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ABSTRACT . 4
This study examining children's ability to organize

information for the purpose of recall was designed to.control for

verbal ability differences. The participants were 10 ‘boys and 10

girls each from kindergarten, 2nd, 4th and 6th grades. A modified ///

"Simon Says" game was used to enable the children to respond to eig%;//

.Selected verbal and motor commands with an appropriaﬁp motor act. e

experimenter first read or demonstrated each of the €ight coxmands in

a random order and, after all the commands had b presented, asked

the child to execute as many of the commands as he could. PFach child

received 20 presentations of the eight commands. Results revealed

recall effects typically cbserved in studies on memory development in

vhich words vere used as stimuli or responses. These included: (1)

serial position effects, with younger children shoving more recency

and older children more primacy effects, and (2) better recall by

older children. However, since the younger—children structured their

responses in recall as well, and in the same vay as older children,

*he developmental differences in ‘amount recalled would not seem to

depend on response organization. (JMB) -
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Under the influenc? of advances in the study of memory on

»

adults (especially Atkinéqn & Shiffrin, 1971) investig&tions on
- . \ ]

the develoument of memcrial abilities have increased considerzbly

.
I

\ .
during the past decade. MQet of these investigations have ghown

young children to be at’aAcéesiderabie disadvantage. In partic-

ular, they are imputed to_han a smaller information processing

capacity (P;scual-Léone, 1970), to rely more upon retrieval £ro: s

ahort~-term than long-term men&gy and to be deficliant with rgspec1

to orgéniéational and rehearsalistrategies (Beimont & Bucterfield,

i969; Cole et al., 197); Libefty~& Ornstein, 1973; Shuell, 1%69).
.t . .

>

" While it would be foolhardy to assert that‘there Sre no'qual—
itative differéncee in the growth of memorial abilitics, an exam-
inétion of the tasks used to assess these talents may have‘been de- .
signed, inadvertgntly, to ostain sone of the effects found. For

t

example, most of the materials used in free rssall exverinents ob

. o . . . 1.
children are words; occassionally the stimuli are pictures or

objects but the responses are invariably words, eiyher sroken or '
\ 3 R a

" [ ! .
written. To the extent that organizing degends vpon the use of
‘ ‘ ) a |
shared taxononic categories or semantic features, oie would expect
. S - :

to find developmental differences in organization since it requires
time and experiernce to learn these concepts (Gexrjouy & Spitz, 1966,

Nelson, 1969). In the absence of obvious class concepts, one might

expect that it also requires. time and expepiencé with woxds in

various contexts in order to derive semantic relations which may

!

\
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be used tn associate the wordse 2n a temporary organization for

purposes of recall. These problems do not exist if cne is inter-
ested in whether ‘the child knows certain concepts and will usé
them. However, the heavy reliance upon verbal materials becpmes
problematical when one is interested in-:zhe guestion: Can

1Y ¢ b
young child crganize information for purposes of recail? Wwere, the
developmert of semantic organization is confounded witiy the develop-
ment ci organizing strategies per

r-Actiqn Seauences as _ReIponses

It is almest a truism in developmental psychology/that the

child initially represents his world via sensory-mokor;acticn se-

PN

guences and it is dossible “hat these zeguences, once, internalized,
M - 5

become organized ip terms of the common propaerties og/the motor
{

-

. L " . S
responses, in particular, the location of the action /with reference
1 .

i
to one's body. From 2 mnemcnic point of view, a person may certainly

use kinesthetic and sensory feedback to ramewber an, activity ox

event ahd the hody provides a highly structured spatial raferent
for associating all sorts of things using the well known method of
1oci. Comething like the method of loci must opeéate when you asi

a ¢child of two years of age, Where is vcur nose?/ Where's vour

!
i

belly-button? edc. ‘ /

The idea thal action seguences npay be bett%r responses than
\ « .

verbal ones in recdll seems to Lo embodied in the well-kaown game

%

cf "Simon Says". Here the child readily learns to translate a

ERIC o ‘ Jug)d

Aruitoxt provided by Eic:
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verbal command,.e.g. "Touch your nose" into the appropriate action,

.
Y

~and he or she seems to enjoy it. In our experiment, we ueged a
modifiad "Simon Says" game to stuay the free recall of eight

different actions. These are .shcown in Figure I,

. 5

In our ;tudy, we varied the modality of the command. As can
ke seen in Figure 1, we'eiﬁhér overtly performed ecach comicand or
Qé.stated them. 7Thus from the chiid's, point of view, the infor-

. . > ‘
matxqp‘yas either visual or auditory, and the response was aé
equivalent moéor act, In oxder co.make the experiment comparable

" to a free recall study,.we fifst read or demonstrated each of the

. A , ) N

eight qommands in a random order. After all of the ccimmands were)
presented, thé child had to execute as many commands as he could.

