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Auditory and visual serial position functions
obey different laws

ANTHONY A. WRIGHT
University of Texas Medical School, Houston, Texas

Rhesus monkeys were tested in serial probe recognition tasks with either travel slide pictures or nat
ural sounds. Tests with four-item lists produced serial position functions that were essentially oppo
site in shape for the two modalities and changed in opposite ways with retention interval. For visual
memory, the primacy effect grew and the recency effect dissipated with retention interval. Capuchin
monkeys, humans, and pigeons showed similar results. For auditory memory with rhesus monkeys, the
recency effect grew and the primacy effect dissipated with retention interval. These results taken to
gether, along with results from rehearsal tests of monkeys and humans, implicate two passive memory
processes with different time courses. Interference among items within auditory lists was manipulated
by varying the time between items and categories of items. Interference across lists was manipulated by
varying the item pool size and, hence, item repetitions. Changes in the auditory serial position functions
indicated that proactive and retroactive interference may have been instrumental in these dynamically
changing serial position functions. Implications for theories and models of memory are discussed.

The focus of this article is on visual and auditory list
memory experiments with rhesus monkeys that my col
laborators and I have conducted over the past 20 years. It
took us several years to develop visual list memory pro
cedures in which monkeys would perform at a high level
of accuracy. Even more years were spent developing ad
equate auditory list memory procedures. Considerable
development was required before the monkeys learned
even the basic rudiments of the auditory task. Experi
ments from both tasks revealed serial position functions
that changed in an orderly fashion across a range ofreten
tion intervals. The shapes were, however, different and
essentially opposite for the two modalities. These results
and others may be revealing about some of the basic mech
anisms of short-term recognition memory in monkeys.
Some aspects may be relevant for human memory. Sim
ilar visual memory findings have been shown for humans
as well as rhesus monkeys, capuchin monkeys, and pigeons.

RATIONALE FOR TESTING
MONKEY LIST MEMORY

List memory is perhaps best characterized by the serial po
sition function. Memory is typically found to be best for the
first items of a list (primacy effect) and the last items of a
list (recency effect) and poorest in the middle. This U-shape
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has long been the benchmark of list memory (Ebbinghaus,
1902). One focus of the vast amount of research conducted
on list memory has been on selective elimination of either
the primacy or the recency effect. For example, the recency
effect can be selectively eliminated by delaying the test (see,
e.g., Glanzer & Cunitz, 1966), whereas the primacy effect
can be selectively eliminated with alcohol (see, e.g., Jones,
1973). An implication ofsuch dissociations is that the serial
position function is composed ofdifferent underlying mem
ory processes or mechanisms. Nevertheless, the nature of
these processes remains uncertain.

The purpose of the research summarized in this article
was to study similar or related memory processes in rhesus
monkeys. Using monkeys, rather than humans, in behav
ioral memory tests has several potential advantages.
(1) Short lists can be used without encountering ceiling ef
fects. Tests with short lists may be essential in the study of
some changes in serial position effects because they may be
unobservable with longer lists. (2) The monkey's strategic
processing (e.g., coding, rehearsal, etc.) can be assumed to
be comparatively limited, thus eliminating these potentially
confounding influences and their use as explanatory de
vices. (3) Once trained, monkeys can be tested daily for years
in many different experiments and parametric manipula
tions. As a practical matter, seldom are such extensive
within-subjects experiments conducted with humans.

These advantages notwithstanding, an obvious disad
vantage in using monkeys is the large amount of time re
quired to develop memory procedures and to train them
in the tasks.

VISUAL MEMORY PROCESSING

We began our visual memory experiments by training
a rhesus monkey with 211 pictures (Sands & Wright,
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1980a, 1980b). Most pictures had a main object, some
of which were familiar (e.g., apples) and some unfamil
iar (e.g., flowers). In basic training on the procedure, the
monkey pushed down on a three-position lever ("T" pat
tern) to start trials. Pairs of pictures were presented, and
the monkey moved a lever to indicate that the two pictures
were same (right movement) or different (left movement).
The monkey mastered this same/different task after
3 months of training, or approximately 28,000 trials. The
procedure was then changed to successive presentation
of the two pictures. The first picture was removed from the
upper screen before the second picture was displayed in
the lower screen. Once this task had been mastered, the
first item (upper screen) was gradually expanded into a
IO-itemlist. Items were presented for I sec, with a 0.8-sec
interstimulus interval (lSI) and a l-sec retention interval.
If the probe item (lower screen) matched anyone of the
list items shown in the upper screen, a same response was
correct. If it matched no list item, a different response was
correct. These changes from a simultaneous same/different
task to a l O-item serial probe recognition (SPR) task
caused surprisingly little disruption of performance. We
conducted over 16,000 trials with each of the 211 items
tested in each of the 10 serial positions. Performance was
86% correct with these 10-item lists. It was even a respect
able 81% correct in an experiment with 20-item lists. Se
rial position functions from these experiments are shown
in Figure I. These serial position functions show primacy
and recency effects that are similar to those shown for
humans.

Shorter lists were used to conduct retention tests with
other rhesus monkeys (Wright, Santiago, Sands, Ken
drick, & Cook, 1985). The four-item lists were originally
chosen in order to make a direct comparison with four
item list memory experiments with pigeons. The real ben
efit from using short lists, but one that was not apparent
at the time, was that short lists allowed changes in serial
position functions to be observed that might not have been
observed with much longer lists. The four pictures ofeach
list were presented for I sec, with a I-sec lSI between
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them. Retention intervals were fixed for a block of20 tri
als, and two blocks with different retention intervals were
tested daily. Four randomized blocks of six retention in
tervals were tested.

The results for the rhesus monkeys are presented in the
top row of Figure 2. Each individual panel shows a serial
position function for a different retention delay between
the end ofthe list and the test. Clearly, the functions change
systematically with retention interval. At the shortest
delay, the serial position function is upward sloping, dom
inated by recency. As the delay is increased, primacy ap
pears, giving the function a U-shape, the characteristic
shape of serial position functions. At the longest delays,
recency drops out, producing downward-sloping func
tions dominated by primacy.

Capuchin monkeys, pigeons, and humans were tested
in similar experiments, under similar conditions. Pigeons
and capuchin monkeys were tested with travel slide pic
tures, and humans were tested with kaleidoscope pattern
pictures. The kaleidoscope patterns were distinctly dif
ferent, while, at the same time, they served to avoid ceil
ing effects that would have been produced by travel slide
pictures. As is shown in Figure 2, the same qualitative pat
tern of changes in the serial position function shown for
rhesus monkeys was shown for these other species. Re
cency dominates at the shortest retention intervals. Pri
macy appears with longer retention intervals, producing
a U-shaped serial position function. And eventually, re
cency dissipates, and primacy dominates. But the time
courses of these changes in primacy and recency effects
were different for different species. With regards to the
recency effect, these changes take place in about 30 sec
for rhesus and capuchin monkeys, whereas only 10sec are
required for pigeons and 100 sec for humans. With re
gards to the primacy effect, capuchin monkeys and humans
show development ofa primacy effect at the IO-secdelay,
whereas rhesus monkeys and pigeons show its develop
ment at the l-sec delay.

These absolute values are, of course, particular to these
testing conditions and will, in all likelihood, change for
other conditions and contexts. Indeed, differences in the
values across species will be valid to the degree that the
testing conditions across species are similar.

Nevertheless, the similar pattern ofchanges is striking.
An overarching theme of this research is that the pattern
of changes is a fundamental signature of the underlying
processes in recognition memory. The similar pattern of
changes for visual recognition memory indicates that the
mechanisms ofvisual recognition memory are similar in
these species.

PASSIVE MEMORY PROCESSES
AND THE PRIMACY EFFECT

Figure I. Serial position functions for a rhesus monkey, Oscar,
with to list items (squares) and with 20 list items (circles). (Serial
Position 1 is the first item in the list.) Performance on different tri
als (Diff), shown to the right, is for trials in which the probe items
matched no list item (after Sands & Wright, 1980b).

Hypotheses concerning processes that have been thought
to produce primacy effects can be divided into active
versus passive processes (see, e.g., Crowder, 1969. 1976;
Tulving, 1968) and willful versus nonwillful processes
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Figure 2. Average performance for rhesus monkeys, capuchin monkeys, pigeons, and humans. Delay is the retention interval be
tween the last list item (Serial Position 4) and the test. Unfilled points (Dift) are performances on trials in which the test matched no
list item. Error bars are the average standard error of the mean for the four serial positions ofeach function (after Wright, in press-b.
and Wright et aI., 1985).

