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ABSTRACT
o v S , L : b
The present study’ focused on the exetutive control of a- cunulative _
. rehearsal, fast- ~finish" strategy...This experiment (a) extends the notion =
~of the executive function to: the case where continued use of a mnemonic. .
& ‘routine 1s a reasonable. response to. an objective change in ‘an 1nformat10n°'
)ptoceSsing task and (b) describes (developmentally) the effects of
= training-on the mainter1nce and generalization of a rohearual strategy.
- 'The results showed that adults spontaneously produced a Ycumulative.
rehearsal, fast=finish" strategy in response- to both the assessment and
: ¢°ene*alization ‘tacks while only two tenth and three twelfth graders did-
so. :All trained subjects maintained 'the'rehearsal routine dnd showed .
o ,evidence of transfer. Analyses including adults suggested that ‘the trained .
i+§;suh;ects_genezalized routine became more similar to the adult's as grade

iacrcased. These rindings were supportcd by interview and obaervation 1
data. - : :
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2
THL LXECUTIVE CGNIhOL OF MNEHONIC AClIVITY

_ One of the most 1nteresting aspects of memory developmcnt is the. child s
increasing y efficient use of certain strategic behaviors. Flavell (1970)
describes ‘this development in terms of those ". . . cognitive activities which
‘could be deliberately undertaken for the purpose of storing and retrieving
information" (p.193). Research has shown that as 'the child. matures,&he not
only begins.to .use mnemonic’ devices spontaneously, but also becomes more
.. capable of flexibily adJusting thesé strategic behaviors to varied task
demands ° (Belunnt & Butterfield, 1977 Bray, 1973;. Brown, 1975 1977,

Butterrield & Belmont 1976 Flavell 1970 1971 kellas & ButLerfield 1971)

_ Research ‘on mnemonic development has focusea on]y on the child’ s use of
- strategic behaviors for meeting the demands’ of a single task (Brown & Barclav,~h
- 1976 Butterfield & Belmont, 1971, l972 1976, Flavell, Beach, ‘&- Chinsky, o
" l966) It has not been’ demonstrated, ilowever, that children dovelop the.
~ability. to adapt ‘a single spontaneous, or trained strategic routine to at _
.. least two, different.tasks-whene—the—eﬁﬁeetive—mﬁemas4£reuazpmuap4xuﬂ4annmine<
: the ﬁame (Brown l974 Campione & Brown 1974 1977).

T

Mnen on1c Fﬂvelopment S ) e ) o -

. Litereture reviews (e.g., Flavell 1970) have suggested that over a w1de
'Jvariety of tasks, mnemonic development tends to follow four, not. necessarily
) independent, periods of chauge. . There is- an initial medistional deficiency
'.lﬂ.wblch the -child doeés not produce the appropriate micmonic spontaneously,
£ nor- can he be trained. to do so without an undue amount of time and effort.
'Furtherrore, any iuduced strategic behavior fails to- mediate recall (kendler,
Kendlier, & Wells, 1960) . - This-is followed by a period of "mediational inef-"
..“ficlency" (Ryan, Hegion,-& Flavell, 1970), where an appropriate memonic can: . .
" 'be trained ox.prompted relatively easily bur this behavior does not lead to
effective. performance Following this is a period of: production. deficiency,
._Aln ‘vwhich pronpting or training produces the appropriate skill, which in turn _
" ’1mproves performanca (Kenney, Cannizzo, .. Flavell, 1967) . The Zourth pariod of
f{_mremonlc develcpueat is characterized by rhe spontdneous.use of. strateglc
@ bzhavior.where effective strategy production results from the child's recogni-
. ticn "that the behaviors needed to meet cercain task demands are - ava*lable in
_;:nls existing reperroire of skills. For storage strategies, this oevelopnantal
. pattern has been fouud for rehearsal (Flavell, 1970; Hagen, largrave, & Ross,
;;vl973 lagen & Kirp sley, 1968, Keeney et al., 1967, .Kingsley -& Hagen, 1963),
. the u=e of oraanlz tion (iloely, Olson, Hu1Wes, & Flavell, 1969,, the use of
" ncnvertal - cues (Corsxni 1969, Corsini, Pick, & Flavell, 1968; Ryan et al
1970), selective attention (Hagen,. 1967, 1971, 1972; Hagen ‘& Hale, 1973
. .Hagen, iea cham, & lesibov, 1970), and directed or positive, forgptting (Bray,
~1973; Brown, 1974). The trend from mediational deficlency- inefficiency to:
spontaneOus productlon has been reported also for the child's use of a.
raviety of retrieval cles (hobasigawa, 19745 Ricter, Kaprove, ritch, &
Fla“ell 1973). 'In general, these data support the idea that the child
gradually acquires the ability to cope with memory demands through an in-~
cxcaslngly sophistlcated use of mnemonic bohaviors

-The child not only acquives ddditiohdL strateeic oohav1ors as he marures

but also’ .becomes capable of using strategles- appro)rwatol“.' The older child
© +both fuitiates a btratng more readily and uses. the :ﬂlecLud skill more tflcr—*
tively in resronse to a task demand. This type of mne*onlc flexibility has

'boen dtmcnstrared by the chil"s use of e.SJDQlQ ‘strategy in resoonse to a
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unique task. However, a more. general case .of strateg1c flex1bility woule

“involve ‘the transfer of a successful routine to a second (different) task

- The’ major purposes of the’ preqent research therefore, are to investi-
gate the development and generalization of strategic behavior, namely,
rehearsal and its- selective use in a relatively changed task format

Lxecutive Funcfioning

Recently, there has been an 1ncreased ihterest in the development of
memory. monitoring ahilities, especially in the monitoring of ‘strategic mnemonic

jbehaviors (Brown & Barclay, 1976; Butterfield & Belmont, 1976; Butterfield,
* Wambold, & Belmont, 1973; Flavell, Friedrichs, & Hoyt, 1970; Flavell & Wellman,'
1977; Markman, 1973; Masur, McIntyre, & Flavell, 1973). Butterfield and Belmont

(1976) ' describe monitoring as one characteristic of the executive function.
They argue that it is the function of the executive to evaluate task demands,
select and!control strategic abilities, organize; implement, and monitor

e Aucutive'Luutiues”—or—strategy_sequences**and modify behaviors -as—the-task:

“.requirements change. This notion of an "executive' has direct implications

for the present research since this 'study deals with the sequencing of a

. rehearsal routine through its selective application in a relat1vely changed
- task format: : : :

In a recent series of experiments using the .pause~-time: paradigm (Belmont
& Butterfield, 19569; Ellis, 1970), Butterfield and Belmont (1976) have reported
data which suggest that one capability of the executive's monitoring function
was to revise strategic behavior .(i.e., a rehearsal sequence) in.response to

a minimal change in task requirements. To summarize, ‘whea normal" adults were
- presented llsts of nine different letters they quickly selected an eff1c1ent

"cumulative rehearsal, fast- finish" strategy (Belmont & Butterfield, 1971,

- Pinkus & Laughery,- 11970, Footnote . 4) in response to both a position probe and

circular recall task. Furthermore, the same adults not only abandoned the
"cumulative rehearsal, fast-finish'" strategy when identical stimuli were
presented repeatedly in the same order on successive trials, but also rapidly

reinstated their strategy with add1tionar changing task demands (Experi-
ment 4). ‘

In a subsequcnt developmentnl eyperimeht, Butterfleld & Belmont (l976,
wxperiment 5) presented alternating series of changing and repeated lists of’

- words tc subjects aged 10, 12, and 17 years.:@ A circular recall task was used.

The data showed that the general response pattern of 12-year-olds paralleled

_that of adults (17-year-olds). However,-these younger subjects did not achieve.

the precision of pause patterns reported for the adults and. they were less
fle\lble at abandoning and recinstating their selected, strategy. The results

_reported for the 10-year-olds suggested that they never adopted a "cutiulative

rehearsal, fast-finish" strategy and showed little flexibility in adjusting

their: benav1or to changing task demands-. These findings, taken -as a whole, in-
dicated that mature subjects monitored their memory opcrations by selectrug and
_revising an effective strategy, and this monitoring abilitv dcveloped with age.’

