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Deconfounding Serial Recall

Nelson Cowan, J. Scott Saults, Emily M. Elliott, and Matthew V. Moreno

University of Missouri

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 Input
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Serial Position 1, 4, or 7 and included either three consecutive items (in partial recall) or all items from th
point to the end of the list and then continuing from the beginning in a circular fashion (in whole recall)
were spoken or printed and were sometimes temporally grouped. Specially selected comparisons dem
that (1) the large primacy effect in serial recall occurs mostly because of output interference, without whic
recency effects are seen instead; (2) benefits of mnemonic grouping are dependent on stimulus groupin
for auditory stimuli; and (3) auditory superiority effects stem from a greater resistance of acoustic memory
put interference. We offer an integration of results from serial recall and other memory tasks and caution
modeling serial recall in isolation.© 2001 Elsevier Science

Key Words:serial recall; serial order memory; short-term memory; memory models; modality effects; gro
effects; memory load.
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order in which the items were presented. D
spite a rich history of research with this task,
results remain difficult to understand inasmu
as multiple factors are confounded with one 
other. It is this problem that we address, throu
a new combination of recall conditions a
comparisons among them.

Nipher (1878) carried out the first know
study of serial recall. He observed that “In wr
ing logarithms which were read off to me, it w
observed that it appeared to be much more d
cult to remember the figures in the middle of 
number than those at the extremes.” Soon a
ward, Ebbinghaus (1885) carried out a more 
tensive study. Around this time, also, the role
serial recall in daily life increased with the pr
liferation of telegraphs in the 1850s and the
vention of the telephone in 1876. Serial rec
became a popular topic of research among in
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1974; Murdock, 1974; Neath, 1998) and has
mained so.

Many studies of serial recall with regular, u
grouped lists (e.g., Jahnke, 1963; Madiga
1971) have shown, in the visual modality, a s
vere decline across serial positions and the
slight upturn at the end of the list (i.e., a larg
primacy effect and a small recency effect);
the auditory modality, a similar function at th
beginning of the list but a much larger upturn
the end (i.e., large primacy and recency effec
Recently, there has been a proliferation of ma
ematical models attempting to explain the p
tern of immediate serial recall (e.g., Anders
& Matessa, 1997; Brown, Preece, & Hulm
2000; Burgess & Hitch, 1999; Henson, 199
Lewandowsky, 1999; Lewandowsky & Mur
dock, 1989; Nairne, Neath, Serra, & Byu
1997; Page & Norris, 1998). We make no a
tempt to compare or assess these models in
but our findings speak to the viability of som
of the fundamental assumptions underlying
models. Two assumptions that we discuss
nicely summarized by Lewandowsky (1999
One assumption (Lewandowsky, 1999, p. 44
is of the “decreasing strength with which su
cessive list items are encoded,” aprimacy gra-
dient assumption that is widespread; indee
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Lewandowsky termed it “virtually ubiquitous
Serial recall typically shows a large primacy e
fect and a much smaller recency effect, at le
in the visual modality (e.g., Jahnke, 196
Madigan, 1971), and the primacy gradient
one popular explanation of that fact. In keep
with that notion, for example, the primac
model (Page & Norris, 1998) yields an activ
tion value with a gradient favoring early li
items. However, we report evidence question
whether one should make a primacy gradi
the basic mechanism behind serial position
fects in serial recall.

Another mechanism discussed by Lew
dowsky (1999) is response suppression 
Henson, 1998; Houghton, 1990), whereby ite
are temporarily suppressed once they are
called in order to prevent them from being 
correctly recalled again, as they otherw
would be, for example, according to a prima
gradient. Lewandowsky (1999) also has 
counted for the small recency effect in visual 
rial recall (i.e., serial recall of visually present
materials) as the result of the response supp
sion of prior list items, reducing the set of 
sponse choices available to be recalled. H
ever, we report evidence on alternat
mechanisms that theoretically could serve 
function. These include an often-used mec
nism, (1) the basic distinctiveness of rec
items in memory at the time of recall and,
some extent, of items near either end of the 
and a less-used mechanism, (2) the mem
load resulting from items in the list yet to be 
called, which must be retained in the correct
rial order. We call this memory load the re-
sponse set size.

Factors in Serial Recall

Although the task instructions in serial rec
are quite simple, the requirement of recalling
arbitrarily ordered list in the presented order 
difficult one, involving many mental process
that still have not been sufficiently sorted o
We focus on three factors to be disentang
from one another: the input serial position,
output serial position, and the response set 

Input serial position, the location in which a
item occurs within the input protocol provide
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by the experimenter, and output serial positi
where the item occurs within the response p
tocol produced by the subject, are both w
known. Although attempts have been made
disentangle them in the past (e.g., Tulving & A
buckle, 1966), we suggest that they still have 
been completely clarified.

Typical serial position functions occur fo
particular tasks, but the relative amounts of p
macy versus recency effects differ considera
between immediate memory tasks (e.g., M
dock, 1976), making the role of input serial p
sition still a mystery. The effect of output pos
tion may be to cause what is termed “outp
interference,” the degradation of memory rep
sentations as recall proceeds across output p
tions. That degradation could occur either 
cause each item, as it is recalled, specific
interferes with the memory representations
other items not yet recalled or because forg
ting stems from the delay imposed by respo
ing. We cannot distinguish between these po
bilities and refer to both of them collectively 
output interference.

Response set size is a term that we have in
duced to refer to the number of items that t
subject must plan to recall, but has not yet
called, in the current trial (i.e., the list lengt
minus already-recalled items). The importan
of response set size has, to our knowled
never been examined directly but there are r
sons to hypothesize that it could play a role
recall. The basic notion is that the response
size diminishes as recall proceeds, potentia
making it easier to recall items toward the e
of the recall period because competition is d
creased. This will be true, however, only if mo
of the list items are held in a limited-capaci
mechanism and this mechanism can exclu
items that are not to be recalled or already ha
been recalled.

One motivation for suggesting a response
size mechanism is that it would seem to be
natural counterpart to the concept of respon
suppression (Lewandowsky, 1999). If item
were removed by this mechanism from the po
of possible response candidates after being
called, then fewer and fewer possibilities wou
dremain as recall progressed, and the response
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set size consequently would decrease acr
output positions. More broadly, if there is an
mechanism that produces a memory syst
that maximizes efficiency by concentrating r
sources on items that are yet to be recalled,
sponse set size effects should result. Argu
against these effects, though, it may be nec
sary to retain the items already recalled in ord
to help remember which ones have not yet be
recalled. Whereas response suppression th
retically could allow already-recalled items t
be remembered without depleting a limite
capacity resource, it may be too weak or tra
sient to serve such a function.

Input and output serial position effects. Vari-
ous methods have been used to separate th
fects of input and output serial positions. For e
ample, studies of forward versus backwa
recall (Cowan et al., 1992; Li & Lewandowsk
1995; Hulme et al., 1997; Madigan, 1971) pr
sumably involve a reversal of the output po
tion effect (and, actually, of the response set s
effect also) without changing the input serial p
sition effect. They show a marked reversal of 
serial position function, underscoring the pote
tial importance of output position, which cou
produce poorer recall of later-recalled items. 
contrast, response set size effects would h
been expected to improve recall at the later o
put positions. If there was such an effect, it
least was obscured by a larger output-posit
effect).

Unfortunately, though, backward recall pr
vides only limited, indirect evidence of outp
serial position effects, not a quantification 
input and output position effects. Moreove
there is reason to believe that backward re
may be accomplished by a complex process
which repeated forward retrievals are carr
out covertly so that successive items are “pee
off” for recall in a reiterative, covert forward re
call process (Page & Norris, 1998). Probed 
call experiments (e.g., Waugh & Norman, 196
Woodward, 1970) and partial report expe
ments (e.g., Anderson, 1960; Brown, 195
Healy, Fendrich, Cunningham, & Till, 1987) re
duce or eliminate the possibility of output inte
ference and response set size effects and re

drastically altered serial position effects (spec
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ically, small primacy effects and large recen
effects in recall). Such experiments help us
observe the influence of multiple effects b
cannot provide estimates of each effect.

