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Full versus divided attention and
implicit memory performance
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Effects offull and divided attention during study on explicit and implicit memory performance were
investigated in two experiments. Study time was manipulated in a third experiment. Experiment I
showed that both similar and dissociative effects can be found in the two kinds of memory test, de
pending on the difficultyof the concurrent tasks used in the divided-attention condition. In this experi
ment, however, standard implicit memory tests were used and contamination by explicit memory in
fluences cannot be ruled out. Therefore, in Experiments 2and 3 the process dissociation procedure was
applied. Manipulations of attention during study and of study time clearly affected the controlled (ex
plicit) memory component, but had no effect on the automatic (implicit) memory component. Theo
retical implications of these findings are discussed.

Explicit tests of memory, like free recall and recogni
tion, measure the intentional and conscious recollection
of a previous experience. In contrast, implicit tests of
memory measure a facilitation ofperformance due to the
prior presentation of stimuli in the absence of intentional
and conscious recollection of the experience itself (see,
e.g., Schacter, 1987). Many experimental variables have
been shown to differentially affect performances on ex
plicit and implicit memory tests (for reviews, see, e.g.,
Richardson-Klavehn & Bjork, 1988; Roediger & McDer
mott, 1993). Such dissociations are ofgreat theoretical im
portance because they seem to indicate the involvement
ofdifferent memory systems or memory processes in ex
plicit and implicit memory tasks.

One ofthe variables causing dissociative effects in ex
plicit and implicit tests of memory is attention during
study. In studying this variable, two situations have to be
distinguished, namely presence versus absence of atten
tion and full versus divided attention. Presence versus ab
sence of attention refers to conditions in which subjects
are either aware or unaware of the identity of the stimuli
presented. Although there is much controversy regarding
how to guarantee that a stimulus was truly unattended,
some studies suggest that implicit memory for unattended
information is possible (e.g. Jelicic, Bonke, Wolters, &
Phaf, 1992; Kihlstrom, Schacter, Cork, Hurt, & Behr,
1990).

This study addresses the effect of full versus divided
attention on implicit and explicit memory performance.
This problem is related to the problem of presence ver
sus absence of attention. If unattended stimuli can affect
implicit memory performance, what happens if attention
is focused on these stimuli, and when amount ofprocess-

Correspondence should be addressed to G. Wolters, Department of
Psychology, Leiden University, PO Box 9555, 2300 RB Leiden, The
Netherlands (e-mail: wolters@rulfsw.LeidenUniv.nl).

ing is enhanced beyond what is minimally required for
identification?

Some experimental findings suggest that full attention
enhances implicit memory performance. For example,
studies by Eich (1984) and Phaf(1994) showed larger im
plicit memory effects for attended than for unattended
stimuli. Other lines ofresearch, however, seem to indicate
that implicit memory performance is independent of the
amount of processing following initial identification of
stimuli. Studies by Greene (1986); Musen (1991); Neill,
Beck, Bottalico, and Molloy (1990, Experiment 1); and
Phaf and Wolters (1993, Experiment 3) all showed that
increasing the duration of exposure, or of rehearsal, be
yond about 1 sec does not lead to further enhancement of
implicit memory performance. Although an effect ofpre
sentation duration in a word fragment completion test
was reported by Neill et al. (1990, Experiment 2), this find
ing may be criticized because subjects may have antici
pated the test and may have used explicit retrieval strate
gies. Moreover, drugs like alcohol, benzodiazepines, and
scopolamine, which supposedly reduce controlled pro
cessing and focusing of attention, have large adverse ef
fects on explicit memory performance, but they seem to
have little or no effect in repetition priming tasks (see,
e.g., Polster, 1993). Also, conditions that have been linked
to reduced information processing and inadequate allo
cation of attention, like old age and depression, have
been found to cause decreased explicit but (almost) nor
mal implicit memory performance (see, e.g., Jennings &
Jacoby, 1993; Roediger & McDermott, 1993; Russo &
Parkin, 1993).

