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The Relative Importance of Suboperations
of Prospective Memory

Anik Guimond, Claude M. J. Braun, and Isabelle Rouleau
Centre de Neurosciences de la Cognition, Département de Psychologie,Université du Québec

à Montréal, Montréal, Canada

Lucie Godbout
Département de Psychologie, Université du Québec à Trois Rivières, Québec, Canada

An event-based and a time-based prospective memory (PM) task, a script generation
task, several working memory tasks, an incidental retrospective memory task, and a
screen clock were implemented on the computer in one integrated procedure lasting
between one and two hours. The procedure was designed to simulate four working days
and four nights for a white-collar employee. Sixty-eight normal participants completed
the task. Time-based prospective memory (self-injecting and going to bed at preor-
dained times of day) shared unique variance with clock checking, but hardly at all with
incidental retrospective memory. On the other hand, event-based prospective memory
(answering a faint telephone cue as quickly as possible) shared unique variance with
incidental retrospective memory of formally task irrelevant context and less with clock
checking. The latter correlational dissociation of event-based versus time-based PM by
retrospective memory reached significance, inspiring the idea that administrative versus
clerical work might each impose its own type of PM demands. In both types of PM,
low-level abilities (use of external aids and incidental encoding of context, respectively)
seem to be critical for good performance, more so than for high-order executive func-
tions. Our software is offered to the readership to explicitate these findings further or
for other research pursuits.

Key words: activities of daily living, clock checking, planning, prospective memory, retrospective
memory, working memory

INTRODUCTION

The Importance of Prospective Memory

Prospective memory (PM) is remembering in the
future to perform an action that has been planned.
One reason that PM is increasingly imposing itself as
an important construct in cognitive psychology is
because it explains important unique variance in the

accomplishment of activities of daily living (ADL) and
thus the quality of independent living (Fortin, Godbout,
& Braun, 2003). PM may even be more important, in
that respect, than retrospective memory (RM), which
is the traditional concept of memory, for the following
reasons: a) RM deficit can be compensated by use of
an agenda, whereas the ability to use an agenda sup-
poses intact PM, b) using memory is not of much import
if it is not to do something with the retrieved trace—and
that link cannot be taken for granted, as has often been
observed in various pathologies such as Korsakoff’s
syndrome (Brunfaut, Vanoverberghe & d’Ydewalle,
2000).
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In everyday life, not a day passes without individuals
engaging in PM: planning and remembering to pick up
milk on the way home from work, writing that intention
in one’s agenda on arrival at work despite being dis-
tracted by a busy day, checking the agenda several times
during the day, noticing that it is five o’clock and linking
that fact to returning home and buying milk, recogniz-
ing the grocery store as a cue requiring action on the
way home, remembering the intention, and, finally, buy-
ing milk. This account of a simple everyday operation of
PM shows that PM can be decomposed into subopera-
tions, of which we wish to outline four: 1) planning (cre-
ating the intention to reach a goal, as well as strategies
to achieve the goal effectively in the future), 2) RM
(remembering the intention until the goal is reached),
3) working memory (implementing the various memory=
intention enhancement strategies as planned, through-
out the busy day, without being distracted from them
either by events or ongoing time), and 4) use of external
aids (verifying the time, one’s agenda, etc.).

Four Cognitive Suboperations of PM

Planning

For PM to be correctly deployed, one or several
goal(s) must be formulated and consigned to memory
(Einstein, McDaniel, Manzi, Cochran, & Baker, 2000;
West, Wymbs, Jakubek, & Herndon, 2003). The subject
may be called on explicitly or implicitly to devise com-
plex strategies to optimize enactment of the targeted
behavior (Chasteen, Park, & Schwarz, 2001; Einstein,
McDaniel, Richardson, Guynn, & Cunfer, 1995;
Kliegel, McDaniel, & Einstein, 2000; Marsh & Hicks,
1998; Maylor, 1990). The goal must be kept active or
accessible throughout the relevant interval, and mental
resources must be mobilized and maintained for that
specific purpose (Marsh, Hicks, & Watson, 2002). In
other words, planning can be an important component
of PM (Marsh & Hicks, 1998), especially if the goal to
be remembered is expected to be challenged by impor-
tant demands on working memory in the interim.

