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Deconfounding Serial Recall

Nelson Cowan, J. Scott Saults, Emily M. Elliott, and Matthew V. Moreno
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Immediate recall of nine-digit lists was examined with a method designed to disentangle three factors: input se-
rial position, output position, and response set size (the number of items yet to be recalled). Recall began at Inpu
Serial Position 1, 4, or 7 and included either three consecutive items (in partial recall) or all items from the cued
point to the end of the list and then continuing from the beginning in a circular fashion (in whole recall). Lists
were spoken or printed and were sometimes temporally grouped. Specially selected comparisons demonstrate
that (1) the large primacy effect in serial recall occurs mostly because of output interference, without which larger
recency effects are seen instead; (2) benefits of mnemonic grouping are dependent on stimulus grouping mainl
for auditory stimuli; and (3) auditory superiority effects stem from a greater resistance of acoustic memory to out-
put interference. We offer an integration of results from serial recall and other memory tasks and caution agains
modeling serial recall in isolation.e 2001 Elsevier Science

Key Wordsserial recall; serial order memory; short-term memory; memory models; modality effects; grouping
effects; memory load.

In immediate serial recall, a list of items is tanation processing psychologists (for compre-
be recalled just after the end of the list in theensive reviews see Harcum, 1975; Kausler
order in which the items were presented. Dd:974; Murdock, 1974; Neath, 1998) and has re-
spite a rich history of research with this task, theained so.
results remain difficult to understand inasmuch Many studies of serial recall with regular, un-
as multiple factors are confounded with one amgrouped lists (e.g., Jahnke, 1963; Madigan,
other. It is this problem that we address, througtf71) have shown, in the visual modality, a se-
a new combination of recall conditions andere decline across serial positions and then «
comparisons among them. slight upturn at the end of the list (i.e., a large

Nipher (1878) carried out the first knowrprimacy effect and a small recency effect); in
study of serial recall. He observed that “In writthe auditory modality, a similar function at the
ing logarithms which were read off to me, it wadeginning of the list but a much larger upturn at
observed that it appeared to be much more diffhe end (i.e., large primacy and recency effects)
cult to remember the figures in the middle of thRecently, there has been a proliferation of math-
number than those at the extremes.” Soon aft@matical models attempting to explain the pat-
ward, Ebbinghaus (1885) carried out a more eiern of immediate serial recall (e.g., Anderson
tensive study. Around this time, also, the role ot Matessa, 1997; Brown, Preece, & Hulme,
serial recall in dally life increased with the pro2000; Burgess & Hitch, 1999; Henson, 1998;
liferation of telegraphs in the 1850s and the il-ewandowsky, 1999; Lewandowsky & Mur-
vention of the telephone in 1876. Serial recatlock, 1989; Nairne, Neath, Serra, & Byun,
became a popular topic of research among infat997; Page & Norris, 1998). We make no at-

tempt to compare or assess these models in fu
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Lewandowsky termed it “virtually ubiquitous.” by the experimenter, and output serial position
Serial recall typically shows a large primacy efwhere the item occurs within the response pro
fect and a much smaller recency effect, at leagvcol produced by the subject, are both well
in the visual modality (e.g., Jahnke, 1963known. Although attempts have been made tc
Madigan, 1971), and the primacy gradient islisentangle them in the past (e.g., Tulving & Ar-
one popular explanation of that fact. In keepindpuckle, 1966), we suggest that they still have no
with that notion, for example, the primacybeen completely clarified.
model (Page & Norris, 1998) yields an activa- Typical serial position functions occur for
tion value with a gradient favoring early listparticular tasks, but the relative amounts of pri-
items. However, we report evidence questioninmacy versus recency effects differ considerably
whether one should make a primacy gradierietween immediate memory tasks (e.g., Mur-
the basic mechanism behind serial position efiock, 1976), making the role of input serial po-
fects in serial recall. sition still a mystery. The effect of output posi-
Another mechanism discussed by Lewartion may be to cause what is termed “output
dowsky (1999) is response suppression (dhterference,” the degradation of memory repre-
Henson, 1998; Houghton, 1990), whereby itemsentations as recall proceeds across output pos
are temporarily suppressed once they are m#sns. That degradation could occur either be-
called in order to prevent them from being ineause each item, as it is recalled, specifically
correctly recalled again, as they otherwismterferes with the memory representations of
would be, for example, according to a primacgther items not yet recalled or because forget
gradient. Lewandowsky (1999) also has ading stems from the delay imposed by respond
counted for the small recency effect in visual séag. We cannot distinguish between these possi
rial recall (i.e., serial recall of visually presentedbilities and refer to both of them collectively as
materials) as the result of the response supprestput interference.
sion of prior list items, reducing the set of re- Response set size is a term that we have intro
sponse choices available to be recalled. Howluced to refer to the number of items that the
ever, we report evidence on alternativeubject must plan to recall, but has not yet re-
mechanisms that theoretically could serve thisalled, in the current trial (i.e., the list length
function. These include an often-used mechasinus already-recalled items). The importance
nism, (1) the basic distinctiveness of recerdf response set size has, to our knowledge
items in memory at the time of recall and, tmever been examined directly but there are rea
some extent, of items near either end of the ligpns to hypothesize that it could play a role in
and a less-used mechanism, (2) the memongcall. The basic notion is that the response se
load resulting from items in the list yet to be resize diminishes as recall proceeds, potentially
called, which must be retained in the correct seaaking it easier to recall items toward the end
rial order. We call this memory load thre- of the recall period because competition is de-
sponse set size creased. This will be true, however, only if most
of the list items are held in a limited-capacity
mechanism and this mechanism can exclude
Although the task instructions in serial recalitems that are not to be recalled or already have
are quite simple, the requirement of recalling alpeen recalled.
arbitrarily ordered list in the presented order is a One motivation for suggesting a response se
difficult one, involving many mental processesize mechanism is that it would seem to be a
that still have not been sufficiently sorted ounatural counterpart to the concept of response
We focus on three factors to be disentangleippression (Lewandowsky, 1999). If items
from one another: the input serial position, thevere removed by this mechanism from the pool
output serial position, and the response set sizd.possible response candidates after being re
Input serial position, the location in which arcalled, then fewer and fewer possibilities would
item occurs within the input protocol providedemain as recall progressed, and the respons

Factors in Serial Recall
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set size consequently would decrease acrogslly, small primacy effects and large recency
output positions. More broadly, if there is anyeffects in recall). Such experiments help us tc
mechanism that produces a memory systeobserve the influence of multiple effects but
that maximizes efficiency by concentrating reeannot provide estimates of each effect.
sources on items that are yet to be recalled, re- Response set siz8tudies that could be used
sponse set size effects should result. Arguinp predict whether response set size effect
against these effects, though, it may be neceshould be found have yielded mixed results.
sary to retain the items already recalled in ordéDne might consider the response set to be
to help remember which ones have not yet beeanemory load. We could find no fully appropri-
recalled. Whereas response suppression thege study in which a memory load was imposec
retically could allow already-recalled items tobefore serial recall and tested afterward (i.e.,
be remembered without depleting a limitedmemory preload with an embedded serial recal
capacity resource, it may be too weak or trartask) so as to impose a load on serial recall with
sient to serve such a function. out causing output interference, which would be
Input and output serial position effectfari- a confounding factor. Klapp, Marshburn, and
ous methods have been used to separate thelefster (1983, Experiment 8) found no effect of a
fects of input and output serial positions. For epreload on serial recall of embedded three-digi
ample, studies of forward versus backwartists but there was a ceiling effect in recall. Bad-
recall (Cowan et al., 1992; Li & Lewandowskydeley and Hitch (1974) found rather modest ef-
1995; Hulme et al., 1997; Madigan, 1971) prefects of a six-digit preload on free recall. In
sumably involve a reversal of the output posstudies of the serial recall of five-word lists,
tion effect (and, actually, of the response set sidehnson (1971) and Martin and Kelly (1974)
effect also) without changing the input serial paested pupillary dilation and secondary-task re-
sition effect. They show a marked reversal of thection times, two measures of effort. Effort ap-
serial position function, underscoring the poterpeared to increase monotonically as the list wa
tial importance of output position, which couldpresented and to decrease monotonically as tf
produce poorer recall of later-recalled items. (llist was recalled, as one would expect if effort
contrast, response set size effects would hawere related to the response set size.
been expected to improve recall at the later out-Research on spoken response times for errol
put positions. If there was such an effect, it déss trials in immediate, serial recall (Cowan et
least was obscured by a larger output-positial., 1998; Hulme et al., 1999) is not as one
effect). would expect from the studies of effort in recall,
Unfortunately, though, backward recall prothough. Mean interword pauses in the response
vides only limited, indirect evidence of outputincrease linearly as a function of list length, as if
serial position effects, not a quantification o& memory search across the list must occur du
input and output position effects. Moreovering these periods. In contrast to expectation:
there is reason to believe that backward recditbm the effort studies, though, mean respons
may be accomplished by a complex process fimes stay fairly constant across serial position:
which repeated forward retrievals are carriefbxcept for a speedup often found at the end of
out covertly so that successive items are “peeldist). If already-recalled items were habitually
off” for recall in a reiterative, covert forward re-eliminated from the search set, a much more ex
call process (Page & Norris, 1998). Probed réended speedup across the list probably woul
call experiments (e.g., Waugh & Norman, 196%e expected. [Scalloped inter-response-time
Woodward, 1970) and partial report experifunctions were obtained by Kahana and Jacob
ments (e.g., Anderson, 1960; Brown, 1954(2000) but these were for a rather different situ-
Healy, Fendrich, Cunningham, & Till, 1987) re-ation, keypress responses for repeated, learne
duce or eliminate the possibility of output interlists of 11 through 13 consonants.]
ference and response set size effects and revedlewandowsky and Murdock (1989) have in-
drastically altered serial position effects (specitluded mechanisms that essentially depend o
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the response set size to produce recency effeatkitems in the order presented, as is typical in
in their model of serial recall but those mechaserial recall tasks. When the first digit is to be
nisms have been questioned (Nairne & Neatlgcalled, the input serial position is 1, the output
1994). Overall, the literature offers no resoluposition is 1, and the response set size is 9
tion as to whether the response set size playsvhen the second digit is to be recalled, the se-