The most frequently used paradigm to study the effects
of full versus divided attention on implicit and explicit
memory is to manipulate attention by presenting stimuli
in a study phase with or without a concurrent distracting
task. Whereas generally adverse effects of a distracting
secondary task are found in explicit memory performance,
results with implicit memory tests have produced mixed
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results. No effects of distracting tasks on implicit mem
ory performance were reported by Gardiner and Parkin
(1990); Jacoby, Toth, and Yonelinas (1993); Jacoby, Wo
loshyn, and Kelley (1989); Koriat and Feuerstein (1976);
Parkin, Reid, and Russo (1990); Parkin and Russo (1990);
Russo and Parkin (1993); Wippich, Markert, Hannig,
and Mecklenbraucker (1990); and Wippich, Schmitt, and
Mecklenbraucker (1989). In contrast, decreased implicit
memory performance in the presence of a concurrent
task during study was found by Hawley and Johnston
(1991) and by Pickering, Mayes, and Shoqeirat (1988).
Results presented by Smith and Oscar-Berman (1990)
are somewhat ambiguous. No effect of a dual-task con
dition was found on accuracy in a lexical decision task,
but reaction times did show a reduced repetition priming
effect.

Although the weight of the evidence seems to imply
that implicit memory is unaffected by manipulations of
attention, the conflicting results do not allow definite
conclusions. The results summarized above may indicate
that dividing attention during study can influence im
plicit memory performance, but only under certain con
ditions or with particular types of distractor tasks. In
order to find out which factors may be involved in pro
ducing contradictory results, we have tried to classify the
studies according to potentially relevant features. Although
the studies varied widely in detail (i.e., type of stimuli,
duration of retention interval, study conditions, and type
of test), two features seemed especially relevant.

The first feature is the modality of stimulus presenta
tion. Most studies finding no effect ofdividing attention
on implicit memory seem to have used tasks in which
target and distracting stimuli were presented in different
sensory modalities. Presenting the stimuli of the primary
and the secondary tasks in the same modality may be ex
pected to cause more interference and to enhance the
possibility of finding an adverse effect of divided atten
tion in implicit memory tests.

The second feature concerns the "difficulty" of the dis
tracting task. As was suggested by Hawley and Johnston
(1991), sometimes distracting tasks seem to be used that
may not significantly reduce attention for the primary
task. Although it is not possible to unambiguously judge
the difficulty of the distractor tasks used, it seems that
studies reporting decreased implicit memory performance
in divided-attention conditions used rather demanding and
difficult distracting tasks such as performing arithmetic
calculations (see, e.g., Hawley & Johnston, 1991; Picker
ing et aI., 1988). In contrast, studies not finding divided
attention effects on implicit memory generally seem to
have used less difficult perceptual classification tasks like
detecting deviant tones or three odd digits in a row in a se
quence of stimuli (see, e.g., Jacoby et aI., 1993; Parkin &
Russo, 1990). So, difficulty of the distracting tasks may
also be a factor responsible for the contradictory findings.

The first experiment presented here was set up to further
examine the conditions of divided attention under which
performance in standard explicit (cued recall) and implicit
(word stem completion) memory tests may be affected.
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Doubts have been raised, however, regarding whether
standard implicit and explicit tests of memory provide
unconfounded measurements of conscious and uncon
scious influences of memory (e.g., Bowers & Schacter,
1990; Richardson-Klavehn, Gardiner, & Java, 1994).
Such confounding seems to be absent in the "process dis
sociation procedure" (Jacoby, 1991; Jacoby et aI., 1993).
Therefore, two additional experiments are reported using
this procedure. The aim of these experiments was to de
termine more clearly the extent to which manipulations of
attention (Experiment 2) and study time (Experiment 3)
affect controlled (explicit) and automatic (implicit)
memory performance.

EXPERIMENT 1

Visually presented lists of words were studied with
and without a distracting secondary task. The nature of
the distractor task ("easy" or "difficult") and the modal
ity of stimulus presentation in the distractor task (visual
or auditory) were varied orthogonally over four groups
of subjects. For each subject, halfthe words studied in the
full- and divided-attention conditions were tested subse
quently in a cued recall test, the other half in a word stem
completion test.

Method
Subjects. Sixty-four undergraduate students at Leiden Univer

sity participated as paid subjects. They were randomly assigned to
four subgroups of 16 subjects. All subjects had normal hearing and
normal or corrected-to-normal eyesight. None of the subjects had
previously participated in experiments on implicit memory.