RM

It is well recognized that PM supposes and incorpo-
rates RM. Indeed, it is impossible to remember to do
something in the future if one cannot remember the
initial intention (at least procedurally) as well as the
detailed plan devised to achieve the goal. However, cer-
tain implementations of PM can make such minimal
demands on RM that the former may be significantly
less impaired than the latter—even in the case of
Alzheimer’s disease, for example (Maylor, Smith, Della
Sala, & Logie, 2002). RM has usually been found to be

only weakly correlated with PM (Einstein & McDaniel,
1990; Maylor et al., 2002; Uttl, Graf, Miller, & Tuokko,
2001) or even not correlated at all (Kvavilashvili,
Messer, & Ebdon, 2001). One particularly interesting
dissociation between PM and RM is that retention inter-
val negatively influences RM, whereas it can positively
influence PM (Hicks, Marsh, & Russell, 2000). Of
course, the more complex are the goal and the plan to
achieve it, the longer the interval between the confection
of the plan and the achievement of the goal, and the
more distractions during the plan-to-goal interval, the
heavier the demands on RM will be.

Working Memory

Working memory (WM) consists of effortful atten-
tion occuring without interruption directed to achieve-
ment of goals. Various components of WM have
recently clearly been identified as important in PM
(Smith & Bayen, 2004; Marsh, Hicks, Cook, Hansen,
& Pallos, 2003; West & Craik, 2001). For example,
introduction of distraction during the plan-to-goal inter-
val impairs PM (Kvavilashvili et al., 2001; Marsh,
Hancock, & Hicks, 2002; Smith & Bayen, 2004), an eff-
ect that has long been known as proactive interference.

Using External Aids

Time-based PM is often described as internal moni-
toring of time for the purpose of accomplishing an
action at a designated moment in the future. However,
in real life, people advantageously exploit ordinary, sim-
ple, and effective strategies consisting of using concrete
tools (external aids), such as consulting a clock or an
agenda frequently, thus relieving some of the demands
of internal monitoring of ongoing time (Ceci &
Bronfenbrenner, 1985; Morita, 1998; Nigro, Senese,
Natullo, & Sergi, 2002; Park, Hertzog, Kidder, Morrell,
& Mayhorn, 1997). Monitoring one’s ongoing (i.e.,
intermediary) goal-directed actions also contributes to
better PM (Marsh, Hicks, Hancock, & Munsayac,
2002). We expected that consulting a clock ought to
facilitate achievement of time-based—but not event-
based goals—for obvious reasons.

PURPOSE OF THE PRESENT STUDY

Relationships described previously between subopera-
tions of PM and goal achievement have been obtained
using heterogenous paper-pencil tests (diverging with
regard to stimulus items, associated task demands,
measurement scale, etc.) or have been analyzed one or
two at a time with laboratory tasks. In the latter case, speed
and accuracy were rarely obtained for each variable, and
distributions could not always be thought normal. People
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accomplish many PM operations (i.e., they pursue goals)
every day and are distracted by many obligations and plea-
sures while doing so. Everyday life, especially in a busy
workplace, involves multitasking. The idea of implement-
ing PM tasks within everyday contexts is just the begin-
ning. Rendell & Craik (2000) developed a board game
called ‘‘Virtual Week’’ that attempted to do just that.
However, as far as we know, the present investigation
comprises the first implementation of PM in a simulation
of a busy white-collar occupation.

This investigation was designed to explore links
between measures of these four suboperations of two
types of PM—time-based and event-based—all derived
from a same global context (four busy days in the life
of an accountant). The four suboperations of PM,
namely planning, RM, WM, and clock checking, will
henceforth be termed predictors. The time- and event-
based PM measures will henceforth be termed criteria.
For the planned correlational approach to be as mean-
ingful as possible, we created a task that not only simu-
lated the workplace but also yielded speed and accuracy
measurements. The task was designed and the pilot
studied so that each of the six constructs (four predic-
tors, two criteria) would be normally distributed.

Although the four predictors and two criteria are
performances drawn from the same session in a con-
stant environment, they could not be arranged as con-
ditions of an experimental PM task. Rather, they were
processed in a multitask manner by the participants, as
would occur in a real-life occupational setting. We doubt
that it would be possible to implement a task as complex
as this one, isolating the same constructs with the same
psychometric qualities, as a single, totally emmeshed
PM task with the four predictors and two criteria per-
fectly crossed in an ANOVA design. The reader is cau-
tioned that components of PM in the present research
report are to be understood as correlational components
rather than necessarily intrinsic components.

