
Memory & Cognition
2000, 28 (6), 965-976

Asymmetry between encoding and
retrieval processes: Evidence from

divided attention and a calibration analysis

MOSHE NAVEH-BENJAMIN
Ben-Gurion. University of the Negev, Beer-Shena, Israel

FERGUS I. M, CRAIKand DANAGAVRILESCU
University of Toronto, Toronto, Ontario, Canada

and

NICOLE D. ANDERSON
Rotman Research Institute, Baycrest Centre for Geriatric Care, Toronto, Ontario, Canada

Two experiments provide further information on the effects of divided attention (DA) on encoding
and retrieval processes. The first experiment examined the effects of decision and motor difficulty of
a concurrent reaction time task. A calibration analysis was used in the second experiment to test the
hypothesis that shifting attentional emphasis away from encoding to the secondary task reduces the
level of processing the to-be-remembered items receive, Overall, the results confirm and extend the
conclusions of Craik, Govoni, Naveh-Benjamin, and Anderson (1996) and Naveh-Benjamin, Craik,
Guez, and Dori (1998), by pointing to clear differences between encoding and retrieval processes: En
coding is affected by simultaneous task demands, especially those associated with "central" resources
involved in conscious decision making, whereas retrieval is obligatory in that it is largely immune to
the effects of simultaneous demands, The results of the calibration analysis suggest that one reason for
the poorer memory performance as a result of DAat encoding is a qualitative shift to less deep, elabo
rative strategies.

Much research on human memory suggests that the
similarity between encoding and retrieval processes is an
important factor in successful remembering. For exam
ple, the encoding specificity principle (Tulving, 1983),
the transfer-appropriate processing view (Morris, Brans
ford, & Franks, 1977), and the proceduralist view ofmind
(Kolers, 1973) all claim that retrieval processes are in
volved in reinstating the same mental/neural operations
that were active at encoding, In contrast, recent studies
using the divided attention (DA) paradigm have shown
marked differences between encoding and retrieval pro
cesses. When participants' attention is divided between
encoding and a secondary task, memory performance is
poor relative to when participants pay full attention to en
coding the items (e.g., Baddeley, Lewis, Eldridge, &
Thomson, 1984; Craik, Govoni, Naveh-Benjamin, & An
derson, 1996), The same effects of DA at encoding have
been shown for a variety of memory features, including
frequency of occurrence (Naveh-Benjamin & Jonides,
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1986), spatial location (Naveh-Benjamin, 1987), and tem
poral order information (Naveh-Benjamin, 1990). Craik
et al. (1996) further demonstrated that encoding words
results in a reliable decrement to secondary task perfor
mance and that instructions to emphasize the memory
task, the secondary task, or both tasks equally have com
plementary effects on the two tasks: As attention is shifted
to the memory task and away from the secondary task,
memory performance improves and secondary task per
formance declines. Taken together, these results suggest
that encoding processes are consciously controlled and
attention demanding.

Studies investigating the effects of a secondary task at
retrieval have yielded different results, however. For ex
ample, Baddeley et al. (1984) and Craik et al. (1996)
showed little, if any, reduction in free recall, cued recall,
and recognition performance when attention was divided
at retrieval. Craik et al. (1996) additionally demonstrated
that the relative immunity of memory to DA at retrieval
was accompanied by substantial secondary task costs,
which decreased from free recall to cued recall to recog
nition. Finally, emphasis instructions had no effect on
memory performance under DA at retrieval, even though
secondary task performance was modulated by these in
structions equally during encoding and retrieval. Craik
et al. (1996) interpreted these effects as indicating that
retrieval processes are obligatory, or protected, but that
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their execution requires substantial resources, as shown
by the large secondary task costs.

As we have argued previously (Craik et aI., 1996; Craik,
Naveh-Benjamin, & Anderson, 1988; Naveh-Benjamin,
Craik, Guez, & Dori, 1998), these observed differences
between encoding and retrieval do not necessarily dis
agree with the theoretical positions and empirical findings
that stress the similarities between the two sets of pro
cesses. Whereas previous work on encoding specificity,
transfer-appropriate processing, and repetition of opera
tions refers to the encoding and retrieval processes related
to the actual representations themselves, our working as
sumption is that the encoding/retrieval differences dem
onstrated in our experiments relate to the different con
trol processes associated with encoding and retrieval.
This distinction between different control processes for
episodic memory encoding and retrieval operations, yet
similar operations concerned with access to the repre
sentations themselves at encoding and retrieval, is sup
ported by recent findings using functional neuroimag
ing. The differential involvement of the left and right
frontal lobes during encoding and retrieval respectively
is now very well documented (see Cabeza & Nyberg,
1997, and Nyberg, Cabeza, & Tulving, 1996, for reviews),
and this difference may be attributed to different control
processes. On the other hand, there is also good evidence
that initial perception/encoding and subsequent retrieval
activate the same cortical areas (Mishkin & Appenzeller,
1987; Nyberg et aI., 1995; Squire, Cohen, & Nadel, 1984;
Wagner et aI., 1998), and we interpret these latter find
ings as illustrating the necessary similarity between en
coding and retrieval processes in terms of the initial es
tablishment of, and later access to, the representations
themselves.

The purpose of the present experiments was to shed
further light on the nature of encoding processes in the
context ofattentional demands, especially to explore the
reasons for their sensitivity to DA manipulations. If en
coding processes involve conscious control (e.g., work
ing memory), then only certain types ofmanipulations of
the complexity ofthe secondary task-namely, those that
involve more central information processing, or conscious
decision making-should affect later memory perfor
mance. Murdock (1965) had participants sort cards into
one, two, or four piles during encoding and showed that
free recall performance declined as secondary task de
mands increased. However, the source ofthis effect is un
clear, since the manipulation of number of piles to be
sorted involves both a decision and a motor component.
In addition, no appropriate continuous secondary task
performance was reported. Finally, Murdock's study did
not compare the effects of DA at encoding to those at
retrieval.

To test our assertion-that only those manipulations of
the complexity of the secondary task that involve more
central information processing, or conscious decision
making, should affect later memory performance-in the
first experiment, we employed two manipulations of sec-

ondary task difficulty. One was related to decision diffi
culty, where the secondary task consisted ofeither a con
tinuous three-choice or six-choice reaction time (RT) task.
This manipulation reflects "cognitive-central resources"
or conscious decision making (Hick, 1952; Welford,
1976). The other manipulation was related to the motor
response difficulty involved in the task, where the sec
ondary task consisted of either a one- or two-press re
sponse. This manipulation requires less cognitive-central
resources, since it involves mechanical motor processing.