Design and Materials. Study condition (full vs, divided atten
tion) and test type (cued recall vs. word stem completion) were ma
nipulated within subjects. Type of distracting task (visual vs. audi
tory presentation, and easy vs. difficult) was manipulated between
subjects; each of four subgroups of 16 subjects received one ofthe
distractor tasks in the divided-attention condition. Four different
distracting tasks were created by orthogonally combining easy or
difficult conditions and visual or auditory presentation. Each sub
ject studied two lists of words, one with and the other without a dis
tracting task. Half the words of each list were tested in a cued recall
test with word stems as cues, and the other half were used in a word
stem completion test. The order of study condition (full vs. divided
attention) and the order of tests (cued recall vs. word stem comple
tion) was balanced over each subgroup of subjects.

The words to be used as stimuli were selected from a normative
list providing spontaneous completion frequencies oftwo- or three
letter word stems (Phaf& Wolters, 1991). A total of 120 nouns with
unique word stems and spontaneous completion rates between 0.05
and 0.15 (average rate 0.07) were selected. For each word stem, at
least eight other possible completions were possible. Obvious se
mantic relationships between words were avoided as much as pos
sible. Half the words served as study items. and the other half were
used as distractors in the word stem completion task (i.e.. sponta
neous completion of word stems to these nonstudied words pro
vided the base rate). Words used as targets and distractors were bal
anced over subjects. The 60 target words were randomly divided
into two study lists of 30 words. one of which was used in the full
and the other in the divided-attention condition. In the test phase.
forms containing word stems were used in a word stem completion
test and a cued recall test.

Procedure. This experiment consisted of four subexperiments
with 16 subjects each. The subexperiments were alike except for
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the distracting task used. In the study phase of each subexperiment,
two lists of30 target words were presented to each subject. One list
was presented without a distractor task (the full-attention condi
tion), and the other with a distractor task (the divided-attention con
dition). In the full-attention condition, subjects were instructed to
read the words aloud and to study them for the time remaining in
anticipation of a memory test. In the divided-attention condition,
presentation of the words was accompanied by one of the four dis
tracting tasks. In this condition, subjects were instructed first to
read the target word aloud, then to respond to the secondary task,
and finally to study the words for the time remaining in anticipation
of a memory test.

The words of each study list were presented one at a time, and in
a different random order for each subject. Words were presented in
capital letters in the middle of a computer screen connected to a
BBC-B laboratory computer. Presentation time was 4 sec with a
I-sec interval between words. Before and after each list, 4 filler
words (other than the 120 experimental words and with different
word stems) were presented to avoid primacy and recency effects.

In each subexperiment, one of the four following distracting
tasks was used to divide attention. In the visual/easy distractor task,
a plus or a minus sign appeared to the right of the target word, and
the subjects had to press a key corresponding to the sign. In the
auditory/easy distractor task, either a high- or a low-pitched tone
sounded for 0.5 sec when a target word appeared; again, subjects
had to press a corresponding key.In the visual/difficult distractor task,
a two- or three-digit number (between 70 and 140) was presented
to the right of the target word, and subjects had to decide whether
or not the number was divisible by seven, responding by pressing a
Yes or No key. Of the numbers half was divisible by seven (e.g.,
105), the other half was not (e.g., 95). The auditory/difficult task
was identical except that numbers were read to the subject.

The test phase consisted of a word stem completion test and a
cued recall test. In the cued recall test, 30 word stems, 15 from each
list studied either in the full- or the divided-attention condition,
were given as cues. Subjects were instructed to use these cues to re
member words from the lists studied before. In the completion test,
the 30 target word stems corresponded with the other half of the
words from both study lists. These stems were combined with all 60
word stems corresponding with distractor (i.e., nonstudied) words.
The first 15word stems all corresponded with distractor words. The
remaining target and distractor word stems were randomly inter
mixed. In the stem completion test, subjects were told that this test
was to determine the spontaneous completion rates of word stems.
No mention was made ofa possible relationship with the lists stud
ied before. Subjects were instructed to complete the word stems as
fast as possible to make a full word, using at least two additional let
ters and avoiding proper names and declensions ofverbs. Since dif
ferent and nonoverlapping sets of word stems were used in the two
tests, interference or crossover effects between them are supposed
to be minimal. Both the completion and the cued recall test were
presented as forms on which word stems were printed in capital let
ters. Subjects wrote their responses on this form. After completing
the cued recall test, subjects were questioned about whether they
had been aware of the memory test character of the completion task.
Although many subjects noted that they sometimes completed
stems to words studied previously, none of them indicated aware
ness of the true nature of the test.

type [cued recall first vs. second, t(62) = -0.58; word
stem completion first vs. second, t(62) = -0.87]. There
fore, the data were pooled over these control conditions
in the following analyses.