METHOD

Subjects

Sixty-four adults (M¼ 45 years of age, SD¼ 24 years,
range¼ 15–85) were recruited from the Internet (a

golden-age cyber club; university alumni lists, including
e-mail adresses; school classes) and word of mouth.
There were 32 women and 32 men. Average education
was 14 years (SD¼ 3.2 years). Candidates with sub-
stance abuse problems; systemic, neurological, or psy-
chiatric disease; inexperience with Windows software
or with the Internet; use of psychiatric medication
(e.g., antidepressants, neuroleptics, lithium) or who were
not living independently were excluded. Sixteen subjects
were taking cardiovascular maintenance medication, as
many as five medications altogether; other medications
judged cognitively benign (aspirin, birth control pills)
were ignored. Subjects were selected to cover a wide
age range in view of analyses of the effect of age on task
performance. The effects of age are reported elsewhere
(Guimond, Braun, Godbout, Rouleau, & Bélanger,
2006). See Table 1 for more details regarding the
subjects.

Procedure

Details of the Software

A gamelike environment was implemented on the
Visual Basic software inherent to Windows for the PC.
The computer task simulated four days in the life of a
diabetic, home-based, working accountant who had to
self-inject insulin at four precise times of the day, answer
the phone and go to bed at midnight, accounting-like
activities, and organize a retirement party for a col-
league. All of the participant’s responses were made
using the computer mouse. The program is called Simu-
lation of Occupational Activities (SOA). At several
points in the initial presentation, the participant was
instructed to complete the simulation as quickly as poss-
ible. A main display frame (or master board) contained
much of the information needed to carry out the various
subtasks. See Figure 1.

The main display frame (or master board) contained
elements that were visible and useful for activities
related to goals outlined in instructions presented pre-
viously (icons of a telephone, a syringe, a bed, and a
clock, a grid of 30 actions described with brief text).

An icon (syringe), 3 cm2, had to be clicked to simulate
an injection at 800, 1000, 1200, and 1600 hours (the tar-
get times were displayed under the icon at all times

TABLE 1
Biographical Description of the Sample: Frequencies of Subjects in each Category of Discrete Variables

Weekly use of a computer Rare Occasional Frequent Very frequent
n ¼ 13 11 23 16
Daily consumption of alcohol Never Rare Occasional One glass=day Several glasses=day
n ¼ 0 9 18 29 8
Occupation Unemployed Blue collar White collar Professional Student
n ¼ 5 2 6 27 24
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because pilot studies indicated that normal people could
not retain that part of the instructions). Another icon
(bed), 3 cm2, had to be clicked on at midnight (for eight
hours of virtual sleep). Together, these two tasks are the
basis of the time-based PM construct.

Another icon (telephone), 3 cm2, located at the bot-
tom of the screen, had to clicked on whenever it blinked
(.5 Hz, ongoing). Its detectability had been titrated via
pilot studies to avoid a ceiling effect; i.e., all subjects
failed to answer the phone at least once. Although the
task is presented to the subject as a phone-answering
task, in fact, it is not exactly like answering the phone
in real life, which is a highly overlearned and routinized
cognitive operation. Here, the stimulus had to be mon-
itored more actively (as ensured by pilot: our study mak-
ing sure that every subject made detection errors during
the overall task, which they would never make if the
phone routine were presented alone or with a conven-
tional ring tone). This task is the basis of the event-based
PM construct.

The main display frame of the simulation comprised
a grid of 30 actions, displayed in random order, all rel-
evant to organizing the retirement party, which had to
be selected (with a mouse click) by the participant in a

logical order. Several of the actions could be selected
in differing order (equally logical), allowing the subjects
to make strategic choices based on their virtual
durations—so as to be able to self-inject or go to bed
at the predesignated virtual time of day. The subject
was cued for errors and could see his or her progress.
The virtual duration of each action varied and was
displayed (one minute to three hours). This activity
was termed the script task and, as will be explained later,
is the basis of the planning construct.

The subject was invited to consult a clock, at will, by
clicking a clock-face icon (3 cm2), at which point the
simulated time of day was displayed until the next action
occurred (i.e., keypress). This activity formed the basis
of the clock-checking behavior construct, consisting of
explicit verification of ongoing time. See Figure 1.

