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An imperfect relationship between prospective
memory and the prospective interference effect

M. WiINDY MCNERNEY AND ROBERT WEST
University of Notre Dame, Notre Dame, Indiana

Three experiments examined the functional relationship between the frequency of prospective responding and
the prospective interference effect within the context of a task switching paradigm. Prospective responding was
less frequent across the experiments when prospective cues appeared in switch blocks than when they appeared
in pure blocks. The magnitude of the prospective interference effect for response time (RT) was similar for pure
and switch blocks when exogenous task cuing was used, and was greater for switch blocks than for pure blocks
when endogenous task cuing was used. These data reveal a dissociation between the effect of task switching on
the frequency of prospective responding and the prospective interference effect, and indicate that the functional
relationship between these two measures is dependent on task demands.

Prospective memory can be defined as the formation
and realization of delayed intentions. An example of
this would be if you were taking a shower and suddenly
realized that you needed to return a video to the store.
Instead of jumping out of the shower and rushing to the
store, you would form the intention to return the video
while shopping later in the day. The act of returning the
video while shopping represents an instance of success-
ful prospective memory. Considerable evidence indicates
that the availability of working memory capacity or at-
tentional resources is important for the realization of de-
layed intentions in some instances (Marsh & Hicks, 1998;
Smith, 2003; Smith & Bayen, 2004). The present study
was designed to further examine the functional relation-
ship between the availability of working memory capac-
ity and prospective memory in a task design wherein the
availability of attentional resources was varied within the
context of a task switching paradigm.

The preparatory attentional processes and memory pro-
cesses (PAM) theory of prospective memory (Smith, 2003;
Smith & Bayen, 2004) represents one approach to charac-
terizing the role of working memory capacity in relation to
the realization of delayed intention. In this theory, the real-
ization of delayed intentions is believed to be supported by
both prospective and retrospective components (McDaniel
& Einstein, 1992). Preparatory processes support the de-
tection or recognition of prospective cues, possibly through
the activity of a monitoring process that serves to check the
environment for potential cues such as the presence of the
video store (Guynn, 2003; Smith, 2003). The engagement
of preparatory processes draws working memory capac-
ity away from the ongoing activity, resulting in a decrease
in response accuracy and/or an increase in response time
(RT) relative to when the ongoing activity is performed in

isolation (Burgess, Quayle, & Frith, 2001; Marsh, Hicks,
Cook, Hansen, & Pallos, 2003; Smith, 2003).

The change in performance for the ongoing activity from
a control condition to a prospective memory condition has
been labeled the prospective interference effect (Marsh
et al., 2003). Within PAM theory, Smith and Bayen (2004)
have proposed that there is a functional relationship be-
tween prospective memory and the magnitude of the pro-
spective interference effect. Specifically, the engagement
of capacity-consuming preparatory processes leads to a
slowing of RT for ongoing activity trials with greater al-
location of preparatory processes leading to an increase in
the frequency of prospective hits (Smith & Bayen, 2004).
This leads to the prediction that as prospective memory
performance decreases, resulting from a reduction in pre-
paratory processing, the prospective interference effect
for the ongoing task should also be attenuated.

Supporting the PAM theory, some research has revealed
a positive correlation between the magnitude of the pro-
spective interference effect and the accuracy of prospective
memory, and the magnitude of the prospective interfer-
ence effect and individual differences in working memory
capacity (Smith, 2003). Other work utilizing a multino-
mial model instantiating the assumptions of PAM theory
demonstrates that the P parameter that reflects the prob-
ability of engaging preparatory processes is greater for
individuals with high working memory capacity than for
individuals with low working memory capacity (Smith &
Bayen, 2005). While available evidence is consistent with
the idea that there is a functional relationship between the
prospective interference effect and prospective memory,
these data are largely correlational in nature. In view of
this fact, one goal of the present study was to examine the
nature of the relationship between prospective memory

M. W. McNerney, mmcnerne@nd.edu

275

Copyright 2007 Psychonomic Society, Inc.



276 MCNERNEY AND WEST

and the prospective interference effect, using an experi-
mental manipulation designed to vary the availability of
working memory capacity in different task conditions.