role in recall. rial position is 2, the output position is 2, and
the response set size is down to 8; and so or
Moderating Factors through the ninth serial position, for which the

. . input an tput ition th -

We studied these three factors to be disentanb. & dou put positions both are 9 and the re_l
. . o . Sponse set size is 1. Thus, from such a study i
gled (input serial position, output serial posi- . .
. . : would not be possible to determine the separats
tion, and response set size) along with two other, _ - ) " T
contributions of input position, output position,

moderating factors: list modality and grouping, ; . "
. Qr response set size to the recall serial positior
These have been shown many times to be cnfl-

i . . . function.
cally important in serial recall, alone and in

ST . To distinguish between input serial position,
combination. Many studies have shown a pro- = R
output position, and response set size in the

nounced advantage for the auditory modalit . . .
! . resent study, a postlist cue indicated at whict
over the visual modality toward the end of th . -
of three locations recall should begin: Input Ser-

list, Fhe recenc.y portlon_, in serial recall (e'géj’ | Position 1, 4, or 7. It also indicated whether
Madigan, 1971, for a review, see Penney, 1989]. . :
ecall should include only three consecutive

There al_so is an advantage of reca_ll for IISt|§ems (partial recall) or all nine (whole recall).
grouped Into subsets of three or four items OV the latter case, if recall began somewhere
ung_rouped lists or_other groupings (e.g., Se_verbr{her than Positior; 1, it proceeded to the end o
& Rigby, 196.3’ Wickelgren, 196.7’ for a reVIeWine list and then cycled around to Serial Positior
see Cowan, in press-a). Modality and groupin

also interact. Frankish (1989) showed that th%,i continuing forward from there until a re-

auditory modality superiority effect is muchSPonse was made for each serial position. Fc

. —_example, if the cue were for whole recall begin-
larger for grouped lists than for ungrouped lists:. . . . . .
. ning with Serial Position 4, it would cover Posi-

Thus, ideally, any study of deconfounded fac- .
: . tions 4-9 and then Positions 1-3. (The re-

tors should separately examine each combina-

. ; . onses nevertheless were spatially arrange
tion of modality and grouping. W P : . : .
on of modality and grouping. We presente(zccordmg to the input serial positions, 1-9.)

nine-digit, spoken or printed lists either un-: . .
: There are a number of previous recall studies o
grouped or grouped into three subsets of three : : . :
items. various types in which recall was partial (An-
derson, 1960; Brown, 1954; Healy et al.,
Fendrich, Cunningham, & Till, 1987) or was to
begin at one particular noninitial point and cycle
We used a task in which a randomly orderedround to complete recall (e.g., Butterfield, Bel-
series of the digits 1-9, with no within-list digit mont, & Peltzman, 1971; Keppel, 1964; Man-
repetitions, was presented either visually or aking & Turner, 1984; Rellinger, Borkowski,
rally on every trial by computer for immediateTurner, & Hale, 1995; Woods & Epstein, 1969).
serial recall. The subject used a keypad to entetowever, none of these studies used partial an
digits into boxes appearing on the computecircular-whole recall in combination to obtain a
screen, representing the nine serial positions. tteconfounding of three factors; nor did any of
such a task, there is no question about the idethem examine effects of both modality and
tity of the items themselves; in principle atgrouping.
least, the task only involves determining the The deconfounding occurs for various com-
order of the nine available digits. First let ugparisons in which two of the factors are equated
consider what (confounded) factors wouldand only one differs between conditions. The
come into play if the task always were to recallvay in which this situation can be helpful is

A Method to Deconfound Serial Recall
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illustrated in the three examples within Fig. 1llocations. In each case, the output serial posi-
In each section of the figure, the stimulus list ision goes from 1 to 3 as recall progresses, anc
shown and different conditions are shown omhe response set size goes from 3 to 1. Thus
subsequent lines (marked by letters). The largihere is a nonconfounded comparison of Input
open circle in each row indicates the cued starSerial Positions 1, 4, and 7 to one another (Out-
ing point of recall; the bold, solid line andput 1, Response Set Size 3 in all three cases);
arrow indicate the portion of recall that is usednput Serial Positions 2, 5, and 8 (Output 2, Re-
in the controlled comparison; and the boldsponse Set Size 2 in all three cases); and o
dashed line indicates the remaining portion dihput Serial Positions 3, 6, and 9 (Output 3, Re-
recall in the whole-report condition, not used irsponse Set Size 1 in all three cases). Compar
the comparison. isons also could be made instead among the firs

The first (top) example illustrates how deconthree outputs in whole recall, in which case the
founded input serial position effects can be inResponse Set Sizes would be 9, 8, and 7 but a
vestigated. In the example, partial recall is comelse would be as in the comparisons made
pared for the three different cued startingvithin partial report.

Example 1: Input Serial Position
(Outputs 1-3, Response Set Sizes 3, 2, 1)

List: “7 2 4 8 6 9 3 1 4

Trial Type

a o—

b o—

c o—>

Example 2: Output Serial Position
(Inputs 7 - 9, Response Set Sizes 3, 2, 1)

List “7 2 4 8 6 9 3 1 4

Trial Type
a o0—
b O------—-——— - —

Example 3: Response Set Size
(Inputs 7 - 9, Outputs 1-3)

List: “7 2 4 8 6 9 3 1 4

Trial Type

a o—r

b o m—mm—————- » O0— -
e e e e e e

FIG. 1. Three examples of specific comparisons in which two theoretical factors of recall are controlled in order f
third factor to be examined in a deconfounded manner. The three panels of the figure show deconfounded functions fc
serial position (top), output serial position (middle), and response set size (bottom). See Table 2 for a complete descrip
nonconfounded comparisons that can be extracted from the present data set.
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The second (middle) example in Fig. 1 illus-s the factor of interest, shown in bold in each
trates how output serial position effects can bease. In practice, similar conclusions emergec
investigated. Essentially, it is done by comparfrom all comparisons in a particular row, so the
ing the same three input serial positions whedata are plotted in a simple manner that shows
recalled early in partial recall versuslate in them all together. It also must be kept in mind,
whole recall In the example, Input Serial Posi-however, that each comparison is to be made
tions 7-9 are examined in each case. They aseparately for each combination of modality and
compared for trials with partial recall that begarstimulus grouping.
at Input Serial Position 7 and trials with whole Even though empirical expectations based or
recall that began at Input Serial Position 1 bethe prior literature were completely born out in
cause, in both cases, for the critical Input Seridhe experiment, there were some new findings
Positions 7-9, the response set sizes and ttiet probably would come as a surprise from
input serial positions were the same; the onlparticular theoretical viewpoints and that have &
thing that differentiated them is the output posibearing on which principles make sense within
tions. Fair comparisons can be obtained famodels of serial recall. These models often
Output Positions 1 vs 7, 2 vs 8, and 3 vs 9. Imake assumptions about the input coding, out
each comparison, one mean comes from partiplit interference, and response set size. In thi
recall (Output Position 1, 2, or 3) and the otheexperiment, some of these assumptions can b
mean comes from whole recall (Output Positiomssessed directly, by examining deconfounde

