converted to percent error

[N ‘ :
scores-at each span leVel’and averaged for forward and reverse
._recall for each of the deaf and hearing groupSr‘
\) . ’ T - . . ® ° “ (SR |

1

.. . Results: N ~ ' e
. I T ) ' . — i = T,

’ . . . , - »

e Results of the. analyses .of variance on number correct

for‘deaf and_hearing‘groups‘are.reported in'Appendrx 6. Mean

* ' M . ‘s :
.. B . o . . . ) , e o
. ; . . ar ’f -, , , ' . , . ,
P K . . N . . . .. .
- . .. . . . - -
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errors. are-'graphed fn Figures 12 through 18 for each digit

series, three‘through nipe. . Forward and reverse retall are .re-
q . - '
Ported in the serial position of presentation, For example, in

a four span reversejseries;;the fourth prééehted digit wbuld be.
. graphed in serial position 4, even thou@% it would.be reported
on the answer sheet 'in serial positioﬁ 1. ,

P - - - »

. A.summary- of the results of-thé serial position analyses
PR . P ' . “ o

’éppéaré,iﬁ~Tablé 11, ‘Statigtical sféhificandes of forward over

@

. - v . : , . -
: N oy e,
reverse span, and reverse Qver forward span, for each serial

poéition, are reported for both deaf anddhearing groupé.

- S ‘

Discussion™ : o : .

~

A primafy effect here is a significant forwardlgver'

- . .

,reverse recall at a serial position, while a recency effect is a

significant reverse oGer‘forward';ecall at”a ser;ai posigion,
Exaﬁinatiqn 0f Table.ll shows that while hearing §évshOWed.

2
"

consis'tent primacy effects, deaf Eé did not ., For- the deaf,

primacy effects were predominant in the fiqu few spans, but .
. . : N ¥ - . )

recency effects were as predominant in the later spdns. This

’

_Jifference,is prébably‘the result, of two factoms.”

First, hearing Ss have a lérger‘spanfﬁapacity than deaf

.
. - < v
LN 0

S : ) : . .
.85 and do not ghow serial position curves as soon. Figures 12
" - . [y o - -

"through 18 il}usfrate tﬁis fact, in Figﬁrgflz, both groups
showed fotwardirevensi effects at all serial ﬁositgqns, but deaf

'Ss-.made more ‘errors/, In,Figure 18, hearing Ss-showed forward/

a
| - [

reverse effects at all serial positions, while deat Ss shﬁﬁed'

? , * - -

forward/reverse éffects at ﬁhe,first:three_serial positions.

[.

The curves of the deaf begin to.indicate sériall;bsftion effecgs;'.,

. ! » . R . \ . :
as -relatively more errors. are made in' the middle of the series.
. ! y . N . ’ .
P

]
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> v In Figure 14, hearing Ss showed fbryardYréverSe effects at -~ 7

& . <A '

only the first two serial positioqs~anﬂ\e;rbrs hegan to: increase
‘in central positionéu With' the -advent of the firsﬁ gignificant
. 7 . . B . . .

- 4 -t )

.
3 ) i
b

o T ~curves. They continue to show forward/reverse-effects.rat’'the ., * -
] N - i ' ) ' ) ! . .

B M ¢ .
firstﬂ;hree serial positions. In Figure 15; hearing Ss are

recency effect (at the 5.span), déaf'gﬁ,do'shog‘éerialuposftidn

.

qiﬁost show{ng:seriai position curves. They showed forward/’

.~

*

reverse effeEf§ at. the fitst 5 sarial “positions, there bginé no

. (X}
> .

difference 4t the 6 span. Deaf Ss continue -to show sefial_

1 . * ’ . - " " v <z
position, curvés, with more pronounced recency effects. Figure 16"
" , , ) . * r ‘ ' -° . " '4 ’ o T : '
S shows the first serial position curves for hearing §s.,_beaf‘§ﬁ

‘continue, to 'show serial'positipn_curv@sfwith'eQuai primacy anda‘
o ' e . : ,‘ > ) ' [N ) . I w . . .. .
_ . * recency effects.' Through Figures 16 to 18, serial position.

. , ... - ] . » . “ .

o curves of deaf and hearing Ss’ appear strikingly similar. %b;IeL
reVerse’quns'ofxﬁoth.groups become more and more’ alike, f
fefences,still remain in thé forward spans. o R

voos

Second, this reflects the differences in storage strategies’

N < . .

