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Abstract

In three experiments using a single-trial free-recatll
procedure, 58 were sometimes presented a forget cue during a
Iist, rieaning that they were not respcnsible for recalling any
of the vwords which preceded ft, only those which followed It.
Since the primacy effect over the functional beginning of such
Tists was not diminlished, the P! hypothesls was rejected. The
pimacy effect may be due to Initlal tist members belng reta-
tiveiy free of proactlve Inhiblitlion (P!}, spending longer time
in a limited-capacity rehearsai buffer, or being assoclated
with stronger retrleval cues. Tests of memory showed consis-
tently depressed retention of Items Immedlately preceding a
forget cue. Thils result was conslidered to be more In harmony
with & rehearsal-buffer notlon than a stronger-retrleval-cues

position.
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THE PRIMACY EFFECT OF SINGLE-TRIAL FREE RECALL!

Darryl Bruce and James P. Papay2

Florida State Unlversity, Tallahassee, Florida 32306

In single-trial free recall of a list of unrelated dut
famillar words. recollection of the inltlal few (tems Is
typlcally higher than recall of those from Intermedlate ser-
lal positions. This Is called the primacy effect, and
Tulving's (1968) comment that It "...has so far eluded ex-
planation" (p. 11) Is probably still accurate, recent Inves-
tigations not withstanding (orfeln, Bennett, Arbak, A& Graves,
1969; Lelcht, 1968). The purpose of these experiments was to
secure information bearing on thils probiem.

Three hypotheses of the primacy effect were examlined.
One of them says simply that flrst-presented Items are re-
hearsed more than Itens from the middle of the 1ist (cf.
Rundus & Atkinson, 1970). The particuiar varlant of thls
idea which was tested derlves from a mode) of free verbal
recall purposed by Atkinson and Shiffrin (1968, 1970).

Among other things, thelr model posits a timited-capac:ty

1this research was supported by the Office of Naval
Research, Contract NOOO 14-68-A-043h, Project NR 154-280
and by grants from the Florida State University of the
senlor author.

2We thank the following persons for thelr assistance
In this prujectl Marcus Marshall and Richard Tomsic (Ex-
periment 1); Dennis Howland (Experiments Il and i11)3
DiAnne Bradford and Ellzabeth Vereen (Experiment i111).
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reheatsa’ buffer and a long-term memory sto'e  Duri~y list
presentation each inionfing Item is nerd to enter the re-
hearsa) vudffer and to remain thaere until displaced by a
succeeding Jtem. Which word an incoming word displaces Is
randon'y determlined. The longer a verba! unit remains in the
buffer. 'he moce Informatlon about it 1s transferred to the
long tasm sto e. Retrieval of an item from this store Is
directi, propo:tional to the amount ¢f Information which 1s
cop ed into |t absut the Item. oGliven that the inftial words
of a "¢t enler a rehearsa’ buffer whose capacity has not
veen twatned {0y tne data which they coasidered, Atkinson
and Shiffrin estimated capacity to be fou~ words). then these

iteris wo Y spend. on the average. more time 'n the buffer

before they are displaced than will subsequently presented

Yist membe. <. Thus, more Information about them w'li be
transfarted to the long-term storc and they will be more
Tikaiy to te recalled., iIn short, a primacy effect will be
obtained. These ideas wil) be referred to as the rehearsal-
buffar hypothesls.

The sacond hypothesis proceeds from a tonception of mem:
ory s*orage beling unitary with serfa® position differences
in tho :ecail of Tist members rteflecting differences In
their accessibility. Or as Tulving and Patterson (1968) have

stataed. "The explanation of differential atcessibiitty. ..
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of words ‘from different parts of the Input list...must be
sought If differential offectlveness of different kinds of
retrleval cues" (p. 247). - -Ratrleval cues are effactive when
the Informatlon about-them Is stored wlth each to-be-remem=-
bered word-at:Input time (Tulving and Osler, 1968). ‘Hence,
the primacy effect Is attributable to the fact that retrleval
information. whatever Its nature, stored with each of the
* varlous input ftems ‘Is In genera! more effective In the case
of words from the beglnning of the 1ist as compared w!th
words fron intermedlate serlal positions. - Thils notlon will
be termed the “stropger~retrleval-cues hypothesls.

The chird hypothesis lIncurporates the concept of pro-
actlve Inhibition (PI). On thls view, the inltial words of
a Isit, inasnuch as they are nreceded by very few other words
at most, are subject to smalter amounts of Intraserlal Pl
than are the occupants of later serial positlons, which have
many more words praeceding them, Minimal Pl In the case of
the first few tist members leads to greater recall o these
words. Thls esplanation of the primacy effect will be-called

the lntraserial=~PlL hypothesls.

Experiment |

These three hypotheses were tested in the flirst ex-
periment, For expository purposes the investigation may be
divided Into two parts. The first part constisted of the

auditory presentatton of slx lists of words, each of which
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was followad ‘by-a freé-recall test. The critlcal Independent
variable was the occurrence or nonoccurrence of a tone durlng
the reclttatlon-of-a-list, - No-tone condlitions Involved the
Dresentatlon and Immediate free recall of a list of 25 words.
The Interpolatton -of-a tone during'a list signifled that

only those-wb?&% which ‘succeedad it would have to be fecalled;
not those which preceded it. Thus-'a tc'e may be termed a for-
get cue, and when It occurred It followed the 10th or the 20th
word In‘a 1ist. Thereafter, 25 more words were presented.
Thus ln.each case (tone or no tone), Ss were responsible for
rememberling 25 words,

Fach of the three hypotheses predicts a primacy effect
for recall-of the tone-absent lists. The more critical
question; however, '|s whether a primacy effect 1s to be ex-
pected over what Is effecilvely the beginning of the tone-
present Yistc; namely, the flrst ‘ew positions following the
foréet—signal{

The rehearsalsbuffer -hypothesls predicts such an-effect.
Atkinson and Shiffrin (1968) hold that the § can change the
occupants of the rehearsal buffer at any polnt In the pre--
sentatton of-a-11st, Thus In the current experiment, the
contents of thls store should be deleted following the 10th
or 20th words of forget-cue llsts. In each case, the next
few Items will enter & buffur which has not been fllled to

capaclity, and these words will remaln there longer, on the
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average, than later Inputs. Consequently, recall probablili-
ties for words immedlately subsequent to the tone can be
expected to he Increased in a fashion similiar to the primacy
effect obtained with no-tone lists.