7,8, 0r9). factors.
Last, the third (bottom) example in Fig. 1 il-
lustrates how response set size effects can be METHOD

investigated. This can be done by Comparinﬁarticipants

the first three outputs in partial vs whole recall. . ) .
In the example, this is done for Input Serial Po- The subjects in the final sample were 32 col-

sitions 7-9. For both partial and whole recall!®9€ students (17 male and 15 female) who wer
the Output Positions are 1, 2, and 3. The 0n|9at|ve speakers of English and participated a:

difference is that the Response Set Size is 3, Bart Of their work in introductory psychology

and 1 in partial recall vs 9, 8, and 7 in whole reCourses. Eight additional subjects drawn from

call (inasmuch as six additional items remain t§1& Same population were excluded from the
be recalled from earlier input serial positionsanalyses for various reasons: three were not ne

as shown by the dashed line). tive speakers of English, two spoke during the

Table 1 summarizes the different condition{€St Session, one was too sleepy, one wished |
tested in the experiment, with each conditiof€2ve bef:au,se of a health problem, and durin
represented in a separate row of the table. Taff§€ Subjects session the computer malfunc

2 summarizes the comparisons that can gned-

made. There are four comparison types to exam- |

ine input serial position effects, three types t&€SIIN

examine output serial position effects, and three Each trial included the digits 1-9 in random
types to examine response set size effects (nuiwrder, presented aurally or visually via the com-
bered in column 1 of the table). However, eacputer. They were presented either in groups o
type actually includes three specific comparthree or ungrouped. In partial recall, three of the
isons, as the table shows. For example, for inpdigits were to be recalled in serial order (those
serial position comparisons, the three compain Serial Positions 1-3, 4-6, or 7-9), whereas, ir
isons included in arow are (1) Positions 1 - 4 - 7whole recall, all nine digits were to be recalled.
(2) Positions 2 - 5 - 8, and (3) Positions 3 - 6 - 9A printed cue indicated whether recall was to
Notice that the only factor that differs betweerstart at Serial Position 1, 4, or 7. In whole recall,
the types of condition being compared (adjacelitt continued in order through Serial Position 9
rows of Table 2 within a numbered comparisonand then, if it had begun at Serial Position 4 or
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TABLE 1

Values of Output Position and Response Set Size for Each Combination of Input Serial Position
and Starting Recall Position in the Present Study

Input serial position

First-recalled Factor 1 2 3 4 5 6 7 8 9
position
Whole-list recall

1 Output Position 1 2 3 4 5 6 7 8 9
Response Set Size 9 8 7 6 5 4 3 2 1

4 Output Position 7 8 9 1 2 3 4 5 6
Response Set Size 3 2 1 9 8 7 6 5 4

7 Output Position 4 5 6 7 8 9 1 2 3
Response Set Size 6 5 4 3 2 1 9 8 7

Partial recall

1 Output Position 1 2 3 — — — — — —
Response Set Size 3 2 1 — — — — — —

4 Output Position — — — 1 2 3 — — —
Response Set Size — — — 3 2 1 — — —

7 Output Position — — — — — — 1 2 3
Response Set Size — — — — — — 3 2 1

Note Each adjacent pair of rows in the table depicts a single type of trial. The first-recalled item in each trial type (Ou
Position 1) is listed in bold. Each trial type shown in the table was used in both trials with visual and trials with auditory
presentation and in both trials with ungrouped and trials with grouped stimuli (which were grouped into sets of three itel

7, it returned to Serial Position 1 and continuedigits in the nine-digit list, dividing the list into
from there until answers were given for all 9 sahree groups of three items. During the instruc-
rial positions. The combination of presentatiotions the subjects became familiar with all of the
modality, presentation grouping condition, partypes of displays that they were about to see i
vs whole recall, and the starting position of rethe experiment and got practice entering the dig
call resulted in 245 2 X 2 X 2 X 3) trial types. its using the keypad.
Each subject completed 5 blocks of trials, with a The subject initiated each trial with a button-
complete set of 24 trials presented in randopress and 500 ms later a ready signal appeare
order within each block for a total of 120 trials.if a printed list was going to be presented, a yel-
o low box in which the word “ready” was printed
Apparatus, Stimuli, and Procedure or, if a spoken list was going to be presented, ai
Subjects were tested individually in a soundempty yellow box and the spoken word “ready.”
attenuated chamber equipped with a Powdfter 1 s the yellow box was replaced by a red
Macintosh computer and audiological headsox and, 1 s later, the subject heard the first lis
phones. Spoken digits were digitally stored anitem or saw it in the center of the red box.
presented via computer at 56-58 dB(A) as Each list was followed by a response screer
measured with a sound level meter and eal-s after the onset of the last digit in the list. The
phone coupler. Each digit lasted less than 508sponse screen contained a series of nine box
ms. Printed digits were 9.5 mm high and werextending horizontally across the screen. Wher
presented individually at the center of the conthe stimuli were grouped into three sets of three
puter screen, each for 500 ms. For lists of bo#dpaces were introduced between sets of thre
spoken and printed digits, the onset-to-onsebxes, also. In partial report, one group of three
time between digits in ungrouped lists was 1 bad a bar above it indicating that that group wa:
In grouped lists, additional 1-s periods (blanko be recalled, with an arrow always pointing to
and silent) were inserted after the third and sixthe box corresponding to the current item to be
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TABLE 2
Data Selection for Deconfounded Comparisons
Comparison Report Cued Serial Input Serial Output Response
Type Condition Position Positions Positions Set Size

Examination of Input Serial Position Effects

1 Partial 1 1,2,3 1,2,3 3,2,1
Partial 4 4,5,6 1,2,3 3,2,1
Partial 7 7,8,9 1,2,3 3,2,1
2 Whole 1 1,2,3 1,2,3 9,8,7
Whole 4 4,5,6 1,2,3 9,8,7
Whole 7 7,8,9 1,2,3 9,8,7
3 Whole 1 4,5,6 4,5,6 6,5, 4
Whole 4 7,8,9 4,5,6 6,54
Whole 7 1,2,3 4,5,6 6,5, 4
4 Whole 1 7,8,9 7,8,9 3,2,1
Whole 4 1,2,3 7,8,9 3,2,1
Whole 7 4,5,6 7,8,9 3,2,1
Examination of Output Serial Position Effects
1 Partial 1 1,2,3 1,2,3 3,21
Whole 4 1,2,3 7,8,9 3,21
2 Partial 4 4,5,6 1,2,3 3,21
Whole 7 4,5,6 7,8,9 3,21
3 Partial 7 7,8,9 1,2,3 3,21
Whole 1 7,8,9 7,8,9 3,21
Examination of Response Set Size Effects
1 Partial 1 1,2,3 1,2,3 3,21
Whole 1 1,2,3 1,2,3 9,8,7
2 Partial 4 4,5,6 1,2,3 3,21
Whole 4 4,5,6 1,2,3 9,8,7
3 Partial 7 7,8,9 1,2,3 3,21
Whole 7 7,8,9 1,2,3 9,8, 7

Note Each type of comparison (numbered at left) is based on responses represented in adjacent rows of this table.
of the single factor that can vary are shown in bold.

recalled. In the whole report condition all threéied with the responses, the “enter” key was to
groups of boxes had bars above them and the pressed.

arrow again indicated where recall should begin. Subjects were encouraged to take breaks &
As each digit was typed by the subject, it apreeded between blocks of 24 trials. They were
peared in the corresponding box on the screaasked if they had questions about the procedur
The subject had the option of using the delefast after reading and hearing instructions anc
key to erase responses back to a desired outpafore the experiment began, and again after th
position, allowing reentry of the digits startingfirst block of trials. They were allowed to re-
at that point. The average subject used this ogpond to each trial at their own pace.