.

- L ) ' ) N - 2 = .

noted before. Heating Ss store for forward é@gill and forward

: I 2 . - : ‘ ' . " L W
- pPan performance 'is consistently better than reverse. Deaf Ss,

- , s store- for both forward and reverse recall and although forward"

a _ recall is - -superior- overall, it is not consistently superior as

’

s

t, is the forward recall of the-'hearing. ‘ T C

-

..
.

- PRI v
X v

e ,i-iw" Atthough tbe,forwardyrevérse effect in the dedaf is'ndt as

e R ,,sffbﬁ'
\ .strong

as that of the hearing, ﬁhesg ahalyses offer
5 ) g > ? '

.

no support
~ ‘ AR

. . : R P I P .
RS for the hypotheses that forward span capacity ysrthe same as

- '
- é . . -

»

* o
- »

‘ f@%éfse span cap&ci;y'iﬁ the dea .‘-Tﬁéf qqher~reséafch (Blai=r
e T L , : © - ) SEE
Vo o .1257;,Fulléi '1959%) has supported thy coﬁgentioﬂiis p}oﬁéplf‘cpe -

e .*“F" B Fééplt‘of methods of énglyées USea aﬁd not_aﬁyipéféorﬁanéelfactbrs
'j " in the:dgaf. o f. ’ "‘ . f‘ '  -.'  L ' e T

- M . " ! + . -
' y; o . L. : -

I . ', ‘ ‘ ¢ . .. v
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“ °  Fimal Discussion: ° - ‘ ) ~ Lo, RS

s

Implications .of the results of this study are dis--.‘L . :
' S : o ’ 3 K - -
man’;d_coding

‘ i o .
.cussed inyréference to capacity, rehearsal,

'~ 7 aspects of short term memory. : A

'\\ . _.. , -4 . . . ' - ’
‘Capacity £ . .' \ . o
- = 3 > . . .

L S 1 The ‘major réesult of'this s tudy has~been.confirmatioh : .

of the inferior dapacity of deaf Ss as reported by Pintner . . g j’.

and Paterson (1917), B '1x\g1957), Fuiller (1959), in the - S
\ o, -
sented sequences of digibs. ,..\ N ;

-

serial recall of mfsually P

" r .

Treatment presentatlons were g erally unsuccessful in,raisidg -
3 \ + . R

”At'best <

e

_the capacity of the deaf to that

(1n Experiment 3), deaf Ss recalled
[
dlt\out regard to order as heanin
e

f the hearing

s many,digits overall

o . M
, but-remained, inferior_ .

——

. im the recall of these same ‘digi
Bl This has suggested that a major‘r

deficit of deaf Sp is their«ina 1liyy ‘to order dnformation.’ -

’

T that the span capac1tp4{/

o

"It was suggested eari
‘the deaf compared to the heariug might vary with the"timulus' e
. 4 * '

‘to the stlmulus might 1mprove‘the span capacity of the deaf
‘ € "Q_ Ly ] -

=1mportant

_however,

N
' ’

set.
important featuresﬂ
l

relative to the hearing No

LT

A

hypothe51s that added spatial (anifsomatic sensory) cues’ yere

4
.

for lack of supportlvearesults here.'

- v e m . .
L Y]

stimulus improved |

Spatlal cues and stimulus famlliarity were - c1ted as

A}
l

[y

support was found for thef

" '
-

.
- .

Support was found

;

It was argued that adding these features

but methodological reasons were- used to account

for the Wypothesi& thatuadded fapiliarity gf:the'

the span capacity of the deaf relativehto”

N
3

Q

i
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' ., ' the hearing. That treatment improyed the span,capacity of

-,
. ,,\‘ .

. the deaf ‘and gave-slight decrements 1n the span capacity of
T .’ ’ -
' the hearing / This demonstrated that span capacities of
l //both groups were susceptible to the effects of differentyal

._familiarity of the stimulus.‘ . ) .-

v -
- -

) meiliarity was-eefined‘here as frequency of.use."
'Deaf Ss encounter and use sign language more frequently than
'r,) ," hearinglﬁs;ltherefOre sign'language digits were morelfamiliar”
N ,: . to the‘deaf. H;wever; the correlative:argumeng, that regular
' digits were more familiar to'the~he;ring is not‘completely.