Please note some aspeécts ¢f the commands in ﬁigure~1. Fach
command c?hsists 6f an éction (verb) and an object f(or ipstrument).

]

The location of the body where the action is performed may serve as

5
»

" the basis for 2 possible mnemonic organization. Nete tha;sthe
lccatiuns have to do with the head'(e.g: tcuch nose,”shake.head,
wink eye, open mouth), the arms and tgrs; iraisé'hands, pat tunmy,
fold arms) and feet (kick foot).

A second source of crganization could lie in the actions

4 ' : :
themselves and could thus serve as a basis fororganiziny responses

in long-term memory. Xowever, it is unclear how these actions
would ke organized.

' The Experiment

°

ESmE In the main expefimenﬁ, 20 children each frem kinderyarten,
L ' BRI )
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second, fourth ano sixth grade levels in the town of Rochester,
Indiana, servedicc subjects. There were 10 girls and 10 boys in .
each age group. | /

All the children received 2C presentations of the 8 commands.
Half of the preaentationc were auditocy and half visual, and each
modality occurred for 10 pfasentat?ons in row, cheir order counter-
balanced over the children. Within each presentation, the commands
were random and twoSdifferené randon orders of the presentations
) were’used The commands were shown or spoken as deplcted in
Fzgure 1 except that the word "“your" always preceded the object
of the action, and the presentation racé was about four seconds
per ccmmand. When demonstrating thc‘commanét the expe;imentef

alﬁoys returned to the same neutral sitting position before

initiating another command.

~

) ' %
The median ages of the children (and their ranges) were 5-8

(5-3 to 6~0), 7-8 (7-2 to 8—3). g9-11 (9-3. 10 7) and ll iO (11 4
to 12-2)., They were tested 1n Dccember and January of the school
year and for convenlence} we shall refer to them as 5, 7, 9 and
ii year olds. ‘

We shall present the results on the main points of interestc

wikh respect .to age differences in recall:
(1) ‘serial position or primacy and recency effacts
(2) modnlity effects

(3) command effoct;

bl

(4) organizational strategies

P2
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Although the input order of the commands varied randomly; ;

<

‘we found typical serial position effects on recall. [he percentage
(-2 .

of commands correctly recalled for each input nosition ig shoun
. A s

for each age groun ' in Figure 2. Note that there were primacy'and

recéncy effects. .
¥, | -

. *@ne can see the developmen:al differences in these more
.! ’- . .

:5’ »
Clearly by comparing the S-year-old children vith the 11 -year~-

»

old children on the relative proportion of correct responses as

4
¢ i

. 1s shown in Figure 3. Figure 3 was obtainezd by finding, for each
“ge group, the proportiorn of correct rcsoonses for. each ros icion A
Felative to the tocal number of aorrect resvonses. {(We: have y

labelled this inverse relative difficuity since these curves are Je

@

usuaily plotted relative to total errors. We should have labeiled

the ordinate Felative percent aornpct instead.)

¥
A )

. \ A
' Figure 3 cleaxly shows that thew younger children gave relativaly

'
s

gr-oids; the older children

more recent commands than did the 1ll-y
are kecter, hcweQer, at the initi§1 and h'dﬁle éortions of the_ |
curve. These data are consistent with thase of Cole, Frankel and
“harp (1971) who did one Sf the first systematia\studies of L
. t

memory develoement using words as stimuli and responses. Thus v

serial position effects do not nqpear to depend upon the rnature of ‘

——

the response per se. (We may note in passing that ali the

children improved dver trials to some exient, although the amcunt ;

.
.
! I
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of improvement was not dramatic and that the serial position

9

curves qver trials teplicated the.findings of‘QOle, Frankel and

Q

+

‘Sharp (1971): for early trials, there is greatef\fecency and

P N

for later trials there is/more primacy, suyggesting that more
. : . N\
. . \‘
information is being traqgferred into long-term storage and that
' . ) \‘

this information may be organized.)