Tn the two experiments summarlaed above, the subjects were required to

. ::monitor the effective -use of a "cumulative .rehearsal, fast- finish".strategy ‘
- The 'subjects discontinued its use when' the rout1ne was not needed to maintain

high -accuracy. .The older subjecis engaged in a "cumulative rehearsal, fast-
finish" strategy when required to remember new information, but términated

this activity once the material was learned.
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The tasks used’ in these experlments requ1red that the subJects either
use or nct use; a (1ehearsal) strategy. This task demand 1is viewed here -as
a-si&ple type of mremonic: flexibility siuce 'a minimum of strateyy monltorinb .
1s required to.maintain high recall.. That is, Byutterfield and’ Belmont's -
(1976, Experiment 5) task requires that the subject merely recofnize vﬁen to
' use or not use.a rehearsal strategy for a particular list. The task used in
thes present - experiment demands a somewhat' more complex type of memory:
monitoring. It also requires the selective use of a "cumulative rehearsal,
. fast- finish" routine.. That is, here, the subject must recognize not . only
"when 40 selectively. use a rehvarsal routine on items within a list, but do
-so while attempting to maintain rehearsal activity. The subjects, therefore,
;;must continuously ronitor their memonic effectiveness and maintain the ’
current state of a rehearsal set while selecting new to-be-remerbered infor-
" mation. This task requiros that the SubJectS ignore certain material to.
: .achieve high recall accuracy. .

k 1he ExperimeL

i}

-

In the preSent experlment an attemnt will be made to descr1be in a de-

u:velopmental context (a) the selection of -a "cumulative rehearsal, fast- finish"
. strategy in response to a circular recall task demand, (b) the cffects of
f-qtrategy training on the maiiftenance of an appropriate rebearsal roiitine, and’.
. (c) the degree to which traine d strateglc behaviors "enerallze to a relative;y
“changed task’ format. . - . i

The purposes of this stﬁdy address two issues. The first issue focuses
on the development and generalization of strategic behavior. [The evidence
to date suggests" :that children as young as 10.years old do not adopt spon-

aneously an efficient "cumulative rehearsal, fast- -finish" strategy in .-
‘vesponse to an 8- -item (words) circular‘recall task demand (Butterf1e1d &
Telmont, 1976, Experiment 5). Apparently this was a production deficiency
" gince these children responded readily to training (Butterfield & Belmont, .
1976, Experiment 7). .Furthermore, the specific mnemonic training received -
affected cxecutive Functionlng (Butterficld & Belmont Experimpnt 7) since
: trainéd ‘10-year-old children abandoned and reinstated their: rehearsal act1v1ty
with repeated and changing list presentatlons. This research subgcsLs tha
. training affects the executive control of strategic behavior ‘when the task
'is presented in,a malntenance format.- :
. In the presént.study e 1ntend to see whether (a) the number of ehildren
..spontaneously selecting and generalizing.a "cumulative rehearsal, fast-finish"
strategy. in response to -a.circular-recall task demand increases with age,
'(b) - children who do mnot spontanevusiy select a‘'cumulative rehearsal, fast-
finish" strategy caun be trained to. use this routine effectively, and (c) the™
generalized us¢ of a trained. ‘cunulative rehearsal, .fast-finish" strategy is
 ‘age related. That is, as children grow older, the effects of strategv'
L trainlng gradually benerallae to other apmropriatc tasks.

_ - The second isste addressed in the present study concerns -an extension oE -~

_ Butterfield and Belmont's (1976) executive control notion. They state that

~ m_ ... executive function is' exhibited when the subject-changes a control
procnss or sequence of control processes as ‘a reasonable response to an

~ objentive change in an ipformarion processing task" (p. 42). Their rescarcih

..showad 'that mature subjects could-monitor strategic activities on.a task

which demanded recognizing whether or not'to-be- rewcnbcred 1nfoxmation was
ledmed

Q
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The present investlgation will extend this notion'since here the main—
;tenance and generalization tasks demand that ‘the subjects not:only monitor
.7~ the effectiveness of a ‘trained or spontatieously produced: rehearsal strategy
T but also that .they transfer and selectively use the routine in a different o
" situation. That is, executive functioning is exhibited also when subjects
~ recognize and continuc to use a control process or sequence of control pro-
 cesscs 'In response to an objective. change in an information processing task :
demand when such a response is. appropriate. '

In the present study we will use a 6—1cem (pictures) circular rocall task
in the pause~time paradigm. . The study is divided into four phases: Assessment,
_Training, Malntenance, and Generalization. The assessment phase evaluates the
" subjects' spontauaously selected strategies. Those_subJects spontaneously
'selecting a "cumulative rehearsal; fast-finish" strategy will not be trained.
“In the training phase, the subjects will be subdivided into two groups: a - .
‘training and ‘ho-training group This subdivision will be conducted in such'a
~way as to ensure roughly equal assessment (or baseline) performance for each

- group. 'Thus, half of those subjects who did not select spontaneously .the
————_appropriate_strategy_uill_he_trained_in_its_usei__Ihe_nn_training_group_w11l

receive additional trials equal to.the number given the trained subjects,
~however, they will. not be instructed. Following either training or no
training,_both groups gill receivv a series coxf ‘maintenance (no- instrurtion)
trials :

! In ‘the - generalization phase, all SubJeCtS will bc requircd again to cir-
cularly ‘recall . six items. The difference between.this and the former three
phases is- that here the six. to-be—remembered (TBR) items are dispersed _
randomly -among, six to-be-~ forgotten (TBF) ones. The subjects must, therefore,
maintain TBR items through rehearsal vhile disregarding (forgetting) irrelevant
(TBF) information.’ Thus, rehearsal and positive forgetiing must be used in

f**mwtandem for subjects to maintain high performance.

[}

METHOD

. Subjects

The subjects weré 62 volunteers chosen from Grades 6, 10, and 12 at the
Pesotum Grade -School and Tolono -High School and nine adults from the University
of Illinois at Urbana-Champaign. - Excluded from this sample were two children
. from Grade 6 and.one. from Grade 10, two of-whom were uncooperative and one’
who took excessive time. (l.hour) to complete the first phase.of the experiment.
Complete descriptive statistics for ‘the rrmaining 8 subjects are given in
Table-1. Jone of these subjects hdd prior experience or training in a nerory

. exper’ment.

Desigg . o ' ' o

Considering the grade school children, the main design was mixed and repre-’

__sented by the factorial combination of Grade (6, 10, 12) X Group (Training vs.
o Training) ‘X Phase. -Phase 1, Assessment, consisted of 10 test trials in
"— which the- subjects were free to perform on an ad lib basis. The Group variable

"
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:fwaS'manigulated in the second or Training phase whére_half’bf the subjects in

“.each grade were instructed in the use of a "cumulative rehearsal, fast-finish'
_strategy. In Phase 3, Maintenance, all subjects; were given 10 no-instruction
‘test trials. Finally, the Generalization phase consisted of 10 test trials '
. in which the subjects performed on a task presented in.a changed format.

~In the' generalization phase, six TBR items .were arranged randomly among
six TBF ones. Thus, in this phase, Item Type. (IBR' vs. TBF) was represented

- by two levels. o

. In some anélyses, adults weré_included with th¢~trainéd grade school

. children. =~ - .

- The dependent vafiables'wéfe'average'ﬁedién pausé—time, proportion of

‘.items correctly recalled in a circular order, and five observational measures-— .

labeling,- rehearsal, cumulative rehearsal, gesturing. and cumulative gesturing.

An item was scoréd as correct only if it were recalled in proper sequence.

For the observational measures, the frequency of each behavioral response was

— summed-—over subjects—within-each—grade—for-serial—pesicions 2=6, This was

T

done- for each phase and for Iriéls 1, 5, and 10 separately.

Apparatus .

 An Automated Wisconsin General Test Apparatus.(Scott, 1970) was used.‘<Its
primary fédture was .a.1l3-window display panel.interfaced with solid state re-=

' cording equipment. Each window was a 5 x5 cm rear projection plexiglass panel

'with a shutter mounted on back. . The shutter was operated, thus exposing a

‘$timulus for 1.0 second, when the subject pressed. the window. The windows .

were arranged.in two 6-window.rows with the 13th wirdow centered below the

" second row. The windows were. 1.90 cm apart. Mounted directly below the 13th

window was a small yellow light which signaled the start of each trial. The

second row of windows was blocked during the assessment, training,:and‘

maintenance phases. g

' : ‘ S 3 N o o

Pause-times (in hundredths of. secdbnds) were recorded and printed auto-
matically. The subjects' accuracy scores were recorded by the experimenter. -
A Sony 3650-video tape recorder was used to record the observational data.

_ThisfsySténfincluded two cameras, one focused'on-the display panel and the
.other on the subject, a special effects generator and- two .WV-950 Panasonic
‘monitors. A Sony IC-92 tape recorder was used to record the post-test

interview.

The entiréjapparatus was.Hqused in .a two-room experimental suife located
in a mobile home. The subject,. experimenter, display panel, and video
cameras occupied one room, while the programming equipment and video tape

. recording-system were hidden from view in the other;

Stimulus Materials

The stimulus pool consisted of 360 different coloréd pictures of common
objects. which, in previous researcn and pilot work, were shown to be labeled
easily by preschool children. The following stimulus slides werc. made for each
phase of the experiment: Assessment-13; 6-item slides depicting objects from
the samw conceptual category with different categories represented on each

slide; Training--11, 6-item slides depicting objects from different. concep-

tual categories. It was necessary to use pictures from different categories

9



.since it was impossible to”ldcate~multiple'exempiars from vérying:éategories

without having redundant items. For the generalization phase, 13, 12-item

. "slides depiqting'six'differenﬁ exemplars from two different conceptual tate-
cgories, .were made. The categories represented in each slide were selected so
"~ that the exemwplars of each category were identified easily. The six items
" from éach category were assigned randomly to each serial position.. The only

restriction on this assignment was that a TBR and TBF item appeared in the
last position or half of the trials. o

-

A stimulus card, 61 x 18 cm, containing 12 itemé from”tWO'capegoriéé

. (animals,and toys) was constructed from 8.89 cu square pictures. These

v.pictures were arranged randomly on the card in‘two equdl rows.