When the 8th, 16th, and 24th retirement party action
was correctly selected, the script grid display disap-
peared and the WM task was proposed to the partici-
pant and termed a ‘‘professional activity’’ (for the sake
of plausibility). The first of these WM tasks simulated
the Paced Auditory Serial Addition Task or PASAT
(Wingenfeld, Holdwick, Davis, Hunter, 1999), but with
visual entry. Subjects had to add two numbers, the last

FIGURE 1 Downloaded image of the main screen, in which the 30 actions to be selected in logical order are randomly displayed on a grid (upper
right). The log of actions previously and correctly identified by the participant is displayed in the upper left box. The actions remaining to be selected
are in bold font in the grid (upper right). The icons related to actions in prospective memory (a syringe for injections, a bed for sleeping, a telephone
for taking calls, and a clock-face icon offering the possibility, with a click of the mouse, of obtaining the virtual time of day) are displayed on the
bottom left.
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of the two added for the previous total and a new one
displayed on screen after the last response (thus forcing
the participant to ignore the number entered via the key-
board immediately before). The second WM task simu-
lated Baddeley’s way of eliciting the central executive
system, the phonological loop and the visuospatial
scratchpad (Baddeley, DellaSala, Papagno, & Spinnler,
1999). Subjects had to type numbers that had a curve
in the capital form as quickly as possible from 0 to 99
(scratchpad single task). Then they had to type in
numbers whose pronunciation ended with the sound
‘‘eee’’ (phonological-loop single task). Then they had
to type in letters with at least one straight line and end-
ing with the sound ‘‘eee’’ (dual task). WM was operatio-
nalized as errors and time on the single tasks minus on
the dual task. The third WM task simulated Bricken-
kamp’s D2 test (1962). A correct-go trial (spacebar
press) was a response to the noncapital letter ‘‘d’’
accompanied by two primes (one below and one above,
or both above or both below). Foils (requiring response
inhibition, or no-go) included a single prime, points
instead of primes, and=or the noncapital letter ‘‘b’’.
All three of these WM tasks elicit sustained effortful
attention, i.e., WM (Bates & Lemay, 2004; Lockwood,
Linn, Szymanski, Coad, & Wack, 2004; Richer, Décary,
Lapierre, Rouleau, Bouvier, & Saint-Hilaire, 1993).
Together, these three activities formed the basis of the
WM construct. Each of these tasks yielded error scores,
and, because they were not intertwined with other tasks
(planning, RM, PM), real time on task was measured as
well. The reason was that, whereas in real life, planning
and RM and PM activities can be relatively self-paced,
WM cannot be: it has to elicit uninterrupted effort, an
attentional dropout, no matter how brief, invariably
causing errors. At any rate, that is the way we preferred
to distinguish it from the other tasks (which are often
also considered forms of WM).

When each of these tasks was completed, the partici-
pant was returned to the script grid at the point where
he or she had left off (plus one virtual hour). When
the script was completed, an unannounced memory task
was imposed: 30 words were displayed and the partici-
pant was instructed to select those that he or she had
seen during the entire previous simulation. Ten words
were correct targets (e.g., retirement, hour, glycemia),
10 were semantically plausible distractors (e.g., medi-
cation, spreadsheet, employee), and 10 were semanti-
cally unrelated (e.g., tree, bicycle, cat). It is important
to note that the participant was not informed that he
or she would be tested for memory of the task, and thus
this is an incidental and highly episodic RM task. This
last task forms the basis of the RM construct.

A vast assortment of possible errors on many aspects
of the simulation were signalled by brief texts embedded
in a flashing colored panel—to keep the participant

on the task and to dissipate confusion (repetition of
instructions, etc.). Throughout the simulation, criteria
were set for signalling excessive slowness and instructing
the participant to hurry, but these were not of a nature
to stress the subject—only to make him or her under-
stand that the program was tallying time on task.

In short, the participant had to accomplish several
hundred constrained key presses quickly, answering to
multiple simultaneous demands, while remaining con-
stantly aware of ongoing virtual time, so as to complete
each assignment at the right time (time-based PM: injec-
tions and going to sleep) or at the right moment (event-
based PM: answering the phone). The participant had to
plan a complex script (organize the retirement party),
which required reading the entire grid first and keeping
as much of it as possible in WM, selecting actions in
logical order, and taking into account their virtual dur-
ation as well. He or she had to engage in effort-demand-
ing WM on distracting attention tasks, which also had
virtual durations that the subject had to take into
account. He or she had to remember to self-inject, sleep,
and answer the phone at the correct moments, i.e., con-
stantly keeping track of virtual time spent (either men-
tally or by checking the clock). Finally, at the end, he
or she was required to remember (recognize) words that
had been displayed on screen and discriminate them
from words that had not been displayed. During each
phase, including the very last, demands were made on
PM (the phone blinked several times during the RM
task). The program collected errors and=or time-to-
complete data on each subtask. Each subject was
exposed to at least 21 distinct screen frames (instructions
and tasks) and to varying occurrences of error feedback
screen frames.