[

Modality Effects ‘ o 0

I

“eeing was élearly better than hearing the commands, especially

for the younger children. Figure 4 compares the performance of

the age groups for each hbdality. Note that the visual presentation

aided the younger children more than.it &id the older ones, i.e.

w

e

there was a mcdality-age interaction.
While one may ke tempted to conclude that seeing or visual
information is processedlbeéter by young children, in line with

[}

Bruner,” Olver and Greenfield's (1956) hypothesié that young

children rely more on iconic storage than acoustic storage, our

subsequent analyses and experiments on command differences suggest

a different interpretation.’ The visual presentation is less

ambiguous or vague as to vhat is being asked for and provides a
. »

direct representation of the action-object relation than deoes the

auditory command.

Commands

The difficulty of the commands per se is shewn in Figure 5.

Here we have arranged the commands on the abscissa according to

J9898
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- how difficult .they were on average wi.th ché‘most difficult on
the left. Note that this order holds for theis-ehd 7-year-old
L) :
"children but increasingly less so for the clder children.
When we examined the imprevement in performance o&er trials,
we found that imérobemenﬂ occurred only for the first féu: commands
?(codch. ghaké, fold and &at). No improvem;nt with practice was
noted for tite other four commands. .
lheése data forced us to look more carefully at the cowmands
‘as a source of devglopmental differéncés; An actionﬁhpject or
action-instrument analysis suggested that those commands which
were iche easiest ;o'pefform were aleso the least vague or ambigucus.
Thet is, with rgépect to one's body, some actions are pe£formed
on or with a feé narts while other actions apply more widely.
Acilons uhich ;re restricted in scope wéfe the easiest to recall.

Ambigquity Study

o~

We carried out anoiher small experiment tc measure the amouﬁt
‘of‘ambiguity in the commands with respect to the locus of the
ac:xo;. We asked 26 chlldre; in" a third gradg/élass in Péinceton
to tell us, separately, "for each command, “Ho&\many different way:
can you (verb) some part of your body?" The children wrote, for
each action, Ehe'number of objects ép a separate sheet of paper.

The relation between the ambiguity or vagqeness of the locus
of the action and difficulty of the commands is summarized in

K .

N

figure 6. The figure shows the number of possible obhjects given
. %

2619
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for each command bf the children and theh correlation with ease

of recall. Note that the overall correlation is quite. high and

that‘strong'positive correlations were obtained.for all groups

‘_ o except the ll-year-old children, Clearly, underétand}ng‘fully
an instruction is at issue and for some reason, the oldest children
. 3re able to disambiguate the ;ommand with respect to locus better
than children ranging in age from 5 to 10 years.

An analygis 6f the commands and éhéir Yague;ess suggests that.
younger children are more s;scgptible to'ipterference or'compeéition
of responses than are older children: Note that each command
could be viewed as having two response components: The action
and the object of the actioh. Differential forgetting out out
of short;term store could.occur for either component but more

i p&ssible objects would make it éifficult-to code the entire action
seaquence. ‘Thus the response interference would be ;n the ;oding

or the representation of the action sequence in memory and not

‘at the point of exacution.

©rqanizational . effects -
The recall protocols were examined for possible organizational
structures and developmental differences in two .ways: (1) subjective

organization (so) (as indexed by Bousfield and Bousfield's (1$65)

measure of intertrial repetitioné) and (?) hierarchical cluster

0 analysis (as measured by Frieﬁdly's (1971) diameter method on

inter-item prokimitigg).




o

First, Figure 7 summarizes the SO results. [I'or all group#
1

-

' except the 7-year-olds, a significant majority of the children
showed net positive so (observed-expected intef-trial repetiti@""‘

However, an analysis bf variance on these scores yielded a border-

&

line, p=.083, developmental difference.

For agee'S-IO, therecwere no numerical differences Qorthy Qf‘
eote; Thus, so and developmental differences in 1eca11 are nof
related except for the cldest age group (cf. Laurence, 1966, f£of
sxpzlar ?esuIEs). ‘ |

Figure 8 shows the hierarchical cluster analysis resulte for
all ‘the children in terms of modality of 1nput.' The analysis #3
as anticipated, the children structure tpeir_actions as outpg; ’
in terms of the locus of the action:

(1) by.head (wink, open, touch shake)

(2) by torso and arms- (fold, raise,” pat)

and
(3) by legs (kick)
This organization holds for either input modality'(cf. Boxleis

and Cohen, 1955) indicating that it occurs in the response outpPut

and not at input or storage. In the development of this organi™

zation, the bottleneck may be on the response side also. The
child ig restrained to give one response at a time and delay out

