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Attentional requirements
for object-location priming
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The purpose of the present experiments was to investigate whether a verbal and a spatial secondary
task would disrupt priming for object-location associations. Symbols were placed one at a time in one
of nine locations in a rectangle. Implicit memory was tested with a reaction time (RT) task. All sym
bols were placed in the same location of the rectangle across 10 trial blocks; then, all their locations
were changed. Responses were made on the numeric keypad, which corresponded to the spatial loca
tions used in the rectangle. A decrease in RTsacross the first 10trial blocks followed by an increase in
RTswhen the symbols changed locations would indicate priming for the associations. The results were
that implicit memory for object-location associations was obtained under single-, but not under dual
task conditions. We have interpreted the results in terms of a working memory model that posits that
implicit memory will suffer when cognitive resources are limited.

Research has shown that the division of attention dur
ing learning affects explicit memory performance under
a wider set of circumstances than those under which it
affects implicit memory performance (Jacoby, Woloshyn,
& Kelley, 1989; Mulligan & Hartman, 1996; Musen, Siri
pant, Podemski, & Kohn, 1998). Researchers have pro
posed that attention must be adequately allocated to pre
sented stimuli during encoding to show evidence ofexplicit
memory (Fisk & Schneider, 1984), but that priming effects
can be obtained without focused attention (Eich, 1984; but
see Wood, Stadler, & Cowan, 1997).

Explicit memory tests require participants to deliber
ately retrieve information about past events, whereas
implicit memory tests measure memory indirectly by
means of tests of perceptual identification (e.g., Jacoby
& Dallas, 1981), reading speed (Monti, Gabrieli, Wilson,
& Reminger, 1994; Moscovitch, Winocur, & McLachlan,
1986; Musen, Shimamura, & Squire, 1990), lexical de
cision (e.g., Scarborough, Cortese, & Scarborough, 1977),
and word-fragment completion (e.g., Graf, Mandler, &
Haden, 1982; Tulving, Schacter, & Stark, 1982). In such
tests, evidence for memory is inferred from the faster and
more efficient processing of previously studied material
relative to new material.
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Most studies that have examined the effect ofattention
on implicit and explicit memory have used single-item
stimuli (e.g., words, nonwords, or shapes presented in
isolation), in which case there is only one study oppor
tunity. These tests have shown that implicit memory ef
fects (or priming effects) can be observed even when in
formation is minimally attended to during study (Eich,
1984; Hawley & Johnston, 1991; Kunst-Wilson & Zajonc,
1980; Mandler, Nakamura, & Van Zandt, 1987). Thus,
one might conclude that priming effects occur with or
without focused attention, whereas explicit memory ef
fects require focused attention. However, recent studies
on this topic have suggested that attention can influence
priming effects when the learning or retrieval task re
quires participants to extract the conceptual characteris
tics of the stimuli (Mulligan, 1997; Mulligan & Hartman,
1996), when study time is reduced in a perceptual-priming
paradigm involving flanking digits (Ganor-Stern, Seamon,
& Carrasco, 1998), or when associative stimuli are to be
learned (Musen et aI., 1998). Conceptual new-association
priming depends on access to a word's meaning (Keane
et aI., 1997), whereas perceptual new-association prim
ing depends on the physical aspects of the stimuli; per
ceptual new-association priming benefits when the stim
uli to be associated are treated as a single object (Musen
& Squire, 1993a).

To demonstrate the effect of attention on conceptual
priming performance, Mulligan (1997) manipulated atten
tion by using various digit loads. Implicit memory was
tested by using a category-exemplar generation task. It
has been proposed that this task accesses the conceptual
components of stimuli because the categorization of a
word involves the identification of its meaning (Blaxton,
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1992). Mulligan reported that both explicit and implicit
memory performance worsened under high attentional
load conditions. However,although the high digit load con
dition completely eliminated implicit memory, explicit
memory performance was still above chance (although it
was significantly worse when the stimuli were fully at
tended). Thus, attentional resources seem to be necessary
when the learning task is conceptual in nature.