tion, once or more, on 14.6% of all triaB =
6.1%). (The pattern of performance was n
changed at all when such trials were omitted. Within-subject confidence intervalfRather
The correlation between group means acroigan carry out a large number of ANOVAs for
144 conditions calculated including versus exnferential purposes, within-subject 95% confi-
cluding trials in which the delete key had beedence intervals for the proportions correct were
used was = .99, with no important discrepan-calculated according to guidelines discussed b
cies in the means.) When the subject was satissftus and Masson (1994). A within-subject

ortatistical Analyses
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confidence interval provides a powerful comyielded roughly comparable estimates of vari-
parison of within-subject conditions by excludability, suggesting that between-subject vari-
ing between-subject variability from the confi-ability was small compared to the within- sub-
dence intervals. Confidence intervals for meafct variability between conditions.
were calculated separately for the visual un-
grouped (= .075), visual grouped .073), au- RESULTS
ditory ungrouped £ .068), and auditory Appendix A presents the mean and standar
grouped = .060) conditions. In each of thesaleviation for each of the 144 condition/serial
conditions we treated the nine serial positions jposition combinations in the experiment to per-
whole recall along with the three serial positionsit any comparison of interest at a later date.
in partial recall, for each of the three first-recall- =~
position conditions, as 36 (9 + 3) x 3] lev- 1YPicality of the Data Set
els of a single factor in a one-way ANOVA. This Before making specific comparisons it is im-
ANOVA yielded the mean squared error valuportant to check if the data are similar to what
entering into the confidence interval calculatiomould be expected on the basis of previous re
(see Loftus & Masson, 1994). Thus, each set ekarch. Figure 2 shows that they are. This figur:
36 means shared the same confidence interghlws all of the data from trials in which the
range. For some of the graphs, separate cordited starting position was Input Position 1. As
dence intervals would produce too much cluttenentioned, previous studies of serial recall with
so a single interval# .075) is drawn as the regular, ungrouped lists have shown that visua
“maximum 95% confidence interval” though thepresentation results in a severe decline acros
actual intervals were often a bit smaller (as indserial positions and a slight upturn at the end o
cated above). the list (e.g., Jahnke, 1963; Madigan, 1971).
Additionally, to allow a high-power view of Such a function is shown in the top panel of the
small effects of response set size, we took dafmgure. In contrast, aural presentation results in ¢
from the first three output positions and avermore bow-shaped serial position function that
aged the results across all input serial positionsicludes a much larger recency effect than with
separately for the auditory and visual modalivisual presentation (e.g., Madigan, 1971). That
ties, grouped and ungrouped stimuli, and pasort of function was indeed obtained with un-
tial versus whole recall. These & (@2 X 2 X 2) grouped spoken lists, as shown in the botton
averages then served as levels of a single factpanel of the figure.
in a one-way ANOVA that yielded a mean Another interesting aspect of the data has tc
squared error value used to calculate a confito with grouping effects. Frankish (1989)
dence interval £ .033) that was applied to showed that the grouping of stimuli is much
each of the 8 averages. more helpful for spoken lists than for printed
Conventional estimates of variabilitit may lists, and a similar effect can be seen here. Ther
be helpful to compare the within-subject estwas little difference between grouped and un-
mates described above with more conventiongfouped lists in the visual modality (separate
estimates in order to allow an assessment of tliees within the top panel of Fig. 2), whereas
degree to which the estimates are affected by ttieere was an enormous difference in the audi
statistical method. The standard errors of thery modality (bottom panel).
mean, calculated separately for the 144 condi- This finding might appear to conflict with the
tions of the experiment and then averagddtuitive notion that it is possible to carry out
across these conditions, averaged .08B ¢f grouping in one’s mind even with visually pre-
theSEM= .009). The 95% confidence intervalsented stimuli. However, the data offer a resolu:
ranges, calculated in the conventional fashiaion of that paradox. It can be seen in the tof
that includes between-subject variability, avempanel of Fig. 2 that subjects most likely did, in-
aged= .08. Thus, the within-subject estimatiordeed, group the visual stimuli. Given that recall
procedure and the conventional procedumdways began at Serial Position 1, 4, or 7, it
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Ordinary Visual Recall (starting from Position 1)
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03 el Partial
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Input Serial Position
Ordinary Auditory Recall (starting from Position 1)
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§ 0.9 1 Whole
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o = !
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§_ 05 %{{{{ Whole
2 04 —a— Ungrouped,
03 Partial

1 2 3 4 5 6 7 8 9
Input Serial Position

FIG. 2. The proportion correct as a function of input serial position for trials in which recall began at Input
Serial Position 1, for trials with visual stimuli (top) and auditory stimuli (bottom). These data show that the results
of the present experiment are consistent with other serial recall experiments. In visual serial recall, notice the
scalloped effect suggesting a grouping strategy regardless of the actual stimulus grouping as opposed to auditor
serial recall, which shows a large effect of stimulus grouping. Error bars show standard errors.

would have been efficient to think of the nin@resentation of stimuli. In contrast, for auditory
digits as grouped into three subsets of three digtimuli, the level of performance and grouping
its, in which case the starting point for recall alpattern apparently were heavily dependent or
ways would coincide with the beginning of ghe presence versus absence of intergrou
group. Accordingly, the figure (top panel) showpauses in the stimuli.
that responses to visual stimuli had an unevenFor the grouped auditory lists, each group of
pattern in which there was a separate serial-pitiee items revealed a local recency effect (bot-
sition scallop for each subset of three digits itom panel of Fig. 2) but not a local primacy ef-
the list, suggesting a separate local, bowed serfatt as the visual stimuli did (top panel), fur-
position function for each subset. ther emphasizing modality differences in the
There was an important difference betweeeffects of grouping. Although one could come
this pattern and that observed with auditoryp with reasonable post hoc explanations for
stimuli (bottom panel of Fig. 2). For visual stim-this small, specific difference, it was unantici-
uli, the pattern of grouping and level of performpated and we do not discuss it further for the
ance both were independent of the physicabke of simplicity.
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Another feature of Fig. 2 is that it illustratesthan it does like ordinary serial recall (with large
for the beginning of the list, the absence of aprimacy effects). This shows that the ordinary
effect of response set size. In both panels of tkerial recall effect is heavily influenced by out-
figure, one can see that performance in partiput interference effects and/or response set siz
recall (solid lines) was similar to performance irffects (which are more completely disentan-
whole recall (dashed lines). Thus, in recallingled later on). Thus, with output serial position
Input Serial Positions 1-3, it did not much matrestricted to the first three items recalled, as ir
ter whether the subject also had to go on to rihe left-hand panels of Fig. 3, there are only
call Serial Positions 4-9 or not. small primacy effects and larger recency effects

The data shown in Fig. 2 are typical of seriah serial recall. This is true for both partial recall
recall but do not deconfound the factors of inpund whole recall.
and output serial positions, which are perfectly Another interesting aspect of the left-hand
correlated in that figure. In the following secpanels of Fig. 3 is that relatively similar effects
tions, data are plotted in such a manner that def serial position were found for grouped lists
confounded comparisons can be made. (top panel) and for ungrouped lists (bottom
panel). Moreover, relatively similar effects were
found for visual presentation (dashed lines) anc

Bear in mind that the serial position effectsauditory presentation (solid lines). Of course, in
shown in Fig. 2 are not pure indications of inputhe recency portion of the curves, a ceiling ef-
serial position effects because later serial podiect limits the possibility for modality differ-
tions in that figure sustain more output interferences. As is shown below, grouping and modal
ence and diminishing response-set sizes. We naty effects increase substantially after there is
examine the effect of input serial position withmore output interference. The implications of
these other factors controlled. The left-hand parthis finding are reviewed after additional data
els of Fig. 3 provide a clean comparison by inare presented.
cluding only the first three items recalled. These It is possible that, when subjects are asked t
data are shown for grouped lists in the top panélegin recall at Position 4 or Position 7, they
and ungrouped lists in the bottom panel. (Theovertly rehearse the list beginning at Position 1
panels of Fig. 3 are organized in a different manuntil arriving at the requested starting point.
ner than those in Fig. 2 so that each figure cadowever, any such covert recall process appar
highlight the most noteworthy effects.) For wholesntly cannot cause the kind of output interfer-
recall, Output Positions 4-9 were excluded fronence that overt recall does, considering the
the left-hand panels. The data thus included Inpatuch larger recency effects in visual recall in
Serial Positions 1-3 from trials with recall startthe left-hand panels of Fig. 3 (depicting recall of
ing at Position1, Input Serial Positions 4—6 fronthree items beginning in any position) than in
trials with recall starting at Position 4, and InputFig. 2 (depicting recall of all nine items begin-
Serial Positions 7-9 from trials with recall startning in Position 1).
ing at Position 7. For ease of presentation, these i »
three segments are connected together with &/€CtS Of Output Serial Position
common line (separately for each combination of The middle and right-hand panels of Fig. 3
grouping and modality conditions). For partialshow results that, together, allow a clear view of
recall, the same description of what was includedutput position effects for grouped lists (top
here applies; however, there were no Output Ppanel in each case) and ungrouped lists (bottor
sitions 4-9 to be excluded, so the plotted data ipanel in each case). The middle panels includ
clude all of the partial-recall data. only data for the middle three items recalled.