Average proportions correctly recalled and completed
target words as a function of the difficulty of the distrac
tor tasks are shown in Table 1 (since modality of the dis
tractor tasks did not have any effect, data from the
groups with corresponding visual and auditory distrac
tor tasks were combined). The results of the word stem
completion and cued recall tests were analyzed in separate
analyses of variance (ANOYAs) with type of distractor
task (easy or difficult and visual or auditory) as between
subjects variables, and full or divided attention as a within
subject variable.

Cued recall. Analysis of the cued recall data showed
a significant main effect of attention [F(l,60) = 26.3,
MSe = 3.5,p < .01]. Overall, performance was better in
the full- than in the divided-attention conditions (average
proportions correct were .38 and .27, respectively). A
significant interaction was found between difficulty of
distractor task and full/divided attention [F( I,60) = 8.8,
MSe = 3.5,p < .01]. No other factors approached signif
icance, indicating that modality of presentation of dis
tractor tasks did not have any effect. Inspection ofTable I
shows that in the divided-attention condition, perfor
mance was reduced more by the difficult than by the easy
distractor task. A post hoc Newman-Keuls analysis re
vealed that the difference between the full- and both of
the divided-attention conditions was significant (p < .0I).
The difference between the easy and difficult divided
attention conditions was also significant (p < .05).

Word stem completion. Averageproportions correctly
completed distractor words in the four subgroups were
.06, .07, .08, and .08. Overall the average was .07, which
is exactly the same as the average spontaneous comple
tion rate in the normative study from which the words
were selected. Average completion rates of target words
in the full- and the combined divided-attention condi
tions were .25 and .21, respectively. Both of these com
pletion rates differed significantly from the completion
rates of the distractor words [t(63) = 12.4, P < .01 and
t(63) = 11.3,p < .01]. Thus, a large implicit memory ef
fect occurred both in the full- and the divided-attention
conditions.

Table 1
Proportions Correct (PC) and Standard Deviations for Cued

Recall and Word Stem Completion as a Function of Full
and Divided-Attention Study Conditions (Experiment I)

Test Condition

Study Condition PC SD PC SD

Full attention .36 .16 .24 .12
Dividedattention (easy) .31 .14 .24 .09
Full attention .40 .16 .27 .12
Dividedattention (difficult) .23 .15 .19 .08

Note-Average proportion of correctly completed nonstudied items
(base rate) was .07.

Results and Discussion
Analysis of performance on the distractor tasks showed

that none of the subjects made any errors in the easy/
visual or easy/auditory conditions. The proportions of
errors in the difficult/visual and difficult/auditory con
ditions were .13 and .16, respectively. There were no sig
nificant effects of order of study condition or order of test

Cued Recall StemCompletion



An ANOYA on the word completion data revealed a
main effect of attention [F(1,60) = 5.9, MSe = 2.2, p <
.05]. Performance was better in the full- than in the
divided-attention condition (.25 vs..21). The interaction
between difficulty of distractor task and full/divided at
tention was also significant [F(l,60) = 4.3, MSe = 2.2,
p < .05]. No other effects approached significance, and,
again, modality of presentation of the distractor task did
not have any effect. As can be inferred from Table 1, di
viding attention with a difficult secondary task reduced
stem completion more than did dividing attention with
an easy distractor task. This conclusion was corrobo
rated by the Newman-Keuls analysis. Only the differ
ence between the full- and the difficult divided-attention
condition was significant (p < .05).

Inspection of Table 1 shows that the pattern of results
in word stem completion closely matches that ofcued re
call. The data show similar effects of dividing attention
during study in the explicit and the implicit tests ofmem
ory. However, whereas a difficult distractor task reduced
performance both in cued recall and word stem comple
tion, an easy distractor task caused a significant reduc
tion of performance only in cued recall. These findings
show that an "easy" distractor task may cause a dissoci
ation effect-that is, a significant reduction of perfor
mance in an explicit memory test, but no effect in an im
plicit memory test.

