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Divided attention (DA) at encoding has been shown to
have marked effects on memory performance. For exam-
ple, dividingparticipants’ attention between the encoding
of the information presented and performing a secondary
task had a clear detrimental effect on free recall, cued-
recall, and recognition memory performance relative to
conditions where full attention (FA) was paid to encoding
the items (e.g., Baddeley, Lewis, Eldridge, & Thomson,
1984;Craik, Govoni,Naveh-Benjamin,& Anderson, 1996;
Murdock, 1965; Naveh-Benjamin, Craik, Guez, & Dori,
1998; Naveh-Benjamin, Craik, Gavrilescu, & Anderson,
2000; Naveh-Benjamin, Craik, Perretta, & Tonev, 2000).
DA at encoding has been shown to have a similar effect on
a variety of memory features, including memory for fre-
quency of occurrence (Naveh-Benjamin& Jonides, 1986),
memory for spatial location (Naveh-Benjamin,1987,1988),
and memory for temporal order information (Naveh-
Benjamin, 1990). Moreover, changes in task emphasis re-
sult in systematic and complementary changes in perfor-
mance in both tasks (Craik et al., 1996; Murdock, 1965).

These results indicate that the encoding process requires
attention and that the allocation of attention to the encod-
ing process is under the individual’s conscious control.

Several possible mediator mechanisms have been sug-
gested for the effects of DA at encoding (see Naveh-
Benjamin, 2002, for a review). One, the reduced process-
ing time hypothesis (e.g., Craik et al., 1996), claims that
memory performance under DA at encodingdecreases be-
cause participants are spending some of their time per-
forming the secondary task, leaving less time for process-
ing the relevant information.However, using a shared time
model analysis,Craik et al. (1996)showed that the decrease
in processing time could explain only part of the memory
deficit resulting from DA effects at encoding.Using a sim-
ilar approach, Naveh-Benjamin, Craik, Gavrilescu, and
Anderson (2000) also showed that the decline in memory
performance as a result of DA at encoding was only par-
tially related to the reduced functional time available for
encoding.

Another possible mediator in the effects of DA at en-
coding on later memory performance is the level of pro-
cessing employed by the participants. It makes sense that
DA at encoding qualitatively causes encoding to become
shallower and less semanticallyelaborative.This notionwas
supported behaviorally in a series of studies during the
1980s (e.g., Craik, 1982;Craik & Byrd, 1982;Rabinowitz,
Craik, & Ackerman, 1982). These studies indicated that
DA at encoding changes the qualitativenature of encoding
so that it becomes less semantic. More recently, neuro-
imaging studies (e.g., N. D. Anderson et al., 2000;Fletcher
et al., 1995) have shown that DA at encoding reduces
encoding-related brain activity in the left inferior pre-
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Divided attentionat encoding is well known to have adverseeffectson episodic memory performance
(e.g., Naveh-Benjamin & Greg, 2000). This article attempts to determine whether these effects are a re-
sult of the interruption of encoding of associative information among the components of an episode.
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attention effect at encoding lies somewhere other than in the associative processes that are engaged.
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frontal cortex, an area shown in other studies to be asso-
ciated with deep strategic semantic processing (e.g.,
Kapur et al., 1994).

However, several recent studies complicate this picture.
For example, Craik and Kester (2000) employed a cued
recall paradigm where participants rated the elaboration
of the connection that they created for each word pair dur-
ing study. Results indicated that, in contrast to what is pre-
dicted by the elaborationof processing hypothesis, for the
same degreeof strategic semantic elaboration,fewer words
were recalled after being encoded under DA conditions.
This implies that there is a mechanism other than the degree
of strategic elaborationunderlying the effects of DA at en-
codingon later memory performance. In addition,Naveh-
Benjamin (2002) showed that the effects of DA at encod-
ing were similar (1) when learning was incidental and no
deep level strategic processing was used and (2) when
learning was intentional and deep elaborative strategies
were used. Such results indicate that DA most likely also
affects types of processing other than deep effortful ones.

These results leave open the mechanism underlying the
effects of DA at encoding on later episodic memory per-
formance. The purpose of the present research was to test
another hypothesis regarding the effects of DA at encod-
ing on memory—the associativedeficit hypothesis(Naveh-
Benjamin, 2000)—which attributes the detrimental ef-
fects of DA at encoding to a disruption of the mechanism
responsible for associating different components of an
episode into a coherentunit.This hypothesisis based on the
notion that complex events consist of multiplekinds of in-
formation sources that are related (e.g., Underwood,1969).
The use of task analysis suggests that what is disrupted
during DA at encoding is the cohesiveness of the episode
created; that is, because participants have to alternate be-
tween processing the primary encoding task and the sec-
ondary task, they are not capable of uninterruptedencoding
and of binding together the different components of the
episode.This results in the creation of a fragmented encod-
ing unit. If this is the case, we would expect DA at encoding
to prove more disruptive to the associative mechanism,
which binds together the components of the episode, than
to the mechanism that encodes each component separately.

The literaturequite strongly supports a separationwithin
memory of information about single units (items or com-
ponents) from information about associative relations
among these units (e.g., J. R. Anderson & Bower, 1973;
Chalfonte & Johnson, 1996; Gillund & Shiffrin; 1984;
Humphreys, 1976; Johnson, 1992; Johnson & Chalfonte,
1994;Murdock, 1982,1993).This distinctionbetween item
and associative informationhas been shown by several ex-
periments that yielded different patterns of results for the
two typesof information.For example, Dosher (1988) and
Gronlund and Ratcliff (1989) have shown that retrieval of
item and associative informationhas different time courses.
In addition,Hockley (1994) has shown that languageword
frequency has a differential effect on item versus associa-
tive information. Also, Hockley (1991, 1992) demon-
strated that item and associative information show differ-
ent forgetting rates. Finally, Hockley and Christi (1996)

showed that learning instructions have differential effects
on item and associative information.

If we want to directly compare memory for item and as-
sociative information, we need to choose two tasks that re-
quire those processes, with only one difference: Whereas
one task must require the encoding and retrieval of asso-
ciative information, the othermust require the encodingand
retrieval of item information. In addition, to attribute the
difference between item and associativeinformationmostly
to encoding, tasks must be chosen that minimize retrieval
effects. One such procedurewas used by Humphreys (1976;
see also Hockley, 1992, 1994; Hockley & Christi, 1996).
Under this procedure, participants study a list of pairs of
items. For item information, participants receive at test
some of the original items along with some new items, and
their task is to recognize the old items. For associative in-
formation, participantsreceive some intactpairs, which ap-
pear as pairs at the study phase, and some recombinedpairs,
composed of items that were presented earlier but now the
A item is taken from one pair and the B item from a dif-
ferent pair. Participants have to recognize which of the
pairs appeared as such, originally. Participants thus en-
code the same information at study, and are provided with
all of the information in both tests. Hence, the differences
in performance between the two tests reflect differential
memory for item and associative information.Note that al-
though the tests are probably not process pure (e.g., mem-
ory for the components could create familiarity-based
false responses for recombined pairs in the associative
recognition test), they seem suitable for a comparison of
the two types of processing. The two tests do not seem to
differ in difficulty, either (see the results of Experiment 2,
showing similar secondary task costs for both).

In summary, our aimwas to evaluateanassociativedeficit
hypothesisas the locus of the effects of DA at encodingon
memory. To this end, we conducted five experiments that
examined the effects of DA at encoding on item and asso-
ciative information using several types of associations,
different instructions, and different memory tasks.