It is clear from Fig. 3 (left-hand panels) thaFor partial report (circles), only three positions
the effect of input serial position, examined witlare recalled so these are the same data as in t
other factors controlled, looks more like ordiprevious figure, repeated here for the sake o
nary probed recall (with large recency effectgjomparison. However, for whole report (X's),

Effects of Input Serial Position
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FIG. 3. Effects of input and output interference on serial recall in various conditions. Top: Grouped presen-
tation; bottom: ungrouped presentation. Partial-report data are the same in the left-hand, middle, and right-hanc
panels, which differ only in the whole-report data that are included. Data points that are connected by lines in
panels within this figure are drawn from three conditions with different starting points of recall (see Table 1).
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this is a different subset of the data. It is the r&4sual presentations, on the other hand, resulte
call of Input Serial Positions 1-3 for trials within a much more extreme loss of information at
recall starting at Input Serial Position 7, recall ahe end of the list as a function of output posi-
Input Serial Positions 4—6 for trials with recaltion (circles versus Xs on dashed lines in the
starting at Input Serial Position 1, and recall ahiddle and right-hand panels).
Input Serial Positions 7-9 for trials with recall In ungrouped lists (bottom panels of Fig. 3),
starting at Input Serial Position 4. One canndbr auditory lists only, it appears as if the final
obtain a deconfounded view of output positioserial position was completely spared the effect:
effects from these panels because the dathoutput interference. In grouped lists (top pan-
shown from whole report not only follow moreels of the figure), however, it appears as if the
recalled items than the data from partial reporfinal group of threeserial positions was spared
but also are followed by more items to be rdor the auditory lists. Thus, grouping may have
called than partial report; so response set sizelsanged the size of the unit for which the audi-
are uncontrolled. However, the panels are stiibry recency advantage applied. This small dif-
instructive because the results are rather simifarence is not discussed further.
to the right-hand panels, which do portray de- ,
confounded comparisons. Effects of Response Set Size

The right-hand panels of Fig. 3 include only The effects of response set size can be exan
data for the last three items recalled. For partiaded in the left-hand panels of Fig. 3 by compar-
report (circles) it is again the same datang results for partial report (circles) to that for
whereas for whole report (Xs) it is different: It isvhole report (Xs). That is because, in both
the recall of Input Serial Positions 1-3 for trialgases, although the output positions were th
with recall starting at Input Serial Position 4, resame (given that the first three recalled position:
call of Input Serial Positions 4—6 for trials withare plotted), the response set sizes were muc
recall starting at Input Serial Position 7, and resmaller in partial recall (Response Set Size:
call of Input Serial Positions 7-9 for trials with3—1) than in whole recall (Response Set Size
recall starting at Input Serial Position 1. This i8—7), as indicated in Table 2. Although fairly
again shown for grouped lists (top panel) ansimilar functions were obtained for partial and
ungrouped lists (bottom panel). whole recall, a slight but consistent advantage

The results for both grouped and ungroupe€dr partial recall can be seen at the end of the lis
list recall show very different output interfer-in certain conditions. For visual stimuli in un-
ence effects for auditory and visual presentarouped lists, one can see a small difference
tions. Auditory presentations resulted in a modxcross the last 6 input serial positions. For audi
est effect of output interference across mostry stimuli in grouped lists, a moderate-sized
serial positions (points versus Xs on solid linedifference can be seen for the last three input se
in the middle and right-hand panels of Fig. 3Yial positions.

Left: The proportion correct as a function of input serial position for data points obtained from Output Positions
1, 2, and 3. In both panels, notice that the effects of presentation modality (solid lines for auditory and dashed
lines for visual presentation) are small and that the overall serial position function resembles that typically ob-
tained in probed rather than serial recall. The greater primacy effect typically seen in serial recall thus must resul
from greater output interference. The slight advantage for partial recall (circles) over whole recall (Xs) at the end
of the list suggests that there may be a small role of response set size in producing the small recency effect typ
cally seen in serial recall. Middle: The proportion correct as a function of input serial position for data points ob-
tained from the middle three items. Whole report data are from Output Positions 4, 5, and 6. (These panels do nc
yield deconfounded comparisons but are useful for a complete view of the data set.) Right: The proportion correct
as a function of input serial position for data points obtained from the last three items. Whole report data are from
Output Positions 7, 8, and 9. The difference between partial and whole report is in the output serial position. No-
tice the large effect of output interference toward the end of the list (in a comparison with the left panels’ results)
for visual lists only.
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It thus seems possible that the reduction of rgrouping and modality, (3) effects of input se-
sponse set size produces the upturn in performml position, (4) effects of output position and
ance for the last-recalled position(s). It is unmodality, and (5) effects of response set size.
clear exactly why, as one can see in the left-haidhat follows is a description and theoretical
panel of Fig. 3, no effect occurred for recall benterpretation for findings under each of these
ginning in Serial Position 1; only, at best, for retopics. Finally, serial recall is related to evi-
call beginning in Serial Positions 4 (slightly, fordence from other procedures.
ungrouped visual stimuli) and 7 (for ungrouped
visual and grouped auditory stimuli). Howeverrhe Typicality of the Data Set
itis quite possible 'Fhat th? type of memory load Given that some of the serial position func-
that has an effect is not just any need to rec?ll

- . i ons that were shown seem unusual for seria
additional items but, more specifically, the nee o :
. . : recall, it is important to emphasize that these
to recall items in an order different from th

) ) . . unctions are unusual because they portray de
presentation order. It is only in that particular .
o . .~confounded factors, not because the manipula
situation that one cannot accomplish recall sim- .
v by reading from some episodic record in°"S evoked unusual response strategies. Rea
Py by 9 P suringly, recall from the beginning of the list

memory. If this is the case then the response S%towed that the data set was not unusual. Th

size factor would be of no consequence for ordj- i
ypical pattern of serial-recall results was ob-

nary serlal_recall_, t.hOUQh itwould be for CIrCUIaEauned, as shown in Fig. 2. We replicated find-
recall starting midlist. : . ;
. : gs from many studies of large primacy effects
It is noteworthy, in any case, that any such ef- . o L
; In_serial recall as well as findings indicating that
fect of response set size was small at best. In .
recency effects are much larger for auditory thar

order to assess the overall effect of response fEr visual stimuli (e.g., Madigan, 1971) and that

size, we average_d the data ShOW” N Fhe le ffects of stimulus grouping are much greater ir
hand panels of Fig. 3 across serial positions 0

obtain highly stable means. The results are’c auditory modality (e.g., Frankish, 1989).

shown in Fig. 4. This figure suggests that, over- . , )
all, there may be a very small (4%) effect of reEffects of Stimulus Grouping and Modality
sponse set size for visual ungrouped lists only, It can be seen (Fig. 2, top panel) that subject
as can be seen by comparing the verticallyere able to group visually presented lists in &
striped bars in partial report (left) versus wholenanner consistent with the groupings that were
report (right). No overall effect can be seen at giiresented on half of the trials (three subsets ©
for visually presented, grouped lists or for eithethree), even on trials in which the stimuli were
ungrouped or grouped spoken lists. ungrouped. Specifically, the scalloped functions
in this panel are nearly identical for grouped anc
DISCUSSION ungrouped lists. In contrast, a benefit from
The purpose of the present experiment wagrouping in the auditory modality was much
to distinguish between the effects of input semore dependent on actual stimulus grouping, a
rial position, output serial position, and re-shown by the large grouping effect in the bottom
sponse set size in the serial recall of nine-digjpanel of Fig. 2.
lists. This was examined separately for grouped This pattern of auditory and visual grouping
and ungrouped (regularly timed) lists and foeffects suggests that subjects not only make us
lists presented in the auditory and visuabf auditory sensory memory (Cowan, 1984,
modalities. A manipulation of partial versus1988; Crowder, 1976; Massaro, 1975; Massarc
whole recall and of the starting point of recall& Loftus, 1996; Nairne, 1990; Penney, 1989),
allowed comparisons in which only one factothey actually are dependent on that type of
varied. Several conclusions can be drawn omemory and cannot ignore or disregard it. This
the basis of the evidence regarding (1) the typmatches previous views, based on irrelevant:
cality of the data set, (2) effects of stimulusspeech effects, suggesting that access to the al
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Effects of Partial vs. Whole Recall
(Items recalled 1st through 3rd)

-
[¥]
e
g Visual Grouped
c M Auditory Grouped
o
b M Visual Ungrouped
§. W Auditory Ungrouped
a

Partial Whole

Type of Recall

FIG. 4. Mean proportion correct for partial recall (left) versus whole recall (right) of the first three items re-
called, averaged across all nine serial positions from the relevant conditions, for visual grouped, auditory
grouped, visual ungrouped, and auditory ungrouped lists (successive adjacent bars). This figure shows that th
overall effect of response set size was nil, with the exception of visual ungrouped lists. Error bars reflect the max-
imal 95% within-subject confidence interval.

