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In search of a strong visual recency effect

DENNY C. LECOMPTE
Rice University, Houston, Texas

When a sequence of visual stimuli is presented in a fixed location, immediate serial recall of
the sequence is characterized by only a small recency effect. According to Battacchi, Pelamatti,
and Umilta (1990), the distribution of visual stimuli over space, as well as time, greatly enhances
the recency effect. After an initial failure to find a strong visual recency effect with distributed
presentation (Experiment 1), in the remaining experiments an attempt was made to more closely
approximate Battacchi et aI.'s methodology by eliminating articulatory suppression (Experiments
2-7), using their stimuli (Experiments 3-7), blocking conditions (Experiments 4-7), requiring writ.
ten rather than typed responses (Experiments 5-7), and using their list length (Experiments 6
and 7). Nevertheless, even when their method was followed as closely as possible (Experiment 7),
distributed presentation did not produce a strong visual recency effect. The influence of distrib
uted presentation on the visual recency effect would seem to be, at best, limited.

A fundamental characteristic of immediate memory is
its tendency to preserve many of the sensory qualities of
the perceived stimulus (James, 1890). In fact, these sen
sory qualities often play a functional role in immediate
memory. For example, experiments have shown that in
serial recall, auditory items are remembered better than
visual items (see Penney, 1989, for a review). This mo
dality effect is typically restricted to items at or near the
end of a list: Relative to recall of earlier items, there is
a large increase in recall for the most recently presented
items of auditory lists, but only a small increase in recall
for visual lists. Although there has been no lack of theo
retical speculation about the modality effect (e.g.,
Frankish, 1989; Frick, 1988; Glenberg & Swanson, 1986;
Nairne, 1988, 1990; Penney, 1989), Crowder's (1986)
characterization of existing research remains apt: "The
classical auditory-visual modality effect is large and reli
able, but still poorly understood" (p. 268).

The standard procedure for investigating the modality
effect involves presenting auditory and visual lists one
item at a time, with all items occurring at the same loca
tion. In other words, the items are distributed temporally,
but not spatially. A possible explanation of the modality
effect is that this lack of spatial distribution places visual
lists at a disadvantage. It has been argued that the auditory
system is inherently better at coding temporal informa
tion, whereas the visual system is better at coding spatial
information (see, e.g., Gardiner, 1983; Glenberg & Swan-
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son, 1986; Metcalfe, Glavanov, & Murdock, 1981). This
argument is supported by the fact that the modality effect
is weakened when subjects are not required to recall the
items in their order of occurrence (Murdock & Walker,
1969; Watkins, 1974). If differences in encoding affect
immediate memory, changes in the spatial distribution of
visual items could influence the modality effect. Indeed,
a number of researchers have reported that presenting
visual items simultaneously (which distributes them spa
tially, but not temporally) produces better overall recall
than presenting them sequentially (e.g., Crowder, 1966;
Mackworth, 1962). Moreover, Frick (1985) has found
that memory span for visual items presented simulta
neously does not differ significantly from memory span
for auditory items presented sequentially; in fact, he found
a slight numerical advantage for simultaneous presen
tation.

A particularly striking example of the effect of spatial
distribution on the modality effect has recently been
reported by Battacchi, Pelamatti, and Umilta (1990, Ex
periment 1). They wanted to test the hypothesis that dis
tributing visual items spatially would increase recall, even
when the items were also distributed temporally. In their
experiment, subjects serially recalled six-item lists in one
of four conditions: (1) an auditory condition, (2) a fixed
visual condition, (3) a horizontally distributed visual con
dition, and (4) a vertically distributed visual condition.
The first two conditions form the standard basis for dem
onstrating the modality effect. Of interest were the third
and fourth conditions, which were designed to test the ef
fect of distributed presentation. In these conditions, the
stimuli, permutations of the syllables pe, pi, and pu, ap
peared in six different spatial locations, each to the right
of or below the previous one.

A large recency effect was found with auditory presen
tation, but only a minimal effect was found with fixed
visual presentation, thereby replicating the typical modal
ity effect. More importantly, a substantial recency effect

563 Copyright 1992 Psychonomic Society, Inc.



564 LECOMPTE

occurred in each of the two distributed presentation con
ditions. The data for all four conditions are shown in the
first panel of Figure 1.1 It is worth noting that the recency
effects found with the two distributed conditions were not
statistically different from each other, nor were they sta
tistically different from the auditory recency effect; how
ever, all three recency effects were reliably larger than
the typically small effect shown in the fixed visual pre
sentation condition. Battacchi et al. (1990) concluded that
"these findings, which challenge the classic, auditory
visual modality effect, suggest that any general model of
the modality effect must take into consideration the
modality-specific processing of time and space" (p. 657).

Before such broad conclusions are to be accepted, it
would seem prudent to explore the boundary conditions
of the finding because Battacchi et al. (1990) used only
one type of stimulus, one list length, one set of instruc
tions, and so on. 2 On first reading Battacchi et al. 's re
port, I had reason to believe that their results might be
limited in generality. The belief was based on the results
of an unpublished experiment, reported here as Ex
periment 1.

