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THE LOCUS OF THE RETENTION DIFFERENCES ASSOCIATED WITH DEGREE OF
HIERARCHICAL CONCEPTUAL STRUCTURE
Benton J. Underwood, John J. Shaughnessy und Joel Zimmerman
Abstract

Constant-order paired-associate lists were used in which the‘numbers
1-24 were stimulvs terms, aﬁd 24 nouns were response terms. Thé order
of thé nouns was varied across five lists to produce a different .number
of hierarchical conceptual levels in the lists. There were two degrees
of original learning and three types of retention tests after 24 Hr.
The study-test method was used. Learning rate was related directly to
the degree of conceptual structure, but retention was uﬁinfluenced by
structure. A further experiment showed that the direct relation
" between recall and structure found in an:earlier study is to be attFi-
buted to the anticipation method in which iﬁformation at recall is in

an amount that is directly related to the conceptual structure.



THE LOCUS OF THE RETENTTON DTFFERENCES ASSOCTATED WITH NDECREE OF

HIERARCHICAL CONCEPTUAL STRUCTURE1 ‘

Benton J. Underwood,;-John J. Shaughnessy and Joel Zimmerman

WNorthweslern University

In a previous study (Underwood & Zimmerman, 1973), 16 words
were orvdered seriallv so that a three-level conceptual hierarchical

structure resulted. T{ §, in learning the list, followed the rules

implied by this styucture, placement eof cach word in its appropriste

position within the list was possible. Other lists were constructed frow
the same words in a way suth, as to violate the appropriateness of

successive conceptual ltevels. The purpose of this previous study was to

determine the role of conceptual structure on.the learning and retention

of the lists. Two findings emerged. -First, learning rate was related

-
o

directly to degree of'conceptual strucfure_up to a point, and Ssecond,

recall after 24 hr. was related directly to degree of structure. .This’
, ‘ : firect. : , _

.

~Tatter finding conformed in general to the notion that associations:

learned in the laboratory which®ate compatible with already'adtablished

associations will show less rapid forgetting than will be the case for

associations which are in conflict with established habits. 1In the.

3

previous study, this latter case was represented at the extreme by the -

" 16 words presented.in randcm order. It was presumed that fof such a

list the 1ong-¢stﬂblished conceptual habits would interfere With'the
appropriate ordering of the words at recall. In fact, however,- the oVért—

crror data gave nc evidence that the poorer recall of the randowm list

.than pof the structured list was due to such interference. Thus, the

O
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The intent of the present study was to identify more precisely

the characteristics of the memory for structured and ubstructured lists.

- ral

© By so doing it was believed that the characterjstiq or characteristics
respongible.fof'the dif?erences in retehpion_ﬁight %e isolated. Twé
diifergnt 1e;els of lzarning Were‘qsed as a means of‘?arying-the{deg:ee’
to which the copgeptual structure had become a part of the mémofy for
the lists. éihce4the utilization of a concentual structure to med;éte
item placementjﬁt_the time of retention_may'be'griticélly time dependent,
threevdifferent tyﬁeé éf retention tests were used,'hamely,'pacéd and
unpaced recail, ;ﬁé ghpaced associative.matching.‘

Method |

-Lists. Five‘different lists were constructed, all from the

following 24 words: robin, owl, bobolink, trout, guppy;‘stdrgeon, " -

apple, leémon, fig, rose, lilac, marigold, béef; rum, sherry, milk, soda;

cocoa, diamond, cpal, sapphire,. iron,-brass, tungsten. These 24 words,

A

presented. as in the‘6fdef listed gboye, fofaea ghé most highly structured

list, to be chlléé Lis£ 5. It will be noted that a£ the-lowés;-conceptual

1evei.in List 5 there afé‘tﬁ??ﬁvfﬁgtances of each'of.eight conceﬁtSy

birdszﬁfish,_ffuit, flowers, élcﬁholib Béverages{‘nbnalpohblic beverages, i IR

précious stonés, aﬁd Mepgis;' At the next conceptual leﬁgl there éfep
‘"_fouf~concepts, animals, plaﬁts, beverages, and minerals. At the third

level, living and ‘nbnuviﬁg things divide the list in ﬁai‘f._

| injList;S tﬁe-tﬁree ingtancés within‘eagﬁ concept were orde;ed

serially (aéﬂabove\ such that ‘the first instances had high. frequency in

the Battig-Montague¢ (1969) norms, the second medium frequencv, and the

R A v 7ex: Provided by ERIC
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this variable was included again .in the.present experiment

,

third, low frequency. Given this ordering the § could, in’a manner of
speaking, run off rhe three instdnces within a concept accordihg to -
frequancy rule. In the previous study (Underwood & Zimmerman,|1973),

this wariable, with two instances of cach concept, did not influence

isarning. However, there were reasons to believe rthat the earlier lists

vere not cntirely satistfactory for a test of the. frequency.rule and so

The nature ol the other [our lists may now be described. . For

.

"

List 4 the conceptual structurc remained the same as in List 5, bul the

order of the thrce instances within each of the eight concepts was ran-

dowmized to neutralize any influence of .a word-frequency rule. TI. List

3 the order of the six animal names was arrahged so that the concepts

birds and fishes were, not appropriate for three successive ifems, but

the concept animal was appropriate for a block of six words (robin,

2 only the. 11v1ng¥non11v‘nh dlstlnctlon was maintained so that the

trout, sturgeon, owl, guppy, bobolink). The same was true for plants,
beverdges, and miuerals. Therefore, ‘the four iutact concepts in List 3

could medlate placement only w1th1n a block of six p051t10ns For List’

implementation. of phis distinction by the § would restrict placement to

‘halves of the list. Finally, in List 1, the ordering was rah&om so that

‘no conceptual mediation of placement of groups of words was possible.