adequate. Deaf Ss do use regular digits 1in -day to day commerce,
N » - ‘ * ’
although probably ndt as'consistently as hearing Ss (e.g. as

in the uge of telephones). Most probably, differential effects

of familiarity of the stimulus set -on span capacity reflect
r '\; ”
. different short term, memory performance factors, such as

~

coding®processes, between the two groups. This is discussed

. ) further below (é%e Coding). . a ~ \\\
- . . . ]
. . - : R . J .
Human subjects retain mor€ ordered stimulus inform-
) 3 “ .' . ' ‘.
ation in forward than reverse recall. Presumably that is

- : : . : %
because the original stimulus presentation is itself forward. :
i X . - ‘.
) . ] . .
"Reverse recall must require additional processing capacity
. Py
. . ) -
because it j}nvolves the reordering of‘the original stimulus
presentation. Forward recall is more efficient than reverse
recall then because‘it requires less processing capacity and
_ thus «¥educes the probability'of error. o A
h\ ’ + 1 . . '- .

. It i not surprising then, that results of this study
support the hybothesis that both deaf and hearing Ss show IR
hetter forward than reverse recall., Insensitive statistical

i : ) - 4
. . o

(?,.‘:J ' ) . .

-
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andlysis in other studies (B}ai; 1957, Fuller 1959)waqd not

A}

perfbrmdncé factors in the deaf have accounted for the

.and thus show strong forward/reverse effects.
"deaf Ss.did store to maximize forward recall, there is some
. ‘ - . a2 ] .

. differences between forward and reverse recall., (‘

never before for -deaf 8s,

previous finding that there was no £orward/reverse.éffqnt‘

. B -
I AR . . v

in the deaf. ° . ' - . :

-

. The parameters of the forward/reverse effect in the
. .

. deaf. do,- however, differ from those in the hearing. Primarily’

-

it is not as strong an effect:in_the deaf. " That results from

. bl B ) ~
-

differential s.torageé strategies and ‘a reduced averall capacity.-

While deaf §s'show differential performance over pre»and-péét-

cuedidonditions,)héaring §é do not.. Hearing Ss store digits
T L ] \ *

+.to maximiée:forward recall, regardléss of response~£ondigion9(

beaﬁ Ss do
« / .

v L] .‘ ‘(/}
not consistently choose to maximize forward recal]l. :Even 1if

QOdbt that fheﬂr ordering abilities would allow for, as strong

+

Finally, examinatién of the DS interactions in OR

(Figures 1, 6, 9) demonstrates quite clearly’ that an increaée

Y, S
in’ the number of digits presented beyond the capacity of

t

both deaf and hearing S8s reduces their dyerall capacity.

This has been demonstrated for hearing Ss (Wauéh 1960), but
s Kl [
. 9 . » AN

. To sumﬁarize then, deaf §é do show éerial digit recall
deficit's when compa%éd to hearing Ss. Thei#'deficit is a ©. 0

"function of the typé of stimulus. Both deaf aﬁd'hearing Ss

show forward/reverse effects, although of different strengths,
Increasing the number of digits in the stimulus beyond the

dapaciﬁy of the Ss decreases span cap%cit& of both groups.

. o Y

o ‘ . - ’ ) . - T
| Y 2 ‘
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1]

- @ h . N N L]
where deaf Ss rehearsed different stimuli at the same time
. v — 1 :

.rehearsal certainly involve motor elements, this is a distinct

[~

W, h“ . “ LY E '- ! 9!3 .

P;idf kno@ledgeuof respongélcogditionsldoes affect éhe i&gn‘l
. - \ . : . - .
Eapacity of deaf buf,not hearing Ss. - °on S ’
" Rehearsal _//*5 L T e \" .ot
-. Aléhpugh not'pximafily concerned wiih réhearsal, ) ’ N

strafegies, this'sthdy has revealed some iﬁferesfing pdssib—.

ilities for research ‘in this area. This stems from abservations

-~

- of cumulatiﬁe'énd&groupingxmanual rehearsal strategies in the
A . rd . 4

. 1 b N . .
deaf. 0f particular interest has been some grouping strategies

»

on differenc hands. Tﬁis corroborates the observation: of

o

] . iy L . .
Locke and Locke (1971). This type of exercise, for example,

fihgerspelling two different words om different hand? at the

¢ '

same time, is a favourite game of.some deaf children. Researeh

t

investigating the relative independence of deaf S's arm

-
t

“ -

systems may prove interesting. ) Lo

., That deaf Ss use manual rehearsal systems, either
¢ L :

+

‘overtly dn the form of signing, or covertly in the form of ' - .}

[ N v
oy

-aactyliic FeHearsal, mayAafféct their performance in tasks

demiﬂding written recall.{ It may be, as noted before, that
« ' .

the actual response of writing is intenféring with recall for
deafiés;' As writing is a motor task, and as forms of manual

-

poséibility} Interference may occur because ther¢ is trans-
‘. b . - N ,

formation of informatidn from ome form (manual) to,qnoxher

o . t . .