GENERAL METHOD

To increase the external validity of the experiments, we have used
a variety of associations. In the first two experiments, we used the
episodic relations established between two unrelated items that ap-
peared together (inter-unit associations; Mandler, 1979). Experi-
ment 1 used word–nonword pairs, whereas Experiment 2 used word–
word pairs. In Experiment 3, we used the episodic relations estab-
lished between different memory attributes (memory for word–font
pairs; intra-unit associations; Mandler, 1979). In Experiments 4
and 5, we contrasted predictions made by an associative deficit hy-
pothesis to those made by a hypothesis that posits a general poorer
encoding under DA. This was done in Experiment 4 by assessing the
effects of DA at encoding on different memory tasks, and in Exper-
iment 5 by providing preexperimental semantic support for the cre-
ation of associations. To increase the external validity of the experi-
ments and to ensure that the results are not due to a particular type
of design, we used different types of designs. This was accomplished
by manipulating attention between subjects in Experiments 1 and 3,
and within subjects in Experiments 2, 4, and 5.

In all of the experiments, we employed a dual-task paradigm with
the following features. First, we used well-understood memory par-
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adigms in which encoding and retrieval phases could be clearly sep-
arated. We presented the memory lists either auditorily or visually,
depending on the experiment. To avoid modality-specific interfer-
ence, when the memory lists were presented auditorily, the concur-
rent task used visual stimuli and manual responses. When the mem-
ory lists were presented visually, the concurrent task used auditory
stimuli and manual responses. The concurrent task was either a vi-
sual or an auditory continuous choice reaction time (CRT) task re-
ported in previous studies (Craik et al., 1996; Naveh-Benjamin et al.,
1998; Naveh-Benjamin, Craik, Gavrilescu, & Anderson, 2000), in
which the next stimulus appeared immediately after the participant’s
response. Such a continuous task does not leave indefinite amounts
of time to switch focus to the memory task, unlike other secondary
tasks (e.g., detection of occasional targets or card sorting). The fact
that performance did not reach ceiling on either task performed
singly indicates that each task required full attention to perform on
its own. When performed together, the tasks allowed for assessment
of performance throughout the dual-task interval. Participants were
told in all the experiments to pay equal attention to learning the rel-
evant materials and performing on the secondary task.

Before the experimental trials began, participants in each of the ex-
periments served in a short study phase under FA conditions accom-
panied by the relevant tests. In addition, they practiced the secondary
CRT task alone, as well as a combination of the memory and the CRT
tasks at encoding (DA at encoding). Any questions that the partici-
pants may have had were answered before they began the experi-
mental trials. At the end of the study phase for each experiment, par-
ticipants had to count backward by threes for 90 sec as an interpolated
activity. In all of the experiments reported in this article, participants
were told to provide a response for each test item once they reached
a decision. They had as much time as they needed to make their re-
sponses. A response triggered the appearance of the next test item.

Experiment 1
In the first experiment,we assessed the degree to which

DA at encoding differentially affects memory for associa-
tive and item information. The type of association used in
this experiment was the episodic relations established be-
tween two unrelated items that appeared together (inter-
unit associations). Unrelated word–nonword pairs were
presented for study under either full or divided attention
at encoding and under instructions to learn for upcoming
memory tests. Item memory was tested by a recognition
test in which half of the items (either the words or the non-
words) were studied (targets) and half were not (distrac-
tors). Associative memory was tested by presenting par-
ticipants with target items only, either as intact pairs (a
word and a nonword that were presented togetherat study),
or as recombined pairs (a word and a nonword presented
in different pairs at study), and asking them to recognize
the intact pairs. An associative deficit hypothesis predicts
an interactionbetween attention conditionand type of test.
Specifically, the differences between FA and DA condi-
tions at encoding are expected to be the greatest in the
word–nonword association test.

Method
Participants. Participants were 60 adult undergraduate students

at Ben-Gurion University who participated in the experiment as part
of their course requirements. Half were assigned to the FA condition
and the other half to the DA condition.

Design. Two independent variables were used: attention (FA vs.
DA at encoding; between subjects), and test (words, nonwords,
words 1 nonwords; within subjects).

Materials . In the study phase, a list of 40 word–nonword pairs
was presented on the computer screen. Half of the participants
learned the list under FA and half under DA. Each word pair was
presented at the same vertical level with five horizontal spaces be-
tween the word and the nonword. The first 6 pairs served as practice.
Of the next 34 pairs, 4 (2 at the beginning and 2 at the end) were
used as buffers. The remaining 30 pairs served as the experimental
stimuli. Words were high-frequency two- and three-syllable Hebrew
nouns taken from Balgur’s (1968) norms. Each nonword was cre-
ated by swapping letters of a word not included in the word sample.
The resulting nonwords were all pronounceable and similar in length
to the words. The word and the nonword in each pair were acousti-
cally and structurally unrelated to each other. Words and nonwords
belonging to different pairs were also unrelated to each other in any
apparent way. Two random versions of word–nonword pairings were
created and two random orders were used for each of these pairings
to create four versions. Seven or 8 participants in each of the atten-
tion conditions were run in each version. The distractor items in the
word and nonword tests were 10 words or nonwords, respectively,
with the same characteristics as the targets.

The secondary task was a continuous three-CRT task that in-
volved a sequential presentation of auditory tones by the computer,
one at a time, and a manual response on a computer keyboard to each
tone. One of three tones, which differed from each other in fre-
quency, was presented at random and the participants’ task was to
press a predesignated corresponding key on the keyboard. A re-
sponse triggered the immediate presentation of one of the other two
tones at random.

Procedure. Participants, who were tested individually, saw a list of
word–nonword pairs presented sequentially. They were told to study
them in preparation for the upcoming component (word and nonword)
and associative recognition tests, the nature of which was explained.

For each attention condition, the word–nonword pairs were pre-
sented sequentially at a pace of one pair every 7 sec. After presen-
tation of the first six pairs, which were used for practice, three short
tests were given. In the word recognition test, two target words (one
from each of two pairs) and two distractors (new words) were given.
Likewise, in the nonword recognition test, two nonword targets (one
from each of two pairs) and two distractors (new nonwords) were
given. The pair recognition test included two intact pairs and two re-
combined pairs. Participants in the DA condition first performed the
secondary auditory task for 90 sec and then were given the practice
phase under DA at encoding conditions.

During the next phase, participants were presented with the 34 ex-
perimental pairs, one at a time without pause. Participants under the FA
condition learned the word pairs alone, whereas those under the DA
condition learned them while performing the secondary task. In addi-
tion, participants under DA conditions also performed the secondary
CRT task alone, half of them before the memory trial and half after it.

After the end of the study phase and the interpolated activity, the
three memory tests listed below—one for words, one for nonwords,
and one for their associations—were administered to all participants.
The order of the tests was counterbalanced across all participants, re-
sulting in 5 participants in each attention condition serving in each
of the six orders. Each word, nonword, or word–nonword pair ap-
peared in only one of the tests. This was done to avoid across-tests
item reexposure effects.

In the first test (word recognition), participants saw 20 words, one
at a time. Of these, 10 were targets and 10 were distractors that were
mixed randomly. For each participant, targets were selected at ran-
dom from 10 of the studied pairs, one from each pair. The distrac-
tors were 10 words with the same characteristics as the target words,
except that they had not appeared in the study phase. Participants
were told that 10 of the words had appeared in the study phase and
were instructed to respond to these words with a designated “yes” re-
sponse key and to the distractor words with a designated “no” key.