EXPERIMENT 1

The original purpose of this experiment concerned the
advantage of simultaneous visual presentation over se
quential visual presentation (see, e.g., Crowder, 1966).
If this advantage occurred because the simultaneously pre
sented stimuli were distributed in space, then sequentially
presented stimuli should also be remembered better when
the stimuli are distributed in space. To test this notion,
subjects studied eight-letter lists, each presented for a to
tal of 4 sec, either simultaneously or sequentially. In the
sequential presentation condition, the successive letters
were either distributed in space or shown in the same
place. Immediately following presentation, the subjects
recalled the letters in serial order. Frick (1985; Frick &
DeRose, 1986) had previously found that preventing sub
vocalization of visually presented list items tended to
induce reliance on a visual code. The subjects in this
experiment were therefore required to silently mouth the
syllable "blah" during all conditions. The simultaneous
condition is included in the description of the experimen
tal methods, even though it does not bear directly on the
issue of visual recency.

Method
Materials and Design. The stimuli were 45 eight-letter lists. The

letters for each list were chosen randomly, without replacement,
from the letters R, L, S, Q, J, G, M, H, Y, and B. They were pre
sented in capitals on a Macintosh Plus computer screen in 20-point
bold Geneva font.

The lists were divided into three 15-list blocks. For any given
subject, each block was assigned to a different presentation condi
tion. In the sequential-fixed condition, each of the letters in a list
appeared alone in the center of the computer screen for .5 sec and

was immediately followed by the next letter, with no discernible
interval between them. In the sequential-distributed condition, each
of the letters in a list appeared alone on the computer screen for
.5 sec, but in locations different from those of the other letters.
The first letter appeared near the left-hand side of the screen, and
each subsequent letter appeared approximately I cm to the right
of the one that preceded it. In the simultaneous condition, all eight
letters appeared on screen at the same time, filling the eight loca
tions used in the sequential-distributed condition. The eight letters
remained on the screen for 4 sec, which was the total presentation
time for the other conditions, and they were erased from the screen
simultaneously. The letters appeared on the same horizontal axis
in all conditions.

Although all of the subjects saw the same 45 lists in the same
order, the presentation condition of each block of 15 lists was ro
tated across subjects such that each list served in each condition
equally often.

Procedure. The subjects were tested individually or in small
groups; however, as was true for all of the experiments reported
here, even when tested in a group, each subject worked at his or
her own computer. They saw short lists of letters appear on a com
puter screen. The computer emitted a beep .5 sec before the be
ginning of each list. At the sound of the beep, the subjects were
told to begin silently mouthing the syllable "blah" and to continue
until the end of the list. The experimenter monitored the subjects
to ensure compliance.

After each list, the subjects were allowed 8 sec to recall the let
ters in the order of their appearance for the sequential conditions
and from left to right for the simultaneous condition. They were
told to leave spaces for the letters that they did not remember. All
responses were written. No backtracking was allowed.

Subjects. The subjects were 21 Rice University undergraduates.

Results
The means are plotted as a function of serial position

in the second panel of Figure 1. Comparisons involving
the simultaneous presentation condition are omitted be
cause they are irrelevant to the question at hand. A repli
cation of the Battacchi et al, (1990) finding would require
that the recency effect in the distributed condition be ap
preciably larger than the recency effect in the fixed con
dition. Following Battacchi et al., the recency effect was
defined as the difference in probability of recall between
the last and next-to-last items. It was .20 in the fixed
sequential condition and .19 in the distributed-sequential
condition. Thus, the distributed condition failed to show
any advantage. 3

Discussion
This experiment showed no evidence that distributed

presentation produces a strong visual recency effect, im
plying that Battacchi et al. ' s (1990) results are limited in
generality. This implication seemed worth pursuing fur
ther. The remaining six experiments were designed to
identify the variables that determine when a strong visual
recency effect occurs and when it does not. Each experi
ment more closely approximated the method of Battac
chi et al., until, in the final experiment, an attempt was
made to replicate theBattacehi et al. experiment as closely
as possible. To foreshadow, the critical variables could
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Figure 1. Probability of correct recall as a function of serial position and presentation condition for Battacchi, Pelamatti, and Umiltl
(1990) and for Experiments 1-7. The data for the first panel were reconstructed from the raw data of Battacchi et aI.
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not be isolated because in none of the six experiments,
including the direct replication, did distributed presenta
tion give rise to a strong visual recency effect.

EXPERIMENT 2

Unlike the subjects in Battacchi et al. 's (1990) experi
ment, the subjects in Experiment 1 were required to
mouth an irrelevant item throughout list presentation. It
might have been expected that mouthing would have mag
nified any visual recency effects because articulatory sup
pression has been shown to increase subjects' reliance on
visual short-term memory (Frick, 1985; Frick & DeRose,
1986). Nevertheless, for reasons that are not entirely
clear, it seems to have inhibited recency. If so, distrib
uted presentation would be expected to produce a strong
recency effect only when no mouthing was required. This
hypothesis was tested in Experiment 2.

