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ABSTRACT C o -

- A study vas performed to investigate the storage and
retrieval dynamics that occur during paired-associate acguisition by
means of the storage-retrieval separation techanique .discussed
recently by Chechile & Heyer (1976). Thirty subjects learned an
18~iten paired-associate list to a criterion’of three perfect trials.
In the test phase of each trial, the pairs were:randomly tested with
either a recall, old or distractor recognition test cue. Analyses of
the storage and retrieval functions for both the :forward and backward
learning curves indicated that paired-associate:acquisition .is
characterized by statistically independent improvements in both
storage and retrieval. (Author)
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A ‘*11*Lﬂﬂnﬁ fact of paire i-assaciate (PA) leafni ng is that repetition of

nmairs results in a ?fﬂduéli7ﬁé?3§i?él¥*ﬂﬂ§&iéfﬂted acouisition curve in resard

to the prebabilitv of correct recall, Qc. Théré, of course, evists a numbérggf S
dif feriny theories as to what psvcholonical processes and stages that occur in
PA acquisition (2. Underwoed & Sghultz, 19A7%: Martin, 1957: ﬁreanQ; 197?)- s
The current research set .out to investigate the underlying storape and rettievsl
changces that ocecur with PA acquisition. The current research thus invaivésrg
?Pﬁétﬁlizﬁﬁién of the storage-retrieval separation” technique recently develape&!
for EEE-WFQWH -Peteron task (Chechile, 1973 Chechile & Butler, 1975; Ghé@hile;
Srﬁeyef, 1976). The sepafatian precedure enables the prﬂbability of ccfré;t re- o
éalli ﬁc, to be uniquely facta:sﬂ into two cher components for a;mgdiiied_PA

_3}: tésk, One component, 95, is idéntifiéd'with the prababiiityraf Suffi;iéﬁt'stéfﬁ ‘as

are of the list, and the other campanent E , 13 identifiedzﬁith Ehe pfﬁbahilityl

R

ﬁF SUQQEEEFUI fetrieval when the infatmatian is stafed suFficiently. In essen&e,.

the prﬂggdure prgvides faf stardardized and Frevicuﬁly validated measures af
starape and fetrieval that apoly Ear each subject and far esch Erisl.

Tn terms of the task, the data structure illuszzatéd in fipure 1 is requifed

i
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for each subject in order to appiy‘thg sepatatidﬁ technique. The randﬁﬁinterf

Insert figure 1 about here
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ij}‘ o mixiﬁg of the recall and recognition test cues is a neaeasarv atep in order Lu

'

assure the hamngenegus pracesging for bnth test euea.
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Whije it seeﬁs reasanable th,c bath storage and reirieval can continuo siy‘:%
vary in»stfength'gr effectiVEness— it is couvenient to dichntomi§e both factors.
Storaze will be diﬁhntﬂmizéd as either Sufficient or insufficient. Fra:tianal
§tnfaie ar no iﬂfo?ha;iﬁn will he grouped and characterized as insufficient, giﬂge
in both cases the subjects would not have recalled the entire tarpet item; Thus
on anyvy trial, fhe subject either has sufficient or insufficient storase cﬂﬂzéfn—’
inn the tarret information. Now across many ‘trials the Wfapﬁftinﬂ of times thatl
the subject sufficdiently stores the target inFﬁrmatinn will be defiﬂéd as @ o the
probability of storage. Zatiqe that the questinn of what is stored is mat being
addressed here, but just the auestion, "how Efequéngly vas ssmething sufficiently

;Stﬂféﬂ?“ ' ‘ . |

Given that suffi:ieﬁt'stﬁfage has occurred on a trial, then retrieval can
be dichotomized into successfui retrieval of all of the stored information and
‘unsugcessful or incomplete retrieval. Across the trials where there is sufficient
storage the proportion of times that the subject sgcceséfully retfieveé the in—)
formation will be defined aé ﬁf, the prabahility‘af retrieval. Obviﬁuslf the
probability of cﬁrréﬁc recall, 9:,:13 jgst ésgr, since correct tecall requires
bath suffi:ient stsfarg &ﬁd successful retrieval.

