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TNTRODUCTION

The interpretation of memory phencmena fonnd.inifreefneea};;anuaies
nnst,be predieated an,tne understanding of the ;eheansal.pnocesaA:”Th?.
concept of rehearsal has proved“torbema most innricafe and:enigmaéien
propositiong theﬂmechanisns of which nave uaually.neeneinfennea a pég-
teriori, from complex analyses of tesf.resuifs; More Spe01flcally,.1nput
varlables (presentatlon time, item order, 1nﬁer~1tem felatlons) are
manlpulatedy changes in recall are noted and the rehearsai-process is
p051ted &5 a loglcal-exten51on o1 thls emplrlcal ev1dence, One problem
with tn}e&;nferentaal or ”blackubox approach 1s that until sufficient
@atanare amassed.from.axvanaety of.expexlnenta, aﬁnnmne;rnf ;agenn._:
deee?iptions of rehearsalﬁprocessee_can_be;suba#antiateq{“A?nn enanple,
1t may be that items are treated more or less 1ndependentiy, with re—r
_hearsal serv1ng to 1ncrease item avallablllty (Asch & Ebenholtz 1962)
or more generally, to strengthen their memory trace (Slamecka 1968)
_ Seye;al.ltems_may be considered together with rehearsa; ae?ylng{tp ﬁorn
.inter—item.asepeiations or snrengthen pre~existing:one§ <§puefie;a,nl953)=
‘"It_nas a;so been suggested that an important panp‘a?‘fane?%s§; ﬁé& bgsl
the formation of mneumonics' or images (Bowe;3_1976)= B

Another approach to the underatandlng of rehearsal-nas neen to -
instruct 5 to use some:partlcular reneareal atrategy. .One eaample of
this. approach is to require S to repeat‘eaeh.ifem alqud eeveral nlmes
as 1t is_being_presentedn This procedu;e érodnees a rednctianan OvVer-
_all recall and a change in the shape of the serial p051£inn curne

(Glanzer & ME1nzer 1967, Flschler Rundus & A‘tklnsonj 1970) In these




and cther simlilar experiments whlch prov1de strict contrel of S's re-
hearsal, it is possible fo observe whlch rehearsal strategies are able
iééﬁéééoﬁsf'ééé"variéﬁs°%%éé_xé¢éli'éata, *It'ﬁouid'be hiéhiyxdesirable,
hé%éver;*fs'éétéééiﬁé”ﬁﬁatfg ié doihé;ia:rehearsal:Whileistill*alioﬁihé
himj ﬁéxmm&g in his cholce of '“strategies

| The sthéies reported hére employed an overt rehearsal technlque '
.Ldescrlbed by Rundus and Atklnson (1970) allow1ng dlrect observatlon“of
S's rehearsal;) Thls procedure proVides;rehearSai‘éata in a fofa“%ﬁéf“'
ma§ he:hseé in'oohparisonsiaerossTés hh%lerimposghg a minimﬁﬁ'éf‘?éé%iic_
trons‘on‘S's ch01ce of rehearsal strategles-' Aé”é 1ist&is being:presehted
Srls 1nstructed to study by rehearsrng aloud any 1tem or comblnatlon of
1tems‘whlch,he has ‘seen in the llSto The resultlng rehearsal protocols
retp recordiod and later analyzed in eonjunctioh with S5's Frediregall
output R Y T T T L R LY R

" Mlthougn, 1n the procedure descrived, the recomded rehearsal proto-
cols “for El con51st'ohi§ of“répetitiohs of items, this doss not imply that -

is rehear51ng ty s1mple TEPththnu Higher order strategies used by

lm':

bw§ should be reflected in the rehearsal data, If items'éré.beiﬁé."ééso“

c1ated E if Words are belng coded with mneumonlcs, “or if 1mages of word-
.

groups are formed, then-items‘in thege groups”should appear together in
the:rehearSailprotooois,: fhus the.exaet'ooding Strategﬁ.wooidmhelunknown,
but any organlzatlon of the llst by S should be observable

The dual—storage model propose& by Atkinson and Shlffrln (1968)‘L
‘prov1des a framework for much of the dlSCUSSlOﬂ to follow, The model
assumes that reoall of an 1tem is based upon the retrlevel of 1nformatlon

' "\

from both a temporary ‘but highly available short term store (STS) and a



more permenent- long-term store (ILTS). Of specizl interest is.a proposed
rehearsal buffer consisting of a limited number: of.items in.STS5 which E
rhas chosen to actively. rehearse. When & new item is presented. for study,
that item enters ST8. This-new item msay then be chosen for inclusion in
the rehearsal buffer. -Due to the 1imited_¢apacity-of the.rehearsal
~buffer, the entry of & new item into a full buffer ne,gessitate_s the de-
letion of one of the ifems' eurrently in the buffer. Rehearsal of an
.item 1s assumed tc maintain:.that item in.STS° Thig- rehearsal serves a
twofold purpose, TFirst, if an item is still being rehearsed. at the time
-of test, information about the item will be retrievable from the highly
évailable STS. -Secondly, the model postulates that transfer. of infor-
mation about an. item to LTS.oceurs only while that item resides.in STS.
Since. the probability of recalling an item from: LTS is assumed tc ke a
Jpositive functien cof the -amount of LTS.information about -the item, it
follows that the longer an item is maintained in STS via rehearsal the
higher will be its recall probability..
~The primascy and recency effects, usually observed in the U-shsaped
‘serial positicn curves of free-recall studies, prove amenable to the
dual-storage assumptions cof a model such as the one-deScribed,, The
.. recency effect refers to the high recall probability of the last few -
items of a list. - Since the time. between. presentation of thesge items and
.the -recall test 1s short, information about them should still be retriev-
able from STS5. Any activity between study and.test which disrupts 5T5
should minimize retrieval of useful infermation from STS and thus reduce
the recency effect. . Such a reduction was observed .in studies by Pogtman

and Phillips (1965) and Glanzer and Cunitz {1966). In both experiments




‘a mathematies task 'was interpolated between the egtudy of a listrand its-
test. The' recency efféct was virtually eliminated while dittle. change: |
. was ‘observed in ‘the rest of the serial positien:curves

- The primacy effect, the’ high' probability of recall observed: for
initial liSt"itemS;?isimbre?élusiVé;33Itiis highly unlikely'thatlﬁ.woulﬁ
maintain the' initial: 1i&t items in STS until the.time of test; therefore,
primacy must be 'a LTS phenomenon. At the beginning of list. study there
are few items~c0mpetingffor S's attention and thus these items should -
recelve a good deal of rehearsal. 'In'addition, the initial list items::
may be maintained.in rehearsal as later items are being shown, thus:
gaining rehearsal at the expense of items:from the middle of the list, -
Since LTS information, ‘and conseguently recall probability, .is assumed -
to ilncresse” with reheairsal, a major component. of. the primaecy effect may:
be the extensive rehearsal accorded initial items.. Fischler, FRundus:. and
Atkinsen {1970) tested this:interpretation by attempting to equate ‘re--
hearsal of all list items. This was accomplished by instructing S to . -
| Fillihis study time by overtly repeating, at a steady rate, only:the
item beirg displayed. ' This procedure sharply reduceduthe-primacyieffect
while only slightly lowering recall for middle list items and. leaving-
the recency effect unchanged.  The observed decrement in primacy supports
the interpretation that additional rehedrgal accorded initial-:list items
" is a-main factor in the primacy effect. HEven with rehearsal thus equated
a slight primacy effect persisted. This suggests that. other factors
‘such as the distinctiveness. of the initial study positions or the im-
portance of initial items in 8's organizational scheme contribute to

primacy. e Lo




Structural features of rehearsal; the relationship between rehearsal
and recall, output order as a function of item strgngth, and subjective
organization in lisﬁs of unrelated wﬁfdé wére examined in Exfa I. The
next two experiments invglved manipuiafions of.items ﬁitﬁin a iist ofl
_ unrelated'words. Experimeﬁt T considered.chaﬁges in reheéfsal and
recall ggused by iptroducing distinctivg‘items into the study list. 'fhe
_foectshof.repeating_iteﬁs within a list and véfyiﬁg £he spaéihg;between
the repetitions weré explored in Exp. IiI. .Tﬁe final_experiment eiamined
the natqrgHof S's :eheérsal, the relatibnship betvegn réhegrsgl énd're;

call, and features of output for liste containing categories.