These two manipulations have some advantages over
the ones used by Craik et al. (1996). First, rather than im
posing subjective demands by employing an emphasis
manipulation (as done by Craik et aI., 1996), these manip
ulations impose external-objective demands on partici
pants' performance. Second, these manipulations involve
graded demands on performance where a secondary task
is performed in several conditions, but with different pa
rameter values. This may allow one to disentangle the ef
fects of a change in the amount of resources allotted to
encoding or retrieval from those associated with the qual
itative changes in behavior when single-task performance
is compared with dual-task performance, as done in pre
vious studies.

If encoding processes are controlled, as indicated by
the previously described studies, we would expect poorer
memory performance under DA at encoding than under
full attention (FA). Furthermore, we would expect the
manipulation of decision difficulty at encoding to have
a detrimental effect on memory performance. That is, we
would expect greater memory costs due to DA at encod
ing when the six-choice RT task is performed than when
the three-choice RT task is performed. In contrast, ma
nipulations of motor difficulty should not affect encod
ing processes, because such manipulations involve cen
tral decision making to a much lesser extent. As for
retrieval processes, if they are obligatory, not under con
scious control, and resistant to DA, as previous research
indicates (Baddeley et aI., 1984; Craik et aI., 1996), then
we would expect little or no difference in memory perfor
mance under DA conditions at retrieval relative to that
under FA conditions. Furthermore, neither decision dif
ficulty nor motor difficulty manipulations at retrieval
should affect memory performance, although secondary
task RT performance may well be slowed by increases in
either central or motor difficulty.

A second possibility is that DA at encoding may change
the qualitative nature of encoding achieved. For exam
ple, words may be encoded in a deep and elaborate fash
ion under FA but in a shallower and less effective man
ner when attention is divided. We raised this possibility
earlier (see Craik et aI., 1996, p. 174) to explain results
from a calibration analysis. A calibration analysis allows
one to express performance on both the memory and the
secondary tasks in a common metric-the time taken by
the tasks and their components. The expression ofchoice
reaction time (CRT) performance in terms of time taken
is straightforward: Task performance is measured in terms
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ofRT per response, and a comparison between these times
during single-task and dual-task processing gives a mea
sure of the resources consumed by the primary task or by
the need to manage two simultaneous tasks. Memory
performance was converted into units of time via a con
version function. First, a function was constructed relat
ing presentation time at encoding to recall performance,
and then this function was used to predict the level of
memory performance under DA conditions given the
amount oftime "provided" by the slowing of the CRT task
(see the Appendix for details ofthe shared-time model).

We previously showed (Craik et aI., 1996) that when
attention is divided at encoding, memory performance
falls short ofthe level predicted from the calibration func
tion; moreover, the extent to which the calibration function
overpredicts memory performance increases as partici
pants shift their task emphasis from memory encoding to
performing the secondary task. In contrast, when atten
tion is divided at retrieval, memory performance is equal
to or exceeds the level predicted from the calibration
function. We suggested that, during retrieval, some de
gree of parallel processing is possible between memory
retrieval and performance on the CRT task. In contrast,
during encoding, there are several possibilities for the
lower-than-expected memory levels. One is that the man
agement ofthe division ofattention at encoding itself re
quires attentional resources. Another possibility is that
DA reduces the quality of encoding, particularly when
participants' emphasis is on the secondary task.

This second possibility was the working hypothesis of
Experiment 2. We constructed three functions relating
presentation time at encoding to free recall performance,
one each for deep semantic encoding, medium-level pho
netic encoding, and shallow surface encoding. We ex
pected that recall would increase as presentation time in
creased in all three cases but that the overall levels of
recall would reflect the qualitative type of encoding uti
lized, with the highest level following semantic encoding
and the lowest level following surface encoding. The
three functions would therefore act as "cognitive con
tours" mapping out a space defining memory perfor
mance as a function of both encoding time and the qual
itative nature of the encoding operations. If it is the case
that DA shifts the type ofencoding achieved from deeper
to shallower, then recall under DA conditions should fall
on points lower than those delineating the semantic func
tion. Moreover, if the shift in subjective emphasis from
the memory task to the CRT task implies a further shift
in the qualitative nature of encoding toward shallower
types of processing, then recall following emphasis on
the memory task, the two tasks equally, and the CRT task
should move progressively from the deeper to the shal
lower areas of the memory space. It is not possible to
predict the exact location of recall values following the
three different conditions of emphasis; however, if the
results conform to the pattern described, it will provide
support for the conclusion that shifts of emphasis from

the memory task to the secondary task, as well as the DA
manipulation itself, reduce recall performance because
of shifts in the qualitative nature of the encoding opera
tions engaged.

To address these questions, we employed a dual-task
paradigm with the following features. First, we used a
well-understood memory paradigm (cued recall) in which
encoding and retrieval phases could be clearly separated.
To avoid modality-specific interference, we presented
the word lists auditorily and asked for spoken recall,
whereas we used visual stimuli and manual responses in
the concurrent task. The concurrent task was a continu
ous CRT task reported in our earlier study (Craik et aI.,
1996), in which the participant's response immediately
caused the next stimulus to appear. Since performance
did not reach ceiling on either task performed singly, we
argue 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 in
terval. Finally, in Experiment 2, we attempted to provide
a common metric for the memory and CRT tasks in terms
of time utilized in order to assess qualitative changes in
encoding under DA.

EXPERIMENT 1

The purpose of Experiment 1 was to assess the effects
of manipulating the difficulty of the secondary task on
memory performance and on the attentional costs ofen
coding and retrieval in a cued recall paradigm. Wemanip
ulated decision difficulty of the secondary task by ask
ing participants to respond to either a three-choice or a
six-choice RT task, and we manipulated the motor diffi
culty of the secondary task by asking participants to
press each key either once or twice for a given response.
The CRT task was performed alone and concurrently
with either the encoding or the recall phase of the mem
ory task; attentional costs were indexed by the increase
in RT from single- to dual-task conditions. Cued recall
was also measured under FA conditions, and so the ef
fects on memory of DA at encoding and retrieval could
be assessed.

Method
Participants. Twenty-four undergraduate students from the Uni

versity of Toronto participated in the experiment for course credit
or for payment.

Stimuli. The words used in the memory task were 432 two-,
three-, and four-syllable common nouns, allocated randomly into
18 lists of 12unrelated word pairs. The lists were recorded on an au
diotape recorder at the rate of 6 sec per pair. Ninety-six additional
words were used in the practice session.