The probabilistic Eask analysis of the old recc?nitinn test trials 1is 11-
lustrated in Figure 3 as a tree diagram. It is agsumed that when the subject
has sufficient starage, at Ehe time of test,‘then the subjest wiil give the yés
3" fesp;ngé whe:g the "3" fating denotes highest confidence, When ﬁherg is in-

. guffiéienz statagg then there may be guessing processzes 1nvglved@ The prﬁp@rtinﬁ_.

of cfials that the Eubjgct ﬁﬂfféﬁﬁly gives the ' yes response when there is. in—'"

l’

T T .muffieient starage is dafined as e o the guegsing prnbability for old retﬂgnitiengﬂl
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The parameters 81, 99, 84 and 9, cofregspond to the rating responses as shown in
Figure 3.

The task analysis for distractor recognition is illustrated iﬁ Figure 4.

Recause guessing pfgcessgs shuuld be different for distfaeéaﬁ as conmpared to
old recopgnition, a differént éuessing parameter, %gi is employed. Also, since
there could be different ggting processes, @5, 85,78? and QB are introduced.
Finally, it should be pointed out that the same s:afage'pafametér és appears on
fegalif old recognition, and distractor recognition ;rialsg This assu@ptiﬂnl
is reasonable since the recall and recayn;tinn test trials.are tasbe"één&gmiiéﬂ
throughout the e#perimental session o as to insure that the SubjEQEE will have ‘
ne-glue prié: to the testing time as to the type of test prncedure that will be
used {-m that trial.

Lastly, in order tsvshgck for retrieval éiffiéulzies in fégggniﬁiﬁﬁ; an-
other task analysis for éistfactqf recognition zaﬁrbe examined, This probabil-
istic task analysis 13 ghoun in fipure 5 and in?nlvesAa-fecégﬁitianifettieval

parameter, 8,

r'
Ingert figures 3 - 5 about here

The tree diagran shaﬂn in Eipufe % 45 the most’ Feﬁe%sl case since when 84, = 1
is the case ghgﬁn in figure 4. The resuicinp estimaticn equaticns for this
general case are ghown in figure 6. Finallv, an gxﬂmple GE a typical.s pg,gti

for a subject investigated by Gheghlle {1973) 18 shswn in figure 7.

Insert figures 6 and 7 about here




The data, ny, ny; N3y » « « Mygi N9y e Noes for which these distributigns-
were based are respectively 53,27; 0,2,76,0,1,1; 1,3,0,0,1,75. HNotice that

each distribution 1s a separate unimodal fungtiani Also the standard deviations

. of- 8, and 6, are respectively .027 and .061. Thus, for the above example, the

correct recall measure of 53/80 or .66 is uﬂiﬂuely'factcfahle into 55 = .93 and

6, = .71 such that 6 * 9, = .66.

One important result gﬂﬁcérning the valiéit% issﬁe has been the data on ‘
the independence of the storape and retrieval components of recall. For exémple,
Gerrein (1976) has foundgsthat some independent variables only affect the retrie-'.
val measure. Also, Chechile (1973), .Chechile & Mever (1976), Chechiie & Butler

(1975), and Gerrein (1.976) have typicallv fcund thiat even when bnth statage and

retrieval measur es s;gniiicantly chéngé in the same direction, these changes

are statisﬁigally uncorrelated. These studies resulted in 1awj insignificant
correlations bEEWFEn storage, :hangas and retrieval changes indi:atiﬁg, Bf cﬂurse,
that knowledge of a particular subject's stofaﬁe change rasults in virtually no

predictability in EEPETE to that :ubje;t 8 fetrieval chanpa. CGHSEEUEﬂtlY,,QQTE

rect recall is gbviauslv decomposed into two inﬂepenﬂent pracesses, indicating

‘that the resulting storage and feﬁfi&jgi-measuxes are gfthﬂggnai and unconiamin-

ated components of recall.

. Another indication of validity comer from maﬁipgiatians of memory ééafah_

time. When the subject is permitted more tim to retrieve the tarpet informa-
tion at the time of test, (with total time of the trial held constant), recall

performance is improved (Fhethile & Meyer, 1976} In_addicion, the stafage'pars' -

ameter was invariant with respegt to this mauipulatian and Dil“ the rettieva1

Fafamétef changed. Obviausly, the greater retrieval time fesulted in a more ex-
tensive m;mary gearch and hence improved the pfahabllity of successful fétrieval;
The finding that seargh time anffects aniy rgtrieval is particularly impnrtant

because ;hst is thg only & Ez;g;i.fesbaﬂahla outcome that one ghnuid expect if .
b : R 2 R ,
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the measures of storage and fetfieval are valid. Thus, taken together the sebf