(Watkins, 1989). Either distinction is considered adequate
for the purposes of this article. I consider the critical vari
able to be the presence or absence of strategic processing.
The passive or nonwillful processes can be thought ofas
occurring virtually automatically in the course of learn
ing, remembering, recognizing, deciding, and responding.
A prominent example ofpassive memory processes is in
terference (see, e.g., Foucault, 1928; Hull, 1935). The ac
tive or willful processes are strategies (actively, willfully)
employed by the subject to better remember. Historically,
the most prominent has been rehearsal. In its most influ
ential form, the modal model, items enter a short-term
limited capacity memory (Atkinson & Shiffrin, 1968;

Waugh & Norman, 1965). Rehearsal of items in short
term memory (STM) transfers them to long-term mem
ory (LTM). Since the first list items receive a dispropor
tionate amount of rehearsal, these items are more likely
to be in LTM. It then follows from the theory that the pri
macy effect represents LTM. A variety of indirect evi
dence, including transformation ofcovert rehearsals into
overt rehearsals (Rundus, 1971), encouraged pursuit of
an active rehearsal hypothesis for the primacy effect.

In addition to evidence that raises serious doubts about
the existence of a limited capacity STM buffer (see
Crowder, 1993, and Greene, 1992, for reviews), recent
demonstrations of animal primacy effects should raise
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Figure 3. Percentage correct as a function of the interstimulus
interval for monkeys tested with lists of six travel slide pictures
and for humans tested with the same travel slide picture lists or
with kaleidoscope pattern picture lists (after Cook et aI., 1991,
and Wright, Cook, et aI., 1990).

mans but not be instrumental in producing the human
primacy effects. To explore this issue, we switched from
travel slides to kaleidoscope pictures. Kaleidoscope pic
tures would be less likely to be rehearsed by humans, be
cause they are difficult to label or code. But humans do
show primacy effects with kaleidoscope pictures after
delays of 10 sec or more (Figure 2, bottom). Primacy ef
fects have also been shown for other difficult-to-label
items, such as snowflake patterns (Neath, 1993b) and an
tique car drawings (Korsnes, 1995; Korsnes & Gilinsky,
1993). If humans tested with kaleidoscope pictures pro
duced no lSI effect but did produce primacy effects, re
hearsal could not be instrumental in these primacy effects.

Kaleidoscope patterns were tested in place of the travel
slides in the previously described lSI experiment (Wright,
Cook, et aI., 1990). As is shown in Figure 3, there is no
(statistically significant) increase in performance with
lSI and, hence, no rehearsal with kaleidoscope patterns.
Thus, this lSI experiment with humans showed that pri
macy effects (see, e.g., Figure 2) occur in the absence of
rehearsal (see also Greene, 1986; Neath, 1993a). Because
rehearsal was absent, we wanted to add rehearsal to this
memory task and determine where, in the serial position
function, rehearsal might have its effect.

Humans were trained to name 32 kaleidoscope pat
terns (Wright, Cook, et aI., 1990). Naming the items was
considered a prerequisite for rehearsal. Other humans
served as controls for exposure to the items and rated the
proportion of four colors in each picture, to minimize
personal labels. Postsession interviews aided in group
ing of the subjects according to the type or lack of re
hearsal. One group (the chaining group) chained together
names of successive list items and rehearsed the chain
during ISis. Another group (the repeating group) repeated
only the name of the just-presented item during ISIs. A
third group (the sensory group) did neither and instead re
lied on their "sensory experience."

Figure 4 shows that there was a prominent lSI effect
for the chaining group, no lSI effect for the sensory group,
and an intermediate lSI effect for the repeating group.

HUMAN T-SLIDES

HUMAN K-SCOPES
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concerns as to whether rehearsal is necessary to produce
serial position primacy effects. Animals, I think it would
be fair to say, would be much less likely than humans to
engage in active, willful rehearsal of list items. Animals
for which serial position primacy effects have been
shown include apes (Buchanan, Gill, & Braggio, 1981),
rhesus monkeys (Castro, 1995,1997; Castro & Larsen,
1992; Sands & Wright 1980a, 1980b; Wright, 1998, in
press-a; Wright, Santiago, & Sands, 1984; Wright et aI.,
1985), squirrel monkeys (Roberts & Kraemer, 1981), ca
puchin monkeys (Wright, in press-b), rats (Bolhuis &
van Kampen, 1988; Harper, McLean, & Dalrymple
Alford, 1993; Kesner & Novak, 1982; Reed, Croft, &
Yeomans, 1996), and pigeons (Santiago & Wright, 1984;
Wright et aI., 1985).

Supporters of the modal model could, of course, argue
that animals could actively rehearse the items even with
out the benefits ofianguage for coding and strategic pro
cessing. In order to provide a more definitive resolution
of this issue, we set out to test our monkeys for rehearsal
in this list memory task. To do so, we needed an objec
tive test for rehearsal. An objective procedure had been
developed to test human rehearsal. In this procedure, the
blank time, or lSI, between list items is manipulated. Re
hearsal is identified as an increase in accuracy with
longer ISis. Intraub (1980), for example, presented hu
mans with lists of 16 pictures. With a short (11O-msec)
viewing time and no lSI, performance was only slightly
above chance. As the lSI lengthened, performance im
proved. As the lSI approached 5 sec, performance was
almost as accurate as when the picture was presented for
the entire 5-sec interval. This blank-time, or lSI, effect
has been shown to be robust and reproducible. It has also
been shown to be under voluntary control of the subject,
ruling out involuntary physiological effects, such as con
solidation (see Graefe & Watkins, 1980; Proctor, 1983;
Watkins & Graefe, 1981). Most important for the pur
poses here, it is an objective procedure that can be used
to test animals for rehearsal.

We used the lSI procedure to test rhesus monkeys for
rehearsal with six-item lists oftravel slide pictures (Cook,
Wright, & Sands, 1991). The results are shown in Figure 3.
Performance decreased with lSI and, thus, revealed no
evidence of rehearsal by monkeys in this task. One im
plication of these results is that the primacy effects for
rhesus monkeys shown in Figures 1 and 2 likewise were
not the result of rehearsal.

Since the monkey's primacy effects are unlikely to be
due to rehearsal, it is only natural to speculate about the
role rehearsal might play in primacy effects for humans.
Humans were tested in the same experiment with the same
procedure, items, and sequences as the monkeys (Wright,
Cook, et aI., 1990). As Figure 3 shows, humans showed
prominent lSI effects and, hence, rehearsal with the
same travel slide pictures for which the monkeys showed
no rehearsal. This result could mean that rehearsal plays
a role in primacy effects for humans but not for monkeys.
On the other hand, rehearsal might be occurring with hu-
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Figure 4. Percentage correct as a function of the interstimulus
interval for humans tested with kaleidoscope pattern pictures
and grouped according to rehearsal strategy (after Wright,
Cook, et al., 1990).

Interestingly, all the groups produced prominent primacy
effects. Indeed, there was little difference among groups
in their first-item (or last-item) performance, as is shown
in Figure 5. Rehearsal did help the chaining strategy
group's overall performance, as the lSI effect for this
group would indicate. However, rehearsal aided reten
tion primarily in the middle (dip) of the serial position
function. If the measure ofprimacy were the slope of the
descending (first) limb of the function, the sensory strat
egy group would be shown to have the greatest primacy
effect and the chaining strategy group the least primacy
effect. This is the opposite result that would be expected
according to the rehearsal hypothesis ofprimacy. The re
hearsal hypothesis would predict prominent primacy ef
fects for the chaining strategy group and no primacy ef
fects for the sensory strategy group.

Clearly,rehearsal is not instrumental in producing these
primacy effects. The uncodeable nature of the items used
in these tests of human memory in which primacy effects
are found argues for passive processes producing them.
Animal memory experiments provide additional evi
dence for passive processes being instrumental in pro
ducing primacy effects. Indeed, it would seem that the
serial position function changes with retention interval
that are seen in Figure 2 would, in themselves, argue for
passive, as opposed to active, strategic processes. There
is a gradual shift from a serial position function domi
nated by recency to a function dominated by primacy. If
primacy were based on an active rehearsal process dur
ing list presentation, primacy might be expected to be pres
ent at all retention intervals. But primacy, like recency,
changes over time. The similar changes in primacy (and
recency) for the different species, shown in Figure 2, ar
gues for the parsimony of passive processes for primacy
and recency effects. Experiments in the next section tested
the auditory memory ofrhesus monkeys in order to study
related processes in another modality.

AUDITORY MEMORY PROCESSING

One question raised by the results shown in Figure 2
is whether the general form and changes of these func-

tions with retention interval are characteristic of memory
generally or are particular to visual memory. Would audio
tory memory, for example, show changes with retentior
interval similar to those shown for visual memory? Woulc
a modality effect, an auditory recency advantage showr
for humans, be shown for monkeys? If so, would it show
up as a slower dissipation of the recency effect-that is.
as a time course difference? To address these questions,
we set out to test the auditory memory ofrhesus monkeys.

We wanted to test rhesus monkeys in an auditory list
memory task that was functionally equivalent to the vi
suaI list memory task previously described. But devising
an adequate auditory list memory task proved challeng
ing. After several unsuccessful attempts with other pro
cedures, two rhesus monkeys, B.W and ED., learned the
procedure shown in Figure 6 (Wright, Shyan, & Jitsu
mori, 1990). These were the 2 subjects in the auditory
memory experiments of this article.