Not only does conceptual item priming require more
attentional resources than are required by perceptual item
priming, conceptual new association priming also is
more difficult to obtain than perceptual association
priming. Thus far there have been no reports of concep
tual associative priming, although many researchers
have investigated it (e.g., Mayes & Gooding, 1989;
Paller & Mayes, 1994; Schacter & Graf, 1986;Shimamura
& Squire, 1989). In contrast, associative perceptual prim
ing can occur under certain conditions, such as when lex
ical-decision (Goshen-Gottstein & Moscovitch, 1995a,
1995b), color-naming (Musen & O'Neill, 1997; Musen,
Szerlip, & Szerlip, 1999), and perceptual-identification
tasks are used (Gabrieli, Keane, Zarella, & Poldrack,
1997). When the study task does not emphasize these
properties, or when the stimuli to be associated are dif
ficult to conceive as a single object, associative priming
is more difficult to obtain (cf. Gabrieli et al., 1997;
Moscovitch et al., 1986, for evidence ofassociative prim
ing; cf. Musen & Squire, 1993b, for evidence against as
sociative priming).

Importantly, when perceptual associative priming is ob
tained, it is often dependent on focused attention (Musen
et al., 1998). Musen et al. found that priming effects suf
fered under conditions of attentional load. In a study by
Musen (1996), associative-priming effects were exam
ined for object-location stimuli. The results from these
experiments strongly suggested an important role for at
tentional mechanisms, although attention was not ma
nipulated directly. Because of the close resemblance of
our study to the one reported by Musen, we will outline
that study here. Symbols or letters were placed in one
of nine locations in a rectangle, one object at a time.
Each object was placed in the same location within the
rectangle across 10 trial blocks, and then all the locations
of the objects were changed at the II th trial block. The
implicit task was varied across experiments by using ei
ther symbol, letter, or location naming. Thus, the task
demands were varied by changing the stimuli (letters or
symbols) or by changing the required task (symbol, letter,
or location naming). Reduction ofnaming times was used
as a measure of implicit memory. An increase in naming
times between the l Oth and II th trial block, when the ob
jects changed locations, was taken as evidence that the
associations were learned. The amount of priming ob
tained was found to depend on both the difficulty of the
objects used and the required naming task. The pattern
of results suggested that high explicit memory perfor
mance occurred when the task was relatively easy, and an

observable priming effect occurred when the task en
gaged, but did not overtax, attentional resources.

Musen (1996) hypothesized that the required naming
tasks coupled with the processing of the stimuli might
compete for attentional resources in the same way as
would a secondary task. In the present study we therefore
manipulated attention directly, using two different sec
ondary tasks (a verbal and a spatial task) in two separate
experiments. The design was basically the same, except
that only symbols were placed in the rectangles, and the re
quired task was a keypress task in which the participants
pressed a key on the 3 X 3 numeric keypad that corre
sponded to the location of the symbol in the rectangle.

Attentional control is thought to be exerted through a
working memory system consisting of three subcompo
nents (Baddeley, 1992; Baddeley & Hitch, 1974). Bad
deley and his colleagues suggested that working memory
is composed of a central executive that is used for rea
soning and overseeing two slave systems. The two slave
systems are the visuospatial sketchpad and the phono
logical loop. We attempted to overtax the visuospatial or
phonological loop component ofworking memory by us
ing a secondary task. To tax the phonological loop, a ver
bal secondary task was used in which a letter was placed
under the rectangle on each trial; across trials, two related
sentences were formed, which the participants were to
write down after the final trial. To tax the visuospatial
sketchpad module ofworking memory, a spatial task was
used in which a blue circle occupied one of the locations
not used by the symbol. Because of the structure of our
learning task, it seemed likely that both tasks might in
terfere with learning because the primary keypress task
had a strong spatial component that depended on match
ing spatial locations in the rectangle with a particular key
on the numeric keypad. The primary task also had a strong
verbal component, because nameable stimuli were placed
in the rectangle. As Musen (1996) pointed out, even when
the required task does not encourage participants to name
stimuli, it is likely that they do so covertly. In her study,
she found that under location-naming instructions reac
tion times (RTs) were slower when symbols were placed
in the rectangle than when letters were. Thus, although
the task was identical in both cases, the type of object
placed in the rectangle appeared to influence naming
times (RTs averaged 1,078 msec when symbols were
used and 889 msec when letters were used).