Procedures -

' In ;he~sémple'of 68 subjects.testéd, two tenth grgders, three twelfth
graders, and all 9 adults were identified as spontaneous producers of a
"cumulative rehearsal,. fast-finish" strategy. Wone of these subjects received
later training. For.the other 54 subjects, 9 each.at Grades 6, 10, and 12 were

assigned to elther the,tréiﬁiﬁg or no-tralning group. Ihese groups were T

matched roughly on overall pause-time, circular recall accuracy, and sex.
. The same experimenter tested each subject individually.- The subjects
were seen for two experimental sessions -(on different Jdays) each lasting

. 25-35 minutes. - Session 1 consisted of strategy assessment.and Session 2 of .

training, maintenance, and generalization trials. .

Each subject was seated in front of (facing) the display panel and
told that he would see some pictures to remember. The subjects also wWere
told that they would receive $2.00 for participating.: The specific pro-
cedures are listed below by session for each phase. .

Session I--Assessment. LEach subject received three warmup and 10 test
trials where one trial was defined as the self-paced presentation. and circu-

*lar recall of six different items. .Thus, the child viewed picthfeS»I-G in

sequeatial order (from left te right) and attempted to recall them beginning
witn item 5, then 6, and finally 1-4. A new picture appeared when the subject

”chpressed a window. Following the presentation of the sixth picturs, the subject

was required to _press the 13th window when ready to begin rcecall. If a subject

did not complete a recall sequence, the erperimenter waited "30 seconds and
then probed to determine whether or not any additional picture= could be
remembered. A trial was terminated when either all six pictures had been
recalled or when' the subject indicated that he could not. remember any more.
The three warmup trials consisted of one demonstration trial performed
by the experimenter and two by the subject. This demonstration emphasized
the required circular recall order, not the acquisition strategy to be used.
Each subject was told that he could take as much time as he wanted since a
new picture would appear only when he pressed a window. 'Also, cach subject
was told that he could do anything he wanted to ‘help himself remember the

‘names of the pictures.. After the demonstration, th2 experimenter answered

any questions regarding the procedure. The subjec. then was told to begin
the next warmup (and subsequent) trial(s) when.the small yellow light on the

panel flashed. Ten test trials, which werelvideotaped, followed this warmup.

N
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_ categories..

Session 2--Training. The task used for training was the same as that used
in assessment except new stimuli were presented and only one warrup-demonstration
trial was given. Also, the stimuli presented in each trial were from different

<
B

1

-

'.Thé'procedufés for the training group were as follows. On the'ﬁarmub trial

- the experimenter demonstrated a "cumulative reéhearsal, fast-finish" acquisi-

tion strategy by expcsing the. first four pidtureSw labeling dnd including each

new picture in a rehearsal set. Picture-names were added to the set up through™ B

item #4. After the first four items were rehearsed cumulatively three times,

-the experimenter pointed to and. exposed the fifth and sixth pictures, labeling; .

but not rehearsing them. The experimenter then said quickly (pointing to the
appropriateewindOWS) the names of these last two items fol1owed by the first
four. The subject was asked for questions and reminded to ¢ress window #13

. when ready to recall. The ten training trials which followed were identical

to this demonstration except the subjects were required to use the reheaxsal'
routine described above. " L : . ' .

The procedures'for the no-training group were identical to those used
in assessment. The stimuli were the same as those used for the training group.

Sessdon 2--Maintenance. In maintenance, both groupé vere given 10 addi-

‘tional no institution (maintenance) trials. The spontancous subjects (except

the adults) were treated like the no-training group. These maintenance trials
were videotapgd and after the 10th trial the subject was given a 5-minute break.

.

Séééion 2-~Generalization. . The procedﬁres which follow applied to all ¥

m

‘subjects. The recall réquirements for the generalization task were exactly =

the same as?thOSG in the assessment, t:r;a:i:n:i.:;lg,v and maintenance phases. However,
the task demand was changed. E&ch subject self-presented 12 different pictures.

‘Half of the pictures (six) were from one conceptual category and half (six)

from another. " The subject was required to circularly recall six'gxemplars from
one of the categeries. The_experimen;er_gnnouncéd the category of TBR pifctures

before each trial began.. The subject was® instructed in the meaning of categpry |
membership and_then given three warmup and 10 test triaIs.f ' v :

.

After the break, the subjé;t was reseated in front of the aﬁpérat&s; ,
The 61 x 13 cm stimulus card was .presented and the experimenter explained the .-

- notion of_category'ﬁembe:ship. _The expérimenter then dempnstrated'tﬁe,ci:cular .
recall of six exemplars. from one category. The subject’was then asked to .circu--
larly recall the exemplars ‘of the other category. Throughout this presentation,

the experimenter emphasized that the:subject would be réQuiréd'to’rénénbér_only
the exemplars (TBR items) from one catégory.-‘The_subjecp}was-tbld ‘that the
other category members (TBE items) cquld‘be”forgottenks;nce'he would not be

- asked to recall them. The suhject was then oriented towards the display panel

and told to begin the watmup trials vhen ‘the yellow.: light flashed.

- . s [ . ' : . '
Three warmups were given and procedural errors were corrected. The ex-

‘perimenter did not instruct or prompt the subject to use a Wcumuiétive-rehearl';

sal, fast-finish" strategy on TBR information. The subject was told that he

' could do anything he wanted to aid memory. . The warmup was followed by 10

test trials which were videotaped. After the 10th test trial éach sub ject

"was interviewed.
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Post—test Interview

o In the post~-test 1nterVLcw each SubJeCt was asked - a number of qucéstions
. to determine whether or not he was. aware of his strategy usage during generali-
° zation.' The :grade Schoolers answers were tape recorded. :

Observatlonal Mea5ures’ 2

' oL \‘ < ) . °

_ The observational measures ‘were recorded from the videotapes of the asse§s—
2" . ment, mainterancz and generalizatidn phases' test trials. .The purposes of. thése
neasures were to determine whether or not observed strategic:benaviors corre--
> . ' sponded to pause-time patterns and to extend earlier findings (i.e., Flavell®
et ali, 1970) to the context of the pause- time paradigm. Furtner, bince the
preseut .investigdtion deals with the seleefive use- of a specific rehearsal
»strategy, the observational daty could support conclusions based on .the pause
patterns found for TBR and TBF information during the generalization test phase

In order to check the reliability of.the obserVed ‘‘ahaviors, two judges
1ndependently scoréd Test zrials 1, 5; and 10 for four subjects in the train:ng
and no-training® groups’ in rhe assessment maintenance, and generallzation phases

of the experiment. The 1nterratcr reliab*lity coefficieut (IRR) was computed as:

o e - Total number of 1nter3udge agreements
IRR (% ”
( Total\number of observed behaviors X 100’,

2

vhere, : : ‘
. Total number of interjudge agreements = .
Total numbeér of observed behaviors , -
Total number of disaﬁreements. .
Disagreements occurred when the judges recordcd different anbers of behaviors
or classxfied the behaviors differently v

T e . .ail RESULTS AND 'DISCUSSION S

In the 1nit1al set of analyses, three dependent variables were considered:
Average median pausc-time, proportion. of.items correctly .recalled in a circular
order, and proportion 6f items correctly gecalled ignoring order. As the
= obtained results .for the. latter two variables were similar, only the analyses
« for- ordered recall’ (hcnceforth réeferred to as proportion correct) will be pre-
sented Further, in a. preliminary set of analyses,>only one h1Uher order
'1nteract10n 1nvolv1nb sex was- found reliable. 2 Accordingly. in the rcported
analyses, sex was, not 1ncluded as a factor P s

- The results are’ reportcd for anal Tses involvin phases and item type' ,
' 'aeparatelyf Adults were included in some analyses since their assessiment phase
2 pause-tlme pattern dcfined an '"optimal" rehearsal strategy’ for achiev1ng high
" recall accuracy, thus an appropriate routine to be trainef. Also’, the adults'
" generalization phase data established that -task as a useffil one for assessing
" transfer effects since their pause pattern was.highly similar to that . found in
assessment (Brown,,1977). Their data, while berving an’'illustrative purpose,
cannot be compared direculy with the younger (untrained) subJeth since the
adults were draun from a select population

N . . . R ; D . . 3
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" ‘Assessment phase analyses. Inspec¢tion of the assessment phase pause

v patterns revealed that while the adults spontamneously produced an effective \
- 192% correct recall) "'cumulative tehearsal' (items 1-4), 'fast-finish'" -
7 (items 5:and 6) strategy, only two tenth grdders and three twelfth graders
- did so. ' : ' o : o

f, _ Considering nonspontaneous subjects, an analysis of assessment phase pef—
.. formance was done to (a) check the original comparability of the training and
«:no=-training groups,- and (b) determine whether.spontaneouSly.selected;stratggiegm_

. differed among grades. A Grade (3) X Group (2). X'Serial Position (6) mixed
' analysis of variance (ANOVA) was conducted on the assessment phase pérformance.