The second test, the nonword recognition test, was similar to the
word recognition test except that participants saw 20 nonwords, one
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at a time. Of these, 10 were targets and 10 were distractors that were
mixed randomly. For each participant, targets were selected at random
from 10 of the studied pairs, one from each pair. The distractors were
10 nonwords with the same characteristics as the target words except
that they did not appear in the study phase. Participants were told that
10 of the nonwords had appeared in the study phase; they were in-
structed to respond to these nonwords with a designated “yes” re-
sponse key, and to the distractor nonwords with a designated “no” key.

Finally, in the third test (associative recognition one), 20 word–
nonword pairs, selected randomly for each participant, were pre-
sented visually one at a time. Ten of them were intact pairs from the
study phase—that is, pairs that appeared together in the study phase.
The other 10 pairs were recombined (rearranged) pairs; that is, they
were composed of words and nonwords taken from different study
pairs. None of these words or nonwords had appeared in the item
recognition tests. Participants were told that all items had appeared
in the study phase and that their task was to respond “yes” to the 10
pairs that had appeared together and “no” to the 10 pairs that had not
appeared together during study.

Results
Memory performance. Because some of the partici-

pants in bothattentiongroupsdid not provide the suggested
number of words as targets (they provided too many or too
few), measures of proportion of hits minus false alarms
were computed for each participant in this and all other
experiments reported here and then averaged over each at-
tention group for every test. This equated the word, non-
word, and associative recognition tests with respect to the
scale used (from chance level performance at 0 to highest
possible score at 1.0). In addition, the three tests employed
were of comparable discriminating power, as indicated by
the similar variability of performance in the three, allow-

ing their direct comparison as three levels of the test vari-
able (for this and the following experiments). Also, be-
cause a preliminary analysis of variance (ANOVA) in each
of the experiments reported here indicated no interaction
effect of order of the administration of the tests with any
of the independent variables, in all of the following re-
ported analyses (for this and the following experiments),
performance was collapsedacross the different orders. Fi-
nally, the .05 level of significance was used to interpret all
statistical comparisons.

Figure 1 presents results for the proportion of the hits
minus false alarm measure (with standard errors) in the
different conditions. A 2 (attention) 3 3 (test) mixed fac-
torial ANOVA was performed on the corrected hit rates.
The effect of attention was significant [F(1,58) 5 5.05,
MSe 5 .18], where participants under FA (.46) performed
better than those under DA (.32) at encoding. The effect
of test was not significant [F(2,116) 5 0.74, MSe 5 .03],
reflecting the fact that performance did not differ across
the word test (.39), the nonword test (.41), and the word–
nonword association test (.37). Most importantly for the
purpose of the present study, the interaction of attention
and test was not significant [F(2,116)5 0.22, MSe 5 .03].
As can be seen in Figure 1, this absence of interaction re-
flects similarly reduced memory performance in all three
tests under DA conditions.In particular, performance in the
word–nonword association test was not affected more by
DA at encoding than was performance in either component
test. Finally, performance in the DA conditionin all tests was
significantlybetter than chance level (0), demonstratingthat
the absence of an interaction was not due to floor effects.

Figure 1. Experiment 1: Proportion hits minus proportion false alarms (1SEs) in
the item (word, nonword) and the associative (word 1 nonword) recognition tests for
each attention condition.
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Given that baseline performance of the young adults
under FA and DA conditions differed significantly (with
the FA group performing at a higher level), it is possible
that measures of absolute scores may not reveal the entire
pattern of results. Since the relations between the memory
variables and the theoretical processes underlying them
are not necessarily linear, we also analyzed the results of
all of the experiments reported in this article using scaled
scores. Following Salthouse’s 1991 suggestion, we ex-
pressed performance in the DA conditionin terms of units
of the population variability rather than in the original
units of measurement. The reference distributionused was
the FA condition, which is an appropriate control condi-
tion when the standard deviations in this group are simi-
lar to those in the DA conditions,as was the case here (see
Naveh-Benjamin & Craik, 1998, for relevant discussion).
To obtain standardized scores, we calculated for each par-
ticipant a score for each of the DA conditions, reflecting
performance scaled in standard deviationunits of the per-
formance in the FA condition.Results for this experiment,
as well as for the following ones, using scaled scores,
showed exactly the same patterns as those obtained for the
absolute scores.

Secondary task performance. Mean auditory CRT in
the baseline condition was 701 msec, whereas mean CRT
under the DA condition was 1,488 msec (see Table 1). A
t test showed this difference to be statistically significant
[t (29) 5 6.53, p ,.01].

Discussion
The corrected hit measure (hits minus false alarms) in-

dicates several patterns. Most important, as indicated by
the absenceof significant interactionof attentioncondition
and test, participants under DA at encoding did not show
differentially poorer performance in recognition of asso-
ciative information than those under FA. Apparently, DA
at encoding affects component processing (either word or
nonword) to the same degree as it affects the processingof
associations among the components. These results do not
support an associative deficit hypothesis as the locus of
the effects of DA at encoding on memory performance;
DA interruptedcomponentmemory to the same degree as
it interrupted memory for the associations between the
components.

Note that the lack of interaction cannot be attributed to
a lack of statistical power of the test. First, the trends ob-
tained do not show any differential effects of DA on the
component and the association tests. In fact, the effects of
DA were somewhat smaller for the associative than for the
component test. Second, the effects of DA were signifi-
cant in all three tests even though these effects are based
on a smaller number of degrees of freedom than the inter-
action effect.

Experiment 2
One goal of this experiment was to extend the results of

Experiment 1 to other types of associations. To this end,

the associated pairs in Experiment 2 included words only.
A second goal of this experiment was to explore whether
an associative deficit under DA at encoding conditions is
mediated by the intention to learn the associative infor-
mation. Information can be encoded and stored inciden-
tally when participants do not encode it in preparation for
a given test, or it can be encoded intentionally when par-
ticipants expect to be tested on this information. There-
fore, the second goal of this experiment was to assess
whether memory for associationsencoded under DA con-
ditions is deficient under both incidental and intentional
learning of the associations. Experiment 1 results do not
support an associative deficit hypothesis as the locus of
the effects of DA at encoding on memory performance
under intentional learning of the associations. It is still
possible, however, that DA at encoding may differentially
affect the registration of associative information when
participants concentrate on the encoding of the compo-
nents and not their associations.

In the present experiment,we again assessed the degree
to which DA at encodingdifferentially affects memory for
associative and item information. The type of association
used in this experiment was the episodic relations estab-
lished between two unrelated words that appeared together
(inter-unit associations). Word pairs were presented to
participants for study under instructionseither to learn the
items separately or to learn the pairs for an upcoming
memory test. As in Experiment 1, item memory was tested
by a recognition test in which half of the items had been
studied (targets) and half had not (distractors). Associa-
tive memory was tested by presenting participants with
target items only, either as intact pairs (items presented to-
gether at study) or as recombined pairs (items presented in
different pairs at study), and asking them to recognize the
intact pairs. In addition, study instructions were manipu-
lated so that half of the participants expected an item
memory test and half expected an associative memory
test. An associative deficit hypothesis predicts an interac-
tion of DA and test, where the differences between FA and
DA conditionsat encoding are expected to be the greatest
in the word–word association test. The words were pre-
sented auditorily and participants learned the information

Table 1
Means and Standard Deviations of Choice Reaction Time

in the Baseline and the Divided-Attention (DA)
Conditions of the Different Experiments (in Milliseconds)

Baseline DA Encoding

Condition M SD M SD

Experiment 1a 701 407 1,488 667
Experiment 2b

Study words 495 97 551 121
Study pairs 495 97 558 109

Experiment 3a 962 283 1,354 331
Experiment 5b

Unrelated pairs 487 76 590 121
Related pairs 487 76 576 110

aAuditory task. bVisual task.
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either alone (FA) or simultaneously with a secondary vi-
sual four-CRT task (DA).