-GENERAL METHOD AND ANALYSIS

The.pfeeedufe in#olveaiiﬁ fhe.eoilectien end eﬁalysie:of g;s.fe~lu
hearsal bretoceis ﬁes commoﬁ-to.ell studiee, :Methodology particulef to
each eiperimenf ﬁiii be.deecribed iﬁ{£he:eeefioﬁ deéling‘wifﬁ thaf
experlment | | | | |

Subgects | Feﬁalelundergfadﬁete foluﬁteefe from the inffeductbry
.pSyChOlOgy course at Stanford Unlver81ty served as Ss..'Ciaes crédifIWas
*ﬁglven for part1c1patlon. Each S served in one 50 mlnute session.

” Procedure° Durlng a Sessioﬁ g weslshowﬁ 11 1is%s of ndune, The
order of preeeefetién of 1ists &uring.a session and the order of words
within a list were randomlzed for each 5. TFollowing presentation of a
ligt S was given a 2-min. written free-recall test on that list. List
items were printed on 4 x 6 index cards, one word per card. During
study, cards bearing each list item were displayed one at a time, each
card being shown for 5 sec. A timer-generated tone followed each 5-sec.
interval and signaled the display of a new item. The Ss were instructed
to study by repeating zloud items from the current list during the 5-sec.
study intervals, There were no restrictions placed upon the choice of
items to be rehearsed or the rate of rehearsal as long as S's rehearsal
filled each interval. No 8 reported difficulty in following these in-
structions. A cassette tape-recorder was used to record S's rehearsal
on all lists.

Analysis. The recorded rehearsal protocols were eoded numerically
and analyzed on a computer. The tone pulses that had served to signal

the display of a new item were used to partition the rehearsal from each




trial into rehearsal sets (RS). An RS was asgocilated with each item of
the list and consisted bf all rehearsals recorded during the 5 sec. while
that item was being presented. An example of & rehearsal.protocol is
shown in Fig. 1, In this example the fourth RS consists of the rehears-
als "research, reaction, hoof, research" which occurred while the fourth
list item_fresea;ch"_was_being shown. The size of RS was taken to be
the number of_diffégént_items iﬁ Ré;_ iflan item was repeafed more.fhan
once in a given RS, each occurrence was counted.in determining the total
number of rehearsals accorded that item, but not in the measure of the
size of RS. Thus in the fourth 38; shqwn in Fig. 1, the sizg of RS is
three and "research” is counted_as:havingnreceiV¢d two rehearsals; With-
in each experiment the first list presgnted to:egch S was the same and
was used as a practice list.. The‘datawfrom_this list were equuded.from

analysis.




Ttem Presented Réhééfsai‘Set“(RS)'Q'Wdrds REhearsed by Subject

1. FReaction ~ Reaction, Reacfion; Reécfion,'Reaction '

2, Hoof ﬂoéf;'Réaction, Hoof, Reaction

'3, Blessing  Blessing, Hoof, Reaction

. Reééérch : Réseérch,'Réactién;'Hdofy Reseaich
| 5. Céﬁ@y o 'C;ndy, Hoof, Research, Rezction
‘”6. ‘ﬁardéhiﬁr. - 'Hérdshiﬁ,:ﬂdof; Hafdship, Hoof, Hoof
ZIY;IIKiﬁdheés.'ryl 'Kihdﬁess, Caﬁdy, Hardship, Hoof

8. Nonsense Nonsense, Research, Nonsense, Research, Reaction
20, Cellar Cellar, Alcchol, Misery, Cellar

Fig. 1. Example of a subject rehearsal protocol.




EXPERTMENT T

This study was)desiéﬂed to replicate and extend the findlngs of
Rundus and Atkinsoni(l970) qdhcerning free recall following a single
presentation of a liﬁt of unrelated ﬁords;

Method. Twenté;five Ss were each préseﬁtedall free-recall.listé.
Fach list consistedfof 20 "unrelated" nouns with fongncies of occuf;
rence from 10 to k0O ‘_?per million (Thorndike & Torge, 1044). - }_:_Eecorde“d;
rehearéél protocols and written free-recall data were gbllectéé. Th;.
order of presentatigﬁ of the lists and item order witﬁinﬂa.list were
random for each 5.  The first list was the same for all‘ﬁgfand was not
ineluded in analysié} :

Results. In Fig. 2 the recall probability of an item, Pl({lR), s
shown as a function of its serial position in the stﬁdy iist,ﬁ The U-
shaped funetion exhibits both primacy and recency effecté:. Also shown vt
in Fig. 2 is a plot of the mesn number of rehearsals éiveﬁ an item és a
function of its serial position. Number of rehearsaié is:§een to bé_
quite high for the éarly list items and to decrease steadiiy as & fﬁnc~
tion of serial position. Although not expliqifly instructed to do 8O,

S nearly always rehearsed an item at leasﬁ-bnce during the 5-sec. in-
tervalzwhile it was being shown. The‘prbbability that an item was
rehearséd while being preSentea was .996.

Téblé.l fresents some results concerning the composition 6f re-
hearsa;; The mean number of items in RS as & fuhcfion.of Sérial position
.is shown iﬂ_column 2. }The'siZé of RS is.neceSSérii& one for the first

RS and is‘séeg_to fise‘raﬁidly to a maximum Cf 3.6 with a'gradual decline
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Table 1

Changes in the Researsal Set (RS) as a

Function of Serial Position.

Serial - Mean numbep Mean mumbe r ._ Mean number of
position of items of rehearsals - R8s in which
m in RS in RS item m appears
1 1.0 3.5’ 7.5 -
2 1.9 L. L 6.3
3 2.7 4.8 5.4
i 3.3 5.1 k.5
5 3.6 - 5.0 S 3.
6 3.5 . 4.9 3.0 .
i 3.4 4.8 2.7
8 3.3 b7 2.8
9 3.1 4.6 2.1
10 3.1 kb 2.3 -
11l 3.3 L.s 2.4
12 3.1 4.3 2.3
13 3.1 4.5 - 2,3
1k 3.1 h.3 2,2
15 3.1 Lok 2.1
16 3.2 L5 2.1
17 3.1 L. L 1.9
18 3.0 - h.2 1.7
19 3.0 L.3 1.5
3.0 k.6

)
o

1.0

1l




to the end of the list. Column 3 showg the mean number of rehearsals

per BES. With the exception of the first RS, the numbef of rehearsals
appears rouvghly constanti”fItems'werE‘usually réhearsed. in more than cne
RS, and the last column presents the mean numbér of RSs in which an item
appeared as a function of its serial.position, The number of RSs in
which the 1tem was 1nc1uded ‘decresses Ste&dlly with:serial 9051t10n to

a value of l O for the flnal 1temlpresented, . .

| An item did not always appear in a continuous succession of RSsg:

An item might be entered into rehearsal be absent from oﬁe or more RSS,
~and reappear;in a later RS. In Fig.. 1 an example of such an item is
"researchfﬁ This item was preéent in the fourth and fifth RS, ﬁ%s abgent
fl;om the sixth and seventh.RS and again appeared ‘in the eighth RS. Thus
tﬁere are.fhree types of iteﬁs which may be inqiuded_in RS: (1) ?he item
béing preseﬁted (2).items frém'the previous RS-;and {(3) items not in:
the prev10us RS which have returned to rehearsal Table 2 displays tﬂe
mean proportlon of the items in RSs from the mlddle of the 1list (positions
h:to 18) which belong to these three classes. ;While the bulk of RS is
méde up of the new item and items from éhe previeus R3S, nearly one fourth
of the items in RS were returned to rehearsal foliowing-an absehce, The
réturn of én item to:rehearsal may indicate thathﬁ saw the item”as in
sbme way related to a newly presented i?em and chose to rehearse.the hew
item with fﬁé older one.

