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Abstract
Division of attention (DA) at the time of learning has large detrimental effects on subsequent memory performance, but DA at
retrieval has much smaller effects (Baddeley, Lewis, Eldridge, & Thomson, 1984, Journal of Experimental Psychology: General,
113, 518–540; Craik, Govoni, Naveh-Benjamin, & Anderson, 1996, Journal of Experimental Psychology: General, 125, 159–
180). Experiment 1 confirmed the relatively small effects of DA on retrieval and also showed that retrieval operations do
consume processing resources. The experiment also found that the effect is not attributable to a trade-off in performance with
the concurrent task or to recognition decisions made on the basis of familiarity judgments. Participants made levels-of-processing
(LOP) judgments during encoding to check whether deeper semantic judgments were differentially vulnerable to the effects of
DA. In fact DA did not interact with LOP. Experiment 2 explored reports that the comparatively slight effect of DA on
recognition accuracy is accompanied by a compensatory increase in recognition latency (Baddeley et al., 1984). The experiment
replicated findings that neither DA nor differential emphasis between recognition and a concurrent continuous reaction time
(CRT) task affected recognition accuracy, but also found evidence for a lawful trade-off in decision latencies between recognition
and CRT performance. Further analysis showed that the relationship between response rates on the two tasks was well described
by a linear function, and that this function was demonstrated by the majority of individual participants. It is concluded that the
small effect of DA on recognition performance is attributable to a trade-off within the recognition task itself; accuracy is
maintained by a compensatory increase in decision latency.
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It is generally agreed that effective learning requires attentional
resources. One way in which this has been demonstrated em-
pirically is to contrast encoding and retrieval under conditions
of full attention with conditions in which participants must
perform a secondary task simultaneously with encoding or re-
trieval operations. Many studies have shown convincingly that
such conditions of divided attention (DA) at encoding result in
substantial decrements in subsequent recall and recognition
performance (Baddeley, Lewis, Eldridge, & Thomson, 1984;
Craik, Govoni, Naveh-Benjamin, & Anderson, 1996; Guez &
Naveh-Benjamin, 2006; Mulligan, 1998; Murdock, 1965).
Interestingly and unexpectedly, DA at retrieval hasmuch small-
er negative effects on both recall and recognition (Baddeley et
al., 1984; Craik et al., 1996; Kellogg, Cocklin, & Bourne,

1982), and the present article focuses on possible reasons for
this discrepancy. In particular, DA combined with recognition
testing resulted in no memory decrements in some early studies
(Baddeley et al., 1984; Craik et al., 1996), although later studies
have shown small recognition decrements (Dodson& Johnson,
1996; Gruppuso, Lindsay, & Kelley, 1997; Hicks & Marsh,
2000; Lozito & Mulligan, 2006).

Why should the effects of DA during retrieval be less than
the effects of DA during encoding, especially for recognition
memory? Initially Baddeley et al. (1984) concluded that re-
trieval must be ‘automatic’ and cost-free in terms of attention-
al resources, although they did find that retrieval latency in-
creased under DA conditions. The notion of automatic retriev-
al was essentially ruled out by later studies, however, includ-
ing the experiments reported by Craik et al. (1996). They used
a continuous reaction-time (CRT) task as the concurrent sec-
ondary task, and found that RTs slowed substantially under
DA at retrieval conditions relative to the CRT task performed
on its own, leading to the conclusion that retrieval processes
do in fact require attentional resources. Craik and colleagues
also found that instructions to vary the relative emphasis
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between the CRT task and memory retrieval changed perfor-
mance systematically on the CRT task but had no effect on
memory performance. Specifically, recognition performance
was unaffected by both divided attention at test and by the
emphasis manipulation. This pattern of results led the authors
to conclude that retrieval processes are in some sense manda-
tory and protected, and therefore the required attentional re-
sources (typically greater in recall than in recognition) are
necessarily withdrawn from the processes mediating the sec-
ondary task.

One straightforward account of these findings is that perfor-
mance on memory tasks in DA at retrieval conditions simply
trade off with performance on the secondary task; better mem-
ory performance should mean poorer CRT performance by this
view. However, in each of Experiments 2, 3, and 4 in the Craik
et al. (1996) series, greater emphasis on the memory task was
associated with more slowing of the CRT task (showing that
memory retrieval requires resources), but with no further ben-
eficial effects on memory performance. These replicated results
thus speak against any simple version of the notion that pre-
served memory performance during DA at retrieval depends on
a trade-off with performance of the secondary task.

Another suggestion relevant to recognition memory is that
recognition performance under dual-task conditions is largely
mediated by processes associated with familiarity rather than
with processes of conscious recollection. That is, target words
are endorsed as Bold^ because participants feel they have ex-
perienced them recently although they have no explicit recol-
lection of their reaction at the time of encoding. The claim
here is that familiarity and recollection are dissociable aspects
of recognition memory and that familiarity requires relatively
small amounts of processing resources (Jacoby, 1991;
Mandler, 1980). A number of studies by Jacoby and col-
leagues provide evidence for this view by showing that divid-
ed attention during retrieval reduces recollection but has es-
sentially no effect on familiarity (e.g. Jacoby, Kelley, Brown
& Jasechko, 1989a; Jacoby, Kelley, & Dywan, 1989b). It
therefore seems possible that the sustained levels of recogni-
tion memory under DA conditions are attributable to partici-
pants making recognition decisions on the basis of feelings of
familiarity rather than on recollection. This is one idea tested
in the first experiment reported here. We asked participants to
make remember/know (R/K) judgments for each item they
claimed to recognize, under both full and divided attention
conditions. Given that know judgments are given on the basis
of familiarity without recollection (e.g. Gardiner &
Richardson-Klavehn, 2000; but see also Cohen, Rotello, &
MacMillan, 2008; Ingram, Mickes & Wixted, 2012; Wixted
& Mickes, 2010, for alternative views), we might expect that
correct recognition decisions under DA at retrieval conditions
would largely reflect K judgments.

A second point that emerges from Jacoby’s (1991) analysis
is that when items are encoded richly and semantically, such

encoding supports higher levels of subsequent memory per-
formance (e.g. Craik & Tulving, 1975). However, assuming
that these higher levels of retention are attributable to en-
hanced recollection (R) which is affected by DA at retrieval,
items encoded semantically should be particularly vulnerable
to dual-task conditions at retrieval. Jacoby (1991) presented
evidence in favor of this notion by having participants solve
anagrams of some words during the encoding phase (thereby
increasing semantic processing of the word), whereas other
words were simply read aloud; no mention was made of a
subsequent memory test. Words encoded as anagrams were
later recognized less well under conditions of DA than under
full attention at retrieval (hits minus false alarm scores for full
attention = 0.66, for DA at test = 0.49), whereas words read
aloud at study were not so affected (full attention = 0.32, DA =
0.34, respectively). This idea has been followed up with
mixed results. Jacoby’s findings were replicated by Hicks
andMarsh (2000), who also used anagram solution as a means
of inducing semantic encoding, but not by Lozito and
Mulligan (2006), who compared the effects of rhyme versus
semantic processing at study, and found a small but reliable
effect of DA during test that was equivalent for the two types
of encoding. However they did find an interaction between
DA at test and yes/no during study, where yes signifies a
positive response to the initial encoding question. DA had a
stronger negative effect on yes responses, and this result is in
line with Jacoby’s view on the assumption that positive re-
sponses are associated with more elaborate forms of encoding
(Craik & Tulving, 1975). A second purpose of the first exper-
iment was therefore to obtain further evidence on these points
by combining a more traditional levels-of-processing (LOP)
manipulation at study with division of attention at both
encoding and retrieval.