.\"-,'S-\

< The groups were assumed-to be equitably matched since no Group, Grade X:Group,

ffﬁof‘Group“X'Serial“Posittdn“effects*weré;found-for~eiéher—pause=51mergi—9¥c=—~~ —
o poytibn correct, all Fs < 1.0. : o o Lo -

RN Assessment phase pause patterns suggested that the selected strategic

" routines .for sixth, tenth, and twelfth graders were similar since the Grade and

" Grade X Serial Position effects-were nonsignificant, both Fs = 1.0. :The typical,

-~ pattern showed low, relatively constant pauses after items 1-5 with a long .
‘pause ‘after item 6 éPbst hoc analyses (Scheffé, 1959)° showed that the pause-

.. times after each of items 1-5 were significantly less than afteggitem 6, all

* 'F's, >.18§Q¢bﬁ,§@u05 for all. T B Co

) - - -

o “~f§%~93 - S : : : J".w MO
. The effﬁpﬁiv&ﬁéssfof these subjects' behaviors varied, however, with grade.

The Gradé»gﬁqjdiaﬁe X Serial Position effects were reliable for proportion
»°. cofrect, F (2,48) = 21.90, and F (10,240) = 5.77, respectively, p < .001 for
both. - Post hoc analyses indicated that tenth (X = .84) and twelfth (X = .84)
graders recalled significantly more items than sixth graders-.(X = .60), ST
F'(2,48) = 10.95, p < .05. Post hoc tests revealed that while both the tenth’
.~ and, twelfth graders' recall was signiffcantly higher than sixth graders! at
“serial posiEion 1-4, smallest ¥' (10,240) = 20.33 p < .05, there vere no grade
- differences at positions 3 and 6. - : ' :

. ) These proportion correct data replicate earlier research which showed
_ that .developmental recall differences occur in-thé primacy,”or earlier, portion
. - of the serial position curve (i.e., items' 1-4 here, Ellis, 1970). The primacy
" .differences.repoi;ed here and elsewhere aré assumed to be attributed to a .
T° rehearsal deficit in the young subjects. Note, however, that this proposed
.rehearsal deficit wag not evident from the data presented for‘pause-times.'_
It appears that while the older and younger Subjects pause patteérns were
" similar, the. older. subjects activities facilitated recall more than the be-
. havicrs adopted by the sixth graders. :
_ -In'genéral,.thesé result§ are surprising given Butterfield and Belmont's
. {1976, Experiment 5) data. They reported that seventh gradexs spontaneously
. adopted a ''cumulative rehearsal, fast-finish' strategy on an 8-item circular
recall-task, while here on a 6-item task, tenth and twelfth graders did nhot.
The only apparent differences between the two studies, other than the number
of stimuli used, are that Butterfield and Belmont presented words, whereas
.. ‘pictures were used here and an explicit recall readiness instruction was given -~
. 4n the presght experiment. .It is not clear from the present data how these
. differences could account for the discrepant developmental treiids found. One
. reasonable explanation would be that the small number of pictures-presentéd”

\)j . :" - "4 18 Coa




) g;gders’,.gxpecfally fop the first items seen. .- v

11 R

here did not prompt the older subjects to use a Ycumulative rehearsal, fast-

finish' strategy since .they could maintain high recall without using such'a

routine. Nevertheless, without further study, it can only be stated that the
tenth and twelfth graders' adopted strategy was more effective than the sixth

1
“t

Overaii'ANdVA for pause-time. Consider next the overall Grade (3) X

~Phase (3) X Group (2) X Serial;POSition.(G)ianaleis designed to evaluate the

effects of training on the mgintenahce and generalization of a "cumulative re-
hearsal, fast-finish'" strategy. o ' "

The main effects for Greup F (1,48) = 10.77, p < .02, Phase F (2,96) =

8.40, p < .001, and Serial Position F (5,240) = 36.60, p <..001, were signifi-

cant as were the first order interactions of -Group X Phase, F (2,96) = 13.60,
Group X Serial Position, F, (5,240) = 21.37, and Phase X Serial Position,
F (10,480) = 45,88, p < 001 for all. Each of these effects were involved in

the significant higher oxder interaction.of Group X Phase X Serial Position,
F (10,480) = 31.22,.p < .001. Ihis effect is illustrated in Figure 1, panels a-c.

. In panels a and b, it is seen that the originally matched groups differed
in their w.aintenance phase routines. A Grade (3) X Group (2) X Serial “Position’
{6) mixed ANOVA on maintenance phase pause-times revealed a significant Group X
verial Position interaction, F (5,240) = 55.81, p < .001. Trained subjects
showed ifitreased pauses after items 1-4, and rapid responses after items 5 and

. & while &htrainéd subjects tended to respond with short, constant pauses

behaviors.

throughout. These data support the conclusicn that trained subjects maintained
a "cumuylative. rehearsal; fast-finish" strategy without being prompted to do so.’

In the generalization phase, panel c, the training group (X = 3.19 secs.)
continued to pause loager than the no-training group (X = 1.56 secs.). To verify
this result, a Grade (3).X Group (2) X Serial Position (6) mixed ANOVA was con-
ducted which indicated that the Group, F (1,48) = 14.73, and Group X Serial
Position effects, F (5,240) = 4.99, p < .001 for both, were reliable. Post hoc
analyses on the Group X Serial Position effect showed that trained subjects
paused significantly longer than untrained subjects at serial positions 4, 3,
and 6, -smallest F! '(5,240) = 19.76, p < .05, while the pause-time differences
were nonsignificant at positions 1, 2, and 3. These results support the conten-
tion that instruction affected the trained subjects' generalization phase

An additional important finding is suggested by comparing panels b and ¢,
and a and ¢ of Figure 1. In panels b and.c it is seen that the trained
subjects modified their pause pattern from the maintenance to generalization
phase. A Grade (3) X Phase (2--maintenance/generalization) .X Group (2) X .

* Serial Position (6) mixed ANOVA revealed a significant Group X Phase X Serial -

Position interaction, F (5,240) =.36L35,'g_< .001. This effect supports the
visual impression that the trained subject's generalization phase. pause pattern
differed from that found during maintenance’ in at least two ways. First, these
subjects continued to pause increasingly longer after items 1-4, but their
their pause-times after item 4 were significavtly shorter, ¥' (5,240) = 282.27,

‘p < .001, in generalization; and second, in the generalization phase, their

puuse-times after items 5 and 6 weré significantly longer, F' (5,240) = 51.00,
and Ef (5,24C) = 42.}?,_respectively, p < .001 fer both, than in maintenance.

[
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. " A comparison of panels a and ¢ shows further that the trained subjects'

. generalization phase performance was also different from their assessed be- . _

~ havior. A Grade (3) X Phase (2--assessment/generalization) X Group (2) X S
Serial Position (6) mixed ANOVA revealed.a significant Group X Phase X Serial '
position interactiom, F (5,240) = 3.43, p < .005. Follow-up tests showed. that
the trained subjects' pause-timés were significantly longer in generalization -

. at serial positions 3, &f‘and 5, smallest F' (5,240).= 12.10, p < .05, than in .-
the assessment phase. A Similar comparison at item 6 was nonsignificant.

It appears from the results reported above that the effects of training
are understood not only by comparing the maintenance. and generalization )
phases, but alsc by describing differences between assessed and generalized
pause-times. The;efore;.these'findlngs address two issues. FPirst, training
éffects transferred to a task-presented in a somewhat changed format, yet. a

- the form of the generalized pause pattern was somewhat different than that"
___traiped;.and.second, the gerneralized effects of training were also evident
from a comparison of the assessment and generalization phases. F C

PR Y R e

E " In the results reported thus far, training did not appear to differentially

affect the performance of sixth, tenth, or twelfth graders. However, a reliable ~
- Grade X Phase X Group interactiom, F (4,96) = 2.57, p < .04, was found. This

second order interaction, while being the only effect involving grade, . revealed

a developmental point of interest. That is, in a Phase (2-maintenance/

generalization) X Serial Position (6) ANOVA; the trained sixth graders'

generalization phase pause-times (X =_2.67 secs.) were significantly less

than those reported for maintenance (X = 4.32 secs.), F (1,8) = 21.06, p <..02.