Salient features of the task included a modified pri
mate cage for testing. Three bars were removed so that
the monkeys could touch copper screens in front ofthree
speakers, as is diagramed in Figure 6. Touching the
sound sources proved critical to learning the task (cf.
Harrison, Iversen, & Pratt, 1977).

List sounds were played from the center speaker for a
3-sec duration, with a I-sec interval between them. A
test sound was then played simultaneously from both side
speakers for a minimum of2 and a maximum of 6 sec. The
same sound always came from both side speakers; never
were different sounds played from the two side speakers
at the same time. Responses were accepted after 2 sec of
test, and the choice response terminated the test sound.
If the test sound matched one of the list sounds (same),
a touch to the right-side speaker produced 3.5 cc of Tang
orange drink. If the test sound matched none of the list
sounds (different), a touch to the left-side speaker pro
duced a similar reward. Juice rewards were dispensed ad
jacent to each side speaker. Incorrect choices or aborts
(not responding within the 2- to 6-sec response interval)
were not rewarded and were followed by 30-sec time
outs. Daily sessions were typically 32 trials in length, 16
same trials and 16 different trials.

Natural/environmental sounds from disc jockey sound
effects records (Elektra Records, New York) were used
in these studies (e.g., Morse code, stagecoach yells, dog
howling, footsteps, seagulls, tea kettle, angry cat, rivet
ing, crickets chirping, dentist drill, sheep baa, steamboat
whistle, dinner triangle, carpet sweeper, children play
ing, water pouring, cable car clanging, woman laughs,
horse whinny, air raid gliss, wood chopping, pig grunts,
bell buoy, turkey gobbles, cuckoo clock, water well pump,
frog calls, etc.). By using a large pool of 520 different
sounds and shuffling them daily, interference from pre
vious trials and associations among particular stimuli
were minimized.

After learning the same/different concept with one list
item (Wright, Shyan, & Jitsumori, 1990), length of the
list was gradually expanded (Wright & Rivera, 1997).
Serial position functions for lists of 6, 8, and 10 sounds
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Figure 5. Serial position functions for humans according to the different lnterstimulus intervals and rehearsal
strategies of Figure 4. Serial Position 1 was the first list item. Unfilled points (Dift) are performances on trials in which
the test matched no list item. (After Wright, Cook, et al., 1990.)

are shown in Figure 7. These lists were tested under two
different conditions. In one condition, the monkeys ini
tiated lists (touching the center speaker), and the intertrial
interval (lTI) was 12 sec. In the other condition, lists were
not initiated by the monkeys, and the ITI varied from 12
to 27 sec. The results were similar from both conditions
and the average is shown in Figure 7. These serial posi
tion functions are U-shaped and show primacy as well as
recency effects.

The monkeys' auditory list memory was then tested at
different retention intervals. The results were so surpris-

ing that a series of replications and retests was conducted,
including comparisons of 0.5- versus I-sec ISIs, novel
versus familiar stimuli, initiation versus no initiation of
lists, fixed versus variable ITIs, and six versus four reten
tion intervals. The results from all of these experiments
were similar in terms of the general trends of the serial
position functions (see Wright, 1998).

The results from one of these experiments is shown at
the top of Figure 8. The number and values of the reten
tion intervals were the same as those tested in the visual
retention interval experiment with rhesus monkeys,
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Figure 6. Schematic of the auditory testing procedure. Upper
panel shows top view of a monkey with list sounds being presented
from a center speaker. Lower panel shows top view of a monkey
touching a right-side speaker with a test sound being presented
from both side speakers. A touch to the right-side speaker was
correct when the test sound matched a list sound, and to the left
when it matched no list sound. (After Wright, t 998.)

shown in Figure 2. Five randomized 32-trial blocks of
the six retention intervals were tested. This resulted in
20 tests for each serial position for each delay. The ITI
varied from 12 to 27 sec, and trials were begun without
center speaker initiating responses. List sounds were
played from the center speaker for a 2-sec duration, with
a I-sec interval between them. A test sound was then
played simultaneously from both side speakers for a
minimum of 2 and a maximum of 6 sec. The visual
recognition memory results from Figure 2 for the rhesus

monkeys are reproduced in Figure 8 to facilitate com
parIson.

Figure 8 shows that the auditory serial position func
tions are virtually opposite in shape to the visual serial
position functions at many of the retention intervals. Au
ditory memory initially shows a primacy effect but no
recency effect. Visual memory shows a recency effect
but no primacy effect. At a 2-sec delay, the functions from
both modalities are V-shaped. Ifmemory had been tested
only at the 2-sec retention, one would probably conclude
that auditory and visual memory were similar. For longer
retention intervals, the functions diverge once again. Au
ditory memory then shows a strong recency effect and
no primacy effect, whereas visual memory shows a strong
primacy effect, and no recency effect.

SOME IMPLICATIONS FROM
THE AUDITORY AND VISUAL

MEMORY RESULTS

These dynamically changing serial position functions
are not typical of serial position functions obtained from
humans. One reason is that list lengths used to test humans
typically are longer than those used in these studies. One
benefit of longer list lengths is that they reduce the pos
sibility ofceiling effects. But some ofthe serial position
function changes that occur early in the retention interval
with short lists may be unobservable with longer lists.
Changes in the visual primacy effect, for example, may
have run their course before a longer list has even fin
ished being presented. Such early visual primacy effect
changes have been shown for humans by using difficult
to-code items, so that short lists can be used without en
countering ceiling effects (e.g., kaleidoscope patterns,
Wright et al., 1985; snowflake patterns, Neath, 1993b;
and antique car drawings, Korsnes, 1995). Similar changes
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Figure 7. Serial position functions for the average (mean) mem
ory performance of 2 rhesus monkeys with lists of 6, 8, or 10
environmental/natural sounds, each presented for 3 sec with a
l-sec interval between sounds. Unfilled points (Diff) are perfor
mances on trials in which the test matched no list item. (After
Wright & Rivera, 1997.)
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Figure 8. Upper panels: Mean auditory serial position functions for 2 monkeys in cases where the test sound matched one of the list
sounds. Lower panels: Mean visual serial position functions for 2 rhesus monkeys from Figure 2. Serial Position 1 is the first item in the
list. The parameter delay is the retention interval between list and test. Unfilled points (Dift) are from trials in which the test matched
no list item. Error bars are the average standard error of the mean for the four serial positions of each function. (After Wright, 1998.)

may occur in the serial position effects with longer lists,
but they cannot be observed under those conditions.

Another reason that these dynamically changing ser
ial position functions are not typical of serial position
functions obtained from humans may be differences in
testing procedures. Recall procedures, typically used with
humans, do not allow adequate control of retention in
terval for studying the range of retention interval effects,
particularly the shorter retention interval effects. In the
case of the visual primacy effect, humans required to re
call all items they can remember (in any order) could
first recall the last list items (because initially these are
best remembered), thereby build a little delay, and then
have less trouble recalling the first list items.

Although there is some evidence from humans for simi
lar dynamically changing serial position functions for vi
sual memory, I know ofnone that is comparable for human
auditory memory. One reason may be that auditory mem
ory is more difficult to test adequately than visual mem
ory. A difficulty endemic to auditory stimuli is that they
unfold in time rather than in space, as do visual stimuli.
A longer time provides an opportunity for the subject to
code the stimulus, or features (fragments) of it, into both
visual and auditory memory codes. Cross-modality cod
ing may contaminate memory studies. Memory deficits
at a particular serial position in one modality may be off
set by good memory at that same serial position in an
other modality.

There is, however, the well-known modality effect in
human memory that is a recency advantage for auditory
over visual memory (see, e.g., Greene, 1992, for a re
view). Somewhat reminiscent of the human modality ef
fect is the trend in Figure 8 toward a strengthening ofau
ditory recency effects and a weakening of visual recency
effects with retention interval. Perhaps a similar trend
difference in human serial position functions might play
some role in the modality effect, in addition to possible
feature processing (see, e.g., Nairne, 1990), temporal
distinctiveness (see, e.g., Glenberg & Swanson, 1986),
or language (see, e.g., Shand & Klima, 1981).

Madigan and McCabe (1971) presented lists of words
auditorially. Lists were five pairs, with the first word of
each pair serving as the cue for (recall of) the second.
Tests were written (visual) presentations of the cue
words. They showed that the serial position functions
from an immediate test changed on a delayed test. The
strong recency effect on the immediate test dissipated,
leaving a primacy effect on the delayed test. This, of
course, is similar to the pattern of changes shown for vi
sual recognition memory. But it is difficult to compare
this experiment with the experiments of the present arti
cle. Madigan and McCabe were exploring the negative
recency effect (cf. Craik, 1970). Madigan and McCabe
presented (and tested) 50 lists before giving subjects a
surprise retest on all 50 lists. Although the delayed test
did show a downward-sloping, primacy-dominated ser-
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ial position function, performance with the first list
items did not improve (in absolute terms) relative to the
immediate test. Thus, the results could be accounted for
as a dissipation of the recency effect.