'The lists were'presented as constant-order paired-associate

"lists with the numbcls 1- 24 in ordcr as sthull and w1th the word" as

4

responﬁe terms, 1ln the prgvious experiment, this'pfocedure,gave results

- which were ess c1'1allv equlvalpnt to those found when the words were



ﬁre§ontud_ns a true serial list..
Conditions. One variable, of course, was defined by the ffvé
lists as explained above. A seqond:variablc was the degree of learning
pﬂiof to the 24;hr; refcntion interval. Haif of the §§ learned to a
criterion df,12 corréct responsés on a ﬁiugle trial, half to a.criterion
of 20 cerrect responses on a single tri#l.. A third Vdridble was the
nature of the ré;ention teat, Half of the Ss were_given 4 paced-recnil
test, the rate beiny the same as ‘used dﬁ;iﬁg ledrning. For these Ss,
recail was followed by félearning to.oue perfect recitation but with a
minimua of three relearning trials after Ehc récall-trial. Half of. the
Ss we;e given unpaces retention tests consisting of two éteps. Inifially,w
a sheet was provided the S uﬁ which the numbers 1 through 24 were-listed
iwith a blaﬁk after cach.. The § was givcn-uhlimited_fime to write down
. - ' : - . ) B .
all of the appropriate response terms he could, guessing being:pncouraged.
. Following %his step, a fist of-theﬂZ#-rcspdnsg words &as provided the §

P

on a second sheet and he was asked to match each word with a number, .

~using each only cnce. He was required to fill each blank with a werd
ceven 1f it inyolved gueséing.
The five lists, tggﬂ@ﬁgrées'oflluurning, and two types.of reten-

tion tests resulted in 20 different conditions. Four fur;her conditions

w&re'ndded tomprovidé controls for possible differentia13pefformancefon
the posc-criterial trials of learning. The study-test method was used

e - i

~ ... during learning. and alchough thn use of this method is normally expected-
to winimirze differences on nest-criterial trials as a function of rate

“of learning, it was believed nevessary to provide some minimal informa-

ERIC
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tiﬁn about -the matterL Consequently,‘four groups were given immediate
rqﬁention tests after achieving the criterion of 20 correct responées

on a single trial. Two of these groups learned List 1, and two learned .
List.S. For‘qgch list, one gfoup was given paced rec&ll ana relearning,
one unpaced recall, followed by matching.

There were 24 groups of gollege-student Ss, one corresponding to
cach of the 24 unique_conditions; with 18 Ss in each group. Assignment
to a p&rticular grohp was made from a schedule containing 18 blocks of
conditions, with éaéh'condition océurring once withih'eagh block. A
differeﬁt random ordbr was used for the conditions within each block.

Procedure. All lists weré preseﬁted foftalternate study and test
trials af a 1.5-sec. rate for both. When the appropriate cfiteridﬁ.wasb
achieved; the S either was dismissed from the laboratory (to return 24
hrt later) or was given an immediatewgéténtién.test. bn thé immediate
pacea tests the exéerimentef stopped the meﬁory_drum,.told the S thétvhé

would now have another test trial, with further study and test trials to

‘follow, and that he should try to get as man& correct as possible. For

‘the unpaced tests (both immediatefand'delayed)'the‘recall sheet was

gi&en the § and he was-ésked to fo]loﬁ Ehe printed instructions on ﬁhe
sheet‘as.the experimen;er reoad these instructions gloud. He was given
a‘sécond sheeé (dgééribed earlier) for the matching tostl Afi Ss having'
24-hr tests were rgminaedﬂfhétAthey had learned a-lisf of Qords the

previous day and that a test of their memories for this list was the

- purpose of the present session. -

Finally, all 8s having the 24-hr retention tests were piven an open-
Y, 2 : i 1 P

C
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cnded questionnaire concerning reheér§a1-activities-they might have-
engaged in over the 24 hr. They were asked to describe any experiences
they had with the words during the Z4-hr period, whether they had rehearsed
or thought about the words, and so on. Honesﬂy and accﬁ;acy were empha-

sized since (the § was told) such replies were valuable in helping to -

“understand the nature ot memory.

statistically, F (4,350)=8.08, p<.0l. Although the influence of list

' Results

Criginai 1éarniqg, For an examinaﬁion 6f learning as a function of
list structhre,-the §s.who would subseéuéntly feceive:diffefent‘retention
tests were combined to'provide_36 Ss héving4had_éacﬁ of the;five lists
at each criterion-of learning.. The data arg_ﬁlgtted in'Fig, 1 in terms

. . i .

;-

of.the ﬁean number of trials required to reach the'two_criteria.' For
convenience, the five 1i§£s are equaily spaced along ﬁhe-baséline; indi-
cating increa;iné strucéﬁre from List .1 to List 5. If_éan be-seeﬁithat
as list structure increased, trials tc learn decreased. This is trug.for
both cfiteria,_and summed‘across the two,ithe:effect is signiﬁicant

o

structure appeared to be somewhat greater for the higher criterion of .

'learning.than'fbr'the;lower criterion, the interaction was not reliable,—*"

O

© stood by'tﬁe S.

F (4,350)=2.14, p> .05 In the previous study (Underwobd & Zimmerman,

1973), learning rate increased from List 1 through List 3 with no fur;hef

increase for Lists 4 and 5. 5t is not known whether this difference is’
due to methods of learning (anticipation versus study-test) or to list
differences. There was some evidence in the .earlier study that  some of

et

‘the,iﬁstancés‘defining the lowest-level concepts were not always under-

B
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It will be remembered that List 5 differed from List 4 bnly in terms
of tie ovdering .of the three wordé wi?hin each of the eight concepts.
For L;st.S*the words were ordered from high to low in terms of the fre-
quency with which the iustauces were produced to the conceptlname in
the Battig and Montayue (1¢69) normative study. .In List 4, the three

words were randomized. As scen in Fig. 1, List 5 was learned more

rapidly than was List 4, and this was true for both criteria. An analysis

of wvariance with Lists'é*éndAS as one variable, and the two criﬁéria as
the qﬁher, showed thé difference between'thé lists o be reliable, '
¥ (_1,140)=5.45,__2<.05. |

-The éffeqt of word frequencf for all lists was also examined.
Threc séores-wefq obtained éqr each §,lfhese repreSenting_the number of
timé§ the eight-high—frquency instahccs were given cor;ectly, the gumber
of pimes theleight medium-ftequency instances were gi&en'corrcqtly, and_‘
the ﬁuﬁber of times'ﬁhe eight 1ow~frequency-insféncés werngiven correctlf.