The results ofExperiment 1 suggest an explanation of
discrepant findings regarding the effects ofattention ma
nipulations on explicit and implicit memory performance.
According to this explanation, manipulations of atten
tion during study have similar effects on explicit and im
plicit memory performance, but the effect size differs.
Effects of divided attention in implicit memory tests show
up only when more demanding secondary tasks are used.

Such a conclusion, however, may not be warranted be
cause it cannot be ruled out that performance on implicit
memory tests was contaminated by intentional (explicit)
uses of memory (see, e.g., Bowers & Schacter, 1990; Ja
coby, 1991; Java, 1994; Merikle & Reingold, 1991; Rein
gold & Merikle, 1990; Russo & Parkin, 1993). Sponta
neous test awareness during implicit testing, for example,
may sometimes prompt subjects to adopt an intentional
retrieval strategy (e.g., Bowers & Schacter, 1990). De
spite our efforts to conceal the memory test character of
the word stem completion test, contamination by explicit
memory use cannot be ruled out. If such contamination
did occur, it might be responsible for the similarity of the
effects of attentional manipulations in cued recall and
stem completion.

In order to exclude the possibility of confounding be
tween implicit and explicit tests of memory, Jacoby (1991)
suggested the process dissociation procedure. This pro
cedure suggests a way to separate controlled (conscious
or explicit) and automatic (unconscious or implicit) in
fluences of memory. In a study by Jacoby et al. (1993.
Experiments IA and 1B), the process dissociation pro
cedure was used to study the effect of dividing attention
on separate memory components. Jacoby et al. found
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that dividing attention did reduce the controlled memory
component to zero, but it did not affect the automatic
memory component.

To find out whether the reduction in word stem com
pletion by dividing attention during study in Experi
ment 1 may be explained by a contamination with an ex
plicit memory component, two additional experiments
were performed using a variant of the process dissocia
tion procedure. The standard process dissociation proce
dure controls for contamination by intentional retrieval.
It does not control, however, for "involuntary explicit
memory" responses-that is, items that are unintention
ally retrieved but then consciously remembered. This is
a conscious memory effect that may cause parallel ef
fects of experimental manipulations on explicit and im
plicit memory tests (see, e.g., Richardson-Klavehn et al.,
1994; Richardson-Klavehn, Lee, Joubran, & Bjork, 1994).
In the variant of the process dissociation procedure used
in the following experiments (see Procedure, Experi
ment 2), not only intentionally retrieved items, but also
unintentionally retrieved and subsequently recognized
items, were discarded from the exclusion condition.

EXPERIMENT 2

In Experiment 1, an effect of manipulating attention
during study on implicit memory showed up only in the
difficult divided-attention condition. Therefore, in this
experiment only this condition, and only the visual ver
sion of it, was compared with a full-attention condition.
Instead of cued recall and stem completion tests, a pro
cess dissociation procedure was applied.

Method
Subjects. Thirty-two students from Leiden University served as

paid subjects. None of them had participated in Experiment I.
Design and Materials. Study condition (full vs. divided atten

tion) and test type (inclusion and exclusion) were manipulated within
subjects. The same set of 120 stimulus words of Experiment I was
used. but 20 words with low spontaneous completion frequencies
were replaced by words with higher completion frequencies. Mean
spontaneous completion frequency in the whole set was 0.09. The
stimulus set was used to create two study lists of 30 words. The re
maining 60 words were used for the distractor word stems. Only the
visual version of the "difficult" distractor task was used. This task
was the same as the one used in Experiment I. All subjects studied
two lists of 30 target words, one without and the other with a dis
tracting task. The order of the full- and divided-attention conditions
was balanced over subjects, and the words used as targets or dis
tractors were balanced over lists.

In the test phase, subjects were given an inclusion and an exclu
sion test. Unlike the procedure used by Jacoby et al. (1993), inclu
sion and exclusion tests were performed in subsequent blocks. The
order of inclusion and exclusion tests was balanced overall, and also
with respect to the order of studying in full- or divided-attention
conditions. Both the inclusion and the exclusion tests consisted of
two sets of 15 word stems corresponding to words studied in the full
and divided-attention conditions. respectively. and 30 word stems
corresponding with nonstudied distractor words. The 60 word stems
of each test were presented in random order on a form on which
subjects wrote down their responses.