Each experiment included a single-task condition in
which the participants were presented a letter or an aster
isk on each trial but were told to ignore them. Recognition
tests were also conducted in each condition of both ex
periments so that a general comparison between explicit
and implicit memory performance could be made. How
ever, the different designs across tasks makes it difficult
to directly compare the results. Because we evaluated two
different types ofsecondary tasks, it was important to as
certain whether they differed in difficulty. To do that, we
tested several participants on both secondary tasks prior
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to the experiment to ensure that RTs in each task were
equivalent.

EXPERIMENT 1

In this experiment, we examined whether priming for
object-location associations could be obtained under a
verbal secondary task condition. Symbols were placed
one at a time in one ofnine locations in a rectangle. Both
single- and dual-task conditions were conducted. In the
dual-task condition, a letter was placed under the rec
tangle on each trial. The participants were asked to keep
track of the letters and were told that, across trials, two
sentences would be presented and that they should try to
remember them.

We were interested in whether the addition ofa secon
dary task would have the same effects as increasing the
attentional demands indirectly varying the difficulty of
both the stimuli and the naming task. Musen (1996) ob
served that whether or not explicit and implicit memory
were observed or not depended on the overall difficulty
of these two variables. She suggested that in order to find
object-location priming, attention needs to be engaged,
but not overtaxed. Evidence for explicit memory was
found when the task was very easy, requiring little or no
attention, and disappeared under a lighter attentionalload
than did priming. In the present study, we used a keypress
task instead of a naming task because of its simple map
ping of location in the rectangle with location on the nu
meric keypad. We thought that the addition of a sec
ondary task would reduce available resources for learning
the object-location associations and possibly eliminate
or reduce priming, as compared with the single-task con
dition. In the single-task control condition, symbols were
placed in rectangles and a letter appeared beneath the rec
tangle; however, the participants were told to ignore the
letters since they were meant for participants in a differ
ent experimental condition. In addition, we conducted a
four-alternative, forced-choice recognition task in both
the single- and dual-task conditions so that we could im
prove our understanding of how attention affects explicit
memory. However, it is difficult to compare implicit and
explicit memory performance, owing to the presence of
the secondary task in all phases of the implicit memory
task, as compared with the presence of only the encoding
phase in the explicit memory task.

Method
Participants. Eighty participants from Barnard College and Co

lumbia University (12 men and 68 women) served in the experi
ment for course credit. All participants were naive with respect to
the purpose ofthe experiment and were between the ages of 17 and
27 years (M = 20. I). Forty participants served in the explicit memory
condition (20 in the single-task condition and 20 in the dual-task
condition), and 40 participants were tested in the implicit memory
condition (20 in the single-task condition and 20 in the dual-task
condition).

Materials. Nine symbols (!,@,#,$,%,&,*,?,+) were used. Each
symbol was placed in one of nine locations of a rectangle measur
ing 16.0 x 20.5 cm. The symbols measured approximately 0.7 X

0.7 ern, The locations were equally spaced and appeared in the
upper left, upper center, upper right, middle left, middle center, mid
dle right, lower left, lower center, and lower right locations in the rec
tangle. All symbols appeared once before any were repeated. Each
block consisted of nine trials with no breaks between blocks. The
final item in each block was never the same as the first item in the
next block. Thus, identical symbols did not appear consecutively.The
stimuli were presented on a VGA monitor controlled by a 486 IBM
computer. In the single-task condition, the participants were told to
ignore the letter. In the dual-task condition, the participants were
told that across trials, two sentences would be presented and that they
would be asked to report them in writing later. Three dashes under
the rectangle (i.e., ---) signified the end ofa word. In addition, in
both the single- and the dual-task conditions, a letter measuring 0.6
X 0.6 em was centered under the rectangle on each trial and was
placed 0.5 em below the rectangle. Each symbol was placed in the
same location of the rectangle for the first 10 trial blocks, after
which all the locations were switched. For example, the symbol $
might always appear in the upper left corner ofthe rectangle. Every
time the symbol $ occurred for the first 10 trial blocks, it would al
ways appear in the upper left corner of the rectangle until the I Ith
trial block (Trial 9 I), in which it (and all the other symbols) would
be switched to a new location and remain in that location for the re
maining 5 trial blocks.