An alternative explanation of the prospective interfer-
ence effect is that it reflects the costs associated with a
more general effect of divided attention or differences
in attentional allocation (Marsh, Hicks, & Cook, 2005;
Marsh et al., 2003). This account is motivated by work
examining the effects of divided attention on explicit epi-
sodic memory that has revealed the importance of consid-
ering the influence of divided attention on performance
of both the primary and secondary tasks. For example,
Craik, Govoni, Naveh-Benjamin, and Anderson (1996)
found that dividing attention at encoding primarily af-
fected memory performance (Baddeley, Lewis, Eldridge,
& Thomson, 1984); in contrast, dividing attention at re-
trieval had little effect on memory performance and led
to an increase in RT for the secondary task. Furthermore,
the effect of divided attention at retrieval on the second-
ary task increased as the retrieval demands of the primary
task became greater (Craik et al., 1996). The latter finding
leads to the prediction that an inverse relationship between
the prospective interference effect and the frequency of
prospective responding may become evident, as opposed
to what is predicted on the basis of PAM theory. Given the
findings of Craik and colleagues, it seems reasonable to
expect that a decrease in prospective responding, resulting
from an increase in the processing demands of the ongo-
ing activity, could be associated with an increase in the
magnitude of the prospective interference effect.

To vary the working memory, or attentional demands of
the ongoing activity, we embedded a prospective memory
task in a task switching paradigm, following Marsh, Han-
cock, and Hicks (2002). In three experiments, Marsh et al.
(2002) found that there was a decrease in the frequency of
prospective responding when prospective cues occurred
in blocks of trials that required switching between two
judgments, rather than when a single judgment was re-
quired for the ongoing activity. This effect was attributed
to the increased demands placed on resources of the cen-
tral executive component of working memory (Baddeley,
1986) when switching between tasks is required. This in
turn resulted in capacity required for performance of the
prospective aspect of the task (Marsh et al., 2002) being
drawn away from processing.

Our study extends that of Marsh et al. (2002) in sev-
eral ways. First, within the switch blocks half of the pro-
spective cues were presented on alternation trials, where
participants were required to switch between task sets,
and half were presented on repetition trials, where par-
ticipants performed the same task on consecutive trials.
This allowed us to determine whether the effect of task
switching on prospective memory was limited to trials on
which a reconfiguration of task set was required. Second,
we included prospective memory and control conditions
to allow estimation of the prospective interference effect.
This facilitated a consideration of the functional relation-
ship between prospective responding and the prospective
interference effect. On the basis of the prediction of PAM
theory—that prospective accuracy would be positively

associated with the prospective interference effect—we
expected the accuracy of prospective memory and the pro-
spective interference effect to be greater for pure blocks
than for switch blocks. On the basis of the attentional al-
location account, we expected the accuracy of prospec-
tive memory also to be greater for pure blocks than for
switch blocks, while it is less clear what the effect of task
switching would be on the prospective interference effect.
A surprise recognition task for the prospective cues was
administered following completion of the prospective
memory task. This allowed us to examine both the effect
of'task switching on later explicit episodic memory for the
prospective cues and the relationship between prospec-
tive memory and retrospective memory for the prospec-
tive cues. Given the disruptive effect of divided attention
at encoding on retrospective memory, we predicted that
recognition would be lower for prospective cues presented
during switch blocks than during pure blocks.

EXPERIMENT 1

Method

Participants. Twenty individuals, recruited from the human sub-
ject pool of the Department of Psychology at the University of Notre
Dame (mean age, 20.22 years; age range, 18—22 years), participated
in the study, in exchange for course credit. Informed consent was
obtained from participants prior to completion of the study.

Materials. Eight hundred words were chosen from a larger pool
of 1,563 words reported in Balota, Cortese, and Pilotti (1999).
These 800 words were divided into eight blocks of 100 trials with
equal numbers of nouns and verbs, and words containing one or two
vowels. Therefore, each block contained 50 nouns and 50 verbs and
50 words with one vowel and 50 words with two vowels. Across
the eight blocks, the four word types were matched for familiarity
based on the average ratings reported in Balota et al. There were 16
prospective cue words: rate, fight, jail, herb, goal, jaw, cite, gnaw,
pluck, scarf, seed, boost, halt, sphere, streak, and church. Prospec-
tive cues were presented on Trials 25, 50, 75, and 100 for each block
in the prospective condition. The prospective cues were selected so
that there was an equal number of cues for each word type matched
for the average familiarity ratings with the words presented in the
ongoing activity trials.

Procedure. The experiment represented a 2 (prospective load:
control, prospective memory) X 3 (switch: pure, repetition, alterna-
tion) design that included two pure blocks and two switch blocks in
each of the prospective load conditions. The order of presentation for
the prospective memory and control conditions was counterbalanced
across the participants, so that half received the prospective memory
condition first and the control condition second. For the remaining
participants, this order was reversed.