Method
Participants. Participants were 36 undergraduate students at Ben-

Gurion University who participated in the experiment as part of their
course requirements.

Design. Three independent variables were used: (1) attention (FA vs.
DA at encoding; within subjects), (2) test (item vs. pairs; within sub-
jects), and (3) study instructions (study items vs. study pairs; be-
tween subjects).

Materials . The materials were similar to those used in Experi-
ment 1, except that word pairs were used. In the study phase,
56 word pairs were presented auditorily. The first 4 pairs served as
practice. Of the next 52 pairs, 4 (2 at the beginning and 2 at the end)
were used as buffers. The remaining 48 word pairs served as the ex-
perimental stimuli. Words belonging to different pairs were not re-
lated to each other in any apparent way, either. Three random versions
of word pairings were created and two random orders were used for
each of these pairings to create six versions. Three participants in
each of the study instructions conditions were run under each version.

Procedure. The procedure employed was the same as that used in
Experiment 1, with the following changes. Half of the participants
were told to study the words in each pair individually in preparation
for an upcoming item recognition test, the nature of which was ex-
plained (study item instructions). The other half were told to study
the word pairs in preparation for an upcoming pair recognition test,
whose nature was also explained (study pairs instructions). Alto-
gether, each participant was exposed to one list with half of the items
on it presented under FA and the other half presented under DA. The
order of the attention conditions was counterbalanced so that, for
half of the participants, the first half of the list (24 pairs) was pre-
sented under FA, and for the other half, the first half of the list was
presented under DA.

The secondary task was a visual version of the continuous CRT
task. It involved a visual display on a computer screen and a manual
response on a computer keyboard (see Craik et al., 1996; Naveh-
Benjamin et al., 1998). The display consisted of four boxes arranged
horizontally. An asterisk appeared at random in one of the boxes and
the participants’ task was to press the corresponding key on the key-
board. Immediately after the participant’s correct response, the as-
terisk moved to one of the other boxes at random.

The study phase involved the presentation of 56 pairs at a rate of
1 pair every 6 sec. After an interpolated activity, the two memory
tests, one for items and one for their associations, were administered
to all participants. The order of the tests was counterbalanced across
all participants in each combination of attention and study instruc-
tions, and each word or word pair appeared in only one of the tests.
The participants also performed the secondary CRT task alone, half
before the experimental list and half after it.

1. Item recognition test. The item recognition test was similar to
the one employed in Experiment 1 but with 16 targets (half of which
were studied under FA and half under DA) and 16 distractors, where
half of the targets were the words that had appeared first in a given
pair at the study phase and half were words that had appeared sec-
ond in a given pair. No two words from the same pair were used as
targets in this test.

2. Associative recognition test. The associative recognition test
was similar to the one used in Experiment 1, with 16 intact (targets)
and 16 rearranged (distractor) pairs, half of which were studied
under FA and the other half under DA.

Results
Memory performance. Figure 2 presents results for

proportion of hits minus proportion of false alarms in the

different conditions. A 2 (attention) 3 2 (study instruc-
tions) 3 2 (test) mixed factorial ANOVA was performed
on this measure. There was a significant effect of attention
[F(1,34) 5 22.65, MSe 5 .03], where performance under
FA (.58) was better than under DA (.44). The effect of test
was also significant [F(1,34) 5 19.62, MSe 5 .046],
where participants’performance on the item test (.59) was
better than on the associative test (.43). The effect of study
instructions was not significant [F(1,34) 5 1.23, MSe 5
.18]. More importantly for the evaluation of an associa-
tive deficit hypothesis, the interactionof attentionand test
was not significant [F(1,34) 5 0.18, MSe 5 .02], indicat-
ing similarly detrimental effects of DA on the item test
(.67 and .51, for FA and DA conditions, respectively) and
on the associative test (.50 and .37, for FA and DA condi-
tions, respectively). Likewise, no other interactions were
significant (all Fs , 1.00). Finally, performance in the DA
condition under each combination of study instructions
and test was significantly better than chance level (0).

Secondary task performance. Means of the visual
CRT task in the baseline and the DA conditions can be
seen in Table 1. A two-way ANOVA with attention condi-
tion (DA vs. baseline) and instructions (study words vs.
study pairs) indicated only a significant effect of attention
[F(1,34) 5 41.47, MSe 5 1913.20], where mean CRT
under DA (554 msec) was greater than that in the baseline
condition (495 msec).

Discussion
The results of this experiment are quite clear. Despite

the powerful effects of DA on both item and associative
recognition, DA at encoding does not result in differen-
tiallypoorer performance in the recognitionof associative
information than of item information, when compared
with FA. Such a pattern is obtained with both absolute and
scaled scores. The absence of both a significant interac-
tion effect of DA and instructions and a significant triple
interaction indicates that whatever is disrupted under DA
conditions is not related to whether participants pay at-
tention to the components as opposed to their association
to each other. Interestingly, paying attention to either the
components or to their association to each other does not
affect the amount of attentional resources required; sec-
ondary task costs, which are a measure of the attentional
resources required for encoding, were not affected by en-
coding instructions. Results of another group of partici-
pants, tested under DA at retrieval using the same proce-
dures as those described for the other groups, showed that
secondary task performance at retrieval was similar for
item (598 msec) and associative (602 msec) recognition
tests [t (35) 5 0.52, n.s.]. Such results indicate that execu-
tion of these two tests requires the same amount of atten-
tional resources.

To summarize, the results of this experiment, like those
reported in Experiment 1, indicate that DA does not dif-
ferentially disrupt the storage of item versus associative
information.
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Experiment 3

Associations are required not only for relating single
units (inter-item connections), as discussed and demon-
strated in Experiments 1 and 2, but also for connecting to-
gether different attributeswithin a unit.To allow us to eval-
uate the effects of DA on memory for single attributes and

their associations, we devised three memory tasks, each
of which is supposed to test a different facet of the infor-
mation. We used the form (font) in which words were pre-
sented as the perceptual–contextual attribute. Words were
presented for study in 1 of 18 fonts. We compared FA and
DA participants’ memory for the words, for the fonts in
which the words were presented, and for the relations (con-
junctions) between specific words and specific fonts.

For this purpose, at the test phase, participants received
the following: (1) In the pure recognition test on the
words, some of the original words (targets) appeared with
new words (distractors). All of the words at test appeared
in a neutral font (which had not been presented at study).
(2) In the pure recognition test on the fonts, the original
fonts (targets) were mixed with other new fonts (distrac-
tors) and were presented without the words (using XXXX)
for a recognition test. (3) In the recognition test on the
conjunctions/associations of words and fonts, only origi-
nal (target) words and fonts were presented. In half of the
cases, the word was presented in the original font (intact
events), and in the other half of the cases, the word was
presented in a font different from the one in which it had
appeared at study, but one that had appeared with another
word at study (recombined events). Such a test requires
participants to possess information about the relations be-
tween the words and the fonts, and is similar in nature to
the recognition test for inter-item associations employed
in Experiments 1 and 2.

As in the first two experiments, an associative deficit
hypothesis predicts an interaction of attention condition
and test, where the differences between FA and DA con-
ditions at encoding are expected to be the greatest in the
word–font association test.