Design and procedure. Type of test (implicit or explicit) was
varied between subjects and block was varied within subjects. RT
to locate the symbol was the implicit memory measure, and recog
nition memory accuracy was the explicit measure of memory.

The participants were given nine practice trials with the keypress
task, which required them to press a corresponding key on the nu
meric keypad. For this task, nine letters were placed in one ofthe nine
locations, one at a time. Each location and letter was used once. The
purpose ofthis practice task was to familiarize the participants with
the task of mapping the location in the rectangle with the corre
sponding location on the numeric keypad. In the actual experiment,
one symbol appeared in one of the nine locations of the rectangle
during each trial, and the participants were to press the corre
sponding key as quickly as possible. The symbol remained visible
until the participants responded. The two sentences presented were
She went to the library to study because her classes were difficult
and She received high grades on her exams, but her sociallife suf
fered. The first sentence ended before the symbols changed loca
tions, so that the only difference between the 10th and II th trial
blocks was that the object-location associatioins were recombined.

The group of participants in the explicit memory condition were
given a recognition memory test after the first 10 trial blocks. They
were not informed in advance that their memories would be tested.
On each trial, they were asked simply to press the key that corre
sponded to the location that was occupied by the symbol (as in the
implicit memory task). In the recognition task, a rectangle was pre
sented to the participants, and four symbols appeared in each loca
tion. The participants were asked to circle which symbol appeared
in that location previously. The participants in the secondary task,
explicit memory condition were also asked to write down the sen
tence that had been presented to them. The participants in the single
task condition were asked to ignore the letters below the rectangle.

Results
In Figure I, RTs (in milliseconds) across the IS trial

blocks are shown. We used p = .05 as the significance
level for all comparisons. First, we performed an overall
analysis of variance (ANOVA) across both the single
and dual-task conditions for the first 10 trial blocks and
the finalS trial blocks. For the first 10 trial blocks, we
found no significant differences between groups or trial
blocks and no interaction (ps > .ll). For the finalS trial
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Figure I. Reaction times across 15 trial blocks under both single- and verbal secondary-task conditions.
Symbols change locations on Trial Block II.

blocks, we found near significant effects of both group
and block, and a nearly significant group X block inter
action (ps < .09). Our original question was whether
there would be learning across trial blocks for the single
and dual-task conditions, separately; the following analy
ses addressed this question.

Single-task condition. We found a significant effect
of block for the first 10 trial blocks [F(I,38) = 5.4,
MSe = 5,691.7] and for the final 5 trial blocks [F(4,76) =

4.2, MSe = 1,963.0]. In addition, a trend analysis revealed
evidence of a linear trend for the first 10 trial blocks
[F(I,19) = 31.3, MSe = 8,101] but not for the final 5
trial blocks (p = .48). RTs decreased between the 1st
and 10th trial block [t(19) = 5.0; 774 msec and 666 msec,
for Ist and 10th blocks, respectively]. In addition, there
was a significant increase in RTs for the single-task con
dition on the 11 th trial block, during which all the symbols
changed locations [t(19) = 3.2; 666 msec and 720 msec,
for the 10th and 11 th trials, respectively]. Responses were
97.7% accurate and did not differ across blocks. This
finding suggests that the associations were learned, since
RTs were disrupted when the object-location associa
tions were changed. Finally, there was a significant dif
ference between the 11th trial block and the 15th trial
block, indicating that some learning occurred in the final
five trial blocks.

Dual-task condition. There were no significant ef
fects for either the first 10 or the final 5 trial blocks for
the dual-task condition, and there was no evidence for a
linear trend for either set of trial blocks in the dual-task

condition (ps > .18). Additionally, there were no differ
ences between the 1st and 10th trial blocks, the 10th and
11 th trial blocks (p = .96), or the 11th and 15th trial blocks
(p = .31). Thus, no learning of the associations appears
to have occurred during the experiment. Responses were
96.2% accurate and did not differ across blocks. There was
no significant difference in accuracy between the single
and dual-task conditions.