This outcome Is also predicted by the stronger-retrieval-
cues hypothesis. Whatever their nature, the same kind of
more pctent retrleval cues which are storedrat. the time of

input of the initial {tems should also be stored with respect

“to words tmmediately following the tone, since functionally,

these items now represent the beginning of the tist, Their
recall should be increased accordingly, regardless of what
posititon in the list a tone occurs, |

By contrast, the intraserial-P{ hypothesis holds that
words foltlowing a forget signal and preceded by 10 or 20
other words should he subject to a considerable amount of
intraseriai Pi. Thus there snould be no sudbstantial primacy
effect for tone lists., ¢(n additton, this prediction would
seem to appl'y regardiess of whether a tone is sounded after
10 or 20 words, inasmuch as Murdock (1961, Exp. i & Ii1)
found that Pi reached a maximum after three or four prior
words, But in the event Lhat intraserial Pi in the present
task ¥s itneffectuai until more than 10 words have been pre-=
sented, then the absence of a primacy effect may hold only
for lists in which a cue occurs atter the 20th word.

The second part of the experiment consisted of a study-
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test trial ona"35=word-1lst,  For half of the Ss (control
group) the 1ist did not'contaln-a tone. For the other half
{tone group) a tone was presented after the 10th word. At
the end of the'1lst,; however, the latter group was Instructed
ro recalt -gll-of the'words which had been presented, that is,
those which preceded-as well as those whlch succeeded the tone.

Again, the rehearsal-buffer and stronger-retrleval-cues
hypotheses predlict what Is essentlally a primacy effect for
the first few-words fo'lcwing the tone, ‘whereas the fntra-
ser{al=Pi hypothesls does ‘not.- However, the former two
notions ‘would seem to make dlifferent predictlions wlth respect
to the recalil of words Immedlatety preceding the tone:. On a
rehearsal-buffer view, the S8 should-delete the contents of
the buffer upon the prusentatlon of a forget slignal; "At this
time the most 1lkely resldents of the rehearsal store are
those words which occurred Immedlately prior to the tone.
Hence, the duration-of thelr rehearsal will be truncated,
with the truncatlon-belng more abrupt In the case of the niore
recent entrles-into the buffer. Thus recollection of these
words ought ‘to -suffer, with the decrement In recall belng
greater the closer the word Is to the tone. Of course thls
should not be characterlistlc of the control group's perfor-
mance ‘over the same serfal poslitions.

The predictlion of the stronger<retrieval-cues hypotheslis

rests In part on the concluslon of Tulving and Osler (1968)
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that an item and its retrieval cues are stored at the same
time. This would seem to impliy that beyond the presentatlion
perfiod of any ltem, no-addittonal retrieval informatlon about
it Is stored; ' This portion says nothing about the subsequent
loss of retrieval cues, Thus, sounding a tone In thls ex-
periment should be of no particuiar consequence to the re~
call of words immediately preceding it. Since there Is no
reason to believe that the retrieval cues stored with these
words are any more or less effective than those encoded with
respect to comparabic inputs Iin the control conditlon, It
follows from the stronger=retrievali-cues hypothesis that
there shouid be no substantial difference petween the recall
of these items by the two groups. The intraserlal-=Pl hypothe-
sis would atso appear -to make this prediction,
Method

‘Materials and eauipmen’.: Ail Instructions and }lsts
were played to Ss over a tape recorder, The mémbers of each
list ‘were chosen firom the AA words of the Thorndike=Lorge
count "excltuding contractions, archaic words, proper names,
and homophones,; "atthough some hcmophones were inadvertently
“Included;  ‘Responses to each free=recall test were written on
a separate page In a test booklet,  Between any two successive
test sheets was a page of "arithmetic or number=serles problems.

Procedure and experimental design. A § flrst heard a

practical list, which consisted of 21 items presented at a

POOR ORIGINAL COPp; . .
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There were two sets of iists used for the first six
experimental conditions:; - A 6 X 6 Latin square specified
the sequences in'which the-conditions were to be administered.
The same-Latin square was used -for both sets of -words with
seven $§s taested under ‘each combination of sequence and set.

The fina® 1ist consisted of 35 words recited at a 2,5-
sec rate., For a controt group of 42 $§s, no tone occurred
during this 1ist, A tone group, also consisting of 42 Ss,
heard the same 35 words but with a tone after the 10th werd.
Contrary to the injtial instructions, however, members of this
‘group were -asked after the terminat input to “...recall agll of
the words that you heard, ...those which preceded the tone as
well as those which foliowed the tone.” Thus, both groups
had to try to recoliect 35 words.  After the recall test, 40
control and 32 tone $s were given an unpaced, 35=item, four-
alternactéve; forced-chotce recognition test. In each case,
distractors were randomty chosen from ali members of the pre-
vious s{x tists that-a § had heard. ‘There were two samples
of the fina! Tist and ‘each was used equally often within the
two groups. In-addition, prior to the last list, the two
groups had been-exposed equatty often to the Latin=square
sequences gouverning the presentation of the six -prevfous'
1ists and to the two i[tem samptes of which these lists were
constituted,

Subjects. The Ss were 84 mate and female students at

POOR ORIGINAL COPY - 3E5T
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l1-sec rate, and then seven experlmental llsts. In each case,
a 1-min free-recall test was adminlstered. Except where
otherwlse Indicated, the end of a set of words was signaled by

“ In an effort to minimlze

the Instructfon "Please recall."
the Influence of any Interllist Pl on the primacy effect (Wing
and Thomson, 1965), a 2-min. Interval during which Ss worked on
arlthmet!c or‘humber-serles problems was Interpolated between

the end of each recall period and the beginnling of the next

.llst.