Data Preparation of Interest

Performance of the participants with regard to each
predictor and criterion was operationalized as a z score
(clock checking) or an amalgam of z scores (each
element equally weighted). In the latter cases, the distri-
bution was again z transformed, and in all cases the final
distribution was inverted (0" z) to reflect performance
on the construct.

A planning construct consisted of errors (a formal
sequence error) and real time-to-complete on the 30-
item script task. An RM construct consisted of omission
and commission errors and real time-to-complete on the
RM task. A WM construct consisted of sum of errors
and real time-to-complete on the three components of
the WM task. Note that these predictors are equally
weighted for speed and accuracy. A clock checking con-
struct consisted of total number of consultations of the
clock. There were no missing data at all, no floorings,
and no ceilings on any of these variables.
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A time-based PM construct consisted of the tally of
errors (>2 virtual hours) and also the total virtual
time-off-target for the injections and going to bed). An
event-based PM construct consisted of the tally of errors
(>4 second delay) and of total real time taken to answer
the ensemble of phone calls.

Ethical clearance was obtained from the Université
du Québec à Montréal, and consent forms were signed
by the participants, who each received CAN $10.

RESULTS

Pearson correlation between time-based and event based
PM was R¼ þ.66, p< .0005. There was a great diversity
of strengths of relations between the predictors them-
selves (from R¼ þ .11 to R¼ þ .68). Pearson corre-
lation between the predictors is presented in Table 2.

The wide range of correlational strengths observed in
Table 2 suggested that relations between predictors and
criteria should not only be analyzed univariately, but
also multivariately, specifically with a partial correlation
approach.

Time-Based PM

Significant determinable task-unrelated sources of variance
on the time-based PM construct were age (Pearson
R¼#.7, p< .0005), education (Pearson R¼þ.4,
p< .002), occupation (Kendall’s tau-b¼ .48, p< .0005),
cardiovascular medication (Kendall’s tau-b¼# .28,
p< .026), and frequency of computer utilization
(Kendall’s tau-b, p< þ.25, p< .009). Alcohol consumption
and gender did not explain significant criterion variance.

The four predictors (planning, RM, WM, and clock
checking) and the criterion (time-based PM) did not sig-
nificantly part from normality, and their relations were
essentially linear (see Table 3). This ascertained that
multivariate linear statistics could be exploited.

Multiple regression analysis using the 64 subjects
revealed that the four predictors (planning, RM, WM,
and clock checking) together explained 63% of time-
based PM variance (regression analysis: R¼ .793,
F¼ 25.0, p< .0005).

Pure variance explained by each predictor reached
significance in several cases. Pure variance is the

correlational residual after partialling out (with partial
correlation) the contribution of the three other predic-
tors. Of the total variance, 17% was explained alone
(i.e., with the covariance of the other three predictors
partialled out) by clock checking (p< .002), 14% by
WM (p< .003), 7% by planning (p< .045), and only 5%
by RM (p ¼ .06).

Event-Based PM

The event-based PM subtask in the present sudy is pre-
sented with a veneer of ecological plausibility (answer-
ing the telephone). Answering a normal telephone in
real life is not considered a PM task. However, this
telephone was not a typical telephone at all. With a
normal telephone, there would be no omission errors.
In the current experiment, event-based PM basically
consisted of the time taken to answer the telephone,
as well as errors consisting simply of a delay that,
in everyday life, would cause the caller to hang up
(4 seconds, corresponding to eight flashes). This task
had been calibrated to be moderately difficult (the tele-
phone did not ring; it only blinked in periperal vision).
The distribution of telephone-answering performance
(the z-composite of response time and errors) did not
significantly depart from normality, and its relation
with the predictors was essentially linear (see Table 4).
As expected from pilot studies, every subject of the
present investigation made at least one omission error,
clearly indicating that each subject had to learn to do
that particular subtask. This component of the overall
task was therefore considered as indexing a sort of
event-based PM.