The monkey memory results that have been presented
in this article, I believe, impose some limitations on mod
els or theories of memory that might account for them.
Although one could debate the generality of recognition
memory with monkeys and with these stimuli, general
theories of recognition memory should be able to account
for these results.

Beginning with the auditory memory results, the strong
initial primacy effect and absence of a recency effect for
auditory memory raises difficulties for traditional inter
pretations that the recency effect represents STM. STM
is, virtually by definition, memory that fades with time.
But apparently not all STM works this way. The recency
effect cannot represent rhesus monkey's short-term au
ditory memory, because a recency effect is not present
initially. Its later appearance makes it more akin to char
acteristics associated with LTM.

The primacy effect is often associated with LTM (see,
e.g., Atkinson & Shiffrin, 1968; Glanzer, 1972; Waugh
& Norman, 1965). A primacy effect, however, is not pres
ent at the longer auditory retention intervals where LTM
would be expected. By contrast, an auditory primacy ef
fect is present initially where STM would be expected.
And furthermore, similar to what would be expected of
STM, the auditory primacy effect dissipates with reten
tion interval.

Both visual and auditory memory show primacy and
recency gradually changing over time. They each have a
"limb" (auditory recency, visual primacy) that actually
increases in terms of absolute recognition memory over
time. This result is counterintuitive. Memory typically is
thought to fade with time, not improve. Hypothetical pro
cesses of decay, unlearning, displacement, and interfer
ence have been proposed to account for the fading of
memory. These improving memories occur before the
other limb (auditory primacy, visual recency) fades with
time. This is appropriate to prevent "holes" in memory.
And, of course, this is the only way that traditional U
shaped serial position functions can be produced.

These results, taken together with those from primacy/
recency dissociation experiments, seem to implicate two
passive memory processes with different time courses.
Some memory processes with these characteristics are
discussed in the following sections.

MEMORY PROCESSES
AND INTERFERENCE

The purpose of the experiments in this section was to
explore parameters that might alter the form of these
functions and to begin to reveal something about the na
ture of the underlying memory processes. The choice of
manipulations is, of course, tied to hypotheses about how

recognition memory works. The following criteria fig
ured into my choice of manipulations. (1) The processes
should be passive, in the sense of not being based on an
active strategy employed by the subject to enhance mem
ory. (2) There should be two processes, to account for
the different changes in primacy and recency effects.
(3) The two processes should have differing time
courses, to account for the separate time courses of pri
macy and recency. (4) The processes should be amenable
to experimental manipulation. (5) Finally, such pro
cesses should have a demonstrated powerful influence
on (the monkey's) list memory. Among processes that
fulfill these criteria are those of interference.

Interference Across Lists in Visual List Memory
The purpose of the experiments summarized in this

section was to evaluate and demonstrate the influence of
interference on the monkey's list memory (criterion 5,
above).

Before we conducted our visual memory experiments
with monkeys, we thought the difficulty others had in
obtaining good list memory performance from their mon
keys was due to the abstract geometrical shapes and col
ors of the stimuli that they had used (see, e.g., Devine &
Jones, 1975; Eddy, 1973; D. Gaffan, 1977). Therefore,
some ofthe pictures we used were offamiliar objects (e.g.,
apples, animal caretaker, etc.) that might be better remem
bered. The experiment lasted several months (16,000 tri
als), and the 211 pictures were rank ordered according to
memory accuracy. Pictures of familiar items, however,
were not those best remembered. A somewhat unique
feature ofour experiment was a much larger set of mem
ory items than those other researchers had used. D. Gaf
fan (1977, Experiment 1, phase 8), for example, used
only 6 items (colors). The resulting accuracy with 3-item
lists was only 70% correct, whereas we had obtained
86% accuracy with a longer and more difficult lO-item
list. We considered that the small pool of items of the
D. Gaffan (1977) experiment may have led to greater in
terference than did our larger pool of items and, thus,
might have been responsible for the poorer performance.

To test this interference possibility of pool size, we
tested performance with 3-item lists under two condi
tions (Sands & Wright, 1980a). In the high-interference
condition, 3-item lists were composed from a pool of 6
items, similar to the D. Gaffan (1977) experiment. In the
low-interference condition, 3-item lists were composed
from a 211-item pool. Conditions alternated with daily
sessions. Recognition performance was 70% in the high
interference condition, virtually identical to that of the
D. Gaffan (1977) experiment. Recognition performance
was 96% in the low-interference condition. Thus, in
terference from item repetitions lowered performance
by 26%.

The locus ofthis repeated-item interference was shown
to be test items on different trials in which the test did not
match any list item. Having seen the test item, perhaps
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even in the previous trial, confuses the subject; it tends
to think that the item occurred in the list being tested. In
the locus-of-interference experiment, interfering items
were systematically placed in previous lists (Wright, Ur
cuioli, & Sands, 1986). The separation between the in
terfering item and its reappearance as a test on a later dif
ferent trial was manipulated. When the interfering item
was in the immediately preceding list, performance was
64%. As separation increased, performance improved.
When the separation was five lists, or 60 items, perfor
mance was 83%. But still, this 83% was 10% less than the
93% correct from an interference-absent condition.

In an experiment on long-term interference, Jitsumori,
Wright, and Cook (1988) showed that interference could
assert its effects across days or even weeks. Monkeys
performed in a 4-item list memory task, with lists com
posed from a 320-item pool. Items were seen only once
daily, and thus, from the standpoint of individual ses
sions, this should be a low-interference condition. Items
and sequences were rearranged daily. The monkeys had
been tested with the same 320 items for several months.
Over this period, memory performance gradually deteri
orated. Following a variety of unsuccessful attempts to
remedy this deteriorating performance (e.g., by chang
ing the type of juice reinforcer), tests with novel items
resulted in a rise in memory performance from 63% to
82%. Other tests confirmed that this was interference
from seeing the items in previous sessions, and the locus
of this interference was the same as that in the previous
study-test items on different trials.

The Possibility of Interference
Within Memory Lists

The previous section presented evidence of the dis
ruptive effects of interference from items that were re
peated from previous lists. In this section, interference
from items within individual lists is considered in terms
of their possible effect on the primacy and recency ef
fects of the serial position function.

Interference has a considerable history in its relation
to the serial position function. Interference was hypoth
esized to produce the U-shape of the serial position func
tion by a convergence of proactive interference (PI) and
retroactive interference (RI) on the middle items of the
list (Foucault, 1928; Hull, 1935). Previous items inter
fere (proactively) with memory of later items, and later
items interfere (retroactively) with memory of earlier
items. List memory was thought to be a stimulus-response
chain in which the previous response(s) were the stimuli
for the next response. This line of reasoning was further
extended by the interference theory of forgetting (see
Crowder, 1976). Interference theory sought to reduce the
more complicated serial position function to a stimulus
response unit. Thus, subjects learned paired-associate lists.
Although a discussion of interference theory is beyond the
scope of this article, it can be said that by learning two
paired-associate lists with the same stimulus items, the
effects of interference could be assessed in relation to a

control group. RI was produced by second-list learning
interfering with first-list responses. PI was produced by
first-list learning interfering with second-list responses.

Among the findings from interference theory research
was that the effects of PI and RI had different time courses.
The effects of PI were weak immediately but slowly
strengthened over time (see, e.g., Keppel & Underwood,
1962; Postman, Stark, & Fraser, 1968). The effects ofRI
were strong immediately, but dissipated comparatively
rapidly (see, e.g., Briggs, 1954; Postman et aI., 1968;
Postman, Stark, & Henschel, 1969; Underwood, 1948a,
1948b). These time course differences seemed to hold
over time scales ranging from minutes to days. Within the
rubric of interference theory, PI and RI were considered
experimental manipulations, and the (hypothetical) pro
cesses by which they affected memory were thought to
be response competition and unlearning. Use of the
terms PI and RI in this article does not imply any refer
ence to response competition or unlearning. Interference
is itself considered to be the process that affects recog
nition memory.

Whether or not time courses for (the effects of) PI and
RI, similar to those revealed through interference theory
research, apply to the monkey's visual list memory is an
open question. But several arguments can be made for
such a possibility. In addition to the attributes of two (in
dependent) processes and two different time courses, in
terference is a passive process that would be expected to
apply to animals as well as to humans. Even in those
human visual memory tasks in which similar changes in
primacy and recency have been shown (e.g., those using
kaleidoscope or snowflake patterns), passive memory
processes would be expected to prevail. These different
time courses for PI and RI could conceivably account for
the primacy and recency changes shown for visual recog
nition memory. An initial strong RI could mean that the
last list items would interfere with memory of the first
items. Initial weak PI would result in a serial position func
tion with a strong recency effect and no primacy effect,
similar to the results obtained. Dissipation of RI would
allow the primacy effect to appear, thereby producing the
U-shaped serial position function. As PI strengthens and
RI dissipates, the primacy effect should strengthen, and
the recency effect should weaken. These were the trends
shown in the serial position functions in Figure 2.