Two wlfhjn-§ varlables were combined factorlially to
yleld the flrst six experlmental Ilsts.” One factor was pre-
sentatlon rate. Words were presented once every sec or once
evéry 2,5 sec,  Each 1lst was prefaced by a verbal descriptlon
(fast or slow) of the presentation rate to be used. The other
Independent varlable was whether or not a llst contalned a ,

forget slgnal, speciflically, a .5-sec, 2000-Hz tone. No fore-

‘ warnlng was glven concernling the presentatlon of thls cue.

Lists In whlch a tone was absent are deslgnated 0. In suéh
cases, Ss llstened to'a serles oFf 25 words, |If a tone was
sounded, however, It occurred on the tape, depending on the
present;tlon rate, 1 or 2.5 sec after the onset of the 10th
(iO) or 20th (20) word, Thereafter and beginning 1 or 2.5
sec, respecthely, from the onset of the tone, a sequence of
25 more words was presented. Durlng the practice llst, a

tone was Interpolated between the slixth and seventh words. .
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Florida State Universtty who served In fulfiliment of a
course requirement "or-as ‘voltunteers. Up to five Ss were
tested at-a time: The- particultar-Latin=square sequence,
sampie of 'tists, and type-of final-1ist administered withln
an experimental "session was "dictated by a schedule drawn up
from a tabte of random numbers.

Results and Discussion

Table 1

Mean and-Standard Deviation of the Number

of Words Recallied from each of the First SIx Lists

List Mean SD

1=0 6.3 2.0
i=10 5.8 1.9
1=-20 6.2 2.1
2.5=0 8.1 3.0
2,5=10 9,0 2.6

2,5-20 8.8 2.7

Performance on the first six llsts. The number of words
correctly recalilted under each of the flrst six freatments Is
desc-ibed in Tabte t. The flrst number of the label for each

list refers to the presentation rate; the second number to the
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tonae or forget-cue variable. For the forget=-cue lists, statis-
tics represent the recali of ‘items presented subsequent to the
tone. In'scoring responses; ‘homophones, misspellings, and
addi‘fons ¢f the piural suffix =s or ~es were not counted as
errors. ‘Anatysis of variance disclosed that differences among

means for the i-sec lists were not statisticatly significant,

E (2, 36V) = 1,54, p >.0%, but that they were for the 2.5=sec

1ists, F (2, 360) = 5,35, p <.07, Therefore. comparisons be-
tween 2,;5~sec means were madeé. (The Newman-Keuls method was
used in all analyses of this kind which are reported.) The
2,510 and -2,5-20 treatments dfd not differ significantly, but
both were superior to the 2.5-0 condition, p<.0Y and .05,
respectively. in summary, overall recall scores were not ad-
versety affected by the study of 10 or 20 words immediately
preceding the words to be recailed,

in a study of the short=term retention of paired asso-
clates that-'used a procedure ‘anatogous ‘to that of the ‘current
experiment, Bjork (1967; cited by Bjork, LaBerge, & Legrand,
1968) also failed to obtain evidence of any intruserlial-Pl
effectss - And In the sense that the present yesuits reflect a

release from Pi, they are also in -accord with data obtalned by

- Bjork et at; (1968), Elmes (1969), and Turvey and Witttinger

(1969)., On the other hand, Bjork et al, also found that curlng

~a § to forget-an initlalty presented CCCC unit just prior to

the occurrence of a second one produced slightty poorer recall
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of the latter untt than-a condlitlon invoiving the presentation
of the second unit by ttsetf, Perhaps no serious Inconsistency
ts Involved here since the method was cornsiderably different
from that of the present experiment.

For the forget-cue tists, ‘words prltor to the tone in-
truded ‘into the recattl of words which foliowed the tone. Med-
ians for the four lists were as follows: .25 (1=10); .64 (1-20);
45 (2,5-40); .66 (2.5-20). intrusions of this kind as a func-
tion of ordinal positton pritor to the tone showed no pattern
which was characterfistic of all lists. (See Figure 1)

Figures Y(a) and - 1(b) set forth seriai position curves
for the 1= and 2.5<sec tists. The description of performance
on tone~present tists ‘pertains to recati of words following
the tone.,  For-ctarity of presentation, recall proportions
have been-caicuiated over elther three or four adjacent ser-
ia) positions.

Figure 1{(a) indicates that primacy effects for the l=sec
lists were not estensive: In generail, they spanned the flrst
three input positions:; ' However, recali of items from positlons
4b=6 In the 1+0 conditton was ‘atso better than recall from in-
put positions: "Accordingly, analyses of variance were per-
formed on both number correct for the first three serial posi-
tions and number correct for the first six serial positions.