Experimental tasks. The memory task consisted of the presen
tation of one of the paired-associate lists, followed immediately by
an arithmetic task to eliminate recency. In the arithmetic task, the
participants heard a sequence of 20 random digits (1-9) presented
auditorily at a I-sec rate; the participants were instructed to add 3
to each number and speak their responses. This task was immedi
ately followed by the memory retrieval phase, in which the first
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word of each pair was presented as a cue, auditorily, at a 6-sec rate,
and in a different random order from the presentation order. The
participants attempted to recalI the word that had been paired with
each cue during the study phase; their oral responses were tape
recorded for later transcription. In summary, the memory task was
cued recall, with a 72-sec encoding phase (12 word pairs X 6 sec),
an interpolated arithmetic task, and a 72-sec recalI phase.

The CRT task involved a visual display on a computer screen and
manual responses on an external button box. The display consisted
of either three or six boxes, arranged horizontalIy. A large white
rectangle appeared at random in one of the boxes, and the partici
pant's task was to press the corresponding key on the external but
ton box. The response caused the white rectangle to move immedi
ately to one of the other boxes, at random; the rectangle never
appeared in the same box on successive CRT trials. The goal was to
carry out the task as quickly and accurately as possible. The task
was thus a continuous CRT task; it was performed for 72 sec (alone
and during either the encoding or the retrieval phase).

The participants performed the CRT task by pressing the appro
priate key either once (one-press condition) or twice successively
(two-press condition). The accuracy and speed of the participants'
responses (in milIiseconds) were recorded by the computer. In the
two-press condition, RTs were recorded from the second keypress.
The CRT task was performed either alone or in combination with the
encoding or retrieval phase ofthe cued recalI task; there were no tri
als in which the CRT task was carried out during both encoding and
retrieval in this experiment.

Procedure and Design. The participants performed the CRT
task alone eight times for 72 sec each, for two replications of each
of the combinations of decision difficulty (three vs. six choices)
and number ofpresses (one vs. two). The memory task was also per
formed alone (i.e., under FA conditions) for two trials, and the four
combinations of the CRT task were performed twice concurrently
with encoding or with retrieval (i.e., under DA conditions) for a
total of 16 trials. Before each DA trial, the participants were in
formed whether the CRT task would be performed during the en
coding or the retrieval phase. Additionally, the participants were
told before each trial whether to respond with one or two presses
and whether three or six boxes would appear on the screen. The 16
DA trials were thus made up of two replications of the 2 X 2 X 2
combinations ofdecision difficulty (three or six choices) and motor
difficulty (one or two presses) either at encoding or at retrieval. AlI
variables were manipulated within subjects.

The participants were first given a description of the tasks in the
experiment, folIowed by practice on each task. First, the CRT task
was practiced for two trials of 30 sec, then the interpolated arith
metic task was practiced for two trials. The memory task was then
administered; 12 word pairs were presented auditorily at a rate of
6 sec per word folIowed by the arithmetic task, folIowed by spoken
recalI for 72 sec (12 words for 6 sec each). In the FA practice trial,
the participants were told to pay attention to the words in order to
memorize them as best they could. In the two DA practice trials, the

participants were told to split their attention equally between the
CRT and the memory task at either encoding or retrieval.

After these practice trials, the experimental trials were presented.
All participants heard the 18 lists in the same order, but the order of
the task conditions applied to each list were counterbalanced. In all,
12 formats were used; the three attention conditions (FA, DA at en
coding, and DA at retrieval) were presented in an order governed by
a Latin Square design, yielding three different orders. For both the
DA-at-encoding task and the DA-at-retrieval task, the four orders of
the sequence of number of choices (three or six) and number of
presses (one or two) were determined by a Latin Square design.
Thus, in total there were 12 unique orders ofattention condition and
CRT difficulty. One order was assigned to each of 12 participants,
and the tasks were run in one order in the first session and in the op
posite order in the second session, which took place I or 2 days after
the first session. The other 12 participants were run in the opposite
order. Tworeplications of alI combinations ofthe CRT task were dis
persed among the memory tasks in a random order, halfin the first
session and half in the second session. Altogether, the participants
performed 13 experimental trials in each session (4 CRT trials, I FA
memory trial, 4 DA-at-encoding trials, and 4 DA-at-retrieval trials),
with I or 2 min between each trial in order to introduce the next trial.
Each session took about 90 min.

Results
Memory performance. Table I shows the number of

correctly recalled words (out of 12) for each condition.
The participants recalled 8.02 words on average in the
FA condition. The recall level dropped by 8% in the DA
at-retrieval conditions (M = 7.40) and by 26% in the DA
at-encoding conditions (M = 5.90). A t test contrasting
free recall performance under FA and DA at retrieval
showed that the drop was not reliable [t(23) = 1.67, p >
.10]. A similar test contrasting FA with DA at encoding
showed a reliable effect [t(23) = 7.31, p < .00 I].

A 2 X 2 X 2 within-subjects analysis of variance
(ANOYA) on the DA conditions, with locus of attention
(DA at encoding and DA at retrieval), decision difficulty
(three vs. six choices), and motor difficulty (one vs. two
presses) as the variables, revealed that performance was
better under DA at retrieval than under DA at encoding
[F(l,23) = 20.90, MSe = 5.20, p < .01], performance
was better under the three-choice condition than under
the six-choice condition [F(l,23) = 9.55, MS e = 1.08,
p < .01], and a significant interaction of locus of atten
tion with decision difficulty [F(l,23) = 8.50, MSe =

1.01, p < .01]. Further comparisons indicated that the
source ofthis interaction was the significant effect ofde-

Table 1
Mean Number of Correctly Recalled Words and Standard Deviation

for Each Divided Attention (DA) Condition as a Function of
Decision Difficulty (Three Choice vs. Six Choice) and Motor Difficulty

(One Press Vs, Two Presses) of the Secondary Task in Experiment 1

Three Choice Six Choice

One Press TwoPresses One Press Two Presses

Attention Condition M SD M SD M SD M SD
DA at encoding 6.21 2.63 6.48 2.50 5.50 2.61 5.42 2.82
DA at retrieval 7.58 2.69 7.27 2.49 7.50 2.63 7.27 3.02

Note-Number of words recalled in the full attention condition = 8.02 (2.26). Maxi-
mum = 12.
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Table 2
Mean Choice Reaction Time (in Milliseconds) and Standard Deviation

for Each Attention Condition as a Function of Decision
Difficulty (Three Choice vs. Six Choice) and Motor Difficulty

(One Press vs. Two Presses) of the Secondary Task in Experiment 1

Three Choice Six Choice

One Press TwoPresses One Press Two Presses

Attention Condition M SD

Full attention 361 33
DA at encoding 377 42
DA at retrieval 390 57

M SD M

566 63 447
595 57 462
622 79 492

SD

49
61
74

M

636
682
705

SD

77
88

104

cision difficulty at encoding (three-choice M = 6.35, and
six-choice M = 5.46; p < .01) and the lack of effect of
decision difficulty at retrieval (three-choice M = 7.42,
and six-choice M = 7.39; n.s.). No other effects were
significant (F < 1.0).