Method
Materials and Design. The stimuli were 100 lists, each com

prising the digits 1-8 in random order. The lists were assigned to
the fixed and distributed presentation conditions randomly, with
the constraint that both the first 50 and the second 50 lists include
25 lists of each kind. A complementary version of the lOO-list se
ries was created, in which every fixed list became a distributed list
and every distributed list became a fixed list. Each version of the
series was presented to half of the subjects. Each of these two groups
of subjects was divided into two subgroups, in one of which the
subjects silently mouthed "blah" during the first 50 lists, and in
one of which they silently mouthed "blah" during the second 50
lists. Thus, there were four experimental conditions (fixed lists with
mouthing, fixed lists without mouthing, distributed lists with mouth
ing, and distributed lists without mouthing), with the order in which
these conditions occurred being counterbalanced across subjects.
In addition to the 100 lists already described, there were four prac
tice lists.

All stimuli were presented in 24-point Geneva font on a Macin
tosh Plus computer. In the fixed presentation condition, the digits
appeared in a single location at the center of the screen. In the dis
tributed condition, each digit appeared in one of eight locations.
The distributed locations were on the same horizontal axis as was
the fixed location, but they were distributed evenly across the com
puter screen, with approximately 2 em between adjacent locations.

Procedure. The subjects were tested in small groups. They saw
lists presented at a rate of two digits per second. Each digit replaced
the previous one with no discernible interval between them. For
some lists, the digits appeared in the same spatial location; for others,
they appeared in eight different locations in left-to-right order.

The subjects were required to mouth "blah" during either the
first or the second half of the lists. Mouthing was required only
during list presentation. For the lists in which mouthing was not
required, the subjects were asked not to move their lips or in any
way vocalize the digits. The experimenter monitored subjects' com
pliance during the presentation of all lists.

Immediately following the end of each list, the subjects tried to
recall the digits in serial order by typing them on the computer key
board. As each digit was typed, it appeared in the lower half of
a rectangle shown in the center of the screen. There were eight
evenly spaced dots in the upper half of the rectangle, and each digit
entered in the lower half was aligned with a dot in the upper half.
The dots were included to help the subjects position recalled digits.
The subjects entered an asterisk in place of any item that they could

not recall, and they were not allowed to backtrack. After making
eight responses, the subjects hit the return key, which caused the
computer screen to clear and, after 1 sec, the next list to begin.

Before beginning the experiment, the subjects were given four
practice lists, one in each of the four conditions. The order of con
ditions was the same for all of the subjects.

Subjects. The subjects were 28 Rice University undergraduates.

Results
The means for each condition are shown in the third

panel of Figure 1. If the discrepancy between the results
of Experiment 1 and the results of Battacchi et al. (1990)
were due to the mouthing requirement in Experiment 1,
distributed presentation should have enhanced the recency
effect in the no-mouthing condition, but not in the mouth
ing condition. It was consistent with the results of Ex
periment 1 that when mouthing was required, there was
no advantage in the size of the recency effect for the dis
tributed condition (.09) in comparison with the fixed con
dition (.16). Contrary to expectations, however, when
mouthing was not required, the recency effect in the dis
tributed condition (.08) still failed to show any advantage
over that in the fixed condition (.12).4

Although the mouthing requirement was not the rea
son for the lack of a strong visual recency effect in either
this experiment or Experiment 1, for the sake of con
sistency with Battacchi et al. 's procedure, this require
ment was dropped from the remaining experiments.

EXPERIMENT 3

Another potentially important difference between the
present method and that of Battacchi et al. (1990) is that
they used the syllables pe, pi, and pu as stimuli, whereas
I used letters in Experiment 1 and digits in Experiment 2.
In Experiment 3, these discrepancies were eliminated by
using Battacchi et al. 's stimuli. Also, the timing of the
stimuli was brought into line with that of Battacchi et al.
by including a brief interval between successive list items.
To determine whether any evidence of a strong recency
effect was due to the stimuli or their temporal schedule,
digits were also included as stimuli.

Method
Materials and Design. The stimuli were 160 eight-item lists. Half

of the lists were constructed by sampling randomly, without replace
ment, from the digits 1-9. The other half of the lists were constructed
by sampling randomly from the syllables pe, pi, and pu, with the
constraint that no syllable could occur more than three times in a
list. The same lists were presented to all of the subjects; however,
for each subject, 40 of the digit lists and 40 of the syllable lists
were assigned to the fixed condition, and the other 40 lists of each
kind were assigned to the distributed presentation condition. More
over, the order of occurrence of all 160 lists was randomized sepa
rately for each subject. The items appeared in the same font and
in the same screen locations as in Experiment 2.