Experiment 1

The purpose of the first experiment was to obtain further ev-
idence on the reasons for the relatively small memory decre-
ments associated with DA at retrieval. In particular, we wished
to explore the possibility that recognition decisions made un-
der conditions of DA at retrieval may be made on the basis of
familiarity rather than recollection, and whether items
encoded deeply and elaborately are more vulnerable to the
effects of DA at retrieval. We also wished to obtain further
data on the differential effects of DA at encoding and retrieval,
and on the pattern of dual-task performance with regard to the
respective effects on memory and the secondary task itself. In
overview, participants encoded words in response to three
types of orienting questions (letters, rhymes, and semantic
associations) and were later given both recall and recognition
tests for the words. The encoding and retrieval phases were
performed under conditions of full attention or DA at either
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encoding or retrieval. The design was therefore 3 (levels of
encoding) × 3 (locus of attention) × 2 (yes/no items), with all
variables being within participants. Learning was intentional
(participants were informed of the upcoming memory tests),
and the secondary task was detection of three successive odd
digits (e.g. 3-9-1 or 5-7-5) in a lengthy string of digits present-
ed auditorily (Craik, 1982; Jacoby, 1991).

Method

Participants The participants were 48 undergraduates (35 fe-
male) at the University of Toronto who performed the exper-
iment either for course credit or for a stipend of $12 CAD per
hour. The age range was 17–30 years, plus one outlier of 37
years, and the mean age was 20.0 years. The mean number of
years of education was 14.0 years.

Materials and design The words used in the study were com-
mon two-syllable concrete nouns presented in white font on a
black background in the middle of a computer monitor screen.
During the encoding phase, each word was preceded by a
question that pertained either to its first letter (e.g. ‘Does the
word begin with B?’—BAGEL), to its rhyme characteristics
(e.g. ‘Does the word rhyme withMitten?’—KITTEN) or to its
meaning (e.g. ‘Is the word related to Picture?’—ARTIST).
Each list contained 18 words, six each of the three question
types—Letter, rhyme, and associate—presented randomly.
Within each type, four questions required a ‘yes’ answer and
two required a ‘no’ answer (e.g. ‘Does the word rhyme with
Table?—CABBAGE). The reason for this imbalance was our
greater focus on words associated with a positive response,
especially in recognition tests. Each question appeared for 2 s
followed by its associated word, also shown for 2 s, during
which the participant responded yes or no by pressing one of
two keyboard buttons. Following the word’s presentation
there was a 1-s pause before the next question appeared.
Immediately following the presentation of each list, partici-
pants were asked to recall as many of the preceding words as
possible, in any order, by writing them on a sheet of paper;
they were given 60 s for this task.

There were nine lists in all, each followed by a recall ses-
sion. Three consecutive lists were encoded and recalled under
conditions of full attention, three were encoded under divided
attention (DA) and recalled under full attention, and three
were encoded under full attention and recalled under divided
attention. The secondary task in the DA condition was used
previously by Craik (1982) and by Jacoby (1991); it consisted
of a long string of single digits presented auditorily at a 1.5-s
rate. The participant’s task was to detect any runs of three
consecutive odd digits (e.g. 5, 9, 1, or 7, 3, 3) and to respond
by saying the third digit out loud (e.g. 1 and 3 in the preceding
example). Participants were told that the digit task and the

memory task were equally important and that they should
devote as much attention as possible to each task.

Finally, participants completed three recognition tests fol-
lowing presentation and recall of all nine lists. Each test was
composed of the 36 previously presented words associated
with a ’yes’ response in the encoding phase—12 words from
each of three encoding lists. These 36 old words were mixed
randomly with 36 new words drawn from the same source.
The 36 old words in each recognition list were taken from
three encoding lists presented in the same condition with re-
spect to full or divided attention. That is, one of the recogni-
tion lists contained old words encoded and recalled under full
attention, another contained old words encoded under DA but
recalled under full attention, and the third contained old words
encoded under full attention but recalled under DA.

The DA task was also performed during the retrieval phase
of selected recall and recognition tasks. In the case of recall,
DA at retrieval was performed on three of the encoding lists
presented under full attention conditions; and in the case of
recognition, DA at retrieval was performed on items drawn
from these same three lists. In summary, of the nine encoded
lists, three were performed under conditions of full attention at
encoding followed by full attention during both recall and
recognition tests; three were performed under conditions of
full attention at encoding followed by DA during both recall
and recognition tests; and three were performed under condi-
tions of DA at encoding followed by full attention during both
recall and recognition tests. Each recognition list contained 12
words associated with positive responses to each of the letter,
rhyme, and associate encoding questions mixed randomly
with 36 new (nonstudied) words. Participants responded to
words presented in the recognition phase in one of three ways;
if they recognized the word as old and also remembered some
details of their reaction to it during the encoding phase, then
they pressed a key labeled ‘Remember’; if they thought a
word was old but could not recall any contextual reaction to
it, then they pressed a key labeled ‘Know’; if they thought a
word was new, they simply refrained from responding. In the
recognition tests, each word was shown for 4 s, during which
time they made their response (if the word was judged old).
However, responses of R or K immediately caused the next
word to appear.

With regard to randomization and counterbalancing of ma-
terials and conditions, we carried out the following manipula-
tions. First, 32 participants saw encoding lists in which the 18
words in each list remained in the same list for all participants,
with each word associated with the same encoding question.
To create some diversity of materials, the remaining 16 par-
ticipants were given lists in which the words were completely
rerandomized with respect to encoding questions, but with no
word repeating the type of question answered by the first 32
participants. For all participants, the words in each encoding
list were presented in a different random order. The lists
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themselves were organized in three blocks of three lists; each
block was allocated randomly to one of the three encoding/
retrieval combinations for each participant, and the order of
the blocks was also randomized for each participant. Finally,
each of the three recognition tests contained the 36 ‘yes’
words from one block, plus 36 new words; the three recogni-
tion tests were also presented in a different random order with
respect to experimental condition to each participant.

The overall design was therefore entirely within partici-
pants, combining three levels of processing (letter, rhyme,
and associate) with two answers to encoding questions (yes,
no) and with three combinations of full and divided attention
(full attention at both study and test; DA at study and full
attention during both tests; full attention at study and DA
during both recall and recognition tests). For recall, partici-
pants recalled both ‘yes’ and ‘no’ words, but in each recogni-
tion test only 36 ‘yes’words were presented (12 each for letter,
rhyme, and associate encoding) along with 36 new words.