Procedure. Presentation of words and instructions regarding
studying the words and performing the distractor task were the same
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as in Experiment I. Instructions for the inclusion test required sub
jects to try to recall studied words using the word stems as cues. If
they could not recall a studied word, they were to write down the
first word that came to mind. In the exclusion test, subjects were also
asked to try to recall a studied word and to generate the first word
that came to mind ifunsuccessful. Unlike Jacoby et al. (1993), who
instructed subjects to avoid reporting remembered words, subjects
were asked to write down each word, whether it was recalled or gen
erated, when recall was unsuccessful. Additionally, however, they
were instructed to mark (i.e., underline) a word as a word studied
previously, if it was remembered or recognized after being gener
ated. This altered procedure allowed for an independent check on
the similarity of the proportion of explicitly remembered words in
the exclusion test and the recollection proportion that is estimated
from the inclusion and exclusion performance.

Results and Discussion
Subjects performed the distractor task as instructed.

The average proportion oferrors in the distractor task was
0.15. This is comparable to the error proportion for this
task in Experiment I (.13).

Average proportions of correctly completed target
words in the inclusion and exclusion conditions are shown
in Table 2. The proportion correct in the exclusion con
dition ofcourse does not include the underlined (i.e., re
membered/recognized) target words.

Analysis of the inclusion/exclusion data revealed a
main effect of test instruction [F(1 ,31) = 57.8, MSe = 5.6,
p < .01]. As expected, more targets were given in the in
clusion than in the exclusion test (.38 vs .18). More im
portant, a significant interaction was found between study
condition (full vs. divided attention) and test (inclusion vs.
exclusion) [F(1,31) = 23.4, MSe = 3.4, p < .01]. The
probability of completing stems with old words in the in
clusion test was higher for the full-attention condition
(.44) than for the divided-attention condition (.32). This
pattern ofresults was reversed in the exclusion condition,
in which more target words went undetected (i.e., were
not underlined) in the divided-attention condition (.22)
than in the full-attention condition (.15).

Estimates of controlled (C) and automatic (A) influ
ences ofmemory were calculated per subject, and for the

Table 2
Average Proportions of Stems Completed (PC) and Standard
Deviations With Target Items in the Inclusion and Exclusion
Test, and Estimates of Controlled, Automatic, and Implicit

Influences of Memory Averaged Over Subjects (Experiment 2)

Study Condition

Full Attention Divided Attention

Performance Measure PC SD PC SD

Test
Inclusion .44 .17 .32 .13
Exclusion .15 .08 .22 .11
RJexclusion .29 .17 .06 .07

Estimates
Controlled .27 .20 .09 .15
Automatic .20 .07 .24 .1I
Implicit .11 .09 .15 .12

Note-RJexclusion. averageproportionof recalledand recognizeditems
in the exclusion test.

full- and divided-attention conditions separately, by ap
plying the equations suggested by Jacoby et al. (1993;
see also Toth, Reingold, & Jacoby, 1994). Six subjects in
the full-attention condition and 2 subjects in the divided
attention condition showedperfect exclusion performance,
which prohibited calculations of C and A.

To determine the actual implicit memory component
(I), estimates of A have to be corrected for base rate (B).
The base rate is the proportion of word stems completed
to the corresponding distractor words. Overall, the pro
portion of correctly completed word stems correspond
ing with distractor words was .09 in the exclusion con
dition and .10 in the inclusion condition. As was pointed
out to us (Masson, personal communication, 1996), the
procedure in the exclusion condition allowed subjects to
falsely claim that a distractor completion was an old
word (i.e., the subject would not have given these com
pletions under normal exclusion instructions). This might
violate the assumption of identity ofperformance on dis
tractor items across inclusion and exclusion conditions.
False recognition ofdistractor words, however, occurred
only rarely. Discarding them reduced the proportion of
correct distractor words in the exclusion condition to .08,
which is still very similar to the normative spontaneous
completion rate of .09. Therefore, average rate of distrac
tor word completions in the inclusion and exclusion con
ditions (.09) was used as an estimate of base rate.

Averages of the individually determined estimates of
controlled, automatic, and implicit memory components
are given in Table 2. Comparison of the proportion of un
derlined target words-a direct estimate of conscious or
explicit memory-with the estimated proportions for C
shows a very similar pattern of results.

