
Traditional memory tests typically require that the sub-
ject think back about some prior (usually experimenter-
provided) experiences and try to retrieve information
about those events. Such tests are called direct or explicit
memory tests (e.g., recognition and free or cued recall)
and may be contrasted with tests of unintentional or in-
cidental memory retrieval, known as indirect or implicit
memory tests. On indirect tests, the subject is simply
asked to perform a task, such as the identification of per-
ceptually degraded stimuli or the completion of word
fragments, with no mention made of the relationship be-
tween the test and any earlier experiences. Memory for
prior events is inferred from the increased ease in identi-
fying, generating, or otherwise processing previously ex-
perienced information. The enhanced performance on
indirect memory tasks is called priming.1 As typically
conceived, direct tests measure primarily intentional or
deliberate recollection, whereas indirect tests measure
primarily unintentional or unconscious influences of
memory (Richardson-Klavehn & Bjork, 1988; Schacter,
1992; Squire, 1992). 

The principles that govern performance on direct and
indirect memory tests appear to differ in many ways (see
Richardson-Klavehn & Bjork, 1988; Roediger & McDer-
mott, 1993; Schacter, 1987, for reviews). For instance, vari-
ation in the amount of semantic processing at encoding
(e.g., the levels-of-processing manipulation) has marked

effects on many direct memory tests but little effect on
many indirect memory tests (Graf & Mandler, 1984; Ja-
coby & Dallas, 1981; but see Challis & Brodbeck, 1992,
for an exception). Conversely, the similarity between the
physical features of the stimuli as presented at the time
of study and test has a strong impact on many indirect
memory tests but little or none on direct tests (Craik, Mos-
covitch, & McDowd, 1994; Rajaram & Roediger, 1993;
Roediger & Blaxton, 1987; but see Mulligan & Hirshman,
1995, for an exception). Such functional dissociations of
direct and indirect memory tests, as well as the theoreti-
cal explanation of these dissociations, have been central
to much of current memory research (Roediger & Mc-
Dermott, 1993).

One prominent account of the pattern of functional dis-
sociations is the transfer-appropriate processing (TAP)
framework (Blaxton, 1989; Roediger, 1990; Roediger,
Weldon, & Challis, 1989). In the TAP framework, it is as-
sumed that performance on a memory test benefits to the
extent that cognitive processes carried out during encod-
ing are reengaged at test (Morris, Bransford, & Franks,
1977). Furthermore, the TAP framework distinguishes
between two broad classes of memory processing, concep-
tually driven processing and data-driven processing (Blax-
ton, 1989; Jacoby, 1983; Roediger, 1990; Roediger et al.,
1989). Conceptually driven processing involves the analy-
sis of meaning, whereas data-driven processing involves
the analysis of perceptual or surface-level features.

In the TAP view, it is asserted that direct and indirect
memory tests often rely differentially on conceptually
driven and data-driven processing, and consequently bene-
fit from different types of encoding procedures. The most
widely used indirect memory tests involve degraded or
ambiguous perceptual cues, such as word fragments or
stems, briefly presented words, or fragmented pictures.
In the TAP view, it is emphasized that such tests rely heav-
ily on data-driven processing and thus are sensitive to the
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similarity between perceptual processes engaged at study
and test. In contrast, direct memory instructions gener-
ally encourage the reengagement of conceptual or elab-
orative memory processes (Craik et al., 1994; Roediger
et al., 1989).

In the TAP approach it is explicitly stated, however,
that the distinction between data-driven and conceptu-
ally driven processing is not coextensive with the dis-
tinction between indirect and direct test instructions. Ac-
cording to TAP, functional dissociations of direct and
indirect tests are only indirectly attributable to test in-
structions; it is the types of memory cues in conjunction
with the test instructions, rather than the test instructions
per se, that determine whether a test primarily engages
data-driven or conceptually driven processing. Accord-
ingly, one can develop conceptually driven indirect mem-
ory tests as well as data-driven direct memory tests (Blax-
ton, 1989, 1992; Srinivas & Roediger, 1990). In the TAP
framework it is predicted that functional dissociations
are likely to occur between two direct tests, or between
two indirect tests, if one is data driven and the other is
conceptually driven. When test instructions (direct vs. in-
direct) and type of test cue (perceptual vs. conceptual) are
factorally manipulated, such dissociations have indeed
been uncovered (e.g., Blaxton, 1989; Srinivas & Roedi-
ger, 1990).

In the present study, we adopt the perspective of the
TAP framework to investigate the role of attention in di-
rect and indirect memory tests. The role of attention in
these two types of tests has not been studied systemati-
cally, and it is important to do so for two reasons. First,
attention may prove to be another variable that produces
functional dissociations between indirect and direct
memory tests, or between data-driven and conceptually
driven indirect memory tests. There is currently insuffi-
cient evidence to draw any conclusions about this, as will
be discussed below. Second, some researchers have re-
cently suggested that performance on indirect memory
tests reflects automatic encoding processes, whereas
performance on direct memory tests reflects encoding
processes that require attentional resources (Besson,
Fischler, Boaz, & Raney, 1992; Graf & Mandler, 1984;
Jacoby, Toth, & Yonelinas, 1993; Jacoby, Woloshyn, &
Kelley, 1989; Jelicic, Bonke, Wolters, & Phaf, 1992;
Parkin, Reid, & Russo, 1990; Parkin & Russo, 1990).2 In
the latter view, which we call the attentional view, it is
predicted that manipulations of attention will affect di-
rect memory tests but not indirect memory tests. Before
evaluating the extent to which the TAP view and the at-
tentional view coincide, we will briefly discuss current
evidence regarding the role of attention in direct and in-
direct memory tests. 

It has long been known that attentional state during ac-
quisition is an important determinant of performance on
direct memory tests, such as recognition (Fisk & Schnei-
der, 1984; Moray, 1959; Norman, 1969) and free and cued
recall (Baddeley, Lewis, Eldridge, & Thompson, 1984;
Murdock, 1965). When attention is diverted from an in-

formation source by a very distracting task, such as the
dichotic listening task, direct memory tests may provide
no evidence of retention (Cherry, 1953; Moray, 1959).
Nevertheless, indirect memory tests may demonstrate
some learning (Eich, 1984; Jelicic et al., 1992; Kunst-
Wilson & Zajonc, 1980; MacKay, 1973; Mandler, Naka-
mura, & Van Zandt, 1987; Merickle & Reingold, 1991;
Seamon, Marsh, & Brody, 1984). For instance, Eich
(1984) used a dichotic listening task in which the unat-
tended channel included a series of homophones to-
gether with words that biased their less frequent meaning
(e.g., taxi–FARE ). Subjects showed no memory for the
unattended homophones when memory was tested with
a direct test of recognition. However, when the subjects
were simply asked to spell the target homophones, with
no overt reference to the listening task, there was a greater
likelihood of choosing the biased rather than the unbi-
ased spelling. Thus, an indirect test of memory indicated
that information about the unattended information was
retained. 