Across all lists combined for the lower criterion of leérning_the three

S nleans were 13;99,_11.02, and 9.84, for the high-, medium-, and iow-

frequency instanceg; respectively (£=87.59).‘ These differencés esséntially
disappeared at the higher criterion of learning for Lists & and 5, but

were stilll quite evident for the other three lists. Tt appears, there-

;
/ .

- fore, that one of the characteristics -of initial learning of these lists

" by the study-test method was that either because of ease of learning of

O
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words witir high frequencivs, or because of priority effects, or both,

the '§ acquired the high-lIrequency instAances initially regardless of ther



O

Ric

Aruitoxt provided by Eic:

conceptual structure of the list. -

Still anofher'finding could be.intgrpreted'és a word-frequency
effect. Some observations of_the expéfimenﬁers suggested that thevlearn-
ing of the concepts differed for men and women. The learning of Lists
4 and § were evaluated to see 1f thesc observations had v#lidity. Thg
jé& Ss (bbth_criferia of learning) consisted of 77 men_and.67 women.

The number of correct rcSﬁqhsas within each of the eight concepts was

determined for cach group. These are plotted in Fig. 2 for two reasons.

"First, they show the nature of the serial-position curve which obtains

even for the highly structured lists. Second, they indicate differential

learning of certain concepts by men and women. Overall, the learning of

the two groups did not, differ (F<1), but the interaction between con-

: _ . : 1
cepts and. sex was reliable, F(7,994)=3.13, p<.01. Three conceptg pro-

cduced “substantial différences in-learning between men and women, namely,

flowers, alcohelic beverages, and precious stones. 1t may be that
cultural experiences have resulted in women having a greater familiarity R

for words representing flowers and precious stones than is true for wen,

and that thJ opposite is true for alcoholic beverages. 1r any event,

these results arc similar to those reported -by Bousfield and Cohen (19356)

when’ they used free-recall learning of groups of conceptually related

“words. .

pigure_?'suggesrs that the wurﬁé which répréééntéd the First
occurrénge qf a nonliving éqnbeét*fulcoholic bevgrégésj cauéed a dis;inét
brea{‘zg the pusition~perf6rmancg‘cqr#e. .However, this is‘primarily a
iunction Vf'thé'pafticuiaﬁ wofds involved. ForAList 2 and‘S, where the

>

N
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Living-nonliviﬁg break also came between positions 12 and 13, there was
no evidence ol discontinuity between the two positions.

Quert errors. ‘The first overt error analysis to be presented
dealt.only with the number of errors across lists. The 360 Ss from
which the acquisition data were'derived (as plotted in Fig. 1) werc used.

N e
The c¢rror measure was the proporficn of times an error was pronduced per
oppértunity (number of overt errors/number of omissions plus overt
errors). For ghe 14 proups this ratio varied between .10 and .19.
The values were greater Etatistically for the high-criteriop groups than ,
for the low-criterion groups, £(1;350)=8.33, p 401, the means being
.16 and .12. The er;ors increased with list structure (.11, .11, .13,

.15, .16), F(4,350)-4.08,p <.01. The F for the interaction was less than

one. Undoubtedly, somc correct responses resulted from guesses within

_concepts, particularly for the more structured lists, but in view of the

telatively low proportion of overt errnrs to cases of not responding,

it does not seem likely that mere guessing is heavily involved in the

correct-response data.

For Lists 4 and 5, overt errors can be identified as,haviﬁgﬁgne of
four levels of appropriateness in terms of the conceptual structuge for
these lists. These will be described and illustrated. An error may
oucﬁr within tﬁe appropriate block of three instances repreéenting the

sare concept., Saying 'guppy" to one of the two stimuli to which it was

; ! . . .
an incorrect response in the block of three fishes was such an error,
\

¥

and will be called here an error at Level 1. Six words were involved in

the animal block: if "guppy' was given teo one of the three stimulus terms



O

.done for Lists 4 and 5. Tor exnmple; if, for List 1 (no'structure#;Ja

10

éppropriafe for birds, it was defined as.a Lovel-é_error. Twelvg words
were included in the_liying block; if "guppy' . was given to any of the
six stimuli paired‘with'plants, it was called a LeQel;B erfor. Finallyl
;f'”gﬁppthwaé givénias a response to any of the 12 stimuli paired-ﬁith
nonliﬁixé objects? it wﬁs called é.ievel;é error, Allberrors were
classified inta Gne of these nutually exclusive categoriés»for Lists 4
and 5. {onceptual ievgl and positien within Lists 4 and 5 are perfectly
confounded, iPosition,is alsortiedrto stimulus numbef; 'Therefore,.any
malvsis éf the appropriqtengss of overﬁ érrOrs.to_the'gonceptual'struc-,
ture mﬁst consider thé number of such errorsZWhich were produced by