!n each case, the overall difference among treatments was

statistically significant, F (2, 166) ~ 8.76 and 4.79, p <.00]
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and .01, respectively. With respect to number correct over
serfal posfitions 1=3, individual! comparisons between lists
disctosed that 1-20 was supertor-to-both 1-0 and 1-10,

p .01, but-that the tatter two did not -differ significantly,
For number correct -over the first six serfal positions, 1-20
and 1=-0 were not retiably differunt, but both showed sub-
stantially better performance than 1-i0, p <.05,

Figure i(b) indicates marked primacy effects for the
2,5~-sec Tists which extended, for the most part, over the flirst
six serial posttions. "Anaiysis of ‘varfance of the number of
1tems recaltted from-these positions revealied a signlficant
overall treatment effect, F (2, 166) = 8,81, p < .001, The
results of {ndividual comparisons between tists were as
‘follows:  2,5-20>2,5-0, p«< .01 2,5-20>-2,5=-10 and '2.5=10>
© 2.,5=0, p<.05,

in short; whether words were presented at a 1= or a
2,5-sec rate, the primacy effects obtalned under standard
frge=reca1l conditions were not consistently higher than the
primacy effects observed with forget=cue lists, In view of
this evidence, the explanatton of the primacy effect offered
by the intrasertal=Pl hypothésis does not seem tenable.
These results are more in keeping with the rehearsalt-buffer
and stronger~retrieval-cues hypotheses.

- Parformance on the flilnal-list.  The mean number of f[tems

correctly recailed from the final ilst was 9,0 (SD = 3,0) for
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the controt-group and 9.2 (SD = 3,9) for the tone group: The
correspondtng'recognitton'meanS"were'iB,Q (SD = 4.7) and 17,3
(SD "= -4,9), -tn-nelther -instance was the difference statls~-
tlicatty stgnlftcant, E (1, 80 <1'andE (1, 70).<1, respec~-
tively., (See‘Flgure 2)

Serlatl posltton-curves for the two groups under recall

- and ‘recognltlon -testing appear ‘In Flgures 2(a) and 2(b), re-

‘specttvely., - Some smoothing of the functlions has been attempted

by averaglng ‘proportions ‘over ‘sets ‘of two adjacent serlal
posltlions, ‘except "'In the tnmedlate vicinity of the tone. There
are a number -of 'sallent festures of -these curves. One Is the
superfor ‘retentlon-by the tone‘gi-oup-particularly under recall
testing, of ‘words ‘which Immediately fotlowed the forget cue.

This effect Is consistent with the rehearsal-buffer and stronger-

‘retrtevalt=cues hypotheses but not with the Intrasertal=Pl

notlon,
Asecond ‘Important “feature of Flgure 2 concerns the re-
tentton of lItems "9 and 10.  Flgure 2(a) Indlicates -that-recall

of these two words was depressed under the-tone condttlon,

- and"parttcutarty -so In the case'of "Item 10. Thls decrement,
-as "Indtcated "prevtousty, “I's "‘In"keeplng with the rehearsal-

- buffer ‘posttion; On the ‘other -hand, ‘recollectlon by the con-
“trol group from-sertal poslitions 9 and 10 was rather low as

‘wall, To test the signlflcance -of the dlfference between the

two ‘curves ‘over these polnts, slx macro#subjects were formed
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per condttion, - -Each -macro=subject comprlsed seven §s who had
recelved the same-prlor sequence of materials and treatments.

Analysls ‘of "varlance Indlcated ‘that recall of the control

group stgnltficantty exceeded that -of the tone group. f (1, 8) =

6.72, p <,05. Furthermore, differences at serlal poslitions

9 and 10 were not entlirely eliminatad with recognitlion test-

LY T

Ing. 'Theie'resufts would appear to favor the rehearsai-
buffer Interpretatlon of the porimacy effect rather than the
stronger-retrlieval=-cues poslition.

A final point-about -Flgure 2 concerns the recall of
terminat ‘lnputs: Flgure 2(a) 11lustrates that thelr recol-
lecttion was poorer under the tone condlitlon. - Thls can pro=

bably be ascribed -to the fact that at the end of the flnai

‘Tlst, members of the tone group recelved addltiona! instruc-

tlons stressting that they shoutd-also recall words which
had ‘occurred-prtor -to the forget - signal, whereas controi $§s
were told only -to "Please recall." These extra Instructions
undoubtedly erased much of the rehearsal buffer In the tone
condition, thus eliminating the recency effect (cf. Atkinson
and Shiffrin, 1970).

In summary, Experiment | demonstrated that the primacy

effect was not serlously -dimintshed by the presentation of

‘10 or-20 words ‘prtor to a forget cue. Rejection of the

Intrasertal-Pl hypotheslis Is clearly In order. On the other

hand, even though the depressed retentlion of words Immedliately
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preceding ‘the -tone In the ftnat-tist-favors, In our-optnion,
a rehearsat-buffer Interpretation, rejectlion of the atronger-
retrleval-cues hypothests-at-thls time may be premature.
Perhaps the more'prgdent-course‘ls to ‘suspend judgment ‘untl!)
more data are collected and ‘examined.  Experiment || was
conducted for thls reason and atso to probe further Into the
absence of any gverall P! effect In thls experiment due to
the ‘processting ‘of words prior to a forget cue.
Experiment 1|
in this study, by contrast with Experimenc-I; the

nurber of Items "to be recatted was -varted rather than pre-

-sentatton rate, and ‘visuatl ‘rather than audltory presentacton

was used. The ma)or -reason for the former change was to

- g1ve more opportuntty for Pt effects to operate. That ls,

glven a constant -presentatton-rate, then the longe:r the 1lst,
the longer-Is the retentton tnterval for each 1lst member
Ilkely to be. And-since It acpears that !n short-term memory,
Pl 1s more potent-at tonger retentlon Intervals (Keppel &
Underwood; 1962), It may be that tn free-recall tasks, detri-
mental effects of Items preceding -a forget cue are obtsined
onty with -longer-lists. The change from audltory to visual
presentatlion represented ‘a modest attempt to assess the gen-
eratity of the phenomena observed in Expe}lment !. Both of
these purposes, however, were anclllary to the objectlve of

securlng additiona! avidence bearing on the rehearsal-buffer
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and stronger-retrieval-cues "explanations of the primacy effect.
~ -+ Method

Matertals and-aqutpmepnt." The materials were simllar to
those of Experiment t. "That ts, the number-serles problems
were reused and-tlsts were constructed by sampling without
replacament from the same poputatton of words. Unllke
F<perlment -t; -however, "un IBM 1500 "tnstructional system was
used. {t controlled and ‘Indlviduatized the presentatlon of
* Instructtons and materials via the cathode ray tubes-of |BM
1510 Instructtonal ‘disptay units. A -$ typed !n his responses
at the keyboard of one of these units.