. ."Figufe 3"presents P(R} for an itemlas“a function of the_last BS in
which that item appeared. This function is falrly flat for the first
two-thirds of the list and then rapidly increases to & high probability

for items being rehearsed at the end of the study list. Recall

12
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Table 2

Types of Items Present in RS

Proportion of items
in RS which are of
the type indicated

Ttem being Itemg from Items dropped from rehearsal but now returned
shown previocus Rs -
Number of RSs since item last appeared
1 2 3. 4 5 6+
.31 g .12 .0k .02 .01 | .01 .01




fT

P(R)

1 3 5 7 9 ol 13 15 17 19
LAST RS IN WHICH ITEM APPEARED ‘

Fig. 3. The mean probability of recall, P(R), of an item as a function of the last RS
in which that item appeared.




probability was the same (.96) for all items present in the final RS.
This P(R) was the same as that observed for the final list item, sug-
gesting that it is the presence of an item in rehearsal at the end of
list study which gives rise to the recency effect.

Figure 4 presents P(R) for an item as a function of the mean nor-
malized number of rehearsalg accorded the item during list study. Items
included in this analysis were restricted to those from serial positions
b to 18; a relatively flat portion of the serial position curve. - Bince
it had been.obsefved that all items, regardless of serial position.of
amount of rehearsal, whicﬁ %efe in the last RSs had a high P(R),-itéﬁs
appearing‘in the final two RSs were excluded. The measure of.normalized
number of rehearsgls is found by dividing the mumber of rehearsals
accorded an item by the total number of rehearsals fcr that particular
S-list. Thus normalized number of rehearéals is & measure of the pro-
portion of the total rehearsals of a given S-list which were accorded

- an itempl A strong positive correlation may be seen in Fig. L between

: lThis measure Is to be preferred when considering the relationship
between recall snd rehearsal within & list since it avolids a possible
confounding by the different rehearsal rates of different S8s. Both re-
hearsal rate and recall were observed to vary across Ss. The mean number
of rehearsals per list varied across Ss from 61.8 to I41.5 with a mean
of 91.3 rehearsals and a standard deviation of 22 rehearsals. The mean
- number of items recalled per list had s range across Ss from 6.7 to 1k.2
with a mean of 11l.1 items recalled per list and a standard deviation of
1.68 items recalled. There was a significant positive correlation across
58 between the mean number of rehearsals per list and the mean number of
items recalled per list: r = .32, p < .05. If the normalization pro-
cedure were nct employed, then an. increase in P(R) for an item as a
function of amount of rehearsal might be due to the observed high recall
for Ss who rehearsed a great deal.

A5
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P(R) for an item and the mean normalized number of rehearsals of the item.
Previous studies (Rundus & Atkinson, 1970; Rundus, Loftus & Atkinson,
in presé) have produced results similar to those shown.in Fig. 4 and pro-
vide subpqrt for therconclusion_that amount of_rghearsal accprﬂed an. item
is a good indicatcr cof the memﬁry strength of the item. |

. The precéedihg analysis cgnsidered'bnly items from the middle Seg-
ment of fh¢ stﬁdy list. ThisHWasrdone to assure a fairly uniforﬁ popu-
lation'ﬁf it¢m§‘(meén:number of rehearsals and mean P(R) are roughly
constant for.items in.these serial positions) and tc minimize any.fos-
sible effects of primaqyﬁand-recency Oﬂ.the relationship between rehearsal
and recall. Tt is not ﬁeceésary;fﬁqwevér, to impose thése restrictions
iﬁ order to cbserve a positive.félaﬁionship petween rehearsal and recall.
In Fig. 5 recall probability is plotted,ag z fuaction of nermalized
‘number of rehearsals for ltems presentEd-in serial pp;itions 1-4, 5-10,
11-16, and 17-20. TFor all curves P(R) is seeﬁ to_iﬁcfease with amount
of rehearsal. The curves for items from the first 16 éerial positions
are virtually identical. For a given amount of rehearsal, items from
the initial serial positiocns have no better recall than items from the
middle of the list. It thus appears that the primacy effect derives
£rom the'additional'rEhearSal é¢corded the initial list items.  The
curve for items’ from.serial positions 17-20.is at all points above the
other curves. :This 1s not unexpected since items from the last 1ist
positions should have. & high probabiiity of beir.lg present in S's re-
hearsal at the Time of tes£ and tﬁus.be~¥etrievable onn the basis of both

BT8 and LTS information.
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The data presented thus far, interpreted in the context of a dual-
storage model of memory (e.g., Atkinson & Shiffrin, 1968), provide an
explanation -for the U-shaped serial position curve ubiquitous to free-
recall studies. ‘Recall of an item is viewed as: a function of information
about that item retrievable from both the long-term store (LTS) and the
short-term store (STS). Since there - are few items competing for 8's
attention at the beginming of a list, it might be expected that thege
items would recelve a good deal of rehesrsal and consequently have a
strong trace in LTS. The results dieplsyed in Fig. 2 show that items
presented early in the study list are indeed accorded more rehearsal
than laterviist items. Furthermore, the positive relationship between
rehearsal and recall presented in Figs. 4 and 5 would indicate & high
probablility of recall for the much rehearsed initisl items. Words pre-
sented at ‘the end of a list have little opportunity for rehearsal;
however, there 1s a high probability that these items will be present in
S"s rehearsal at the termination of study. Consequently, information
about these items should be available from STS.: The data presented in
Fig. 3 show that items present in the final RS do hawve a high probability
of recall. 1In fact, all items in the final RS, regardless of their
pesition in the study liist, were recalled with the same high probability.
'Thus the recency-effect is seen as a STS phenomenon, whereas primacy
results from the accrual of moxe information in. LTS for initial list.
items.

The relationship between the crder in which items are recalled and
their strength in memory has been the subject of some controversy.. Data

have been presented (Bousfield, Whitmarsh & Esterson, 1958; Underwood &

19




. Schultz, 1960} which suggest that the strongest or best learned,items are
recalled”first,fwhile.Batfig, Allen & Jensen (1965) present results. sup-
porting an opposite hypothesis. . Because of the temporary nature of SIS,

i a . dual-storage model might suggest that Ss first recall items from STS
and then attempt. to. recall items no longer 'in ST8. In.the present study
it was observed that 93%;of-the time~the first item recalled was present
in the final RS.. Figure 6 ghows the proportion of those. items present-

_in the final RS which appear at varicus output positions. - It is evident
that items in .the final RS appear eariy in ocutput. The same function .-
for items whose final rehearsal.was in an earlier RS (the 15th RS was
chosen ag representative) is also shown in Fig. 6. A comparison of
these two functions csupports the hypothesis that items in S5TS at the .
time of -test appear early in-the output protocol;

The positive relationship between P(R) and rehearsal (Fig. 4)
suggests that amount of rehearsal provides a good indicator of memoxry.
strength. It should be poésible therefore tc use the rehearsal data to
relate the position of an item . in the.output protocol to its strength

crelative to other recalled itemso‘ In Fig. 7 the normalized number of .
rehearsals ‘accorded an iter is shown as a function of the position of
the item in the output protocol. When all 1list items are included in
the analysis the curve ig seen to rise rapidly to a peak and then decline
_with output position. The gecond rise and fall at the end of the curve
is prcobably spuricus since it is based on few observaticns with these
coming chlefly from S-lists in which many items were recalled. This
~funetion contains items recalled frém-both STS and LTS. The STS com-

ponent -may. be minimized by deleting those items which appeared in final

20
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R%s. The functions obtained when items present in the final RS and the
firal two RSe are deleted are also shown in Fig. 7. With the STS com-
ponent deleted, the order of recsll is seen to be a function of item
strength, with tﬁe ifeﬁs ﬁﬁich réééived the most féhearsai appéafihg
earliest in. cutput.