As can be inferred from Table2, the full-attention study
condition produced a larger controlled memory compo
nent than did the divided-attention study condition [.27
vs..09; t(24) = 2.96, P < .0I]. In contrast, estimates of
the automatic memory component did not show a sig
nificant difference between words studied in the full- or
the divided-attention conditions [.20 vs..24, respectively;
t(24) = 0.97]. Before concluding that dividing attention
has no effect on the estimate of automatic processing, the
power to detect an effect has to be determined. The larg
est effect that dividing attention could have with respect
to reducing A would be to cause a drop from .20 (full atten
tion) to .09 (baseline). Applying the rules for a power
analysis on correlated pairs of means (Cohen, 1988; two
tailed significance criterion is .05) gives a power of .93.
This is sufficiently high to accept the conclusion that di
viding attention has no effect on the estimate of A.

These findings clearly contradict the results of Exper
iment I. They show that dividing attention does not affect
the estimate ofautomatic influences ofmemory computed
by excluding target completions that subjects either in
tentionally retrieved or unintentionally retrieved but then
consciously remembered.

The manipulation ofattention during study, as used in
the experiments reported here, mainly seems to affect the
effective study time. Therefore, it seems interesting to see
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Study Condition

Table 3
Average Proportions of Stems Completed (PC) and

Standard Deviations With Target Items, and
Average Estimates of Controlled, Automatic, and

Implicit Influences of Memory (Experiment 3)

1 sec

PC SD

.36 .14

.16 .08

.18 .11

SD

4 sec

PC

Inclusion
Exclusion
Rlexclusion

Performance Measure

Test
.42 .14
.14 .09
.29 .18

Estimates
Controlled .29 .18 .18 .14
Automatic .20 .11 .20 .08
Implicit .10 .13 .10 .10

Note-R/exclusion, average proportion of recalled and recognized
items in the exclusion test.

EXPERIMENT 3

whether a direct manipulation of study time has a simi
lar effect on various aspects of memory. It would be ex
pected that an increase in study time would affect con
trolled, but not automatic, influences ofmemory. Such a
finding would corroborate the results of studies that have
shown no increase of implicit memory performance
when stimulus presentation time is increased beyond
about 1 sec (e.g., Greene, 1986; Musen, 1991).

This experiment was set up to examine the effect of a
manipulation of study time on controlled and automatic
memory components. In addition, it provides an inde
pendent test of the reliability of the results obtained with
the process dissociation procedure used in the previous
experiment.

Method
Subjects. Thirty-two students from Leiden University served as

paid subjects. None of the subjects had participated in any of the
previous studies.

Design, Materials, and Procedure. Stimulus material and de
sign were the same as in Experiment 2. Instead offull versus divided
attention, however, study time was manipulated by varying the pre
sentation time of stimuli. This variable was a within-subjects fac
tor. Each subject studied two lists 000 words. They were instructed
to try to remember the words in anticipation of a recall test. The
words were presented visually, one at a time, and in random order.
Wordsofone list were presented for I sec (with l-sec intervals), and
words of the second list were presented for 4 sec (with I-sec inter
vals). The order of presentation times was balanced over subjects.
Afterward each subject performed an inclusion and an exclusion
test. Instructions for these tests were identical to the instructions de
scribed in Experiment 2. Both tests consisted of 30 stems corre
sponding to target words (15 each from the I-sec and 4-sec lists)
and 30 stems corresponding to distractor (i.e., nonstudied) words.
The order of these tests was balanced with respect to the order of
presentation times.

Results and Discussion
The proportion of word stems completed to the corre

sponding distractor words was .10 in the inclusion and
.09 in the exclusion condition (excluding false recogni
tions; see Experiment 2). Again, these figures are quite
similar to the normative spontaneous completion rate
(.09). Average proportions of correctly completed target
words in the inclusion and exclusion tests are shown in
Table 3.

Analysis of the inclusion/exclusion data revealed a
main effect of test: More target words were completed in
the inclusion test (.39) than in the exclusion test (.15)
[F( Ul) = 111.9, MSe = 4.6, P < .0 I]. Moreover, test
instruction and presentation time interacted [F( 1,31) =
15.3,MSe = 1.5,p<.01]. The probability ofcompleting
stems with target words in the inclusion condition was
higher for the 4-sec words than for the l-sec words (.42
vs..36), whereas this pattern was reversed in the exclu
sion test (.14 vs.. 16).