Procedure. Each list item appeared on the computer screen for
200 rnsec and was followed by a 300-msec interval before the next
one appeared. This was the same timing as that used by Battacchi
et al. (1990). Also, as in Battachi et al.'s experiment, the subjects



were asked not to speak, whisper, or in any way vocalize the items
as they were presented. The experimenter monitored their com
pliance.

At the end of each list, the subjects recalled by typing their an
swers on the computer keyboard. For the digit lists, the subjects
responded on the number keypad. They hit the "0" key, which
had been re-labelled "BLANK," to indicatea recall failure. A small
square represented each "blank" response. For the syllable lists,
the subjects responded by pressing the "=," the "/," and the "*"
keys on the number keypad, which had been labelled "PE," "PI,"
and "PU." The place markers were eight evenly spaced pairs of
dots. Each keypress caused the corresponding syllable or blank sym
bol to appear on the computer screen aligned under the appropri
ate pair of dots. After eight responses, the screen cleared, and, I sec
later, presentation of the next list began.

After every block of 40 lists, a message appeared on the screen,
instructing the subjects that they could take a short break. Most
of the subjects paused for only a few seconds.

Subjects. The subjects were 16 Rice University undergraduates.

Results
The results are summarized in the fourth panel of Fig

ure 1. The most important fact to note about these data
is that the recency effects were of the small magnitude
typically found with visual presentation; in none of the
four conditions was a large recency effect evident. Never
theless, the effect of distributed presentation was analyzed
statistically. For digit lists, the recency effect for distrib
uted presentation (.08) showed an advantage over the ef
fect for fixed presentation (.03), but this advantage was
only marginally reliable [t(15) = 1.49, p = .08]. When
syllables served as stimuli, the recency effect for distrib
uted presentation (.07) showed no advantage at allover
the effect for fixed presentation (.08). There was no reli
able interaction between presentation condition and type
of stimulus [t(15) = 1.13, P = .28].

Discussion
Although this was the first experiment to show a nu

merically larger recency effect for distributed as opposed
to fixed presentation, the advantage occurred only when
digits were used as stimuli, and even then, the effect was
quite small and only marginally reliable. Moreover, a
close examination of the fourth panel of Figure 1 reveals
that the recency effects in both syllable conditions and in
the digits condition with distributed presentation are very
similar in magnitude (.07, .08, and .08), whereas the
recency effect in the remaining condition is approximately
half the size of these others (.03). This pattern of means
suggests that for the digits, the recency effect was
depressed in the fixed condition rather than enhanced in
the distributed condition. More important than any small
differences between fixed and distributed presentation is
the fact that none of these effects resembled the strong
visual recency found by Battacchi et al. (1990).

EXPERIMENT 4

Battacchi et al. (1990) manipulated the fixed and dis
tributed conditions between subjects rather than within
subjects. Perhaps the consistent presentation of distrib
uted lists allowed their subjects to develop strategies that
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took advantage of the items' spatial distribution. One way
to more closely approximate a between-subject manipu
lation without sacrificing the statistical power associated
with a within-subject manipulation is to present all of the
trials for a particular condition as a block rather than in
termixed, as they were in Experiments 2 and 3. Hence,
Experiment 4 was essentially the same as Experiment 3,
except that the data for one presentation condition were
collected before the data for the other presentation con
dition were collected.

Method
The 160 lists from Experiment 3 served as stimuli in this experi

ment as well. For half of the subjects, the first 80 lists consisted
of digits, and for the other half of the subjects, the first 80 lists
consisted of syllables. For half of the subjects within each of these
two subject groups, presentation was fixed for the first 40 digit lists
and first 40 syllable lists and it was distributed for the second 40
lists of each kind. For the other half of the subjects, presentation
was distributed for the first 40 digit lists and first 40 syllable lists
and it was fixed for the second 40 lists of each kind. Thus, the order
in which each condition occurred was counterbalanced across four
equal groups of subjects. In all other respects, the method was iden
tical to that of Experiment 3. The subjects were 12 Rice Univer
sity undergraduates.

Results
The data for Experiment 4 are summarized in the fifth

panel of Figure 1. For the digit lists, the recency effect
with distributed presentation (. 10) was no larger than the
effect with fixed presentation (.10). Similarly, for the syl
lable lists, the recency effect with distributed presenta
tion (.02) did not exceed the effect with fixed presenta
tion (.05). Hence, despite the blocking of conditions,
distributed presentation did not give rise to a large visual
recency effect.

EXPERIMENT 5

The purpose of Experiment 5 was to check the possi
bility that my failure to replicate Battacchi et al. 's (1990)
finding occurred because Battacchi et al.' s subjects gave
written responses, whereas my subjects, except for those
in Experiment 1, typed their responses on the computer
keyboard. Although written responses alone were not
sufficient to reveal an effect of distributed presentation
in Experiment 1, they might do so in combination with
the various changes in method introduced in Experiments
2,3, and 4. Accordingly, Experiment 5 was identical to
Experiment 4, except that the subjects wrote their re
sponses.