Method
Participants . Participants were 48 undergraduate students at

Ben-Gurion University who participated in the experiment as part of
their course requirements.

Design. Two independent variables were used: attention (FA, DA;be-
tween subjects) and test (words, fonts, words 1 fonts; within subjects).

Materials . The materials were similar to those used in Experi-
ment 1, except that 44 words were used. In the study phase, 44 words
were presented on index cards, with the first 4 words serving as prac-
tice and another 4 as primacy and recency buffers. The remaining 36
words served as the experimental words. For the word memory test, an
additional 24 distractor words were chosen. The words had the same
characteristic s as those used in Experiments 1 and 2. Twenty-eight ex-
perimental fonts were chosen. Eighteen of these fonts were ran-
domly chosen and used as targets, and 10 were used as distractors for
the font test. For the study phase, two random versions of word–font
pairings (36 words, each two appearing in a given font) were created,
and three random orders of presentations were used for each of these
pairings to create six versions. All test stimuli appeared on index cards.

Procedure. The procedure was similar to the one used in Exper-
iment 1. Participants in each of the attention conditions were told to
study the word–font pairs in preparation for tests on the words, fonts,
and their combinations. The nature of the tests was explained and
demonstrated to them. Presentation rate at study was one word every
6 sec. After the practice phase, the experimental phase was run, as
in Experiment 1, with 40 experimental items. The secondary task
used was the auditory three-CRT task used in Experiment 1. After

Figure 2. Experiment 2: Proportion hits minus proportion
false alarms (1SEs) in the item (words) and the associative
(word 1 word) recognition tests for each attention condition in
the different study instruction conditions.
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an interpolated activity similar to that used in Experiments 1 and 2,
three memory tests were administered to all participants. The order
of the tests was counterbalanced across all participants in each of
the attention conditions. The number of items in each test was de-
termined in such a way that each word, font, or word–font combina-
tion could appear in only one of the tests without repetition. This
was done to avoid across-tests item reexposure effects. Participants
under the DA condition also performed the secondary CRT task
alone, half of them before the experimental trial and half after it.

1. Word recognition test. This test was the same as the one used in
Experiments 1 and 2 except that participants saw 36 words, one at a
time. Twelve of these were targets and 24 were distractors that were
mixed randomly. The use of a one-third proportion of targets was de-
signed to avoid ceiling effects. All of the words appeared in a neutral
font—a font that had not appeared either in the study phase or in the
test phase of the font recognition test. Participants were told that 12
of the 36 to-be-presented words had appeared in the study phase and
that they should indicate them on the response page provided.

2. Font recognition test. In this test, 10 original fonts that had ap-
peared in the study phase were mixed randomly with 10 distractor
fonts and presented one at a time. To avoid any effects of the previ-
ously presented words, all fonts appeared using XXXX combina-
tions. Participants were told that 10 of the 20 to-be-presented fonts
had appeared at study and that they should indicate which ones they
were on the response sheet with which they had been provided.

3. Word–font combination test. In this test, 16 pairs of word–font
combinations, all of which had appeared at study, were presented
one at a time. To avoid carryover effects from the font test (and vice
versa), the words used were those that had appeared in the study
phase in one of the eight fonts not used in the font test. Likewise, the
fonts used in this test had not appeared in the font test. Eight of the
pairs were intact from the study phase; that is, they were word–font
pairs that had appeared together in the study phase. The other 8 pairs
were rearranged ones; they were composed of words and fonts taken
from different study word–font combinations. Participants were told
that all of the words and fonts had appeared in the study phase, and
were instructed to circle the 8 combinations of the 16 to-be-presented
combinations that had appeared as such (intact) in the study phase.

Results
Memory performance. Figure 3 presents results for

proportion of hits minus proportionof false alarm rates. A
2 (attention) 3 3 (test) mixed factorial ANOVA was per-
formed on this measure. There was a significant effect of
attention [F(1,46) 5 50.59, MSe 5 .049], where the FA
participants (.47) performed better than the DA ones (.22).
The effect of test was also significant [F(2,92) 5 40.37,
MSe 5 .021], where participants’ performance on the
word test (.49) was significantly better than performance
on either the font test (.23) or the word–font combination
test (.31) [F(1,46) 5 35.67 and 21.76, respectively]. In ad-
dition, performance on the word–font association test was
better than on the font test [F(1,46) 5 6.39].

More importantly for the present discussion, the inter-
action of attention and test was not significant [F(2,92) 5
0.15; MSe 5 .021]; DA participants performed equally
poorly in comparison with the FA ones in the word 1 font
combination test as in the separate word test and the font
test. Finally, performance of DA participants in each of
the tests (.36 in the word test, .11 in the font test, and .18
in the word 1 font combination test) was significantly
better than chance level (0).

Secondary task performance. Mean CRT in the audi-
tory baseline condition was 962 msec; mean CRT under
the DA condition was 1,354 msec (see Table 1). A t test
showed this difference to be statistically significant
[t (23) 5 5.04, p , .01].

Discussion
The results of this experiment are compatiblewith those

obtained in Experiments 1 and 2. Despite the strong effect
of DA on both the components (words and fonts) and their

Figure 3. Experiment 3: Proportion hits minus proportion false alarms (1SEs) in
the word, font, and word + font recognition tests for each attention condition.
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linksto each other,DA at encoding,comparedwith FA, does
not result in a differentiallypoorer performance in recog-
nition of associative information than item information.
This result is evident whether absolute or scaled scores are
used. Evidently, DA does not disrupt differentially the
storage of component and associative information when
this association involves perceptual-contextual attributes.

Overall, these results indicate a similar deficit as a re-
sult of encoding the information under DA conditions in
a task requiring the association of contextual elements,
compared with tasks requiring memory for each of the
contextual elements separately. Such results, which ex-
tend those reported for inter-unit associations in Experi-
ments 1 and 2, are not consistentwith an associativedeficit
hypothesis as the locus of the DA effects.

Experiment 4
In this experiment, we compared the effects of DA at

encoding on different memory retrieval tasks. Two hy-
potheses are contrasted: one that attributes the memory
deficiency underDA at encoding to a generally poorer en-
coding of the information, and the other, an associative
deficit hypothesis, which attributes this deficit to a selec-
tive impairment of the associative mechanism. According
to the first hypothesis, the overall poorer encoding under
DA conditionswill result in a weaker memory trace. This
will lead performance under DA at encoding, relative to
FA at encoding, to be depressed to the same degree in all
of the retrieval tasks. Another version of this hypothesis
would predict that this weaker trace underDA at encoding
could be helped the most at retrieval when supporting con-
ditions exist such as those present when a recognition test
is employed, which could help induce the appropriate
mental operations necessary for retrieval (environmental
support view, see Craik, 1983, 1986). In a cued recall test,
however—and even more so in a free recall test, where par-
ticipants do not have much support at retrieval and where
they have to initiate the mental operations (search, etc.)
necessary for recall performance—poor encoding under
the DA conditionwill significantly affect memory perfor-
mance. Such a view would predict large DA effects at en-
coding when a free recall task is used, smaller ones when
cued recall is used, and still smaller ones when a recogni-
tion task is employed, where the poorer encoding under
DA can be compensated for by the supporting conditions
at retrieval.