More generally, several researchers have found that
indirect tests are more likely to show retention of poorly
attended stimuli than are direct tests (e.g., Bornstein,
Leone, & Galley, 1987; Hawley & Johnston, 1991; Kunst-
Wilson & Zajonc, 1980; Mandler et al., 1987; Merickle
& Reingold, 1991). In addition, under some conditions
the amount of priming is equivalent for full and divided-
attention encoding conditions (Jacoby et al., 1989; Parkin
et al., 1990; Parkin & Russo, 1990; Russo & Parkin, 1993;
Smith & Oscar-Berman, 1990). This equivalence has been
demonstrated for the word-fragment completion test (Par-
kin et al., 1990), the picture-fragment completion test
(Parkin & Russo, 1990; Russo & Parkin, 1993), lexical
decision (Smith & Oscar-Berman, 1990), and the fame-
judgment task developed by Jacoby and his colleagues (Ja-
coby et al., 1989). In these same studies, dividing attention
reduced performance on direct tests, such as recognition
memory (Parkin et al., 1990) and recall tests (Parkin &
Russo, 1990; Russo & Parkin, 1993).

These results are compelling and suggest that the mem-
ory processes measured by direct and indirect memory
tests have different attentional requirements (Parkin &
Russo, 1990; Jacoby et al., 1993). But how general is this
view? The TAP framework suggests an important limi-
tation for this interpretation of the evidence. If it is as-
sumed that dividing attention at study reduces the amount
of elaboration or semantic processing (see, e.g., Craik,
1983; Craik & Byrd, 1982) but has little or no effect on
perceptual identification processes, then the TAP frame-
work makes two predictions: (1) Divided attention should
have little or no effect on data-driven tests; and (2) di-
vided attention should reduce priming on conceptually
driven tests. Consequently, the TAP view predicts that
divided attention will produce a functional dissociation
when a data-driven indirect test is compared with a con-
ceptually driven direct test. If conceptually driven indi-
rect and direct tests are compared, the TAP view predicts
no dissociation.
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With regard to the distinction between data-driven and
conceptually driven tests, it should be noted that most of
the prior research on the role of attention in priming has
focused on data-driven indirect memory tests, such as
word- and picture-fragment completion (Parkin et al.,
1990; Parkin & Russo, 1990; Russo & Parkin, 1993) and
lexical decision (Smith & Oscar-Berman, 1990). Much
of this data is consistent with the TAP prediction, indi-
cating little or no effect of divided attention on priming
in data-driven indirect tests (we will address some ex-
ceptions, e.g., Hawley & Johnston, 1991, in later discus-
sion). Other studies examining the effects of dividing at-
tention have utilized tests, such as the fame-judgment
task (Jacoby et al., 1989) and homophone spelling (Eich,
1984), that are not clearly either data driven or concep-
tually driven. According to the TAP framework, a mem-
ory test is classified as primarily data driven or concep-
tually driven on the basis of how the test responds to
certain criterial variables, such as the generation manip-
ulation, perceptual manipulations, and organizational
manipulations (Roediger et al., 1989; Srinivas & Roe-
diger, 1990). Neither the fame-judgment task nor the
homophone-spelling task has been classified with these
criterial variables. 

Only one study has employed an indirect test that is
presumably conceptually driven, the word-association
task. Koriat and Feuerstein (1976) found that divided at-
tention had no effect on priming in a word-association
test, but produced large effects on free recall and recog-
nition, rendering a functional dissociation of indirect
(word-association) and direct (free-recall and recogni-
tion) tests. However, it should be noted that in the Koriat
and Feuerstein study (1976), the direct and indirect tests
differed in several ways besides task instructions. Both
the type of memory cues and the response requirements
differed across the word-association, free-recall and recog-
nition tests. Therefore, it is not possible to uniquely at-
tribute the differential effects of divided attention to the
type of test (i.e., direct vs. indirect). Consequently, it is
still an open question whether divided attention will pro-
duce a dissociation between a conceptually driven indi-
rect test and a comparable direct test. The attentional view
suggests that such a dissociation will occur; the TAP
view predicts that it will not.

When it comes to data-driven indirect tests, it is also
unknown whether dividing attention produces a dissoci-
ation between data-driven indirect memory tests and
comparable direct tests. Although several of the studies
mentioned above found dissociations between indirect
and direct memory tests, there were typically several dif-
ferences between the memory tests besides test instruc-
tions (Parkin et al., 1990; Parkin & Russo, 1990; Russo
& Parkin, 1993; Smith & Oscar-Berman, 1990). In order
to determine whether the differentiating effects of di-
vided attention are due to the direct/indirect difference,
one needs to compare performance on two memory tests
that are identical in all regards except test instructions
(Neely, 1989; Schacter, Bowers, & Booker, 1989). The
TAP view predicts equivalent levels of priming on a

data-driven test, provided that a sufficient amount of
bottom-up perceptual processing occurs in both the full
and divided attention conditions. In contrast, because
conceptually driven processes play a larger role in direct
memory tests (see, e.g., Craik et al., 1994; Graf & Mand-
ler, 1984; Roediger, Weldon, Stadler, & Riegler, 1992),
the TAP view suggests that changing the instructions of
a data-driven indirect test to make it a direct test would
produce a memory test that is sensitive to the effects of
divided attention. Consequently, the TAP view suggests
that divided attention would dissociate the direct and in-
direct versions of an otherwise identical data-driven
memory test.

The goal of the present study was to systematically ex-
amine the role of attention on indirect memory tests. The
first experiment utilized the category-exemplar produc-
tion test, an indirect test classified as conceptually driven
because it benefited from semantic and organizational
processes at encoding (Hamman, 1990; Rappold & Hash-
troudi, 1991; Srinivas & Roediger, 1990). The second
experiment utilized the word-fragment completion test,
a widely used indirect test classified as data driven ac-
cording to the criteria of the TAP framework (Blaxton,
1989; Srinivas & Roediger, 1990). Each experiment in-
cluded a completely parallel direct memory test that dif-
ferred from the indirect test only in instructions. The di-
rect tests were category-cued recall and word-fragment
cued recall for the first and second experiments, respec-
tively. In addition, the two experiments used the same
study materials and the same divided attention task in
order to facilitate comparison across experiments. This
arrangement permitted a strong test of the role of atten-
tion on different types of memory tests.