The same predictors as described previously are
equally relevant, in principle, to event-based PM—
except with regard to clock checking. However,
although awareness of the time of day is not logically
(formally) relevant to event-based PM, it could index a
more general sensitivity to cues—of which the time of
day is one type. It was thus expected that a more mod-
erate portion of criterion variance would be explained
by that particular predictor.

Significant determinable task-unrelated sources of
variance on the event-based PM construct were age
(Pearson R¼#.59, p< .0005), education (þ.41, p <
.002), occupation (Kendall’s tau-b¼þ.5, p < .0005),
and frequency of computer utilization (Kendall,s tau-
b¼þ.24, p < .012). Cardiovascular medication, alcohol
consumption, and gender did not explain significant
criterion variance.

Multiple regression analysis using the 64 subjects
revealed that the four predictors (planning, RM, WM,
and clock checking) together explained 56% of event-
based PM variance (regression analysis: R¼ .749, F¼
18.8, p < .0005).

TABLE 2
Pearson Correlation Between Predictors

Planning
Working
Memory Clock Checking

Retrospective memory þ.58$$$ þ.52$$$ þ.20
Planning þ.68$$$ þ.11
Working memory þ.44$$

$$p< .01; $$$p< .001.
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Pure variance explained by each predictor reached
significance in several cases. Pure variance explained
consisted of the correlational residual after partialling
out via partial correlation of the three other predictors.
Of the total variance, 8% was explained alone (i.e., with
the covariance of the other three predictors partialled
out) by clock checking (p< .03), only .2% by WM
(p< .7), only 6% by planning (p< .054), and an impress-
ive 18% by RM (p ¼ .0005). See Table 4.

Comparison of Tables 3 and 4 suggests a double
crossed dissociation of partial correlations: whereas
clock checking, but not RM, is a pure correlate of
time-based PM, it is RM and not clock checking that
is a pure correlate of event-based PM. To test the signifi-
cance of these dissociations, a difference between z com-
posites of time-based and event-based PM was
computed. The same predictors were analyzed as shown
in Tables 3 and 4 to determine their association with this
new criterion. RM performance (with the three other
predictors partialled out) explained the criterion signifi-
cantly (R¼ .28, p< .03). However, none of the other pre-
dictors (with the three other predictors partialled out)
explained the criterion significantly. In short, the mobi-
lization of incidental RM, not required in the instruc-
tions or in any way to carry out any of the tasks, was
nevertheless significantly, specifically, more correlated
with event-based PM than with time-based PM.

DISCUSSION

The fact that this sample of normal subjects was highly
heterogenous for age is important. An attempt to repli-
cate with a more homogenous cohort (only students, for
example) would most likely yield far lower relationships
between constructs. In the present cohort, as planned in
the recruitment strategy, there was sufficient variation in
age, education, occupation, cardiovascular health, and
experience with computers to provoke substantial vari-
ation in both forms of PM and, thus, to better explore
underlying constructs (see Guimond, Braun, Godbout,
Rouleau, & Bélanger, 2006, for detailed effects of age
on performance on the SOA software).

The predictors—planning, RM, WM, and clock check-
ing—together, sufficed to explain most of the PM variance,
whether time-based or event-based. From a univariate per-
spective, each predictor explained significant PM variance,
whether time-based or event-based. However, more subtle
and interesting mechanisms underlying each form of PM
were revealed by partial correlation. With the constructs
operationalized in the manner particular to this study, the
suboperations (planning, RM, WM, and clock checking)
were most often, but not always, significantly intercorre-
lated (see Table 2)—a finding that, we suspect, is typical
in other approaches (different implementations of the same
constructs) as well.

Partial correlation enables consideration of pure vari-
ance explained, devoid of components deriving from the
other constructs. This is a window of opportunity for
studying complex mental operations that cannot be pro-
vided by the usual straightforward laboratory-based
experiment in which only one or two independent variables
are manipulated (and, even then, usually not controlling
for speed=accuracy trade-off). Viewed with partial corre-
lation, the constructs underlying time-based and event-
based PM were very different than viewed univariately.

The main finding, perhaps, is that planning and WM
tasks shared little unique variance with PM, whether
time-based or event-based. This goes against a common
tenet of research into PM—which is considered by many
authors to be a form of higher-order executive function.
Whether our failure to support this tenet is a result of
the fact that the script task and the WM tasks were
somewhat extraneous to the PM tasks remains to be
determined.