: a R ¢ o . - _

position per se. To hamdi@'thig-problem, the overt efrors.made in
lgqrﬁiﬁg all»five lists were cgtégopizgq in exacg}y the same way as yas'

v

4 i N v - = s —-4 -.=
misplaced response .occurred among the first three pairs, it was classi-

fied as a Level-l error, just as was done for List 5.. Or, if an error

made to the stimulus-term 9 was an appropriate response for the stimulus-

term 2, it was classed as a Level-3 error. To summarize: for all lists-

the errors were classified as falling within one of eight blocks of

three positions {Lovel 1), one of four blocks of six positions (Level 2),-

~one of two blocks of 12 positibns'(Level 3), and, all others (Lévél 4y,

f

L

The’érrors made by each § were allocated to the approﬁriate level -

-and the percentapge of errors in each level was determined. The means of
- ERE © - S y g

these values were used to construct Fipg, 3. The sums of the percentages

v

for a given list do not always equal 100, since a . few $s produced no overt

RIC
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crrors, ana the means shown in Fig._B'were alway; based on N=18. IE
ahould‘be noted that list structure is along thg abscissé, Qith the
error ?eveis (1, é, 3.'4) as tﬂe'plotting parameter. The left panel
represents the data fo;.thp Ss who learned to a criterion of 12 correct,

the right panel for those who learned to a criterion of 20 correct.

Several features may be no;ed. For L;sts 4 and 5, the greatest percen-
tage of errors by far wag that for errors faliing into Level 1.. Over
hﬂlf the errors made gy the Ss learnipg these 1is§é represented errors
that were appﬁoprigte to the hafrowest conceptual categories.l The LeQelJ

1 values for List 1, values which should represent in relatively pure

form the effects of positiom as such, are at 25% for the lower. criterion,

40% for the higher criterion. In List 3 the narrowest conceptual cate-

 ger'consisted of six words, If conceptual structure were used by the

S ‘ : . . oy ‘
S in the placement of itews in this list, he could-reduce: his possibili-

ties to one of six positions. As.may beéiseenifiFig. 3, the maximum

number of Level-2 errors occurred in learning List 3, these errors

.

reflecting placement withia a block of six words. For List 1,.the random

list, the maximum frequency of errors for the lower criterion was in

Level 4, which means giving a response in oune half of the list which

actually belonged in the other half. There is'only slightvevidenée that

the living-nonliving distinction influenced the errors, this being

shown in the fact that fewer errors at Level 4 were made by the §s

“learning List 2 than by those learning List 1. As would be-expected,



fa—y
o

_the major difference in the errors for the two criteria of learning was

that there was dn increasc in Level-1l errors from the lower to the higher

criterion, with the-increase<beiug tho gfeatest for the listslwith low
structure. In summary, Fig. ljshowed that 1earping was félated directly
te the number of approprinte'conceptﬁéi lé?e}s involved in the list; the
error data éf Fig. 3 indicate'that these concéptualllevels aidéd learn-
ing because they timited Ehe nuﬁbér ot possible numérical‘spimuli or
positiops for;whlch a particular word was appropriate,

| There is the possibi;ity'théﬁ with zero donceptﬁal Stfuctgrg;(List
}), the'preséncé of conceptually related wo¥d§ actualiy interferéd with
iearning. _If such interference was preséht, it Qas not manifest in the

error data. The errors made in learning List 1 were divided into two

N3

categories, those which were given to a'stimulus for which another

. . ) t . .
instance of the same concéept was appropriate, and those which were not

wt

appropriate in rhe above sense. The concepts ‘used were- the eight. with

the three.instances cach. To illustrate: saying "guppy" to the stimulus

appropriate for trout would be viewed as evidence'for interference;
giving "guppy" to the stimulus for wilk, would not. Errors which would

constitute evidence [or.interference constituted 7.6% of .the total errors.

Chance respunding'wouid be expected to yield 8.7% of such érrots. This

.\)
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indicates that interference resulting from the conceptual relationships

n
'

among the words was minimal in the unstructured list,

Retention. The retention data will be preéénted-first for the Ss

who learned to a criterjon of ‘12 correct on a single trial. The results

for all three retention tests are shown in Fig. 4. To replicate the

[y
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earlier study (Underwood & Zimmerman, 1973), performaqce should have
increaséa as list strﬁcture increased. It is obvious from Fig. & that
list structure had 1itt1¢ effect én féten;ion. Thg'ﬁeans f&rfthe baced
24-hr, recall show Lit;le vérianée (F<:1). Eve5 for:the ;npaced 24 -hr.
test, where.List 5 seems'hgéh.reiative to the other four lists, thé E ié
only 1.37. The fact that métching eiceeded uhpapeq recall indicates
that- the Ss were unaﬁle,to recall some response words but c0u1d.pair
théﬁ approprigter when givén.the matching te$t.l No immediate test was

given to Ss learning to the lower criterion so it is difficult to esti-

1mate_the amount of forgetting which took place over the 24 hr. However,

the.number_correct_on the last trial of original learning does‘give

some basis for a rough estimate. An immediate’ test would probably have .

shown some loss due to the fall normally found after reaching a.criterion.

As will be shown later, it would not be unrcascnable to expect this loss

to be at least one to two items. 1f so, the amount of forgetting was-

between 3C% and 40% for the five lists. The critical fact, however, is

that :list structure is unrelated to the amount lost over 24 hr.
.Turning next to the roetention scores: for those Ss who learned to a

criterion of 20 correct responses, the conclusions are much the same as

for the lower criterion. The essential data dre- shown.in Fig. 5. For
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these comparisons the immediate retention tests are available for Lists  -»
1 and 5, but it may be useful to note here that the mean number correct

on the last test trial of original learning varied between 21 or 22 -

_correct responses. Although there seems to be more variance among the

means for paced-Zh-Hr récall than was true at the lower criterion, the
statistical conclusion is the same, the § for the paced'fecail tesg
being only 1.?4._ Even if Lists 1 and 5 are tested for naced recall
along with the immediaﬁo'paced recall for those }ists,.the.interaction
talls short of acceptable levels of significance, F (1, 68) = 3.34, p .05.
Using ;he immediate pacgd recall as a base, forgupting'uﬁder paced
recall ?s estimated at 257 ac;oss the"lists as a whole. 'It is-qbvious
also thqt féréetting occurred oQér 24 hr. for those Ss given-the unpacéa
test.. — ' S | | )

-r_The-number of misplacéd responscs at recall was examined fér all

paced-recall groups. These numbers did not differ as a function of the’
ST .

criterion of leéfning, but'forcboth levels of learning the number of

misplaced responses at .recall increased as list structure increased,
. . 1 .