Tests for Interference Within Auditory Lists
Similar time course arguments could be made for au

ditory memory. But if PI and RI time course differences
were to playa role in the shape of the auditory serial po
sition functions, the roles of PI and RI would need to be
exchanged. That is, PI would have to be strong initially
and dissipate with time, whereas RI would have to be
weak initially and strengthen with time. I know of no au
ditory experiments assessing RI and PI time course dif
ferences. Even if there were such experiments using ver
bal stimuli (e.g., words), there would be no guarantee that
they would be relegated exclusively to auditory memory.
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Figure 9. Mean serial position functions for two monkeys tested with a 2.5-sec interstimulus interval (upper panels) and
compared with results from a similar experiment (lower panels) but in which the interstimulus interval was 1 sec. Unfilled
points (Dift) are performances on trials in which the test matched no list item. Delay is the retention interval between list and
test. (After Wright, 1998, in press-a.)

Auditory stimuli are often visualized in the mind's eye of
the subject (see, e.g., Campbell & Dodd, 1980).

With these considerations, several experiments were
conducted to explore the possibility that interference
plays a role in determining the shape of the monkey's au
ditory serial position function. Ifitems in the list were in
terfering with one another, one way to test for this possi
bility would be to separate list items and, thereby, reduce
any interference, On the immediate (O-see)auditory test
(Figure 8), for example, the first list items might (proac
tively) interfere with the monkey's memory of the last
list items. Increasing the separation between items might
diminish this PI and, thereby, allow recognition on the
last list items to improve,

The procedure was similar to the retention interval au
ditory experiment shown in Figure 8, except that the lSI
was 2.5 sec and only four retention intervals (0 sec, 1 sec,
lOsee, and 20 sec) were tested. As before, retention de
lay varied daily in three randomized blocks of the four
delays. The results are presented in Figure 9, together
with the results from an otherwise identical experiment
in which the same retention intervals were tested with a
I-sec lSI.

Clearly, the greatest effect was at (short) retention de
lays of0 and 1 sec. One aspect of this lSI change that de
serves special attention is the extension of time between
individual list items and the test item. Time extension
was greatest for the first list item and proportionally less

for each successive item. Consider the O-secdelay results.
Performance for the first list item in the 2,5-sec lSI test
was 62.5% correct, as compared with 91.7% correct in
the I-sec lSI test. The added time to test for this first list
item was 4.5 sec, Although this is less than the 10 sec
added by the IO-sec retention interval, a comparison
might provide clues about trends in these performances,
First item performance with the 10-sec delay, I-sec lSI
test is 58.3% correct, roughly similar to the 62.5% in the
O-seedelay, 2.5-sec lSI test. Interesting is the increase in
performance for the last list item in the O-sec delay, 2.5
sec lSI test relative to this same delay in the I-sec lSI test.
There was no difference in time to test for this last list
item, because no lSI followed it. Nevertheless, perfor
mance increased from 50% to 79.2% correct. This per
formance increase must be the result of changes coming
before this item. Such a result implicates a change in PI
from the first list items on recognition memory for the
last list items.

In the 2.5-sec lSI experiment, recognition of the first
items may have been altered as a function of total time
to test. The PI from the first list items on recognition of
the last list items may, in turn, have been altered relative
to the l-sec lSI condition. To more accurately test this
possibility, only the middle lSI was altered (Wright, in
press-a). The middle lSI was increased to 3 sec, whereas
the other two ISIs remained at I sec. Thus, the time to
test for the first and second items was extended by 2 sec,
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whereas the time to test for the third and fourth items re
mained unchanged relative to the I-sec lSI condition.
Memory performance for the first two items could then
be compared with performance for the first two items of
the 2-sec delay function of Figure 8, because time to test
for the first two items would be the same. For the last two
list items, the time to test was unchanged so that their
memory could be compared with the O-sec delay func
tion of Figure 8. Other aspects of the procedure were un
changed.

Because the focus of the experiment was on the O-sec
delay function, the results from the O-seedelay condition
are superimposed (squares) on the 2-sec delay function
from Figure 8 and are shown in Figure 10. Adding 2 sec
to the lSI (between second and third items) seems
roughly to substitute for 2 sec of retention delay (in the
I-sec lSI condition) in determining performance for the
first two list items. Also of interest is the change in rec
ognition performance for the last two items in the test
condition. Retention delay for these last two list items
was unchanged (relative to the O-secdelay, I-sec lSI con
dition), but performance improved and was not too dis
similar from the 2-sec delay, l-sec lSI condition. Since
retention delay for these last two items was unchanged
by the insertion of a 3-sec lSI in the middle of the list,
these results show that performance on the last two list
items was determined largely by performance of the first
two list items. Such a result implicates a change in PI of
the first items on recognition memory of the last two
items. Delay itselfcertainly does not directly affect recog
nition oflast list items. Extending the overall time to test
for the first two items reduces memory of the first two
items and appears to reduce interference from these first
two list items on recognition memory ofthe last list items.

Manipulating Background Proactive Interference
These lSI manipulations implicated PI as being in

strumental in affecting the recognition performance for
the last list items. Other converging operations were
sought in the experiments presented in this section, con
verging operations that would leave time to test constant
but would be expected to affect PI. In the previously pre
sented auditory experiments, PI from previous trials had
been minimized. Items in anyone trial were unique on a

daily basis, and the items varied somewhat from day to
day as they were selected from a 520-item pool. Mini
mizing interference from previous lists allowed monkeys
to perform the task accurately and may have been in
strumental in their being able to learn the task in the first
place. This across-list PI, as it will be called, was ma
nipulated in the experiment described in this section. If
within-list PI, as described in the lSI experiments of the
previous section, were somehow vulnerable to across-list
PI, then last-item performance might even improve
under the higher (across-list) interference conditions.

Across-list PI was increased by decreasing the item
pool and, thereby, increasing repetitions oflist items within
a session (Wright, in press-a). The item pool was grad
ually decreased from 144 items (trial-unique/session) to
8 items. Each of the 8 items was repeated in 16 lists tested
daily. The same 8 items were used throughout the exper
iment. As is shown in Figure 11, repeating items in the
8-item condition lowered overall performance relative to
the 144-item condition. Of particular interest was the
change in the form of the serial position function at the
O-see retention delay. This function changed from a pri
macy-dominated, downward-sloping function to a re
cency-dominated, upward-sloping function. The 20-sec
delay function, by contrast, was largely unchanged in its
form by item repetition, despite its somewhat lower over
all level.

The across-list PI had a detrimental effect on the first
two list items of the O-seedelay function. Recognition of
the first two items changed from 92% and 96% to 54%
and 50%, respectively. Recognition of the last list item
showed an equally dramatic change in the opposite di
rection. Performance rose from 46% to 83% correct.

There is no a priori reason that I can think ofas to why
the first list items should be the target of interference
from item repetition any more than the last list items. But
they seem to be. The lowering of first-item performance
diminished their (within-list) PI effect on last-item rec
ognition. This latter finding may not be entirely surprising,
considering that items need to be remembered in order to
interfere with other memory. In any case, these two forms
of PI may be different in nature. Under conditions of
across-list PI, the subject recognizes the item but has
trouble remembering in which list it was presented (cf
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Figure 11. Mean serial position functions for 2 monkeys tested at 0- and
20-sec retention delays, with sounds unique to each trial (upper panels) or with
sounds repeated in 16 different trials (lower panels). Unfilled points (Dift) are
performances on trials in which the test matched no list item. (After Wright,
in press-a.)

Glenberg, 1987; Gorfein, 1987). Under conditions of
within-list PI, it seems that the subject does not recognize
the item. Within-list PI occurs across diverse items and
dissipates in about 2 sec (in this task). Across-list PI oc
curs across similar items (repetitions, primarily) and per
sists for minutes, days, and even weeks.

This finding that across-list PI can effectively remove
within-list PI means that the changes in auditory recog
nition memory shown here for short retention delays
need to be studied under conditions of minimal PI from
previous lists. Perhaps this is easier to do with monkeys
than with humans. For example, the use ofdigits in human
memory testing results in PI because the nine digits are
frequently repeated within and outside the experimental
setting. In addition, humans tend to chunk digits and vi
sualize them, creating a visual code. If the serial posi
tion functions for auditory and visual memory are ofop
posite shape, visualizing auditorially presented items or
vice versa will help recognition but make it difficult to
separate the visual and auditory contributions to overall
performance.

Interference and Category Separation
Increasing item repetitions increased interference across

the whole list. But if the major effect of this interference
is on the first list items, the same result should be ob
tained if the repeated-item PI effect were confined to only
the first list items. In order to test this possibility, mixed
lists were tested with either the first two items or the last
two items from the high-PI condition (8-item set) and the
other two from the low-PI condition (144-item set) (Wright,
in press-a).