Response set size. Studies that could be use
to predict whether response set size effe
should be found have yielded mixed resu
One might consider the response set to b
memory load. We could find no fully approp
ate study in which a memory load was impos
before serial recall and tested afterward (i.e
memory preload with an embedded serial re
task) so as to impose a load on serial recall w
out causing output interference, which would
a confounding factor. Klapp, Marshburn, a
Lester (1983, Experiment 8) found no effect o
preload on serial recall of embedded three-d
lists but there was a ceiling effect in recall. Ba
deley and Hitch (1974) found rather modest 
fects of a six-digit preload on free recall. 
studies of the serial recall of five-word lis
Johnson (1971) and Martin and Kelly (197
tested pupillary dilation and secondary-task 
action times, two measures of effort. Effort a
peared to increase monotonically as the list 
presented and to decrease monotonically as
list was recalled, as one would expect if eff
were related to the response set size.

Research on spoken response times for e
less trials in immediate, serial recall (Cowan
al., 1998; Hulme et al., 1999) is not as o
would expect from the studies of effort in reca
though. Mean interword pauses in the respon
increase linearly as a function of list length, a
a memory search across the list must occur 
ing these periods. In contrast to expectati
from the effort studies, though, mean respo
times stay fairly constant across serial positi
(except for a speedup often found at the end 
list). If already-recalled items were habitua
eliminated from the search set, a much more
tended speedup across the list probably wo
be expected. [Scalloped inter-response-t
functions were obtained by Kahana and Jac
(2000) but these were for a rather different s
ation, keypress responses for repeated, lea
lists of 11 through 13 consonants.]

Lewandowsky and Murdock (1989) have 

if-cluded mechanisms that essentially depend on
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the response set size to produce recency eff
in their model of serial recall but those mech
nisms have been questioned (Nairne & Nea
1994). Overall, the literature offers no reso
tion as to whether the response set size pla
role in recall.

Moderating Factors

We studied these three factors to be disen
gled (input serial position, output serial pos
tion, and response set size) along with two oth
moderating factors: list modality and groupin
These have been shown many times to be c
cally important in serial recall, alone and 
combination. Many studies have shown a p
nounced advantage for the auditory moda
over the visual modality toward the end of t
list, the recency portion, in serial recall (e.g
Madigan, 1971; for a review, see Penney, 198
There also is an advantage of recall for li
grouped into subsets of three or four items o
ungrouped lists or other groupings (e.g., Seve
& Rigby, 1963; Wickelgren, 1967; for a revie
see Cowan, in press-a). Modality and group
also interact. Frankish (1989) showed that 
auditory modality superiority effect is muc
larger for grouped lists than for ungrouped lis
Thus, ideally, any study of deconfounded fa
tors should separately examine each comb
tion of modality and grouping. We present
nine-digit, spoken or printed lists either u
grouped or grouped into three subsets of th
items.

A Method to Deconfound Serial Recall

We used a task in which a randomly order
series of the digits 1–9, with no within-list dig
repetitions, was presented either visually or a
rally on every trial by computer for immediat
serial recall. The subject used a keypad to en
digits into boxes appearing on the compu
screen, representing the nine serial positions
such a task, there is no question about the id
tity of the items themselves; in principle a
least, the task only involves determining th
order of the nine available digits. First let u
consider what (confounded) factors wou

come into play if the task always were to reca
 ET AL.
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all items in the order presented, as is typical
serial recall tasks. When the first digit is to
recalled, the input serial position is 1, the outp
position is 1, and the response set size is
when the second digit is to be recalled, the
rial position is 2, the output position is 2, an
the response set size is down to 8; and so
through the ninth serial position, for which th
input and output positions both are 9 and the
sponse set size is 1. Thus, from such a stud
would not be possible to determine the separ
contributions of input position, output positio
or response set size to the recall serial posit
function.

To distinguish between input serial positio
output position, and response set size in 
present study, a postlist cue indicated at wh
of three locations recall should begin: Input S
ial Position 1, 4, or 7. It also indicated wheth
recall should include only three consecut
items (partial recall) or all nine (whole recal
In the latter case, if recall began somewh
other than Position 1, it proceeded to the en
the list and then cycled around to Serial Posit
1, continuing forward from there until a r
sponse was made for each serial position. 
example, if the cue were for whole recall beg
ning with Serial Position 4, it would cover Pos
tions 4–9 and then Positions 1–3. (The 
sponses nevertheless were spatially arran
according to the input serial positions, 1–
There are a number of previous recall studie
various types in which recall was partial (A
derson, 1960; Brown, 1954; Healy et a
Fendrich, Cunningham, & Till, 1987) or was 
begin at one particular noninitial point and cy
around to complete recall (e.g., Butterfield, B
mont, & Peltzman, 1971; Keppel, 1964; Ma
ning & Turner, 1984; Rellinger, Borkowsk
Turner, & Hale, 1995; Woods & Epstein, 1969
However, none of these studies used partial 
circular-whole recall in combination to obtain
deconfounding of three factors; nor did any
them examine effects of both modality a
grouping.

The deconfounding occurs for various com
parisons in which two of the factors are equa
and only one differs between conditions. T

llway in which this situation can be helpful is
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illustrated in the three examples within Fig.
In each section of the figure, the stimulus list
shown and different conditions are shown
subsequent lines (marked by letters). The lar
open circle in each row indicates the cued st
ing point of recall; the bold, solid line an
arrow indicate the portion of recall that is us
in the controlled comparison; and the bo
dashed line indicates the remaining portion
recall in the whole-report condition, not used
the comparison.

The first (top) example illustrates how deco
founded input serial position effects can be
vestigated. In the example, partial recall is co
nonconfounded comparisons that can be extracted from 
 SERIAL RECALL 157
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locations. In each case, the output serial p
tion goes from 1 to 3 as recall progresses,
the response set size goes from 3 to 1. Th
there is a nonconfounded comparison of In
Serial Positions 1, 4, and 7 to one another (O
put 1, Response Set Size 3 in all three cases
Input Serial Positions 2, 5, and 8 (Output 2, R
sponse Set Size 2 in all three cases); and
Input Serial Positions 3, 6, and 9 (Output 3, R
sponse Set Size 1 in all three cases). Com
isons also could be made instead among the
three outputs in whole recall, in which case t
Response Set Sizes would be 9, 8, and 7 bu
else would be as in the comparisons ma
r for a
 for input
ription of
pared for the three different cued startingwithin partial report.

FIG. 1. Three examples of specific comparisons in which two theoretical factors of recall are controlled in orde
third factor to be examined in a deconfounded manner. The three panels of the figure show deconfounded functions
serial position (top), output serial position (middle), and response set size (bottom). See Table 2 for a complete desc
the present data set.
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The second (middle) example in Fig. 1 illu
trates how output serial position effects can
investigated. Essentially, it is done by comp
ing the same three input serial positions wh
recalled early in partial recall versus late in
whole recall. In the example, Input Serial Pos
tions 7–9 are examined in each case. They
compared for trials with partial recall that beg
at Input Serial Position 7 and trials with who
recall that began at Input Serial Position 1 b
cause, in both cases, for the critical Input Se
Positions 7–9, the response set sizes and
input serial positions were the same; the o
thing that differentiated them is the output po
tions. Fair comparisons can be obtained
Output Positions 1 vs 7, 2 vs 8, and 3 vs 9.
each comparison, one mean comes from pa
recall (Output Position 1, 2, or 3) and the oth
mean comes from whole recall (Output Posit
7, 8, or 9).