From the point of view of partial correlations, time-
based PM was explained principally and very signifi-
cantly by clock checking—operationalized in a crude
manner here as the total number of times that the sub-
ject verified the time by clicking on the clock icon. The
more often the subject checked the time, the better
was his or her performance on the time-based PM task.
In this particular implementation, it was very difficult, if
not impossible, to keep track of the virtual hour of day

TABLE 3
Nonparametric and Parametric Correlations Between Four

Predictors and the Time-Based Propective Memory (PM) Criterion

Criterion=Predictor

Time-Based
PM (Kt-b

Correlation)

Time-Based
PM (Pearson
Correlation)

Time-Based
PM (Partial
Correlation)

Planning þ .41 (.0005) þ.61 (.0005) þ.25 (.054)
Retrospective

memory
þ .28 (.001) þ.54 (.0005) þ.22 (.093)

Working
memory

þ .49 (.0005) þ.68 (.0005) þ.27 (.039)

Clock checking þ .43 (.0005) þ.57 (.0005) þ.48 (.0005)

The differences between Kendall’s tau-b and Pearson’s coefficients
suggest marked linearity of the relations.

TABLE 4
Nonparametric and Parametric Correlations Between Four

Predictors and the Event-Based Prospective Memory (PM) Criterion

Criterion=Predictor

Event-Based
PM (Kt-b

Correlation)

Event-Based
PM (Pearson
Correlation)

Event-Based
PM (Partial
Correlation)

Planning þ.48 (.0005) þ.63 (.0005) þ.25 (.054)
Retrospective memory þ.41 (.0005) þ.69 (.0005) þ.43 (.0005)
Working memory þ.37 (.0005) þ.55 (.0005) þ.05 (.682)
Clock checking þ.28 (.002) þ.37 (.003) þ.28 (.031)

The differences between Kendall’s tau-b and Pearson’s coefficients
suggest marked linearity of the relations.

190 GUIMOND ET AL.



mentally while carrying out the mental operations
required by the general procedure (too much was going
on, as occurs in the everyday busy white-collar work-
place). Arguably, the idea of frequent clock checking
could be unrelated to WM and could consist of a low-
level strategy. That seems to be the case, because the
WM construct explained, independently of clock check-
ing (as well as the other predictors), a significant amount
of variance of time-based PM. This is all the more
impressive considering that the tasks from which the
WM construct was drawn were not integrated in the
PM procedure at all (they were independent tasks, inter-
spersed at unpredictable times throughout the PM pro-
cedure), whereas RM drew on stimuli that were part and
parcel of the PM task. Despite this, RM did not explain
significant pure variance of time-based PM. As sug-
gested by Kvavilashvili, Messer, & Ebdon (2001), RM
is thus not necessarily an important component of
time-based PM. Furthermore, complex planning could
not be demonstrated to contribute unique variance to
time-based PM in the present study. Notably, the script
task from which the planning construct was drawn was
also not a part of the PM procedure in any formal way.
This further supports our interpretation to the effect
that clock checking, at least in this experiment, was a
low-level but very effective strategy contributing to bet-
ter time-based PM.

As for event-based PM, viewed from a univariate per-
spective, its underlying components (planning, RM,
WM, and clock checking) were virtually indistinguish-
able from those viewed univariately as underlying
time-based PM (they all significantly predicted the cri-
terion). However, a more subtle understanding was
again provided by partial correlation. In this case, RM
was the main unique contributor, explaining far more
unique variance than the next most important contribu-
tor, namely clock checking. Considering that the WM
and planning constructs did not contribute significant
pure variance to event-based PM, we propose that, as
implemented here, event-based PM did not require any
form of higher-order strategy at all—only an ability to
maintain enough attention in the peripheral visual field.
As expected, clock checking explained less variance in
event-based PM than in time-based PM, but its contri-
bution was not negligeable nevertheless (and the differ-
ence was not significant). This could appear perplexing
considering that, in principle, a subject could have
presented perfect performance on our event-based PM
procedure without ever consulting the clock at all. Per-
haps clock checking and attending to peripheral vision
share a common characteristic, namely an effortless dis-
position toward cues outside the current algorithm being
processed within WM. In other words, perhaps people
who are effective telephone answerers might prefer
multitasking outward rather than inward or might pre-