In similar analyses involving trained tenth. and .twelfth graders, the_phésa main

effects were nonsignificant. ' _ o o '

These results suggest that among the training groups, sixth graders did
not continue to use as active a mnemonic routine as the older subjects when - £
the task format.was slightly changed. These data,. however, are only weak =~ IR
evidence of differential effects of training over grades. = : ‘ '

Ovetall ANOVA for proportion cofrect.; The effectiveness of.training a
specific rehearsal strategy was evaluated by a Grade -(3) X Phase (3) X Group- (2)
X Serial Position (6) mixed ANOVA for proportion correct. ' : '

v

The main effects of Grade, F'(2,43) = 20.36, Group, F (1,48) =.10.71, and. :

. Serial Position, 25(5,240):= 32.24, p < .001 fof_all,_weréTFeliahle. Post hoc =~ -~
_analyses indicated that subjects in Grades 10 (X = .82) and 12 (X = .83) recalled

significantly more items .than did sixth graders X = .61),.§'Ai2,48) = 30.62,

P < .01. The group effect showed that the trained subjects' (X:z-:81) recall
" was reliably higher than the untrained (X =-.70). Also, recall was signifi- ‘

cantly better at serial positions 1, 5, and 6, than at positions 2-4,- smallest.

F' (5,240) = 13.85,"p < .05. This finding replicates previous research in that

items which, by task demand, need to be recalled first, are remembered better

than those which need to be recalled last. ' .- l o

: The first order- intcractions of Grade X Serial Position, F (10,240) = 5.21,
Group X Phase, F (2,96) = 9.76, Group X Serial Position, F (5,240) = 3.39, and
Phaqg X Serial Position, [ (10,480) = 4.89, p < .002 for all, were also. ’
significant. ' L ’ ’
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. Corisider first the developmental effect associated with the Grade X Serial |
. Position interaction as illustrated in Figure 2./ It is seen that for each

Insert Figure 2 here | .

Vo grade, the proportion of items correctly recallled decreased significartly /
from positions 1 to 4, smallert F' (10,240)-= 63.67, p < .01, yet remained
high at 5 and 6, and that the difference betweeén the recall of tenth and twelft
graders in comparison to-the subjects in Grade| 6, varied over serial positipns

1-6. The post hoc.analyses showed that subjecits in Grades 10 and 12 recalled

Ny

significantly more items at each serial position than did sI%th graders, sSmdllest— "
. E' (10,240) = 12.04, p < .05, and-that this recall difference was greatest for ' '
" items at positions 1-4. These results replicate earlier research findings

(see Ellis, 1970, fgr a.review) which have shown that developmental recall dif-

ferences are most evident- for information which needs to be maintained longest R
~ through rehearsal. .. ' .

.Ngxt consider the results asspciated with the significant Group X Phase X '
"Serial Position 1nteréction,<£_(10,480) ='4.38, g_<'.001; which is depicted in
Figure 1, panels d-f. ) . T '

Panels d and e show that while the groups did-not differ in the assessment
phase, the proportion of items correctly recalled during maintenance varied at
{ each serial position.. A Grade (3) X Group (2) X Seria} Position (6) mixed.

! " ANOVA on the maintenance performance revealed a significant Group X Serial “
Position interaction, F (5,240) =8.47, p < .001. Post hac a@élyses-showgd ’
that supjects trained to use a "cumulative rehearsal, fast-finish" strategy
.recalled significantly more items at each serial position than did -untrained

. subjects, smallest F' (5,240) = 20.15, p < .01, and that the recall differences

were greatest for items at positions 1-4. N P

This conclusion-was supported further by the results of a Grade (3) X Phase
) (2-—assessment/maintenance) X Group (2) X Serial’ Position mixed ANOVA,since a
significant Phase X Group interaction, F (1,48) 42,09, p < .001, was found.
While the training (X = .76) and no-training (X = .77) groups' recall was similar
in the assessment phase, it varied during maintenance (X = .87 and .66 for the’
training 4nd no-training grougps, respectively). ' '

. Note, hdwever,.that no Grade X Phase or Grade X Group X_Phase_effects
were found. Thus, while instruction improved the recall of trained subjects,
the Yeffects were similar for each grade. In addition, the Grade main effect
‘was also significant, E.(Z,AB) = 13.51, p < .01, indicating that the .overall
assessment phase- performance differences between sixth, tenth; and twelfth
graders remaified even within the training group.

_ In the generalization phase, (see panel f, Figure 1) the training group
. (X = .79) continued to recall more items than the no-training group (X = .68).
A Grade (3) X Group (2) X Serial Position (6) mixed ANIOVA conducted on the
generalization performance verified this group difference, F (1,48) = 4.24, ‘ .
b p. < .05, and showed further that the Group X Seridl Position interaction was .
significant, E (5,240) = 3.09, p < .01. . Again, post hoc analyses indicated .
that trained subjects recalled more items at each serial position than un-
' trained subjects and the differences wexe significant at positioms 2, 3, and
4, smallest F' (5,240) = 11.05, p < .05, but not at 1, 5, and 6. These results,
together with those reported for pause-times, suggest that the generalized
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» routine used by trained subjects was more effective than the strategy adopted
by untrained subjects. . ' o

. ‘The arialysis of generalization performance also indicated a reliable . o

Grade effect, F (2,48) = 8.26, p < .01. Post hoc analyses showed that both. . b
- tenth' (X = .80) and twelfth (X = .83) graders recalled significantly more items : o
~ than did sixth graders (X = .58), F' (2,48) = 10.95 and -14.14 respectively,

P < .05 for both. Furthermore, there was a significant Grade X Serial Position,

interaction, F (5,240) = 2,19, p < .02. Subsequent follow-up tests showed

that tenth and twelfth graders recalled wore items than the sixth graders at

sarh serial position, smallest F' (5,240) = 11.17,"p < .05, and the dif- _

ferences were greatest at positions 1-4. These results suggest that thé over-

. all developmental r;écall differences reported fc d‘i‘“‘thé‘assessment%nd*-ﬁtéimenaaée«-~-~¢-~--_--m..w_-._.-
_phdses were again apparent in the generalization phase. ‘ s

_JIn _general, the results reported for pause-time and pioportion ‘correct
support the .conclusioms that (a) a trained "oimulative reheaisal, fast=fhmtsit'—
strategy was maintained and used by sixth, tenth, and twelfth graders, (b) con~
sidering only pause-time, weak evidence suggested that the effects of training
transferred to varying degrees over Grades 6, 10, and 12, (c) trained subjects

. weré more effective in meeting the generalization task demands than were un-

trained ones, and (d) the initial developmental recall diffe?ences-bgtweenf
~ thg older, Subjects and the sixth graders remained even after training and in )
the generalization phase. Therefore, it may be assumeéd that even though the
" sixth graders used the trained stratégy, they were-not able to use it effec-
‘tively erough to ‘eliminate the initial developmental recall differences. The
. proportion correct results supported this interpretation since the trained -
» sigthigraders'_réqall was lower than the older subjects' in both the main-.’ .
.tenance_and'generalization phase but higher overall (although not significantly)
than that found for untrained sixth graders. -

.

A

Analyses‘includingﬁadults.' The next set of analyses involving phases in-
cluded the traiming group plus adults (T.+ A). These analyses were done _ _
since they (a)'addrgss the developmental question of whether or not the gener- ) T
‘alized use of a trained toutine differs across grades in comparison-to an adult
norm, and. (b) provide an in-depth look at the effects of training on generaliza-
. tfén task_ performance. Accordingly, a T + A (4--Grades.6, 10, and 12 and adults)
X Phase (2--assessment/generalization) X Serial Position- (6) mixed ANOVA was .-
conducted on the, pause-time and proportion correct data.

v Considering pause-time, the main effect for T + A was nonsignificant. “This
result indicated that subjects in Grades 6, 10, and 12 and adults did not differ
in the overall amount of time spent pausing after each stimulus item. However,
the T + A factor interacted significantly with Phase, F (3,32) = 4.84, p-< .01,

" -and Seriat Positiom, F (5,160) = 12.67, p < .001l. Additionally, each of these
effects were involved in the T + A X Phase X Serial Posizion interaction,
. ‘F (15,160) = 1.83, p < .03. This second order effect is illustrated in
' Figure 3. : : : : . o

N . - am em mm e em am = = am
»

This'figure shows that .the adults not only spontaneously selected a
s ‘'cumulative-rehearsal, fast-finich" strategy in response to a 6-item circular '
', task, but also generalized and used the routine in a changed task format. The

'
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;_data for théysix;h, tenth, and twelfth gradérs;are_quite/differént'ahdsrepresént
two interesting-findingS. ~First, as reported previously,~the training group

. did not initially adopt the routine selected by the adults; and, second, the’

. 'generalized routine used by the twelfth graders was most®like the adults,

- followed in similarly by the tenth graders' performance. The sixth graders':
pause pattern was the least similar to the adults'. . .~ :