Last, the third (bottom) example in Fig. 1
lustrates how response set size effects can
investigated. This can be done by compar
the first three outputs in partial vs whole reca
In the example, this is done for Input Serial P
sitions 7–9. For both partial and whole reca
the Output Positions are 1, 2, and 3. The o
difference is that the Response Set Size is 3
and 1 in partial recall vs 9, 8, and 7 in whole r
call (inasmuch as six additional items remain
be recalled from earlier input serial position
as shown by the dashed line).

Table 1 summarizes the different conditio
tested in the experiment, with each conditi
represented in a separate row of the table. T
2 summarizes the comparisons that can
made. There are four comparison types to ex
ine input serial position effects, three types
examine output serial position effects, and th
types to examine response set size effects (n
bered in column 1 of the table). However, ea
type actually includes three specific comp
isons, as the table shows. For example, for in
serial position comparisons, the three comp
isons included in a row are (1) Positions 1 - 4 -
(2) Positions 2 - 5 - 8, and (3) Positions 3 - 6 -
Notice that the only factor that differs betwe
the types of condition being compared (adjac

rows of Table 2 within a numbered comparison
 ET AL.
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is the factor of interest, shown in bold in ea
case. In practice, similar conclusions emerg
from all comparisons in a particular row, so th
data are plotted in a simple manner that sho
them all together. It also must be kept in min
however, that each comparison is to be ma
separately for each combination of modality a
stimulus grouping.

Even though empirical expectations based
the prior literature were completely born out
the experiment, there were some new findin
that probably would come as a surprise fr
particular theoretical viewpoints and that hav
bearing on which principles make sense wit
models of serial recall. These models of
make assumptions about the input coding, o
put interference, and response set size. In 
experiment, some of these assumptions can
-
be
g

ll.
-

ll,
ly
2,
-

to
s,

s
n
ble
be
m-
to
ee
m-
h
r-
ut
r-

7,
.

n
nt

factors.

METHOD

Participants

The subjects in the final sample were 32 c
lege students (17 male and 15 female) who w
native speakers of English and participated
part of their work in introductory psycholog
courses. Eight additional subjects drawn fro
the same population were excluded from t
analyses for various reasons: three were not
tive speakers of English, two spoke during t
test session, one was too sleepy, one wishe
leave because of a health problem, and dur
one subject’s session the computer malfu
tioned.

Design

Each trial included the digits 1–9 in rando
order, presented aurally or visually via the co
puter. They were presented either in groups
three or ungrouped. In partial recall, three of t
digits were to be recalled in serial order (tho
in Serial Positions 1–3, 4–6, or 7–9), whereas
whole recall, all nine digits were to be recalle
A printed cue indicated whether recall was 
start at Serial Position 1, 4, or 7. In whole reca
it continued in order through Serial Position

)and then, if it had begun at Serial Position 4 or
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presentation and in both trials with ungrouped and trials with grouped stimuli (which were grouped into sets of three items).
7, it returned to Serial Position 1 and continu
from there until answers were given for all 9 
rial positions. The combination of presentat
modality, presentation grouping condition, p
vs whole recall, and the starting position of 
call resulted in 24 (5 2 3 2 3 2 3 3) trial types.
Each subject completed 5 blocks of trials, wit
complete set of 24 trials presented in rand
order within each block for a total of 120 trial

Apparatus, Stimuli, and Procedure

Subjects were tested individually in a soun
attenuated chamber equipped with a Po
Macintosh computer and audiological hea
phones. Spoken digits were digitally stored a
presented via computer at 56–58 dB(A) 
measured with a sound level meter and e
phone coupler. Each digit lasted less than 
ms. Printed digits were 9.5 mm high and w
presented individually at the center of the co
puter screen, each for 500 ms. For lists of b
spoken and printed digits, the onset-to-on
time between digits in ungrouped lists was 1
In grouped lists, additional 1-s periods (bla

and silent) were inserted after the third and six
d
e-
n
rt
e-
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ar-
00
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k

digits in the nine-digit list, dividing the list int
three groups of three items. During the instr
tions the subjects became familiar with all of t
types of displays that they were about to se
the experiment and got practice entering the 
its using the keypad.

The subject initiated each trial with a butto
press and 500 ms later a ready signal appea
if a printed list was going to be presented, a y
low box in which the word “ready” was printe
or, if a spoken list was going to be presented
empty yellow box and the spoken word “read
After 1 s the yellow box was replaced by a r
box and, 1 s later, the subject heard the first
item or saw it in the center of the red box.

Each list was followed by a response scr
1 s after the onset of the last digit in the list. T
response screen contained a series of nine b
extending horizontally across the screen. W
the stimuli were grouped into three sets of thr
spaces were introduced between sets of t
boxes, also. In partial report, one group of th
had a bar above it indicating that that group w
to be recalled, with an arrow always pointing
DECONFOUNDING SERIAL RECALL 159

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 (O
Position 1) is listed in bold. Each trial type shown in the table was used in both trials with visual and trials with audito
ththe box corresponding to the current item to be
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Note. Each type of comparison (numbered at left) is based on responses represented in adjacent rows of this table. Values
of the single factor that can vary are shown in bold.
recalled. In the whole report condition all thr
groups of boxes had bars above them and
arrow again indicated where recall should beg
As each digit was typed by the subject, it a
peared in the corresponding box on the scr
The subject had the option of using the de
key to erase responses back to a desired o
position, allowing reentry of the digits startin
at that point. The average subject used this
tion, once or more, on 14.6% of all trials (SD5
6.1%). (The pattern of performance was 
changed at all when such trials were omitt
The correlation between group means acr
144 conditions calculated including versus 
cluding trials in which the delete key had be
used was r 5 .99, with no important discrepan

cies in the means.) When the subject was sa
e
the
in.
p-
en.
te

tput
g
op-

ot
d.
ss

x-
n

-

fied with the responses, the “enter” key was
be pressed.

Subjects were encouraged to take break
needed between blocks of 24 trials. They w
asked if they had questions about the proced
just after reading and hearing instructions a
before the experiment began, and again after
first block of trials. They were allowed to r
spond to each trial at their own pace.

Statistical Analyses

Within-subject confidence intervals. Rather
than carry out a large number of ANOVAs f
inferential purposes, within-subject 95% con
dence intervals for the proportions correct w
calculated according to guidelines discussed
160 COWAN ET AL.

TABLE 2

Data Selection for Deconfounded Comparisons

Comparison Report Cued Serial Input Serial Output Respons
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, 5, 4
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, 2, 1

Whole 4 1, 2, 3 7, 8, 9 3, 2, 1

2 Partial 4 4, 5, 6 1, 2, 3 3, 2, 1
Whole 7 4, 5, 6 7, 8, 9 3, 2, 1

3 Partial 7 7, 8, 9 1, 2, 3 3, 2, 1
Whole 1 7, 8, 9 7, 8, 9 3, 2, 1

Examination of Response Set Size Effects
1 Partial 1 1, 2, 3 1, 2, 3 3, 2, 1

Whole 1 1, 2, 3 1, 2, 3 9, 8, 7

2 Partial 4 4, 5, 6 1, 2, 3 3, 2, 1
Whole 4 4, 5, 6 1, 2, 3 9, 8, 7

3 Partial 7 7, 8, 9 1, 2, 3 3, 2, 1
Whole 7 7, 8, 9 1, 2, 3 9, 8, 7
tis-Loftus and Masson (1994). A within-subject
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confidence interval provides a powerful co
parison of within-subject conditions by exclu
ing between-subject variability from the con
dence intervals. Confidence intervals for me
were calculated separately for the visual 
grouped (6 .075), visual grouped (6 .073), au-
ditory ungrouped (6 .068), and auditory
grouped (6 .060) conditions. In each of the
conditions we treated the nine serial position
whole recall along with the three serial positio
in partial recall, for each of the three first-reca
position conditions, as 36 [5 (9 1 3) 3 3] lev-
els of a single factor in a one-way ANOVA. Th
ANOVA yielded the mean squared error va
entering into the confidence interval calculat
(see Loftus & Masson, 1994). Thus, each se
36 means shared the same confidence inte
range. For some of the graphs, separate c
dence intervals would produce too much clu
so a single interval (6 .075) is drawn as th
“maximum 95% confidence interval” though t
actual intervals were often a bit smaller (as in
cated above).