Secondary task performance. Table 2 shows CRT (in
milliseconds) for each condition. The participants' aver
age CRT in the baseline condition was 502 msec and be
came slower when performed during encoding (529 msec)
and during retrieval (553 msec). CRT performance was
reliably faster when performed alone than when performed
during encoding [1(23) = 2.86, p < .01] or retrieval
[1(23) = 3.26, p < .01]. A 3 X 2 X 2 within-subjects
ANOVA,with attention condition (CRT alone, DA at en
coding, and DA at retrieval), decision difficulty (three
vs. six choices), and motor difficulty (one vs. two presses)
as variables, yielded a significant effect of attention
[F(2,46) = 9.09, MSe = 6.60, p < .01], slower perfor
mance in the six-choice condition (M = 573) than in the
three-choice condition (M = 485)[F(l,23) = 202, MSe =
2.52,p < .01], and slower performance in the two-press
condition (M = 636) than in the one-press condition
(M = 420) [F(l,23) = 409.07, MSe = 7.86,p < .01]. Fi
nally, there was a significant interaction ofattention con
dition and motor difficulty [F(l,46) = 6.72, MSe = 6.25,
p < .05]. Further comparisons indicated that the source
of this interaction was the larger effect of motor diffi
culty in the two DA conditions (one-press M = 430, and
two-press M = 651) than in the baseline condition (one
press M = 403, and two-press M = 600). No other ef
fects were significant.

In order to assess secondary task costs directly at en
coding and at retrieval, the appropriate baselines (perfor
mance on the secondary task alone) were subtracted from

each CRT performance in each ofthe DA conditions. The
results are shown in Table 3. A 2 X 2 X 2 within-subjects
ANOVA was conducted on these data, with attention
condition (DA at encoding vs. DA at retrieval), decision
difficulty (three vs. six choices), and motor difficulty
(one vs. two presses) as variables. Secondary task costs
were larger during retrieval (M = 50 msec) than during
encoding (M = 27 msec) [F(l,23) = 6.45, MSe = 50.0,
p < .05], larger in the six-choice condition (M = 44 msec)
than in the three-choice condition (M = 32 msec) [F(l,23)
= 4.39, MSe = 1O.0,p < .05], and larger in the two-press
condition (M = 50 msec) than in the one-press condition
(M = 26 msec) [F(l,23) = 8.94, MSe = 30.0, p < .01].
None of the interactions were significant.

Discussion
The results of Experiment I indicate that manipulating

the difficulty of a secondary task affects encoding and
retrieval processes differently. More specifically, when
the decision component of the secondary task is more
complex (in terms ofinformation uncertainty) during en
coding, it damages later memory performance, whereas
the same manipulation at retrieval has no effect on later
memory performance. In contrast, when the motor com
ponent of the secondary task becomes more difficult (in
terms of the motor-action components involved), it has
no effect on subsequent memory performance during ei
ther encoding or retrieval.

Our conclusions are, first, that DA at retrieval has only
a slight (and, in this case, nonsignificant) effect on cued
recall, and, second, that the effects ofDA at encoding on
later cued recall depend on the nature of the secondary
task-increases in decision difficulty reduce recall but in
creases in motor difficulty have no effect. The first con-

Table 3
Mean Choice Reaction Time (in Milliseconds) and Standard Deviation

for Each Divided Attention (DA) Condition as a Function of
Decision Difficulty (Three Choice Vs. Six Choice) and Motor Difficulty
(One Press vs. Two Presses) ofthe Secondary Task After Subtracting

the Appropriate Full Attention Baseline in Experiment 1

Three Choice Six Choice

One Press TwoPresses One Press Two Presses

Attention Condition M

DA at encoding 16
DA at retrieval 29

SD

41
59

M

29
56

SD

51
77

M

15
45

SD

31
79

M

46
70

SD

68
100
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elusion is in general agreement with the results ofKellogg,
Cocklin, and Bourne (1982), Baddeley et al. (1984), and
Craik et al. (1996). In the Craik et al. (1996) study, DA
at retrieval did reduce cued recall significantly, but the
magnitude of the effect was very similar (9% in Craik
et al., 1996, and 8% in the present experiment). It seems
reasonable to conclude that a visuomotor CRT task has
a relatively small detrimental effect on cued recall when
employed as a secondary DA task at retrieval but that
memory losses may be greater if the memory task and
the competing secondary task are qualitatively similar
(cf. Fernandes & Moscovitch, 2000). It is also worth not
ing that memory losses owing to DA at retrieval appar
ently depend on the paradigm; in the Craik et al. (1996)
study,the average loss was 12%for free recall, 9% for cued
recall, and I% for recognition.

In contrast to these relatively small effects of DA at
retrieval, DA at encoding is associated with substantially
larger effects. In the present experiment, the memory
costs were 21% for the three-choice conditions and 32%
for the six-choice conditions. This greater effect ofDA at
encoding than at retrieval replicates the findings ofCraik
et al. (1996), where the memory costs for cued recall were
33% and 9% for encoding and retrieval, respectively.
The present experiment adds the further information that
only certain types ofDA task affect encoding- namely,
tasks that consume central decision-making resources or
(put another way) tasks that involve the central executive
functions of working memory.

It might be objected that the shift from one-press to
two-press CRT conditions did not represent any real in
crease in difficulty but simply resulted in longer RTs. Our
response is that two-press RTs certainly take longer to
accomplish but that this increase is also shown by the cor
responding baseline conditions in which the CRT task was
performed by itself. The crucial data are the secondary
task cost data shown in Table 3. The shift from one-press
to two-press conditions resulted in a significant increase
in secondary task costs, as demonstrated by the previously
quoted ANOVA. Infact, the average increase in RT costs
from one-press to two-press was actually larger than the
average increase in costs from three-choice to six-choice
[24 and 12msec, respectively; t(23) = 1.97,p < .05]. Thus,
we argue that our manipulation of motor difficulty was
effectivebut that this increased tax on attentional resources
had no effect on the concurrent memory task at either en
coding or retrieval.