‘A comparison of thé assessment :and generalizafion phases .suggest that

.- following training and waintenance, the tenth and twelfth graders modified.

their strategic Behaviors in a more systematic way than did the sixth graders.
These data suggest that the magnitude of the transfer effect was reflected in
" theé degree of similarity between the shape of each grade's pause'patterp and -
that found for the .dults. ' Post hoc tests within the generalization phase '
indicated._that the grade schoolers' pause-times did not differ significantly -
- from the adults' at serial positions 1 through 3.. Analysis at position 4
 .showed, however, that the sixth graders' pause-time was significantly shorter
~_than the tenth and twelfth graders', smallest F' (15,160) = 9.95 p-< .05. At

74_pe$i%ioa—5, a similar analysis revealed that.the sixth graders' pause-time

- /§las significantly shorter than the twelfth graders, F' (15,160) = 10.70, _
' _EF< .01, while the tenth graders paused significantly longer than the .adults, . -
F' = (15,160) = 23.11, p ¥ .0L. - The sixth add tenth graders' pause-times at
serial position 6 were significantly longer.than the adults', F' (15,160) =
11.67 and; 24.23, respectively, p < .01 for both. Furtherimore, the tweifth
graders' pause-time at position 6 was significantly shorter than the tenth
graders’, F' (15,160) = 16.18, p < .05, bat nogt reliably different from. the _
sixth graders or adults. These results -confirm.the visual impression that the
older the subjects, the more similar thein.pause;patferns were to the adult

1 . .

. Analyses of the proportion correct data suggegted a'pattérn of results
similar to those reported for-the grade school children alone. That %;, the

older the'subjeét (adults, Grades 10 and 12 vs. Grade 6) the more. items recal¥¢g;k

especially in the primacy portion (items 1 - 4) of the serial position curve.

b

. . . <2 P . . .
To summarize, these results suggest that ¢a) :the sixth graders' geuncralized.

strategy was least like the adults' as well as the least effective for main-
taining high recall, (b) the twelfth graders'-generalized routine was the most
. similar to that found for adults, -and (c).the—tenth,graders' gquralized
" strategic behaviors, while facilitating recall, werZ less similar to the

adu;ts"than the twelfth graders'. This lattér finding implies fur;her fhat

. the tenth graders adjusted their response pattern during generalization by
increasing their pause-times at items 5 and 6 to maintain high accuracy.
. ) . o

These data suppoft'the'conclusion that training'affegfed the exccutive
“monitoring of. strategic behaviors. The; gnalyses including the adults sup-
gested these effects wete apparently greatest for tenth and twelfth graders.

e

Analyses Involving Item Typé
._ -. Ead .
The analyses of the item type data address two issues: . (a) selective
use of strategic memonic behavior, and (b) the_ generalized effects of training
‘on the selective use of a “cumulative rehearsal, fast-finish" strategy. To

evaluate these issues, a Grade (3) X Group (2) X Item Type (2) X Serial Position -

' (6) mixed ANOVA was done for the pause-time data.

‘a

' . - : ) ‘{q

G, -
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.~ The ANOVA revealed that the Crade main effect was nonsignificant, . S
F (2,48) = 1.06, p < .36, as were all interactions with Grade. However, the . .
Group F.(1,48) =12.81, Item Type, F (1,38; = 35.10, and Serial Position effects,
_F (5,240) = 7.94, p < .001 for all, were significant. . Further, each of these
.significant effects were involved in a reliable Group X Item Type X Serial.
‘Position interaction, F (5,240) = 4.71, p < .001. Figure 4 illustrates this
effect. . It can be seen that for TBR itemg,'trained'5ubjects paused significantly
longer at serial positions 3, 4, 5,and 6 than did .untrained subjects,smallest
‘F' (5,240) = 20.39, p-< .01.  Also, the post -hoc tests indicated that”the no-
¢ training group did not pause significantly longer after TBR than TBF items while
" the trained:subjects did so at serial positions 2, 3, 4, 5, and 6, smallest
" F' (5,240) = 14.21, p < .05. : ' ' _ ?

[
v
Pty e

= . , e
- ONDRIN

_ These results indicated that "cumulative rehearsal, fast-finish" training
affected generalization phase performancé—inrthat—ffaiﬂed~sabjectsiclearly dif-
fefentiated TBR from TBF items while untrained subjects did not.

Consider the above in light 'of the earlier results, which showed that '

~ (a) while the trained sixth graders' generalized performance was different from .
that found for untrained,SubjeCts;'their pause:pattern/yas the least similar to
the adult norm, (b) these same sixthigraders' recall was significantly below
that found for tenth and twelfth graders, and (c) all;traiﬁed subjects (regard-
less of grade) pauséd reliably longer after TBR than th‘iteus. " Taken together,
these results suggest that training affected’ the sixth graders in a "general,"
non-specific way since their item type treatment was similar to that found for.

: .older trained subjects, yet guite different than .that reported fbr'uptrained
subjects. ’ ' : ol :

e

o

The findings discussed above suggest that training a "cumulative rehearsal,
fast-finish'" :strategy affected the executive function in two important ways.
‘First, training affected the manner in which subjects treated TBR and TBF items.

~ This result indicates that -item selection, as a mnemonic behavior controlled '
by the-.executive, was modified by training. Secend, ‘'since no grade. effects
or interactions involving grades were found in the Item Type " analyses, training -
- affected each grade's selective behavior equally. This latter point -is R
especially relevant when considering the sixth graders since training affected

their generalized performances but not in a way comparable to that found for

the older subjects. . . . & EE T o

In_general summary, the analyses involying phases and item typeusuggestéd
. that while the adults spontaneously adopted a" "cumulative rghea;sal,'faSt—
finish" strategy and gemeralized it to a changed task format, tie performance :
of the trained and untrained subjects in Grades 6, 10, and 12 presentéd.a
different picture.  For the nine subjects in each .grade who were not ttained,
‘the results showed a generally decreasing trend in average median pause-times
over phases. Within each phase, especially during maintenance and generaliza-
" tion, the untrained subjects' pause patterns were low and variable. Additiomally,
in comparison to the trained subjects in the maintenance and generalization
' ‘phases, the no-training groups' recall was lower at each serial position. Tor
the training group, the maintenance phase data revealed. that all subjects, ’
" regardless of grade, continued to use the trained routine which improved their
¢ 'recall. In the generalization phase the trained subjects modified their

\‘l ‘ . . - S - .
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" maintenance phase patterns. Based on_analyses inciuding adults, ‘the -modi-

fied patterns showed that the sixth graders' generalized patterm. was. variable
but generally increasing over serial positions. The tenth and twelfth graders
_pause-patterns and recall :data suggested that their generalized strategic
routine was used effectively ,and further, the similarity of the transferred

. r0utines ‘became more similar A an adult norm as grade increased

The item type analyses supported and extended the results reported for
phases in that training affected the selective treatment of TBR items. The
training group not only spent more time.than the no—training group on TBR
items but also selectively-distributed their responses differently over serial
positions. The untrained subjects' response patterns for TBR and TBF items
were similar--both being flat. : S

'Qbservational Data -~ .. - T T —*ﬂl T - f”’-f”""

4

Pteliminary 1nspection of the data rcyealed no differences in the observed
response patterns over irials 1, 5, and. 103 therefore the behavioral frequen-

T"T"ciés were averaged for serial” positions 2- 6; The interrater reliability (IRR)

was 8277

The average number of responses per subJect was plottpd for all five be- -

haviors and presented in Figure 5 (traiping group) .and 6 (no-training group). '\

These inures show that c¢ach observed behavior occurred’ approximately equally

often for both trained and untrained subjects in the assessment phase. Thesel_i

.data support tHe pause-time and proportion correct data reported earlier which
also suggested no differences between 5roups during assessment. :

5,

I R

In the maintenance phase, observed ¢umulative rehearsal and cumulative
gesturing responses clearly differentiated trained. from untrained subjects.

PR PN

Figure 5 shows that the frequencies and pitterns of overt ‘cumulative rehearsals ’

were comparable for Grades 6, 10, and 12. These results support data previously
reported in that trained ‘behaviors were maintained by all grades on a task
1dentical (albeit with different stimuli) to the training task. |

A In referenﬂe to cumulative gesturing, Figure 5 shows that over serlal ,

positions 2-4, sixth gradersfovertly responded more frquently(than tenth and
twelfth graders. Trie subJects in Grade 12" overtly used a cumulatlve gesturing
strategy less often than either.sixth or tenth graders. By comvarison ‘to un--
trained subjects (Figure 6), ttaining increased the observed frequcncy of this
behavior. The othcr behaviors provided no insights into strategy usage.

In the generalization phase, the behavior of prime interest was cumulative
rehearsal since it comprised the maJor part of the trained routine. As is

illustrated in Figures 5 and 6, the trained:subjects were observed cumulatively

rehearsing more frequently than the untrained ones. The frequencies and pat-
terns for this behavior were roughly equal for Grades 6, 10, and 12 in the
no—training group but different in both dimensions for the training group.
Specifically, thn trained twelfth graders-were .observed cumulatively rehearsing

- more than the tenth who in turn, overtly responded more than the sixth gradets.

