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ABSTRACT 
 
Time-based prospective memory has been found to be negatively affected by aging, 

possibly as a result of the declining frontal function that often accompanies aging. In the 

present study we investigated the role of the frontal lobes in prospective memory. Based 

upon their scores on a composite measure of frontal function, 32 older adults were 

characterized as possessing high- or low-frontal function, and were then tested on a time-

based laboratory prospective memory task. Overall age effects were also assessed and 

each of the frontal groups was compared to a group of 32 younger adults. High-frontal 

functioning participants demonstrated better prospective memory than low-frontal 

functioning participants, and were not distinguishable from younger adults. The results of 

this study suggest that it is not aging per se that disrupts prospective memory 

performance, but it is instead the diminished frontal function seen in a subset of older 

adults.  
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INTRODUCTION 

Remembering to perform an action at a future point is a mnemonic ability that is 

particularly critical to daily living. In the last ten to twelve years, this “remembering to 

remember,” referred to as prospective memory (PM), has begun to receive considerable 

research attention. PM is traditionally divided into two forms: event-based and time-

based. An example of event-based prospective memory is remembering to deposit a 

check when seeing the bank on your way home. In this case, the bank serves as an 

environmental cue that prompts retrieval of an intended action, depositing a check. An 

example of time-based prospective memory is remembering that you have a 3:00 

appointment. In this instance, there is no environmental cue, but instead time alone serves 

as the cue to perform a previously formed intention, meeting the appointment. The 

implications of PM failure can be dramatic under some conditions, especially for older 

adults for whom medication adherence, for example, is often an important part of daily 

living (Insel, Morrow, Brewer, & Figueredo, 2006; Park, Morrell, Frieske, & Kincaid, 

1992). 

Prospective memory differs from retrospective memory (RM) in a number of 

ways. Although it is true that PM possesses a RM component, it also incorporates 

cognitive processes not necessarily required in tasks of RM. For instance, in tasks 

involving PM, subjects are engaged in some ongoing activity and may have to search or 

monitor the environment for the presence of a cue. Upon recognizing the appropriate cue, 

people must then interrupt their performance of the ongoing task in order to successfully 

complete the intended action. In contrast, RM demands no such mental gymnastics. 



 9 

Tulving (1983) made the point that in tasks of RM, participants are put into a “retrieval 

mode” in which they are explicitly instructed to remember the contents of a previously 

learned list, the speaker of a sentence, or the order in which a set of numbers was 

presented. In tasks of PM, subjects are not cued to remember previously presented 

information, but are required to recall on their own a cue and its associated intention, and 

then carry out the intended action. Craik (1986) refers to such subject-directed operations 

as “self-initiated processing.” 

According to Craik (1986), memory performance is dictated by the interaction of 

a number of factors. Contrary to the notion that differences in memory performance are 

indicative of discrepancies in the proficiency of memory systems, Craik argues that it is a 

combination of processing requirements and “environmental support” that determines 

memory accuracy in older adults. With this in mind, Craik developed a hierarchy of 

memory tasks with procedural memory at one end of the spectrum, providing the greatest 

environmental support and requiring the least self-initiated processing, and PM at the 

other end, offering the least environmental support and consequently requiring the most 

self-initiated processing.  According to this hierarchy, older adults should have the most 

difficulty on tests of PM. 

In the intervening years since Craik’s prediction, many laboratory studies of PM 

have been conducted, with most providing support for his claim (Einstein & McDaniel, 

1990; Einstein, McDaniel, Richardson, Guynn, & Cunfer, 1995; Rendell & Craik, 2000). 

Many of these laboratory investigations have utilized a paradigm developed by Einstein 

and McDaniel (1990) in which participants are engaged in an ongoing activity which 
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must be interrupted in order for a PM task to be performed. The majority of these studies 

of PM have found consistent age differences, with younger adults outperforming older 

adults (Einstein et al., 1995; Einstein, Smith, McDaniel, & Shaw, 1997; Maylor, 1996; 

McDaniel, Einstein, Stout, & Morgan, 2003; Park, Hertzog, Kidder, Morrell, & Mayhorn, 

1997). 