Procedure and -exoertmentat desliga. To famiitartze Ss
with the procedure; and ‘In-particular, with the nature of
the forget cue and the typling of responses, Initlal Instruc-
tions Inctuded two practice 1lsts of 8 and 10 Items. The
second of them contalned a forget cue after the flfth word.
Foliowlnﬁ this, ‘§s were-at2o shown two-tltustrative number-
serfes problems. -Otherwlise, the Instructlions were comparable
to those of Experiment I. A !

The first four tists administered represented the facto-
rlat comblnattion -of two within-§ variablies. One was the
occurrence or nonoccurrence of a visual signal during & 1lst,
The signa), which meant the same thing as the tone used !n
Experiment ‘I, was a row of flive squares for half the §s and

a row of three asterisks for the other half. If a forget
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cue occurred, 1t was preceded by t5 words. The second varl-
able was the number-of -Items to be recalled. No-forget-cue
(NFC) 1lsts contalned eftther 20 or 35 words, and forget-cue
(FC) llists had -elther 20 or 35 words which followed the cue.

At X 4 Latln square provlided four seauences of con-
ditions. A fourth of the Ss was tested under each sequence.
Within each of these subgroups, two 20-word 1lsts and two 35-
word 1lsts were used ‘equally often with eash forget cue
(squares or asterisks) under each approprliate treatment com-
bination,

As a final 1ist, & forget-cue group of 80 Ss was shown
35 1tems with a forget signal following the 15th Item. - This
group vas subsequently asked to-recall all of the words It
saw, that Is, words both prlor and subsequent to the forget
cue. A control group of 80 S§s also viewed and then attempted
to recatl 35 words, but no forget signal cccurred durlng the
1ist. After the recall test; both groups were glven an un-
paced, paper-and-penclil, 35-item, four-slternative, forcad-
cholce recognttion test. The distractors were randemly
selected from the to-be-remembered ttems of previously pre-
sented 11sts, There were four different 1ists for the final
treatment, and each was used eguatty often In both groups
and equaltly ~ften under the two varlations of forget cue.
in addition, the forget-cue and control condltions foltowed

each of the four different sequences of the flrst four 1lists
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equaliy often.

The main temporal features of the procedure were as
follows: ' "ready signa’s (a row ot three asterisks If the
forget signal which might be administerea was flve squares
or flve squares if the forget signal was three asterlsks),
forget cues; and words cresented at @ ¢ S-sec rate; a recall
period of 2 min, except that If the § failed to respond with-
in any span of 30 se:, the test was terminated; a3 2-min In-
terval between the end of the recail period and the ready
signal for the next iist durlng which the § solved number-
series problems. A1l recail periods. save that for the
finai Yist, were ¢cued by the appearance of a row of flve
question marks. following the final iist, the forget-cue
group was deiayed for 10 sec by the instruction to recall
a'i of the words. Therefore, members of the control group
were datayed by a message of equivalent iength and duratlon
which simply fndicated that no forget signat had occurred
and that they shou'd try to reca'l a') of the words which
had been presented.

Subjects. The §s were '60 1.aie and female students In
introductory psychology at Fto-ida State lUniversity., Particl-
patlon In experiments is a course requirement, The particular
sequence of treatments, materlals, and final! condltfon to
which a S was ass‘gned was governed by a schedule drawn up
from a table of random numbers. Up to '6 3s were tested at
a time.

POOR ORIGINAL COPY . BEsr
AVAILABLE AT TIME RimtD
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Results and D!scussion

Table 2

- -a —— - - -

Mean and Standard Deviation of the Number of

Words Recalled from each of the rirst Four Lists

- ‘e -—-

List Mean SD
20-NFC 6.4 2.4
26=FC 5.7 2.4
35-NFC 8.0 3.6
35-FC 7.2 3.5

- om o e &

Performance on the flrst four Jists- The number of

words correctly recalled on each of the first four lists Is
described In Table 2, The flrst part of a iist label In-
dlicates the number of words S8 were responsiblie for recall-
Ing, and the second part whether or not a forget cue occurred,
Statistics for the FC conditlions refer to recall of Items
presented after the forget cue. Unilke txperiment |, a re-
sponse was counted correct only If the word was reproduced
exactiy as It had been presented. Analysis of variance re-
vealed that mean recal) €rom lists whizh aid not contain a
forget signal substantlally exceeded that from 'ists In

which a forget signal did occur, f (¥ 456) = 11,4), p . .00}
ant F (1. 456) = 13.36. g <« .00V for the 20- and 35-word 1lsts,
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respectlvely. By centrast with Experiment i, then, an
overatl Pl effect was obtalned,

Whether this resuit should be given an interference-
theory Interpretation. however, ls debatabie. For one thing.
the Pt{ effect was not substantiatly grcater with the 35-wora
lists than it was with the 20-word Yists. This might have
been expected on the basis of Interference theory. however,
since }t apparently holds that PI effects increase with time
‘Postman, 1963), A second point Is that the median number
of ‘pre-forge.~cue Intrusions ws .48 for the 20-FC 1ist and
.36 for the 35-FC 1:st, This Jdlfference while s)ligh , would
nevertheless seem to be In a d'rection opposite to what
m:ght have been predicted by Interference theory. (The func-
tions relating Intrusions to serlal-position prior to the
forget cue were irreguiar and dissimilar.: PRut while an In-
terpretation of the odbtalned Pi effect which stresses inter-
ference of pre- and post-cue memory traces may not be parti~
cutarly compelling. we confess that we are unable to offer
a tonvincling ailternative exptanation. (See Fligure 3)