One final result worthy ofcomment is that, in the pre
sent experiment, CRT costs were significantly larger at
retrieval than at encoding, whereas in the Craik et al.
(1996) study, RT costs were equivalent for encoding and
retrieval. There are several possible reasons for this dis
crepancy (e.g., differences in materials and/or partici
pants), but the most plausible is that RT costs reflect the
attentional resources required to manage simultaneous
memory and CRT operations and that retrieval is more
sensitive than encoding to an increase in the complexity
of thesejoint processing operations. The Craik et al. (1996)

study showed that RT costs at retrieval varied substan
tially as a function of the paradigm used; average costs
were 135 msec per keypress for free recall, 68 msec for
cued recall, and 32 msec for recognition. That is, costs in
creased as the need for "self-initiated activities" increased
(Craik, 1983). The present experiment used cued recall
only but complicated the CRT task by incorporating de
cision and motor difficulty manipulations. Table 3 shows
that the difference between encoding and retrieval costs
was smallest (13 msec) for the simplest CRT condition
(three-choice with one-press), the condition that was
most similar to that used by Craik et al. (1996); the av
erage difference between encoding and retrieval costs was
27 msec for the remaining conditions. Thus, our conjec
ture is that RT costs for DA at retrieval were relatively
large in the present experiment because of the combina
tion of a moderately demanding retrieval paradigm with
relatively demanding CRT conditions.

Overall, the results of Experiment I confirm and ex
tend the conclusions of Craik et al. (1996) and Naveh
Benjamin et al. (1998)-namely, there are some clear
differences between encoding and retrieval processes.
Whereas memory performance is affected by secondary
task demands at encoding, although only when these de
mands are associated with central resources required for
conscious decision making, memory is not affected by
these same variations in secondary task demands at re
trieval. The suggestion is therefore that encoding pro
cesses involve the central executive (or require atten
tional resources), whereas retrieval processes appear to
be largely immune to variations in secondary task de
mands. On the other hand, secondary task costs are sen
sitive to variations in the demands of both the memory
task and the secondary task itself (Craik et aI., 1996),
and the present results suggest that RT costs may be par
ticularly sensitive to variations in retrieval difficulty.

EXPERIMENT 2

The purpose of Experiment 2 was to assess whether
DA at encoding changes the qualitative type of encoding
achieved. To achieve this aim, we used the calibration
analysis described in the introduction and in the Appen
dix to determine the cause of the discrepancy between
the results of obtained and predicted memory scores re
ported by Craik et al. (1996). As described in the intro
duction, these results indicated worse memory perfor
mance under conditions of DA at encoding than the
memory levels predicted by the calibration functions.
Furthermore, the deviation between predicted and ob
served memory performance became more pronounced
when participants shifted their attention away from the
memory task and to the secondary task. We wished to
evaluate whether this discrepancy was due to qualitatively
different encoding operations performed by the partici
pants under the different emphasis instructions. That is,
we hypothesized that, as the instructions change from
emphasis on the memory task to emphasis on the two
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tasks equally and then to emphasis on the CRT task, pro
cessing resources become increasingly devoted to the
secondary task; this forces a qualitative change to shal
lower encoding. In other words, participants can process
the words to a deep semantic level in the memory em
phasis condition, to a shallower level in the 50/50 empha
sis condition, and to a yet shallower level in the CRT em
phasis condition.

Testing this hypothesis involved generating separate
calibration functions relating encoding time to recall per
formance, separately for each of three levels of process
ing: deep, medium, and shallow. This was done by hav
ing participants encode several paired-associate lists,
presented at four different rates. It was expected that the
calibration functions for the deep, medium, and shallow
levels of processing would map out a set ofcognitive con
tours relating encoding time and encoding type to later
memory performance. It was, ofcourse, unlikely that per
formance levels in the three emphasis conditions would
correspond exactly to the levels marked out by the deep,
medium, and shallow calibration functions. But, if en
coding shifts from deep to shallow processing as attention
shifts from the memory task to the CRT task, it was ex
pected that memory performance following memory,
50/50, and RT emphasis instructions would shift pro
gressively from deeper to shallower areas of the map de
lineated by the calibration functions (see the Appendix
for a detailed example).

Method
Participants. The participants were 24 University of Toronto

undergraduates who took part in the study for course credit.
Stimuli. The stimuli were 480 one-, two-, and three-syllable con

crete nouns that were randomly arranged to form 24 lists of 10 un
related word pairs each. All lists were presented auditorily via a tape
player.

Experimental tasks. The memory task for the calibration part
of the study consisted of the auditory presentation of 10 word pairs
under FA conditions at rates of2, 3, 4, or 6 sec per pair, depending
on the list. Twelve such lists were presented, with each of the four
presentation rates presented once under each of the three levels of
processing. To induce a shallow level ofprocessing, the participants
were asked to judge which ofthe two words would come before the
other if they were arranged alphabetically. A medium level of pro
cessing was induced by asking the participants to specify whether
the two words had many, some, or no phonemes in common. The
deep level ofprocessing was induced by having the participants judge
the strength of the semantic association between the words in each
pair. The participants responded manually by circling their answers
on a standardized response sheet. The encoding phase was followed
by the 30-sec arithmetic task used in Experiment I and then by a
cued recall test in which the first word of each pair was presented
in a random order at a rate of6 sec per cue, to which the participants
responded orally.

The memory task for the DA part of the experiment consisted of
two replications ofone FAand three DA at encoding trials. All paired
associate lists consisted of 10 word pairs presented at a 6-sec rate,
followed by the 30-sec arithmetic task, and then the cued recall task
presented at a 6-sec rate. The DA trials were carried out under three
different emphasis conditions. Prior to each of the six DA lists, the
participants were instructed to focus their attention on either the

memory task (while continuing to perform the CRT task as rapidly
as possible) or the CRT task (while continuing to encode the pre
sented list as best they could) or were instructed to divide their at
tention equally between the two tasks. These three different empha
sis conditions are referred to as memory, CRT, and 50/50, respectively.