Procedure Participants were tested individually. They were
informed that the experiment concerned memory ability, and
that they would be shown sets of common words and would
then attempt to recall as many words as they could by writing
them down on a sheet of paper in any order. The DA task was
then explained to them. They were instructed to say aloud the
third digit in a run of three consecutive odd digits, and short
runs of digits were then presented as practice. Participants
were informed that on some runs the DA task would be per-
formed alone, and on other occasions it would be performed
during either an encoding phase or during a recall or recogni-
tion test. The DA task was performed alone on two occa-
sions—for 135 s before any memory lists were presented
and again for 139 s after all memory tests were completed.
In both cases there were 10 targets at unpredictable intervals.
The baseline level of performance for each participant was
calculated as themean of performance on these two occasions.
Participants were instructed to give equal weight to the DA
and memory tasks in the DA conditions. Finally, before each
list was presented, participants were informed of the condi-
tions (full or divided attention) under which the study and test
phases would be performed.

Results

Secondary task performance Mean probability of correct de-
tection of targets on the three-successive-digit task performed
on its own (averaged over two sessions) was 0.96.
Performance on the digit task during encoding dropped to
0.57, performance during recall was 0.73, and performance
during the recognition test was 0.62. Resource usage costs
were therefore 0.39 for encoding, 0.23 for recall, and 0.34
for recognition. That is, retrieval costs were less than encoding
costs for both recall and recognition. A one-way ANOVA on

all four conditions of digit task performance yielded a signif-
icant effect of condition, F(3, 141) = 62.5, p < .001, ηp

2 =
.571. Subsequent pairwise comparisons showed that all values
differed significantly from each other (p < .01), except for the
difference between encoding and recognition.

Recall performance Given that 32 participants were tested on
one combination of words and encoding conditions, and 16
participants on a second combination, we first tested for dif-
ferences in recall levels for the two subgroups. Overall means
for the subgroups of 32 and 16were 0.23 (SD = 0.18) and 0.25
(SD = 0.17), respectively. A 2 (groups) × 3 (attention) × 3
(LOP) × 2 (yes/no) ANOVA revealed no main effect of
groups, F(1, 46) = 1.06, p > .05, and no interactions between
group and any other factor (all Fs < 1.3). The two subgroups
were therefore combined into one group of 48 participants for
further analyses.

Recall performance levels as a function of attention condi-
tion (full attention, DA at encoding, DA at retrieval), LOP
(letter, rhyme, associate) and response type (yes, no) are
shown in Fig. 1. For both yes and no responses, recall is best
for the full attention condition, poorest for DA at encoding,
and intermediate for DA at retrieval. The LOP manipulation
shows that letter and rhyme encoding resulted in approximate-
ly equivalent performance levels, with higher recall levels for
associate encoding. Performance was generally higher for
words associated with yes responses than for those with no
responses. These effects were confirmed in a three-way
ANOVA (attention × LOP × yes/no) that showed significant
effects of attention, F(2, 94) = 65.1, p < .001, ηp

2 = .581; of
LOP, F(2, 94) = 7.86, p < .001, ηp

2 = .143; and of yes/no, F(1,
47) = 36.8, p < .001, ηp

2 = .439. There was one significant
interaction, between LOP and yes/no, F(2, 94) = 10.44, p <
.001, ηp

2 = .182. The interaction is attributable to a larger
advantage of yes over no responses for associate encoding
than for the other two differences (yes − no differences were
0.05 for letter, 0.03 for rhyme, and 0.12 for associate). The
interaction between divided attention and yes/no was not sig-
nificant, F(2, 94) =1.42, p > .05. Separate ANOVAs for yes
and no responses showed that for yes responses there were
significant effects of divided attention, F(2, 94) = 80.5, p <
.001, ηp

2 = .631, and of LOP, F(2, 94) = 23.7, p < .001, ηp
2 =

.335; the interaction was not significant, F(4, 188) = 1.67, p >

.05. In the case of no responses, the ANOVAyielded a signif-
icant effect of divided attention, F(2, 94) = 20.6, p < .001, ηp

2

= .304, but no effect of LOP or of the DA × LOP interaction
(Fs < 1.0). For both the yes and no analyses, all three levels of
the attention variable were significantly different from each
other (p values < .01 in all six cases).

Recognition performanceWe first tested the two subgroups of
32 and 16 participants for differences in the overall hits minus
false-alarm scores. The overall means for the subgroups of 32
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and 16 were 0.55 (SD = 0.21) and 0.62 (SD = 0.19), respec-
tively. A 2 (groups) × 3 (attention) × 3 (LOP) ANOVA re-
vealed no main effect of groups, F(1, 46) = 3.65, p > .05, and
no interactions between group and either attention or LOP
(both Fs < 1.2). We therefore again combined the scores into
one group of 48 participants for further analyses.

Table 1 shows proportions correct for hits, false alarms
(FAs), and for hits minus FAs. The table also shows values
for hits and FAs for R and K judgments. The recognition tests
involved only ‘yes’ items from the encoding conditions. FA
rates are the same for letter, rhyme, and associate encoding
conditions within each attention condition as the 36 new
words were not assigned to any specific encoding condition.

An ANOVA on the overall hits minus FA data showed main
effects of attention, F(2, 94) = 20.2, p < .001, ηp

2 = .300, and
of LOP, F(2, 94) = 14.7, p < .001, ηp

2 = .238. The interaction
was not significant (F < 1.0). In the case of attention, all three
conditions were significantly different from each other (p <
.01). For LOP, associate encoding was superior to both letter
and rhyme encoding (p < .001), but letter and rhyme encoding
did not differ (p > .05).

To evaluate R responses, we carried out an ANOVA on the
hits minus FA scores shown in Fig. 2. The analysis yielded
significant effects of both attention, F(2, 94) = 38.3, p < .001,
ηp

2 = .449, and LOP, F(2, 94) = 28.1, p < .001, ηp
2 = .374. The

interaction was not significant (F < 1.0). In the case of attention,
all three conditions were significantly different from each other
(p <.01), with the drop from full attention to DA at encoding
(0.25) being substantially greater than the drop from full atten-
tion to DA at retrieval (0.09). For LOP, associate encoding was
superior to both letter and rhyme encoding (p < .001), but letter
and rhyme encoding did not differ. The pattern of results for R
was thus very similar to that for overall recognition.

In order to compare our results with those from previous
studies, we converted each participant’s K scores to measures
of familiarity by dividing each K score by its corresponding
value of 1 − R (Jacoby, 1998; Jacoby & Hay, 1998).
Following Jacoby’s nomenclature, these adjusted K scores
were renamed IRK scores (the independent R/K model;
Jacoby, 1998). Figure 2 shows mean values of IRK minus
their respective false alarm values. One problem in analyzing
the resulting IRK scores was that several values of R in some
conditions were 1.0 with corresponding K values of zero. It
did not seem sensible to apply the formula K/1 − R in such
cases, so we transformed the 48 sets of K scores to 24
‘macroparticipants’ by combining each K value of zero with

Table 1 Recognition measures: Proportions of correct responses and
false alarms (FA) for overall scores, R, K, and IRK judgments