Method
The method differed from that of Experiment 4 only in that the

subjects recalled each list in writing on a response sheet ruled with
rows of eight blanks. The subjects worked from left to right with
out backtracking, leaving spaces for any items they could not re
call. Twelve Rice University undergraduates served as subjects.

Results
The results are summarized in the sixth panel of Fig

ure 1. Again, there was no hint of a large visual recency
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effect with distributed presentation. For the digit lists, the
magnitude of the recency effect for distributed presenta
tion (.09) was no larger than the magnitude of the effect
observed for fixed presentation (.13). For the syllable lists,
the recency effect for distributed presentation (.10) was
numerically larger than the effect for fixed presentation
(.07), but this advantage was not statistically reliable
[t(11) = 0.91, P = .19].

EXPERIMENT 6

Battacchi et al. (1990) found that distributed presenta
tion increased the size of the recency effect not only when
the stimuli were distributed horizontally, but also when
they were distributed vertically. In all of the experiments
reported thus far, horizontally distributed presentations
were used. Experiment 6 tested the possibility that a
strong visual recency effect might be found more readily
with vertically distributed presentation. It also tested the
possibility that when the list length was shortened to six
syllables, as in Battacchi et al., distributed presentation
would elicit a strong visual recency effect. Only nonsense
syllables were used because six-digit lists were recalled
too easily.

Method
Materials and Design. The stimuli were 60 six-item lists, each

comprising the syllables pe, pi, and pu. Following Battacchi et al.
(1990), each list comprised two presentations of each syllable in
an order that was random except for the constraint that a given syl
lable could not follow any other syllable more than once. The lists
appeared in the same order for all subjects, but for half of the sub
jects the first 30 lists appeared in the distributed condition and the
last 30 lists appeared in the fixed condition, and for the other half
of the subjects the order of conditions was reversed.

The syllables were presented in capital letters in 24-point Geneva
font on a Macintosh Plus computer. In the fixed presentation con
dition, the syllables appeared in a single location at the center of
the screen. In the distributed condition, each syllable appeared in
one of six locations. The distributed locations were on the same
vertical axis as the fixed location, but they were distributed evenly
down the computer screen with approximately 1.25 em between
any two locations.

Procedure. The subjects were shown the six-syllable lists at an
onset-to-onset rate of .5 sec; however, each syllable appeared for
only 200 rnsec. For some lists, all of the syllables appeared in the
same spatial location; for others, they appeared in six different 10
cations, in top-to-bottom order. At the end of each list, the sub
jects recalled the syllables on response sheets ruled with rows of
six blanks. They wrote their responses from left to right without
backtracking, leaving spaces for any syllables that they could not
recall.

Subjects. The subjects were 16 University of Houston under
graduates.

Results
The results are summarized in the seventh panel of Fig

ure 1. The recency effect for distributed presentation was
.08; for fixed presentation, it was .09. Thus, there was
no advantage in recency for distributed presentation.

FURTHER ANALYSES OF
EXPERIMENTS 4, 5, AND 6

In Experiments 4,5, and 6, each subject sawall of the
lists of one experimental condition before seeing lists of
any other condition; hence, each experiment can be treated
as a between-subject design by limiting data analysis to
the initial block of lists. Because of the small number of
subjects in each of these experiments, the means for any
condition within an experiment would be very unstable,
and the statistical power of the between-group compari
sons would be low. By combining similar data across ex
periments, however, one can limit the severity of these
problems.

For each of the subjects in Experiments 4, 5, and 6 who
initially received distributed presentation, a recency ef
fect was computed that was based only on the first block
of lists. Likewise, for each of the subjects in these three
experiments who initially received fixed presentation, a
recency effect was computed that was based only on the
first block of lists. With 20 subjects in each condition,
the recency effect for distributed presentation was .10,
and the recency effect for fixed presentation was .11.
Thus, even when these experiments are treated as
between-subject designs, there is no advantage for dis
tributed presentation.

Note that in order to maximize the number of subjects
contributing to the analysis, no distinction was made be
tween subjects who saw syllables and subjects who saw
digits. Even when the distinction is made, however, no
reliable advantage of distributed presentation is found for
digits or for syllables. .

EXPERIMENT 7

The goal of Experiments 2-6 was to replicate the strong
visual recency effect found by Battacchi et al. (1990).
None of these experiments succeeded. The present ex
periment was an attempt to find a strong recency effect
by directly replicating their method.

Before reporting the replication, it is necessary to point
out one detail of the Battacchi et al. (1990) experiment
that was not described in the introduction. Specifically,
in each of their four conditions, half of the lists were fol
lowed by a suffix item, the syllable pa. The other half of
the lists were followed by a square (or a tone in the audi
tory condition). It is well established that auditory recency
effects are decreased considerably by the introduction of
a nominally irrelevant auditory item (Crowder & Mor
ton, 1969); furthermore, such suffix effects are not usually
found for visual stimuli with fixed presentation (see, e.g.,
Morton & Holloway, 1970). Battacchi et aI., however,
included the suffix item in some of the lists to test the
possibility that a suffix effect would emerge when visual
presentation was distributed in space. They did in fact find
a reliable suffix effect with the two distributed presenta-



tion conditions, but not with the fixed presentation con
dition. Because Battacchi et al. manipulated the suffix
condition within subjects, this variable could not be left
out of the present replication, even though it is not cen
tral to the question being asked.