 

Event-based versus Time-based Prospective Memory 

Event-based and time-based tasks are not necessarily equivalent in terms of their 

self-initiated processing requirements, however. Time-based tasks, while requiring many 

of the same processes as event-based tasks (e.g. recalling an association between 

intention and cue, dividing attention between an ongoing task and the PM task), may also 

place greater monitoring demands on the rememberer. For instance, because there are no 

external cues to direct responding, one must frequently monitor the time in order to 

determine the appropriateness of performing an intended action (Harris and Wilkins, 

1982). Time monitoring thus involves continual interruption of ongoing activities, and is 

likely to be entirely self-initiated. In contrast, tasks of event-based PM require 

interruption and inhibition only when specific cues prompt the intended action. This 

increase in self-initiated monitoring might make time-based tasks more demanding than 

event-based tasks. Not surprisingly, studies employing time-based tasks have elicited the 

greatest and most consistent age-related differences (Einstein et al., 1995; d’Ydewalle, 

Bouckaert, & Brunfaut, 2001). Although age differences are more prominent in time-

based tasks than in event-based tasks, they have been found in both.  
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Frontal Lobe Functioning in Older Adults 

Much of the self-initiated processing required in PM tasks is believed to be 

heavily dependent upon the frontal lobes. For instance, PM tasks might include forming a 

strong association between a cue and an intention, maintaining the intention over a delay, 

dividing attention between tasks, interrupting and inhibiting ongoing activities, and 

monitoring the environment for a cue, all of which have been shown to be impaired in 

frontal lobe patients (Fuster, 1997; Stuss & Benson, 1984).  The possibility that the 

operations involved in self-initiated processing are dependent upon the frontal lobes is 

critical in light of findings that suggest an age-related decline in frontal lobe function 

(Fuster, 1997; West, 1996). Support for a selective decline in frontal lobe function has 

come from a variety of sources. Morphological studies have found disproportionate 

volume loss in the prefrontal cortex relative to other regions of the brain (Haug & Eggers, 

1991; Raz, Lindenberger, Rodrigue, Kennedy, Head, et al., 2005; Van Petten et al., 

2004). Functional changes have also been reported. In a PET study, Leenders, Perani, 

Lammertsma, Heather, Buckingham, et al. (1990), observed significant age-related 

decreases in rCBF in prefrontal cortex over and above that seen in other areas.  

Neuropsychological data have also implicated age-related decline in frontal function 

(Brickman, Zimmerman, Paul, Grieve, Tate, et al., 2006; Daigneault, Braun, & Whitaker, 

1992; Spencer & Raz, 1994).  
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Frontal Lobe Functioning and Prospective Memory 

To test the hypothesis that PM is dependent on frontal function, McDaniel, 

Glisky, Rubin, Guynn, & Routhieaux (1999) administered an event-based PM task to 

older adults who had been categorized as possessing high- or low- frontal function 

according to their performance on a battery of neuropsychological tests (Glisky, 1995). A 

general knowledge/trivia test served as the ongoing activity in this study, while the PM 

task required participants to press a particular computer key whenever the word 

“president” appeared in one of the trivia questions. Results of the study showed that the 

high-frontal group significantly outperformed the low-frontal group, suggesting that the 

frontal lobes are involved in the execution of event-based PM tasks.  

Along the lines of the McDaniel et al. (1999) study, Martin, Kliegel, & McDaniel 

(2003) conducted a study designed to address the role of frontally-mediated processes in 

a variety of PM tasks. The authors of this study used a measure of frontal/executive 

function similar to that of McDaniel et al. (1999), which enabled them to classify 

participants as either old with high executive performance, old with low executive 

performance, or young. Four PM tests, requiring increasing amounts of frontal input, 

were administered; the Remembering-a-Belonging subtest of the Rivermead Behavioral 

Memory Test (RBMT; Wilson et al., 1985), an event-based PM test, a time-based PM 

test, and a complex, multitask PM test (MTPM; Kliegel et al., 2000). Age differences 

were revealed on all but the RBMT task. More importantly, the magnitude of age 

differences paralleled the hypothesized frontal/executive function involvement in tasks of 

PM, with age effects greatest for the MTPM, followed by the time-based task, and 
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finally, the event-based task. Furthermore, in older adults executive function was 

significantly correlated with performance on all three tasks. These findings further 

support the claim that the decline in frontal function often associated with aging plays a 

role in PM performance, particularly as the need for self-initiated processing increases.  