Condition: Full attention DA encoding DA retrieval

LOP: L R A L R A L R A

Overall hit rate: 0.85 0.85 0.90 0.62 0.66 0.73 0.78 0.78 0.87

Overall FA rate: 0.22 0.22 0.22 0.18 0.18 0.18 0.24 0.24 0.24

Hits – FA: 0.63 0.62 0.68 0.44 0.48 0.55 0.55 0.55 0.63

R Hits: 0.73 0.68 0.83 0.45 0.45 0.58 0.66 0.65 0.78

R FAs: 0.08 0.08 0.08 0.08 0.08 0.08 0.13 0.13 0.13

K Hits: 0.12 0.16 0.08 0.18 0.21 0.15 0.12 0.14 0.09

K FAs: 0.14 0.14 0.14 0.11 0.11 0.11 0.11 0.11 0.11

IRK Hits: 0.44 0.50 0.47 0.33 0.38 0.36 0.35 0.40 0.41

IRK FAs: 0.15 0.15 0.15 0.12 0.12 0.12 0.13 0.13 0.13

Note. DA = divided attention; LOP = levels of processing; L = letter
judgment, R = rhyme judgment, A = associate judgment; IRK = indepen-
dent R/K measure (see text)

Fig. 1 Probabilities of recall as a function of attention, type of processing (letter, rhyme, associate), and type of response (yes, no). Error bars indicate
standard error
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a second randomly chosen participant with a K value greater
than zero. An ANOVA was then carried out on the resulting
sets of IRK-FA values for the 24 new macroparticipants. The
ANOVA on these data showed a significant effect of attention,
F(2, 46) = 6.33, p < .01, ηp

2 = .216, but no effect of LOP, F(2,
46) = 1.70, p >.05, and no interaction (F < 1.0). In the case of
attention, full attention was reliably superior to both DA at
encoding and DA at retrieval (p < .05), which themselves
did not differ reliably (p > .05).

Discussion

The results of the recall and recognition tests shown in Fig. 1
and Table 1, respectively, confirm a number of previous
findings. There were significant effects of DA at both
encoding and retrieval for both recall and recognition, with
larger effects for DA at encoding in both cases. For recall,
the average drop in proportion correct from full attention to
DAwas 0.16 for DA at encoding and 0.09 for DA at retrieval.
For recognition, the comparable values were 0.15 and 0.06,
respectively. For both recall and recognition, the mean values
for DA at encoding were reliably lower than those for DA at
retrieval. The drops in performance from full attention to DA
at retrieval, though relatively small, were nonetheless
significant. Thus, unlike the results obtained by Baddeley et
al. (1984) and by Craik et al. (1996), but in line with the later
results of Dodson and Johnson (1996), Gruppuso et al. (1997),
Hicks and Marsh (2000), and Lozito and Mulligan (2006),
division of attention during retrieval did result in a reliable
drop in performance relative to full attention.

One atypical feature of the present results was the equiva-
lence of letter and rhyme encoding manipulations; the ‘levels’

effect was carried entirely by the associate encoding condi-
tion. This equivalence does not seem to be attributable to
effects of materials, as the same pattern was found in both sets
of word–condition combinations—those performed by the
groups of 16 and 32 participants. Other possibilities include
the point that participants expected a memory test, so they
may have processed letter and rhyme words more extensively
than the tasks necessitated.

Results from performance on the secondary three-odd-digit
task provide evidence that retrieval processes do require pro-
cessing resources; the drop in performance from performing
the task alone was 0.23 for recall and 0.34 for recognition. The
greater processing cost for recognition is surprising in light of
the opposite result obtained by Craik and McDowd (1987).
Initially we thought that this surprising result might be attrib-
utable to the fact that the recall period lasted 60 s, which was
longer than most participants needed, so they may have
shifted attention to the secondary task. This possibility was
assessed by counting the numbers of correct targets detected
in the first versus second halves of each secondary task period;
presumably target detection should be higher in the second
half during recall if participants switched attention after
exhausting their recall ability. However, target detection rates
in the recall task were 0.71 and 0.72 in the first and second
halves, respectively (t < 1.0); comparable figures for recogni-
tion were 0.58 and 0.62, respectively (t = 1.05, p = .30). It
therefore appears that participants did not switch attention to
the secondary task in either case. On the other hand, the rec-
ognition task was comparatively effortful in this experiment
despite the fact that it was essentially self-paced. Participants
took an average of only 1.47 s to answer each positive re-
sponse, causing the next stimulus word to appear

Fig. 2 Probabilities of recognition for R minus false alarms and IRK minus false alarms as a function of attention and type of processing (letter, rhyme,
associate). Error bars indicate standard error
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immediately,1 so they were fully engaged during the recogni-
tion test. By comparison, in the recall task participants recalled
an average of only 4.23 words in 60 s under DA conditions, so
it seems likely that recognition was atypically more attention
demanding than recall in this experiment. However, the pos-
sibility that DA during recognition testing resulted in a com-
paratively slight memory decrement, because participants de-
voted more processing resources to recognition than they did
to encoding, is ruled out by the present data. Although pro-
cessing costs did not differ reliably between DA at encoding
(0.39) and DA during recognition (0.34), the main point is that
recognition costs were numerically less than encoding costs.
The possibility that the asymmetry between encoding and
recognition reflects a differential trade-off with the secondary
task is thus not supported by the present results.

An ANOVA on the recall data (see Fig. 1) showed signif-
icant main effects of level of processing and yes > no re-
sponses, and also a significant interaction between yes/no
and levels (the yes > no effect was greatest for associate
encoding). These results are in line with previous findings
(Craik & Tulving, 1975). However, DA did not interact with
either yes/no or levels, so the present results do not support the
claim that more meaningfully encoded items are more vulner-
able to the effects of division of attention (Hicks & Marsh,
2000; Jacoby, 1991). When the yes and no recall data were
considered separately, there were significant effects of DA in
both cases, but the effect of levels was present only for yes
responses. The absence of a levels effect for no responses is
not in line with previous results (e.g. Craik & Tulving, 1975),
which may again reflect the point that encoding was per-
formed under conditions of intentional learning, leading to
equivalent encoding operations between levels when a word
was unrelated to the encoding question.

The overall recognition results are shown in Table 1; in this
experiment only ‘yes’ response items to the levels questions
were tested. An ANOVA on the hits minus false alarm data
found significant effects of DA and of levels, but no interac-
tion between these factors, replicating the recall results and
also the results of Mulligan and Hirshman (1997). Figure 2
shows the recognition data separately for R and K responses;
the values shown are hits minus false alarms in both cases, and
the ‘know’ or ‘familiarity’ values, shown in the right-hand
panel, are independent remember/know minus false alarms
(IRK-FA) values. ANOVAs on these data showed that for R-
FA values there were significant effects of DA and levels but

no interaction; for IRK-FAvalues there was a significant effect
of DA but no effect of levels and no interaction. Previous
studies have also found that level of processing affects R but
not K responses (Gardiner, 1988), and this finding is echoed in
studies in which estimates of recollection are separated from
estimates of familiarity; level of processing affects the former
but not the latter (Jacoby & Dallas, 1981). The significant
effect of DA at both encoding and retrieval on IRK responses
was unexpected in light of several previous studies, summa-
rized by Kelley and Jacoby (2000), showing no effects of DA
on familiarity. The present effect was small, however—an
average drop of 0.06 from full attention to the values of DA
at encoding and DA at retrieval.