As previously mentigned, the ocutput curve contains a possible artiu
facf due té the unequal aﬁdﬁnﬁs of data at each ocutput position. Ih
.particular,.those Ss who perfofmed”well on the recall tests c0ntribﬁte
.a.dispropoétionately large amcunt of datg to the final cutput positions.
One way to. avoid this imbalance is to divi@e the recall protoccl frbm
: gach gelist.into proportions using a vinceﬁ%izing procedure (Hilgard,
;1938),2 Figure 8 shows the mean normalized ﬁﬁmber of rehearsals ad;
borde&-items in each wvincentized sixth of the oﬁfput protocols. Tﬁis
curve: is shown for all list items and for all itemévexcept'fhose appear-
' cing in the_final two BSs. These results clearly suppert thé hypothesis
that 5 initially recalls any items avéilable from*STSjwith éubsequent
‘itemé.recallEd as 4 negative functionlof their LTS Sfrengtﬂ}

There are indications, in both rébearsal and output pf&tocols; of
S's attempt to organize the list preseﬁted,‘.Evidence for the subjective
'organization of lists of unrelatéd ﬁords wags Tirst présented by Tulving

(1962) and a summary of much of the work to date is provided by Shuell

2In'the vincentizing procedﬁ}e  the butput“protocol for each S-1ist

is divided into equal parts, in this case sixths. The mean normalized
number of rehearsals for-items in each part is then computed. The
average for each sixth of cutput is then calculated across all S-lists
yielding a single curve in which each 8 contributes equally to each
-peoint. '
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the item was recalled. Shown for all items and for all items not
appearing in either of the final two RSs. The circled numbers indicate
the approximate number of rehearsals corresponding to a given mean
normalized number cf rehearsals.,




(1969). Measures of subjective organization such as the one suggested
by Tulving (1962) are based on the similarity in the order of words on
successive recall trials and ave thus only sulted for multi-trial, free-
recall procedures. In the current study S is left free to choose Whigh
words to rehearse together. The organization reflected in this choice
may be compared with the order of words in recall, making it possible tc
observe organization.in a single; free-recall trial. 'If the organization
cbserved during rehearsal is related to that seen in recall, then it
might be expected that the probabllity of adjacent recall of any two
items would be a positive function of the number of times these two
items appeared together in rehearsal. At least two problems arise with
this snalysis. First, it has been shown that P(R) is a function of
amcunt of rehearsal;'thereforeg as two items are rehearsed together,
their probability of recall and thus necessarily their probability of
adjacent recall would be seen to increase. Secondly, even if the anal-
vels were restricted only to thoge items recalled, the more times two
items are rehearsed adjacently the more similar would be thelr strength
~in memory. Since it has been shown in Fig. 7 that the order of recall
~is a function of item strength, this effect alone should produce some
increase in the probability of adjacent recall as a function of adjacent
rehearsal.

The following messure was designed to take into account these twe
Jproblems. Let Yj‘be the jth item recalled on a pariticular S-1ist (j=1
to J where J is the number of items recalled for that list). Let X, be
the ith.item of the study list (i=1 to 20). Now for all X, and Yj

(Xi # YJ)'find the probability that X, and Yj appear adjacently in the
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output.protocol as a function of the number of rehearsals Of“Xi and - con-
ditienalized upon the number of adjacent rehearsals of X, and Ijg The
result of this analysis will be a family of curves (a ggrvewfor‘XiPsland
ins which were not rehearsed fogether, were rehearsed once_toggther,:
ete, ) for which the.probability.of adjacent recall of Xi;andﬁYj_is shown
.ag-.a:. function of ‘the number of rehearsals of Xif,_

©. o +One cof the -problems previously no@edJﬂas that adjacent rehearsalJof
tvwo items-might simply increase the recall probabilities of both items
and thus by chance:.increase.the probability of their:adjacent. recall. .
"In the-analysis described. only Yj's-which were recalled are considered.
For any given number .of rehearsals of,Xi,-if adjacentv:ehearsal,of_Xi |
.ahd.Yj had no effect, then the probablility of recalling Xi,should be the
same regardless .of the number of adjacent rehearsals of Xi and Yj,_”Thus
when comparing;the,curves which are.conditionalized on the numbe: of
adjacent rehearsals, the possible effect of the“reca;lnrghearsal_corref
lation is minimized and. observed .differences should:result from the ...
adjacency of rehearsal and not from the increased.recall probability
assoclated with reheersgal. Similarly, the argument that items accorded
a similar number of rehearsalgs. would be expected to appeaf together in
recall is minimized by averaging over:all Yj_items regardless of their
rehearsal.

Figure 9 shows the family of curves resulting from the analysis of
all §~list$"using-the above-method. For all'values cn the. ordinate, thf
probability of adjacent recall of Xi and Yj is seen to . increase as a
function of the number of adjacent rehearsals of the items. If the pre-

ceding arguments .are valid, then the differences observed in these curves
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study.
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are due to S's attempts tc relate items as reflected by their adjlacent
" rehearsal.
For feasong ﬁenﬁioned befére; it wés.eipected £hat as %hé“recall

probability of-Xi'inc%éaéed with rehearsal of Xi’ the probability of

ad jacent Iecall,for Xi and Yj should also increase. In an gftempt to
understand the absence of this effect the data were re-analyzéd; this
time considering only.Xi and Yj which were both recalled. The resulting
family of curves is shown in Figure 10. Any increase in the:probability
of adjacent Ieéall as. a functiéﬁ of the amount of rehearsal pf Xi ghould
be éliminated since only Xi's which were recalled were included iﬁ the
data. All curves are nov seen to decliheu One possible explanatibn
Tor this decxéase is that wheh"Xi.receives few rehearsals it is recalled
chiefly becsuse of its rehearsal with on Therefore, an incressge in the
number of adjacent rehearsals of Xi and Yj'shoﬁld have a strpng effect
on the prcbability of recall of Xi and its recall adjagent to an.ﬁWhen
Xi received.many.rehearsals, however, it is.likely to be recalled Qn the

basis of its own mﬁmbry'strength and be less affected'by its rehearsal

with Yju In fact, it is likely that a much rehearsed Xi item will appear

in cutput surrounded by other weak list items with which it was rehearsed.

It séemSj'then, that the flat curfes.obéerved in Figure:9 ére érobably
composites of'the'fuﬁcfidns sﬁowﬁ‘in Figurelié‘éhd functions which would
increase.as‘rehearsals and recall of Xi inéreaéeﬁ 1

The c¢onclusion which may be drawn . from this rather complex anslysis
is that the"mqreioften twe items appear together in 8's rehearsal the
higher wili 56 the ?robability of their adjacehf.rééallo It is thus
possible to observe the organization of a list of "unrelated" items by

S during the rehearsal of the list.
28
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EXPERIMENT IT

Von Restorf (1933) demonstrated that when an item in a study.list
is diséinctive its recall probability islnotably nigher than thét fogij
other iist.i%éﬁgg;finnthéfﬁf;éént study some items of a list were priﬁfed

Sin red;~distinguishing_them,frdm the remainder of the items Whi?h'weré'
printed in black. Of:particuiaf interest were the changes in réhearsa;
and reéall seen for (1) the emphasized items, {2) those items aajacen#?
in lis?'position to the emphasized items, and (3) the ;i;t as éiwhble;i

Méthﬁd, Fifteen Ss were each shownsii freenrecéil lists. The llStS
each conSLSted of 20 unrelated nouns w1th frequen01es of occurrence of
10 to HO per million (Thorndike & Lorges 19&4)4 Either O, 1, 2, or 3”
of thefwords in & list were printéa in red; the remaining words.were ;?
printeé in plack. The words.éelected te be printed in‘red7were%chose£j
randomi& forléédﬁ.énfiThE“list conditions (numbef"df red words ini%he:;
list) ﬁere agsiéhed rendomly across all lists for all 8s. One-third 6f
the liéts contdined onéﬁrea word, cne-third ccntained two red Wér@s, .
one-si%th contained no red words, and onefsixth‘cpntaiﬁethhree?Ied
words,é The serial position of the red words was randomly choseﬁ with,u
the restriction that.red Words could .appear only in. p051tlons 5 to 16 |
with no moxe.than Awo, red Words in amy block of flve serlal positicns.
The Ss were told that red words might appear, and 1f so, to be sure to
remember thems Recorded rehearsal proteocols and ﬁritteﬁ recall were
collected, ‘The Order of presentatlon of the 11sts and the order of
items Wlthlﬁ é list were random for each 5.. The flrst list presented
was always the same and contained two red words. This list was not

included in analysis.