. . . X ] ‘ . :
- (written) within the same modality. TResylts with sign digits

P 1 . , : -’ tos
in Experiment’ 3 sué%est that such interference affects .the
ordering of digits. Asvmentionqd before, deginite ordering

' B
4



a

~ '

’

deficits were still apparent -in. Experiment 3

ation, if valid has very de;i;i%e\i plications for .educational

This specul~

~ methods miig/hith the deaf involving written responses.

4

Ffurther studies designed to investigate the’ efﬁects of other

A
-

capacity.in the deaf would help clarify this issue.

3

Deaf Ss” then do maké use .of complicated manual

- ?

types -of response systems (e.g. signing recall) on span

-

‘rehearsal systemsi< These gystems are diﬁief%ntially effective

T

Codi.\'ig . ; . . . -

Mith the stimulus. material

suspect that these systems may intgract with the.modality of’

respanse réquired. . . w;.

1

"In addition, fhere“is feason’to

w

Pl

IJ‘\‘ ¢

,in the deaf are.in part a function of coding problems.

_That

h Y

comes from the-finding that deaf §s have problems in gettiné

tr

digits 1nto their memory system. }For thethearing,

o~

' or covertly vocalized.naﬁes of “the digits,

digits

© are always\correlated,with sounds and hence withuthe overtly

Y

There'is a reason to suspect that capacity difficulties"

The deaf obviously.

eannot correlate the visnally presented digit.with its.sdund;

" Deaf §s must use other modalitieés to code.

Conrad and ﬁush (1965), Conrad (1970?

1971) and Alien

(1969)Jha;e,hypothesized that'deaf Ss use a visual code. -

1

" .'$¢ did not show forwdrd/reverse effects and

i

‘extfapolatejinfqrmation with ‘equal . facildity

direction;“ Resu%ts of this’study,\however,
. o] .

that deaf Ss do indeed show forward/reverse

.Conrad and Rush based this notion on the assumption that deaf

could therefore

Y

in eithef

‘on

=3
4

-

have demonstrated

effects"

Further,

.

N

©

Ny

Fhe"s
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A

%

successive transformations performed dpof the stimulu;amitgrial

-~

’function. A dactyllic code is also a- response function,

¢

‘a dactyllic code.- R ; o ‘-".f”

these authors failed to Verify the use of yisual codes by
. ~ M r' Y
deaf Ss. The only data to support this notion is that of

\] R

"Allen'. It “has been ‘noted .that" Allen s results/are di crepant
) ', N » - l

with those of Locke and Locke (1971), and also~are not’ in;

2z ‘n' . v ool '
conSLStent wibh another hypothesis, namely one which postulates
. . " " “ta * )

The results of this study-are\consistEnt wilh a,

s
1 v . 1 @

dactyllic oode hypothesis. If memory neqessitates -a set of

. 3

’ .
then it followa that the fewer: the transformatiods, the mdre .

. ‘\
efficient ‘the, system. FeWeQ‘transformations of stimulus.

'material decreases ‘the possibility that information wmll be

o < a ’ '-_'.\

losit . or altered.’ It 18" obvious that if deaf Ss use a. dactyllic

'A

1 0
system, sign language digits would require fewer transform*'

. . - N ra - " \
[

. N . a ' ‘- *
that auditory coding‘&ystghs in the hearing“are'articulatory.
. &

in nature, one notices ﬁhat coding in_ the- hearing is a response.

. e . Lo
whereas a visual'code is not,y In addition,ﬂthe.auditory
. - . . - . A i . ,

coding'systems ofrthe hearing have certain properties, such \\“

as temporal and.sequenvialﬁones, whichuare suited for sﬁrial‘.
. . N I} . .

recall. One can easily attribute .these same properties to a -

-~ M . ' .
. / . - . : .

‘ "

dactyllic system. -Sign language is temporal in that it .