Additionally, to allow a high-power view o
small effects of response set size, we took d
from the first three output positions and av
aged the results across all input serial positio
separately for the auditory and visual moda
ties, grouped and ungrouped stimuli, and p
tial versus whole recall. These 8 (5 2 3 2 3 2)
averages then served as levels of a single fa
in a one-way ANOVA that yielded a mea
squared error value used to calculate a co
dence interval (6 .033) that was applied t
each of the 8 averages.

Conventional estimates of variability. It may
be helpful to compare the within-subject es
mates described above with more conventio
estimates in order to allow an assessment o
degree to which the estimates are affected by
statistical method. The standard errors of 
mean, calculated separately for the 144 co
tions of the experiment and then averag
across these conditions, averaged .039 (SD of
the SEM5 .009). The 95% confidence interva
ranges, calculated in the conventional fash
that includes between-subject variability, av
aged 6 .08. Thus, the within-subject estimatio

procedure and the conventional procedu
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yielded roughly comparable estimates of va
ability, suggesting that between-subject va
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ability was small compared to the within- su
ject variability between conditions.

RESULTS

Appendix A presents the mean and stand
deviation for each of the 144 condition/ser
position combinations in the experiment to p
mit any comparison of interest at a later date

Typicality of the Data Set

Before making specific comparisons it is im
portant to check if the data are similar to w
would be expected on the basis of previous
search. Figure 2 shows that they are. This fig
shows all of the data from trials in which t
cued starting position was Input Position 1. 
mentioned, previous studies of serial recall w
regular, ungrouped lists have shown that vis
presentation results in a severe decline ac
serial positions and a slight upturn at the end
the list (e.g., Jahnke, 1963; Madigan, 197
Such a function is shown in the top panel of 
figure. In contrast, aural presentation results 
more bow-shaped serial position function t
includes a much larger recency effect than w
visual presentation (e.g., Madigan, 1971). T
sort of function was indeed obtained with u
grouped spoken lists, as shown in the bott
panel of the figure.

Another interesting aspect of the data has
do with grouping effects. Frankish (198
showed that the grouping of stimuli is mu
more helpful for spoken lists than for print
lists, and a similar effect can be seen here. Th
was little difference between grouped and 
grouped lists in the visual modality (separ
lines within the top panel of Fig. 2), where
there was an enormous difference in the a
tory modality (bottom panel).

This finding might appear to conflict with th
intuitive notion that it is possible to carry o
grouping in one’s mind even with visually pr
sented stimuli. However, the data offer a reso
tion of that paradox. It can be seen in the 
panel of Fig. 2 that subjects most likely did,
deed, group the visual stimuli. Given that rec

realways began at Serial Position 1, 4, or 7, it
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scalloped effect suggesting a grouping strategy regardless of the actual stimulus grouping as opposed to auditory
serial recall, which shows a large effect of stimulus grouping. Error bars show standard errors.
would have been efficient to think of the ni
digits as grouped into three subsets of three 
its, in which case the starting point for recall 
ways would coincide with the beginning of
group. Accordingly, the figure (top panel) sho
that responses to visual stimuli had an une
pattern in which there was a separate serial
sition scallop for each subset of three digits
the list, suggesting a separate local, bowed s
position function for each subset.

There was an important difference betwe
this pattern and that observed with audit
stimuli (bottom panel of Fig. 2). For visual stim
uli, the pattern of grouping and level of perfor

ance both were independent of the physic
e
ig-
l-
a
s
en
o-

in
rial

n
ry
-
-

presentation of stimuli. In contrast, for audito
stimuli, the level of performance and groupin
pattern apparently were heavily dependent 
the presence versus absence of intergro
pauses in the stimuli.

For the grouped auditory lists, each group
three items revealed a local recency effect (b
tom panel of Fig. 2) but not a local primacy e
fect as the visual stimuli did (top panel), fur
ther emphasizing modality differences in th
effects of grouping. Although one could com
up with reasonable post hoc explanations f
this small, specific difference, it was unantic
pated and we do not discuss it further for th
162 COWAN ET AL.

FIG. 2. The proportion correct as a function of input serial position for trials in which recall began at Inp
Serial Position 1, for trials with visual stimuli (top) and auditory stimuli (bottom). These data show that the resu
of the present experiment are consistent with other serial recall experiments. In visual serial recall, notice
alsake of simplicity.
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Another feature of Fig. 2 is that it illustrate
for the beginning of the list, the absence of 
effect of response set size. In both panels of
figure, one can see that performance in par
recall (solid lines) was similar to performance
whole recall (dashed lines). Thus, in recalli
Input Serial Positions 1–3, it did not much ma
ter whether the subject also had to go on to
call Serial Positions 4–9 or not.

The data shown in Fig. 2 are typical of ser
recall but do not deconfound the factors of inp
and output serial positions, which are perfec
correlated in that figure. In the following se
tions, data are plotted in such a manner that
confounded comparisons can be made.

Effects of Input Serial Position

Bear in mind that the serial position effec
shown in Fig. 2 are not pure indications of inp
serial position effects because later serial po
tions in that figure sustain more output interfe
ence and diminishing response-set sizes. We n
examine the effect of input serial position wit
these other factors controlled. The left-hand pa
els of Fig. 3 provide a clean comparison by i
cluding only the first three items recalled. The
data are shown for grouped lists in the top pa
and ungrouped lists in the bottom panel. (T
panels of Fig. 3 are organized in a different ma
ner than those in Fig. 2 so that each figure c
highlight the most noteworthy effects.) For who
recall, Output Positions 4–9 were excluded fro
the left-hand panels. The data thus included In
Serial Positions 1–3 from trials with recall star
ing at Position1, Input Serial Positions 4–6 fro
trials with recall starting at Position 4, and Inp
Serial Positions 7–9 from trials with recall star
ing at Position 7. For ease of presentation, th
three segments are connected together wit
common line (separately for each combination
grouping and modality conditions). For parti
recall, the same description of what was includ
here applies; however, there were no Output P
sitions 4–9 to be excluded, so the plotted data
clude all of the partial-recall data.

It is clear from Fig. 3 (left-hand panels) th
the effect of input serial position, examined w
other factors controlled, looks more like ord

nary probed recall (with large recency effect
 SERIAL RECALL 163

,
an
the
tial
in
g
t-
re-

al
ut
tly
-

de-

s
t

si-
r-
ow
h
n-
-
e
el
e

n-
an
e
m
ut

t-

t
t-
se
a

of
l

ed
o-

in-

t
th
i-

than it does like ordinary serial recall (with larg
primacy effects). This shows that the ordina
serial recall effect is heavily influenced by ou
put interference effects and/or response set 
effects (which are more completely disenta
gled later on). Thus, with output serial positio
restricted to the first three items recalled, as
the left-hand panels of Fig. 3, there are on
small primacy effects and larger recency effe
in serial recall. This is true for both partial reca
and whole recall.

Another interesting aspect of the left-han
panels of Fig. 3 is that relatively similar effec
of serial position were found for grouped lis
(top panel) and for ungrouped lists (botto
panel). Moreover, relatively similar effects wer
found for visual presentation (dashed lines) a
auditory presentation (solid lines). Of course,
the recency portion of the curves, a ceiling e
fect limits the possibility for modality differ-
ences. As is shown below, grouping and mod
ity effects increase substantially after there
more output interference. The implications 
this finding are reviewed after additional da
are presented.

It is possible that, when subjects are asked
begin recall at Position 4 or Position 7, the
covertly rehearse the list beginning at Position
until arriving at the requested starting poin
However, any such covert recall process app
ently cannot cause the kind of output interfe
ence that overt recall does, considering t
much larger recency effects in visual recall 
the left-hand panels of Fig. 3 (depicting recall 
three items beginning in any position) than 
Fig. 2 (depicting recall of all nine items begin
ning in Position 1).