Figure 12 (lower left panel) shows that making the
first two items from the high-PI set diminished the pri
macy effect and produced a strong recency effect. This
shows that the main effect of PI at O-see delay is on the
first two items.

Results presented in the lower right-hand panel of Fig
ure 12 show the effect of making the last two list items
from the high-PI set. In this case, recognition performance
on the last two items was diminished, and a primacy effect
was produced. This result indicates that the poor rec
ognition of the first two items in the 20-sec delay baseline
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condition (upper right-hand panel) may have been due to
RI from the last two items adversely affecting recognition
of the first two items. The result of the last two list items
being from the eight-item pool appears to be a case in
which RI was altered. The eight items of the high-inter
ference condition might function as a category, distinct
from the larger pool of items. A category separation be
tween the first and last list items should help prevent items
at one end of the list from interfering with recognition of
items at the other end of the list. We have obtained simi
lar performance changes using natural categories (e.g.,
horns, bird calls, etc.) in place of the high-interference,
eight-item "category." Items from a natural category did
not diminish performance as severely as did the high-in
terference category. Still, when the first two items were
from a natural category, performance improved on the last
two items, showing a recency effect. The reverse occurred
when the last two items were from a natural category.

GENERAL DISCUSSION

Conclusions
Conclusions and some implications from the monkey

visual and auditory memory experiments can be sum
marized as follows.

The rhesus monkey's visual and auditory serial posi
tion functions are essentially of opposite shape at the
shortest retention intervals. These functions change in op
posite directions with increases in retention interval. For
visual memory, the primacy effect grows and the recency
effect dissipates with retention interval. For auditory
memory, the recency effect grows and the primacy effect
dissipates with retention interval (see Figure 8).

Changes in primacy and recency effects for visual and
auditory memory implicate two memory processes with
different time courses. Evidence indicates that these mem
ory processes are passive rather than active (e.g., they
are not rehearsal based). Thus, passive (nonwillful) pro
cesses are capable of producing primacy effects as well
as recency effects.

Manipulations of the lSI in auditory memory indicated
that the primacy effect varied as a function of total time
to test, whereas the auditory recency effect did not vary
with total time to test. Other evidence indicated that the
auditory recency effect varied as a function of PI from
the first list items.

The background of PI in auditory list memory was in
creased by decreasing the item pool size (from 144 items
to 8 items), which required reusing items. The form of
the auditory serial position function changed from a
downward-sloping function dominated by a primacy ef
fect to an upward-sloping function dominated by a re
cency effect. This across-list PI seemed to have its effect
primarily on the first list items. The lowering of perfor
mance to the first list items diminished the within-list PI
effect of the first list items on recognition of the last list

items. Similar serial position function changes were shown
by limiting across-list PI to only the first 2 list items and
selecting the last 2 list items from the larger item pool
set. A category separation between the first and last list
items formed by the 8-item, high-PI set may also have
enhanced this change in the form of the serial position
function. When the last 2 list items were from the 8-item,
high-PI set, the form of the serial position function
changed from an upward-sloping function dominated by
a recency effect to a downward-sloping function domi
nated by a primacy effect. Here, too, category separation
may have diminished RI from the last 2 items on recog
nition of the first 2 items.

An Interference Framework for the Results
For a variety of reasons, a formal model or theory of

these results would be premature. On the other hand,
from the direction of the auditory interference experi
ments, it should be apparent that, in my opinion, an in
terplay between PI and RI processes, each with its own
time course, plays a role in these dynamically changing
serial position functions.

How these interference processes interact to produce
these changing serial position functions is suggested by
the following possibility. In visual recognition memory,
RI from the last list items might initially interfere with
the subject's memory for the first list items and, thereby,
produce a recency-dominated function. As time passes,
PI from the first list items might grow as RI wanes, pro
ducing a primacy-dominated function. The PI and RI
time courses might be exchanged in auditory memory,
as is indicated by the auditory interference experiments.

This is a pretty bare bones and simple framework. Some
might say simplistic. In one sense, I would have to agree.
I can imagine many things that will modify it. Background
interference clearly modifies it. Add to this such things
as rehearsal, levels ofprocessing, and cross-modality cod
ing (just to name a few), and the situation could change
radically. Context changes, endpoint distinctiveness, and
distractor activity will change it, too. Of what generality,
then, is such a framework-or even the research itself?

I feel that its generality actually resides in its compar
ative simplicity of conditions. This is a same/different
recognition procedure that is one of the simplest rela
tional (working memory) procedures. Only one test item
is presented after each list, which allows control ofdelay
and avoids response-output interactions. A large num
ber of memory items are used, which minimizes PI from
previous trials. Monkeys can reasonably be assumed not
to rehearse memory items in these tasks, which avoids
the possible influence ofsuch strategic processing or ap
peal to it as a hypothetical explanatory construct. Mon
keys can also be assumed to be less likely than humans to
cross-modality code the items, which avoids confound
ing effects on overall memory performance from multiple
modalities.
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Distinctiveness as an Alternative Framework
for the Results

A case can be made for distinctiveness to account for
serial position effects similar to those shown in the pres
ent article (e.g., Murdock, 1960; Neath, 1993b). In some
sense, poor recognition ofan item must be the result ofthat
item's not being distinctive (in memory). But what causes
it not to be distinctive may be more fundamental. Al
though endpoints of the list can be pointed to as the cause
of distinctiveness, they are likely to be instrumental in
other memory processes as well. With regards to the pos
sibility of different time courses for different interfer
ence processes, the interference processes must some
how be reset at the endpoints. For example, if RI is high
immediately after learning, it will need to reset with new
learning. A continuous memory test with no real starting
or stopping point may be composed ofunderlying cycles
ofinterference, but there may be no way of decomposing

them. For similar reasons, some of the effects of interfer
ence may be less observable with long lists.

Other evidence, including dissociations of primacy
and recency effects, would seem to favor two processes
over one. It is difficult to imagine how some drug (e.g.,
alcohol, diazepam, atropine) could selectively make one
or the other endpoint nondistinctive (see, e.g., Castro,
1995,1997; Jones, 1973).

Another problem for distinctiveness is explaining what
might make distinctiveness change with retention inter- .
val. In human memory studies, appeal can be made to a
possible difference in perspective that might vary with
retention interval (Crowder & Neath, 1991). At short re
tention intervals, subjects might "view" their memory
from the perspective of the end of the list, like a reced
ing row oftelephone poles. At longer retention intervals,
they might take a perspective from the beginning of the
list. Such strategies apparently can be effective in chang-
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Figure 12. Upper panels: Mean serial position functions for 2 monkeys tested at 0
and 20-sec retention delays with trial-unique sounds and low proactive interference
(LO PI). Lower panels: Mean serial position functions with either the first two list
items or the last two list items from the eight-item, high proactive interference (HI PI)
category of Figure 11 and the other two items from the LO PI set. Unfilled points
(Dift) are for tests on which the test sound was different from all the list sounds. (After
Wright, in press-a.)
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ing the shape of the serial position function (Crowder &
Neath, 1991). But it is unlikely that animals would adopt
such strategies. Even less likely is the possibility that all
ofthe animals whose results are shown in Figure 2 would
adopt this same strategy.

Related to the issue ofdistinctiveness changes with re
tention interval is the question of the basis on which one
would expect distinctiveness in auditory memory tor
monkeys to be essentially opposite to that in visual mem
ory? Ifdistinctiveness were the controlling variable, how
would one account for the across-list interference results
shown in Figure II? On what basis would one expect
across-list interference to diminish distinctiveness at the
beginning ofan auditory list and enhance it at the end of
the list?

As a practical matter, distinctiveness is difficult to con
trol, manipulate, and test. It is, therefore, difficult to sub
stantiate its role or rule it out completely. I think a likely
possibility is that combinations of different factors will
be instrumental in serial position effects. I would not be
surprised if the relative contribution of different factors
varied in different situations and contexts. If so, the prog
nosis for any general account (theory) of serial position
effects is not favorable.

Other Proposed Explanations
for (Some of) the Results

It is not uncommon to speculate about alternative ex
planations for (some) results such as those presented in
this article. These proposed explanations have varied as
widely as their sources, which have included manuscript
reviews and colleagues' comments. Since some of these
possibilities will probably occur to other readers, they
will be briefly discussed.

Consolidation. It has been suggested that the lack of
a recency effect for the short-delay auditory serial posi
tion functions may be due to lack of memory consolida
tion for these items. That is, the immediate presentation
of the test prevented memory consolidation. This possi
bility, I believe, can be discounted by results shown in
Figure 12. In Figure 12 for the two a-sec delay tests, the
last two items were the same (low PI, large item pool),
and the test was the same. Thus, consolidation should be
the same for the last list items. But there was a strong re
cency effect for the last two items when the first two items
were from the high-PI set. Thus, the lack ofa recency ef
fect in the baseline condition (upper left-hand panel) prob
ably does not involve consolidation.