Results and Discussion. Table 3 presents the mean probability of

recall and the mean number of rehearsals per-item for (1) all items,
(2) the red (R) items, and (3) the non{réd{(ﬁ) items in lists containing
0, 1, 2, or 3 R—items.‘JBOtﬁ prpbabili?yibf #eqail and mean number of
rehearsals were highér for.ﬁ—items ﬁhaﬁ fpéﬂﬁ-iﬁéms, The additional
reheargal accorded thewR-items WaSunotgméssei,rbét der%ved from a longer
maintenance of these‘itgms in gis rghearg?l.j This fac%iis best 1llus-
trated in thosge listé containing a sinélgLR—itemAWheregit was cbserved
that the mean number%of RSs in which tﬁe;Rfiéem éppearéd was 4.5, while
for N-items the mean:was 2.3. For ﬁheéé;s%mé ;igts itiﬁas also noted
that when the R-itemfwas preseﬁted, 5] @iﬁ go% érop alltéther items being
rehearsed and concenfrate solely on thé.ﬁ;gtémﬁ 'The mé;n number of 4dif-
ferent items in RS wﬁsyQ,g,yhenqan Rwiﬁgm waé being shgwn énd 3.1 when
an N-item was displa&ed. | “ | - |

From the first two rows of Table 3 it mey be seen that the intro-
duction of a single R-item sharply\;edﬁcgs-o§erall probability of recall
(column 2), while réhearsai‘offthe.iist'?emaiﬁé ébout %he Same-(column
3). As more R—itemg are included in a,lis£ bo%hgrecali and mean number
of rehearsals tend to a¢;¥éase.for bofﬁ.ﬁ;‘éﬁd.N}itemsi In general,
then, the introduction'af disﬁiﬁcti%e ifems into:a lig% impairs perfor-
mance on the list. 'Wheﬁ‘éoﬁpafiﬁg liéfslwifh Zero andlone R-item (rows
one and twc of Tablé 2) overall mean reééli probablility is seen to fall
from .62 to .L&; hoﬁevér, there is ﬁozafpgrent change in 8's overall
rehearsal. It is pqssible that the réduction ingﬁ’s performance may
be due to a disruption ofﬂgfs'organiééfionhbf'%he study list as the

regult of the introduction cof a distinctive item, The N-items from
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- Table '3

Recall and Rehearsal for All Ttems, Red Ttems, ang N—Ifemsa

Numbef of ‘red
items- in list

AL items

‘Red items

‘N items ™

P(R) -

‘Mean number
of rehearsals

P(R)

- Mean number
‘of rehearsals

Mean numbér
- of rehearsals ~

0

62

46

AT

.45

b.15°
N 17
3.85'
.

.72,
.70
.53

6.52
6.82
481

- B(8)

45
1y

4.15
.06
- 3.60

”_3.11




the middle of a list are ﬁeithezuextensively rehearsed nor likely to be
present"i£ STS,at the. time of-test;_thﬁé,.reqalljéf these items should.
be higﬁly dependent upon_list crganization. .IT the effect of a distine-
tive i@em is to disfﬁpt;oréaﬁization; then an R-item should be more
' detrimental.to perforﬁéﬁce when it occﬁ}5~in;the middle of a list than
when it- appears in early or late serial pOSltlonS For lists centaining
one letem, the overall probablllty of recall was .49, h%;?; L5, .h2,
h6, and .54 when the R—ltem was presented in serial p051tlons 5-6,.7-8,
.9—10, ll—lE, 13-1l4, and 15—16, respectively. This result”supports the
hypothesis that the reduction in ?epall performance assogiaééd with the
iﬁtrodugtion of a distinctife 1ist ?tem ;$ largely due to the disruption
of S’s list organization. ‘. h |
o Flgure 11 shows both the probablllty of recall and the ‘me&an number
f rehearsals for the R-ltem and the N-items 1n gerial p081tlons adjacent
to the R-item in lists contalnlng one‘R—ltem,s A line indicating the
me an pfobability of recall and:mean nﬁmfer of rehearsals fpr all N-items
ﬂh positions 4 to 17 in single R-item. lists iz also shown”fo; reference.
Becail appears to be bést for those-N—items immediately adjaceni to the
R-item and declines withrdisfance fréﬁ the R-item. Mean number of re-
hearsals declines slightly for items aﬁpearing after the R-item.

The main effects&bf intréducing_a distinctive item intc a free-
recali list thus -appear to fe: (1) éﬁ‘inéfease in both rehearsal and
recall probability for thé éistinctive item, {2) a decrease in overall
performance on the list, and {3) some enhancement of iﬁems presentéd
adjacént to the distinctive item.’ It is also suggested that the decre-
ment in list performaﬁce caused by the dlstlnctlve item is at least in
part due to its disruptive_effects on list organizetion.
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. EXPERTMENT TIT

Melton (1967) found that when an item is presented twice in a free
reéall list its.recall pfobability iﬁéreéseS'as,a function.of'the”number.
"5f.iteﬁs interﬁéning between the two presentations. This spacing effect
has been obseived in several other studies (e.g., Glanzer, 1969; Tulving,
‘1969) while'others employing"somewhaf differvent procedures fail to find
the éfféct.(Waugh;.l967; Underwood; 1969). The present study using lists
COﬁtaihiﬁg fepeated items incorporated an observable rehearsal prdceduré
with the expectation that analysis of §'s rehearsal would provide evi-
d?hcé as:to the nature of f@e spacing effect. :

.'.Méthéd. Eleven §S”Were.é8657§feseni§§‘ll free-recallilistsa~'Each
| l;ét.cpﬁsiStéd of.25:preSentations: 20 differeﬁf words; 5 of which were
répeated once, The words used we:e'unrelated'ﬂouﬂs”haviné frequencies
of 6écurfence from 10 to L0 per million (Thorndike &”Lorge,.19kh); A
lis{-éontaihed one of the fivelrePéated words in each of Tive lag con-
ditiQns:Of 0,1, 2, b, or 7 intervening items between presentations.
The order of lists and of items wifhin'a list were random for each S.

The serial pbsitions'of the'repeéted items were balanced within éach.g-

using a latin-sguare dééign° A3 received each lag condition in every
serial position once during the session. VWhen there ‘were insufficient
items_reméining at the end of a 115#’?@ satiéfy one of the lag conditicns
(e.g., when the item in serial posiﬁion 22 was to be repeated at lag 7)
thé second preseﬁtatian oi_;he.repeated iteﬁ was given at the end of the
gtudy list ang Qata from that item_Wés not included in5an§1ysis. S's
ﬁere.told that some items might be.repeaﬁad,. Recorded‘rehearsal proto-

‘epls and writteén freerreCall data were collected for each'§. ~The Tirst
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lis£ presented to all 5's was the same ‘and was not included in the

analysis.:

. -.-Besults eand Discussion.. In Fig. 12mth§_prppabi;ity pf ;ggailing_gﬂ
item is shown as a function of thellgg:bﬁtweggﬁpfesentatigng‘of the item.
N-items refer to .those iﬁgms:which appea:gd_gply‘gndg‘ipljhgqligj:_ Tqﬁ
minimize;r@cency,andﬁp;img;y,gfﬁectsvthg items ingluded_in thés analysis
were restricted to those recelving their first presgntat;on in serié%f_
positien 6 or greater, and their lasgt p;esentation befo%e_serial_pogition
_22. Repall.p?gbabil;tyﬁgenerally iqcregsgq_with_lag prpvid;ng a con-
firmation of the spacing effect. .described by Mglton (l967), Also ?hQﬂQ
iﬁ Fig. 12 is the mean number of rehearsals accorded an item as & func-
tion of its lag condition, This function is segn to be highly correlated
~with the recall probability function. . :

| .Enqigblg b the;rehearsals:agcprdgd an item in each lag condition
a:e_brghen_down into first anq‘sggopd_presentaﬁipn‘compqngnts. ”golumg;