Effects of Output Serial Position

The middle and right-hand panels of Fig.
show results that, together, allow a clear view
output position effects for grouped lists (to
panel in each case) and ungrouped lists (bott
panel in each case). The middle panels inclu
only data for the middle three items recalle
For partial report (circles), only three position
are recalled so these are the same data as in
previous figure, repeated here for the sake
s)comparison. However, for whole report (X’s),
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FIG. 3. Effects of input and output interference on serial recall in various conditions. Top: Grouped prese
tation; bottom: ungrouped presentation. Partial-report data are the same in the left-hand, middle, and right-h
panels, which differ only in the whole-report data that are included. Data points that are connected by lines

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
call of Input Serial Positions 1–3 for trials wi
recall starting at Input Serial Position 7, recal
Input Serial Positions 4–6 for trials with rec
starting at Input Serial Position 1, and recal
Input Serial Positions 7–9 for trials with rec
starting at Input Serial Position 4. One can
obtain a deconfounded view of output posit
effects from these panels because the 
shown from whole report not only follow mo
recalled items than the data from partial rep
but also are followed by more items to be 
called than partial report; so response set s
are uncontrolled. However, the panels are 
instructive because the results are rather sim
to the right-hand panels, which do portray 
confounded comparisons.

The right-hand panels of Fig. 3 include on
data for the last three items recalled. For pa
report (circles) it is again the same da
whereas for whole report (Xs) it is different: It
the recall of Input Serial Positions 1–3 for tri
with recall starting at Input Serial Position 4,
call of Input Serial Positions 4–6 for trials wi
recall starting at Input Serial Position 7, and 
call of Input Serial Positions 7–9 for trials wi
recall starting at Input Serial Position 1. This
again shown for grouped lists (top panel) a
ungrouped lists (bottom panel).

The results for both grouped and ungrou
list recall show very different output interfe
ence effects for auditory and visual presen
tions. Auditory presentations resulted in a m
est effect of output interference across m
serial positions (points versus Xs on solid lin

in the middle and right-hand panels of Fig. 3

tice the large effect of output interference toward the
for visual lists only.
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Visual presentations, on the other hand, resu
in a much more extreme loss of information
the end of the list as a function of output po
tion (circles versus Xs on dashed lines in 
middle and right-hand panels).

In ungrouped lists (bottom panels of Fig. 
for auditory lists only, it appears as if the fin
serial position was completely spared the effe
of output interference. In grouped lists (top pa
els of the figure), however, it appears as if 
final group of threeserial positions was spare
for the auditory lists. Thus, grouping may ha
changed the size of the unit for which the au
tory recency advantage applied. This small d
ference is not discussed further.

Effects of Response Set Size

The effects of response set size can be ex
ined in the left-hand panels of Fig. 3 by comp
ing results for partial report (circles) to that f
whole report (Xs). That is because, in bo
cases, although the output positions were 
same (given that the first three recalled positi
are plotted), the response set sizes were m
smaller in partial recall (Response Set Si
3–1) than in whole recall (Response Set Si
9–7), as indicated in Table 2. Although fair
similar functions were obtained for partial a
whole recall, a slight but consistent advanta
for partial recall can be seen at the end of the
in certain conditions. For visual stimuli in un
grouped lists, one can see a small differe
across the last 6 input serial positions. For au
tory stimuli in grouped lists, a moderate-siz
difference can be seen for the last three input

).rial positions.

ions
shed
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result
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orrect
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. No-
Left: The proportion correct as a function of input serial position for data points obtained from Output Posit
1, 2, and 3. In both panels, notice that the effects of presentation modality (solid lines for auditory and da
lines for visual presentation) are small and that the overall serial position function resembles that typically
tained in probed rather than serial recall. The greater primacy effect typically seen in serial recall thus must 
from greater output interference. The slight advantage for partial recall (circles) over whole recall (Xs) at the
of the list suggests that there may be a small role of response set size in producing the small recency effe
cally seen in serial recall. Middle: The proportion correct as a function of input serial position for data points
tained from the middle three items. Whole report data are from Output Positions 4, 5, and 6. (These panels 
yield deconfounded comparisons but are useful for a complete view of the data set.) Right: The proportion c
as a function of input serial position for data points obtained from the last three items. Whole report data are
Output Positions 7, 8, and 9. The difference between partial and whole report is in the output serial position
 end of the list (in a comparison with the left panels’ results)
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It thus seems possible that the reduction of
sponse set size produces the upturn in perfo
ance for the last-recalled position(s). It is u
clear exactly why, as one can see in the left-h
panel of Fig. 3, no effect occurred for recall b
ginning in Serial Position 1; only, at best, for r
call beginning in Serial Positions 4 (slightly, fo
ungrouped visual stimuli) and 7 (for ungroup
visual and grouped auditory stimuli). Howeve
it is quite possible that the type of memory lo
that has an effect is not just any need to re
additional items but, more specifically, the ne
to recall items in an order different from th
presentation order. It is only in that particul
situation that one cannot accomplish recall s
ply by reading from some episodic record 
memory. If this is the case then the response
size factor would be of no consequence for or
nary serial recall, though it would be for circul
recall starting midlist.

It is noteworthy, in any case, that any such 
fect of response set size was small at best
order to assess the overall effect of response
size, we averaged the data shown in the l
hand panels of Fig. 3 across serial positions
obtain highly stable means. The results 
shown in Fig. 4. This figure suggests that, ov
all, there may be a very small (4%) effect of r
sponse set size for visual ungrouped lists o
as can be seen by comparing the vertica
striped bars in partial report (left) versus who
report (right). No overall effect can be seen at
for visually presented, grouped lists or for eith
e
e
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ungrouped or grouped spoken lists.

DISCUSSION

The purpose of the present experiment w
to distinguish between the effects of input s
rial position, output serial position, and r
sponse set size in the serial recall of nine-d
lists. This was examined separately for group
and ungrouped (regularly timed) lists and
lists presented in the auditory and visu
modalities. A manipulation of partial versu
whole recall and of the starting point of rec
allowed comparisons in which only one fact
varied. Several conclusions can be drawn
the basis of the evidence regarding (1) the ty

cality of the data set, (2) effects of stimulu
 ET AL.
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grouping and modality, (3) effects of input s
rial position, (4) effects of output position an
modality, and (5) effects of response set si
What follows is a description and theoretic
interpretation for findings under each of the
topics. Finally, serial recall is related to ev
dence from other procedures.

The Typicality of the Data Set

Given that some of the serial position fun
tions that were shown seem unusual for se
recall, it is important to emphasize that the
functions are unusual because they portray 
confounded factors, not because the manip
tions evoked unusual response strategies. R
suringly, recall from the beginning of the li
showed that the data set was not unusual. 
typical pattern of serial-recall results was o
tained, as shown in Fig. 2. We replicated fin
ings from many studies of large primacy effe
in serial recall as well as findings indicating th
recency effects are much larger for auditory th
for visual stimuli (e.g., Madigan, 1971) and th
effects of stimulus grouping are much greate
the auditory modality (e.g., Frankish, 1989).

Effects of Stimulus Grouping and Modality

It can be seen (Fig. 2, top panel) that subje
were able to group visually presented lists i
manner consistent with the groupings that w
presented on half of the trials (three subset
three), even on trials in which the stimuli we
ungrouped. Specifically, the scalloped functio
in this panel are nearly identical for grouped a
ungrouped lists. In contrast, a benefit fro
grouping in the auditory modality was muc
more dependent on actual stimulus grouping
shown by the large grouping effect in the botto
panel of Fig. 2.

This pattern of auditory and visual groupin
effects suggests that subjects not only make
of auditory sensory memory (Cowan, 198
1988; Crowder, 1976; Massaro, 1975; Mass
& Loftus, 1996; Nairne, 1990; Penney, 1989
they actually are dependent on that type
memory and cannot ignore or disregard it. Th
matches previous views, based on irreleva
sspeech effects, suggesting that access to the au-
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hat the
overalleffect 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 & Ba
deley, 1982).