Flgure 3(a) sets forth serlal position curves for the
20 NFC and 20-FC 1ists. Corresponding functlons for the 35-
word lists are shown In Flgure 2(b), except that each recall
proportion beyond the span of the primacy effect represents
an average over two adjacent Input positions, For FC iists:

the functions deplet the tecall! of ltems which followed the




-u2u—

601"
Q e—— 20 - NFC

PROBABILITY OF RECALL

F13]15 )89 1213|1617 |20-21}24-25]28-29]32-33
2 4 67 101 145 819 2223 2627 3031 34:35

SERIAL POSITIONS




-25-

forget cue. Under atl condlttons, primacy effects appeared
to range over the first flve-Items. Analysis of varlance
of the number of items recatted-from the flrst five serial
positlons disctosed that-there was ‘no'significant difference
between the NFC and FC treatments for elther the 20- or 35-
word 11sts, F (1; 456) < 1 In each case These resuits reln-
force the earlier refutation-of the-Intraseriai+P{ hypothesls,

Performance on the final-llst:  From the final 1lst of
35 words, the forget-cue group recalted an average of 8.0
Items (SD = 4.3) and the control ‘group, an average of 7.8
(SD = 3.4). The corresponding recognition means were 15.5
(SD = 5.4) and 16.4 (SD = 6.1), As In Experiment i, nelther
difference was statistically rellable, £ (1, VY44) <1 In each
case. (See figure U)

Serial position zurves for recail and recognition test-
Ing appear In Figures 4(a) and b(b), respectively. Propor-
tions are averages over (.0 consecutive serfat positions
save for those In the viclinlty of the forget signal (positions
12-19) and those representing thce Initial part of the 1lIst
(positions 1-5),

Two features of these curves are of primary Interest,
One concerns the retentlion of words preceding but proxima)
to the forget signal, As (n Experiment 1, the minimum of
both the fcrget-cue recall and recognitlon functions occurred

at the serlal position immedlately prior to the forget
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s'gnal., The recall proportions offered tittle guldance as

to what serial positions to examine by a posteriori statis-
tical vests for purposes of evatuating differences between
the forget-cue and contro! conditions, However, the recognl-
tion data suggested that the dependent varlabie shouid be

the number correct from the four input positlions 12 through
15. a range ~onsistent with Atkinson and Shiffrin‘s (1968,
197C0) estimate of the rehearsal-buffer slze for free verba)
iecat}, Analysis of variance of these values for both recatll
ard recogniticn tests reveaied that In each case, retention
in the contro! group significantly exceeded that In the
forget-cue group- f (1, VYuiu) » 4,35, p < ,05 and £ (1, 144) =
1.,06. p ¢ .05 respectiveiy, For reasons outlined eariiler,
these findlngs would seen to point to 3 rehearsai-buffer
~ather than a stronger-ret: ;eval-cues explanation of the
#rimacy effect,

The second point concerns primacy. Flgure 4(a) Indlcates
that for free recatl, primacy effects extended over the
initfai five items. Analysis of variance of the number
correct from the flist five input positions dlsclosed that
the effect was greacer unaer the control condition as con-
pared with the forget -cue condition, £ (1, 1hk&) = 11 .24,

p . .001., Whiie tnls might appear to provide additiona}
avidence for the general notion that Inftlal 1ist members

a*e accorded more tehearsai time thus accounting for the

POOR ORIGINAL COPY . BEST
AVAILABLE AT TIME FiLAED




or:macy affect, thls result can atso be handited by the
stronger-retrieval-=cues hypothesls, it need only be assumed
that in the forget-cue group. the same retrieval cues are
stored for both initial Vist Items and Items which closely
follow the forget cue. This would lead, In effect, to an
A-B. A-D retroactive paradtgm which, under Instructlons to
reca't a'! responsaes. |s known to produce retention effects
analogous to those in Figure L(a) (e.g., Barnes & Underwood,
19993, The fact that the recognition functions of Flgure
L(b! show no different!al primacy effects, £ (1, Yel4) = 1, Is
not necessarily tn conflict with elther hypothesls. In the
case of the rehearsal-buffer posttion., one couid posit that
muitipie partial copfes of items are transferred to long-
term storage (Atkinson & Shiffrir, 1970); and further, that
differences In effects noted with recall and recognition
simply ref.ect the avallabllity of such partial Information
(cf, McNulty, 1965), On the other hand, the stronger-
retrieval-cues position could hold that recognition tests
large'y bypass the differentia) retrieval problems occaslioned
by the two flnal<list conditions (¢f, Murdock, 1968), thus
resuiting in the absence of the substantial difference In
primacy effects which was obtalned with a recail test,

To sumnarize,. Experiment 1| buttresses the previous
decisich to reject the intraserlali~-Pi hypothesis. But by

contrast with tExperiment . an overall Pt effect attributabie
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to the processing of items prici to 3 forget cue was observed.
However, it (s moot whether tu inte-pret this according to
interference theory. The aep-essed reiall and recognition

of items just prior to-a forzet tuw corroborates the same
tendency noted in txperiment . and disposes us toward a
‘rehearsal=buffer interpretst-on or the primacy effect, Never-
theless, thls influence cf a forget cue on the retention of
ftems immediare'y preceding it, whiie consistent, has not been
dramatic in these studles; and Zx«periment [li was conducted
to provide-a third demonstration of its occurrence. In
addition, Experiment 1ii inquired inzo tne functional simi=
larity of an isotating stimulius and a forget signal as it was
under the finai-iist condftions of Experiments 1 and {i,