In contrast, the associative deficit hypothesis tested
here makes different predictions:A cued recall task, which
involves the direct encoding and retrieval of specific as-
sociations among items, is predicted to be the most sensi-
tive to DA at encoding.This is because participants under
DA conditionswill encounter problems in creating and re-
trieving associations between unrelated pairs of items.
Free recall is predicted to be somewhat less sensitive to
the effects of DA at encodingbecause it involvesother op-
erations not directly related to the retrieval of specific as-
sociations (e.g., initiation of a memory search and gener-

ation of cues; Atkinson & Shiffrin, 1968). Finally, item
recognition, which is the least dependent on associative
information, will be the least DA sensitive. A major dif-
ference between the general poor encodinghypothesisand
the associativedeficit one is in their predictions regarding
the effects of DA at encoding on free recall and cued
recall performance; whereas the former predicts either no
differential effects of DA on the two tasks, or larger ef-
fects in free recall, the latter predicts the opposite: larger
DA effects in cued recall (see Naveh-Benjamin, 2000). In
Experiment 4, we tested these contrasting predictions.

To summarize, in the followingexperimentwe compared
the effects of DA at encoding on memory performance in
three tasks: free recall, cued recall, and recognition. Par-
ticipants received six lists of unrelated word pairs to study
under either FA or DA, and after each list they performed
one of the three memory tasks. Learning was intentional
and the nature of the tests was known in advance.

Method
Participants . Participants were 24 undergraduate students at

Ben-Gurion University who participated in the experiment as part of
their course requirements.

Design. Two independent variables were used: attention (FA vs.
DA at encoding) and type of task (free recall, cued recall, and recog-
nition), both within subjects.

Materials . The study phase for each of the tasks included pre-
sentation of 16 pairs of words on index cards. Of the 16 pairs, 4 (2 at
the beginning and 2 at the end) were used as buffers. The remaining
12 pairs served as the experimental stimuli. For the word recognition
test, 24 additional distractor words were chosen. All words were
high-frequency two- and three-syllable Hebrew nouns taken from
Balgur (1968). The two words in each pair were semantically unre-
lated to each other . There were no semantic relations between words
of different pairs or between words in the different lists. For the study
phase, six lists with the above characteristics, one for each task, were
created, and completely counterbalanced across the different tasks.
Two random orders of presentation at study were used for each of
these lists. The secondary task used was the continuous auditory
three-CRT task employed in Experiments 1 and 3.

Procedure. Participants, who were run individually, saw six lists
of word pairs, one for each combination of attention condition and
memory task. For each task, the list of 16 pairs was presented se-
quentially at study at a rate of one pair every 5 sec.

All lists were run under intentional learning instructions. In all
lists, participants were told to try to learn the pairs but to pay special
attention to the second word in each pair (the target word). They
were also told to pay attention to the first cue word because it could
help them memorize and retrieve the target word. Participants were
told before the beginning of the experimental lists about the three
possible memory tasks to be performed, but they were not told in ad-
vance which list each was associated with, or that each of the mem-
ory tasks would necessarily be employed the same number of times
during the experiment. This assured an identical study phase in all
tasks in terms of participants’ expectations. Responses to question-
naires administered after the experiment indicated no differences
under the two attention conditions in terms of the anticipation of the
specific upcoming tests.

For the free recall task, participants were told that at the test phase
they would have to memorize and write down as many of the targets
as possible. For the cued recall task, they were told that at the test
phase the first cue word of each pair would be provided and that their
task would be to produce its paired word. For the recognition task,
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they were told that at the test phase they would be given the 12 tar-
gets plus 24 distractors and that their task would be to circle the
12 targets out of the 36 candidate words.

After a practice phase, for each task, participants were presented
with the 16 experimental pairs (including 2 primacy and 2 recency
buffer pairs), one at a time without pause. Three of the lists were
studied under FA and the other three under DA. After the end of the
study phase, participants had to count backward by threes for 60 sec
as an interpolated activity. Then the three memory tasks listed below
were administered to all participants, one for each list. The order of
the tasks across the six lists was counterbalanced across all partici-
pants in each combination of attention and test type using a Latin
square design. Four participants were assigned to each combination.
Finally, participants also performed the secondary auditory three-
CRT task alone after the second and the fourth lists for 80 sec each.

1. Free recall task. In this task, participants were asked to write
down on the response sheet as many of the target words (the second
word in each pair) as possible.

2. Cued recall task. In this task, participants saw each of the cue
words in each pair (presented in a random order) and were instructed
to write down on the response sheet the target word that appeared
with each cue in the study phase.

3. Recognition task. In this task, participants saw 36 words, one at
a time. Twelve of these were the targets from the study phase and
24 were distractors that were mixed randomly. The distractors were
24 words with the same characteristics as the target words, but that
did not appear in the study phase. Participants were told that 12 of
the 36 to-be-presented words had appeared in the study phase as tar-
gets and that they should indicate them on a numbered page that was
given to them. For all tests, participants had as much time as they
needed to provide a response for each test item.

Results
Memory performance. To compare performance on

the three memory tasks directly, we used the proportion

of correct targets in the free recall test, the proportion of
correct targets in the cued recall test, and the proportion
of hits minus the proportion of false alarms in the recog-
nition test (see Craik & McDowd, 1987, for a similar pro-
cedure). Because there were only a few false alarms in the
free recall and cued recall tasks, this equated the three
tasks in terms of the chance level, which was 0. These
measures were computed for each participantand then av-
eraged over each attention condition.

Figure 4 presents the results for the two attention con-
ditions. A 2 (attention) 3 3 (memory task) ANOVA was
performed on the memory scores. The effect of DA was
significant [F(1,23) 5 96.78, MSe 5 .005], where perfor-
mance under FA (.47) was better than underDA (.36). The
effect of memory task was also significant [F(2,46) 5
54.36, MSe 5 .049]. Follow-up contrasts showed that per-
formance in the recognition test (.67) was significantly
better than in the cued recall test (.38) [F(1,23) 5 31.53],
which, in turn, was significantly better than performance
in the free recall test (.20) [F(1,23) 5 10.63].

More relevant to our hypotheses, the effect of the inter-
action of attention condition and memory task was not
significant [F(2,46) 5 1.21, MSe 5 .007]. Note that the
pattern of those means contradicts the prediction made by
the associativedeficit hypothesis; the differences between
participants under FA and DA were the largest in the free
recall test (.14), smaller in the cued recall test (.11), and
the smallest in the recognition test (.09) (Figure 4). Per-
formance under DA in all memory tasks was significantly
better than chance level (0). In addition, the same results
were obtained for scaled scores.

Figure 4. Experiment 4: Proportion of hit rates (1SEs) in the free recall and cued
recall tests and proportion hit minus false alarm rates in the recognition test for each
attention condition.
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Secondary task performance. Due to equipment fail-
ure, results for the secondary task used in this experiment
could not be analyzed.

Discussion
The results of this experiment indicate that participants

under DA at encoding are at a general disadvantage when
trying to remember unrelated pairs. In particular, it seems
that DA at encoding affects performance on the different
memory tests to the same degree. Such results, coupled
with the trend showing the largest difference between the
FA and the DA conditionsto be in the free recall task, with
a decreasing effect in the cued recall, and an even smaller
effect in the recognitiontasks, are inconsistentwith the as-
sociativedeficit hypothesis. In particular, according to the
associative deficit hypothesis, the cued recall task of un-
related pairs (which involves the direct encoding and re-
trieval of associations) should prove the most sensitive to
the effects of DA at encoding. This, however, was not the
case; in fact, the effects of DA were greater for free than
for cued recall. Such a pattern, obtained for both absolute
and scaled scores, is more consistent with the general
“poorer encoding under DA” hypothesis, which predicts,
as discussed earlier, either no differences or smaller ef-
fects of DA with the additionof external cues (in the cued
recall relative to the free recall task).