Effects of Input Serial Position

For the first few output positions, the input s
rial position functions resembled what is usua
obtained in probed recall (e.g., Woodwa
1970), as shown in Fig. 3 (left-hand pane
Specifically, unlike typical serial recall func
tions, there were only small primacy effects a
larger recency effects within these functions t
include only the first few output positions. Th
was true in both presentation modalities si
larly. The deconfounded effects of input ser
position may pose a theoretical problem 
models of visual serial recall in which the lar
primacy effect and the much smaller recency
fect occur for reasons other than output inter
ence. It would appear to be consistent with 
feature model of Nairne (1990), in which t
primacy advantage in serial recall is produc
entirely by output interference.

The pattern shown in the left-hand panels
Fig. 3 would appear to pose a problem for mo
els in which the serial position function in seri
recall is accounted for by a primacy gradient th
is present at the time that recall is to begin (e
Burgess & Hitch, 1999; Lewandowsky, 199

Page & Norris, 1998). Theoretically, a primac
-
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gradient, regardless of the mechanism creat
it, should not disappear when output interferen
is minimized. In practice, rebuttal of a full mode
is not that easy to accomplish. For examp
Page and Norris (1998, p. 763) included outp
interference in the form of the decay of the pr
macy gradient. What can be accomplished
evidence such as the present data set is to fo
such models to rely more on one type of mech
nism (in this case, output interference of som
type) and less on another type of mechanism
this case, a primacy gradient of some type).

For convenience, we introduce here the te
“encoding salience” to refer to the retrievabili
of an item after a list has been presented but
fore any output interference has occurred. T
term is not meant to establish a clear division 
tween encoding and retrieval processes ot
than to exclude the process of output interf
ence. The present data are compatible with m
els in which the underlying encoding salience
an item is greater for the most recent items th
for the first few items, with the least salience f
the middle items, but with profound subseque
effects of output interference, which selective
degrade performance at earlier serial position

It is likely that several extant models could 
amended to account for the present findin
DECONFOUNDING SERIAL RECALL 167

FIG. 4. Mean proportion correct for partial recall (left) versus whole recall (right) of the first three items 
called, averaged across all nine serial positions from the relevant conditions, for visual grouped, aud
grouped, visual ungrouped, and auditory ungrouped lists (successive adjacent bars). This figure shows t
ycomfortably. In principle, the underlying input
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serial position function could be produced b
situation in which the distinctiveness of items
the time of recall is based partly on the redu
confusability of items at both ends of the l
(e.g., Brown et al., 2000; Henson, 1998; Lee
Estes, 1981; Nairne et al., 1997) and partly
the enhanced temporal distinctiveness in the
cency portion of the list (e.g., Baddeley 
Hitch, 1993; Brown et al., 2000; Bjork & Whit
ten, 1974). To that, one must add output inter
ence of some sort, whether from specific ov
writing of features in the stimulus by features
the response (Nairne, 1990) or from the loss
distinctiveness of stimulus items with the p
sage of time (Brown et al., 2000).

It is also worth considering possible effects
guessing factors that theoretically could co
tribute to recency effects. If subjects menta
run through the list in order, and if they co
rectly think of the items that should go in t
early serial positions (whether the assignmen
specific positions is correct or not), then by 
fault there would be few incorrect choices left
place in the later serial positions. However, a
such guessing factor is, at least, not stro
enough to overcome overt output interferenc

Effects of Output Position and Modality

The modality effect was small for the first fe
output positions, as shown in the left-hand p
els of Fig. 3. For later output positions, visu
list performance became much worse toward
end of the list, whereas auditory list perfor
ance was mostly spared, as shown in the mi
and right-hand panels of Fig. 3. Thus, moda
effects in serial recall occur largely because
auditory stimuli are more resistant to outp
interference.

These results are consistent with what
found using forward versus backward recall. 
example, Madigan (1971) obtained a very int
esting pattern of effects in which spoken li
showed a large advantage over printed list
the recency portion of ordinary serial reca
whereas the modality difference all but disa
peared in backward recall. In backward rec
there were much smaller primacy effects a
there were recency effects larger than in eit

modality within forward recall. The pattern
 ET AL.
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seems to suggest that the recency portion of 
ward serial recall for visual materials suffe
greatly from output interference, whereas tha
not true for auditory recency. However, for t
early input serial positions, both modaliti
seem to suffer similarly from output interfe
ence. Thus, overall,auditory presentation seem
to protect the end of the list from output interfe
ence, a conclusion that has been reached be
on the basis of earlier studies (Frankish, 197

However, there are limitations in the eviden
from backward recall. First, backward rec
changes not only the output serial positions,
also the response set sizes. Second, given o
differences in the factors influencing forwa
versus backward recall, it has been sugge
that backward recall does not use the sa
strategies as forward recall, relying instead 
lexical, semantic, or visual information (Hulm
et al., 1997; Li & Lewandowsky, 1995) or ope
ating as a reiterative process of partial forw
recall in which successive items are “peeled o
from the representation (Page & Norris, 199
Thus, our results further clarify the role of ou
put interference.

The presence of a huge output position eff
for the visual modality only (for items toward th
end of the list) and the greater benefit of gro
ing in the auditory modality both can be a
counted for on the basis of an auditory mem
trace that is rather long-lasting (Cowan, 198
and resistant to interference. Several previ
studies (Broadbent, Cooper, Frankish, & Broa
bent, 1980; Hitch, Burgess, Towse, & Culpi
1996; Manning & Turner, 1984) have sugges
that auditory memory lasts longer than o
would suspect from the extent of the audito
modality advantage in recall, which is limited 
the end of the list; but that there rarely are c
that would allow subjects to use the less-rec
portion of the auditory memory representatio
(Grouping is such a cue, as the present Fig
suggests.) The model of Nairne (1990) appe
consistent with this finding in that modality-sp
cific features are not subject to temporal de
and therefore can last a long time (e.g., throu
out the recall period) if they are not overwritte

Broadbent et al. (1980) commented on t

larger grouping effect in the auditory modality.
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They based these comments on a compari
made across different studies, and Frank
(1989) subsequently observed this interest
modality difference within a single experimen
In a way anticipating Nairne (1990), Broadbe
et al. suggested that auditory memory of ea
sound is ordinarily overwritten by subseque
ones, limiting the available auditory memory
the most recent portion of the list. They su
gested, however, that grouping cues can prev
that overwriting. Manning and Turner (1984
used a circular recall procedure in which su
jects recalled the last three items of the list fir
With it, they obtained further evidence in favo
of Broadbent’s hypothesis using a “suffix” item
that followed the list and did not need to be r
called. A suffix item typically interferes with re
call of the final few items in serial recall. Man
ning and Turner found that the last three item
were much more susceptible to interferen
from the suffix in forward recall than in circula
recall. However, circular recall increased the i
terference in the earlier input serial position
Thus, it seemed as if the suffix effect wa
largest for whatever items had to be recall
last. This result can be understood if one a
sumes that the suffix interferes with acous
memory but that the effects of this interferen
are observable only after there has been s
stantial output interference, making it more im
portant to use the relatively long-lastin
acoustic trace. Finally, Hitch et al. (1996) foun
that grouping effects survived an articulato
suppression task much better if the stimuli we
spoken rather than printed, another indicati
that the grouping effect is more stimulus-linke
for sounds.

In sum, the nature of the modality effect w
difficult to understand from much previou
work because the role of output interference w
not taken into account. In the present study, o
put interference was manipulated with other fa
tors held constant and the conception of mod
ity effects in terms of resistance to outp
interference became clear.

Effects of Response Set Size

Last, there was little effect of response 

size overall (see Fig. 4). The small effect was
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the later serial positions, as shown in the le
hand panels of Fig. 3 by the comparison of p
tial report (always Response Set Sizes 3, 2,
1) to whole report (in this figure, Response S
Sizes 9, 8, and 7).