In the pure blocks, participants made the same type of judgment
for the entire block; in the switch blocks, participants quasirandomly
alternated between the two types of judgments. The switch blocks
included equal numbers of repetition trials, in which the same judg-
ment was made on consecutive trials, and alternation trials, in which
different judgments were made from one trial to the next. The order
of repetition and alternation trials was quasirandom, so that no trial
type occurred more than seven times in succession.

Blocks were presented in the same ABBA order for all partici-
pants: a pure block first, followed by the two switch blocks, and then
a second pure block. Each trial began with a cue, flashed on the com-
puter monitor for 500 msec, indicating which judgment the partici-
pant should make for the upcoming word. After this, the screen was
blank for 500 msec, then the word stimulus was presented and re-
mained on the screen until a response was made. For the pure blocks,
the same cue was presented for each trial; in the switch blocks, the
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cue alternated between the two types of judgments. The first pure
block presented was associated with one type of judgment, whereas
the second pure block was associated with the second type.

At the beginning of the task, participants were instructed to make
one of two judgments, defined by the cue, for the words that were pre-
sented on the computer monitor. They could indicate either whether
the word was a noun or a verb by pressing the “n” or “m” keys,
respectively, or whether it had one or two vowels, again by using
the “n” and “m” keys. The prospective memory aspect was mod-
eled on Smith (2003). For this condition, participants encoded four
words at the beginning of each block and were instructed to press
the “v”” key whenever one of the words appeared, instead of making
the judgment for the ongoing task. The four prospective cue words
were presented on the screen at the beginning of each block and
participants were allowed to study them for as long as they needed.
Participants were instructed to respond as quickly and accurately as
possible, and, after indicating that they completely understood the
instructions, they were allowed to proceed with the task.

After completion of the task, participants were given an unex-
pected recognition test. They were handed a sheet containing 48
words that included the 16 prospective cue words, 16 words from the
ongoing task, and 16 new words. Of the 16 ongoing activity words,
8 were from the pure blocks and 8 were from the switch blocks.
Participants were asked to circle the prospective cue words and were
not informed how many words they should circle. Participants were
given as long as they needed to complete the recognition test. The
experimental session lasted approximately 40 min.

Results and Discussion

All statistical effects were significant at the p < .05
level, unless otherwise noted.

The frequency of correct prospective responses was
higher for the pure blocks (M = .47, SD = .36) than for
the switch blocks (M = .29, SD = .25) [#(19) = 3.278,
SE = .47]. The 18% decrease in accuracy from the pure
to the switch blocks generally replicates that reported by
Marsh et al. (2002). The effect of task switching on pro-
spective memory was similar for repetition trials (M =
.31, SD = .32) and alternation trials (M = .24, SD = .27)
[#(19) = 1.00, p > .33]. In addition, prospective accu-
racy for pure trials differed from repetition trials [#(19) =
3.633, SE = .037] and from alternation trials [#(19) =
2.123, SE = .041]. This finding indicates that the effect
of task switching on prospective memory did not result
from the specific requirement to switch between task sets
on alternation trials, but instead arose from a more general
effect of the requirement to manage multiple task sets.

The percent correct data and mean RT for correct re-
sponses for the ongoing activity trials are presented in Ta-
bles 1 and 2. These data were analyzed into a set of 2 (pro-
spective load: control, prospective memory) X 3 (switch:
pure, repetition, alternation) ANOVAs. In the analysis of
the accuracy data, none of the effects were significant
[prospective load, F < 1.00; switch, F(2,38) = 1.01,
MS, = 118.28, p > .329; prospective load X switch, F <
1.00]. For the RT data, there was a significant main effect
of the prospective load [F(1,19) = 43.302, MS, = 45,754,
n? = .695], revealing a robust prospective interference ef-
fect. A significant main effect of switch [F(2,38) = 63.99,
MS, = 27,868, n* = .769], indicating that RT increased
from pure trials to repetition trials to alternation trials. The
prospective load X switch interaction was not significant
(F < 1), indicating that the prospective interference effect

Table 1
Proportion Correct for the Ongoing Task by
Prospective Load Condition

Prospective
Control Task Memory Task
M SD M SD
Experiment 1
Pure 91 .06 .83 .05
Repetition 92 .10 .88 .05
Alternation 90 .10 .87 .07
Experiment 2
Pure .85 .06 91 .02
Repetition 91 .05 91 .05
Alternation 92 .06 91 .06
Experiment 3
Pure 98 .05 .99 .07
Repetition - - - -
Alternation 92 17 98 .02

was insensitive to the requirement to switch between task
sets. This finding, together with the significant effect of
task switching on the accuracy of prospective memory,
fails to reveal the functional relationship between the pro-
spective interference effect and prospective responding
that was expected, on the basis of PAM theory.