The breakdown of recognition scores into R and IRK frac-
tions is possibly the most novel aspect of the present study. If
the relatively small effect of DA on recognition memory is
attributable to participants basing their responses on feelings
of familiarity rather than on recollection, then it might be
expected that, in that condition, values of IRK would be sub-
stantial and values of R would decline relative to full attention.
Table 1 shows that this is not the case, however; the average
hit rate for R responses was 0.70, and the corresponding value
for K responses was 0.12. That is, when attention is divided at
retrieval, recognition performance is still carried largely by
participants' feelings of recollection. Additionally, the relative-
ly slight effect of DA at retrieval was found in recall as well as
in the recognition data, and it seems improbable that recall is
mediated by familiarity-based representations. It should be
noted that several researchers have questioned the validity of
the R/K distinction and the notion that recollection and famil-
iarity represent qualitatively different aspects of remembering
(e.g. Cohen et al., 2008; Ingram et al., 2012; Wixted &
Mickes, 2010). Their alternative suggestion is that R and K
simply represent one continuous dimension of memory
strength from weak (K) to strong (R). However, Ingram and
colleagues concede that under some conditions Bperformance
is (or can be) based on two underlying dimensions^ (Ingram et
al., 2012, p. 335). These authors also comment (p. 338) that
recollection and familiarity may be viewed as separate pro-
cesses if they are differentially affected by some experimental
manipulation, such as levels of processing—as was indeed
found in the present experiment.

Jacoby’s (1991) finding that deeply encoded items were
more vulnerable to the effects of DAwas not found generally
in the present data. In the overall recognition data (see Table
1), differences between full attention and DA at retrieval were
0.08, 0.07, and 0.05 for letter, rhyme, and associate, respec-
tively. Corresponding differences for the R minus false alarm
scores (where an effect is most likely to be found) were 0.11,
0.08, and 0.09, respectively. The effect reported by Jacoby
was also found by Hicks and Marsh (2000) but not by
Lozito and Mulligan (2006) or by Mulligan and Hirshman
(1997). The reasons for these discrepancies are unclear.

1 The recognition test in the DA at retrieval condition took 192 s on average, in
which time participants made decisions on 72 words. Table 1 shows that the
mean probability of responding Bold^ in the DA at retrieval condition was p =
.53 (average hit rate + false-alarm rate) translating to 38 yes responses and 34
no responses on average. Each target word judged Bnew^ occupied the full 4-s
presentation time (since the participant made no response), so distractor items
took 34 × 4 = 136 s, leaving 56 s for the 38 yes responses, equivalent to 1.47 s
per word to decide Bold^ and whether it should be labeled R or K.
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Another feature of the present study was that participants
performed the recognition tests on the same words they had
previously attempted to recall. It is therefore possible that
recognition decisions were based partly on memories of suc-
cessful recall.2 There are few signs of such a biasing effect in
the data, however. In the recall data for ‘yes’ responses (left
panel in Fig. 1), items encoded in the associate condition were
recalled significantly more than items in the other two condi-
tions, yet this benefit to associate items did not carry over to
either R-FAvalues or IRK-FAvalues (Fig. 2). It therefore does
not appear that associate items received a disproportionate
boost from the preceding recall test.

Perhaps the most obvious reason for the relatively small
effects of DA on retrieval is that participants maintain memory
performance by neglecting the concurrent task, but there is
essentially no evidence for this outcome (Experiment 1; Craik
et al., 1996). However, another possibility is that participants do
trade off performance, not between the two tasks, butwithin the
memory retrieval task itself (e.g. maintaining accuracy by tak-
ing more time to respond under DA conditions). This possibil-
ity is supported by the findings of Baddeley et al. (1984), who
showed convincingly that although the effects of a demanding
concurrent task were negligible on retrieval accuracy, there was
a consistent increase in retrieval latency under dual-task condi-
tions. Craik et al. (1996) used a CRT task as the concurrent task
in a series of DA experiments, and found that CRT latency
increased as participants were instructed to place greater em-
phasis on the accompanying memory task; recognition laten-
cies were not measured in this series of experiments, however.
Combining Craik et al.’s finding of an increase in secondary
task latency when emphasis is placed on recognition perfor-
mance with those of Baddeley and colleagues suggests the
possibility that emphasis on memory performance would de-
crease retrieval latency at the expense of increasing RTs on a
concurrent task and vice versa. That is, processing time may
trade off between the two tasks, despite the fact that retrieval
accuracy is unaffected.

To assess this possibility Experiment 2 combined a recogni-
tion memory task, in which both accuracy and retrieval latency
were measured, with a CRTsecondary task from which latency
was also recorded. Participants studied lists of word pairs dur-
ing the encoding phase; in the test phase, word pairs were again
presented, with half being the same pairs as at encoding (intact
pairs) and the remainder being studied words but re-paired
randomly. The participant’s task was to decide as rapidly as
possible whether each test pair was intact or rearranged.

Following the model of Craik et al. (1996), dual-task per-
formance was measured under three conditions of relative
emphasis: perform as well as possible on the recognition task
while also continuing to perform the CRT task; perform as

well as possible on the CRT task while also performing the
recognition task; and pay equal attention to the two tasks. The
predicted outcome was that as emphasis shifted from recogni-
tion to CRT, recognition latency would increase and CRT
latency would decrease, but (in line with previous findings)
recognition accuracy would remain constant. An additional
exploratory question concerned possible trade-offs in latency
between the recognition and CRT tasks. It would be interest-
ing to find that faster RTs on one task were associated with
equivalent amounts of slowing on the other task—while rec-
ognition accuracy remained stable despite changes in
emphasis.

Experiment 2

Method

Participants The participants were 24 young adults (11 fe-
males) who were either fulfilling an undergraduate course
requirement or were paid a stipend of $12 CAD. The age
range was 18–28 years, and the mean age was 20.5 years.
The mean number of years of education was 14.8 years.

Tasks The recognition memory task comprised eight lists of 12
verbal paired associates, displayed visually on a computer
monitor. The words were 192 common two-syllable nouns
paired randomly. Two versions of the eight lists were con-
structed; each was a random re-pairing of the total set of
words, resulting in 96 word pairs allocated randomly to the
eight lists of 12 pairs. Two further sets of 12 pairs were used as
practice lists, one with the recognition task performed alone
and one in the dual-task setting. Within each list, six pairs
were chosen randomly to remain intact in the test list, and
the remaining six were randomly re-paired, although each
word’s position in an A-B pair was retained. Within each of
the two versions, A and B formats were constructed such that
in format B the intact pairs in format A were now re-paired,
and the formerly rearranged pairs in format A now remained
intact. Thus across the 24 participants, sets of six participants
received the same combination of study and test lists; addi-
tionally, word pair order within each list was randomized at
both study and test for each participant separately. Finally, the
order of conditions was counterbalanced across participants as
described in the Design section. In the study phase, each word
pair was exposed for 2.5 s followed by a plus sign displayed
on the screen for 1.5 s. Note that the study phase was always
performed under full attention conditions; DA conditions
pertained only to the recognition test phase, presented after
each study list following emphasis instructions for the relevant
DA condition. In the test phase, the word pairs were presented
in a different random order from the study phase. Each pair
was again presented visually until the participant decided if it2 This point was suggested to us by Larry Jacoby.
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was intact or re-paired. Participants conveyed their decision
by pressing one of two response keys to indicate either ‘yes’
(= intact) or ‘no’ (= re-paired). This response caused the next
word pair to appear immediately.