Estimates of controlled and automatic influences were
again determined by subject. Results of 10 subjects in

the 4-sec study condition and of 2 subjects in the l-sec
study condition could not be used because they showed
perfect exclusion performance. Averages of individually
determined controlled, automatic, and implicit memory
components, and of the proportion of target words re
called/recognized in the exclusion test are shown in
Table 3. These results show that the 4-sec study time
condition caused a larger controlled memory component
than did the l-sec study time [.29 vs.. 18; t(20) = 2.55,
P < .01]. The automatic component, however, was not af
fected by the study time manipulation (.20 vs..20). The
power of this latter test was .91 (see the procedure de
scribed in Experiment 2), so it can be concluded that pre
sentation time had no effect on the estimate of the auto
matic memory component.

Because the full-attention condition in Experiment 2
was the same as the 4-sec presentation condition in this
experiment, these data can be compared. The reliability
of these results seems to be high, since both controlled
(.27 vs..29) and automatic (.20 YS..20) memory com
ponents were very similar.

GENERAL DISCUSSION

The results ofExperiment 1 show that the effects offull
versus divided attention during study on performance in
standard explicit and implicit memory tests can either be
the same or dissociative. These findings suggest that con
tradictory results reported in the literature may be ac
counted for by the difficulty of distractor tasks used to
manipulate attention, and that manipulations of attention
can affect both explicit and implicit memory perfor
mance. In this experiment, however, conscious explicit
memory effects in implicit memory performance cannot
be ruled out. Both intentional retrieval and recognition of
unintentionally retrieved (i.e., "spontaneously" gener
ated) items were excluded in Experiments 2 and 3 by ap
plying an altered version of the process dissociation pro
cedure. In these experiments, large effects of attentional
and study time manipulations on the controlled memory
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component were found, whereas the automatic memory
component was not affected. These results corroborate
previous findings showing that manipulations of atten
tion during study, and of study time, do affect explicit,
but not implicit, memory performance.

We suggest that the insensitivity of implicit memory
performance for manipulations that have large effects on
explicit memory performance can be most readily ex
plained by an activation/elaboration account (see, e.g.,
Graf & Mandler, 1984). According to this account, two
types of processes have to be distinguished in stimulus
encoding-activation and elaboration. The activation
process consists of the automatic and nonconscious ac
tivation ofexisting memory representations correspond
ing to the stimulus presented. The subsequent elaboration
process, which is accompanied by conscious awareness,
is involved in encoding relations among the interpreted
stimulus, the presentation context, and other stored knowl
edge. If it is assumed that the automatic activation pro
cess causes long-lasting strengthening of existing intra
item associations (see, e.g., Phaf & Wolters, 1996), this
strengthening suffices for implicit memory. It allows
faster access when the same stimulus is presented in a later
test, and it increases the chances of generating the stim
ulus when an incomplete stimulus has been given as a
cue. In contrast, the attention- and time-demanding elab
orative process is assumed to result in the creation of
novel interstimulus and stimulus-context associations
that are a prerequisite for explicit memory.

The assumption that strengthening intra-item associ
ations (or a complete initial processing route preserving
specific stimulus and encoding characteristics; see, e.g.,
Masson & MacLeod, 1992) is an automatic consequence
ofan initial activation process can explain that data-driven
implicit memory is found even when stimuli are presented
very briefly to the unattended ear in a dichotic listening
task or to anesthetized subjects. The only condition that
would have to be met is the presence of sufficient stim
ulus energy to activate existing representations.

It may be assumed, furthermore, that amount of
strengthening is restricted and that no further strength
ening occurs once elaborative processing has taken over.
This would explain why manipulations of attention and
study time do not affect implicit memory performance.
Our results do indeed suggest that implicit memory per
formance in data-driven tests quickly increases from zero
to a maximum value (see also Greene, 1986, and Musen,
1991). In contrast, once elaborative processing has taken
over, it may go on for a long time, creating an ever more
extended and distinctive representational complex of
novel associations among the stimuli, other existing
knowledge, and the spatiotemporal context of stimulus
presentation. Consequently, explicit memory performance
will steadily increase. This elaborative process, however,
is highly vulnerable to processing restrictions. There
fore, manipulations such as dividing attention and limi
tations of study time have large adverse effects on ex
plicit memory performance. An interesting question for

further study would be to determine whether or not ma
nipulations ofelaborative encoding affect performance on
conceptually driven tests of implicit memory.
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