Method
Materials and Design. The stimuli were 90 six-syllable lists. The

syllables were pe, pi, andpu; each occurred twice in each list, and
their ordering within each list was random, except for the constraint
that one syllable could not follow the same syllable more than once.
The 90 lists were divided into six blocks of 15 lists each. Two prac
tice lists were also constructed.

A random half of the subjects were assigned to the fixed presen
tation condition. The other half were assigned to the distributed
presentation condition. Furthermore, following Battacchi et aI.
(1990), half of the subjects within each of these two groups saw
a suffix item (the syllable pa) following the lists in the odd-numbered
blocks; the other half of the subjects within each group saw the
same suffix item following the lists in the even-numbered blocks.
The first 30 lists conformed precisely to the Battacchi et al. design,
and the remaining 60 lists repeated that design twice more.

The syllables were presented in capital letters in 18-point Geneva
font, which closely approximated the height (5 mm) and width
(4 mm) of Battacchi et aI. 's (1990) syllables. The screen locations
used for presentation in this experiment were the same as in Ex
periments 3-5 and had been chosen to approximate the locations
used by Battacchi et al. The suffix item appeared at the center of
the screen for the fixed presentation group and approximately 2 cm
to the right of where the final item had been for the distributed pre
sentation group.

Procedure. The subjects were tested in small groups. The sub
jects were asked not to whisper or in any way vocalize the sylla
bles as they were presented; the experimenter monitored their com
pliance. Two practice lists were given, one with a suffix and one
without.

Each trial began with a tone; a slight departure from Battacchi
et aI. 's (1990) method was that the tone was played through head
phones connected to the computer. One half second after the tone,
the syllables appeared at an onset-to-onset rate of .5 sec, with an
on time of 200 msec. One half second after the onset of the final
syllable, either the syllable pa (the suffix condition) or a square
approximately the same size as the syllables (the no-suffix condi
tion) appeared for 200 msec. The subjects were told that they were
not to begin recall until they saw one of these two signals and not
to include these items in their response. They responded by writ
ing the syllables on response sheets ruled with rows of six blanks.
They worked from left to right with no backtracking, leaving spaces
for syllables that they could not recall. They were allowed 10 sec
for the recall of each list. Note that, except where specified, the
procedure followed Battacchi et al. 's in every detail provided in
their report.

Subjects. The subjects were 32 Rice University undergraduates.

Results and Discussion
Battacchi et al. (1990) included only 30 lists in their

experiment. Therefore, in addition to analyzing the com
plete results, I also analyzed the results from the use of
only the first 30 lists. The eighth panel of Figure I sum
marizes the results with all 90 lists. The last panel of Fig
ure 1 summarizes the results with only the first 30 lists.

Analysis for all 90 lists. As is apparent from even the
briefest visual comparison of the first and eighth panels
of Figure 1, the results here do not resemble those re-
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ported by Battacchi et al (1990). The critical result was
that Battacchi et al.'s strong recency effect with distrib
uted presentation was not replicated.

The recency effect found with distributed presentation
was compared with that found with fixed presentation,
first in the no-suffix condition, and then in the suffix con
dition. In the no-suffix condition, the advantage in the size
of the recency effect for distributed presentation (.02) over
fixed presentation (.01) was small and not reliable
[t(30) = 0.56, p = .29]. In the suffix condition, the ad
vantage of distributed (.03) over fixed (- .01) presenta
tion was marginally reliable [t(30) = 1.34, p = .09].
Note that Battacchiet al. did not show (or expect to show)
that distributed presentation increased the size of the
recency effect for the suffix condition.

Analysis for the first 30 lists. The data for the first
30 lists, shown in the last panel of Figure I, are not quite
the same as the complete results, but neither do they
resemble those of Battacchiet al. (1990; see the first panel
of Figure I). Most importantly, in the no-suffix condi
tion, the recency effect for the distributed presentation
condition (- .004) was no larger than the recency effect
for the fixed presentation condition (.02). In the suffix
condition, on the other hand, the recency effect for the
distributed presentation condition (.01) was reliably larger
than the effect for the fixed presentation condition [- . II ;
t(30) = 2.72, p = .005]. As stated above, a distributed
presentation advantage in the suffix condition is not rele
vant to the present question. In any event, this advantage
for distributed presentation was not the result of a strong
recency effect; rather, it was the result of a negative
recency effect in the fixed presentation condition. The
strong visual recency effect reported by Battacchi et al.
was completely absent from these data, regardless of suf
fix condition.