The CRT task was the same as in Experiment I, except that four
boxes were used. The CRT task was presented alone three times for
60 sec and during encoding for the DA trials. Finally, a "press-rate"
task was used in order to estimate the motor component ofthe CRT
task. The participants were presented with the same four-box visual
display as in the CRT task, but, in this case, the large white rectan
gle was displayed continuously for 6 sec in each box sequentially from
left to right. The participants pressed the key corresponding to the
box with the large white rectangle as often and as rapidly as possi
ble during the 6-sec interval and then pressed the next key with the
next finger as often and as rapidly as possible until all four boxes
were displayed in three sequences for a total of 72 sec.

Procedure and Design. To prevent fatigue, the calibration and
DA parts of the experiment were carried out in separate sessions,
each lasting about I h. Prior to each of the two sessions, the partic
ipants performed a number of practice trials in order to familiarize
themselves with the procedure. In the calibration part, the partici
pants were presented with three paired-associate practice lists, one
at a slow rate (6 sec), one at a medium rate (4 sec), and one at a fast
rate (2 sec). The participants were also induced to process each list
at shallow,medium, or deep level, as described above. In the DA part,
they received the CRT task alone for 30 sec and were presented with
one practice paired-associate list accompanied by the CRT task. No
emphasis instructions were given for this practice list.

For the experimental trials, two presentation formats were used,
and half of the participants received each format. Different orders
of list presentation were used in each format, and different words
were assigned to different lists in each format. Within each format,
half of the participants performed the DA part in the first session
and the calibration part in the second session; the other half of the
participants performed the two parts in the reverse order.

The participants were told that the calibration part of the study
was to find out how performing various judgments on word pairs
would affect retention of the list. Two different orders of level of
processing and presentation rate were created, one for each format;
within each format, levels ofprocessing conditions were presented
in a blocked fashion, with presentation rate semi-counterbalanced
(e.g., for Format B, the order oflevel of processing and presenta
tion rate was medium [2, 4, 3, 6 sec], shallow [6, 3,4,2 sec], deep
[4, 2, 6, 3 sec)). In the DA part of the experiment, all participants
performed the CRT task alone for 60 sec three times: at the begin
ning, middle, and end ofthis part of the experiment. The press-rate
task was performed twice: at the beginning and end of the session.
Twoorders oftask emphasis (memory, 50/50, and CRT) were created,
one for each format. For both calibration and DA sessions, the trials
were separated by I or 2 min, during which the instructions for the
next trial were provided. Eachparticipant participated in all conditions;
hence, in this experiment, we employed a within-subjects design.

Results
Divided attention at encoding. Figure lA presents

recall performance as a function ofthe attention condition
and emphasis instructions. It may be seen that the aver
age performance in the DA-at-encoding conditions (M =
4.72) was lower than in the FA condition (M = 7.08)
(t(23) = 6.88, p < .01]. In addition, recall performance
decreased as the emphasis shifted from memory, through
50/50 to CRT. Multiple t tests using the Bonferroni cor
rection method were carried out to compare each of the
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Figure 1. Average number of words recalled (A) and mean secondary CRT task performance (B) (±SE) under conditions of full
attention and divided attention at encoding with memory, SO/50,and CRT emphasis in Experiment 2.

DA conditions with the FA condition. All three t tests
showed a significant drop from FA to DA [t(23) = 5.57,
p < .001, for the memory emphasis; t(23) = 5.60, p <
.001, for the 50/50 emphasis; and t(23) = 7.70,p < .001,
for the CRT emphasis]. A within-subjects ANOVA on
the three DA conditions showed the effects of emphasis
instructions to be significant [F(2,46) = 12.93, MSe =

1.40,P < .00 I]. Newman-Keuls post hoc analysis showed
that while recall performance was significantly lower in
the CRT emphasis condition than in the 50/50 emphasis
condition (p < .05) and in the memory emphasis condi
tion (p <.05), the difference between the latter two did
not reach statistical significance.

Figure IB presents RT on the secondary task as a func
tion of attention condition and emphasis instructions.
RTs under DA at encoding conditions were slower than
when the task was performed alone (average RTs for DA
and FA were 451 and 403 msec, respectively) [t(23) =

3.20, p < .05]. In addition, CRT performance slowed as
the emphasis shifted from RT,through 50/50 to memory.
Multiple t tests using the Bonferroni correction method
showed a significant increase in RT from FA to DA for
the memory [t(23) = 6.75, p < .001] and for the 50/50
emphasis condition [t(23) = 6.94, p < .001] and a mar
ginally significant increase for the CRT emphasis con
dition [t(23) = 1.91,p < .06]. A within-subjects ANOVA
on the DA conditions showed a significant effect of em
phasis instructions on RT performance [F(2,46) = 37.50,
MSe = 947.6,p < .001]. A Newman-Keuls post hoc analy
sis revealed that CRT performances in all three emphasis
conditions were significantly different from each other
(p < .05).

These results replicate those reported by Craik et al.
(1996) and Naveh-Benjamin et al. (1998), showing that
DA at encoding reduces memory performance signifi
cantly and that instructions to vary attentional allocation

Table 4
Mean Number of Words Recalled and Standard Deviation as a Function

of Encoding Time and Level of Processing in Experiment 2

Encoding Time (in sec)

234 6

Level of Processing M SD M SD M SD M SD
Deep 3.96 1.99 5.58 2.17 6.42 1.59 6.42 2.06
Medium 1.17 1.20 2.33 1.63 2.54 2.02 2.33 1.81
Shallow 0.33 0.56 0.83 1.05 1.83 1.76 1.96 1.97

Note-Maximum = 10.
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between encoding and the secondary task affect memory
performance significantly. The results also replicate CRT
secondary task performance at encoding, indicating an
increase in CRT from single-task performance and an ef
fect of task emphasis on CRT.

Calibration functions. The mean recall scores for the
three levels of processing at each presentation rate ap
pear in Table 4. The table illustrates the general trend of
improvement in memory performance as a function of the
time available for the encoding of each pair, with per
formance leveling off beyond the 4-sec rate. The table
also shows that, across all four presentation rates, the
level ofprocessing manipulation affected memory in the
expected manner: Performance was best under the deep
level of processing and worst under the shallow level. A
two-way ANOVA involving level of processing and pre
sentation rate indicated a significant effect of presenta
tion rate [F(3,69) = 20.03, MSe = 2.49,p < .05], a signif
icant effect of level of processing [F(2,46) = 176.56,
MSe = 2.89,p < .01], and no significant interaction of the
two [F(6,138) = 2.16, MSe = 1.52,p> .10].