F (4, 170) = 5.81, p .01. This same relationship was found .during

learning and so it not a phenomenon peculiar to recall. . For unpaced
recall, howéver, list structure did not - -influence the number of incorrectly-

paired responses given.

As noted earlier, during learning of the constant~order paired-

' associate .lists, very clear serial-position effects were present. These

position curves were in evidence for all of the types of retention tests.
Furthermore, there was a strong relafionship between the number. of times
an item was given correctly in original learning and the number of times

given correctly at recall, whiclh is to indicate that the position effects

-~
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remained essentially constant from learning to recall. For example, for

the lower criterion, the correlations between number of times correct in

original learning and number of times correct at recall varied between

.77 and .91 for the five lists. Degree of original learning was obviously
a powerful determincr of the items which were recalled.

Relearning. Differences in relcarning as a function of list

- structure appearcd op, the first test trial after recall, and in terms of

trials to reach a triterion of one perfect recitation, were reliable;,

F (4,170)=4.14, p<C.01, with, of course, rate.of relearning being airectly

related to structure. Thus, list structure, which did not influence

. : / '
recall, quickly reinstated during relearning the influence it had had

fal

during original learning.

Rehearsal and recall. The Ss were given an open-ended questionnaire
concerning their rehearsal-actrivities over .the 24 hr. The replies to
these questionnaires were rated on a 9-point scale for the amount of re-

hearsal implied in the protocols. These ratings were carried out

_independently by three different péople. Interrater reliabilities were

determined for 18 subblocks of 20°Ss cach. Of the 54 correlations possi-

\

ble,.ll were between .71 - .80, 29 between ,81 -':90; and 14 were .91 or
Sy S0 » ) . . ;

‘greater.

There were 20 groups of Ss of 18 eachi having 24-hr. recall. CAll
correlations between rated rehearsal activity and retention were'posij
tive, varying'bétwech .i4 and .8l. There was no?relationship-between

rated rehearsal sctivity and list structure, and the magnitude of the

correlations between rehearsal and retention did not vary systematically
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as a funcétion of list structure.
. The positive relationship between reported rehearsal and retention

allows several alternative interpretations, For example, rehearsal may

“have increased retention, or, as another interpretation, Ss with good

fetcnfion may have fehearsed. Thg concern of the preseht study was
whether or not rehearsal differed as a function of 1;$t structure.

Since it didn't, it séems unlikely that the failure to find an influence
of<list structure on retention could be due to differontial rehearsali
Also, if the present evidcngé on rehéarsal—can Ee generalizé&'to the
variier séudy (Uhderwood & Zimmerman, 1973), it seems unlikeiy that the”_

positive relationship between list structure and retention ds reported

for that stddy was cue to differential rehearsal.

a : .Preliminary.Discussion

lnithe previous study, paced recall and list structure were directly
rglated and the forgetting oyér 24 hf..for the ‘list with the highé§t
structureiﬁas»only 5%.-1In éﬁe pregent étudy; list structure was unrelated
po:eiéhér paced or unpécea rgcali, qnd the férgetting for the hiéhegt
cri;er@on of learning used was estimated.ét?ZSZ. The discrepanéy‘be-i
rweeﬁ'these two Qtudies is the topic of fhis preliminary discussioﬂ.

The contrédiétioﬁ_in tgL retedﬁion results for the twé studies

pointed immediately to a method difference as the likely source’ for the

contradiction. .In the previous study the anticipation method was used.

During the recall trial, therefuré, the .§ would be informed of the partic--

2

ular concept whose instances were appropriate. at the moment for the

structured lists.- If, for example, he remembered there were siz animal
re ° . . ’ . . . ‘e . .

e



Prmmitnes

17

name s in Succéssion,lthe appearance of the first insténce‘would idform
him that the next sevefal positions also contained animal names. With
the_study-test.method, the § woula not be given'tﬁis information. 1f
hc.did nnn give fhe first instanée of a cohcept at the appropriate point
(to the correct s:imnlus); his following responses would be incorrect
uanless he remembercd a ?articuthr response rerm associated with a
stimuius rerm within the series nf con;ept instances. There were, in
fact, soume éascs ir wolceh §'diﬂ gzive three to six correct response words
in ;he correct urde; but which Qere scored as wrong because tge initial
résponse in the serics was -not paired with the_appropriatg stimulus.
This_diq not occur frquently (gnd the data ;how that_scoring these as
correct did not change tﬁe-basié conclusioﬂ)a but the unéertainty felt
’ by the S may have'prevented ﬁim from résponding overtly. List structure
ciearly influenced léarning.anﬁ releérning,'but-éomebportion of. the
learniﬁg which alléwad the §‘L6 align response ferms and stimuius terms
correctly during 1éa?ning must have_beén:forgotten over the 24 hr. It
“is' possible tﬁat the numericalistimulus téfms,@ere ﬁot a}waYsluéEd as the
effective stimulus terms and.thét the‘liéts were treated ﬁére as‘se;ial
‘1ists than'pairgd—assﬁéiatellists, although what-ﬁhi;‘means:theéretiéally'
is;uot known. It:appegrs that if S had learned, for exaﬁplé (for Listsl
4 and‘S), that number 1 was paired witb the first bi;d instance, number
4 with the first of three fish insuanées, and so on, that this'bart.of
the me$ory was 1dst over 24_hr. “chérwise,'there is no reéson_why,pré_
viding-rhis:inform§£ibn4at.recall.(as is done in part under the'énticij

pation method) - should result in berter performance.