zration procedure is a valid and powerful tool for investigating the underlying

"o

rocesses that éﬁﬁut dqfiﬁg the acquisition of a PA list.
B Method ‘ :
Thirty subjects in this experiment learned to critesiaﬁ an 18 item PA list
by a nodified stgdyarecall method. The sﬁiﬁuli were randomly CVC'S:fangiﬁg
12=15% in meaningfulneass from Archer (1960) and the feEpDﬂSES wére fanﬁam AA
words from Thorndike-Lorge (1944). The fandamizedfpairs were auditorily pre-
~ sented by means of a Sony 105 tape recorder and S;péféx ST;PED headphgneé at a,
2 second rate in the study phase and with a l‘seﬁanﬁ pause betwgenépéirs. In
the test phase of each trial, a random 1/3 of the responses were zeéteﬂ with a -
recall cue, and a random 2/3 of the responses were téste& equaily wich-éitheréaﬁ
old or a distfactﬂf recognition ﬁue‘> Distractor rrirs congisted of a random re- , -
ordering of the stimulus with éne of the other list respanées. The faﬂﬁamizaﬁ
tion as to type of teat trial was restricted such that gerass é blé&kﬁéf thrgé
ttials each test cue was used for each stimulus. Duiing test phase,:eggh>test
item was fEllQWEﬂ by a 2% second EEEPOHEEG;ﬁtEfval :?he,énd of the response
périéd was marked by a buzzer which was sounded for %:seeand and then fgllﬁwéd
by_thé next test itema Additienally, 3-point cnnfidan:e fa;ings were abtaiﬂed
in thé case of recagniti esting whefg instructians stressed that the 3 rating
was to be the most cﬂnfidﬂn:-e se zhat invaives no gueasing whatsaeveri 'Finaliy,
criterion fﬁf_mastgfﬁiﬂf the liat was defined-as 3'gansggﬁc£ve perfeet tfiaié
(6 correct fgga;ls, and 12 correct and Shraced recngnitinns) plus a final re:all
@f 11 1§ items. Thirty of 45 subjects feached cfiterian vit}iﬁ 21 trisls. The
%15 naﬂ%ggitefiﬂﬂ subjEE:s were stopped at that point and were not incluéed in

the su sequent data anslysia-

6




-6-
Results and Discussion
The mean across subjects of the storage, retrieval and ;verall_gﬂfree;
recall ﬁeagurés re graphed in figure B as a funct*cn of trials. Eetfié?él .
reaches a scébie 907 or bettgr per formance level.slightly fast;s thénisﬁgraggi

(trial 8 versus 10). The backwards-le arning curves plctted sepafately for. the

storaze, retrieval and overall recall measures are displayed iﬂ figure 9. The

re-criterion performance" indi:ates that both st@rage and retrieval undergo

_:“

gradual imprﬂvement p:iaf to Qritefinﬂ.

Inspection of Figure 8 iﬁdicaLes that most of the improvement as a result
of repetition occurs by trial &_ Nevertheless the imp:cvement in the stafgge
and retrieval ﬁeasufes between trials 1 and 8 are statiSticaily independent
across supjéags, = .34, df = 23, ;3% .05. This low correlation also attests

to the valiiity of separation procedure since it indicates that the measures

are uncontaminated.
There are at least three note-worthy features for the present research.
First, the storage-retrieval separation procedure has been éuccessfuli&rgeneralé

ized to Ehe PA task, praviding an impaftant methadclagi;gl impravement to the PA
' paradiwm. Secand, tha abserved 1ndepenﬂEﬁce bLtWEEn the storage and retrieval -
processes in PA atquisitinn is consistent Hith the pfgviauslv reported indepene¢

dence in Ehe retention function in the Braﬁn—Petersun task (FhEEhiie, 1973; Che—

chile & Heyer, 1976¢ Ghe¢hile & Butlgr, 1975 and Gerrein, 1976). Third, taken

as a whale, Ehe PA list daes not appear to undergo identifiable changes or stsgesA;~
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that correspond ga storage and recrieval processes.

,,,,, , apart from a
slightly more gfadual acquisition function Ear storage as

c

ﬂpﬁféﬂﬁzg ret;ieval;
all levels of 1earning are characterized by both storage and retrieval zhangas;

Of course, however, individual pairs may have underpone stage-like changes.
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