EXPERIMENT 1

In Experiment 1, we examined the effects of divided
attention on the conceptually driven test of category-
exemplar production and two variants of category-cued
recall. During the study portion of this experiment, sub-
jects were presented with a randomized list of 48 words,
consisting of six exemplars from each of eight taxo-
nomic categories. The study list was presented under 
either full or divided attention conditions. On the mem-
ory test, subjects were presented with a set of category
names to use as memory cues. In the category-exemplar
production task, the subjects were presented with 16 cat-
egory cues (8 studied categories and 8 new categories)
and asked to produce 8 exemplars from each category. No
mention was made of the relationship between the study
list and the category-exemplar production task. Perfor-
mance on this task was compared to performance on a
modified category-cued recall task, a direct memory test
designed to be identical to category-exemplar produc-
tion in all but task instructions (Neely, 1989; Schacter
et al., 1989). In the modified category-cued recall test,
all 16 categories were presented. Subjects were asked to
use each category cue to try to remember words from the
study list but, when no more study words could be re-
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called, to continue producing category exemplars until a
total of eight exemplars from the category was produced.
Note that the modified category-cued recall utilized the
identical cues and required the same number of re-
sponses per category as did the category-exemplar pro-
duction task. It differed only in the instructions to sub-
jects. In addition to the modified category-cued recall
test, a standard category-cued recall was used. In this
test, only the eight studied categories were presented and
subjects were asked to use each category cue to recall
words from the study list. This task was used to check the
generality of the results from the modified category-
cued recall.

Method
Subjects. The subjects were 84 undergraduates at the Univer-

sity of North Carolina at Chapel Hill. Subjects participated as part
of an introductory class requirement.

Design and Materials. We used a 2 � 2 � 3 design in which
study status (studied vs. new, or nonstudied) was manipulated
within-subject and attention at encoding (full vs. divided) and mem-
ory test type (category-exemplar production, modified category-
cued recall [modified-CCR], and category-cued recall) was manip-
ulated between-subjects.

The selection of the materials followed Graf, Shimamura, and
Squire (1985) and Rappold and Hashtroudi (1991). Six common
instances, from 5 to 10 letters in length, were chosen from each of
16 categories (a sport, a fruit, a piece of furniture, a bird, a color,
a four-footed animal, an article of clothing, a tree, a musical in-
strument, a part of the human body, a vegetable, a dance, an insect,
a substance for flavoring food, a fish, a part of a building) in the Bat-
tig and Montague (1969) norms. The items chosen did not rank in
the 10 most frequent instances, but were produced by at least 10
of the 400 subjects used in the Battig and Montague norms. The
average rank of the selected category members was 17.4.

Two study lists were created by randomly assigning eight of the
categories to one study list and the other eight to the second list.
This yielded two lists with 48 critical items each. The critical
items in each list were randomly ordered, subject to the constraint
that no two consecutive items were from the same category. Eight
additional items were chosen from nonselected Battig and Mon-
tague (1969) categories to serve as buffers in the study lists. Half
of these items were placed at the beginning of each list and served
as a primacy buffer, while the other half were placed at the end 
of each list and served as a recency buffer. Each item came from
a different category, and the average rank of these items was 
similar to that of the critical items (14.5; Battig & Montague,
1969). Each of the two study lists was presented to one half of the
subjects.

In the category-exemplar production test and modified-CCR
test, all 16 category names were used as cues. Eight of the cate-
gories corresponded to studied words, and eight to new words.
Production rates of the nonstudied critical items served as the
baseline response rate in these two tasks. Across subjects, each cat-
egory appeared equally often as studied and new. In the category-
cued recall task, the cue set consisted of the eight category names
corresponding to the studied items.

The task used in the divided-attention condition was a digit-
monitoring task (Craik, 1982; Jacoby, 1991). Subjects monitored
a tape-recorded series of random digits, attempting to detect tar-
get sequences of three odd digits in a row. The digits were played
at the rate of one digit per 1.5 sec. There were 32 target sequences
randomly distributed through the series of 180 digits, subject to
two constraints: (1) a minimum of one and a maximum of five
numbers occurred between the end of one target sequence and the

beginning of the next; and (2) not more that two even digits oc-
curred in sequence. The list of 180 digits was recorded six times
from beginning to end without pause between repetitions.

Procedure. Subjects were tested individually. The experiment
consisted of three parts: a study task, a distractor task, and a mem-
ory test. At the beginning of the experiment, subjects were in-
formed that they would perform several different tasks, some hav-
ing to do with memory and some having to do with language
abilities and problem solving.

During the study task, each study item was displayed in the cen-
ter of a computer screen for 3 sec. Subjects were instructed to read
each word out loud and to try to remember the words for a later
memory test. Subjects in the divided-attention condition simulta-
neously performed the digit-monitoring task. These subjects were
told to monitor the digits for strings of three odd numbers in a row
and to tap a pen on the desk whenever they detected a target string.
If a subject missed a target sequence, the experimenter prompted
the subject by saying “miss.” The experimenter monitored and
recorded errors in reading the words and detecting target se-
quences of digits.

Following the presentation of the words, subjects completed a
3-min distractor task. This was used to disguise the relationship
between the study session and the subsequent memory test by
making the memory test seem to be one in a series of unrelated
tasks. The distractor task used was a stem-completion task with
city names. Subjects were presented with a series of index cards,
on each of which were the first three letters of a U.S. city (e.g.,
Bos___ for Boston). They were asked to complete each city word
stem with the name of a U.S. city.

After the distractor task, subjects were given one of the three
memory tests. In the category-exemplar production task, the 16
category names were displayed, one at a time, on a computer
screen. Subjects were instructed to say aloud as rapidly as possi-
ble the first eight category exemplars that came to mind. Eight ex-
emplars were required to be sure that exemplars other than the
most common were produced (Graf et al., 1985; Rappold & Hash-
troudi, 1991). An experimenter recorded the subjects’ responses
and no time limit was imposed. When eight exemplars were pro-
duced, the experimenter signaled the subject to proceed to the
next category by pressing the space bar on the computer keyboard.
No mention was made of the relationship between this task and
the studied words. After subjects completed the category-exemplar
production task, they were asked a series of questions (the aware-
ness questionnaire) to assess whether they had noticed the rela-
tionship between the study task and the memory test, and the ex-
tent to which they had deliberately tried to retrieve study items. 

The modified category-cued recall was identical to the category-
exemplar production task in all but instructions. As in the category-
exemplar production task, subjects were presented with the 16
category names (8 studied and 8 new) one at a time. They were
told that this was a memory test and they were given the follow-
ing instructions:

Some of these categories correspond to words from the list that you
read earlier, and some do not. For each category, say eight things that
belong to the category, trying to use as many words from the list as
you can remember. That means you should f irst try to remember
words from the list that are members of the category. When you can
no longer remember any, start saying other category members that
come to mind, until you have reached a total of eight. 