Configural processing. It has been suggested that
monkeys in the auditory task might be configuring the
list as a gestalt whole instead of perceiving the list as
made up of individual items or elements. I think it is un
likely that something perceived as a configural whole
would show changes in memory for items at different se
rial positions with retention interval. Indeed, why would
monkeys show memory for any individual item, let alone
memory changes, if the list were really processed as a
configural whole? In addition, if lists were perceived as

a configural whole, elements from previous lists would
not be expected to produce PI. But there was PI from el
ements of previous lists.

List continuation and suffix effects. It has been sug
gested that the lack of an auditory recency effect at the
short retention intervals may have resulted from mon
keys confusing the test sound as a continuation ofthe list.
This possibility was anticipated when the experiment
was designed. To reduce this possibility, test sounds were
presented in different locations (side speakers) from the
list sounds (center speaker). Also, the behavior of the
monkeys would tend to discount such an explanation.
Monkeys typically sat facing the center speaker when the
list was being presented. When the test sound was pre
sented, they turned to one side or the other (after 2 sec of
test sound) and made a touch response to a side speaker.
Monkeys behaved in a similar manner whether the test fol
lowed immediately or after a long delay. If the test was
confused as a continuation of the list, they should not
have oriented toward a side speaker and made a side
speaker response during the test presentation. But they did.

A related issue is the possibility of suffix-like effects
from the immediate presentation of the test item. Suffix
effects diminish recency effects in human auditory list
memory (see, e.g., Greene, 1992). The suffix effect ar
gument is somewhat different from the list continuation
argument. The suffix effect is a memory effect, not a con
fusion regarding the end of a list. In this case, it is not
possible to eliminate the probe item in order to test its
role as a suffix item; the probe item is the only way to
test recognition memory. But results from the interfer
ence tests shown in Figures 11 and 12 at the a-sec reten
tion delay bear on this issue and the list continuation pro
posal. In one test condition (Figure 11, lower left-hand
panel), all items were from the eight-item, high-PI set. In
the other test condition (Figure 12, lower left-hand panel),
the first two list items were from the high-PI set and the
last two items were the same as those of the baseline con
ditions. In both test conditions, unlike the baseline con
ditions at this a-sec delay, strong recency effects were
produced. By definition, the test followed the list items
identically in all ofthese cases. So, ifsuffix-like effects or
list continuation effects were instrumental in eliminating
the recency effect in the baseline conditions (e.g., Fig
ures 11 and 12, upper left-hand panels), they should also
have eliminated recency effects in these test conditions.
But they were not eliminated; strong recency effects were
produced.

Blocked versus random delays. It has been sug
gested that improvement in visual recognition of early
items (primacy effect) with retention interval may have
been due to greater separation of lists at the longer de
lays. According to the argument, longer retention inter
vals would further separate lists and thereby reduce PI
from previous lists. Evidence from several of the exper
iments would tend to discount such an explanation. Mem
ory items were selected to minimize PI from previous
lists. These conditions of minimal interference from pre-
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vious lists were just the conditions that produced robust
changes in primacy and recency effects with retention in
terval (Figures 2 and 8). Other evidence comes from hu
mans tested under blocked and random conditions.
Neath (I993b) showed similar primacy and recency
changes with retention interval under blocked and ran
dom conditions. In addition, I have tested monkeys in
random as well as blocked conditions (unpublished). Al
though the results were somewhat more variable than
those in blocked conditions, the primacy and recency
changes with retention interval were similar. Since these
are difficult tasks for monkeys, I have tended to choose
conditions that produce performances that are as high and
stable as possible.

Other evidence against such an explanation comes
from ITI manipulations. If list separation were instru
mental in producing the serial position function changes
shown (e.g., Figure 2), serial position effects should
change as a function of IT!. Two different ITIs (5 sec,
10 sec) were tested with the capuchin monkeys whose
data are shown in Figure 2. Their serial position effects
and changes with retention interval were very similar
from both conditions (Wright, in press-b). In addition,
variable ITls (12-27 sec) were tested in the auditory mem
ory task, and no systematic differences were found as a
function of ITI (Wright, 1998; Wright & Rivera, 1997).
Thus, it seems unlikely that list separation, in itself, is
responsible for producing the retention interval changes
in primacy and recency effects for visual and auditory
memory.

Response bias. In a recent article, Kerr, Ward, and
Avons (1998) tested humans at two retention intervals
(0 sec, 10 sec) in a four- alternative, forced-choice (4AFC)
task. The distribution ofchoices varied somewhat for the
two retention intervals. These differences for the four se
rial positions can be characterized as a difference score
by subtracting the percent choices in the O-sec condition
from those in the 10-sec condition: + 12%, 0%, -4%,
-8% with blocked retention delays and +9%, -I %, +2%,
-9% with randomized retention delays. Kerr et al. ap-
plied a correction for suspected guessing and concluded
that response biases (response distribution differences)
could account for at least some of the serial position ef
fect changes that they showed and possibly for those
from other experiments that have used 4AFC procedures
(e.g., Korsnes & Magnussen, 1996; Korsnes, Magnus
sen, & Reinvang, 1996). They were quick, however, to
point out that it was unclear how such response bias fac
tors might be operating in same/different procedures, such
as those of the present article.

In the 4AFC task, even if the subject thinks that the
test item was not in the list, it still must guess a particu
lar position. Thus, one source ofguessing would seem to
be from subjects forgetting that the item was in the list
but being forced to guess. By contrast, in the same/dif
ferent task, the subject responds different (i.e., not in the
list) when it forgets that the item was in the list. There is
also a second source of guessing that is peculiar to the

4AFC task. Subjects might remember that the item was
in the list but forget its position. This second source of
forgetting is not a factor in same/different tasks. In same/
different tasks, when the subject decides an item was in
the list, it responds same, regardless of/ist position. Thus,
there are two sources ofguessing peculiar to 4AFC tasks
that may be substantial and most likely would be con
founded. Neither sources of guessing nor their associ
ated response biases would seem to be a factor in same/
different tasks. It is difficult to imagine how any residual
guessing in the same/different tasks of the present article
could produce the substantial serial position differences
and changes with retention interval.

List initiation and primacy effects. It was hypothe
sized that the primacy effects shown for rhesus monkey
visual memory were due to artifacts of the monkeys' ini
tiating lists and thereby drawing disproportionate atten
tion to the first list items (D. Gaffan, 1983). Changes in
primacy effects with retention interval under the same
conditions of list initiation are contrary to this hypothe
sis and make it an unlikely explanation (Wright, 1994;
Wright, Santiago, & Sands, 1983). But the hypothesis was
repeated without recognizing these contrary results (E. A.
Gaffan, 1992). Recent evidence clearly contradicts this
hypothesis. Primacy effects have been shown under con
ditions in which rhesus monkeys did not initiate visual
lists (Castro & Larsen, 1992), capuchin monkeys did not
initiate visual lists (Wright, in press-b), and rhesus mon
keys did not initiate auditory lists (Wright, 1998; Wright
& Rivera, 1997). In addition, the changes in primacy ef
fects (and recency effects) with retention interval were
virtually identical under both conditions for the capuch
in's visual memory and the rhesus's auditory memory
(Wright, 1998, in press-b). The list initiation hypothesis
appears untenable. All relevant evidence (of which I am
aware) contradicts it, and none supports it.

The Teleology of Opposite-Shaped
Serial Position Functions

Speculative as it may be, the issue ofwhat possible pur
pose might be served by opposite-shaped serial position
functions does arise.

From a practical standpoint, there should be advan
tages to coding items both visually and auditorially, be
yond any advantages to redundant coding in the same
modality. Opposite-shaped serial position functions (e.g.,
Figure 8) show that, when visual memory is poor (e.g.,
first items at O-see delay), auditory memory for these
items will be good. When auditory memory is poor (e.g.,
first items at long delays), visual memory for these items
will be good.

There is considerable evidence that humans do cross
modality code. We frequently pronounce or silently mouth
visual material (see, e.g., Crowder, 1983). We often vi
sualize auditory material, such as environmental sounds
or words (see, e.g., Campbell & Dodd, 1980). Ifhumans
have opposite-shaped serial position functions, like mon
keys, the cross-modality coding should help overall mem-
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ory. Indeed, one of the problems in testing pure visual or
pure auditory memory in humans may be cross-modality
coding.

From the standpoint of monkeys, cross-modality cod
ing is unlikely, at least in the experimental setting. Mon
keys do not readily code items in this experimental set
ting (Neiworth & Wright, 1994). Active processing of
memory that is dependent on coding (e.g., rehearsal) is
not a behavior in which monkeys engage (Cook et aI.,
1991). These different-shaped serial position functions
could possibly be related to the different learning re
quirements imposed by different modalities. Learning
has been shown to be better when visual stimuli are as
sociated with food and auditory stimuli are associated
with danger, rather than the other way around (see, e.g.,
Shapiro, Jacobs, & LoLordo, 1980).