The hit and false alarm rates for the recognition test are
presented in Table 3. Hits were more frequent than false
alarms for new items [#(19) = 9.418, SE = .046] or for
ongoing activity stimuli [£(19) = 5.85, SE = .059]; and
false alarms for ongoing activity items and new items dif-
fered [#(19) = —3.63, SE = .02]. These results indicate
that participants were able to discriminate between the
prospective cues and words that were presented in the
ongoing task. To examine the effect of task switching on
recognition, we performed a ¢ test on corrected recogni-

Table 2
Response Times (in Milliseconds) for the Ongoing Task by
Prospective Load Condition

Prospective

Control Task Memory Task Prospective
M SD M SD Interference
Experiment 1
Pure 910 117 1,165 291 255
Repetition 1,160 292 1,421 358 261
Alternation 1,279 361 1,534 452 255
Mixing cost 250 - 256 - -
Switch cost 119 - 113 - -
Experiment 2
Pure 975 216 1,151 294 176
Repetition 1,253 281 1,475 385 222
Alternation 1,408 395 1,628 430 220
Mixing cost 278 - 324 - -
Switch cost 155 - 153 - -
Experiment 3
Pure 1,052 153 1,263 271 211
Repetition - - - - -
Alternation 1,589 288 1,945 397 356
Mixing cost - - - - -
Switch cost 537 - 682 - -
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Table 3
Hit and False Alarm (FA) Rates for
Prospective Memory (PM) Cues by Switch Condition

Pure Switch Total
M SD M SD M SD

Experiment 1
PM cue hits .60 .20 34 24 A7 .18
Old FA .09 13 13 .16 11 .14
New FA - - - - .03 .06

Experiment 2
PM cue hits .56 .19 45 21 .51 17
Old FA - - - -
New FA - - - - .04 .06

Experiment 3
PM cue hits 52 25 43 .30 A8 25
Old FA - - - -
New FA - - - - 15 15

tion (hits — ongoing activity false alarms) for the pure
and switch blocks. Corrected recognition was higher for
pure blocks (M = .51) than for switch blocks (M = .31)
[#(19) = 4.57, SE = .07]. These results are consistent with
the hypothesis that task switching would have a similar ef-
fect on the later recognition of prospective cues as divided
attention at encoding has on later memory for items in
conventional explicit episodic memory paradigms. The
correlation between recognition hits for prospective cues
and prospective responding was significant [#(18) = .48].
This finding is consistent with the idea that similar pro-
cesses may contribute to prospective memory and explicit
episodic memory (Einstein & McDaniel, 1996; Guynn,
McDaniel, & Einstein, 2001).

One limitation of the finding that task switching dis-
rupted recognition for the prospective cues is that this
effect cannot be unambiguously interpreted merely on
the basis of the corrected recognition data, given differ-
ences in the rate of prospective responding in the pure and
switch blocks. If one assumes that a prospective response
serves as a form of elaborative processing of the cues,
the effect of task switching on recognition might also be
interpreted as reflecting differences in the nature of pro-
cessing, rather than simply the degree of processing. To
examine this issue, we classified prospective cues into one
of four categories that allowed us to control for differences
in prospective responding: prospective hit-recognition
hit; prospective hit-recognition miss; prospective miss—
recognition hit; prospective miss—recognition miss. These
data are presented in Table 4. The number of prospective
hit-recognition hit trials was greater in the pure blocks
than in the switch blocks [#(19) = 4.004, SE = .39], and
the number of prospective miss—recognition miss trials
was greater in the switch blocks than in the pure blocks
[#(19) = —4.06, SE = .51]. Together, these findings reveal
an effect of task switching on the frequency of recognition
hits and misses when the level of processing attributable
to prospective responding is held constant, providing fur-
ther evidence that task switching has an effect similar to
divided attention at encoding on later explicit episodic
memory for the prospective cues.