Experiment i
Although the von Restorff effect=-the heightened re-

tention of an item which ts noticedo:y distinguished from a
context of other items=--has been most ofcen studied in

serial and paired-assoclates learning tasks (Wailace, 1965),
fts occurrence in free recatl has aiso been examined (e.g..,
Waugh, 1969), Certain paralie!s petween some of Waugh's
methods and resulits and those ¢f the fina! iists -administerad
in Experiments t ard il raised the question of whethar there
is a fundamental similartty between the operation of forget
cues and isolation stimull in single-trial free recall. To

this end, Experiment tii added a thtrd variation to the kinds

POOR ORIGINAL COPY - BEST
AVAILABLE AT TIME FILMED
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of tinal iists presented In Experiments ‘i and il. That

is, In addition to forget-cue and controil conditions, some
Ss were presernited a iist containing a forget signal but
without ever havinag received any instructions about Jts
occurrence or meaning. Moreover, the final iist shown to
these Ss was the only one in which such a signal occurred.
Under such clircumstances, it can be expected that the cue
would be considered as simpiy a perceptuaily novel stimulus,
A comparison with the forget-=cue condition, it was felt,
would vield some idea of the functional simitarity of forget
cues and isotation stimuli, Of course. the administration
of forget-cue and controi final-list treatments was intended
to permit another assessment of the retention of ~items
preceding a forget signal,

Method
Materials and equipment. Lists were drawn from the

- 'pool "of words described earifer and were presented via a
slide projector co..rolted by a timer: All instructions
were played over a tape recorder, Free recalis were written
in test booklets, altternate pages of which consisted of
number=series pratliems,

- Procedure and experfmental desien. Each § recelived
standard free-recall instructions, a practice list of 10
words, and three experimental tists. All lists were pre-

sented at a 2.8-sec rate and were terminated by the appear-
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ance of a row of three question-marks. The 'ready signal was
elther an unfilied circie or an unfiiled rectangle. Each
was used approximately equaily often in each major condition,
Subjects were accorded ! min for free recatl and 2 min to

work on the number=-serfes problems between successive lists,

were three main conditions of the experiment.
These are termed conttoi, forget, and isolation conditions
in accordance witn the type of final list administered. The
zontrol and forget groups, which were not treated differently
untii the final 1ist, were alerted to the possible occurrence
of a forget cue. in this experiment, the forget marker was
a word with a circie or a rectangle around it; a clircle for
those Ss who had a rectanglie as a ready signal, and a rectan-
gle for those who had a circle as a ready signal. lInstruc-
tions indicated that {f such a marked (tem occurred, only It
and the ftems which foilowed it wouid have to be remembered,
not those which preceded it. The occurrence of a sfignaled
word was antedated by 15 other words.

One of the first two 1ists shown to the controil and
forget groups contained a forget-cue word (an FC 1ist) and
one did not (an NFC list). 1in each instance, 20 words had
to be remembered. For half the Ss, an FC llsf occurred first,
and for the other half, it occurred second. There were four
lists avallable for this part of the experiment. Each was

presented as the first iist and as the second list approximate-
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iy equally often, and each occurred in coinsination with the
FC and NFC treatments approximateiy the same number of times.
The fsolation group was told nothing abcut forget cues. The
first two lists which it received did not contaein forget
signals, that is, they were NFC lists.

The three variations of the finai iist were as follows:
The forget group was shown a list of *5 words, the 16th of
which had elther a circle or a rectang:e arcund 1t. At the
end of the iist, however, the members of this group were
told to recall all of the words whicn haa neen presented.

The contro! and fsolation groups aisc saw & :ist of 35 words,
but only In the isoiation condition was the i6th word marked
by a circle or a rectangle. Both groups were delayed follow-
ing the .erminal input by redundant free-recall Instructions
which were approximately equal in length and duration to the
Instructions issued to the forget group Thare ware eight
samplas of the final list and they were uszsd approximately
equally often within each of the threec treatments.

Subiects. The Ss, 213 male and femaie students at
Florlida State University, were either seiected from the same
source as those in Experiment 1i or were votunteers. The
final-11st condition and the particuiar sequence of lists
and forget-cue treatments to which a § was assigned was
dlctated by a schedule drawn up on the basis of a table of

random numbers. Up to three Ss were tested at a time. To
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begin with. 57 S5 were allocated to each Y the three main
groups In the experiment. (v was suhscedtently discovered,
however, that 47 control S35 had wveen incorieciliy tested on
the ffnaili?si, although data which they wontricuted regard-
fng the first two Tists were usahie Henze. 4?2 more $s were
selected for this cond./tion.  This meant that for the com-
parison of the F ¢nd NFC treatments spplied to the control
and forget aroupi, observations from 156 $s were available
(57 + L2 + 57,
Resuits and Dlscusson

Performarce cn the first two I1:isls- n scoring proto-
cols, a word was a:s0 counted az coarvect Ff it differed
from @ list memoer becatse of an obvicus misspeliing, be-
cause the piurai suffix ~-s or -es haa been added. or both.
The compariaon of interest regarding the virst two iists s
between the NFC and +{ treatments. The¢ data from the isoia-
tion group are frreievant for this purpose, and so onily the
performance of the control and forget $s w'l) be described
The mean number of items remembered from tne NFC iist was
8.7 (SD = 2.8) and from the FC tist, 7 6 450 =« 2. 3}). This
overall Pi effect was statisticaliy significant, F {1, 154)
= 15.96, p - .00 As in Experiment f! then. studying a
set of words p:ior tc a8 forget signai prcvea cdetrimental to
rezoliection of the to-be-remembered Items Tne median

number of pre-forget-wue words intruzing nto the recaltl of

FOUR ORIGINAL COPY - dE
AVAILABLE AT TIME FILMED
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cortert words was 1.24, The frequency of these fintrusions,
howeser, nore tittle systematiz relationship to pre-cue
serifai pesition. (See Figure 5.)