ditory trace is obligatory (e.g., Salamé & Bad-gradient, regardless of the mechanism creating
deley, 1982). it, should not disappear when output interference
is minimized. In practice, rebuttal of a full model
is not that easy to accomplish. For example,
For the first few output positions, the input sePage and Norris (1998, p. 763) included output
rial position functions resembled what is usuallinterference in the form of the decay of the pri-
obtained in probed recall (e.g., Woodwardnacy gradient. What can be accomplished by
1970), as shown in Fig. 3 (left-hand panelsgvidence such as the present data set is to forc
Specifically, unlike typical serial recall func-such models to rely more on one type of mecha-
tions, there were only small primacy effects andism (in this case, output interference of some
larger recency effects within these functions th&gpe) and less on another type of mechanism (ir
include only the first few output positions. Thighis case, a primacy gradient of some type).
was true in both presentation modalities simi- For convenience, we introduce here the tern
larly. The deconfounded effects of input seridfencoding salience” to refer to the retrievability
position may pose a theoretical problem foof an item after a list has been presented but be
models of visual serial recall in which the largéore any output interference has occurred. The
primacy effect and the much smaller recency eferm is not meant to establish a clear division be
fect occur for reasons other than output interfetween encoding and retrieval processes othe
ence. It would appear to be consistent with thitean to exclude the process of output interfer-
feature model of Nairne (1990), in which theence. The present data are compatible with moc
primacy advantage in serial recall is produceels in which the underlying encoding salience of
entirely by output interference. an item is greater for the most recent items thal
The pattern shown in the left-hand panels dior the first few items, with the least salience for
Fig. 3 would appear to pose a problem for modthe middle items, but with profound subsequent
els in which the serial position function in serialeffects of output interference, which selectively
recall is accounted for by a primacy gradient thadegrade performance at earlier serial positions.
is present at the time that recall is to begin (e.g., Itis likely that several extant models could be
Burgess & Hitch, 1999; Lewandowsky, 1999;amended to account for the present findings
Page & Norris, 1998). Theoretically, a primacycomfortably. In principle, the underlying input

Effects of Input Serial Position
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serial position function could be produced by aeems to suggest that the recency portion of for
situation in which the distinctiveness of items awvard serial recall for visual materials suffers
the time of recall is based partly on the reducegteatly from output interference, whereas that is
confusability of items at both ends of the lishot true for auditory recency. However, for the
(e.g., Brown et al., 2000; Henson, 1998; Lee &arly input serial positions, both modalities
Estes, 1981; Nairne et al., 1997) and partly aseem to suffer similarly from output interfer-
the enhanced temporal distinctiveness in the reace. Thus, overalguditory presentation seems
cency portion of the list (e.g., Baddeley &to protectthe end of the list from output interfer-
Hitch, 1993; Brown et al., 2000; Bjork & Whit- ence a conclusion that has been reached befor
ten, 1974). To that, one must add output interfeon the basis of earlier studies (Frankish, 1975).
ence of some sort, whether from specific over- However, there are limitations in the evidence
writing of features in the stimulus by features ifrom backward recall. First, backward recall
the response (Nairne, 1990) or from the loss changes not only the output serial positions, bu
distinctiveness of stimulus items with the pasalso the response set sizes. Second, given oth
sage of time (Brown et al., 2000). differences in the factors influencing forward
It is also worth considering possible effects ofersus backward recall, it has been suggeste
guessing factors that theoretically could corthat backward recall does not use the sam
tribute to recency effects. If subjects mentallgtrategies as forward recall, relying instead or
run through the list in order, and if they corlexical, semantic, or visual information (Hulme
rectly think of the items that should go in thest al., 1997; Li & Lewandowsky, 1995) or oper-
early serial positions (whether the assignment &ding as a reiterative process of partial forwarc
specific positions is correct or not), then by deecall in which successive items are “peeled off”
fault there would be few incorrect choices left tfrom the representation (Page & Norris, 1998).
place in the later serial positions. However, anyhus, our results further clarify the role of out-
such guessing factor is, at least, not strormut interference.
enough to overcome overt output interference. The presence of a huge output position effec
for the visual modality only (for items toward the
end of the list) and the greater benefit of group:
The modality effect was small for the first fewing in the auditory modality both can be ac-
output positions, as shown in the left-hand parounted for on the basis of an auditory memory
els of Fig. 3. For later output positions, visualrace that is rather long-lasting (Cowan, 1984)
list performance became much worse toward tlaad resistant to interference. Several previou
end of the list, whereas auditory list performstudies (Broadbent, Cooper, Frankish, & Broad-
ance was mostly spared, as shown in the middient, 1980; Hitch, Burgess, Towse, & Culpin,
and right-hand panels of Fig. 3. Thus, modalit§996; Manning & Turner, 1984) have suggestec
effects in serial recall occur largely because thikat auditory memory lasts longer than one
auditory stimuli are more resistant to outpuivould suspect from the extent of the auditory
interference. modality advantage in recall, which is limited to
These results are consistent with what the end of the list; but that there rarely are cue:
found using forward versus backward recall. Fahat would allow subjects to use the less-recen
example, Madigan (1971) obtained a very inteportion of the auditory memory representation.
esting pattern of effects in which spoken list§Grouping is such a cue, as the present Fig. .
showed a large advantage over printed lists suggests.) The model of Nairne (1990) appear
the recency portion of ordinary serial recallconsistent with this finding in that modality-spe-
whereas the modality difference all but disapeific features are not subject to temporal decay
peared in backward recall. In backward recaland therefore can last a long time (e.g., through
there were much smaller primacy effects anout the recall period) if they are not overwritten.
there were recency effects larger than in either Broadbent et al. (1980) commented on the
modality within forward recall. The patternlarger grouping effect in the auditory modality.

Effects of Output Position and Modality
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They based these comments on a comparistime later serial positions, as shown in the left-
made across different studies, and Frankidiand panels of Fig. 3 by the comparison of par:
(1989) subsequently observed this interestinggal report (always Response Set Sizes 3, 2, an
modality difference within a single experiment.1) to whole report (in this figure, Response Sef
In a way anticipating Nairne (1990), BroadbenSizes 9, 8, and 7).
et al. suggested that auditory memory of each There are several implications of this finding
sound is ordinarily overwritten by subsequentor models of working memory. First, at least
ones, limiting the available auditory memory toone model has accounted for the small upturn &
the most recent portion of the list. They sugthe end of the visual serial recall function as the
gested, however, that grouping cues can prevergsult of response suppression of already-re
that overwriting. Manning and Turner (1984)called items, severely limiting the response se
used a circular recall procedure in which subby the time the end of the list is reached
jects recalled the last three items of the list firsiLewandowsky, 1999). Our result shows that,
With it, they obtained further evidence in favoreven if the response set size is the reason for tt
of Broadbent’s hypothesis using a “suffix” itemupturn, it need not result from response suppres
that followed the list and did not need to be resion. Our design allows a deconfounded meas
called. A suffix item typically interferes with re- ure of response set size effects only for the firs
call of the final few items in serial recall. Man-three recalled items, by which no response sup
ning and Turner found that the last three itempression of other items could have taken place
were much more susceptible to interferenc¥et, a small response set size effect emergec
from the suffix in forward recall than in circular presumably because of the memory load effec
recall. However, circular recall increased the inresulting from the need to keep in mind the re-
terference in the earlier input serial positionsmaining items to be recalled and their order ol
Thus, it seemed as if the suffix effect waserial positions.
largest for whatever items had to be recalled The implications of this effect, however, must
last This result can be understood if one asbe tempered by the fact that the memory loac
sumes that the suffix interferes with acoustithat produced a response set size effect (at tf
memory but that the effects of this interferencend of the list) was not ordinary, but rather one
are observable only after there has been suim which the subject was to cycle around to the
stantial output interference, making it more imbeginning of the list after recalling the end of
portant to use the relatively long-lastingthe list. Most other models of serial recall ac-
acoustic trace. Finally, Hitch et al. (1996) foundctount for the small upturn at the end of the list in
that grouping effects survived an articulatoryisual serial recall as an edge effect, the notior
suppression task much better if the stimuli werghat confusion of nearby list items in memory is
spoken rather than printed, another indicatiotess for end-of-list items because they have onl
that the grouping effect is more stimulus-linkedne neighbor (e.g., Brown et al., 2000; Henson
for sounds. 1998; Lee & Estes, 1981; Murdock, 1960;
In sum, the nature of the modality effect wablairne et al., 1997). The present finding of a
difficult to understand from much previoussmall response set size effect nevertheless reil
work because the role of output interference waduces the possibility that this effect plays a
not taken into account. In the present study, ouble, given that the upturn itself is small in the
put interference was manipulated with other fasdsual modality.
tors held constant and the conception of modal- A second implication is as follows. The ab-
ity effects in terms of resistance to outpusence of a more pervasive response set size effe
interference became clear. seems, on the surface at least, at odds with th
view that items are held by a limited-capacity
mechanism. If they were, items would be ex-
Last, there was little effect of response sgtected to interfere with one another consider-
size overall (see Fig. 4). The small effect was ably, making performance poorer when the re-