Additional analyses. One concern with the present ex
periment was that recall was, on average, much higher
than that observed in the Battacchi et al. (1990) experi
ment. The overall probability of recall in their fixed and
horizontally distributed presentation conditions (no suf
fix) was .27 and .41, respectively, whereas in Experi
ment 7 (in the first 30 lists), the overall probability of re
call in both of these conditions was .75. Note that recall
in Battacchi et al. 's experiment was unusually low: With
only three possible stimuli, their subjects could have been
expected to show a score of .33 purely by guessing. I am
unable to explain this low level of recall; however, it is
possible that the effect of distributed presentation on the
visual recency effect is suppressed at the relatively high
levels of recall found in Experiment 7.

To check this possibility, each subject's data were re
scored for the two no-suffixconditions, using only a subset
of the first 30 lists. This subset was selected so that
the overall recall ofeach subject closely approximated the
overall recall reported by Battacchi et al. (1990) in the
corresponding condition. As many lists as possible were
used from each subject; however, the number varied
between individuals. For 8 of the 16 subjects in the dis-
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tributed condition and 4 of the 16 subjects in the fixed
condition, no lists could be used because their recall was
too high. After rescoring, the overall probability of re
call was .27 (SD = .053) in the fixed condition and .41
(SD = .039) in the distributed condition, just as in Bat
tacchi et al. 's experiment. Note that the rules for selecting
this data were based solely on the overall level of recall
and were therefore independent of the recency effect. At
issue was whether a strong recency effect would emerge
in the distributed condition, given that the overallle.vel
of recall had been lowered to that of Battacchi et al. 's
subjects.

For the distributed presentation condition, the adjusted
probability of recall for each of the six serial positions
was .57, .46, .49, .33, .24, and .37. For the fixed pre
sentation condition, the adjusted probability of recall for
each of the six serial positions was .66, .35, .12, .14,
.10, and .25. The important point to note about this anal
ysis is that the recency effect for the distributed presen
tation condition (.13) was actually smaller than the effect
for the fixed presentation condition (.15). Hence, even
with potential ceiling effects removed, there was no ad
vantage for the distributed presentation condition.

SUMMARY AND CONCLUSIONS

The effect of spatially distributing visual list items was
examined in a series of seven experiments. Contrary to
the findings of Battacchi et al. (1990), the distribution of
the successive list items in space did not give rise to a
strong visual recency effect. In Experiment 1, which was
conducted without knowledge of Battacchi et al. 's work,
the effect of distributed visual presentation was examined
with subjects' subvocal articulation suppressed: No ef
fect of distributed presentation was found. The remain
ing experiments were successive approximations to Bat
tacchi et al. 's method, each one an attempt to identify the
factors controlling the effect of distributed presentation.
They eliminated as critical factors the suppression of sub
vocal speech (Experiment 2), type of stimuli (Experi
ment 3), blocking of conditions (Experiment 4), method
of response (Experiment 5), method of spatial distribu
tion, and list length (Experiment 6). Finally, Experi
ment 7 was an attempt to directly replicate the critical part
of Battacchi et al. 's experiment. As much as possible, I
used their stimuli, their experimental design, and their
procedure. Nevertheless, no strong recency effect was
found. In fact, in the critical no-suffix condition, distrib
uted presentation did not increase the magnitude of the
visual recency effect at all. In short, in none of the ex
periments was there any evidence of the large visual
recency effect reported by Battacchi et al.: The recency
effects obtained were of the modest size typically as
sociated with visual presentation.

It must be acknowledged that no replication can be ex
act. Even in Experiment 7, which was the closest to Bat
tacchi et al.'s (1990) experiment, the subjects spoke

English rather than Italian as their primary language. Al
though the stimuli (pe, pi, and pu) can reasonably be de
scribed as meaningless in either language, the possibility
remains that the effect of the stimuli was different in the
two languages. If so, this would be an interesting finding
in its own right; however, it would not change the con
clusion drawn here-namely, that distributed presentation
does not generally lead to a strong visual recency effect.

Any failure to replicate raises the question of whether
there was enough statistical power associated with the at
tempted replication to detect the effect of interest. To ana
lyze the power associated with an experiment, it is nec
essary to determine the effect size that is sought. Effect
size was defined here in terms of d, which is estimated
as the difference between the means being compared
divided by their pooled standard deviation (Cohen, 1988).
In Battacchi et al. 's (1990) experiment, for the hori
zontally distributed condition, d = 2.21 (for the vertically
distributed condition, d = 2.63). All seven experiments
reported here were powerful enough to detect an effect
that large (or larger) at an alpha level of .05 (one-tailed)
with a probability of greater than .995. What if the effect
were present, but smaller than that reported~ Battacchi
et al.? If the effect were only three quarters as large (d =
1.66), it would have been detected with a probability of
.99 or greater in any of the seven experiments. fact,
even if the effect were only half as large (d = 1 11), it
would have been detected in all but two of the xperi
ments with a probability greater than .90, and in e two
other experiments, it would have been detected ith a
probability of greater than .80. In brief, the failure toepli
cate Battacchi et al, in the present series of experiments
cannot reasonably be attributed to a lack of statistical
power.