In addition to the frontally mediated processes of dividing attention, associating a 

cue with an intention, interrupting an ongoing task, and monitoring the environment for a 

cue, PM may also involve planning, a skill that has been thought to depend on the frontal 

lobes (Lezak, 1982; Shallice, 1982). Many everyday PM tasks, such as preparing a meal 

for instance, consist of a complex set of actions, the order of which must be planned 

(Craik & Bialystok, 2006). With this in mind, Kliegel, McDaniel, & Einstein (2000) 

investigated the extent to which planning influences PM performance. To address this 

question they devised a modified version of the six elements task (Shallice & Burgess, 

1991), which participants had to perform in the midst of filling out a personal information 

questionnaire. The cue to begin the six elements task was a particular question in the 

survey. People were also asked to generate a plan for completing the six element task. 

Results indicated that younger adults generated more elaborate plans and were more 

likely to initiate them than were older adults. PM performance was also better among 

young adults, as younger adults started significantly more sub-tasks than did older adults. 

Finally, the results of regression analyses indicated that more elaborate plans and greater 

inhibitory capabilities, as indicated by performance on Stroop tasks, were associated with 

better PM execution.   
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Rationale for Current Study 

Although these three studies implicate involvement of the frontal lobes in tasks of 

PM, the exact nature of that involvement remains unclear. A number of possibilities exist. 

First, the relations between frontal lobe function and PM seen in these studies may reflect 

the need to monitor the environment for a cue, be it an event or the passage of time, 

which signals the appropriateness of performing an intended action. Another possible role 

of the frontal lobes in PM tasks relates to maintaining an intention over a delay. 

Successful completion of PM tasks requires subjects to maintain an intention in working 

memory while engaged in an ongoing activity. Third, with an intention in mind, subjects 

must then interrupt or inhibit the ongoing activity at the appropriate time in order to 

perform the intended action. Fourth, the frontal lobes may be involved in planning how to 

remember future actions. Although a relation between plan generation and event-based 

PM execution has been identified (Kliegel et al., 2000), no studies have investigated the 

role of planning in time-based PM. Because time-based tasks, as discussed above, are 

believed to demand even greater self-initiated processing than event-based tasks, 

planning may play an even more important role.  Finally, the frontal lobes may be 

involved in integrating an intention with its expected cue. The frontal measure utilized by 

McDaniel et al. (1999) has previously been associated with source memory performance 

(Glisky, Polster, & Routhieaux, 1995; Glisky, Rubin, & Davidson, 2001), such that 

participants with low frontal-factor scores performed poorly on tasks of source memory 

relative to those participants with high-frontal factor scores. A plausible explanation of 

those findings is that the frontal lobes are involved in the binding of the content and 
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context of an experience during initial encoding, a process believed to be associated with 

frontal function (Burgess & Shallice, 1997). The same could be true for the frontal lobe 

involvement in tasks of PM, in which an intention must be bound to a cue.  

Although numerous findings suggest frontal lobe involvement in tasks of event-

based PM, the few studies to investigate time-based PM have provided inconsistent 

evidence, and have not clearly elucidated the particular role played by the frontal lobes.  