The DA task in this experiment was a continuous reaction
time (CRT) task. Four adjacent boxes, arranged horizontally,
were displayed on a computer monitor placed immediately
above the monitor showing word pairs for the recognition task.
An asterisk appeared in one of the four boxes, and the partici-
pant’s task was to press the response key corresponding to the
asterisk’s position. The four response keys were also arranged
horizontally, underneath the display. A correct response caused
the asterisk to jump immediately to one of the other three boxes,
cuing the next response. An incorrect key press had no effect on
the asterisk’s location, so performance wasmeasured entirely in
terms of the total number of correct responses made in that trial.
The total time for each trial was also recorded, so a further
measure taken for CRT performance was average time per cor-
rect response. Two practice trials were given to all participants,
who continued the task until they felt comfortable; the four
scored baseline CRT trials each lasted 45 s.

Design As described in the Procedure section, the two tasks
were first described to participants who were then given an
opportunity to practice them, first separately and then together
under dual-task conditions. After practice, 12 scored trials
were performed. In the trial sequence 1–12, the CRT task
alone was presented to all participants as Trials 1, 5, 8, and
12; performance on the CRT task alone provided a baseline
measure of performance under full attention to enable com-
parisons with the task under dual-task conditions. Similarly,
all participants were given the recognition task alone on Trials
3 and 10. The DA trials were therefore Trials 2, 4, 6, 7, 9, and
11—two trials for each of the three emphasis conditions—
emphasize the recognition test (DA.Rg), ‘50-50’—emphasize
both tasks equally (DA.50), and emphasize the CRT task
(DA.CRT). Additionally, the DA Trials 7, 9, and 11 always
mirrored the order of the three DA conditions given in Trials
2, 4, and 6; for example, if Trials 2, 4, and 6 were represented
by the emphasis conditions CRT, Rg, 50, respectively, then
Trials 7, 9, and 11 were represented by emphasis conditions
50, Rg, CRT, respectively. The three emphasis conditions
have six possible orderings for Trials 2, 4, and 6 across par-
ticipants (CRT, Rg, 50; CRT, 50, Rg; Rg, 50, CRT; Rg, CRT,
50; 50, CRT, Rg; 50, Rg, CRT), so these orderings (with their
mirror orderings for Trials 7, 9, and 11) provided six
counterbalanced versions. These six orderings were crossed
with the two versions described under Tasks and with the two
formats (A & B) of each recognition list, yielding 24 different
presentations. That is, each of the 24 participants performed a
unique version of the study. Note that the CRT task was ran-
domized on each trial, so no further counterbalancing was
necessary.

Procedure The CRT task was first described, and the partici-
pant was then given two self-paced practice trials. Each par-
ticipant performed the task using his or her dominant hand,
and speed of responding was emphasized. The recognition
task was then explained and practiced under single-task con-
ditions. Participants were advised that while learning the word
pairs, it helps to make a meaningful connection—an image or
short story—between the words. Participants were instructed
that they should be as accurate as possible, but also to respond
as rapidly as possible. They were also shown that the next
word pair appeared as soon as they pressed either response
key. Participants were then given one further practice trial of
12 word pairs while also performing the CRT task during the
recognition test phase. The emphasis conditions were
then conveyed by the following instruction: BBefore
each test trial I will tell you whether the CRT task or
the recognition task is the more important—please try to
perform the more important task as well as when you
do it alone, while doing the other task as well as possible. The
third emphasis condition is 50-50—the two tasks are equally
important.^ The relevant emphasis instruction was given be-
fore each DA test trial. Participants then proceeded to perform
the 12 scored trials.

Results

Recognition accuracy Table 2 shows the proportions of correct
recognition responses as the mean for the two full attention
conditions and for all six DA conditions; that is, the two trials
under each of the three emphasis conditions are shown sepa-
rately. We argue that participants may interpret and act on the
emphasis instructions somewhat differently, even from trial to
trial, and that if there is a trade-off between tasks, then a
person who pays more attention to one task on a given trial
should have fewer resources to apply to the other task. In this
sense, emphasis may be more of a continuous variable than a
set of categories. This assumption allowed us to plot more data
points to illustrate possible trade-offs between the recognition
and CRT tasks. Recognition accuracy performance is also
shown for the mean full attention and DA conditions in Fig.
3a. Replicating previous results, the table and figure show that
performance was highest under full attention, but that perfor-
mance under DA conditions is only slightly lower and does
not vary systematically as a function of DA emphasis. The
means of the two replication conditions for each DA task were
0.77, 0.80, and 0.76 for the emphasis conditions DA.Rg,
DA.50, and DA.CRT, respectively. A one-way ANOVA com-
paring these values to full attention (0.83) was not significant,
F(3, 92) = 1.31, p > .05. A further one-way ANOVA on the six
DA conditions shown in Table 2 was also nonsignificant (F <
1.0). The ‘standard’ finding that divided attention at retrieval
has either no effect on recognition memory (e.g. Baddeley et
al., 1984; Craik et al. 1996), or very slight effects (e.g. Dodson
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& Johnson, 1996; Lozito & Mulligan, 2006), was thus repli-
cated in the present experiment.

Decision latencies Table 2 also shows the average decision
latencies for (a) correct recognition decisions and (b) individ-
ual CRT decisions; mean values for each condition are also
shown in Fig. 3b. The data show first that both CRT latencies
and recognition decision times were slowed considerably by
performing the tasks under DA conditions, confirming earlier
results by Baddeley et al. (1984) and Craik et al. (1996). These
effects of DA were assessed by separate ANOVAs on the
recognition and CRT tasks. A one-way ANOVA on the four
means for recognition latency shown in Fig. 3b revealed a
main effect of condition, F(3, 92) = 25.20, p < .001, ηp

2 =
0.451. Subsequent post hoc analyses (Tukey’s HSD) found
that the full attention condition was only slightly faster than
DA.Rg (p = .044), showing that participants followed instruc-
tions to perform the recognition task under this DA condition

as rapidly as under full attention. The other two DA conditions
were associated with latencies that were significantly longer
than under full attention. A corresponding ANOVA on the
CRT latency data shown in Fig. 3b found an overall effect
of condition, F(3, 92) = 47.66, p < .001, ηp

2 = 0.608.
Subsequent post hocs found that CRT latency under full at-
tention was significantly faster than both DA.Rg and DA.50,
but was not faster thanDA.CRT (p = .233), again showing that
participants followed instructions to perform the CRT task as
well under DA.CRT conditions as under full attention. The
latency value for DA.Rg was significantly greater than values
for DA.50 and DA.CRT, but the values for DA.50 and
DA.CRT did not differ significantly.