We applied the best-fitting function to each ofthe three
levels of processing data points. Although an exponen
tial function provided the best fit to the data using the
four rates ofpresentation, we decided to fit a function to
the three faster rates ofpresentation only (2, 3, and 4 sec
per word). The reason for this was that all of the calcu-

lated encoding times (described below) were between 2
and 4 sec, and, as a result, the predictor points would be
found within this interval. With three presentation rates,
a linear function provided the best fit.

Encoding time was calculated as described in the Ap
pendix. By following these steps, we determined that
there were 3.96, 3.87, and 3.61 sec functionally available
for encoding each item in the memory, 50/50, and RT em
phasis lists, respectively. The predicted recall values for
each of the three emphasis conditions were then deter
mined by entering the obtained times into the calibration
functions. Figure 2 shows the calibration functions for the
deep, medium, and shallow levels of processing, as well
as the observed recall values for the memory, 50/50, and
CRT emphasis conditions. The figure shows that, as em
phasis in the DA conditions shifts from memory encoding
to the RT task, the subsequent levels of memory perfor
mance fall from those achieved with the deep calibration
function toward the levels shown by the medium cali
bration function. Specifically, memory performance fol
lowing DA at encoding lies between the level achieved
with semantic processing and a 4-sec rate and the level
associated with phonemic processing and a 3-sec rate.
That is, the effects ofa shift ofemphasis from memory to
the RT task mimic the effects associated with a slight re
striction in encoding time plus a qualitative change in type
ofencoding from semantic to phonemic processing. The
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Figure 2. Cued recall calibration functions (for 2, 3, and 4 sec), plotting words
recalled as a function of the time available and the level of processing at en
coding in Experiment 2. Observed recall values as a function ofemphasis con
dition are also shown. See text for further details.
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pattern of results closely replicates the pattern found
with cued recall in our previous work (Craik et aI., 1996,
Figure 5).

Discussion
The results of Experiment 2 confirm previous results

(Craik et aI., 1996) in many respects. First, the results
show that DA at encoding leads to a significant decrease
in memory performance relative to encoding under FA.
Second, memory was sensitive to changes in emphasis
instructions during the encoding phase. The results of
Experiment 2 show that recall performance became
progressively worse as emphasis instructions shifted
from memory to CRT; the participants performed best
when instructed to focus on the memory task, worst
when instructed to focus on the CRT task, and in between
when instructed to focus equally on the memory and the
CRT tasks. Third, DA at encoding also had a negative ef
fect on secondary task performance, which was most
disrupted under the memory emphasis condition, less
disrupted under the 50/50 emphasis condition, and least
disrupted under the CRT emphasis condition. These re
sults closely replicate those of Craik et al. (1996) in
demonstrating a tradeoff between the memory task and
the secondary task during encoding.

The primary purpose of this experiment was to deter
mine whether the departure from the predicted calibra
tion curve observed by Craik et al. (1996), especially as
emphasis shifted to the RT task, was due to the fact that
when the participants had to devote more attention to the
secondary task, their encoding of the material became
shallower. Inspection ofFigure 2, which presents the pre
dicted performance using the calibration functions cre
ated for the different levels ofprocessing, along with the
observed performance in the three emphasis conditions,
shows that, at least qualitatively, the results confirm the
hypothesis raised: As emphasis shifted from the memory
task to the RT task, the observed recall values departed
progressively from the values predicted by the deep cal
ibration function. Such a pattern indicates that, as empha
sis is shifted away from the memory task, participants'
performance increasingly deviates from the one to be ex
pected if participants encoded the information at a deep
level of processing and approaches the level expected if
participants encoded the words in a phonemic manner. It
therefore appears that the shared time model proposed by
Craik et al. (1996) must be modified to take type of pro
cessing into account, as well as the functional time avail
able. Our claim is that the "cognitive contours" mapped
out by the three calibration curves describe the relations
between encoding time and type of processing, on the
one hand, and subsequent memory performance, on the
other. The point that this progressive change in encoding
represents a shift from deep to shallow processing is cer
tainly supported by the results shown in Figure 2, although,
admittedly, the present encoding map may not be the only
possible version. A more precise specification ofthe qual
itative types of encoding achieved under dual-task con-

ditions will require converging evidence from other ex
perimental manipulations.

GENERAL DISCUSSION

The results of the two experiments confirm and extend
the conclusions reached by Craik et al. (1996) and
Naveh-Benjamin et al. (1998) by indicating that, despite
a tradition in cognitive psychology that views encoding
and retrieval processes as being similar, these processes
also differ in important ways. Specifically, encoding pro
cesses are significantly affected by simultaneous pro
cessing demands, whereas retrieval processes are much
less affected. Inboth experiments, recall under DA at en
coding dropped by 26%-33% relative to recall under FA
at encoding. In contrast, recall performance under DA at
retrieval dropped by only 8% (Experiment 1)-a decline
that was not statistically reliable.

Furthermore, the results ofExperiment I indicate that
manipulating the difficulty of the secondary task differ
entially affects encoding and retrieval processes. The
difficulty of the decision component of the secondary
task affected encoding but not retrieval; the more com
plex this decision component was during encoding (in
terms of information uncertainty), the more it damaged
later memory performance. In contrast, such a manipu
lation at retrieval had no effect on memory performance.
In Experiment 2, encoding was also affected by instruc
tions to vary task emphasis between encoding and the
secondary task. Memory performance declined and CRT
performance improved as the instructions at encoding
assigned higher priority to the CRT task. Finally, Exper
iment 1 showed that encoding (like retrieval) seems to be
unaffected by the difficulty ofa simultaneous activity that
does not require central resources; when the motoric com
ponent ofthe secondary task was made more difficult (in
terms of motor-action components involved), during ei
ther encoding or retrieval, subsequent memory perfor
mance was not affected. This pattern ofresults is compat
ible with the view that encoding processes require central
resources and are under the participant's control. This
view is further supported by the results of Experiment 2:
As instructions moved the participants' processing em
phasis progressively away from memory encoding to fast
performance of the CRT task, subsequent memory per
formance dropped in a pattern compatible with the no
tion that both processing time and processing depth were
progressively restricted.

Retrieval, on the other hand, seems to differ from en
coding in that it was affected neither by the introduction
of a secondary task nor by the manipulation of the deci
sion complexity of the secondary task (Experiment I).
These results may lead one to think of retrieval as being
automatic, but there are several indications that this is not
the case. First, Experiment I showed that retrieval does
require attention. The participants performed more slowly
on the CRT task during retrieval than when it was per
formed alone. Inaddition, RTs during retrieval were sen-
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sitive to the level of decision complexity required by the
secondary task, but retrieval itself was not affected by
secondary task complexity. Both ofthese results indicate
that retrieval is resource demanding. The picture emerg
ing from these results for retrieval is that it is obligatory
or autonomous in that it is only marginally interrupted by
other activity, yet it draws resources for its completion,
resulting in the slowing down of performance on the
concurrent task.