EXPERIMENT 2

Experiment 1 failed to reveal a functional relationship
between prospective responding and the prospective inter-
ference effect. One possible explanation of this finding is
that prospective accuracy for the pure and switch blocks
was rather low (.47 and .28, respectively) relative to that
reported in previous studies (Marsh et al., 2002; Marsh
et al., 2003; Smith, 2003). This low level of prospective
responding may have resulted from a failure to adequately
encode the prospective cues, since no particular strategy
was given to individuals to foster the formation of an as-
sociation between the cues and the prospective response.
In an effort to elevate levels of prospective memory into a
range more comparable to that reported in past research,
the prospective cues in Experiment 2 were defined by se-
mantic category membership (i.e., animals).! This type of
prospective cue has been used extensively by Marsh and
colleagues (Marsh et al., 2002; Marsh et al., 2003), and
tends to result in higher levels of prospective responding
than were observed in Experiment 1.

Method

Participants. Thirty-two individuals (mean age, 19.78 years; age
range, 18-23 years) were recruited from the University of Notre Dame
and participated in exchange for course credit. Data for 2 participants
were not included in the analyses due to their poor performance on the
ongoing activity trials (3+ SDs below the group mean). Informed con-
sent was obtained from participants prior to completion of the study.

Materials and Design. The materials and design for the ongoing
activity were identical to those in Experiment 1. For the prospec-
tive memory aspect of the task, participants were given a semantic
category for the prospective cue. They were instructed to make a
prospective response by pressing the “v” key whenever an animal
word—pig, wolf, frog, cow, bull, pup, bear, sheep, snake, trout,
roach, fox, rat, ape, crab, bee—appeared in the task. Four animal
words were presented in each block of the prospective condition
at Trials 25, 50, 75, and 100. The animal words were matched for
familiarity with the block average.

Table 4
Recognition Data Conditionalized on the
Success of Prospective Memory

Hits and Pure Switch
Misses M SD M SD
Experiment 1
PM+ RM+ 2.85 2.26 1.30 1.26
PM+ RM— 0.90 1.02 0.90 0.117
PM— RM+ 1.85 1.51 1.35 1.35
PM— RM— 2.40 2.01 4.45 2.16
Experiment 2
PM+ RM+ 3.60 1.69 2.37 1.54
PM+ RM— 1.80 1.30 2.07 1.57
PM— RM+ 0.90 0.93 1.20 1.03
PM—- RM— 1.70 1.66 2.37 1.52
Experiment 3
PM+ RM+ 3.19 1.67 1.65 1.79
PM+ RM— 2.35 1.44 2.50 1.93
PM— RM+ 1.19 1.27 1.62 1.70
PM— RM— 1.35 1.60 2.23 1.99

Note—PM+, prospective hit; RM+, recognition hit; PM—, prospective
miss; RM—, recognition miss.
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A surprise recognition test was given to participants following
completion of the prospective memory task. This consisted of a list
of 32 animal words, 16 of which were the prospective cue words and
16 of which were new words not presented in the task. Participants
were asked to circle the words that were prospective cues.

Results and Discussion

The proportion of correct prospective responses was
higher for pure blocks (M = 0.70, SD = .29) than for the
switch blocks (M = 0.57, SD = .26) [¢#(29) = 2.89, SE =
.046], and was comparable to that reported by Marsh et al.
(2002). As was the case in Experiment 1, prospective ac-
curacy was not significantly different for repetition tri-
als (M = .63, SD = .27) and alternation trials (M = .52,
SD = .33) [t(29) = 1.90, SE = .23, p > .05].

The percent correct data and mean RTs for correct on-
going activity trials are presented in Tables 1 and 2. These
data were analyzed in a set of 2 (prospective load: control,
prospective memory) X 3 (switch: pure, repetition, alter-
nation) ANOVAs. Analysis of the response accuracy data
for the ongoing activity revealed main effects of prospec-
tive load [F(1,29) = 9.66, MS, = 0.002, 2 = .250] and
of switch [F(2,58) = 14.13, MS, = 0.002, 2 = .328], and
a significant interaction [F(2,58) = 15.90, MS, = 0.001,
n? = .354]. The interaction resulted from low accuracy for
pure blocks in the control condition relative to the prospec-
tive load condition?; in contrast, response accuracy in the
switch blocks was not sensitive to prospective load. The
analysis of the RT data revealed a main effect of prospective
load [F(1,29) = 17.092, MS, = 114,487, n* = .371] and a
main effect of switch [F(2,28) = 63.582, MS, = 45,597,
n* = .776]. The interaction was not significant (' < 1.00).