There are several implications of this findi
for models of working memory. First, at lea
one model has accounted for the small uptur
the end of the visual serial recall function as 
result of response suppression of already
called items, severely limiting the response 
by the time the end of the list is reach
(Lewandowsky, 1999). Our result shows th
even if the response set size is the reason fo
upturn, it need not result from response supp
sion. Our design allows a deconfounded me
ure of response set size effects only for the 
three recalled items, by which no response s
pression of other items could have taken pla
Yet, a small response set size effect emerg
presumably because of the memory load ef
resulting from the need to keep in mind the 
maining items to be recalled and their order
serial positions.

The implications of this effect, however, mu
be tempered by the fact that the memory lo
that produced a response set size effect (at
end of the list) was not ordinary, but rather o
in which the subject was to cycle around to 
beginning of the list after recalling the end 
the list. Most other models of serial recall a
count for the small upturn at the end of the lis
visual serial recall as an edge effect, the not
that confusion of nearby list items in memory
less for end-of-list items because they have o
one neighbor (e.g., Brown et al., 2000; Hens
1998; Lee & Estes, 1981; Murdock, 196
Nairne et al., 1997). The present finding o
small response set size effect nevertheless r
troduces the possibility that this effect plays
role, given that the upturn itself is small in t
visual modality.

A second implication is as follows. The ab
sence of a more pervasive response set size e
seems, on the surface at least, at odds with
view that items are held by a limited-capaci
mechanism. If they were, items would be e
pected to interfere with one another consid
 atably, making performance poorer when the re-
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sponse set is larger. This was, at best, not the g
eral rule; effects of response set size were sm
One could ask how the data would be explain
by Cowan (in press-a), who proposed that t
focus of attention can hold about three or four i
dependent chunks of information at a time. A
cording to that theoretical review, serial recall
to be explained with a mechanism in which a l
is chunked into multi-item groups and all group
are held in a capacity-limited form.

One simple account (though certainly not t
only possible one; see Cowan, in press-b) is 
there is a phase in the recall task, just before
call starts, in which a limited-capacity store (t
focus of attention?) is filled to capacity with li
items. Recall then would rely on the contents
the store in that phase. Some items may h
been chunked together in the mental represe
tion previously during the input of the list. C
pacity is limited to about four such chunks an
if there are more chunks than that in the men
representation, some of them will not be 
called. The fact that the response set size 
creases during recall itself will not be of an
consequence because it is too late in the tria
the freed-up capacity to be refilled with add
tional items from the list. A lingering questio
for this view is how capacity mechanisms wou
be integrated with input and output mechanis
to form a comprehensive model of recall.

Relation to Other Memory Tasks

A general concept of immediate serial rec
emerging from the present work is that it resu
from several basic mechanisms in combinatio
The first is an encoding salience that favors p
macy items somewhat and favors recency ite
more, producing the functions seen in the le
hand panels of Fig. 3. The second is output
terference, which is more potent for ungroup
lists than for grouped lists and more potent f
visual lists than for auditory lists, resulting i
an altered, postinterference gradient, as sho
in the middle and right-hand panels of Fig.
The question then arises as to whether th
same concepts may apply not only to serial
call, but also to other memory tasks. One qu
tion is the extent to which the differences b

tween the results of different tasks depend o
 ET AL.
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how much output interference each task im
poses. Below, we assess the possible relation
these concepts to other tasks in the hopes
working toward a general, cross-task unde
standing of immediate memory of verbal list
We briefly consider, in turn, probed recall, fre
recall, and recognition tasks (this last leading
a supplementary principle).

Probed recall. Many models of serial recal
have been developed basically to account for 
pattern of serial position effects similar to wh
is shown for the visually presented lists in Fi
2. An important limitation of many of thes
models (e.g., Burgess & Hitch, 1992, 199
Lewandowsky, 1999; Page & Norris, 1998
however, is that they cannot, without violatin
their basic principles, account for the results 
probed recall procedures in which the subjec
to produce only one item from the stimulus lis
In contrast to the marked primacy effects fou
in serial recall, probed recall results in small p
macy effects and much larger recency effe
(Woodward, 1970; Woodward & Murdock
1968). There are two ways to account for the
differences between procedures. One way is
assume that serial and probed recall result fr
fundamentally different processes, in whic
case the models of serial recall should not ap
to probed recall. Alternatively, though, it coul
be assumed that the same factors apply to b
kinds of recall and that the function of ordina
serial recall is heavily influenced by output in
terference and/or response set size effects. B
output serial position and response set size
fects are much reduced in probed recall in co
parison to serial recall.

Above, we have shown that reducing outp
interference in serial recall results in a serial p
sition function similar to what is usually ob
tained in probed recall: a small primacy effe
and a large recency effect (see Fig. 3, left-ha
panels). If this is the case then, contrary to o
common practice among modelers, it does n
seem to be a good idea to model probed and
rial recall separately. Instead, it appears th
tasks differ at least partly because of the amo
of output interference and that an adequ
model should be able to account for results fro

nvarious tasks by including this as a factor.
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Free recall. There is a link between the outp
order in free recall and the success of re
(noted by Deese & Kaufman, 1957), with ear
output positions recalled better than later on
However, free recall poses problems for theo
ical analysis because of the low degree of ex
imenter control. The usual pattern of free re
includes large primacy effects and even lar
recency effects (e.g., Murdock, 1962) but it
difficult to separate cause and effect. For ex
ple, is the recency effect so large because re
items are most often recalled first, and there
suffer the least output interference; or are re
items recalled first because they are easie
recall?

A study by Craik (1969) helps to distingui
between these possibilities by exerting a limi
amount of control over output order. Subje
were to recall as many items as possible ei
from the beginning of the list or from the en
depending on the trial condition; but beyo
that restriction, the order of recall was up to 
subject. The results support the general no
that output interference plays a very import
role, and they nicely correspond to the pres
results with serial recall. Craik found a lar
end-of-list auditory modality superiority effe
when recall started at the beginning of the 
but he found a much smaller auditory moda
superiority effect, with large recency effects
either modality, when recall started at the end
the list. The beginning-of-list recall thus yiel
recency effects similar to the middle and rig
hand panels of the present Fig. 3, depicting
case of high output interference in serial rec
whereas the end-of-list recall yields recency
fects similar to the left-hand panel of the pres
Fig. 3, depicting the case of low output interf
ence in serial recall. In both procedures, w
recall starts at the end of the list, recall fro
short-term storage presumably can occur w
out the output interference that selectively 
pairs memory for recent visual stimuli.

Recognition. The results of recognition pro
cedures constitute a little more of a puzzle t
do those of probed and free recall. They incl
little or no output interference. If memory pe
formance in any task were based solely on in

salience and output interference, then recog
 SERIAL RECALL 171
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tion procedures should reflect the results of 
coding salience and should produce results
sembling the left-hand panels of Fig. 3, whi
shows small primacy effects and larger rece
effects.

Some studies do show the desired effect. 
example, Corballis (1967) presented five-di
lists and measured reaction times to a pr
digit that was or was not in the list. With a re
tively slow presentation rate (.6 s/p digit) t
mean response times for subjects to indicate 
the probe was in the list produced a serial p
tion function that did include a small primac
effect and a large recency effect. With a f
presentation rate (.3 s/digit) only recency effe
emerged but this could indicate insufficient p
ceptual encoding of the earlier digits in each l
Using a .5 s/p digit rate with word stimuli in 
probe recognition procedure, McElree a
Dosher (1989) showed some similar functio
with small primacy effects and larger recen
effects, for both response times and mem
strength (d8).