Figure S5 shows serial position curves for the NFC and
FC tists. Probabliiities for the FC treatment refer to the
recall of the forget-cue word and the 19 words which followed
it. Primacy effects spanned the first six serial positions.
An analyszis of variance performed on the number correct from
this oart of the list disclosed that the difference between
the curves was not statistically significant, £ (1, 154) « 1,
thus again disconfirming the intraserial-Pi interpretation
of the primacy effect.

Performance on the final list. The mean number of words
recalied by the control group from the final 1ist was 10.0
(SD = 3 7}, by the forget group, 10.1 (SD = 3.3), and by the
isclation group, 9.8 (SD = 2.7). The ditferciice among these
means was not statistically reliabte, E (2, 168) < 1. However,
Figure 6 discloses that the serfal position curves for the
three groups differed substantially. (See Figure 6) In de-
picting these functions, probabilities from two adjacent
Input positions have been averaged except in the range of
the primacy effect (positions 1-4) and in the vicinlty of
the forge“~cue word {positions 13-19). Helghtened recall
of the 16th word, the one which was enclosed by a circle

or a rectangie, is evident in both the forget and isolation



-35—

SERIAL POSITION




g 94nd |4

SNOILISOd TVI¥3S

€e2¢ 6287 SZvE 02 8l sl 2 2i-il 82 b2
cg-ve | te-og | sz92 | szez | o) |aile | o6 | o-g el
i e S Ty Sl R R e ﬂ ﬁmﬁ.,__,éﬁm R T ey i i A

~-9€-

NOILY 108 ———s7
139404 ————0
T04INOD —o

TIVO3Y 40 ALITNEGVEOYd




-37-

conditions. However, it is abundantiy ciear from othet
portions of the curves ithat the effezts of & forgel signal
were quite different trom those of an isoiating stimuius.

in particuiar, the function for the forget group 2s compared
with that for the isciation group featured a ciminished pri-
macy effect, a dip prior to the forget-cue word, and sub-
stantiaily hligher recali of words immeaiately subsequen’

to the forget cue. The conciusion seems crfear: in a singlie-
trial free-recail task sdministered under conditions similar
to those of the present experiment, there is probaoply little
parallel between the processing of & peiceptuaily noveil sti-
mulus and a forget cue.

The differences between rhe controi and forget cie func-
tions were generally in accora with the observations of
Experiments i and §i. Particulariy pertinent to a decision
between the rehearsal-buffer and stronger-retrievai-cues
hypotheses Is the fact that again, words immediately prior
to the forget signal were not recaiied as often as they were
when no forget signal occurred, tnhat {s. under control con-
ditions. Positions 1% and 15 seemed to demonstrate the
point, and so an analysis of variance vas carried out on the
number correct from these serliai positions To increase the
number of values which this varlablie could assume, nowever,
the 57 Ss in each condition were randomiy biocked into 19

sets of 3 Ss each. The analysis reveaied that the superior-
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ity of the controi group with respect o positions 14 and
15 was statisticaliy significant, F t3, 36, « 5.17, p =« .05.
This represents. to our way of thinking, further support for
the rehearsai-tuffer hypothesis.
Conclusions

The main conciusion of these experiments concerns the
primacy effect. Any explanation stressing intraserial Pi
seems quite untenabre. Thus, ail three studies were un-
equivocal In demonstrating that the primacy effect was
not at all diminisned by the prescntation and study of a
sequence of words immediately prior to the functional be-
ginning of & free-recall iist, This is not to say that
intraserfal! Pi does not operate In frea recall (cf. Experi-
ments 11 and iii}, but only that its absence probably does
not account for the primacy effect.

what can account for this phenomenon Is a rehearsal-
buffer process. We are persuaded to this point of view by
recall and recognition tests of to-be-forgotten items. Both
consistently showed depressed retention of words immediately
prior to a forget signal. 1in our opinion, this result is
more In keeping with the rehearsal-buffer hypothesis than
the stronger-retrieval-cues expianation of the primacy
effect. This particular flnding, 1t may be noted, appears

akin to Tulving's (1959) observations of expe:rimental retro-

grade amnesia.
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A final conclusion Is that an Isolatlon stimulus Is
probably not processed In the same manner as a forget cue.
We do not wish to Imply by this that a rehearsal-buffer
notion cannot accommodate Isolatlon effects (cf. Waugh, 1969).
The point is simply that there Is probably only minimal
functional simllar!lty between Isolatlon stimulil and forget

cues.
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Figure Captlons
Fig. )'. Serlal poslitlion curves for three different
types of llst presented under (a) 1-sec and (b) 2.5-sec
rates. Polnts represent the average of probabllities from

three or four adjacent serla! positions.

Fig. 2. Serial position curves under (a) recall and
(b) recognlition testing for control and tone condltions.
Some polints represent the average of probabllities from two
adjacent serfal positlons.

Flg. 3. Serlal poslition curves for NFC and FC llists of
(a) 20 and (b) 35 words. Some points for the 35-word 1lists
represent the average of probabllitles from two adjacent
serla) positions.

Flg. 4. Sertal posttion curves under (a) recall and
(b) recognitlion testing for control and forget-cue condi-
tions. Some polints represent the average of probablilties
from two adjacent serlal positions.

Fig. 5. Serlal position curves for NFC and FC 1Ists.

Filg. 6. Serla) position curves for control, forget,
and Isolatlon conditions. Some points represent the average

of probabllitles from two adjacent serla) positicns.
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