Effects of Response Set Size
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sponse setis larger. This was, at best, not the gdmw much output interference each task im-
eral rule; effects of response set size were smafioses. Below, we assess the possible relation ¢
One could ask how the data would be explainethese concepts to other tasks in the hopes o
by Cowan (in press-a), who proposed that thevorking toward a general, cross-task under-
focus of attention can hold about three or four instanding of immediate memory of verbal lists.
dependent chunks of information at a time. AcWe briefly consider, in turn, probed recall, free
cording to that theoretical review, serial recall igecall, and recognition tasks (this last leading to
to be explained with a mechanism in which a lisa supplementary principle).
is chunked into multi-item groups and all groups Probed recall Many models of serial recall
are held in a capacity-limited form. have been developed basically to account for th
One simple account (though certainly not thpattern of serial position effects similar to what
only possible one; see Cowan, in press-b) is thiatshown for the visually presented lists in Fig.
there is a phase in the recall task, just before r2- An important limitation of many of these
call starts, in which a limited-capacity store (thenodels (e.g., Burgess & Hitch, 1992, 1999;
focus of attention?) is filled to capacity with list.ewandowsky, 1999; Page & Norris, 1998),
items. Recall then would rely on the contents dfowever, is that they cannot, without violating
the store in that phase. Some items may hatheir basic principles, account for the results of
been chunked together in the mental representaebed recall procedures in which the subject i
tion previously during the input of the list. Cato produce only one item from the stimulus list.
pacity is limited to about four such chunks andn contrast to the marked primacy effects found
if there are more chunks than that in the menti serial recall, probed recall results in small pri-
representation, some of them will not be remacy effects and much larger recency effect:
called. The fact that the response set size d&oodward, 1970; Woodward & Murdock,
creases during recall itself will not be of anyl968). There are two ways to account for these
consequence because it is too late in the trial fdifferences between procedures. One way is t
the freed-up capacity to be refilled with addiassume that serial and probed recall result fror
tional items from the list. A lingering questionfundamentally different processes, in which
for this view is how capacity mechanisms wouldase the models of serial recall should not appl
be integrated with input and output mechanisnte probed recall. Alternatively, though, it could
to form a comprehensive model of recall. be assumed that the same factors apply to bot
kinds of recall and that the function of ordinary
serial recall is heavily influenced by output in-
A general concept of immediate serial recallerference and/or response set size effects. Bo
emerging from the present work is that it result®utput serial position and response set size e
from several basic mechanisms in combinatioriects are much reduced in probed recall in com
The first is an encoding salience that favors priparison to serial recall.
macy items somewhat and favors recency items Above, we have shown that reducing output
more, producing the functions seen in the leftinterference in serial recall results in a serial po-
hand panels of Fig. 3. The second is output irsition function similar to what is usually ob-
terference, which is more potent for ungroupethined in probed recall: a small primacy effect
lists than for grouped lists and more potent foand a large recency effect (see Fig. 3, left-han
visual lists than for auditory lists, resulting inpanels). If this is the case then, contrary to on
an altered, postinterference gradient, as shovsommon practice among modelers, it does no
in the middle and right-hand panels of Fig. 3seem to be a good idea to model probed and s
The question then arises as to whether thesial recall separately. Instead, it appears tha
same concepts may apply not only to serial rdasks differ at least partly because of the amour
call, but also to other memory tasks. One quesf output interference and that an adequats
tion is the extent to which the differences bemodel should be able to account for results fron
tween the results of different tasks depend ovarious tasks by including this as a factor.

Relation to Other Memory Tasks
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Free recall There is a link between the outpution procedures should reflect the results of en
order in free recall and the success of recalbding salience and should produce results re
(noted by Deese & Kaufman, 1957), with earliesembling the left-hand panels of Fig. 3, which
output positions recalled better than later oneshows small primacy effects and larger recency
However, free recall poses problems for theoregffects.
ical analysis because of the low degree of exper-Some studies do show the desired effect. Fo
imenter control. The usual pattern of free recaixample, Corballis (1967) presented five-digit
includes large primacy effects and even largéists and measured reaction times to a prob
recency effects (e.g., Murdock, 1962) but it igligit that was or was not in the list. With a rela-
difficult to separate cause and effect. For exartively slow presentation rate (.6 s/p digit) the
ple, is the recency effect so large because recemtan response times for subjects to indicate the
items are most often recalled first, and therefothe probe was in the list produced a serial posi
suffer the least output interference; or are recetivn function that did include a small primacy
items recalled first because they are easiestéffect and a large recency effect. With a fast
recall? presentation rate (.3 s/digit) only recency effects

A study by Craik (1969) helps to distinguistemerged but this could indicate insufficient per-
between these possibilities by exerting a limiteceptual encoding of the earlier digits in each list.
amount of control over output order. Subjectssing a .5 s/p digit rate with word stimuli in a
were to recall as many items as possible eithprobe recognition procedure, McElree and
from the beginning of the list or from the endPosher (1989) showed some similar functions,
depending on the trial condition; but beyondavith small primacy effects and larger recency
that restriction, the order of recall was up to theffects, for both response times and memor)
subject. The results support the general notiatrength @').
that output interference plays a very important The view that different immediate memory
role, and they nicely correspond to the presetdasks operate through common principles lead
results with serial recall. Craik found a largeéo the prediction that it should be possible to
end-of-list auditory modality superiority effectmake recognition look more like serial recall by
when recall started at the beginning of the lisadding interference; if not from output, then
but he found a much smaller auditory modalitfrom some other source. At least one study con
superiority effect, with large recency effects irirms this prediction. Jahnke, Davis, and Bower
either modality, when recall started at the end ¢1989) carried out a probed recognition task in
the list. The beginning-of-list recall thus yieldswvhich several intervening interference items
recency effects similar to the middle and rightwere presented before the recognition probe
hand panels of the present Fig. 3, depicting thighey found a performance function more
case of high output interference in serial recaltjosely resembling the typical visual serial re-
whereas the end-of-list recall yields recency eéall function, with a large primacy effect and a
fects similar to the left-hand panel of the presesmaller recency effect (Jahnke et al.,, 1989
Fig. 3, depicting the case of low output interferTable 5).
ence in serial recall. In both procedures, when Duncan and Murdock (2000) present a more
recall starts at the end of the list, recall fronchallenging result. They altered the expectation:
short-term storage presumably can occur witlof receiving a recognition versus a serial recall
out the output interference that selectively imtask by either precuing the subject to the natur
pairs memory for recent visual stimuli. of the task on each trial or withholding that in-

Recognition The results of recognition pro-formation until a postlist cue. When the cue was
cedures constitute a little more of a puzzle thaostlist, the proportions of tasks could vary; in
do those of probed and free recall. They includ®me sessions serial recall was the task half c
little or no output interference. If memory perthe time and in other sessions it was the tas|
formance in any task were based solely on inpanly rarely, leading to a general expectation of &
salience and output interference, then recogniecognition task. When a recognition task was
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expected, the response times showed a large €999, 2000) found that memory for lists of spo-
cency effect (and perhaps a very small primadgen digits that were to be ignored during their
effect). However, when subjects prepared for r@resentation (while a visual task was carried
call, the recognition response time function wasut) and occasionally were postcued for imme-
slower and flat across serial positions. Thus, tligate serial recall was much poorer than for at-
mechanisms of input salience and output intetended lists, though recall of the ignored lists
ference must be supplemented by some notistill showed a pronounced, bow-shaped seria
of strategy or attentional allocation during inpuposition function.

of the list (e.g., attention to item versus order in- The proposed underlying encoding salience
formation: see Hockley & Cristi, 1996; Mur-function, involving small primacy effects and

dock, 1999). large recency effects, may or may not hold for

One possible account of the Duncan anithe recognition of serial order. This has beer
Murdock result is that an encoding saliencstudied in tasks in which a list is followed by
function similar to the left-hand panels of théwo probe items and the subject must indicate
present Fig. 3 always holds, but that the timehether these two items appear in the sam
needed for the subject to switch mental set froorder as in the list. The typical finding in this
a recall orientation to a recognition orientatiorarea is that performance depends on the recen
following the task cue, delays overt respondingf the second probe but very little on the seria
This mental-set switching process (whatever ftosition of the first probe (Hacker, 1980; Hock-
entails, which is not known) potentially couldley, 1984; Muter, 1979). Occasionally, though, a
delay responding enough so that, during thmall primacy effect can be seen also. McElree
delay, retrieval of the probe item is concurrentland Dosher (1993) tested four subjects exten
completed. That kind of parallel processingively and the mean accuraay)(for adjacent
could obscure any serial position effects itarget pairs, averaged across subjects from the
recognition response time. Another possible agable 1 are, for Serial Position Pairs 1-2, 2-3,
count is that an ordinary, forward serial recaB—4, 4-5, and 5-6, respectively: 0.64, 0.56,
orientation emphasizes attention to the early s&-44, 1.05, and 1.75. For response times, fron
rial positions, to some extent canceling out thimeir Table 2, the means are, respectively, 1107
recency effect, whereas an orientation to eith&i64, 906, 832, and 490 ms. For both measure:
recognition or recall with varying starting pointsotice that a very small primacy effect (not nec-
(as in the present study) emphasizes attentiongssarily significant) can be seen along with &
the list more evenly. large recency effect.