Explicit memory. The participants scored 80% in the
single-task condition and 60.5% in the dual-task condition.
Both these scores were significantly above chance (25%),
and performance was significantly better in the single-task
condition than in the dual-task condition [t(20) = 5.5].

Discussion
The results of this experiment demonstrate that prim

ing of object locations was eliminated under secondary
task conditions, although priming was evident in the single
task condition. Thus, object-location associations appear
to have been affected by the attentional demands imposed
by the addition of a secondary task, as well as when the
task was made more difficult by the introduction of a more
difficult behavioral task or more difficult stimuli (Mu
sen, 1996).

EXPERIMENT 2

In this experiment, we investigated whether associative
priming could occur under a spatial secondary task. The
same primary stimulus was used as in Experiment I, with
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the same keypress task. Because of the spatial component
in the primary task, it was expected that the secondary
task would also eliminate implicit memory for the asso
ciative information, and we expected explicit memory per
formance to be similar to that observed in Experiment I.

Method
Participants. Eighty participants (21 men and 59 women) were

tested in Experiment 2. None had served in Experiment I. All par
ticipants were naive to the purpose of the experiment and were be
tween the ages of 18 and 30 years (M = 20.9). Forty participants
served in the explicit memory condition (20 in the single-task con
dition and 20 in the dual-task condition), and 40 were tested in the
implicit memory condition (20 in the single-task condition and 20
in the dual-task condition).

Materials. The materials were the same as those used in Exper
iment I, except that instead of a letter being placed beneath each
rectangle, a blue circle was placed in one ofthe locations of the rec
tangle that was not occupied by the symbol. The circle measured
0.6 X 0.6cm.

Design and procedure. Type of test (implicit or explicit) was
varied between subjects, and block was varied within subjects. The
implicit and explicit memory tests were identical to those in Ex
periment I.

The procedure was identical to that in Experiment 1, except that
rather than being asked to keep a sentence in mind while carrying
out the keypress task, the participants were asked to remember where
the blue circle had appeared. After every three trials, they were
asked to record on a grid where the circles had been. In the single
task condition, the participants were also shown the circles but were
told to ignore them; after every three trials, the participants were
shown three sets of two numbers that indicated which three circles
to mark on the grids. For example, the numbers 1,3 would indicate
that the participant should circle the third circle in the first row, and
the numbers 2,2 would indicate that the participant should mark the
second circle in the second row. This was done so that the partici-

1000

pants in the single-task condition had to stop the task every three tri
als, in a similar manner as in the dual-task condition.

Results
In Figure 2, the RTs (in milliseconds) across the 15

trial blocks are shown. First, we performed an overall
ANOVAacross both the single- and dual-task conditions
for the first 10 trial blocks and the final 5 trial blocks.
For the first 10 trial blocks, we found significant differ
ences between groups and between blocks, and an inter
action between group and block. For the final trial blocks,
we found similar results, except that the effect of block
approached significance (p = .07). The overall difference
between the two conditions was diminished because in
the I Ith trial block, the RT increased in the single-, but
not the dual-, task condition. Next, we analyzed whether
performance improved across both sets of trial blocks for
the single- and dual-task conditions, separately.