ERIC
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It seemed necessary to make a test of -the notion thét'the discre-
pancy in the recall results for tine two experiments was due to a dif-
fcrenée in methods. In the auxiliary experiment, to be reported now,
Lists 1 and 5 were presented For,antiqipation learning, with recall taken
after 24 Hr. The expectation wné that fécall of pheée two lists would

differ, with List S5 giving better recall than List 1.

Auxiliary Experiment

Method. Liﬁfs 1 and 5.wér¢ presented at-a 1.5:1.5-sec. rate for
anticibétion learning. "The criterion of origiﬁal‘learning was 12 correc£
responses on a single trial.-_Paced recall occurred aftér 24-hr . with
rélearning cérriéd tb Qﬁe’perfect trial, but a minimum of thFee trials
5ey§ﬁd the recall trial. Each list was learned by a separate group of
18 Ss gssignéd to oué of the two lists by a’floCRJréndomized schedule.

Résults. In presenting the results, comparisons will- be made with
the two groups of 8s from the major experiment having the study-téstf

method and paced recail, and who had learned Lists 1 and 5 to a criterion
T S . b S . .

of 12 correct'responseé before the refention interval, Thefe were 18
§s“iﬁ[each of these two groups. Sincelthe‘auxiliary experi@gnt was con-
ducted after the mgjprJexpefiﬁent, it is not known if thé‘gr0up$ (studyf
test vs. anticipa;ion) 1epresént'the same or equivalent popuiations.-
Tﬁefefore, differences in the ievels.of perforﬁance‘will not be readily

interpretable, although interactions between the methods and lists should

be veaningful,



19

The mean numbers of trials to learn to a criterion of 12 correct,

and the mean numbers of trials to relearn to one perfect trial, are shown
. - . , 1

for tiua four groups in Fig¢ 67 —For original learning, list structure

sppears to have a greater influence for anticipation learning than it

does for the study-test méthodt List structure is significant (F=25.33},

as is the interaction, 2(1;68):4.19, p<.05. The interaction between

L3

list étructure and: meth-d does not occur during relearning, indicating -
that thé methods inlluence on learning is confined to -the eafly stages.

- It will be remembe?ed‘that.far"thé study-test. method the frequency
of concept instances was di?ectly related to learning. Thi. was quite
avident at the lower critérion of learning. For List 5, under_fhe anti-
ciéation method of thé éuxiliary exper iment, the reverse was-found.

More épecificaily, two findings held acrossrall eight cﬁncepts of three
insténces each. First? the initiag_yofd.oflthe three (the high-frequency
insﬁance) was.never éiveﬁ éorrectly more times than the second ‘instance
(the.ﬁedium-frequency instance) . Secénd, the_third word in each of the

eight concept triads (the low-frequency instanée) was always given
. S O

cor;ectly more timés_than the first instance of the succegdiﬁg concept.
‘For List 1 under anticipation-learning, the effecf‘of word frequency was
in evidéncé justlaé was trug for all of the_lists 1earned.by the study;m
test method, The.above facts would indicate that'itgm learning underAthé:.
two methods would be more reliahle.for List 1 than for Lisf 5. The
product-moment qorrelatibns for ifem learningAwere :83 fér List 1, and

.58 for List 5. The positive relationship for List 5 reflects the
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commonality in learning by the two methods produced by.serial position
of the words, differences whish were apparent under both methods.

Mean overt errors per opportunity were greater in 1earhing under
rhe aﬁt;éipation'mulhod (.22)‘Lhan ugder the.study—teét %ethod £.13),
and the difference wids reliable, F(1,68)=9.24, p.01l. This may répresent
a greater tendency to jucss under the anticipation hethod than under the
sfudy-test method._.uowever, of the overt errors made under the two
methods, the percentage of these errors within the appropriate concept

position (Level-1 errors as described earlier) was about the same for

List 5, being 537 for anticipation and 54% for the study—tést method .

The mean numbers of correct responses at recalli are shown in Fig.
7, along with the mean number correct on the last learning trial. Under

the anticipation method, recall was directly related to list structure,

F(L, 34)=4.97, E}(.OS. The interaction between lists and methods for

récall was also reliable, F(1, 68)=4.44, p¢.05. Recall for List-:5

uqder'thé anticipatioﬁ ﬁethdd was higher than per formance on the last
learning trial, 24 hr. earlie?i ' To some extént, these'comparisons are
all ia error, a métter which‘needs diécussion.

Consider first the recalllof.Lisc 1 under‘the two methodg. A con-
clusion from an inspection of”Figt‘7 might be phat.recall is superior
fo]lowing anticipation learn}ng'tﬁ that followiﬁg learning by the study-
tesg_methqd. However, two'faéqors must be considered. First, the criterion

fall which may occur under the studv-test method, and second, the learning
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w'“ch ovcurred on the last trial under the anticipation method. This
Last issue'can be handled directly. 4 multiple—gntry probability analysis
(Underwood, 1964) was c#rried out to project performance to the hypo-
thet}cal next trial undef the antitibatipn methoﬁ. The mean expected
value was 14.89. Since recall was 11.67 itewms, torgetting over 24 hr,
was 3.22 items, or 227%. To incorporate éhe criterion fall into the
calculations for List 1 for the study-test method requires a rough
estimation of values. 1In the mniu_experimént, groups were given a recall
test immediaté}y after reaching ; criteriOn'of 20 correct responses. On
this immediate test under paced recall, performadce fell from a mean
correct uf»22{QO correct on the'last test trialrtp 18.50 correct on an
immediately fbllowing tést tria1.  This represents- a loss of 3.50 items
which is referred to here as the criterion fall. None of the.groups had
.- an immediate tesg following’leurning to a criterion of 12 correct
requnses; “Assume, However, that the group having ﬁhe study-test method
and 1eérqing to-é criterion of 12 correct responses actually forgot 22%,
the same as forgo;tcn by the gtouﬁ haviﬁg.the anticipation method. This
would require a criterion fall of 2.75 items. In light of the criterion
fall of 3.50 items shown by ﬁhe'group learning to 20 correct responses,
a fall of 2.75 items fo: thbse learning to 12 correct would not seem to
be seriously in error. Given this assumption,'the Conclusién is that
for List 1, the amouut of forgetting shown under‘the two methods is
roughly the same.