As in the indirect memory test, the experimenter kept count of the
number of different exemplars produced and, when the count
reached eight, signaled the subject to proceed to the next category. 

In the category-cued recall test, subjects were presented with
the eight category names that corresponded to the study list. The
category names were displayed, one at a time, on a computer
screen. The subjects were instructed to use the category cues to re-
call members of the category that had been studied previously. No
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time limit was imposed, and the number of responses required
was not fixed. 

Results and Discussion
During the study task, subjects in the divided-attention

condition correctly identified 99% of the study words
and detected 85% of the target digit strings. Thus, sub-
jects in the divided attention condition were able to iden-
tify virtually all study words while simultaneously iden-
tifying most of the target sequences. However, because
identification of study items occurred at a slightly higher
rate in the full-attention condition (100%), the data from
the memory tests were analyzed in two ways, condition-
alized on correct identification at study and uncondi-
tionalized. Both analyses led to the same conclusions.
Only the results of the unconditionalized data are re-
ported below. Table 1 summarizes the results of the mem-
ory tests. Proportions of items produced are presented as
a function of test type, attention at encoding, and study
status.

The data from the category-exemplar production task
were submitted to a 2 � 2 analysis of variance (ANOVA)
with study status (studied vs. new) as a within-subject fac-
tor and attention at encoding (full vs. divided) as a between-
subjects factor. The analysis revealed three significant
effects: (1) a main effect of study status [F(1,26) � 35.86,
MSe � 0.0462, p < .0001]; (2) a main effect of attention
[F(1,26) � 11.32, MSe � 0.0682, p < .003]; and (3) an
interaction between study status and attention [F(1,26) �
16.71, MSe � 0.0462, p < .0004]. These results indicate
significant overall priming in that more studied words than
new words were produced; however, dividing attention
decreased the amount of priming. Further analyses re-
vealed a significant effect of attention for the studied items
[t(26) � 5.24, p < .0001], but not for the new items ( p >
.5). Additional t tests indicated a significant effect of study
status (i.e., priming) in the full-attention condition [t(13) �
7.65, p < .0001], but not in the divided-attention con-
dition ( p > .20). Thus, no priming was obtained in the
divided-attention condition.

The data from the modified-CCR test were also sub-
mitted to a 2 � 2 ANOVA, with study status (studied vs.
new) as a within-subject factor and attention at encoding
(full vs. divided) as a between-subjects factor. Results were

similar to those found for the category-exemplar pro-
duction task: (1) a main effect of study status [F(1,26) �
99.18, MSe � 0.0040, p < .0001]; (2) a main effect of at-
tention [F(1,26) � 20.69, MSe � 0.0039, p < .0001]; and
(3) an interaction between study status and attention
[F(1,26) � 26.07, MSe � 0.0040, p < .0001]. These
results indicate that studied items were produced more
frequently than were nonstudied items (evidence of above-
baseline memory performance), but that dividing atten-
tion decreased the difference between studied and new
items. In other words, divided attention also affected the
direct version of the category-exemplar production task.
Follow-up t tests indicated a significant effect of atten-
tion for the studied items [t(22) � 5.97, p < .0001], but
not for the new items ( p > .5). Additional t tests indi-
cated an effect of study status in both the full-attention
condition [t(13) � 8.93, p < .0001] and in the divided-
attention condition [t(13) � 4.52, p < .0006]. Thus, in
contrast to the findings for the indirect version of this test,
there is evidence of retention in both the full and divided-
attention conditions in the modified-CCR task. 

The results obtained with the modified-CCR were
replicated with the standard category-cued recall test.
These data were analyzed with a one-way ANOVA, with
attention at encoding (full vs. divided) as a between-
subjects factor. Dividing attention at encoding decreased
the number of studied items recalled [F(1,26) � 17.91,
MSe � 0.0061, p < .001]. A secondary measure of accu-
racy in standard category-cued recall is the number of in-
trusions produced. The mean number of intrusions did not
significantly differ across the full and divided-attention
conditions (2.07 and 3.07, respectively; p > .20). It
should be noted that the intrusions tended to be higher
frequency exemplars of the category than were the target
items.

Performance levels in the full-attention condition in both
the standard category-cued recall test and the category-
exemplar production task were comparable to those re-
ported in Rappold and Hashtroudi (1991) under similar
conditions, except that Rappold and Hashtroudi reported
somewhat higher levels of cued recall. This may have been
due to differences in either the study list length (36 in Rap-
pold & Hashtroudi; 48 in the present experiment) or in the
retention interval (immediate test in Rappold & Hash-
troudi; 3-min distractor task in the present experiment).
Either of these differences might lead to performance
decrements in cued recall but not category-exemplar
production (especially changes in retention interval, see
Rappold & Hashtroudi, Experiment 4). 

The results of the current study indicate that divided
attention has the same effect on a direct and an indirect
version of the category-exemplar production task. Divid-
ing attention at encoding decreases production of studied
items on both tests. Furthermore, divided attention elim-
inated priming in the category-exemplar production task. 

When a variable has similar effects on an indirect and
a direct test, there is always the concern that the indirect
test may have been contaminated with intentional re-
trieval strategies (i.e., that subjects treated the test as a

Table 1
Experiment 1: Proportions of Responses in

Category-Exemplar Production, Modified Category-Cued
Recall, and Category-Cued Recall as a Function

of Study Status and Attention at Encoding

Study Status

Memory Test Studied New Studied–New

Category-exemplar production:
Full attention .257 .144 .113
Divided attention .165 .144 .021

Modified category-cued recall:
Full attention .391 .136 .255
Divided attention .229 .146 .083

Category-cued recall:
Full attention .230
Divided attention .112
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direct memory test). In the present experiment, it may be
that the advantage for the full-attention condition in the
category-exemplar production task was due to this group’s
superior ability to use intentional retrieval. We evaluate
this account in two ways.