These data, in .comparison to those reported for untrained subjects

®

-

_,(Pigure 6) , suggest that the observed behaviors were used by the trained subjects

i
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;h the ge eralizétion'bhase on a,tésk~simil$r'tq,that presented during main- o
tenance, /but the form of this usage was related to grade. The observed fre- -- !

- quencies/of labeling, rehearsal, gesturing, and cumulative gesturing did not

differegtiate the grades or groups. o ' - o

. ‘general, the observational measures showed that. the training and no- _
‘training groups were matched roughly in the assessment phase '‘and that a trained
"cumulative rehearsal, fast-finish" strategy was maintained by ‘all grades and
‘subsequently used ‘(to varying degrees) on. a transfer task. With reference to
cumulative rehearsal, the-generaliZation'phaSe performance of subjects in
6, 10, and 12 suggested that twelfth grades transferred and-used the
traiged routine more-than did the tenth graders. The subjects in Grade 6
did hot overtly use the trained response pattern and showed decreasing re-=
_ Spo se.frequencies over serial positions. Furthermore, throughout the
- generalization phase, for both groups and ail grades, only one subject re-
- hegrsed one TBF item. * - : '

P

.quf—test Interview
— =

3 L.

L The primary purpose of this interview was to determine whether or not
 the subjects were aware of their strategy usage. .Originally, each §gbject's
. ;esponses to five questions were recorded forrsixth,ftenth, and twelfth -

" lgraders. -However, since all subjects said it was not hard to remember the
picture names and were not distracted by TBF items, only the responses to
the following questiorn are reported: ''Suppose you could do anything you
want, what do you think would be the best way to remembey the names of

pictures like the ones you just-saw?™: :

. . oy
The subjects' responses -were classified as either active or passive.
A’subject's verbal response was classified as active if it indicated miemonic
usage. . Examples of dctive responses were, "I would write them (picture names)
down," or I would say their names over to myself in order," ett. Two types
of passive responses were identified: (a) no verbal response at-all, or
. (b) if a verbal response ' indicated no mnemonic usage. An example of a passive
" verbal response was, "I would just-look at them (plctures)." )

Tablé 2 presents the_proportion of subjects responding actively and
passively for each grade separated by group. ‘As is seen, the .greatest pro-
portion of subjects responded actively (.93) independent of grade or group.?
" A Grade (3) X Group (2) chi square test on the number of subjects responding ' .
actively was nonsignificant, x2 = 3.97, p < .10. Suggesting that trained and
. untrained subjects in each graae were aware of their mmemonic activities. The
‘data for sixth graders, however, are of particular interest since the expressed .
awareness of these subjects was not translated into an effective response
pattern. That is, even though the sixth graders verbalized "active' types.
of responses; their circular recall data did not indicate effective application.
. Burther, in refetence to Grades 10 amd 12, it is seen from the post-test inter- .
*Yiaw that these subjects' awareness of their active strategic behavior was '
associated with their actual performance. :

o

L " . Insert Table 2 here - K ] .

i




-, CONCLUSIONS :

) This experiment provided information concerning a number of developmental

issues related to the executive control of strategic mnemciaic activities.

‘First consider the adult, data. These data served two important functions -

since they (a) . suggested a strétegf to be trained toé ifionspontaneous children,

“and "(b). established that the generalization situation was an appropriate
transfer test as both the assessment. and generalization task evoked the sale

imemonic routine in mature memorizers (Brown, 1977). More importantly, vhe

adult data extends our knowledge of efficient executive control. Butterfield

and Belmont (1976) have shown that adults chose to abandon a strategy when it '

' was no longer needed to maintain high recall. Here it was shown that flexible
contrql also includes the continued use of a strategy in a new situation where
such use ‘was appropriate; ‘thus, the generalization of an- adopted control process
or sequence- of control processes. ‘It is apparent, therefore, that both types

. .. of behavior are a necessary part of the flexible executive control of strategy
: utilization.. R ' o ’

~~"5”Cdnsiaéi'nekt ﬁhe.performance*bf—sixth7+teﬂeh74aad-awel£;hﬂgxédexs in_ the

7

S

‘aséessment phase. This phase was'intehded to describe the development of a
spontaneously produced "cumulative rehearsal, fast-finish™ strategy.  However,

since cnly two ‘tenth and three twelfth graders produced the routine meaningful >
. comparisons among grades and groups were prohibited. The strategy selection . ~
* .data did nct support Butterfield and Belmont's (1976)., results. o

o It is not clear how the differences between the present study and that

of Butterfieid and Belmont (1976) could account for the descrepant age-related
behaviors found. One explanation could be that the present task did not prompt
tenth and twel“th graders to use a "cumulative rehearsal, fast-finish" strategy
since .they could maintain a high recall accdracy'for 6-items without such an °
effort. However, this is hbt a reasonable assessment as adults spontaneously
adopted the optimal strategy. The fact is that the children in Grades 10 and
12 did not think to use a "cumulative rehearsal, fast-finish" strategy but

"~ adults did. The question of why remains. . T :

N

- -3

' In the training phase, all instructed children eésily acquired a "cumulative
rehearsal, fast-finish" strategy. Thus, following a relatively brief training

'Qperiod,‘sixth, tenth, and twelfth graders effectively produced the instructed
rehearsal routine. : : ' : " o .

, . o N =y
N : - h . D i’ )
" Duriag the maintenance phase, the pause-time data suggested that all in- \f’ )
structed children continued to use the trained “cumulative rehearsal, fast-"" o F
finish" routine. However, by considering the proportion of items correctly

recalled, three developmental factors were revealed: {a) although the pause -
patterns and observed behaviors indicated that all grades were using the same '
memonic routine, the recall data showed \that trained tenth and twelfth graders
remembered more items than rrained sixth graders, (b) because the proportion of =

- — items correctly recalled by tenth and twelfth grade children was high in the

- assessment phase, training only°slightly improved their accuracy, and (c) while -
the trained sixth graders showed a 19% recall improvement from the assessment
to maintenance-phase, their overall performance was still below that found for

»

the older children but above that_:eported for untrained sixth’graders:
The imprbved performance found for_trainéd children in the maintenance phase'ﬁw
sugpgested that these children, especially tne sixth graders, were production as ’
- . opposed to mediation deficient in the.use of a "cumulative rehearsal, fast—fini§h"
Q " ‘ . i . ' . ‘ . -
ERIC ~ o 29



20
routine. That is, even though these c¢hildren did not spontaneously adopt such a- _
,reutine they could use it effectively, thus showing improved ‘recall (Flavell, 1970; -
Keﬁhey et al., 1967). For the two older grades, this production deficiency"
'intetpretation was limited siuce their recall performance was not improved sub-
-stantfally by training. - :

Ir These data replicated other developmental research in that a trained mnemonic
-routigg was maintained by all: children without further instruction or prompting
_(Brown 1974; Butterfield, et al.; 1973). Wote that other relevant research has:i
_shawn Ehaﬁ tfie maintenancé of a. trained strategic behavior was related to.
.development:al level (Flavell, 1970; Kenney, et al., 1967).. That is, younger
children cended to abandon a. trained mnemonic activity if (a) there was a long -
delay between training and a maintenance test, or (b) the experimenter did not
concinuouslv prompt’ ‘the child to use a strategy. In the present paper the
- youngest children were found to maintain the.trained strategy. This finding
‘was T ~ecessarily supported by previous research Howevar, the sixth graders
wer¢ rclatively old by comparison to the: subjects in other studies and the
» m&ivcenance test was given immediately after training.

an1n° fhe—geaeralizatiea—phase»—Graaningmaffeeted~the—transferxed_mnemnnic
;§ activities of all subJects. However, from'a consideration.of analyses including .
adults, it appears that.'training diffetentia]l/ affected the students depending
-on grade.: In- comparison to an adult norm, the similarity of pause patterns \
_‘and recall were greater for twelfth graders than for tenth, - -and least similar_"
for sixth graders. This conclusion is quite tentative sinc¢e in’the overall
analysis involving phases, only one higher order interaction involv1ng grade
" was found. : - -
Ipspection of the trained and untrained sixth graders paose-patterns sug-
gested that training had a ''general effect on the instructed children's treat- -
ment of TBR information. Therefore, training did have some effect on--althdugh
- not the_expected improvement in--the executive s monitoring function. Apparently, .
training alerted sixth graders to the fact that ‘they should bé more active in their
remembering ‘processes; however, these children were incapable of tzanslating this
: nformatlon into a pattern of behaviors 51milar to those activities trained.