Experiment 5
In this experiment, we tested another prediction of the

associative deficit hypothesis regarding the underlying
mechanism that is disruptedunderDA at encoding.Specif-
ically, we contrasted a case where unrelated pairs are em-
ployed and new temporal–spatial episodic relations have
to be created (as in Experiment 4) with a situation in which
the creation and retrieval of these associations can be sup-
ported by preexisting semantic associations (e.g., when
semantically relatedpairs are used). In the lattercase, where
much less episodic distinctiveness is necessary and previ-
ous knowledge can support the creation of associations,
we would expect much smaller differences, if any, be-
tween conditions where participants encode the informa-
tion under FA or DA. In particular, according to an asso-
ciative deficit hypothesis, participants under DA should
benefit more than those under FA when semantically re-
lated rather than unrelatedpairs are used in the cued recall
task. This is so because the use of preexisting associations
will be the most beneficial in encoding associative infor-
mation under DA. Participants under FA at encoding
might also benefit from the semantically related pairs, but
to a lesser degree because, according to an associative
deficit hypothesis, they encode associative information
quite well, even when this information is not supportedby
preexisting associations.

Method
Participants . Participants were 38 undergraduate students at

Ben-Gurion University who participated in the experiment as part of
their course requirements.

Design. Two independent variables were used: attention (FA vs.
DA at encoding) and type of pairs (related vs. unrelated semanti-
cally), both within subjects.

Materials . The study phase was similar to the one employed in
Experiment 4 and included the auditory presentation of 16 pairs of
words. The two words in each pair of the unrelated condition were
semantically unrelated to each other. The two words in each pair in
the related condition were semantically related, using Hebrew norms
(Henik & Kaplan, 1988). In both conditions, there were no seman-
tic relations between words of different pairs or between words in the
different lists. For the study phase, four lists with the characteristics
mentioned above, two for each pair type, were created. The sec-
ondary task was the continuous visual four-CRT task employed in
Experiment 2.

Procedure. Participants listened to four lists of word pairs, two
for each pair type, one under FA and one under DA at encoding. The
order of the attention and type of pairs conditions was counterbal-
anced using a Latin square design that resulted in 9 or 10 partici-
pants run in each of the four combinations. For each task, the list of
16 pairs was presented sequentially at study at a rate of one item
every 5 sec.

All lists were run under intentional learning instructions to learn
the pairs but to pay special attention to the second word in each pair
(the target word). Participants were also told to pay attention to the
first cue word because it could help them memorize and retrieve the
target word. At the beginning of the experimental lists, participants
were told about the cued recall task that would follow each list. They
were informed that at the test phase, the first cue word of each pair
would be provided and their task would be to produce its paired
word. Participants were not told in advance whether the pairs were
related or unrelated, but they would have noticed that during the
practice phase.

After the practice phase, for each list, participants were presented
with the 16 experimental pairs (including 2 primacy and 2 recency
buffer pairs), one at a time without pause. At the end of the study
phase for each list, participants had to count backward by threes for
60 sec as an interpolated activity. Then the cued recall task was ad-
ministered to all participants. Participants performed the secondary
task alone twice, once after the first list and once after the third list.

Results
Memory performance. We computed for each partic-

ipant the proportion correct of targets in the cued recall
test for each of the lists. Figure 5 presents the means of
proportionscorrect for participantsunderFA and DA con-
ditions for the different pair types. A 2 (attention) 3 2
(pair type) ANOVA performed on the memory scores
showed the effect of DA to be significant [F(1,37) 5
186.74, MSe 5 .008], where participants under FA (.50)
performed better than those under DA (.33). The effect of
type of pairs was also significant [F(1,37) 5 122.34,
MSe 5 .008], where performance for related pairs (.52)
was better than for unrelated pairs (.31).

More importantly for our hypotheses, the interactionof
attention and pair type was not significant [F(1,37) 5
1.09, MSe 5 .005], indicatingequal memory improvement
in both the attention conditions in the related versus the
unrelated pairs.

Secondary task performance. Mean visual CRT task
in the baseline condition was 487 msec; mean CRT task
under DA was 583 msec (Table 1). A t test showed this dif-
ference to be statisticallysignificant[t(37) 5 6.02,p , .01].
In addition,mean CRT task performance in the unrelated-
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pairs condition (590 msec) was slower than in the related-
pairs condition (576 msec) [t (37) 5 2.30, p , .05].

Discussion
The results of this experiment indicate that participants

under DA at encodingdo not show a differential disadvan-
tage in memory for unrelatedpairs. In particular, theirdeficit
for these pairs under DA and under FA was the same as
when relatedpairs were used.ParticipantsunderDA clearly
take advantage of the related pairs and they do so to the
same degree under FA. Such results do not support an as-
sociative deficit hypothesis as the locus of the effects of
DA at encoding. If associativeprocesses were particularly
interrupted under DA at encoding,as an associativedeficit
hypothesis presumes, we would have expected this to
prove especially detrimental to the encoding of unrelated
pairs, because they should be harder to associate. The re-
sults using both absolute and scaled scores, however, in-
dicated similar interruptingeffects of DA for related pairs,
in line with the suggestion that associative processes are
not differentially interrupted under DA at encoding.

GENERAL DISCUSSION

The results of the five experiments are not consistent
with an associative deficit hypothesis, which attributes at
least part of deficient explicit episodic memory perfor-
mance under DA to decreased ability to encode associa-
tionsamongunitsof informationor attributeswithinevents.
The results of the first three experiments,which employed
a variety of episodic components and episodic associa-
tions, show that DA affected to the same degree memory
for the components (measured by a component recogni-

tion test) and memory for their associations to each other
(measured by an associative recognition test). In Experi-
ment 4, the demand for associative processing was ma-
nipulated at retrieval by having participants engage either
in a free recall, a cued recall, or a recognition test, after
studying a list of word pairs under FA or DA. Results in
this experiment indicateda similar decline in performance
in all three memory tasks under DA at encodingcondition
relative to FA participants. Finally, in Experiment 5, se-
mantically related and unrelated word pairs were studied
under either DA or FA. Results indicated similar improve-
ment in memory performance in related relative to unre-
lated pairs, in both attention conditions.

Although we reported measures of hits minus false
alarms for the first three experiments (which used recog-
nition measures), separate measures of hits and false
alarms in these experiments showed similar patterns. The
reported results do not seem to depend on the scale used;
the same patterns emerged regardless of whether we used
absolute or scaled scores. In addition, the lack of interac-
tion effect cannot be attributed to a lack of statisticalpower
of the test; first, the trends obtained in all the five experi-
ments do not show any differential effects of DA on the
componentand the association tests. In fact, in most of the
experiments, the effects of DA were somewhat weaker for
the associative test than for the component test. Second,
the effects of DA were significant in all experiments even
though, at least in three of the experiments (1, 3, and 4),
they are based on a smaller number of degrees of freedom
than the interaction effect.

The lack of interaction between attention and test type
cannot be attributed to the presentation rates used for each
event or to the general robustness of associative informa-

Figure 5. Experiment 5: Proportion correct (1SEs) for each attention con-
dition in the unrelated- and related-pairs condition.
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tion, either. Data collected in our laboratory show that the
effects of DA at encoding are similar for item and asso-
ciative information even when presentationrate is as short
as 3 sec per event. In addition, several variables seem to
differentially affect associative information, including
type of instructions (Hockley & Christi, 1996), word fre-
quency (Clark, 1992), and age (Naveh-Benjamin, 2000;
see discussion below).