2 Shows_tpeﬂmgan ngmber.of_;ehearsalg-Qﬁ:gg item during its_initial _
5-sec,‘p;esggtgﬁion%pe;iod,::As éXPECtEd;_nQ differeﬁcgs in_rehegysa}_
as a.function ofmcoﬂd;ﬁipn_appea:uin thig interva}, _Colunn 3.display§A
the mean numberLof;rghgarsalsxécpprded an item fgllpwingﬁthe_initigl .
o-sec. presentation and. prior to thewsécond pxgséntéfiéﬁ? :ihg.inp;ease
- observed Qverrlag_is:expected.sinqehthe 1engt@ of.this_ipterpresentation
period (andhhencetthg.Qppqrtunity for_rghgarsal) increas¢§ with lag.
__Column_h_shows_thengan tumber of‘rehearsa%s Qf an itgmuduring‘thers~séé,
interval_while,it:wagnbeing prgsenteq,fqr_the secondrtimei In an attempt
. to explain the. inferior recall cof lag O items as compared with items at
-g:eaterwlagg 1t may. be hypothesized that §7paysJ;éggtattgntigp‘tg‘gjlag
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P(R)

Mean No of Rehearsals

\,/

|
ﬂ
MEAN NUMBER OF REHEARSALS

S owig. 12,

LAG

The probability of recall, P(R), éhd mean number of rehearsals

“of 1list items as a function of the lag between repetitions.

N refers to items which were not repeated.
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Table L

_'Rehearsai During and After First and Second Presentations of an Item

Mean number of
rehearsals during
initial presenta-

Mean number of
rehearsals feollowing
initial presentation

-~ Mean number of
rehearsals during

Mean number of
rehearsals following

Lag tion” of item and prior to secohd 2nd presentation 2nd presentation
N 2.14 2.66 - -

0 2.2L - 1,95 1.86

1 2.12 83 1.95 3.25

o 2.6 1.35 1.73 3.40

L 2.00 1.77 1.65l 3.58

7 2.1k 1.62 ©1.98 2.h4Y




O item during its second presentatiocn period. The results shown in
Column 4 would not support this 1nterpretatlon 1ag O items receive no
fewer rehearsals durlng their second presentatlon than do 1tems w1th
longer lags, The flnal column of the table dlsplays the mean number off
rehearsals accorded an item follow1ng 1ts second 5 sec. presentatlon
1ntersal With the exceptlon of 1ag 7,_rehearsa1s are seen to 1ncrease-
‘w1th lag | | |

The fallure of recall probablllty to 1ncrease from lag h to lag 7
suggests that there may be some optlmum spac1ng for 1tem presentatlons,
Greater lag between,presentatlons rncreases the opportunlty for- rehearsal
prlor to the secondxpresentatlon and thus should increase recall proba—
bility; however ag lag increases- the probablllty that an 1tem Wlll
still be 1n S’s rehearsal at the tlme of 1ts second presentatlon decreasesr
'The-mean number cf rehearsals accorded an dtem for items_not inrthe RS
tmmedrately prior_to_their second.presentation was h.5 for‘iags 1 to.T.
This is very near to the value of h.é rehearsals'observed for nonurepeated
‘items. For items which Were ln the Jits] 1mmed1ately prior to second pre—
‘ sentatlon this value was 6. 3 rehearsals--substantlally hlgher than the
number.of rehearsals accorded non—repeated items,_ It appears, therefore
that s glves preferentlal treatment to those 1tems presentAln rehearsal
. &t the time of their second.exposure. Thus 1n thls study 1t seems that
the optlmal spac1ng is one which is long enough to allow a large number
of rehearsals to occur between the first and second presentatlons, but
short enough 80 that items have a good chance of stlll being in Ss re- -

hearsal at the time of their second. presentation.
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‘EXPERTMENT IV

The freeﬂrecall paradlgm in whleh the llste employed contaln words
related elther a55001at1vely or categorlcally has pr0ven useful in the
study.ot organlzatlon in memory The related words in such lists are
usually clustered in S‘S recall wlth both etructural features of the
study llst and cues durleg recall havlng 1mportant effects on S's per-
formence (eee Shuell 1969, for a review of both methods and resulte)

The present study was desmgned to examine the effects of categorlcally

: related words on S‘s rehearsal Addltlonally, by 1nclud1ng both related

'“and unrelated 1tems.1nleach list, comparlsons can be made between S'
treatment of the two types of 1tere durlng study and‘recall

Method Twenty Ss each recelved ll free recall llstsn= Each list
'coeelsted of two, 6 1tem categorles (Cl and c2) and 12 "unrelated" words
(NC) The labels Cl and CE were solely notatlonal and were not related
to ary characterlstzcs of the categorles or thelr presentatlon order.
lThe categorykrords were the six most frequently glven members of 22 noun
categories from the norms of Battig and Montague (1969), and the 132
"derelated' tems were nouns w1th frequencmes of ocourrence "A" and "AA"
(Thorndlke & Lorge 194k). Recorded rehearsal protocols and written
free-recall data Were:collected.for eaeﬁ.subject, ‘Thewfirst 1ist was
.the same”for'eaeh.é.and was not incleded.in tﬁe-analyeis; the order of
all.other.llsts-and the order of‘ltems within a llSt was randomlzed for

each S

Results and Discussion. TIn Fig. .13 the probability of recalling

an item is shown as a function of_its'serial input positicn. Both
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-primacy and recency effects are apparent in the reéulting.serial ppsition
.curve@_.Clustering of the three types of 1ist.items (CL, €2, and NCY) was
observed in the output prot;cols, A repetitious measure Sf clustering
(Bousfield & Bousfield, 1966) was calculated for each S-list. This
measure computes thé differehce between the observed number of adjacent
recalls of items in each category and an expected value bésed upon the
ltotal number of items recalled in each category. Any difference value
greater thén Ze YO iﬁdicates some clustering. In the presént studyreach
of the;thrge-item fypes was considered as & category. A difference
méasuf;‘was found fof each S~list and the mean computed. There was a
mean of 5af'more repetitidns observed than expected. _The’oﬁserved
clnstefing ﬁay also be expressed as the rafio of the obsefved difference.
in‘repétitiohs to the maximum possible difference gi?en pérfeét cluster-
ing (Gérjoﬁy & Spitz, 1966)a A value of 1.0 for this raﬁio would indicate
maximal clustering. The observed mean value of this ratio in the present
study was .70,

Tables 5 end 6 present data relevant to the composition of 8's
rehearsa15: Data included in thege analyses were from RSs in serial
positions 5 to 20, Table 5 displays-the proporticnal cdmposition of ‘an
RS. ‘The rows of the téble correspond to-the type of iteﬁ{which was being
shown during the 5-sec°;RS, whereas the coi&ﬁna_indicatenéhe types of
i tens whi.c.h”may be included in RS. From row 1 it ._rr‘lay be éee'n that when
a Gl item_islpresented, about threéufourths of the items.in RS are CL
items. As expected, the row entries Tor C2 items‘ére analogous to those
for the ClL items. Thus it appears:that when a category item is presented

8 tends to rehearse that item with'other members ef the same category.
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Téble 5

Proportional Composition of RS

Proportion of RS

Proportion Proportion of RS’ Proportion of RS
of RS which is which is ~which is
which is contributed by contributed by -contributed by
contributed by C1 items €2 1tems FC items
possiblé L : _
items the Cl items Cl items c2 items C2 items NC items NC itens
_ for item being from the not in the § from the not in the from the not in the
item the - presented immediately | immediately |l immediately | immediately | immediately ! -immediately
presented \JS prior RS prior RS prior RS prior RS prior RS prior RS
c1l .25 17 1 .3 .05 _ .0k .09 R [
c2 .25 .0b - .04 .17 37 .09 - .08
NC .30 07 o7 .07 .06 .20 - .23