The recognition data revealed a significant difference
between recognition hits for prospective cues (M = .51,
SD = .17) and false alarms for new animal words (M =
.04, SD = .06) [t(29) = 15.703, SE = .029], demonstrat-
ing that participants were able to discriminate between
prospective cue words and new words. Recognition hits
for prospective cues were more frequent for pure blocks
(M = .56, SD = .19) than for switch blocks (M = .45,
SD = 21) [¢(29) = 2.728, SE = .04], consistent with the
idea that the requirement to switch between tasks should
disrupt encoding of the prospective cues. As in Experi-
ment 1, the data were conditionalized on the probability
of prospective responding. Prospective hit-recognition hit
trials were more frequent in the pure blocks than in the
switch blocks [#(29) = 3.275, SE = .377], and prospec-
tive miss—recognition miss trials were more frequent in
the switch blocks than in the pure blocks [#(29) = —2.04,
SE = .32] (Table 4). These data again demonstrate the ef-
fect of task switching on later recognition after controlling
for differences in processing attributable to prospective
responding. The correlation between recognition hits for
prospective cues and prospective responding was again
significant [#(28) = .507].

EXPERIMENT 3

In Experiment 2, we were able to elevate levels of
prospective memory; this did not, however, result in a

significant interaction between prospective load and the
requirement to switch between task sets. These findings
remain inconsistent with predictions derived from PAM
theory. One potential limitation of this finding is that
some investigators have argued that exogenous cuing in
task switching may not necessarily require the engage-
ment of an endogenous act of control, and may therefore
place few demands on working memory capacity (Logan
& Bundesen, 2003). Given this fact, in Experiment 3 we
utilized a task that required endogenous cuing wherein
participants had to keep track of which task set was rel-
evant for a given trial in the absence of external cues. This
was accomplished by removing the cues indicating which
of the two judgments should be performed for the ongo-
ing task and requiring participants to switch between tasks
after each trial. The use of endogenous cuing should en-
sure that the switch condition requires the allocations of
working memory capacity in order to update which of the
two task sets is required for a given trial.

Method

Participants. Twenty-six individuals were recruited from the
University of Notre Dame (mean age, 19.39 years; age range, 17—
22 years) and participated in exchange for course credit. Informed
consent was obtained from participants prior to completion of the
study.

Materials and Design. The materials for the prospective memory
aspect of the task were identical to Experiment 2. The ongoing activity
was also the same, except that cues indicating which of the judgments
to make were not presented. For the pure blocks, the participants were
instructed to make the same judgment for all trials, and to alternate
between noun and verb or 1 to 2 vowel judgments for the switch blocks.
The “n” and “m” keys were again used to indicate noun and verb judg-
ments, and the “z” and “x” keys were used for the one or two vowel
judgments, respectively. The change in key mapping was necessary to
ensure that the participants were alternating between judgments in the
switch blocks. For the first switch block, participants started with a
vowel judgment and to alternate from there, in the second switch block,
participants started with a noun/verb judgment. The switch blocks were
not separated into repetitions and alternations, as every trial required
an alternation. A recognition test identical to that used in Experiment 2
was administered following completion of the prospective task.

Results and Discussion

The proportion of correct prospective responses was
higher for the pure blocks (M = 0.68, SD = .27) than for
the switch blocks (M = 0.50, SD = .28) [#(25) = 3.20,
SE = .059, p < .004], and closely matched that reported
in Experiment 2.

The percent correct data and mean RT for correct on-
going trials are presented in Tables 1 and 2. These data
were analyzed in a set of 2 (prospective load: control, pro-
spective memory) X 2 (switch: pure, switch) ANOVAs.
Analysis of the response accuracy data did not reveal any
significant effects, prospective load [F(1,25) = 3.185,
MS, = 0.01, p > .086, > = .113], switch [F(1,25) =
2.626, MS, = 0.01,p > .118, n2 = .126], and prospective
load X switch [F(1,25) = 3.601, MS, = 0.009, p > .069,
n? = .095]. Analysis of the RT data revealed main effects
of prospective load [F(1,25) = 30.89, MS, = 63,646, =
.553] and of switch [F(1,25) = 220.08, MS, = 45,086,
n? = .898], and an interaction between prospective load
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and switch [F(1,25) = 5.48, MS, = 19,093, n2 = .180].
The significant interaction reveals that the prospective in-
terference effect was greater for the switch blocks than for
the pure blocks and lends support to the attentional alloca-
tion account of the prospective interference effect.