Duncan and Murdock (2000) also found that Whether there truly is a small primacy effect
when recognition was expected, unexpected si- order recognition, it is clear that the primacy
rial recall trials produced a function that begarffect is larger in item recognition, though never
at a much lower proportion correct than for exvery large. The recency effect, in contrast, is
pected serial recall but ended at the same levielrge for both item and order recognition. This
(approaching 0% at the final, seventh serial patescription may be related to what is found for
sition). Thus, the function for unexpected seriatem vs orderecall, which shows only primacy
recall was flatter across serial positions but iffects for item information vs a bowed re-
may be the result of a floor effect at later seriadponse function for order information (Healy,
positions. The result does indicate that a strat@974). It appears that one can transform the
gic or attentional component must be presemécognition results to resemble Healy’'s recall
for optimal encoding in serial recall, as inresults fairly well by adding more primacy and
recognition. This strategic component can btaking away some recency, as output interfer-
seen also in the fact that memory for ignore@nce in recall would do.
lists is much poorer than memory for attended It is not at all clear why the recognition of
lists (Cowan et al., 1999; Cowan, Nugent, Elorder produces little, if any, primacy effect. If
liott, & Saults, 2000). Specifically, Cowan et al.order of a probe pair is usually judged on the
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basis of relative recency, as various investigasons. The data from conditions with recall be-
tors have proposed (for a review see McElreginning at Input Serial Position 1 replicate what
& Dosher, 1993), then perhaps the subject fails found in ordinary serial recall (Fig. 2). How-
to use information available in memory, indi-ever, comparisons that can reveal input seria
cating that an item occurred near the beginningosition effects independent of other effects
of a list. (Fig. 3, left-hand panels) show a large recency
In sum, the comparison of memory tasks sugffect and smaller primacy effect. When output
gests that it might be possible to account for theterference was high (Fig. 3, middle and right-
various findings on the basis of a common set bnd panels), performance was severely im
principles. These would include (1) a distincpaired toward the end of the list in the case of vi-
tiveness-based encoding salience that typicaiyal presentation only and much less impairec
includes a moderate primacy effect and a largander other circumstances. Thus, the auditon
recency effect, (2) output interference effectsiodality superiority effect is seen to be espe-
that degrade performance more for later outpatally large under circumstances of high output
positions, and (3) an attentional or strategimterference. We have suggested that these e
component that can alter the type of informatiofects also may be closely related to what is
available at the time of the memory test. Thiound in probed recall, free recall, and recogni-
least resolved area according to this schemetisn procedures.
probably recognition, though it too may fit the Finally, we have shown that there may be &
scheme. One major impediment to such a uniery small role of response set size and hav
fied view has been that large primacy and smalliggested that it logically could be a substitute
recency effects are obtained in serial recall é6r the response suppression mechanism prc
visual lists. In this article, however, serial recalposed by Lewandowsky (1999) to produce the
has been decomposed to reveal an underlyismall visual recency effect. However, it is not
encoding salience more similar to what is seeatear if this principle is necessary to account for
in the other procedures, with smaller primacgerial recall when one does not assume the
effects and larger recency effects, when outptliere is a primacy gradient; temporal distinc-
interference is minimized. tiveness principles might well be enough to ac-
count for it (e.g., Brown et al., 2000). Although
there very likely are important factors that could
The simplicity of presentation found in seriahot be duly considered in this study (e.g., outpu
recall should not be mistaken for a theoreticahodality and nature of the materials), exten-
simplicity inasmuch as several possible basgions of the present methods hopefully can b
factors are confounded. We have shown thaseful in future research to carry out more inci-
they can be deconfounded through a compariseive theoretical analyses of various factors
of specially selected conditions and compawithin serial recall than in the past.

Summary Remarks

APPENDIX A
Means (and Standard Deviations) for Every Condition in the Experiment

Input serial position

Conditiorf First recall
position 1 2 3 4 5 6 7 8 9
VGP 1,4,0r7 0.77 0.70 0.73 0.71 0.67 0.76 0.85 0.84 0.88
(0.18) (0.23) (0.23) (0.23) (0.19) (0.22) (0.14) (0.18) (0.15)
VGW 1 0.75 0.69 0.73 0.57 0.56 0.61 0.40 0.32 0.46

(0.25) (0.25) (0.22) (0.25) (0.25) (0.25) (0.29) (0.27) (0.27)
VGW 4 055 051 056 074 068 074 061 054 059
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APPENDIX A—Continued

Conditiorf First recall
position 1 2 3 4 5 6 7 8 9
(0.31) (0.27) (0.31) (0.21) (0.25) (0.22) (0.26) (0.27) (0.31)
VGW 7 0.69 0.64 0.64 0.52 0.48 0.59 0.89 0.86 0.89
(0.22) (0.27) (0.26) (0.27) (0.29) (0.30) (0.15) (0.18) (0.12)
VUP 1,4,0r7 0.70 0.66 0.65 0.66 0.54 0.59 0.80 0.80 0.88
(0.27) (0.22) (0.23) (0.27) (0.26) (0.29) (0.22) (0.21) (0.20)
vVuw 1 0.71 0.65 0.64 0.54 0.49 0.54 0.41 0.36 0.46
(0.18) (0.23) (0.25) (0.27) (0.27) (0.23) (0.23) (0.28) (0.25)
vVuw 4 0.54 0.43 0.45 0.55 0.51 0.55 0.62 0.49 0.55
(0.26) (0.23) (0.26) (0.27) (0.29) (0.25) (0.24) (0.23)  (0.20)
VUW 7 0.56 0.45 0.51 0.51 0.48 0.45 0.73 0.74 0.84
(0.29) (0.30) (0.29) (0.24) (0.24) (0.25) (0.25) (0.22) (0.22)
AGP 1,4,0r7 0.81 0.79 0.85 0.78 0.71 0.81 0.96 0.97 0.99
(0.20) (0.16) (0.17) (0.22) (0.25) (0.22) (0.09) (0.07) (0.04)
AGW 1 0.91 0.84 0.83 0.71 0.74 0.78 0.76 0.76 0.93
(0.11) (0.15) (0.18) (0.22) (0.22) (0.24) (0.24) (0.24) (0.16)
AGW 4 0.72 0.63 0.73 0.80 0.76 0.83 0.86 0.84 0.93
(0.25) (0.26) (0.20) (0.19) (0.20) (0.19) (0.17) (0.18) (0.09)
AGW 7 0.77 0.72 0.68 0.59 0.57 0.68 0.94 0.94 0.95
(0.21) (0.20) (0.23) (0.21) (0.25) (0.27) (0.11) (0.11) (0.11)
AUP 1,4,0or7 0.78 0.66 0.65 0.61 0.57 0.59 0.86 0.89 0.98
(0.21) (0.24) (0.26) (0.26) (0.25) (0.24) (0.21) (0.16) (0.06)
AUW 1 0.78 0.67 0.56 0.53 0.46 0.50 0.51 0.51 0.88
(0.21) (0.22) (0.20) (0.21) (0.19) (0.25) (0.31) (0.30) (0.17)
AUW 4 0.64 0.52 0.51 0.66 0.64 0.67 0.72 0.73 0.86
(0.19) (0.27) (0.21) (0.19) (0.20) (0.21) (0.20) (0.21) (0.15)
AUW 7 0.62 0.51 0.57 0.43 0.41 0.50 0.81 0.87 0.96

(022) (0.22) (0.20) (0.27) (0.25) (0.26) (0.19) (0.18) (0.12)

Note For partial recall, first recall positions 1, 4, and 7 refer to different trials inasmuch as only three digits were to b
called in each partial recall trial. In whole recall, all nine items were to be recalled.
2V = visual; A = auditory; G= grouped stimuli; U= ungrouped; P= partial report; and \W= whole report.
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