Figure 3b shows that whereas recognition latency rises
from emphasis on recognition to emphasis on the CRT task,
the CRT latencies decline over the same range of emphasis
conditions. This trade-off in latencies between the two tasks
was assessed by a two-way ANOVA utilizing all six emphasis

Fig. 3 a Proportions of correct recognition (Rg) responses for full attention and three levels of emphasis b Response latencies for Rg and CRT tasks as a
function of attention and emphasis

Table 2 Recognition accuracy, decision latency for Rg and CRT tasks, also numbers of responses in 6 s for Rg and CRT

Condition Prop. correct Rg Rg latency CRT latency Rg responses CRT responses

Full attn. 0.83 1211 434 5.07 14.02

DA.Rg1 0.74 1842 2459 3.49 2.98

DA.Rg2 0.80 1629 2458 3.89 3.06

DA.501 0.79 1865 1243 3.39 5.24

DA.502 0.81 2013 1088 3.12 6.10

DA.CRT1 0.76 2891 834 2.40 7.97

DA.CRT2 0.75 2863 724 2.40 8.79

Note.Rg = recognition, CRT = continuous response task, DA = divided attention. Latencies are in ms. Rg and CRTcorrect responses in 6 s. The numbers
1, 2 (e.g. DA.Rg1) refer to the first and second replications of each DA condition
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values shown in Table 2. The analysis revealed a main effect
of task, F(1, 276) = 59.49, p < .001, ηp

2 = 0.18, a main effect
of emphasis, F(5, 276) = 4.71, p < .001, ηp

2 = 0.08, and a
reliable interaction between the two variables, F(5, 276) =
31.06, p < .001, ηp

2 = 0.36. The task effect reflects the fact
that recognition latencies were longer than CRT latencies
(2,184 ms vs. 1,468 ms, respectively); the emphasis effect
shows that overall latencies were shorter in the DA.50 condi-
tion (1,553 ms) than in either the DA.Rg condition (2,098 ms)
or the DA.CRT condition (1,828 ms). The highly significant
interaction confirms the trade-off pattern between the two
tasks.

Further one-way ANOVAs were carried out on the data in
Table 2 to examine each task in greater detail. CRT latencies
were strongly affected by DA emphasis, F(5, 138) = 25.48, p
< .001, again in line with previous results (Craik et al., 1996).
Post hoc comparisons among the six CRT latencies (Tukey’s
HSD) showed that the comparison between DA.Rg1 and
DA.Rg2was not reliable (p > .90), but that both DA.Rg values
were significantly different from the other four CRT values (p
< .001), which did not differ among themselves (all p values >
.18). More interestingly, recognition latencies were also sys-
tematically affected by DA emphasis, being shorter under Rg
emphasis, and progressively longer under conditions of equal
emphasis and CRT emphasis (means of 1,736, 1939 and
2,877 ms, respectively). A one-way ANOVA on the six
DA emphasis conditions for this measure showed a sig-
nificant difference among the six latencies, F(5, 138) =
11.10, p < .001. Follow-up post hoc analyses (Tukey’s
HSD) found that none of the pairs at each level of DA
emphasis (e.g. DA.Rg1 and DA.Rg2) differed signifi-
cantly (all p values > .90); similarly, the latencies for
the four DA.Rg and DA.50 conditions did not differ (all p
values > .50); but latencies for the two DA.CRT conditions
were significantly longer than those for the other four condi-
tions (all p values < .01).

In summary, the decision latency data for the recognition
and CRT tasks displayed in Table 2 and Fig. 3b show that
performance levels on the two tasks do trade off against each
other under variable conditions of DA, despite the concurrent
finding that recognition accuracy levels remained constant
across the same range of differential DA emphasis conditions.
A further point to note is that the rather conservative post hoc
tests show that the major differences within the recognition
latency data are between the DA.CRT condition and the other
DA conditions, which do not differ among themselves.
Correspondingly, the major differences within the CRT laten-
cy data are between the DA.Rg condition and the other DA
conditions, which also do not differ among themselves. That
is, the greatest increases in latency for both tasks are associat-
ed with the condition in which performance on the other task
is emphasized. Emphasis to one task causes delays on the
other task, while accuracy levels remain constant.

Response rates As discussed below, the finding of a trade-off
between CRT latency and recognition latency essentially
solves the problem of why DA at retrieval has such a small
effect. Apparently participants show a strong desire to perform
as well as possible on recognition accuracy, and simply defer
their recognition responses until they feel comfortable with
their decision. As processing effort is progressively switched
to the CRT task, responses on that task become faster, leaving
less attentional capacity for recognition decisions which are
therefore slowed. Figure 3 thus provides an answer to the
puzzle about DA at retrieval, but we had no preconceived
ideas about the form of a possible trade-off function. The
simplest function would presumably be a symmetrical linear
trade-off in response latencies between the CRT and recogni-
tion tasks, but Fig. 3 shows that is not the case. For example,
recognition latency increases by an average of 203 ms from
DA.Rg emphasis to DA.50 emphasis, whereas average CRT
latency decreases by 1,293 ms. Similarly, CRT latency de-
creases by 387 ms from DA.50 to DA.CRT, whereas recogni-
tion latency increases by 938 ms. A plot of the relationship
between CRT and Rg latencies exhibited asymptotic proper-
ties, so we strategically examined both logarithmic and recip-
rocal transforms of the time measures; the latter was found to
fit the relationship better. The reciprocal of latency gives a
measure of the rates of responding for the two tasks in a given
time in the three emphasis conditions. In order to assess this
function, we chose the arbitrary time of 6 s as a unit that was
easy to grasp and was meaningful in the context of our two
tasks. Table 2 thus shows the average numbers of CRT and
recognition responses in 6 s under both full attention (aver-
aged over four and two conditions for CRT and Rg, respec-
tively) and under the six different emphasis conditions; these
numbers were calculated by taking the reciprocal of CRT and
recognition latencies in seconds, and multiplying by 6.

A within-participant product-moment correlation between
the response rates for the six pairs of DA conditions was
calculated for each participant. Fisher-transformed coeffi-
cients were averaged and then back-transformed; it was found
that r = −.825, with a corresponding value of R2 = .68. This
result suggests a strong linear relationship between the two
response rates. A second way to assess the goodness of fit to
a linear relationship is given by the proportion of variance
explained by a linear combination of the two rates. We calcu-
lated this measure using eigenvalues of the covariance matrix
for the two rates across the six DA emphasis conditions. For
all 24 participants, the median proportion of variance was 0.98
(95% CI for the median: [0.96, 1.00]); the first and third quar-
tiles were 0.97 and 0.99. We also wished to explore the con-
sistency of the observed linear relation, first to assess the gen-
erality across participants and second to see if the linear asso-
ciation is modified by general ability. Accordingly, we split
the participants into four quartiles of six participants on the
basis of their overall recognition accuracy. Medians within
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each quartile are presented in Table 3 for the proportions of
correct recognition trials (accuracy), proportions of variance
explained by a linear association calculated as for the whole
group of 24, and linear trade-off costs. For Groups A, B, C,
and D, the median proportions of correct recognition re-
sponses were 0.94, 0.83, 0.72, and 0.61, respectively (chance
responding = 0.50). The functions relating the two response
rates are shown for all four quartile groups in Fig. 4. The
straight-line functions are the best-fit linear regressions of
CRT on Rg using the six emphasis condition means in each
quartile. The figure, in conjunction with Table 3, shows that
the functions for Groups A, B, and C are strikingly linear, but
group D showed clear departures from an optimal linear rela-
tionship, possibly because these lowest performing partici-
pants did not take the task seriously enough, were not effec-
tively induced to vary emphasis between the two tasks in
response to the instructions, or for some other reason were
unable to divide attention between the two tasks. The propor-
tions of variance accounted for by linear functions are some-
what different when assessed as correlations using the means
of the six emphasis conditions (see Fig. 4) and when taking
median values of variance calculated from eigenvalues of the
covariance matrix for separate participants (see Table 3). The
second method is probably preferable, but for present pur-
poses the point is that a strong linear relationship between
the two tasks holds for the majority of the participants.