Similariy, when an [ ltem is presented (rOW'3)most of the 1tems in RS

are NC words. There are at least two poss1ble explanatlons for the:

' Vobserved resemblence of row 3 to the other two rows of Table 5. TFirst,

| the NC items may be treated as a third category" deflned by S ‘as ell
items not belonging to C1 or 02 Alternatlvely, 8 may tend. to rehearse
a category item only when a member of the same category is presented and,
not when an NC item or an 1tem from the other category is shown The
result of such a rehearsal strategy would be the rehearsal of NC rtems
when an NC.item is presented. N |

Table 6 presents e-simiier picture”of the make—upjerfﬁs ?however,
in this table the entrles represent the probablllty of 1nclu51on of the
various types of items in RS. Prom row l-of the table it may be seen,
in column 3, that when 2 Cl Word is presented there is a hlgh probablllty
(.73) that any C1 items whlcn appeared in the 1mmed1ately prev10us RS
will be maintained in g‘s rehearsalu In fact thelr llkellhood of Te-
. naining in_rehearSal is*ebent'four tlmes'as great as that foriotherjtypes
_of items. The entry in celunnlﬁ indicates thetﬁwhen-e Cl-werd is shown
Cl items presented eariier brt-arepped:frqurehearsal (i.e., not present
in the previous RS) are neerlp'ibltimes more likely'tb be reentered-into
rehearsal than are other xtems whleh had been dropped from rehearsal
Similar but weaker effects were again observed for “the NC 1temsc

The data from these two tables 1ndleate that § is. deflnltely us1ng
1nformat10n about the category membershlp of an :Ltem° In fact, S appears‘
to structure the contents of each R3 to match the item being shown rather

than simply'lncludlng the new ltem in some ong01ng rehearsal pattern.
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Table 6

Probability of Inclusion in the RS for Possible Types of Items

Probability : . _ _ .
that the Probability that Probability that " Probability that
RS will ‘a €1 item will a €2 item will _ a NC item will
contain " be inecluded in-the RS be included in the RS be included in the RS
possgible ' 7 - - |
items . - ) ‘
for the Cl items Cl items C2 items C2 ltems NC 1items NC items
the item being- from the .not in the from the not in the from the - not in the
| item RS presented immediately | immediately | immediately | immediately |} immediately | immediately
presented - prior RS prior RS prior RS priocr RS prior RS - prior RS
c1 .94 .73 .59 .17 .06 .28 .07,
2 .96 b .06 .75 61 .20 .06
NG .95 .22 .10 .21 .07 A2 15




The inserted table in Flg lh shows that the overall probablllty of
. recall was observed to be hlgher for category words than for non category
f WOde; Category wordsiare also seen to.recelve more rehearsal than non-
categor& items. This iatter:resuit in'conjanction With-previous cbhserva-
tions that the strueture of §‘é rehearsal'is_highly deﬁendent_upon .
categorical features.of,the\iist~sugge$ts:that=the_higher;reeall probae
bllity for eategory words is ﬁased, at.least in_part;.apon superiori
storage of informationiabout these items. .The“eurves'shOWn.in Figure 14
plot the probablllty of recalllng an 1tem as a functlon of the nonnallzed
number of rehearsals accorded that item. For both category and non—r
category items recail érobablllty is seen.- to 1ncrease w1th amount of
rehearsal. For a glven amount of rehearsal however, recall ts better :
for the category Words? sugéestlngrthat categorlcal 1nformatlon may- be -
of wvalus in retrlevalo For thrs studv9 them\‘the superlor-reeall of
category items. appears to be -due to both. storage and retrleval factorso

In Exp I it was observed that follow1ng recall of 1tems from STS
the order of recall for the remalnlog rtems‘was g functtoo of-themr.LTS
strength: the more‘rehearsal aecorded an'iteﬁ the eariier that.itemﬂ
appeared in output. If”outéﬁtmorﬁer is-indeedﬂcorrelated with item
strength, then in the present study recall of 1tems w1th1n & category
should proceed in crder from most to least re.h.earsed° To look at data
qmeofimm(mﬂC&Imhwmm:%mwdfmmtm:m%&lwﬂaofemhg
list; These sub»protoeols eontained the:output order or-items within
‘each item type relative to all recaiied items of the same class (i.e.,
first Cl item recallea; secohd‘Cl'itemj'etc;),'”Toimioimize the 8T8
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Category Words __

.60 |- Non categary
P(R) f

Wards

L S : , - ormalized) _
¥ - A P(R) f?ebqqr‘s_:ql.; Renearsals | -

o Category. | __ |
20 Chorss |67 35 | 035 |

o Non-Category | 4 | S —1 .
e Worgs . | 40 | &9 | 028 | —

R S S R
o .03 05 07 .09+
D " Normalized Number of Rehearsals -

Fig. 14. The probability of recall, P(R), of an item as a function of
. the mean ncmalized number of rehearsals accorded the item.
Shown for category and non-category items. ' The inhserted -
table shows mean P(R), mean number of rehearsals, and mean
normalized number of rehearsals for category and non-category
words
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component. all items appearing in the last two RSs were excluded from the
analysis. The sub-protocels for each item type were then.combined CTOoSS
§elusing.a vincentizing procedure. Figure 15 shows the mean numker of
rehearsals accorded ‘items in each vincentized fourth of ocutput. For all
1ten classes ontnut‘otd;;rts-e”negetlve functlon of amount of rehearsal
;”This result provides striking support to the hypothesis that recall*ofﬁki
%_1tems from LTS proceeds from strongest to weakest

In the present study 1tem Strength was not the only ocbserved de—
terminant of output order. As was prev1ously mentloned} 58 tended to-ga.
h.recall Category items*in“elusters, Iif recaliVof a cluster of items;from
one category Was followed b& recall of items from the second categony,
then the results shown in Flgure 15 would suggest that the final 1tem e
h'of the flrst cluster might have a lower: strength than that of the 1n1t1al

f_ltem recalled from the second category. To examlne this p0551b111ty a

sub- pro eool for eaoh S lzst was formed by deletlng all NC items from

mthe recall‘protocol of the llst All items appearing in “the, last two
4RSs were: also deleted to mlnlmlze STS effectsn The resulting eubﬁ_;_
protoco}_oonststed_ofxalllClﬁendjcgmttems_nottrehearsed in the final two
RSs,lntheorderln Whlchtheywere fecalled. As an exsmple this
Zosub protocol would be 021,“0 3, Clij"CIE, 013, <L5v02h-f~The:
‘ flrst item of the sub protocol could be from elther Cl or CE,l fhis

| fjltem_wonldﬂthen:be followed by from O to 5 other items of the same cete-

_-go:y_prior to'the;aﬁﬁeafenoe"oﬁ_the.first iteﬂ_from the other category.
_This initial series of itene”fnonfone of thehoategortes'was designated
as the first cluster (FC) of the sub-protocol. In the;example given

above, ¥C was the size of three, and consisted of the three (2 items
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Fig. 15. The mean normalized number of rehearsals accorded a

0l item as a function of the vincentized fourth of

‘the (1 items recalled in which the item appeared.