Martin et al. (2003) compared older adults who had been classified as possessing either 

high or low executive functioning based on neuropsychological test performance with 

younger adults on a time-based prospective memory task as well as on an event-based 

task and a more complex multitask prospective memory paradigm. Results indicated that 

executive function accounted for the majority of performance variance, over and above 

that resulting from age, in each of the three tasks, supporting the hypothesized frontal 

lobe involvement in tasks of PM. In a study conducted by Kerns and Price (2001), control 

subjects significantly outperformed children with ADHD on a task of time-based 

prospective memory, suggesting that the frontal lobe deficits associated with ADHD 

played a role in the performance of the time-based task. However, Katai, Hashimoto, & 

Ikeda (2003) reported that Parkinson’s disease patients performed poorly relative to 

controls on an event-based PM task, but their performance was equal to that of controls 

on a time-based task, findings which are contrary to what would be expected in light of 

the increased self-initiated processing required on time-based tasks.  

So, although the frontal lobes appear to be involved in the performance of event-

based PM tasks, their role in time-based tasks remains unclear. Given the increased self-
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initiated processing presumed to be required in time-based tasks, however, one would 

expect a relation between frontal lobe function and time-based PM performance. Thus, 

the primary aim of the current study was to investigate the role of the frontal lobes, as 

characterized by performance on neuropsychological tests, in the execution of a time-

based PM task. To do so, we employed the frontal measure developed by Glisky et al. 

(1995) and utilized by McDaniel et al. (1999) in which older adults are classified as high- 

or low-frontal functioning based on their performance on a battery of neuropsychological 

tests.  

We were also interested in the role of planning in the execution of time-based 

tasks. In the Kliegel et al. study, older adults were categorized as either high- or low- on 

planning ability on the basis of the plan that they generated. An alternative strategy 

would be to use an independent measure of planning as a predictor of PM performance. 

To do this, we created another composite measure derived from a different set of 

neuropsychological tests, which appeared to have a planning component, and 

characterized participants as above or below average on this factor as well. Older adults 

were then selected for the present study based upon their performance on these two 

composite measures such that each participant fell into one of four factorial cells created 

by crossing high and low performance on the two factors. Participants were given a time-

based laboratory PM task in which they were required to monitor a clock and press one of 

two buttons in alternating order every 5 minutes. Given the age differences that have 

been reported in the literature, we expected to find an age difference in the present study, 

such that young adults would successfully perform more PM tasks than would older 
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adults. Furthermore, in light of the frontal lobe involvement found in the McDaniel et al. 

(1999) study, coupled with the increased demands of a time-based task, we anticipated 

that among older adults, participants characterized as high in frontal function should 

outperform those participants characterized as low in frontal function. More specifically, 

it was expected that high frontal functioning participants would complete more PM tasks, 

and commit fewer PM errors (i.e. incorrect button presses) than low frontal functioning 

participants. This hypothesis was based on the notion that participants in the low frontal 

group would have difficulty integrating cues with intentions, namely associating the five 

minute clock intervals with the appropriate button, and would have difficulty self-

initiating clock monitoring activity. They were therefore expected to monitor the clock 

less frequently and complete fewer PM tasks. 

 With regard to the planning measure, we expected that those participants 

characterized as high on the planning measure should successfully execute more PM 

tasks, demonstrate strategic clock monitoring (i.e., to monitor significantly more often 

during the final minute preceding a PM task than at any other interval), and also report a 

more well-defined plan for remembering when and how to perform the PM task than their 

low planning counterparts. 
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     METHODS 

Participants  

Thirty-two young adults were recruited from undergraduate psychology classes at 

the University of Arizona. Students were awarded class credit for participating in the 

experiment.   

A total of 32 older adults (age 65 or older) were recruited from the subject pool of 

the Amnesia and Cognition Unit at the University of Arizona. All older participants were 

healthy, community-dwelling adults without dementia, depression or any history of drug 

or alcohol abuse. Participants were paid $8 per hour to take part in this study. All older 

adults had been previously categorized along two dimensions based on their performance 

on a battery of neuropsychological exams. An exploratory principle components analysis 

of neuropsychological test performance on 105 older adults revealed two separate, 

independent factors. The first factor has previously been shown to tap executive 

function/working memory and to be dependent on the frontal lobes; it will be referred to 

as the F-factor (Glisky, Polster, & Routhieaux, 1995).  Tests loading on the F-factor 

include the number of categories achieved on the modified Wisconsin Card Sorting Test 