. of iconic or auditory store may result because of Lime due to

execution rather than coding and translation. . These issues are .

not resolved here or in the adult litereture; for that matter.
(\; i) ”.i'! )

» Q
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5o | 10.
Figures 9 and 10 show'thé ﬁierarchical str&gturgs for visual
presentation and auditory .presentation, respectively,‘for eacb
_age level. Note that the same heéd-tofso-legs grouping ex;sts~4
for all groups, with the exception of che 7-year»olds to some
.extent. In Fiéures 8, 9, 10 the number at the left for each
hlerarchy is an index of how struciured the data were. This
ihdex is called by Friendly (1971) the “root-mgqnvsquare ultra-
metric distortion%'and a2 value leg@s than .10 is considered to be
an index of low stress or a good fit. All of our values are
considerably icwer (in fact, less than .05). Furthermore, thére
¢ .
.is enly a slight developmental‘tredd,in these data, indicating
that the'youngei children organized'Lheir action sequences "as
tightly" as did the older children (cf. Moely and Shapiro, 1969).
Thug, while the ability to recall commands ;nd trans%ate them
int9 actions was developmental, the differences would not seem to

be in‘tne ability tc orcapize ger se.

\

ni
§
1]
N

-sequences as responses and direct

wWe found, using actio

] ,»-’*‘3

aucitory or visual codes as stimuli, the tyéi al recall effects

observad by other investigators on memory aevelopm;nt who have
used words a; stimuli or responses:

(i) Serial position ;fééct uith“theéyéunger children showing
rmore recency and thc.older children showlng,mor° primacy effeﬁts

and ( ) better recall by older children. However, since the

vounger chlldren structured their. responses’'in recall as well

g
e
g
-
o

W
o

t

1
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-l.

°

and in the same wéy as the older children, these developmental
) - .

. .
differences in amount recalled would no: seem to depenc. Pt

all upcn response organization. While one may have to recall

in ‘order to organize, one may not have to crganize in order to

k]

recall. ’
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Figuée Captions

l'igure 1. Modes of presentation: Visual and auditory evamples
of the eight commands used in the study.

‘F}gure 2. The percent;ge of commands correctly executed as
actions for each position of presentation input and each age
group.

FFigure 3. The nunber of commands correctly executed at each
position of presentatipn anput relacive to the total number
correct for each agé group.

Figure 4. Tﬂc percentage of commands correctly execuced for
each age'group under gacﬂ‘ﬁodality of presentation. N

-

¢igure 5. The difficulty of various cowmands expressed as the

“

percentage corroctly executed in terms of the order of

o
-

. diff;culty A B LT R The .commands are
ipdicated by the first letter of the action.
r1gﬁre 6. ‘The relationship between order of diffiéulty in recall
'ni‘and a@piguity of the locus of the command. The cérrelagions
are ragk order correlations. 'The n;mber of different commands
given is tﬁe total number of dikferent commands for ?é cﬁfldren.
Fi.gure 7. Mcan subjective orgén;zation (s0) arnd propoxrtion
| pogxtive (observedfexpected ITR's) scores for each age group.
_Pigure 8. .Hierarchical~c1uster analysis strhcture for all
children and for each presenéatioh modality. The ﬁumbef in

parenthesis is‘Friendly‘s (1971) root mean saquare ultra~-

Q metric distortion index. A value of less than .10 is considered

20018 "



» O index a good hieraréhical fii.

K
e Figure 9. Hierarchical cluster analysis results for each age
group for the visual mode of presentation.
Figure 10. Hierarchical cluster dnalysis results for each age
group for :the audi:ory mode of nresentation.
~
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PAT tummy . FOLD arms

&

~ SHAKE head . RAISE hands
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rank - exp.1
order - percert

correct -
1. kick- 96
2. raise 86
3 open 81
4 wink 81 %
S pat. 77
6- ~ fold. 75‘
7 shake 74 .-
g, touch 74
" . mean
Syr
7yr.
‘"_._9.yl'
11yr
N v
N
J
N /

ambiguity study
number of different
objects per command

wink 4
open- 6
kick /9
raise 12.

 fold - 16

patt - 17

: ;hale 19.

fouch 23

=2

.. W82 s

. .16 S

: | -.'67 S, /‘

i

A9es
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. PERGENT
AGE _MEAN SO _POSITIVE

I

5 .400 - .75 s

7 318 50

'8 446 g5

11 618 g5
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