Also shown Tor C2 and NC items.
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which appeared prior to the first ClL item. The comparison of interest
in this analysis is between the amcunt of rehearsal accorded the last

item of FC (C2, in the example) and that given the first item of the

3
other list category (Cll in the example). In Figure 16 the mean ncrmal-
ized number of rghearsgls‘accorded both the_final item of EC and the
initial item recalled f?om the other category iz shown as a functlon of
the number of items in FC. For all sizes of FC the final item of FC -
received less rehearsgl than the initial item recalled from the second“
.Qategory, In addition, as the size of FC increaSes-this difference is;
observed to increase. Thus, while it was shown in Figure 15 that the:;
érder of recall within a category proceeds_aé=a function of item &trength,
_é will recall sn item of low strength'wifhin a category cluster;prior3

fo the recall of a higher strehgfh item of a different categony; This
érovides another indiqafiénhof S's use of category informatiocn Quffngll

ﬁecalla
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MEAN ‘NORMALIZED NUMBER OF REHEARSALS

02

.08

07

.05

03

LAST ITEM- OF INITIAL
CATEGORY STRING

FIRST ITEM OF 2nd
' CATEGORY STRING

| OR 3 OR 4 5 OR 6
NUMBER OF ITEMS IN INITIAL CATEGORY STRING
Fig; 16. fhe mean normélized number of réhéarsals accofded”thé

last item of the first category string recalled and

the mean normalized number of rehearsals accorded the
first item of the second category string are shown as-
functions of the number of items in the initial category
string. - - :
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CONCLUSION

The free-recall paradigm has proven dquite fertile in generating
both = varlety of phenomena for 1nvest1gat10n and numeIous hypotheses‘
explaining them (see Tulv1ng, 1968) The role of rehearsal in free re-
call is neceesarllyﬁlmportant, and examination of 8's rehearsal hae
provided date relevant to both the phenomena and,the explanationsn
General support was found for: the dual-storage v1ew cf memory suggested ]
by Atklnson-and Shiffrin (1968) partleularly as 1t applles to the U- . ;
shaped serlal posrtlon curve. A strong posrtlve correlatlon between
amount of rehearsal of an 1tem and its recall prebablllty was found in

- all studles, supportlng the medel's hypothe51s that rehearsal of an ltemf

increases 1tSvstrengih in LTS Thus, the prlmaCy effec may be chlefly ;
due to the large number of rehearsals .accorded the lnltl l items of a Y@

list. When an item is presented nearfthe end of a llst there is & hlgh

probablllty that it will be malntalned 1n STS v1a rehe__eal until the
time of test -~ The recency effecﬁ would then be the result of the presence

of the laet'llst 1“

ms in the’ hlghly avallable STS

The order of ‘otput for recalled 1tems was’ also observed to depend

upon S's rEhearsal. fThose 1tems Whlch were b61ng reheareed and main-

tained in STS at’ the end of llst presentatlon appeared very early inhé‘s
output : Fellewrng'recall of 1tEms avallable from STS, other list items
ﬁere"reealled on tne bae}s‘ef thelr-LTS strength with tne Weakest items
eppearing last;“lfne epservation.that:recall-order wae a functien.of
‘atrength Was'also'eonfirmeeein_Erp, iv where it was noﬁed that order of
lrecall within a cateéoryrwae a.negative function of‘ifem strength. A

study by Rundus, Loftus and Atkinson {in press) provides further support



for the observed relstion between item strepgth and output-order. In
their study 5's were given single free-recall trials on 10=liSts‘of-w§rds,
Three weeks later S's returned and were given a recognition test on all
Lbf'the‘wode'breviou51y presented. The ﬁrobability of recognhizing an
.itém was then plotted as ‘a functior of the position of the item in the
output protoéOl of the list in which it appeared. : The.result was an
inverted U;éhaped'curve—indicating a low recognition probability of the
initial ‘items recalled (STS items), & high recognition probabilityffdr
the middle items output (the initial items recalled from LTS) &nd a low
probability of fecoghizing'the final items of the recall output protocol.
' In general, then, following recsll ‘of items from STS, recall appears.to
progress from ‘the strongest to the weskest items.

A number of writers (e.g. ; Mandler, 1967; Tulving, 1968) have pro-
“‘posed that recall depends upon organization. There were meny indications
in the rehearsal prbfocols:that'ﬁs were actively organizing their rehearsal.
Tn the siﬁdy involving'catégoriéed lists there was a pronounced tendency
for 8 to 'rehearse together items ‘from the same category. Presentation
of a word from one of the categories not only increased the probability
of other words from theé category rémaining in rehearsal, but-pérhaps
more importantly, triggered the return to active rehearsal of words from
that ‘category which had been dropped from rehearsal. This latter result
may'heip to explain the observatibn that in lists of "unvelated" words
items would often be dropped from rehearsal and later reappear. ,It is
possible that these words were returned to rehearsal because S saw them
as ‘in some way related to a newly presented item and chose to include

the old words with the new one-in-an organizeticnal scheme.
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* The:erganization observed:in.rehearsal .was alsp ref}ected_in;gﬁs.,

corecall.orIn Exp. IV-8's tendency to rehearse together items of the same

‘category was mirrored. by the clustering of. these items. in recall. It .

was- noted: that-once 5 hagd begun to:regall?aﬂclpstgr;Qf it§ms_from one. of
the categories he would continue recalling-those itemg even though the.
last item recalled in that clusteyr was con the average weake;.thgn ;Pgtﬂ
first: item recalled in the next:cluster... Organization was.also noted .
,iﬁ:lisﬁsgéfuunrelated“word&_inﬂExpu T.. . From ithe recorded rehearsal
‘protocels it -was ebserved that the more . often two,itgms“appeaqed“gdja—
.-cently in-rehearsal.the: higher aas their probability of adjaggqp.regallo
‘Examination of.8's rehearsal thus made it possible to note the .emergence ;
of organization during study and its ‘_magﬂifes_t_a_‘_t;i‘pn. in recall.
w.- Both Exp. Il and Exp. TIT areyexamgleg Qf how. the .cbservation of
rehearsal may help answer speclal questions about free-recall. TIn these
. studies certain items of a list were emphasized by_the‘gxpgrimentgr and
~in both cases S accorded.these items -spe cia;l, ;treatment. TIn Exp, TT it
was cbserved that when afdistinqtiyegitem‘qppearedﬁin_azligpiit1wa§ re-
vhearsed. more -often, maintaineduin :ghearsg;?fqr_a,longer‘ﬁime, aqd,had
a higher recall -probability then .other list items. While recall also
cimproved for items appearing adjacent to a distéﬁgtive item, the effect
ciefa distinetive item on overall recall for all list items was .delete-
rious, possibly;due-to_a;@isruptionﬁcf;§lsslist prganization caused by
the distinctive item.  In-Exp.. IIL items were emphasized by repeating.
~them. - In agreement with previcus .observations by Melton (1967), recall
for:repeated.itemsaincxeased@as-theenumber of-items.inteyvening,between

the.xepetitions‘increagedﬁ;;Thg,numberLof$rehear5§ls_aqcor@e@,rggeatgd
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items was also observed to increase with spacing. Finally;, it was noted
“that items which weréjnot in S's rehearsal at the time of their second
preéentation were given fewer rehearsals during and following this
second exposure than were items which were being rehearsed Jjust prior
to' second presentation.

For lists of unrelated items. the dual-storage model of Atkinson and
Shiffrin (1968) was seen to accord well with the general -characteristics
of §'s rehearsal and to provide an explanation for the free-recall serial
position curve. If it is assumed that S initially recalls items from
STS and then recalls items from LTS in decreasing order of their strength,
the model ﬁill describe the genersl order of items in S's recall, The
shortcoming of such a model is jts failure to consider S's use of
special features of list items and relations between items.in structur-
ing_rehearsal and recall. The model contains no provision for the return
to active rehearsal cof items previcusly dropped from the rehearsal buffer.
These returns were cbserved both in lists containing categories and in
lists of "unrelsted" wofds, and strongly suggest active organization of
the study list by 5. Similarly, theré is & need to c¢cconsider the effects
- of list organization on the output crder of items during reczll. While
on the average cutput following the recall of items from STS proceeds on
the basis of memory strength, when individual E protocols are examined
it 1s apparent that the list crganization seen in rehearsal is also
reflected in recail. Categorized items appear in clusters, words re-
hearsed together tend to be recalled together, and a weak item within a
category cluster will appear in recall before a stronger item from

another category,
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© In conclusioen,:it wag obvicus, both gualitatively to the listening
E_aﬁﬂﬁquéntitatiVely-in the data analysis, that § was noty treating a list
in a.simple, mechanical fashion. — Toadeguately understand performance.
.ih'a.free-recail‘task'it is therefore imperative to gain some knowledge
of §'s strategles of rehearsal orgenization. To this end. the procedure
- for ‘the ‘observation of rehearsal dezcribed here. has.proven, and should

“prove emifiently useful in providing access to Sis..rehearsal processes.
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