In addition to the evidence reported here, data from
other studies are relevant to the comparison of fixed and
distributed visual presentation. For example, in studying
the effect of simultaneous presentation and suppression
of subvocal speech on visual short-term memory, Frick
(1985) compared simultaneous presentation with both
fixed presentation and distributed presentation. The fixed
and distributed conditions yielded memory span estimates
of 4.3 and 4.1 items, respectively. Frick did not report
data for individual serial positions, making it impossible
to determine the extent of any recency effects; neverthe
less, the failure to find any advantage for distributed pre
sentation in terms ofoverall recall is contrary to the results
reported by Battacchi et al.

Another relevant experiment has been reported by
McDowd and Madigan (1991, Experiment 5; see also
Hitch & Morton, 1975). They presented nine-digit lists
on a computer screen, either in a central, fixed location
or in a 3 x 3 spatial array, with the location of each list
item selected independently of its temporal order. They
failed to find any enhancement in recency or in overall
recallfrom distributing the digits spatially, andthey specu
lated that Battacchi et al. (1990) enhanced visual recency



with spatial distribution because confusable nonsense syl
lables were used rather than digits. Experiments 3-7 rule
out that explanation.

The effect of distributed visual presentation has also
been studied by Surprenant and Crowder (1991). In two
unpublished experiments, they tried to find the strong
visual recency effect reported by Battacchi et al. (1990).
In their first experiment, each of their subjects saw nine
digit lists, half of which were distributed vertically dur
ing presentation and half of which were fixed in the
center of the screen during presentation. Each digit was
presented for 500 msec, with pauses of 250, 500, or
750 msec after the third and sixth digits. Distributed pre
sentation did not enhance the visual recency effect in any
condition. The second experiment differed from the first
in that the fixed and distributed conditions were varied
between subjects. Distributed presentation again failed
to enhance the visual recency effect. The results of these
experiments therefore reinforce the conclusions drawn
here.

Although the data reported here argue against the visual
recency effect's being enhanced by distributed presenta
tion, they do not argue against the existence of substan
tial visual recency effects in general. In fact, such effects
have been reported by a number of researchers. Substan
tial recency effects have been found with lip-read stimuli
(see, e.g., Campbell & Dodd, 1980), with stimuli pre
sented in American Sign Language (see, e.g., Shand &
Klima, 1981), and, at least under some conditions, with
stimuli that change physically during their presentation.
For example, substantial visual recency effects were found
when subjects were asked to recall the directions in which
a series of small boxes moved across a computer screen
(Glenberg, 1990; Kallman & Cameron, 1989). Also, vi
sual recency effects can be greatly enhanced with the use
of free recall, rather than serial recall, instructions (see,
e.g., Murdock & Walker, 1969).

Battacchi et al. 's (1990) finding of a large visual
recency effect is particularly striking because the enhance
ment of recency was achieved without altering the sub
jects' task or the nominal stimulus. Moreover, the size
of the enhanced visual recency effect essentially elimi
nated the modality effect. Their results suggested that the
modality effect amounts to little more than an artifact of
the standard presentation procedure. Indeed, had their re
sults proved to be generalizable, many theoretical accounts
of the modality effect and, more generally, of immediate
memory would have required extensive revision. The re
sults of the present experiments suggest that such revi
sions would be premature. The effect was sought, with
out success, under a wide variety of conditions, including
conditions that approximated the original Battacchi et al.
conditions as closely as possible. Although it is impossible
to rule out all conditions under which distributed presen
tation might increase the visual recency effect, the exper
iments reported here indicate that such conditions are, at
best, severely limited.
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NOTES

I. I would like to thank Marco W. Battacchi for providing me with
a copy of the raw data from Experiment I of Battacchi et aI. (1990).

2. It should be noted that Battacchi et aI. (1990) reported two exper
iments in addition to the one described above. These experiments in
cluded spatially distributed visual presentation, but they did not include
fixed presentation control conditions. Consequently, it is not possible
to determine whether distributed presentation enhanced the recency ef
fect in either experiment. The absence of control conditions is critical
because some of the recency effects found with fixed presentation in
the present series of experiments are larger than the recency effects re
ported by Battacchi et aI. in their final two experiments. For this rea
son, this report focuses exclusively on Battacchi et aI.'s Experiment I.

3. Direct comparisons between recency effects in fixed and distrib
uted presentation conditions were evaluated with directional t tests
throughout this report because evidence for replication was sought.

4. As is suggested by the third panel of Figure I, there was a differ
ence in level of recall between distributed and fixed presentation, col
lapsing across serial position and mouthing condition [.60 vs..54;
F(I,2?) = 43.92, MS. = 0.018, P < .001]. This apparent difference
should be treated with caution, however, because theanalysis was entirely
post hoc. More importantly, an analysis of the other six experiments
failed to tum up any evidence that fixed and distributed presentation
differed in overall level of recall. Thus, the result was not replicated.
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