Single-task condition. We found a significant effect
of trial block for the first 10 trial blocks [F(9, 17I) =
10.5, MSe = 10,654]. In addition, a trend analysis re
vealed a significant linear trend [F( I, I9) = 24.0, MSe =
38,070]. No higher order trends were significant. This
finding shows that not only did the RTs decrease across
trial blocks, but they did so in a linear fashion. In addi
tion, there was a significant effect of block for the final
trial blocks [F(4,76) = 4.7,MSe = 2,985]. The decrease in
RTs across blocks also followed a linear trend [F( 1,I9) =
7.8, MSe = 5,444]. RTs decreased between the first and
the 10th block [I( 19) = 4.4, 929 msec and 732 msec, re
spectively]. There was a significant effect ofchanging the
locations of the symbols, indicated by the analysis be-
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Figure 2. Reaction times across 15 trial blocks under both single- and spatial secondary-task conditions. Sym
bols change locations on Trial Block 11.
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tween the 10th and 11th trial blocks [t(19) = 2.1]. RTs
were 732 msec and 782 msec for Trial Block 10 and Trial
Block II, respectively. In addition, the RTs decreased
between Trial Block II and Trial Block 15 [t(19) = 2.9].
RTs were 782 msec and 717 msec, for the 11 th trial block
and the 15th trial block, respectively. Responses were
97.2% accurate and did not differ across blocks.

Dual-task condition. There were no significant block
effects for either the first 10 or the final 5 trial blocks
(ps> .18), although there was a significant linear trend
for thefirst 10 trial blocks [F(I ,19) = 6.3, MSe = 4,504].
There was a significant decrease in RTs between the 1st
and the 10th trial blocks [t(38) = 3.2; 902 msec and
854 msec, for Ist trial block and 10th trial block, respec
tively]. However, no other comparisons reached signifi
cance. The lack of an increase in between Trial Block 10
and Trial Block II (p = .81) indicates that no associative
priming occurred. Responses were 99.3% accurate and
did not differ across blocks.

Explicit memory. The participants scored 77.2% in
the single-task condition and 58.3% in the dual-task con
dition. Both ofthese scores were better than chance, and
performance was significantly better in the single-task
condition than in the dual-task condition [t(38) = 5.1].

Discussion
As in Experiment I, we found that the secondary task

eliminated associative priming, although a pronounced
associative-priming effect was observed in the single-task
condition. Because the primary task had both strong ver
bal and spatial components, it is not surprising that the
results from both experiments are so similar. However,
this does tell us that object-location priming is quite sus
ceptible to attentional demands. Not only did such prim
ing disappear when the stimuli or behavioral task was
made more difficult, but the increase of attentional de
mands by means ofseveral types of secondary tasks also
served to reduce the priming effects.

GENERAL DISCUSSION

The present experiments demonstrate that dividing at
tention can eliminate priming for new associations. In
contrast, under single-task conditions, robust associative
learning was obtained. The improvements that were dem
onstrated in the single-task condition could have been
due either to general learning of the keypressing task or
to specific learning of the associations between the ob
jects and their locations, or to some combination of the
two. We know that specific learning of new associations
occurred because of the increase in RTs between the
10th and II th trial blocks. This comparison is critical be
cause it is at this point in the experiment that all the syrn
bol locations were switched. Thus, if learning of the object
location associations had taken place, RTs to location,
which was then occupied by a different symbol, should
have been slowed since the participants might have grown
to expect a different stimulus in that location.

It is not surprising that both secondary tasks produced
an elimination ofthe priming effect observed in the single
task conditions. Because it is likely that the participants
had inadvertently accessed the names of the symbols
(see Musen, 1996), it would seem, by analogy, that our
primary task might have had a verbal component that
could have competed with the verbal secondary task for
phonological loop resources. Similarly, because the key
press task and the presentation of a stimulus in a partic
ular location both required spatial processing they would
place demands on the visuospatial sketchpad component
of working memory. Therefore, a spatial secondary task,
which also competes for these same resources, would in
terfere with learning.

The results of this study, together with those ofMusen
(1996), suggest that task difficulty is an important vari
able in the priming of object-location associations. The
Musen study showed that when difficulty was imposed
by using less easily named stimuli (symbols) coupled with
an attention demanding location naming task, implicit
memory for associations did not occur. In the present
study, when difficulty was imposed by the addition of a
secondary task, a similar finding was obtained. Task dif
ficulty has also been demonstrated to be important in the
determination of performance levels in implicit-learning
tasks, such as sequence learning. It has been shown that
when the sequence structure is unique, such that one can
predict the upcoming stimulus, implicit learning can
occur under divided-attention conditions. However, when
the sequence is ambiguous in such a way that a particular
item could be followed by more than one stimulus, im
plicit learning cannot occur under divided-attention con
ditions (Cohen, Ivry, & Keele, 1990; Curran & Keele,
1993; Stadler, 1995).