Consider the visual serial position functions shown in
Figure 8. If an animal has been having good luck forag
ing for food in some patch, it will need to remember to
continue feeding in such patches (visual recency, short
delay). On the other hand, ifan animal feeds in a deplet
ing patch (e.g., berries that ripen in the morning and are
depleted as the day wears on), the animal will need to re
member to go to this patch first thing in the morning
after an overnight delay (visual primacy, long delay).
Now consider auditory memory. If an animal hears a
danger sound, it will need to remember the starting point
of the sound (auditory primacy, short delay) to determine
whether the sound (e.g., one made by a predator) is com
ing toward it and, of course, in which direction to escape.
On the other hand, if an animal hears a danger sound but
the sound stops, it needs to remember where the sound
was last heard. Even after a long period of silence, it
needs to remember where the sound was last heard (au
ditory recency, long delay) in order to avoid the spot
where a potential predator might be hiding.

Dissociations and the Modal Model
The view that primacy and recency effects result from

different time courses of PI and RI is different from the
view that primacy and recency effects represent different
memory processes. Yet, there is considerable evidence
to support a claim that serial position primacy and re
cency effects represent different memory processes.
Some of this evidence comes from behavioral studies
showing dissociations of primacy and recency effects.
For example, the recency effect can be selectively dimin
ished and eventually eliminated by delaying recall (see,
e.g., Gardiner, Thompson, & Maskarinec, 1974; Glanzer
& Cunitz, 1966; Postman & Phillips, 1965; Roediger &
Crowder, 1975) or recognition (see, e.g., Korsnes, 1995;
Korsnes & Gilinsky, 1993; Neath, 1993b; Neath & Knoed
ler, 1994; Wright et aI., 1985). The primacy effect can be
selectively diminished by fast presentation rates (Glan
zer & Cunitz, 1966), low word frequency (Sumby, 1963),
larger number of language categories in the list (Tulving
& Colotla, 1970), long list lengths (Murdock, 1962), or
alcohol intoxication (Jones, 1973) and is eliminated in

mental retardation (Belmont & Butterfield, 1971). From
neurobiological studies, the recency effect can be se
lectively diminished and, in some cases, eliminated by
damage to the prefrontal cortex (see, e.g., Kesner, 1985),
left-posterior temporal lobe (Saffran & Marin, 1975;
Weiskrantz, 1987), or injections of diazepam (Castro,
1995). The primacy effect has been shown to be selec
tively eliminated by lesions to the hippocampus and rhi
nal cortex (Kesner, Crutcher, & Beers, 1988; Kesner &
Novak, 1982) or injections ofatropine (Castro, 1997). In
both the diazepam and atropine studies (Castro, 1995,
1997), the degree ofdiminution of the primacy or the re
cency effect was shown to be dose dependent.

A common, some might say obvious, interpretation of
these process dissociation results is that there are two
memory processes that can be selectively eliminated, re
sulting in a double dissociation (but see Crowder, 1989).
One could make a case for different storage sites for the
two memory processes. It could be argued that the site of
memory represented by the recency effect, possibly STM,
would be the temporal lobe and the prefrontal cortex
(Kesner, 1985; Saffran & Marin, 1975; Weiskrantz, 1987).
In a like manner, the site of memory represented by the
primacy effect, possibly LTM, could be argued to be the
hippocampus and the rhinal cortical areas (Kesner et aI.,
1988; Kesner & Novak, 1982). These results and their
interpretation lend support to models and theories of
how memory works and how STM and LTM are related.

Perhaps the theory that has had the greatest impact on
the concepts ofSTM and LTM is the dual-store or modal
model (see, e.g., Atkinson & Shiffrin, 1968; Waugh &
Norman, 1965). According to this model, rehearsal of
items maintained in an STM buffer moves them to LTM
and, thereby, produces the primacy effect. But there is a
growing body of evidence that makes such a memory
framework, and possibly even the concepts of LTM and
STM, untenable (see, e.g., Crowder, 1993; Greene, 1992).
Among such evidence would be the long-term recency
effects shown by increasing delays between memory
items (see, e.g., Glenberg, Bradley, Kraus, & Renzaglia,
1983), placing distractor activity between memory items
(see, e.g., Bjork & Whitten, 1974), having subjects recall
names ofpresidents (Roediger & Crowder, 1976), or hav
ing pub patrons recall rugby games (Baddeley & Hitch,
1977). One could raise similar concerns regarding pri
macy effects and LTM. The auditory primacy effect dis
appears after a few seconds of retention interval. Should
this be called short-term primacy? If so, there would be
all combinations (and little value) of these terms: short
term primacy, long-term primacy, short-term recency,
and long-term recency.

Particularly damning for the modal model is that au
ditory primacy is present immediately and auditory re
cency is absent. How can there be LTM before STM, par
ticularly since LTM is supposed to evolve from STM?
So, if the STM/LTM framework is incorrect, what kinds
of memory are represented by the primacy and recency
effects of the serial position function? Some time ago it
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was said that the primacy effect "maintains its reputation
as the Chinese puzzle of verbal learning" (Tulving &
Madigan, 1970, p. 454). That statement was made over
25 years ago, when most memory researchers were se
cure in their belief that the recency effect represented
STM. Today, it seems that there is little or no agreement
as to the nature of memory represented by the recency
effect (see, e.g., Crowder, 1993). Thus, we have not one
but two puzzles.

The dissociation studies, on the one hand, indicate that
primacy and recency effects represent different memory
processes; on the other hand, identification of these pro
cesses remains elusive. The conclusion from the disso
ciation experiments-that primacy and recency effects
are selectively eliminated and, therefore, represent dif
ferent memory processes-may itself contribute to main
taining these puzzles. There is another possibility, one
that leads to a different view of serial position primacy
and recency effects.

The Possibility of Time Course Changes
The evidence that primacy and recency effects change

with retention interval and that different species have
somewhat different time courses for these changes (e.g.,
Figure 2) suggests the possibility that time courses might
be altered. For example, consider the Castro (1997) ex
periment. Rhesus monkeys were tested with six-item lists
in a visual SPR procedure similar to that used by Sands
and Wright (1980a, 1980b). Pictures were presented for
3 sec, with a l-sec lSI, and tests were conducted at a sin
gle retention interval of 1 sec. Castro (1997) showed a
selective dose-dependent effect ofatropine sulfate on the
primacy effect relative to baseline and vehicle (atropine
solvent) control. The primacy effect fell from 90% cor
rect at the lowest dose (0.2 mg/kg) to chance or 50% cor
rect at the highest dose (0.4 mg/kg). The recency effect,
by contrast, remained close to perfect performance at all
doses. The interpretation was a dissociation ofthe (mem
ory) component that produced the primacy effect.

An alternative interpretation is that the time course of
the primacy effect might have been slowed. The conse
quences of slowing the time course ofthe primacy effect
could mimic a selective dissociation, because its appear
ance would be delayed. Furthermore, if the time course
were dose dependent, the results would mimic a dose
dependent selective dissociation. 1 am not aware of any
direct evidence ofprimacy or recency effect time course
manipulations, but evidence from timing studies may be
relevant. Memory for a particular time interval has been
shown to be manipulable by cholinergics, whereas the
internal clock itselfhas been shown to be manipulable by
dopaminergics (see, e.g., Meek, 1996; Meek & Church,
1987). Atropine is a cholinergic drug. Atropine was
shown to slow memory for time intervals, and, thus, time
intervals were consistently remembered (by rats) as
being longer than they actually were. This slowing of
memory by the drug atropine was dose dependent, as was

the dissipation of primacy in the Castro (1997) study.
Whether this time interval slowing of memory translates
into time course slowing of the primacy effect remains to
be seen. If so, there could be some important ramifica
tions. From a neuroanatomical standpoint, brain lesions
might not eliminate storage sites for STM or LTM. In
stead, lesions might alter the way in which memories in
teract (e.g., interference) and, hence, their time courses.

The possibility that the time courses for primacy and
recency may be manipulated is testable. Perhaps proce
dures similar to those of this article would be most suit
able: short lists of4-5 items to study changes in primacy
as well as recency effects; single-item recognition tests
following each list to control retention time; different re
tention values to evaluate the time course ofprimacy and
recency changes; and monkeys that, unlike humans, do
not cross-modality code, thereby allowing visual and au
ditory memory to be separately studied. If true, such an
explanation might be instrumental in solving the puzzle
ofwhat aspects ofmemory are being manipulated in dis
sociation experiments and why recency is sometimes
long-term, and why primacy is sometimes short-term.
These manipulations, along with our everyday memories
about rugby games, presidents' names, Olympic game
winners, and Christmas celebrations, for example, may be
due to context-specific time courses with their associated
primacy and recency effects for these special context
dependent serial memories.
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