The lack of an effect of motor difficulty on memory
performance, either at encoding or at retrieval, indicates
that neither the covert motor encoding activity (e.g., re
hearsal) nor the overt motor retrieval activity (retrieving
aloud) is significantly affected by the motoric demands
of the concurrent task. The results do indicate, however,
that the manipulation was successful: DA costs were sig
nificantly greater for the difficult motor task (two presses)
than for the easy version (one press). In addition, despite
the fact that the increase in motor difficulty had no effect
on either encoding or retrieval, the increase in DA costs
from one press to two presses was significantly greater
than the increase in DA costs associated with the shift
from three-choice to six-choice decisions.

Is it possible that the observed asymmetry between the
effects of DA at encoding and at retrieval stems, at least
in part, from different tradeoff strategies adopted by the
participants at encoding and at retrieval? The participants
may have given priority to the RT task at encoding and
to the memory task at retrieval. Also, the consequences
of paying more or less attention to encoding operations
are not felt until a later time, as opposed to the immediate
sense of success or failure at retrieval. We believe that
the asymmetry reflects fundamental differences between
encoding and retrieval rather than a simple difference in
attentional allocation policy. First, in Experiment I in
Naveh-Benjamin et al. (1998) and in Experiments 3 and
4 in Craik et al. (1996), all ofwhich employed cued recall
or recognition memory tasks, the secondary task costs
were the same at encoding and retrieval, yet DA had a
much greater effect on encoding. Second, in Experi
ments 2-4 in Craik et al. (1996), shifting participants'
priorities from retrieval to the secondary task improved
performance in the secondary task but had no effect on
memory performance. When performed at encoding, such
a shift of emphasis reduced memory performance under
DA even further. The same pattern of shifting priorities
at retrieval having no effect on memory performance
was recently obtained by Anderson, Craik, and Naveh
Benjamin (1998, Experiments 2 and 4) for both young
and older adults.

One puzzling result obtained by Craik et al. (1996) was
that the observed recall values following DA at encoding
fell below the predicted values derived from calibration
functions. In addition, the observed values fell further
below the predicted values as emphasis instructions shifted
attention from the memory encoding task to the concur
rent RT task. In the present Experiment 2, we investigated

the possibility that this systematic deviation was a con
sequence ofshallower levels ofencoding associated with
less attention devoted to the encoding task. Figure 2 shows
that the observed values ofmemory performance in three
emphasis conditions fell between the calibration func
tions associated with semantic and phonemic processing
in FA conditions. That is, as attention shifted from the
memory encoding task to the CRT task under DA condi
tions, the type of encoding achieved apparently changed
from deeper to shallower. Thus, although the observed
values for the three emphasis conditions did not fall on
the "predicted" calibration curves, the pattern observed
was qualitatively in line with our hypothesis.

Overall, the pattern emerging from the present inves
tigation extends the conclusions ofour earlier research in
indicating that the control processes associated with en
coding and retrieval processes are substantially different.
These results suggest that differential effects of DA on
encoding and retrieval may exist, because while encoding
and secondary task performance are both under atten
tional control, retrieval operates largely outside of atten
tional control. Thus, during encoding, two controlled tasks
must be managed concurrently, whereas during retrieval,
only one task (the CRT task) requires control.

The novel contributions of the present research are,
first, the finding that only certain types ofconcurrent task
are associated with a decrement in memory encoding
(i.e., tasks that involve central decision-making or cen
tral executive functions), and second, Experiment 2 shed
light on a puzzle generated by our earlier work-that re
call levels under DA conditions were lower than the lev
els predicted on the basis of a restriction in encoding
time alone. The present results suggest strongly that DA
at encoding also changes the qualitative type of encod
ing achieved, from a semantically elaborate kind of pro
cessing to a type ofprocessing that is shallower and more
phonemic in character.
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APPENDIX

The basic idea of the shared-time model proposed by Craik
et al. (1996) is that time is a resource shared between the two

tasks involved in a DA experiment. We make the simplifying
assumption that processes occur in parallel only to the extent
that there is sufficient time to execute the processes; thus, the
processes associated with one task can be carried out only to the
extent that time is "contributed" to them from the other task. In
the present experiments, one task was memory encoding and
the other was CRT. We therefore assume that, under DA condi
tions, the only time available for memory encoding is the time
represented by the slowing of the CRT task (the time taken to
perform the CRT task under DA conditions minus the time
taken to perform the CRT task alone). For example, ifmean RT
under single-task conditions is 500 msec and this mean value
rises to 800 msec under dual-task conditions, it is assumed that
300 msec are available for memory encoding processes. If the
encoding phase lasts 60 sec, then 75 RT responses were made
(60 sec/800 msec), and so 75 X 300 msec = 22.5 sec is suppos
edly available for memory encoding. If I0 items were encoded,
then each item would have 2.25 sec available for encoding
under DA conditions. In a different phase ofthe experiment, we
present words at different rates (e.g., 2, 3, 4, 6 sec per word) for
encoding under FA conditions. This procedure yields a "cali
bration function" relating encoding time to subsequent memory
performance. Finally, in the present example, we take the ob
served level of memory performance under DA conditions and
check whether it lies on the calibration function at the level of
2,25 sec.

When we carried out these calculations in the Craik et at.
(1996) experiments, however, we found that the observed mem
ory levels under DA fell substantially above the calibration
function. We therefore made the further assumption that par
ticipants could also use the mechanical motor time in each CRT
response for memory encoding; only the central decision time
is unavailable. Motor time is estimated by having participants
simply press the key repetitively without making decisions. If
this motor time is 200 msec per keypress, then this value is
added to the 300 msec available from each keypress (in the pre
ceding example) to make a total of500 msec available from each
keypress under DA conditions-that is, 75 X 500 msec =
37.5 sec in total, or an amended value of3.75 sec per item. When
these amended calculations were carried out for the encoding
conditions in the experiments reported by Craik et at. (1996),
the observed memory values lay close to the calibration function,
but below that function. Furthermore, the discrepancy between
the observed values and those "predicted" by the calibration
function increased as emphasis was shifted from the memory
task to the CRT task, as described in the main body of the text
of the present article.
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