The present experiments and those of Musen (1996)
bear some resemblance to sequence-learning experiments
in that they all involve the accumulation of learning
across trials; also, the difficulty of the tasks in all these
experiments was varied by the manipulation of the stim
uli or the nature of the learning task. An important differ
ence between sequence learning and the type of task de
scribed in the present paper is that in sequence-learning
tasks, association learning occurs across trials, but in our
study, it occurs within trials. The design of our experi
ments did not permit the participants to predict upcom
ing stimuli; thus the RTs were affected by how fast the par
ticipants processed the stimulus that was visible, not by
the participants' expectations of upcoming stimuli.

In most studies in which explicit and implicit memory
have been tested under divided-attention conditions, it
has been found that explicit memory performance is
more affected by reduction in cognitive resources than is
implicit memory performance. In our study, explicit
memory performance was well above chance in both ex
periments, although performance was substantially re
duced in the dual-task condition when compared with
the single-task condition. However, it is important to note
that the explicit and implicit memory tasks were not com-
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pletely comparable, because there was no secondary task
in the retrieval portion of the explicit memory task. This
difference could have led to better performance in the ex
plicit memory condition than in the implicit memory
condition. In fact, Craik, Govoni, Naveh-Benjamin, and
Anderson (1996) reported that the division of attention
during retrieval has little effect on recognition memory
for individual items. It is possible that recognition per
formance of associative material would have been more
affected, but the present experiments did not incorporate
that manipulation and, thus, cannot adequately speak to
the issue.

Another reason why the explicit memory performance
might have been better is that there were multiple repe
titions of the same stimuli. Repetitions are known to in
fluence explicit memory more than implicit memory
(Musen & Treisman, 1990; Schacter, Cooper, Delaney,
Peterson, & Tharan, 1991). This may be because when
stimuli are repeated in a distributed fashion, in which the
same stimuli do not appear consecutively, there may be
increased attention to subsequent repetitions if the par
ticipant recognizes it as one seen previously but already
forgotten (Shaughnessy, 1976; Shaughnessy, Zimmerman,
& Underwood, 1972). In addition, the stimuli might be
processed more meaningfully and with more effort, lead
ing to a sturdier memory trace (Jacoby, 1978). Explicit
memory processes are also believed to be more flexible
than implicit memory processes, and they are available
to multiple response systems (Squire, Knowlton, &
Musen, 1993). Thus, the increase in retrieval routes and
the enrichment of memory traces are more likely to ben
efit explicit memory performance than implicit memory
performance. This benefit for explicit memory perfor
mance was not found in the Musen (1996) study. This
may have been because the location naming task in that
experiment was too difficult and led to chance perfor
mance. It might be that the participants' attempts to name
the locations (e.g., upper left, middle center) interfered
with their mapping the location to the object. In contrast,
the present keypress task was simple and would not have
introduced this added burden. RTs for the two types of
task support this suggestion (RTs averaged 770 msec in
the single-task conditions in both the present experi
ments and 1,078 msec in the Musen study).

In summary, our results show that when divided atten
tion occurs during encoding, a toll is taken on associative
priming, even when multiple study opportunities are given.
Both the verbal and the spatial secondary task eliminated
associative priming, suggesting that the primary task had
important verbal and spatial components. It is possible
that the secondary task exerted its influence by using re
sources from working memory modules (i.e., visuospatial
sketchpad or phonological loop) that were necessary for
learning the associations. The division of resources be
tween two similar tasks led to the elimination ofassocia
tive priming. Whether explicit memory processes are

similarly affected by attentionalload still needs to be in
vestigated further. In the explicit memory conditions of
the present experiments, attention was divided during en
coding, but not during retrieval, so firm conclusions can
not be drawn. The relationship between learning associ
ations across trials, such as in a sequence-learning
paradigm, and learning associations within trials, as in
the present experiments, needs to be carefully studied to
determine whether there might be variables that influ
ence one type of learning but not another.
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