(Hart, Kwentus, Wade, & Taylor, 1988), Mental Arithmetic from the Wechsler Adult 

Intelligence Scale – Revised (WAIS-R; Wechsler, 1981), Mental Control from the 

Wechsler Memory Scale – III (WMS-III; Wechsler, 1987), Backward Digit Span from 

the WMS-III, and the total number of words generated on the Controlled Oral Word 

Association Test (Benton & Hamsher, 1976). 
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Neuropsychological tests loading on the second factor include the Zoo Map test 

from the Behavioral Assessment of the Dysexecutive Syndrome (BADS; Wilson, 1996), 

a copy symmetry score from the Rey-Osterrieth Complex Figure Test (Bennet-Levy, 

1984), and the time taken before making an initial move on the Tower of Toronto (Saint-

Cyr, Taylor, & Lang, 1988).  We hypothesized that this second factor may reflect another 

aspect of executive function, perhaps planning ability, and thus we will refer to it as the 

P-factor. This study represents the first empirical investigation of the P- factor.  

The composite scores for both factors represent average z-scores relative to a 

normative population of 227 older adults for the F-factor and 105 older adults for the P-

factor. Variability attributable to age has been removed from these scores.  Equal 

numbers of participants were placed into one of four cells created by crossing the two 

factors such that people were either above the mean on both factors, below the mean on 

both factors or above on one and below on the other. Characteristics of each group are 

presented in Table 1. Separate one-way analyses of variance (ANOVAs) indicated that 

there were no differences in age, education, or scores on the Mini-Mental Status 

Examination (MMSE; Folstein, Folstein, & McHugh, 1975) as a function of 

neuropsychological group (all Fs ≤ 1.8). 
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Materials 

The ongoing, background task in this experiment was a multiple choice test of 

general knowledge and trivia. Three hundred and forty-four questions were selected from 

the McDaniel et al. (1999) study and were presented on a Gateway M280 Tablet PC with 

touch screen capabilities, using DMDX (Forster & Forster, 2003). Questions appeared in 

the center of the monitor. Beneath each question were four touch sensitive buttons 

corresponding to the multiple choice answers. Participants had a maximum of twelve 

seconds to respond to each question. Successive questions appeared as soon as an answer 

for a prior question was selected or 12 seconds had expired.  Questions were presented in 

a different random order for each participant. 

The PM task of this experiment required participants to press one of two touch 

sensitive buttons at five minute intervals. For example, five minutes after the start of the 

multiple choice test participants were to touch the button labeled “1” using a stylus 

Table 1 
 

  

Characteristics of Older Adults as a Function of Neuropsychological Group 
 

  High FL function   Low FL function  

 High P function Low P function High P function Low P function 

Variable M SD M SD M SD M SD 

Age (years) 75.75 5.7 74.37 2.72 73.38 5.10 70.63 3.58 

Education (years) 16.63 
 

2.56 15.38 1.92 15.13 1.55 15.25 3.24 

MMSE 29.38 1.41 29.14 1.07 29.13 .99 28.89 1.05 

FL scoreª .59 0.24 .55 .20 -.73 .39 -.50 .22 

P scoreª     .64 .41    -.51     .14      .78     .54   -.46   .21 

Note. FL = frontal lobe; P = planning; MMSE = Mini-Mental Status Examination. ª z scores (see text). 
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designed for use with the computer. Five minutes later, participants were to touch the 

button labeled “2”and five minutes after that, button “1.” The appropriate button to be 

touched alternated every five minutes throughout the course of the multiple choice test, 

for a total of eight button presses (40 minutes). The “1” and “2” buttons were located side 

by side in the upper right hand corner of the monitor.  For time monitoring purposes, a 

clock icon was present in the upper right hand corner, just above the “1” and “2.” In order 

to see the elapsed time, participants needed to touch the clock icon with the stylus. The 

clock icon disappeared when it was touched, and appearing in its place was the elapsed 

time displayed in minutes and seconds for a duration of two seconds. DMDX recorded 

each occasion the clock icon was touched, providing a measure of clock monitoring.  