First, we performed a re-analysis of the category-
exemplar production data on the basis of the results from
the awareness questionnaire. To summarize, subjects
were asked whether they noticed that they were produc-
ing exemplars that appeared on the study list and whether
they were intentionally trying to produce words from the
study list. Of the 14 subjects in the full-attention condi-
tion, 7 indicated that they were both aware of producing
studied words and intentionally trying to retrieve them,
6 indicated that they were aware of producing studied
words but were not intentionally trying to retrieve them,
and 1 indicated no awareness that produced exemplars
were from the studied list. For the divided-attention con-
dition, the corresponding frequencies were 2, 4, and 8.
The difference in proportions across the full- and divided-
attention conditions was significant [χ2(2) � 8.62, p <
.05]. Because there are differences in the number of sub-
jects reporting intentional retrieval strategies across the
full- and divided-attention conditions, it is important to
re-analyze the data from the category-exemplar produc-
tion task, excluding those subjects who claimed an inten-
tional retrieval strategy. The remaining 7 subjects in the
full-attention condition produced an average of 27% of
the old items and 15% of the new items on the category-
exemplar task, whereas the remaining 12 subjects in the
divided-attention condition produced an average of 16%
of the old items and 15% of the new items. The amount
of priming was significantly greater in the full-attention
than in the divided-attention condition [12% vs. 1%, re-
spectively; F(1,17) � 15.52, MSe � 0.0289, p < .001].
An effect of study status (i.e., priming) was found in the
full-attention condition [t(6) � 4.73, p < .003], but not in
the divided-attention condition ( p > .5). This re-analysis
is inconsistent with the notion that greater intentional re-
trieval in the full-attention condition mediates the cur-
rent results. 

However, it should be pointed out that of the subjects
in the re-analysis, the proportions who claimed to be
aware of producing at least some exemplars from the
study list differed across the full- and divided-attention
conditions (6 out of 7, and 4 out of 12, respectively; Fish-
er’s Exact Test: p < .05, one-tailed). This is of concern
because it is possible that subjects may not be accurate
in reporting retrieval strategies and that some of those
who reported awareness but not intentional retrieval may
have actually engaged in some amount of unreported
intentional retrieval. If so, the differences in awareness
across the two attention conditions might be a by-product
of differential intentional retrieval. On the other hand,
subjects may become aware of the study–test relation-
ship without engaging in intentional retrieval, a phenome-
non called “involuntary conscious memory” (Richardson-
Klavehn, Gardiner, & Java, 1994). We might well expect

this to occur more frequently in the full-attention condi-
tion, even in the absence of intentional retrieval strategies.3

A second way to evaluate the intentional retrieval ac-
count is to place the current results in the context of
other studies. First, it is known that memory-impaired
subjects have displayed normal levels of priming on
category-exemplar production under conditions very
similar to those in our full-attention condition (Blaxton,
1992; Graf et al., 1985). The amount of priming in the
full-attention condition (11.3%) is similar to levels that
have been found with these memory-impaired subjects:
12.3% for amnesic patients of mixed etiologies in a
study by Graf et al. (1985, Experiment 2) and approxi-
mately 17% for memory-impaired temporal lobe epilep-
tics in a study by Blaxton (1992, Experiment 3, random
condition). If the effects of attention in our study were
mediated by the effective use of intentional retrieval by
subjects in the full-attention condition, these subjects
would likely produce higher levels of performance than
memory-impaired subjects (see, e.g., Blaxton, 1992).
Second, the amount of priming in the full-attention con-
dition is consistent with levels found in comparable condi-
tions in studies that satisfied the retrieval-intentionality
criterion (Rappold & Hashtroudi, 1991, Experiments
2–4, random conditions). It seems that the effect of di-
vided attention on category-exemplar production is not
mediated by intentional retrieval in the full-attention
condition but, more likely, by reduced performance in
the divided-attention condition, where there is no evi-
dence of priming.

In summary, the results of Experiment 1 indicate that
the amount of attention at encoding does not produce a dis-
sociation between the indirect memory test of category-
exemplar production and its direct counterpart, the mod-
ified category-cued recall test. This finding is consistent
with the TAP view that performance on conceptually
driven tests is enhanced to the extent that study process-
ing accentuates conceptual or elaborative processing. If
dividing attention at study limits the amount of concep-
tual or semantic processing, then according to the TAP
view, there would be less transfer to conceptually driven
tests. This prediction seems to have been supported. 

These results also suggest an important limitation of
the attentional view discussed earlier. This view suggests
that indirect tests of memory are more sensitive to auto-
matic, non-attention-demanding encoding processes than
are direct tests of memory. The expectation under this
view is that direct tests should be more sensitive to ma-
nipulations of attention than are indirect tests. But as we
have seen, dividing attention had comparable effects on
category-exemplar production and category-cued recall.
Furthermore, dividing attention eliminated retention as
measured by the indirect test but not as measured by the
direct test.

On the surface, the current results seem to conflict
with the results of Koriat and Feuerstein (1976). These
authors found that divided attention had no effect on the
conceptually driven indirect test of word association,
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whereas it had a large effect on the direct tests of recog-
nition and recall. This contrasts with the results of the
present study, in which strong effects of divided atten-
tion were found on both a conceptually driven indirect
task and a comparable direct test. Koriat and Feuerstein’s
results suggest that effects of divided attention may not
always be observed on conceptually driven indirect tests.
There are several differences between the Koriat and
Feuerstein study and the present study, any of which may
account for these divergent results. First, different tasks
to divide attention were used in the two studies. It may be
that the digit-monitoring task used in our experiment more
effectively divides attention than does the digit-symbol
task used by Koriat and Feuerstein. Second, Koriat and
Feuerstein used strongly associated items (e.g., doctor–
nurse) for their word-association task, whereas we used
category exemplars that were not as strongly associated
with the category cues (recall that the exemplars used in
the present study did not rank in the 10 most frequently
produced instances, according to the Battig and Mon-
tague, 1969, norms). It is possible that the use of very
strong associates eliminates the need for elaborative pro-
cessing to produce relatively accessible memory traces.
A final consideration is that Koriat and Feuerstein did not
use parallel direct and indirect tests. It may be that a direct
memory test version of Koriat and Feuerstein’s word-
association task would not have been affected by divided
attention, given their materials and attentional manipu-
lation. At present, we cannot say which of the differences
accounts for the discrepant results. We can say, however,
that dividing attention has profound effects on the con-
ceptually driven test of category-exemplar production.

EXPERIMENT 2

The results of Experiment 1 are consistent with the
predictions of the TAP framework: Divided attention did
not produce a dissociation between direct and indirect
versions of a conceptually driven memory test. Under
this framework the complementary prediction is that di-
vided attention will produce a dissociation when a data-
driven indirect test is compared to a direct version of the
same task. To test this hypothesis, we examined the ef-
fects of divided attention on the word-fragment comple-
tion test and its direct test counterpart, word-fragment
cued recall. The word-fragment cued recall test con-
sisted of the identical test cues and types of responses as
word-fragment completion, differing only in the instruc-
tions to the subject. On the TAP view, word-fragment
completion would be unaffected by divided attention,
whereas performance on the word-fragment cued recall
test would be reduced. As mentioned earlier, Parkin et al.
(1990) found that divided attention had no effect on word-
fragment completion, but did produce a marked decrease
in recognition memory performance. These findings are
consistent with the TAP view; however, the indirect and
direct tests used were not completely comparable. As
such, we cannot uniquely attribute this dissociation to

the task instructions. The obtained pattern of results may
have been due to some other difference between word-
fragment completion and recognition memory tests, such
as the types of cues used or the response demands. Thus,
the current experiment was designed to be a stronger test
of the effects of attention.