In order to measure the trade-off relation between the two
response rates, the best-fit linear relationship between CRT
and recognition response rates was calculated for each partic-
ipant using the first eigenvector of their covariance matrix.
Across all 24 participants, the median trade-off between the
two tasks was −3.72 CRT responses for each recognition re-
sponse (95% CI for the median: [−11.6, 4.2]); the first and
third quartiles were −4.83 and −2.71. That is, for an increase
of one further correct recognition response, the rate of
responding to the CRT task was reduced by 3.72 responses
in the same interval.

Discussion

In our opinion the long-standing puzzle of why divided atten-
tion during memory retrieval has such a small effect is solved

by the finding that accurate performance holds up at the ex-
pense of longer decision times. This general point was already
made by Baddeley et al. (1984), but the present experiment
adds the finding that the processing times trade off rather
precisely between a recognition task and a continuous RT
task. The further result that the trade-off between the present
tasks is a linear function involving response rates rather than
decision latencies was unexpected but well supported by the
strength of the variance accounted for by linear functions. The
linearity was shown by most participants (see Fig. 4), but
clearly broke down for the participants in quartile D. From
the present results, it is not possible to say why these poorest
performing participants show functions that depart from line-
arity; speculatively, these participants were either not motivat-
ed to take the experiment seriously or were somehow incapa-
ble of dividing their attention effectively.

General discussion

To summarize the main results, Experiment 1 confirmed pre-
vious findings of a greater effect of DA at encoding than at
retrieval; the effects of DA at retrieval were comparatively
slight (though significant) for both recall and recognition.
The study also confirmed that retrieval under DA conditions
does consume processing resources, and that the small effect
of DA at retrieval was not simply due to a greater trade-off of
resources with the secondary task. In both the recall test and
the overall recognition data there were significant effects of
both divided attention and levels of processing, but no inter-
action between these variables. The possibility that DA at
retrieval in recognition testing has relatively small effects be-
cause recognition is mediated by familiarity rather than recol-
lection was not supported by the present results, given that
recognition under that condition was attributable largely to R
responses rather than K responses (means of 0.70 and 0.12,
respectively). We did not replicate the finding reported by
Jacoby (1991) and by Hicks and Marsh (2000) that semanti-
cally encoded words were differentially vulnerable to the ef-
fects of DA, in that DA did not interact with level of process-
ing for either recall or recognition (see also Lozito &
Mulligan, 2006; Mulligan & Hirshman, 1997). Finally, when
K values were transformed to IRK values (see Fig. 2, right
panel), it was found that levels had no effect on IRK, but that
DA did reduce the values by a small but significant amount.

Experiment 2 does substantially more to solve the puzzle of
the relatively small effects of DA on retrieval. By measuring
decision latencies on both the recognition task and the second-
ary task, the experiment demonstrated that response rates on
the two concurrent tasks trade off against each other while
recognition accuracy remains constant. Thus, as noted many
years ago by Baddeley et al. (1984), DA at retrieval is associ-
ated with an increase in response latency, although accuracy is

Table 3 Medians for recognition accuracy (proportions correct),
proportions of variance accounted for by a linear association, and linear
trade-off costs for quartiles

Quartile Prop. correct Prop. variance Trade-off costs

A 0.94 0.58 −3.72
B 0.83 0.73 −4.48
C 0.72 0.86 −3.61
D 0.61 0.02 −1.28
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unaffected. Rohrer and Pashler (2003) suggested that retrieval
processing may be blocked momentarily by concurrent pro-
cessing of the secondary task to account for their finding that
free recall was reduced in both total recall and speed of recall
by a demanding concurrent RT task. We prefer an alternative
speculation that participants continue to process the recogni-
tion stimuli until the system accrues sufficient evidence to
satisfy some internal criterion of confidence in their decision.
As processing resources are progressively diverted from rec-
ognition processing to the concurrent task, the accumulation
of evidence is systematically slowed, and it takes longer to
satisfy this criterion value. It is possible that participants feel
that their ability level will be shown directly by accurate per-
formance on the memory task, whereas the time they take to
make the decision is of lesser importance. In this sense per-
haps the finding that recognition accuracy is affected only
slightly by DA is not so much that recognition is ‘obligatory’
(Craik et al., 1996; see also Rohrer & Pashler, 2003), but that

participants choose to accrue evidence until some criterion of
acceptability is reached.

We had no specific expectations regarding the nature of the
trade-off function between the recognition and CRT tasks, but
found that the relation was well captured by a linear function
relating the two response rates. In the present experiment, the
trade-off relation was a reduction of 3.72 CRT responses for
each additional correct recognition decision in the same time
interval. As shown by the overall assessment, a linear function
accounted for over 90% of the variance, and this strong rela-
tionship also held for the 18 of the 24 participants who scored
highest in recognition accuracy. Further work is clearly re-
quired to explore this interesting relationship and to see
whether the performance of participants who do not fit the
linear model can be modified by offering higher rewards, or
whether some participants have an inherent inability to divide
attention between two concurrent tasks. Although this is a
controversial issue (see, e.g. Baddeley et al., 1984), the

Fig. 4 Response rates for recognition (Rg) and CRT tasks as a function of six emphasis conditions. Data are shown in quartiles in terms of Rg accuracy
(see text). The functions shown are best-fit linear regressions of CRT on Rg, using means of six participants within each quartile
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finding that response rates do trade off rather exactly between
the two tasks appears to be in line with the notion of a general
pool of attentional resource (e.g. Kahneman, 1973) that can be
drawn on differentially by two or more tasks.

We acknowledge that the differences between DA at
encoding and retrieval are not entirely solved at this point.
Why exactly is it that DA at encoding decreases subsequent
memory so reliably whereas DA at retrieval has such a small
effect on recall and recognition? Speculatively, it may be sug-
gested that DA at encoding is likely to reduce the depth and
elaboration of encoded stimuli, resulting inevitably in lower
memory performance. Additionally, there is good evidence
that individuals are poor at judging the effectiveness of their
encoding processes and are correspondingly weak at
predicting subsequent memory levels (Shaw & Craik, 1989).
Thus, participants in a memory experiment may feel that they
have encoded information sufficiently, whereas in fact they
have not. At retrieval, in contrast, success or lack of it is more
obvious, especially in the case of recall; even recognition test-
ing is more ‘public’ than encoding in the sense that partici-
pants’ recognition performance can be judged by the experi-
menter. Thus, plausibly, participants devote more attention
and effort to retrieval than to encoding. The main conclusions
of the present article, however, are first that division of atten-
tion during retrieval has minimal effects on recognition mem-
ory accuracy levels because retrieval processing times are
lengthened, and second that there is a lawful linear relation-
ship between response rates on the recognition task and re-
sponse rates on a concurrent continuous reaction-time task.
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