Turning next to List 5, it wmust first be noted that it was not

ERIC
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poésible to project "next trial’ performance for the Ss learning under
the anticipation method because several of them learned in one or two
trials. As an estimate, however, the percentage projection obtained for
List 1 was used. This gives'a mean ekpected next-trial value of 17.03
{tems.' Since recall was 15.69 items on the averaée, the loss over 24

hr. was about 7%. Deriving an ¢xpected loss for List 5 fo]lowing study -
test learning (using the value of 2.75 for the criterion fall) gives a.
loss of 3.?5 items froﬁ'Té.92, or 297 forgettiﬁg. These values must be
considered approximations,‘but rhqy lead to the conclusion that tﬁé']ossA
waé about the same under the two methods for the unstructured lists,

but that the anticipation method led to better recall than Qid the gfudy—
test method for the highty structured list. Both the’éstimate of loss
for’List 1 for thg anticip;tion method (227) and the loss for List 5 ’ .‘

under &he same method (7%)1cprrespond to the findings of the eariier %

pﬁﬁlished expériment using tbi; method (Underwdod_& Zimmérman, 1973).
The sources of the differehces in fhe.feﬁention for‘Liét S_folyowing

the learning ﬁy the two_methodé'needs more ﬂﬁiailed,ekamination.A fhev

data which seem fo aid invféaching decisions about the sources of>éif-

fére&ces are shown in Table 1. The data sheets were examined for the

.1ast.tfiai ofioriginél 1eérning_énd for'the.recall trial. A tébulation.

. was made of the number of correct fesponées which fesultéd.ffdm broducing}
al} three instances of a'conéept; Lhe number which resulted from pféduqing

only two instances of a concept correctly, and the number which resulted

O
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from giving only one correct response from among the three possible for
vach concept. When two correct rosbonses were given, they were broken
downlby position within the‘three pussible.positions (1 &2, 1&3,
7 & 3). when a single.correct response.-was given, the aumber falling in
uaqh of the threc posétious was noted. All of this information is givén
in Table 1 for the last original learning trial, and for the reéali
trial, under hotﬁ methods~  For example, on the last learning trial
under-rh?,anticipution method, there were 39 cases in which all three
instances were given correctly, resulLing'in 117 correct responses, this
.!aLter»value being.shown.ih Table 1. Fér this same condition there were
iB cases in which.a siﬁgle correct response was given for a concept and
which consisted of the second of the ghree instances in the series of
three. .
Several facts are t§ be noted in Table 1; First, under the antici-
pétibn method 'there was an actual increase dvgr 24 hours in ;he number
of cases in which all three instances were correctly given!(ll? to 162).
In view of the learning which may have taken place on the last antiéipé-
tlon trial of learning, this‘increa;e must be viewed caufiéusly; Néver-.
theless, it is in wmarked cont?ust‘to the results found with the study-
te§t_method, whe;g there was a logs of 108}(210-102) complete ﬁriaas.
The second fact to ﬁoro is-the differcnce between the two methods in
both learning and recall when less than three instances were given éorrécﬁly.
Under theIAﬁticipaciun method, the must probable positions fﬁr correct
respoﬁse@ when two were given are positions 2 and 3, and position 3 when
a1 single correct response was produCed.“ Compéfable.réfationships do‘not

exist for the study-test method, where therc was more or less constancy -
o A . :
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“among the position;. The'third fact'is that if the number 6} cases in
which the first instanée (by pbsition) of-a conceét was given cdfrectly
was calculated_(regardlesé of the outcome for the two following instanées)-
for reéallF thevsﬁhs were found to be’198 cases for anticipation, and 146
for study-test. This seems to indicate that, (15 associative 1earhing
between!ﬁhe first instance of the conceét and its position,or-stimulus
ﬁumber-was greater or better during anticipation 1e€rning than_dﬁrjng
study-test 1earning,'or (2), showing the S the.response terms dufing

recall alloﬁed him to "deduce' the subseqﬁent occurrence of a first
instance of a different concept. Both factors may be involved, although
the latter seems more reasonable. Finally, the data in Table 1 are clear

in dehéhstrating-that failure of S to recall the'first instance of a
concept provides very 1i£t1e penalty under the anticipation procedure,
since he can proceed to give othér instances of the concept for the two
following pdsi;ions.

The evidencé seems to point to the fact that learning under the
study-test method is relatively fragile or weak with regard to positions
or stimulus numbers which mark the first ;nSCancé of a new Conceét.

The same is probably true for the anﬁicipationtlearning. However, dn
the recall trial the § having learned by the study-tesﬁ met hod receiQeS'
no feedback information and he has few means roiapply corrective proce~
dures baséd on any knowledge he had aBout the couceptual sﬁructufe. In
effect, he was reduced to responding on an item by item bﬁsis, much as is
the case for an unstructured 1i,st.agz On the other hand, the § having

anticipation learning could apply corrective procedures based on his

ERIC
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knowledge about the conceptual structure of. the list.