Method
Subjects. The subjects were 56 undergraduates at the Univer-

sity of North Carolina at Chapel Hill, who participated as part of
an introductory class requirement.

Design and Materials. We used a 2 � 2 � 2 design in which
study status (studied vs. new) was manipulated within-subject and
attention at encoding (full vs. divided) and memory test type
(word-fragment completion vs. word-fragment cued recall) were
manipulated between-subjects.

To render this experiment as comparable as possible to Exper-
iment 1, the same study lists, divided attention task and distractor
task were used. The memory tests consisted of a total of 104 word
fragments, of which 96 corresponded to the critical items from the
two study lists. Forty-eight of the fragments corresponded to stud-
ied items, and 48 were new items. An additional eight words were
chosen from eight previously unused categories of the Battig and
Montague (1969) norms. Four of the additional word fragments
were placed at the beginning of the test, and the rest of the word
fragments (studied, new, and additional) were randomly distrib-
uted throughout the list with the constraint that there be no more
than two items in a row of any single type. This yielded a test list
in which slightly less than half of the fragments corresponded to
studied words. The studied and new items were counterbalanced
so that, across subjects, each word appeared equally often as stud-
ied and new.

The fragments consisted of between two and six letters, with
underscores in the place of missing letters (e.g., e l _ p _ _ n t for
elephant). Using the spell check facility of the WordPerfect pro-
gram (Version 5.1), we constructed fragments that, according to
the electronic dictionary accompanying WordPerfect, were consis-
tent with only one English word completion. Pilot testing was per-
formed to select a set of fragments of appropriate difficulty (25%–
30% completion for new items). Forty subjects from the same pool
as the experimental subjects completed candidate word fragments.
The mean completion rate for the chosen fragments was 28%. The
pilot subjects and the subsequent experimental subjects never com-
pleted a fragment with any word other than the intended one.

Procedure. Subjects were tested individually. The experiment
consisted of three parts: the study task, the distractor task, and a
memory test. The study and distractor tasks were identical to those
in Experiment 1.

After the distractor task, subjects were given one of the two
memory tests. For both tests, subjects were given a sheet of paper
with the 104 fragments that were numbered and arranged in three
columns. In the word-fragment completion task, subjects were
asked to try to complete each word fragment with an appropriate
word. No mention was made of the relationship between this task
and the study task. In the word-fragment cued recall test, the sub-
jects were told that their memory was being tested. They were also
informed that some of the fragments corresponded to words from
the study list and some did not. The subjects were asked to try to
recall words from the study list that completed the fragments, and
told that if they could not do so to complete the fragment with any
appropriate word that came to mind. These guessing instructions
were used in an attempt to equate response bias across the direct
and indirect tests. Response requirements (and the biases they in-
duce) typically differ across the two types of memory tests. The
present instructions were designed to make the two tests more
comparable. 
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For both memory tests, the subjects were given 12 sec for each
fragment. Time was kept with an audiotape that emitted a beep
every 12 sec. Subjects were instructed to use the entire 12 sec on
the current fragment, not to work backward, and to move on to
the next fragment only after hearing the beep. The subjects were
given a cover sheet to keep their place.

Results and Discussion
During the study task, subjects in the divided-attention

condition correctly identified 99.5% of the study words
and detected 87% of the target digit strings. Thus, as in
Experiment 1, subjects in the divided-attention condition
were able to identify virtually all study words while si-
multaneously identifying most of the target sequences.
However, because identification of study items occurred
at a slightly higher rate in the full-attention condition
(100%), the data from the memory tests were analyzed in
two ways, conditionalized on correct identification at
study and unconditionalized. Given the high rate of cor-
rect identification at study, it is not surprising that both
analyses led to the same conclusions. Only the results of
the unconditionalized data are reported below. Table 2
summarizes the results of the memory tests. Proportions
of fragments completed are presented as a function of
test type, attention at encoding, and study status.

The data from the word-fragment completion and
word-fragment cued recall were submitted to separate
2 � 2 ANOVAs, with study status (studied vs. new) as a
within-subject factor and attention at encoding (full vs.
divided) as a between-subjects factor. For the word-
fragment completion test, the analysis revealed a main
effect of study status [F(1,26) � 42.33, MSe � 0.0104,
p < .0001], indicating that presentation at study led to
higher rates of fragment completion (i.e., significant
priming occurred). No effects involving attention were
significant (Fs < 1). The corresponding ANOVA for
word-fragment cued recall produced two significant re-
sults: a main effect of study status [F(1,26) � 61.43,
MSe � 0.0135, p < .0001], indicating above-baseline re-
call of the studied items; and a study status � attention
interaction [F(1,26) � 5.07, MSe � 0.0135, p < .03] in-
dicating that the studied–new difference was greater in
the full-attention condition. Thus, divided attention af-
fected the word-fragment cued recall test. Follow-up
t tests indicated that the attention manipulation affected
the studied items [t(26) � 1.84, p < .04, one-tailed], but

not the new items ( p > .35). There was also a significant
effect of study status in both the full-attention condition
[t(13) � 6.33, p < .0001] and the divided-attention con-
dition [t(13) � 4.62, p < .0006].

To summarize, dividing attention had no effect on
priming in the word-fragment completion test, but a sig-
nificant effect on performance in the word-fragment
cued recall test. These results replicate and extend the
findings of Parkin et al. (1990), who also showed that
priming on the word-fragment completion test is unaf-
fected by divided attention. By demonstrating that di-
vided attention produces a dissociation between a direct
and an indirect memory test that differ only in test in-
structions, we have provided stronger evidence that this
dissociation is due to test instructions. In addition, these
results bolster claims that divided attention does not af-
fect data-driven indirect tests.

The finding that dividing attention did not affect a
data-driven indirect memory test is expected under the
TAP framework, provided that this manipulation does
not disrupt data-driven encoding processes. The near-
perfect identification of study words indicates that this
holds in the present experiment. Furthermore, consider-
ation of this proviso may shed light on apparently con-
flicting results in the literature. Some studies (including
the present experiment) indicate no effect of dividing at-
tention on data-driven indirect tests (Parkin et al., 1990;
Parkin & Russo, 1990; Russo & Parkin, 1993; Smith &
Oscar-Berman, 1990), whereas others indicate that di-
viding attention decreases the amount of priming on this
type of memory test (Hawley & Johnston, 1991). These
conflicting results may simply be due to the use of dif-
ferent memory tests by different researchers, but that
may not be the most parsimonious account. Memory
tests that have shown null effects of divided attention in-
clude word-fragment completion (this experiment; Parkin
et al., 1990), picture-fragment completion (Parkin &
Russo, 1990), lexical decision (Smith & Oscar-Berman,
1990), and the fame-judgment task (Jacoby et al., 1989).
Memory tests that have displayed sensitivity to divided
attention include homophone spelling (Eich, 1984) and
speeded naming of perceptually degraded words (Haw-
ley & Johnston, 1991).4 There is no obvious difference
between the types of memory tests that have displayed
sensitivity to divided attention and those that have not. 