) .The generalized tra1n1nn effects for the -glder children were much more

~ effective. -The trained tenth graders used a modified form of the instructed
“"cumulative rehearsal, fast- finish"-strategy In comparison to untrained-
children this pattern of results suggested that training directly affected the -
tenth graders' monitoring of an effective routide. These trained children,
thouzh, did not use the-instructed strategy in a manner, most similar to that '
found for an adult norm. Nevertheléss, these findings supported the conclu-
.sion 'that trained tenth graders recognized ‘the potential usefulress of the,

frnstructed toutine, thus monitorin" their strategic- mnemonic.activ1ties.

- Training also affected the way in which tenth graders tre“ted TBR and TBF
- items. Like the younger children, trained tenth graders differentiated item
types. The between group comparisons for tenth graders showed that the trained
children's differentiate item type trcatment was more effective in meeting the
generalization task demand than the strategy used:-By the untrained group. This
evidence_ supports. the general notioa that training affected the executive -
control ‘of memonic behavior.
* The "eneraliaation phase performance for trained twelfth graders showed
that' they transferred the instructed routine and used it in a fashion uost
similar to that reported for spontaneous producers--adults. Thus;, the twelfth

Q B : . 23 o
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" graders not only recognized the potential of the trained routine but also used
it effectively in.a changed task format o . - . T

‘The results of the present study suggest that training ‘affects exeCutive
functioning in various ways. Thése effects appear to vary at different ages
vhen trained younger children are compared to spontaneous. producers; that is;
the older the trained: child, the greater the similarity between his generalized
routine and that of an adult?{ Also, instruction affected the trained children's
monitoring of a generdlized mnemonic routine since TBR items were processed in
"d qualitatively different way than TBF ones--a conclusion similar to that drawn
from theiydult data. This item type effect suggests that these children

. deliberately (and not in a rote fashion) used the generalized strategy. Since
... . the selective treatment of TBR information characterized their behaviur, this

“evidence strongly suppOrts the: notion that the e:ecutive function was affected
directly by training

_ In both the maintenancn -and . generalizatlon phases the training effects
seemed to interact with the children' s level of cognitive maturity. Even
though sixth grade children benefited from training, their recall during the
mairitenance and especially generalization phases, did_not e:iual that found for
- older children and adults.: Thus, tenth and twelfth graders were more capable-
- of monitoring their own efféctive memory processes in’ maintaining ‘and generalizing
a trained mnemonic routine than were sixth graders. - :

>~

~These conclusions were supported by Lhe observational data and the post-
'test interviews." Sixth graders verbalized an awareness of active mnemonic _
: behaviors, but this apparent awareness had little effect on their actnal recall.’
Older children and adults also expressed a knowledge of active mnenonics’ and
. this awareness was related to their observed behavior. This pattern of results
is similar to that reported by others, e.g., Flavell et al. (1970), Salatas and
. Flavell (1976), in that more mature children are able to recognize, use, and
maintain effective, strategic behaviors (Brovn, Campione, Bray, & Wilcox, 1973;-
Butterfield & Belmont,.1976; Campione & Brownm, 1974, 1977‘ Reese, 1962 and
Rohwer, l973)

AN

0
A final note is needed on one of the most engaging problems in the study
of cognitive functioning; that is, the problem of making inferences from data
hypothesized to reflect some underlying cognitive phenomena. Specifically, in
the present study, a single measure of rehearsal, e.g8., pause-time or "propor-
tion correct, etc., results in a level of infetence regarding the "executive
function'” differeut from that based on any other unique measure. The fact that
seach measure used here did not lead to-identical ihferences concerming the
‘executive txemplifies the experimeﬂter s dilemma in choosing the measure(s) most =
.hlghly related to the process of interest. Can rehearsal activity be" inferred
. . best from pause patterns as Butterfield and Belmont (1976) and Belmont and
Butterfield: (1977) suggest° Or, can rehearsal be accurately ‘measured by the -
magnitucz of the primacy effect and this be used as the index of developmental
_ differences? The point is that the identification of any mnemonic acgtivity, e.g.,

" rehearsal, depends primarily on the measure chosen. The, type of data recorded
theoretiéally reflects “and ‘defines the process studied. ‘However, various measures
.thought by the- experimenter to reflect the same processes could represent dif-
ferent levels of similar activities or different processes altogether. ,Further-
‘more, the measure used will *(to a degree) determine the age at which mnemonic usage
is said to occur.. For example, Wellman, Ritter, and Flavell (1975) have reported
that 3—year—olds use strategic behaviors when instructed to remember a location,
whereas in the present studv,'the observatlonal data would suggest that l7—year-olds
do not spontaneously rehearse. '
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-. Wo immediate solution to this problem is proposed. However, one reasonable
"approach would bé to base any inference on what Brown (1977) describex as
"convergent operations.'" That is, as multiple measures of theorized cognitive
actlvities agree, one has increased confidence in the inferences based on

those measures.. :

oo ‘1In the present experiment, the different pattemrn of results suggested by
the separate dependent variables highlights the need for many measures of the
 same (hypothesized) activities. Inferences regarding the executive function
_would have-differed from those made here if any single measure had been con-
-sidered. Thus, only by integrating the information obfained from the various
measures could a more complete understanding of the executive and its monitoring

"function be obtained

- The discussion presented above polwts out that any description of cognition
or cognitive development will be a “function of a complex interaction among the’
factors within the individual, his skills and abilities,'as well as the chosen
tasks. (Flavell 1970). - » :

A

. Footnotes, . ~

. "
l This paper is based on a doctoral dlSserv”‘pn submitted to the Un1versity of

Illinois "at Urbana—Champaign. The reseaw.s w.s supported by Grants HD’ 06864
‘and HD 5%h¢ 1.0 the National Institute .f ¢ikild Health and Buman' Development.
The autho. is ladebted to his advisor; 2an L. Brown, for her. encouragement and
suppcert during this projer:. - A special thanks is also given to Drs. Joseph C.

- Campione, Karl M. Wewell, .onald R. Omark, and Haurice M. Tatsuoka. Gratitude
is expiessed to Mr. William licNealy, Superintendent of the Unit 7 School
District, Tolono, Illinois, and to the students for their voluntary participa-
tion in this project. A portion of these data were presented at the Society
for Researcin in Child Development Biennial Convention in New Orleans, Louisiana, -
darch 17 - 20, 1977. . -

Sex. interacted with Item Type and Serial Positlon, F (5, 140) = 2.32, p < .05,
Males paused longer after TBR than TRF itews than. did females. This bchavi&r .
. was differentlal over serial p051tions. _ _ .

3 A1l of the adults ‘indicated verbally that they used a "cumuldtive rehearsal,
fast-finish" strategy.

4
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Table 1

4

\’ e : Des-criptive' St:'at:i:s.tiés. : \
) S "Group O o
érade' Stat':j;s.;vt-ic Training No Training ' Spontaﬁebus  Total
- | . o .
6 W 9 . 9 - 18 L

' CA: “ } |
Mean - 137.2° 137,58 - ‘
f Raﬁge--f  132-147 Isg-149'

10 E 0. -2 20 o

. — 1 CA:. N . |

' Hean - 185.1 190.1 ¢ 190.5 :
Range 183-189 183-199 186-195 - -

127 W
CA:

Mean

Range -

204-221

212.8

197-220 -

914.3 .

210-216

21

Adult o
CA:
T " Mean

Range |

3%7.6

. 228-549

‘Hote. Ages are given in months. ‘
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o 5 Table 2 ;
The ‘Prop'ortioh of Subjects Giving Active and Passive Responses to the Posttest .Question
a . " Type of Response
Active . ’ T ' Pas.sive .

e W Training , No Training -Spdutarieo:uﬁ Training No T:aixxing' Spontén'goué :

- L0 89 S e 0 T
0 . .8 S\»78' O T T R BN B
1 L0 1.6\\; Coono 00 SR N

[ ’ 3

Note. Data on two trained sixth graders. are missing due to. tape recorder failure.
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“fFigu:é
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" Figure

; Figﬁré

to-befforgotten_(TBF) items at each serial position..

0 B
Figures - = .
[ ) ’ B

Average median ‘pause-times (secs.) and proportion correct for trained

_and untrained subjects in the assessment, maintenance, and generaliza-
- tion phases. U o . o '

)

' Propoftidn of items éorrgctlj rééalled_}n‘circular order for’ Grades
"6, 10, and 12 at each serial position. B I R

.

2
b Y

Average;median pause~times (setcs.). for trained subjeéts in Grades: 6,

; lO,fandﬂlZ plus adults in the assessment and generalization phases.

Avérage median pause-times (secs.) for trained and untraineéd subjects

(stmmed over Grades 6, 10, and 12)- on-to-be-remembered (TBR) and
: }
Average number of fésponses:pet tra;ned subject on labeling, rehéarsai,
cumulative rehearsal, gesturing, and cumulative-gesturing. ‘
T . ) : ) a - :

* Ave'rage number of responses per untrained subject on labeling. rehearsal,

. .¢umulative rehearsai, gesturing, and cumulative gesturing.
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