fer to, or be better able to, monitor the periphery than
to concentrate on complex mentation in WM. This is
all the more credible considering that most of the
explained variance came from RM—which in this study
was a measure of incidental recognition, devoid of stra-
tegic or effortful encoding. Analyzing correlates of time-
based and event-based PM, Kliegel, Ramuschkat, and
Martin (2003) concluded that time-based PM requires
the flexible shifting of cognitive sets, whereas event-
based PM requires inhibition to avoid distraction from
irrelevant items. That is close to our own interpretation
of the current results. We recognize that the present
implementation of event-based PM, usually considered
a form of learning, would have been more convincing
if we had observed a learning curve on the telephone-
answering subtask. Unfortunately, this was not
implemented in the current version of our software.
Nevertheless, learning was indexed by omission errors
occurring in all of the subjects and by the correlation
of RM with event-based PM. More impressive, RM sig-
nificantly specifically explained event-based over time-
based PM. Yet the items tested for incidental retrospec-
tive episodic memory were equally relevant or irrelevant
to either type of PM: specifically, they were words pre-
sented in the instructions, pertaining as much to event-
as to time-based PM demands and contingencies. Very
few studies have investigated incidental declarative RM
in relation to PM. The RM usually investigated is
intentional rather than incidental. McDaniel & Einstein
(1993) and Maylor (1993) have observed that inciden-
tal, but not intentional, RM correlates with event-
based PM. In a recent experiment, our own group
found that incidentally learned associations embedded
in certain event cues, not formally relevant to the PM
task per se, significantly improved event-based PM
(Bizet, Rouleau, Braun, & Paradis, 2006). However,
in those studies, time-based PM was not investigated,
so it was still not known until now whether there is
a priviledged and selective link between incidental
RM and event-based PM. These studies, together,
demonstrate that event-based PM relies heavily on
spontaneous encoding of wide-ranging context, when
such context is provided—which is the case in real-life
situations. The present study introduces the finding to
the effect that this is not the case for time-based PM.

Other implementations of time-based and event-
based PM could generate very different distinctions.
Events serving as cues for an action could be formatted
so as to draw on WM. They could be made complex
enough to require deep sustained attention. For
example, they could require judgments engaging shifts
of mental set. This has not been the case in most imple-
mentations of event-based PM and was certainly not the
case in the current study. Event cues for experimental
PM tasks are usually superficial, simple, and arbitrary.
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The essential difference between time-based and event-
based PM is that time-based PM requires internal
monitoring of implicit cues of ongoing time, whereas
event-based PM requires external monitoring of explicit
cues. However, event-based PM could be implemented
as time-based PM: the event cue could simply be pre-
sented at fixed times. In that situation, it would be im-
possible to know whether the subject is using the event
or the interval as the cue. In real life, both types of cues
are probably monitored to get done what was planned.

The results of this study suggest that this complex
simulation of white-collar work taps a set of cognitive
abilities that are contributive to effective time-based
PM, a construct perhaps akin to managerial labor.
Another set of cognitive abilities is contributive to effec-
tive event-based PM, a construct perhaps akin to rou-
tine or clerical labor. This distinction requires
validation with workers who are specialized in each of
these two occupations. More concrete, for example,
are the following questions: Are telephone receptionists
more efficient in their work if they have good incidental
RM? Are managerial workers (decision makers, plan-
ners) just as efficient regardless of whether they have
good or bad incidental RM? Do seasoned and com-
petent receptionists present better incidental RM as well
as event-based PM? Do seasoned and competent
managers exercise better surveillance of ongoing time
with clocks, and do they have better time-based PM?

Another issue that needs to be addressed with instru-
ments such as SOA is the extent to which simulated time
should resemble time-on-task. Here, four working days
are simulated in a task of 60–120 minutes. Would the
work environment be better simulated if a two-hour seg-
ment of the day were simulated with a two-hour task?

Considering the excellent psychometric properties of
the constructs operationalized here (no flooring or ceil-
ing, normal distributions, linear relations), it seems pro-
mising to apply this software (SOA) to industrial=
organizational problems, particularly personnel selection,
and issues of job description, as well as to clinical
research requiring exceptional precision in the measure-
ment of higher-order cognitive functions. The authors
of this report will gladly share SOA for collaborative,
nonprofit scientific research. The software runs on any
Windows software and requires Excel (spreadsheet soft-
ware included in any version of Microsoft’s Office suite)
for quantitative output of results.
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