On the other hand, there do seem to be systematic dif-
ferences in the divided attention manipulation across the
two sets of studies. In the studies in which divided at-
tention reduced priming, the dual-task manipulation ren-
dered overt (or covert) identification of the study items
unlikely or nearly impossible (see also Jacoby & Brooks,
1984; Seamon, Brody, & Kauff, 1983). In contrast, in
those studies that produced no effect of divided atten-
tion, the divided-attention manipulation rendered overt
(or covert) identification very likely, and in most of these
studies, overt identification of the study items was re-
quired (e.g., the present experiment; Jacoby et al., 1989;
Parkin et al., 1990; Russo & Parkin, 1993; Smith &
Oscar-Berman, 1990). This suggests that dividing atten-

Table 2
Experiment 2: Proportions of Correct Responses in

Word-Fragment Completion and Word-Fragment Cued
Recall as a Function of Study Status

and Attention at Encoding

Study Status

Memory Test Studied New Studied–New

Word-fragment completion:
Full attention .466 .283 .183
Divided attention .431 .260 .171

Word-fragment cued recall:
Full attention .545 .231 .314
Divided attention .440 .266 .174
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tion impairs priming on data-driven indirect memory
tests when the attentional manipulation disrupts identi-
fication of the study items. If the attentional manipula-
tion does not disrupt identification, then priming is unaf-
fected. It should be noted that this analysis is consistent
with the results of studies utilizing very brief presenta-
tion durations at encoding (Gellatly, Parker, Blurton, &
Woods, 1994; Hawley & Johnston, 1991; Seamon et al.,
1984). These researchers found that priming increased
with identification rates at encoding, indicating that dis-
rupting identification has deleterious effects on priming
in data-driven tasks. 

Finally, we note that the TAP framework correctly pre-
dicted that word-fragment cued recall would be sensitive
to the effects of divided attention. Although the memory
cues are the same as in the word-fragment completion
test, the TAP view suggests that the intentional retrieval
processes induced by direct test instructions render the
cued recall test sensitive to prior conceptually driven
processing (Craik et al., 1994; Roediger et al., 1992). In
fact, Roediger et al. (1992) have demonstrated that this
task is affected by the levels-of-processing manipula-
tion, one of the criterial variables labeling a test as con-
ceptually driven according to the TAP framework. This
leads to the expectation that this task would be affected
by attentional manipulations that disrupt conceptual en-
coding.

GENERAL DISCUSSION

The results of both experiments are summarized in
Figure 1. Divided attention decreased priming in the
category-exemplar production test, but not in the word-
fragment completion test (upper panel). In other words,
divided attention produced a dissociation between these
two indirect memory tests. In contrast, divided attention
had similar effects on performance in the direct versions
of both tests (lower panel). Thus, the findings indicate
that, with regard to the effects of attention, a conceptu-
ally driven indirect memory test is more similar to direct
tests of memory than to a data-driven indirect test.5 Be-
fore proceeding, we note that although it is possible that
conceptually driven indirect tests may simply be more
likely to lead to intentional retrieval than are data-driven
indirect tests, we view this as an unlikely account of the
present results (see discussion of Experiment 1).

These results are consistent with the TAP view. Be-
cause there is greater conceptual or semantic processing
in the full-attention than in the divided-attention condi-
tion, reducing the amount of available attentional re-
sources should affect only the indirect memory test that
is highly dependent on such processing. Importantly,
these results limit the generality of the view that divided
attention has little effect on unintentional or unconscious
manifestations of memory (Jacoby et al., 1989; Jacoby
et al., 1993; Parkin & Russo, 1990). It appears that ef-
fects of divided attention will be obtained when the in-
direct memory test has a strong conceptual component.

Divided Attention and Levels-of-Processing
According to the TAP framework, the effects of atten-

tion at encoding are expected to be similar to those of
levels-of-processing because both manipulations affect
the amount of semantic or conceptual processing. The
full-attention condition should lead to greater semantic
and conceptual processing, whereas the divided-attention
condition should limit encoding operations to those nec-
essary for stimulus identification. As such, both levels-
of-processing and attention at encoding should affect
conceptually driven indirect tests, but not data-driven in-
direct tests. The present study reveals just such a set of
findings for the attention variable: Dividing attention af-
fects category-exemplar production but not word-fragment
completion. Correspondingly, levels-of-processing has ro-
bust effects on conceptually driven tests, such as category-
exemplar production (Hamman, 1990; Srinivas & Roedi-
ger, 1990) and general knowledge questions (Hamman,
1990), but has little or no effect on many data-driven

Figure 1. Summary of results of Experiments 1 and 2: mean dif-
ference (and SE bars) between proportions of studied and new
items produced at test as a function of attention condition and test
type (Cat-Ex Production, category-exemplar production; WFC,
word-fragment completion; Modified-CCR, modified category-
cued recall; WF Cued Recall, word-fragment cued recall).
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tests, such as word-fragment completion (see, e.g., Roe-
diger et al., 1992) and word-stem completion (e.g., Graf
& Mandler, 1984). 

However, with regard to word-fragment completion,
there is one apparent difference between the effects of
attention and levels-of-processing. Recently, Challis and
Brodbeck (1992) have shown that when levels-of-
processing is manipulated between subjects (or blocked
within subjects), it has unexpectedly large effects on
word fragment completion. If the effects of attention and
levels-of-processing have a common source, one might
expect that when attention is manipulated between sub-
jects, it too will affect word-fragment completion. How-
ever, attention was manipulated between-subjects in Ex-
periment 2, and it produced no effect on word-fragment
completion.

We may resolve this apparent discrepancy by consid-
ering one of the potential explanations offered by Chal-
lis and Brodbeck (1992) for their f indings (see also
Roediger & McDermott, 1993). It may be that the levels-
of-processing manipulation affects not only the amount
of conceptual processing but also the amount or kind of
perceptual processing. In particular, different levels of
processing may differ in the degree of lexical access re-
quired. For instance, a nonsemantic encoding task that
requires a search for the letter e may be performed with-
out engaging the same perceptual processes necessary
for word identification (lexical access). Lexical access
has been identif ied as an important determinant for
priming on data-driven tasks (Weldon, 1991). In con-
trast, judgments concerning the meaning of a word, as
used to induce deeper levels of processing, presumably
require lexical access. As such, the nonsemantic orienting
task may encourage a truncation of perceptual analysis
relative to a semantic orienting task (Hayman & Jacoby,
1989; Roediger & McDermott, 1993). Challis and Brod-
beck (1992) have argued that such a strategy may be very
pronounced when the nonsemantic task is blocked or
presented in a pure list (i.e., between subjects). This would
lead to an advantage for the semantic condition in the
data-driven priming test of word-fragment completion.