The view that different immediate memo
tasks operate through common principles le
to the prediction that it should be possible
make recognition look more like serial recall 
adding interference; if not from output, the
from some other source. At least one study c
firms this prediction. Jahnke, Davis, and Bow
(1989) carried out a probed recognition task
which several intervening interference item
were presented before the recognition pro
They found a performance function mo
closely resembling the typical visual serial r
call function, with a large primacy effect and
smaller recency effect (Jahnke et al., 19
Table 5).

Duncan and Murdock (2000) present a m
challenging result. They altered the expectati
of receiving a recognition versus a serial rec
task by either precuing the subject to the nat
of the task on each trial or withholding that i
formation until a postlist cue. When the cue w
postlist, the proportions of tasks could vary;
some sessions serial recall was the task ha
the time and in other sessions it was the t
only rarely, leading to a general expectation o

ni-recognition task. When a recognition task was
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expected, the response times showed a larg
cency effect (and perhaps a very small prim
effect). However, when subjects prepared for
call, the recognition response time function w
slower and flat across serial positions. Thus,
mechanisms of input salience and output in
ference must be supplemented by some no
of strategy or attentional allocation during inp
of the list (e.g., attention to item versus order
formation: see Hockley & Cristi, 1996; Mu
dock, 1999).

One possible account of the Duncan a
Murdock result is that an encoding salien
function similar to the left-hand panels of t
present Fig. 3 always holds, but that the ti
needed for the subject to switch mental set f
a recall orientation to a recognition orientatio
following the task cue, delays overt respondi
This mental-set switching process (whateve
entails, which is not known) potentially cou
delay responding enough so that, during 
delay, retrieval of the probe item is concurren
completed. That kind of parallel process
could obscure any serial position effects
recognition response time. Another possible
count is that an ordinary, forward serial rec
orientation emphasizes attention to the early
rial positions, to some extent canceling out 
recency effect, whereas an orientation to ei
recognition or recall with varying starting poin
(as in the present study) emphasizes attentio
the list more evenly.

Duncan and Murdock (2000) also found th
when recognition was expected, unexpected
rial recall trials produced a function that beg
at a much lower proportion correct than for e
pected serial recall but ended at the same l
(approaching 0% at the final, seventh serial
sition). Thus, the function for unexpected ser
recall was flatter across serial positions bu
may be the result of a floor effect at later ser
positions. The result does indicate that a stra
gic or attentional component must be pres
for optimal encoding in serial recall, as
recognition. This strategic component can
seen also in the fact that memory for ignor
lists is much poorer than memory for attend
lists (Cowan et al., 1999; Cowan, Nugent, E

liott, & Saults, 2000). Specifically, Cowan et a
 ET AL.
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(1999, 2000) found that memory for lists of spo
ken digits that were to be ignored during the
presentation (while a visual task was carri
out) and occasionally were postcued for imm
diate serial recall was much poorer than for a
tended lists, though recall of the ignored lis
still showed a pronounced, bow-shaped ser
position function.

The proposed underlying encoding salien
function, involving small primacy effects an
large recency effects, may or may not hold 
the recognition of serial order. This has be
studied in tasks in which a list is followed b
two probe items and the subject must indic
whether these two items appear in the sa
order as in the list. The typical finding in th
area is that performance depends on the rece
of the second probe but very little on the ser
position of the first probe (Hacker, 1980; Hoc
ley, 1984; Muter, 1979). Occasionally, though
small primacy effect can be seen also. McEl
and Dosher (1993) tested four subjects ext
sively and the mean accuracy (d8) for adjacent
target pairs, averaged across subjects from t
Table 1 are, for Serial Position Pairs 1–2, 2–
3–4, 4–5, and 5–6, respectively: 0.64, 0.5
1.44, 1.05, and 1.75. For response times, fr
their Table 2, the means are, respectively, 11
1164, 906, 832, and 490 ms. For both measu
notice that a very small primacy effect (not ne
essarily significant) can be seen along with
large recency effect.

Whether there truly is a small primacy effe
in order recognition, it is clear that the prima
effect is larger in item recognition, though nev
very large. The recency effect, in contrast,
large for both item and order recognition. Th
description may be related to what is found 
item vs order recall, which shows only primacy
effects for item information vs a bowed re
sponse function for order information (Heal
1974). It appears that one can transform 
recognition results to resemble Healy’s rec
results fairly well by adding more primacy an
taking away some recency, as output interf
ence in recall would do.

It is not at all clear why the recognition o
order produces little, if any, primacy effect. I
l.order of a probe pair is usually judged on the
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basis of relative recency, as various investi
tors have proposed (for a review see McEl
& Dosher, 1993), then perhaps the subject f
to use information available in memory, ind
cating that an item occurred near the beginn
of a list.

In sum, the comparison of memory tasks s
gests that it might be possible to account for
various findings on the basis of a common se
principles. These would include (1) a distin
tiveness-based encoding salience that typic
includes a moderate primacy effect and a la
recency effect, (2) output interference effe
that degrade performance more for later ou
positions, and (3) an attentional or strate
component that can alter the type of informat
available at the time of the memory test. T
least resolved area according to this schem
probably recognition, though it too may fit t
scheme. One major impediment to such a 
fied view has been that large primacy and sm
recency effects are obtained in serial recal
visual lists. In this article, however, serial rec
has been decomposed to reveal an underl
encoding salience more similar to what is s
in the other procedures, with smaller prima
effects and larger recency effects, when ou
interference is minimized.

Summary Remarks

The simplicity of presentation found in ser
recall should not be mistaken for a theoret
simplicity inasmuch as several possible ba
factors are confounded. We have shown 
they can be deconfounded through a compar
VGW 4 0.55 0.51 0.56
 SERIAL RECALL 173

a-
e

ils
-
g

g-
he
 of
-
lly
er
ts
ut
ic
n
e
 is

e
ni-
all
of
ll
ing
en
y
ut

l
al
ic
at
on

isons. The data from conditions with recall b
ginning at Input Serial Position 1 replicate wh
is found in ordinary serial recall (Fig. 2). How
ever, comparisons that can reveal input se
position effects independent of other effe
(Fig. 3, left-hand panels) show a large rece
effect and smaller primacy effect. When outp
interference was high (Fig. 3, middle and rig
hand panels), performance was severely 
paired toward the end of the list in the case of
sual presentation only and much less impa
under other circumstances. Thus, the audit
modality superiority effect is seen to be es
cially large under circumstances of high outp
interference. We have suggested that these
fects also may be closely related to what
found in probed recall, free recall, and recog
tion procedures.

Finally, we have shown that there may be
very small role of response set size and h
suggested that it logically could be a substit
for the response suppression mechanism 
posed by Lewandowsky (1999) to produce 
small visual recency effect. However, it is n
clear if this principle is necessary to account 
serial recall when one does not assume 
there is a primacy gradient; temporal distin
tiveness principles might well be enough to 
count for it (e.g., Brown et al., 2000). Althoug
there very likely are important factors that cou
not be duly considered in this study (e.g., out
modality and nature of the materials), exte
sions of the present methods hopefully can
useful in future research to carry out more in
sive theoretical analyses of various fact
)

)

of specially selected conditions and compar-within serial recall than in the past.

APPENDIX A

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

Input serial position

Conditiona First recall 
position 1 2 3 4 5 6 7 8 9

VGP 1, 4, or 7 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
0.74 0.68 0.74 0.61 0.54 0.59
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APPENDIX A—Continued

Conditiona 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, or 7 0.70 0.66 0.65 0.66 0.54 0.59 0.80 0.80 0.8

(0.27) (0.22) (0.23) (0.27) (0.26) (0.29) (0.22) (0.21) (0.20
VUW 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
VUW 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, or 7 0.81 0.79 0.85 0.78 0.71 0.81 0.96 0.97 0.9

(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, or 7 0.78 0.66 0.65 0.61 0.57 0.59 0.86 0.89 0.9

(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

(0.22) (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 t
called in each partial recall trial. In whole recall, all nine items were to be recalled.
a V 5 visual; A 5 auditory; G 5 grouped stimuli; U 5 ungrouped; P 5 partial report; and W 5 whole report.
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