The recognition data revealed a significant difference
between recognition hits for prospective cues (M = .48,
SD = .25) and false alarms (M = .15, SD = .15) [#(25) =
8.036, SE = .04], demonstrating that participants were
able to discriminate between prospective cues and new
animal words. The recognition hit rate for prospective
cues was higher for the pure blocks (M = .52, SD = .25)
than for the switch blocks (M = .43, SD = .30), although
this difference was only marginally significant [#(25) =
2.00, SE = .05, p = .057]. Additionally, the frequency of
prospective hit-recognition hit trials was greater for pure
blocks than for switch blocks [#(25) = 4.170, SE = .369],
as was the frequency of prospective miss—recognition
miss trials [#(25) = —2.184, SE = .405] (Table 4). The
correlation between recognition hits for prospective cues
and prospective responses was not significant [#(24) =
—.034, p = .869], differing from the pattern that was ob-
served in the first two experiments.

GENERAL DISCUSSION

The present study was designed to examine two ac-
counts of the prospective interference effect in a task in
which we could experimentally vary the processing de-
mands of the ongoing activity. On the basis of the PAM
theory (Smith, 2003), we predicted that increasing the at-
tentional demands of the ongoing activity would lead to
a decrease in the rate of prospective responding, as well
as to a decrease in the magnitude of the prospective inter-
ference effect. In contrast, on the basis of the attentional
allocation account, we predicted that the magnitude of
the prospective interference effect might increase with
the attentional demands of the ongoing activity. In three
experiments, the attentional demands of the ongoing ac-
tivity were varied within the context of a task switching
paradigm with the idea that switch blocks would demand
greater attentional resources than would pure blocks (Rog-
ers & Monsell, 1995). Supporting this proposal, recogni-
tion of prospective cues following completion of the pro-
spective memory task was lower for prospective cues that
occurred in switch blocks than for those that occurred in
pure blocks, and this effect could not be attributed to dif-
ferences in prospective responding. This finding is similar
to extensive evidence from the explicit episodic memory
literature demonstrating that divided attention at encoding
disrupts explicit episodic memory for stimuli when tested
using a variety of methods (Craik et al., 1996; Fernandes
& Moscovitch, 2000; Naveh-Benjamin, Craik, Guez, &
Dori, 1998).

Across the three experiments, the rate of prospective
responding was lower when prospective cues were pre-
sented in switch blocks than when they were presented in
pure blocks. The magnitude of the task switching effect on
prospective memory was roughly 15% across the experi-
ments. This effect is similar to that reported by Marsh et al.

(2002) in a paradigm utilizing different ongoing activity
and prospective memory aspects of the task. The present
findings extend those of Marsh et al. (2002) in two ways.
First, our data demonstrate that the effect of switching on
prospective memory was similar for repetition and alter-
nation trials. This finding indicates that the costs of task
switching on prospective memory was not specifically
tied to the requirement to reconfigure task set, but was in-
stead associated with a more general process that may be
related to the requirement to manage competing task goals
(Gilbert, Frith, & Burgess, 2005). Second, our data dem-
onstrate that similar effects of task switching are observed
when either exogenous task cuing (Experiments 1-2) or
endogenous task cuing (Experiment 3) were used, again
revealing a rather general effect of task switching on pro-
spective memory that was not heavily dependent on the
unique demands of the ongoing activity.

If the effect of task switching on prospective memory is
not specifically tied to the costs of switching between tasks,
one may wonder where the locus of this effect resides. One
possibility is that the effect is observed when multiple task
sets, or goals, compete for access to and control over the
information processing system. This proposal is derived
from recent work examining the functional neuroanatomy
of prospective memory and task switching. Evidence from
a number of studies has revealed sustained activation in
lateral rostral prefrontal cortex (PFC) that is greater dur-
ing task conditions requiring prospective memory than for
task conditions in which only the ongoing activity is per-
formed (Burgess et al., 2001; Reynolds, West, & Braver,
2003). Other work has demonstrated a similar pattern of
recruitment in this region in switch blocks relative to pure
blocks (Braver, Reynolds, & Donaldson, 2003). Impor-
tantly, there is some evidence that recruitment of lateral
rostral PFC in the service of prospective memory is sen-
sitive to the attentional or working memory demands of
the ongoing activity (Reynolds et al., 2003). In this study,
lateral rostral PFC was more strongly activated when the
prospective aspect of the task was embedded in a 1-back
working memory task than when it was embedded in a
3-back working memory task. These findings lead to the
suggestion that the effect of task switching on prospective
memory results from an intersection of the processing de-
mands of the two components of the task when competing
goals are represented in the task set. This interpretation
of the effect of task switching on prospective memory is
consistent with evidence from the literature related to the
effects of divided attention on explicit episodic memory
when the task demands attentional resources (Hicks &
Marsh, 2000). In these studies, the greatest effect of di-
vided attention is observed when primary and secondary
tasks compete for a common processing resource (Fer-
nandes & Moscovitch, 2000).