- funftions over time fand is sequential in that the-orden‘of‘\‘\ :

[y

”

siéns is critical-to functioning.‘ It is diffdcult:to

f K ) N . ¢

Iattribute'these-properties'to agvisuallsystem.ﬂ What does\

n , . . s . : - 3 iy

. * *{'?%_\ . .
' 94 1 '
.- Py , ™ o e
* * * . v “
4 & : ~A retoos
v - [ I, ) T~

'A . . VYN ., . T ' ' 9..5:

iations than regular digits, -and produce better performance.) S
Such was the ,Case. [,- S S A .
.. -\If one acceptis”"the notion of Wiéklegrén (1965, 1966)



s o,

seen,clear, howeven,‘ls'that if a éactyllic code is used by
the deaf, it 1s ‘not as efficient as that used by the hearing.',
) ‘It 1s'worth speculating then why a;dectyllic system
“would not be as_eff1c1ent as the audito:y toding system ot
‘the hearing. First, there,is the possibility thet daqtyllie;
systems'are nog usédfconsistently scress ell‘deaf §s,ia-haét.

corroborated by E's informal observétieﬁ._ The deaf'gs varied

considerably‘in their~abilities to use dvert.signs because.

o

:the philosophy of the school was such that signing was dis—_

' couragedwand in some cases~proh1bited Any 51gns used by
deaf Ss were nqt learned formally 5 through home instructiom

(except in the case of one deaf § who came from a deaf family)

but rather were.learned sprreptitiously. In this sense sign
"lapguage-is.vefy;much an,uynderground fanguage in this scheal.
Se&ond{ there exists;}he possflility.thst dactyllig systems
are.not'Fvenﬁconsistently used-w;thin any given deaf é:: |
Informal.obsérvation,byag eorrohoretes this-notibn thet ieef"
gé were not as cpnsiétent’as hearing‘Ss in the use of?recall
st;ategies._‘ngaih, this is‘not surprising given the ' fact' E

that deaf Ss are\jiscodraged from signing. Finally, the ' »
Nl 3
gpossibility exists that even a fully efficient dactyllic

‘system is not as efficient as the’ auiJ;ory system of ‘the" .
. \] : '
~hearing. This may be particularly relevant tc the sequential

‘or ordering functions of dhe two systems. The ‘channel ¢ acity

qf.the hactyllic system may.be_inferiqr Ep‘that of the

. . e . . L ““>~\~\“__
auditory system.. ‘ o o B . .
‘ 1If'deaf 8s-do use dactyllic systems,ithen it fellowsl
thst;%f one-wants to msxinize the fpssihility of:recall, ‘//:

-

' - " : ' A

’4 P ' .' ' N /
- \ / v i\ M

- e
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stimuli presented to deaf Ss should, be in a form which is.

v .

easily codable into;this system.‘ Sign language naturally

-

fits this specification. 7ij3f?§s are obviously nqte-sensitive.
;_ .. Cto thgs type of_bresentation. [In fact,ha few deaf §s’even__

.
-

.' --communicated tofg_that they recogniaed the hand of the native.
-~ . ; . - . "._ . . s . .
‘ i deaf.informant used in Experiment 3. This, withous any
q T ) R -

- prévious- knowledge bf this deaf person s involvement in’ the

~study.' This notion is obviously relevant to those philosophies'

- ~

ofieducation of-the deaf which' do not admit sign’ language. .- Y
“\’. . use 1n the classroom as an‘e%ﬁzational-and‘communieative~aid C \
. . .- ]

.It also suggests that deaf Ss w0uld have particular difficulty

N, ’

2 .
with static visual stimuli, as in reading. -As has.heen noted,
N \ oL r
X deaf’ §s-are‘on the average exceptionally poor readers. In -. . !
. » ¢ -

$ L]

. part‘ this nay be a fundtion.of memory caoacity limits on .

. their reading abilities. It may he; however, that a symbol .
“"\/ . "“:o
B §ystem premised on sign:language .itself 4s what is necessary
here,_if one assumes that certain peculiarities of sign
T . — . . ’

—Ianguage lend themselvés‘tb-adequate visual translation. .

. _ . .
3 In summary,: results of this study are~consistent with-
- ~-

~

B the hypothesis that deaf Ss use a daotyllic co ing sxstem. ,
s o — , PR
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. APPENDIX 2

Experiment 2: Ordered Recall: Cell‘Megag and Tests of S;mpie,Effects
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Eipérimeﬁtiﬁ:.Ordered Recall: Cell Méans and- Tests
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