General Discussion

The highér the conceptual organization ol the lists the more rapid

was the learning. It is presumed that this relationship was produced

becdause the greater the number of the conceptual levels the more precise
was the placement of un item if the rules indicated by the conrceptual

relationships were followed. Nevertheless, this should not be taken to

. mean that the hicruvchical structure in its totality entered into the

learning of the most completely structured lists. The S could learn
the sequence of cight concepts of three instances each without reference

to the higher¥ofdef concepts present in the list (animalé, plants,

L L . N
beverages, minerals). So also, List 3 could be learned by refercnce

only to the»édur succéssive'concepts of'six instances eacﬁ and without
the living-ndnliving diéfincfion pef se-entering into the léérning. The
erfdr.databwere qlear in'showing'thdf a&'least.one level 6?_c§hceptual
responding -was involved in the leagning of Lists 3, 4, and 5, but these
error data do not speak to the question of'wﬁether two or.more conceptual
levels were invol&ed in learning Liﬂt§.4 and 5. To determiqe'if two or

more levels were involved would require.the use of list in which the

blocks of three instances were ordered randomly with respect to the more

inclusive concepts. A list of this type was not included in the present'5
study.
In the previous study (Undefwood & Zimmerman, 1973), learning was

facilitated up through tﬁelstrncture corresponding to List 3 in the

present study. _Nb further enhancement occurred for Lists 4 and 5.

This is helieved duc to the fact that theé present lists were made up of
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more obvious concepts and more obvious concept instances than were the
previous lists.. Unlike the present findings, frequency -of .the concept
instance with a concept did not influence learning in the previous experi-

ment. In view of the findings of the auxiliary experiment, it seems now

learning by the two methods.
“The ﬁajor purpose of the present study was to attempt to identiry

the component (s) in memory which had led teo the increase in recall over

© 24 hr., as list struclure increased. 1n an inelegant way, this study was

guite successful iﬁ achieving its purpose. The use of the study-test

method of 1éarning;was followed by a complete lack of any differences in’

the recall tests,_whether paced or unpaced. Only relearning, reflecting

'

_the same relationship as was found in original learning, was related to

list strﬁcture, With tﬁe~study-test method the original learning was

apparently ‘based on very wcak associations between stimulus number or

'position and words marking the conceptual changes which occurred through-

out the list. The loss of these associations over 24 hr. essentially =

made the conceptual nature of the lists useless as a recall vehicle.

- The items which were recalled were apparently based upon factors specific

to them.
Considering row the broader context of these-studies, the question

may be raised about the systematic importance of the earlier study

AUnderwopd & Zimmerman, 1973), and the auxiliary experiment of the pre-

senc report, in both of which the ‘anticipation method was used. Recall

and list structure were directly related in these studics. Howcver,
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, - \
-the ‘error data from this previous.study gave ac support to the idea that

forgetting of unstrucf&red lists was pfoduced by'interferencé.éﬁong the
conceptual associétions among the words. In fhe present study there Qa;_
no evidence-that conceptual agsociations played'any interfgriﬁg-role in
Learning the unstructured lists. [t dbg§ noﬁ seem now, therefore, that
thesg typesﬂpf ligts hﬁve any special‘or pointed use for thé study of 
interference as a éoufﬁc of'forgetting.

"The fact that the structure-recall relationship was found only with

vthe anticipation méthod Ffurther reduces the value which one might place

on the relationship as a basic and important fact of forgetting which

O

needs theéretical,abpraisai. Under the. anticipation method, if the S
reﬁembered1something'ébout.;he nature of the cbnceﬁtual relationships
involvéd.(ahd they wére‘a?mbst iﬁescapable), the information sﬁpplied on
ﬁhc recall trial by:ﬁht anticipdation wethod essentially served as a

relearning trial. Corresponding information would not be given in -the

'sthdy—tést method until the study trial after the recall trial. If.

vecall following both methods of learniné the structured lists was taken -
by the unpaced technique as used in the present experiment it is doubt ful

if differences for the two methods would have occurred. Or, if on the

unpaced test every fourth word (the first instance of each new concept)

'was-supplied, recall would improv; markedly.and equally following both

methods of learning, and the improvement would be greéter than for
unstructured lists. These observations, if currect, indicate that the

systematic problems in the studv of forgetting will not be greatly

illuminated by the use of conceptually structured lists designed to
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restricé poténtia1Aplﬁcement pbsitions in what 1is essenti&Ilf sérial
1earﬁing.~ The more gystémati&IissuésAgppear to lie in séudyiﬁg the
learning of structured lists, whgtherApf'é serial nature, frée-récéll,.
or some other type of task into which the conceptuél»structure may bhe

N

inserted.

O
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Table 1
Comparison of Study-Test and Anticipation Methods with Regard to Coﬁcebt
~Concept Instance Learning and Recall for List"'5

(See text for complete explanation)

AAntiéipation ‘ : 'Study-Test‘
lLast OL'. RecalL | Last OL' Recall

three SREY 162 210 | 102
Two |

La2 o 14 o 18 18

a3 . 28 . 20 18 10

2 &.3.' " 62 68 . 18 8
One | T

1 6 2 11 16

> . a3 13 2 1

3 | 21 1 5 9




MEAN TRIALS TO CRITERION

Fig. 1.

LIST STRUCTURE

" Mean number of trials to:reach two different criteria of
learning (12 correct on a single trial, and 20 correct),
-for lists varying in conceptual structure from low (List 1)

to nhigh (List 5).
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Fig. 2. Learning of the highly structured lists as a function of the particular
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Fig. 3. Locus of overt errors as a function of list structure and degree
of learning. The numbers (1, 2, 3, 4) represent an increase in
the discrepancy between the locus of an error and its correct
position as defined by the conceptual structure of Lists 4 and 5.
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Fig. 4. Number of correct responses on the various retention tests
_after 24 hr. following original learning to 12 correct responses.
Number correct on the last learning trial is also shown.
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Number correct on the various 24-hr. retention tests
following original learning to 20 correct responses.
Number correct on the immediate tests for Lists 1 and 5
is also shown. '
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Fig. 6. Learning and relearning scores for Lists 1 and 5 as a
function of “he study-test (S-T) 2nd anticipation
(Ant.) methuds.
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Fig. 7. Number correct on the last trial of ériginal' learning
and number r2called after 24 hr. for the study-test
and anticipation methods.
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