The effect of task switching on the prospective interfer-
ence effect for the RT data was dependent on the nature of
the task switching paradigm. In all experiments, a robust
prospective interference effect was observed. In Experi-
ments 1 and 2, where exogenous cuing of task set was
used, the prospective interference effect was not sensi-
tive to task switching. In contrast, in Experiment 3, where
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endogenous cuing was used, the prospective interference
effect was greater for switch blocks than for pure blocks.
The finding that the prospective interference effect was
sensitive to task switching with endogenous but not exog-
enous cuing is consistent with previous research demon-
strating that prospective memory is particularly dependent
on the availability of central executive resources (Marsh &
Hicks, 1998) that would presumably be required to keep
track of which task set was relevant with endogenous task
cuing. Differences in the effect of task switching on the
prospective interference effect across the experiments
also seem consistent with the idea that this effect is at
least partially determined by the attentional allocation
policy for the entire task set adopted by participants over
the course of task performance (Marsh et al., 2005) and
therefore may not be functionally related to the accuracy
of prospective memory. Given that RT was roughly 180
to 300 msec slower for switch trials in Experiment 3 than
in Experiment 2, it seems reasonable to expect that indi-
viduals would have found the task in Experiment 3 more
difficult than in Experiment 2, leading to variation in at-
tentional allocation between the two components of the
task across the experiments.

The findings of Experiments 1-3 reveal a dissociation
between the effect of task switching on the accuracy of
prospective responding and the prospective interference
effect that is inconsistent with predictions derived from
the PAM theory. Specifically, in Experiments 1 and 2
there appeared to be no functional relationship between
prospective responding and the prospective interference
effect, since prospective responding—but not the prospec-
tive interference effect—was sensitive to task switching.
Furthermore, when a functional relationship was observed
between prospective responding and the prospective in-
terference effect in Experiment 3, it was in the opposite
direction of what would be expected on the basis of the
PAM theory, and was consistent with predictions derived
from the attentional allocation account of the prospec-
tive interference effect. Together, these findings indicate
that the relationship between prospective memory and
the allocation of working memory capacity may not be
as straightforward as is portrayed in PAM theory, leading
to the suggestion that further conceptual and empirical
work is necessary in order to fully appreciate the relation-
ship between working memory capacity and prospective
memory.

In summary, data from our three experiments reveal
robust effects of task switching on the efficiency of pro-
spective memory. Across all experiments, the frequency
of prospective hits and the likelihood of later recognition
of prospective cues were lower when prospective cues
were presented in switch blocks than when they were pre-
sented in pure blocks. The prospective interference effect
was greater for switch blocks than for pure blocks when
endogenous cuing was used and was insensitive to exog-
enous cuing. The dissociation between the effect of task
switching on prospective responding and the prospective
interference effect fails to reveal the functional relation-
ship that is posited between these two measures in PAM
theory, and may support the attentional allocation ac-

count of the prospective interference effect (Marsh et al.,
2003).

AUTHOR NOTE
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NOTES

1. The use of categorical cues relative to explicit cues to elevate pro-
spective memory may seem counterintuitive given that the latter tends
to produce higher levels of prospective memory (McDaniel & Einstein,
2000). However, it seems that for our particular paradigm the encod-
ing demands associated with the categorical cue (look for animal words
across the task) are probably diminished relative to the demands of en-
coding 16 unique words distributed over four blocks of trials.

2. The low accuracy in the pure condition of Experiment 2 did not ap-
pear to arise from the inclusion of outliers in the data set and was not ob-
served in Experiments 1 or 3. Given this, we suspect that the effect reflects
a local aberration that is not generally reflective of task performance.

(Manuscript received September 20, 2005;
revision accepted for publication January 31, 2006.)
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