The memory performance results indicate similar pat-
terns despite the use of different secondary tasks in the
different experiments (continuousvisual or auditory CRT
tasks). In addition, performance on the secondary task
showed similar patterns in all of the experiments, with
participants’ performance being poorer under DA than in
the baseline condition. Such results validate the different
secondary tasks employed here by showing that the en-
coding of the relevant materials diverted attentional re-
sources from the secondary task.

Taken as a whole, the results of the experiments suggest
that a deficit in the processing of relations/associations
between single units (an episode’s components) probably
does not play an important role in explaining the poor
memory performance of participantswho encoded the in-
formation under DA conditions. The components can be
either two separate units (e.g., words) or more integrated
units (a word and its context).

Alternative Mechanisms Involved in the Effects of
DA at Encoding on Memory Performance

As mentionedat the outset, encodingprocesses havebeen
shown in previous research (Craik et al., 1996; Naveh-
Benjaminet al., 1998;Naveh-Benjamin,Craik, Gavrilescu,
& Anderson, 2000; Naveh-Benjamin, Craik, Perretta, &
Tonev, 2000) to be consciously controlled and attention
demanding.There are several informationprocessing stages
where the detrimental effects of DA might take place (see
Naveh-Benjamin, 2002). One is during the initial regis-
tration/perception of the information. Another is during
the encoding of the event’s components. Others are when
the components are bound together, or during the elabo-
ration of the whole episode. The final one might be dur-
ing the consolidation of the episode. The results of the
present study suggest that the effects of DA do not inter-
rupt the binding stage but are either upstream or down-
stream of it.

Resultsof recent studiesmay shed some lighton the locus
of the effects of DA at encoding.For example, we have re-
cently shown (Naveh-Benjamin, 2002) that DA at encod-
ing affects memory performance similarly regardless of
whether the original encoding was performed with the in-
tention to learn or not. Because participants under inci-
dental instructions presumably did not use any encoding
strategies (includingelaboration), such a pattern of results
is consistent with the view that the effects of DA are up-
stream at an early stage of processing before elaborative–
strategic processing takes place, possibly related to the ini-
tial registration of the information.

Other studies, however, are consistent with the position
that the effects of DA are downstream. For example, re-
cently (Naveh-Benjamin, 2002), we conducted a study
where participantswere instructed to process the items ei-
ther at a shallow level (pay attention and make a judgment
on the font in which each word appears) or at a deeper
level (pay attention to the words and provide a pleasant-
ness rating for each). Results indicated that the effects of
DA at encoding were much smaller in the latter condition,
indicating that the employment of deep level, elaborative
processing may provide immunity to the effects of DA on
later memory performance. These elaborationsmust have
been done after the initial encoding was completed; this
may imply that DA affects the elaboration of the episode.

It seems, then, that the effects of DA at encoding can in-
terrupt processing eitherearly on,when it ismore automatic,
or later, when it is more controlled. These effects, however,
do not seem to influence the processes involved in associat-
ing together the different componentsof the episodes,as the
experiments reported in this article have shown.

There is a least one study in the literature that indicates
a somewhat different pattern from the one reported here
on the effect of DA at encodingon item and associative in-
formation. Reinitz, Morrissey, and Demb (1994) have re-
ported that when participants are presented with faces
under FA or DA conditions, performance on a memory
test that requires information about conjunctionsof facial
features was affected by DA to a greater degree than a
memory test that required information about specific fea-
tures. However, their study differs from the ones discussed
here in several respects. First, faces are integral–holistic
stimuli that may be processed differently from stimuli
composed of separate components (see Tanaka & Sengco,
1997). Recent results (Cooper & Wojan, 2000) suggest
that face identification involves a coordinate shape repre-
sentation in which the precise locations of visual primi-
tives are specified. This is different from the categorically
coded relations that characterize the stimuli used in the
present experiments. Second, in their experiment, Reinitz
et al. used new distractor faces containingseveral new fea-
tures that made the feature (item) recognition test easier
than the associative test. Nevertheless, these results indi-
cate that further studies, employingdifferent types of stim-
uli, both feature-like and holistic, should be conducted to
investigate the effects of DA on encoding processes.

The Effects of DA and of Age
on Item and Associative Memory

The results of the present studies are also relevant to
questions regarding age-related changes in episodicmem-
ory. Craik and his collaborators (e.g., Craik, 1982, 1983,
1986; Craik & Byrd, 1982) provided one of the most in-
fluential approaches to explain age-related changes in
memory, claiming that an age-related reduction in atten-
tional or processing resources may underlie the older per-
son’s episodic memory deficiency. Moreover, they con-
nected these age-related changes to those occurring in
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younger adults who are operating under conditions of re-
duced attentional capacity (e.g., DA). The suggestion is
that effortful cognitive operations, such as elaboration at
encoding and reconstructive operations at retrieval, re-
quire substantial attentional resources and that elderly
people have fewer of these resources available.According
to this suggestion, younger adults under DA presumably
invest some of their limited attentional resources in per-
forming the secondary task; operating with reduced at-
tentionalresources devoted to the memory task, they would
therefore show patterns of memory performance similar
to those of older adults. Several studies have supported
this common-mechanism hypothesis (e.g., Craik & Byrd,
1982;Craik & McDowd,1987;Craik & Simon,1980;Hash-
troudi, Johnson, & Chrosniak, 1990; Hess, Donley, &
Vandermaas, 1989; Rabinowitz et al., 1982), although
there are a few studies that are not consistent with this
view (e.g., Craik & Kester, 2000).

Recently, using a procedure similar to the one employed
in the present research, Naveh-Benjamin (2000), follow-
ing Chalfonteand Johnson (1996), providedempirical sup-
port to the associative deficit of older adults. In particular,
Naveh-Benjamin (2000) conducted four experiments that
used the same methodologiesemployed in the experiments
reported in the present manuscript and showed that older
adults have a larger differential decline in memory for as-
sociations relative to their memory of the components of
the episodes. These different patterns in older adults (re-
ported by Naveh-Benjamin, 2000) and in younger adults
underDA (reported in this manuscript) are not in line with
the suggestion that reduced attentionalresources might be
a common mechanism underlying the effects of age and
the effects of DA in young adults on episodicmemory, and
place certain constraintson such an explanation.Although
both age and DA are negatively associated with episodic
memory performance, the loci of their effects seem to be
somewhat different. Whereas aging seems to especially
disrupt the associative mechanism, reduced attention at
encoding in younger adults does not, and is, instead, re-
lated to a general decrease in memory performance (see
also Naveh-Benjamin, Hussain, Guez, & Bar-On, 2003).

Summary
In summary, the experiments reported here, in which

participants studied information under either FA or DA
and then were testedon their memory for both the episodes’
components and the associations between them, indicate
clear patterns. YoungeradultsunderDA do not show a dif-
ferential deficit in memory for associative information;
that is, their memory for the components is reduced to the
same degree as their memory for the associations among
the components. These results, together with previous
ones reported in the literature, show that despite robust
and replicable empirical support for the detrimental ef-
fects of DA at encoding on memory performance, the
mechanism that is interrupted by DA during encoding re-
mains unclear. In particular, the present study suggests
that the cause of the DA effect at encoding lies somewhere

other than in the associative processes that are engaged.
One possibility is that DA during encoding does not inter-
rupt any particularprocess but affects multiple typesof pro-
cessing, resulting in an overall degraded memory trace.
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