The apparent discrepancy between the effects of levels-
of-processing and divided attention effects may be re-
solved if our attention manipulation did not lead to dif-
ferential perceptual processing (e.g., lexical access) in
the full- and divided-attention conditions. Indeed, the
fact that the divided-attention condition produced near-
perfect word identification during the study task indi-
cates that the perceptual analysis necessary for word
identification was carried out. Furthermore, it is impor-
tant to note that not all attentional manipulations are
equivalent. As discussed earlier, it is possible that other
manipulations of attention might disrupt perceptual pro-
cessing. In such cases, one would expect data-driven
priming to be affected. This appears to be the case. When
attention at encoding is manipulated with a task that also
decreases identification levels, the level of priming in a
perceptual identification task is also reduced (Hawley &

Johnston, 1991). Although further research is needed,
this analysis may help resolve conflicting reports con-
cerning the influence of attention on indirect memory
performance.

Implications and Conclusions
The results of the current study have implications for

processing views of amnesia and cognitive aging. With
respect to the former, several researchers have noted the
similarity in memory performance between amnesic pa-
tients and healthy subjects placed under divided atten-
tion or nonsemantic encoding conditions (Cermak, 1993;
Graf, Mandler, & Haden, 1982; Jacoby et al., 1989).
Both of these subject groups often show intact priming
accompanied by markedly reduced levels of perfor-
mance on direct memory tests compared with healthy
subjects under full-attention or semantic-encoding con-
ditions (see Roediger & McDermott, 1993; Shimamura,
1986, 1993, for reviews). This has led to the suggestion
that an attentional deficit may underlie amnesic perfor-
mance on direct memory tests. Specifically, it has been
hypothesized that this patient population may be less able
than healthy subjects to carry out attention-demanding
elaborative processing (Cermak, 1993; Graf et al., 1982;
Jacoby et al., 1989). 

Contrary to this view, a recent review of theories of
amnesia suggests that reduced elaborative encoding is
not a general characteristic of amnesia (Shimamura,
1991). The data from the present study are also incon-
sistent with this view, when taken in conjunction with re-
sults from the amnesic literature. First, in experiments
quite similar to Experiment 1, amnesics have shown
normal levels of priming in the category-exemplar pro-
duction task (Blaxton, 1992, Experiment 3, random con-
dition; Graf et al., 1985). Healthy subjects placed in
divided-attention encoding conditions (as in Experi-
ment 1), however, show reduced priming on the same task.
In fact, they show no priming at all. In addition, Srinivas
and Roediger (1990) showed that nonsemantic encoding
instructions decrease priming, relative to semantic encod-
ing instructions, in a variant of the category-exemplar
production task. These results, along with the current
data, indicate that for conceptually driven priming tasks,
decreased attention or elaboration at encoding does not
provide an analog for anterograde amnesia. 

A similar point can be made concerning views of cog-
nitive aging. Like healthy young adults placed under
divided-attention or nonsemantic encoding conditions,
older adults have generally shown intact (or nearly in-
tact) priming but reduced memory on direct tests (see
Light & La Voie, 1993, and Mitchell, 1993, for recent re-
views). These findings are consistent with other evi-
dence that age-related decrements in memory are the
result of reduced attentional resources or controlled pro-
cessing (Craik, 1994; Craik & Byrd, 1982; Hasher &
Zacks, 1979; Jennings & Jacoby, 1993). This conclusion
has been further bolstered by studies of divided attention
in nonmemory tasks (McDowd & Craik, 1988; Salthouse,
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Rogan, & Prill, 1984) and recent work using measures of
working memory (Salthouse, 1987; Salthouse & Mitchell,
1989; Salthouse, Mitchell, & Palmon, 1989; Salthouse,
Mitchell, Skovronek, & Babcock, 1989).

Despite these findings, however, the current data con-
flict with the hypothesis that a decrease in attention-
dependent processing produces the memory loss ob-
served in older adults. Because of the demonstrated
dependence of the category-exemplar production test on
the availability of attentional resources (Experiment 1),
one might predict that older adults would show impair-
ments on this test. Nevertheless, no age differences have
been found (Light & Albertson, 1989). In other words,
younger adults with reduced attentional capability, but
not older adults, are impaired on this priming task. It
seems, then, that for normal aging, as well as for amne-
sia, limited attention does not account for the pattern of
performance across memory tests.
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NOTES

1. In this paper, we use the generic term priming rather than a more
specific term such as repetition priming. The terminology of the field
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is still in flux, and different researchers define the more specific terms
differently (see, e.g., Roediger & McDermott, 1993, and La Voie &
Light, 1994, for different definitions of repetition priming). However,
there seems to be fair agreement that the term priming denotes en-
hanced performance for previously presented information on an indi-
rect memory test. See Roediger and McDermott (1993, pp. 65-66) for
a discussion of terminological issues.

2. It is important to distinguish automatic encoding processes from
automatic retrieval processes. Some researchers have proposed that
automaticity during retrieval, as well as encoding, is central to per-
formance on indirect memory tests (e.g., Jacoby, 1991; Jacoby et al.,
1989). In the present study, we limit our investigation to the role of au-
tomatic encoding processes.

3. We have recently obtained further evidence against the intentional-
retrieval account for this conceptually driven task (Mulligan, in press).
In this study, attention was manipulated over several levels (e.g., full
attention, mildly divided attention, strongly divided attention). The re-
sults indicate that mild division of attention affects only category-cued

recall, but that strong divisions of attention affect both category-cued
recall and category-exemplar production. The results of the full and
strongly divided attention conditions replicate the results of the present
study. In addition, these results are inconsistent with an intentional-
retrieval account. Had subjects in the category-exemplar production
task been using intentional retrieval, we would expect lower perfor-
mance for all levels of divided attention, as was seen in the direct test
of category-cued recall.

4. The TAP view suggests that indirect tests that show the effects of
divided attention lie closer to the middle of the data-driven versus con-
ceptually driven continuum than those that do not show such effects
(see, e.g., Srinivas & Roediger, 1990). We again note that not all of the
relevant memory tests have been classified as data driven according
to criteria of the TAP framework. 

5. Gabrieli et al. (1995) have recently found very similar results.
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