 

Procedure 

The experiment lasted approximately one hour. Following a brief explanation of 

the study, participants were asked to provide informed consent. They were then told that 

they would be completing a multiple choice test of general knowledge and trivia and that 

they would have a total of twelve seconds in which to make a response to each question. 

Also, they were told that a second task to perform was to press either the button labeled 

“1” or the button labeled “2” every five minutes in alternating fashion. Four separate 

practice trials were then given, providing people the opportunity to become acquainted 

with the qualities of the touch screen, including the pressure required to record a 

response, as well as the placement on the screen of the various buttons. A series of 

practice trivia questions were also presented so that participants developed a sense of the 
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type of questions that they would see during the experiment. After participants had 

completed the practice trials, the experimenter answered any questions and participants 

were told that they could take a moment to consider how they should perform the task 

and to begin as soon as they were ready by pressing the “start” button located in the 

center of the screen. The time between when they reported having no questions and when 

they pressed the start button was recorded as one measure of planning. The multiple 

choice trivia questions, with the embedded PM task, then proceeded for 42 minutes after 

which participants were asked to describe the tasks involved (i.e., answering multiple 

choice questions; pressing buttons 1 and 2 at five minute intervals). This served as a 

measure of retrospective memory. Participants were then asked to report and describe any 

strategy or plan that they may have developed to assist them in remembering to check the 

clock. If participants reported having developed a plan, they were then asked whether 

they developed a strategy to help them perform the PM tasks in the order described in the 

instructions (i.e., pressing button “1” or “2”). Plans were evaluated by two independent 

blind raters and were given a rating from 0 – 3, with zero indicating no plan, and 3 

indicating an optimal plan. This provided a second experimental measure of planning.  

After reporting the use of any strategies, participants were asked to complete two 

time estimation tasks. The first task was one of verbal estimation. Participants were 

informed that upon pressing the start button, a green rectangle would appear and would 

remain on the screen for a set amount of time, after which they should report in seconds 

how long the rectangle was present. The rectangle remained on the screen for 27 seconds. 

The second time estimation task was a production task. In this task participants were 
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again asked to press a start button, prompting a green rectangle to appear in the center of 

the screen. In this task, however, participants were instructed to press the green rectangle 

after it had been on the screen for ten seconds. These two time estimation tasks were 

included in order to address the possibility that individual differences in time perception 

could have an effect on PM task completion and patterns of clock monitoring. Finally, the 

experimenter debriefed all participants and answered any questions that participants 

might have had regarding their involvement in the study. 
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RESULTS 

 In order to determine the effects of frontal and planning status on PM, a series of 

2 X 2 ANOVAS were conducted on each of the dependent measures, with frontal and 

planning status as between-subjects variables. There was no effect of the P-factor on any 

of the measures, nor did it interact with the F-factor. Therefore, results are reported for 

effects relating to the F-factor only, and are collapsed across the P-factor. T-tests were 

used to assess overall age effects and to compare each of the frontal groups to the young 

group. 

 

 Prospective Memory 

For the time-based PM tasks, we recorded the number of times that each 

participant remembered to press the response keys. Given a total of eight possible 

responses, a PM score was computed with correct responses defined as those appropriate 

button presses (i.e., button 1 or button 2) occurring within a window of fifteen seconds 

prior to and fifteen seconds after the target time. Responses made within the allowable 

timeframe were given a value of 1. Those responses made outside of the established 

timeframe (i.e. more than fifteen seconds before or after the target time) were given a 

value of 0. The two frontal groups did not differ in the number of PM errors (i.e., 

incorrect button presses) made, t(30) = -1.31, SE = .381  p = .20.  Nevertheless, there was 

a significant main effect of frontal status on the number of PM tasks completed, with the 

high-frontal group (M = .67, SE = .68) completing significantly more tasks than the low-

frontal group (M = .30, SE = .56 ), t(30) = 3.59, p < .001 (see Table 2).  
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Table 2 
Proportion of PM Tasks Executed as a Function of Group 

 PM Task Completionª 
Group M SD 

Young  .79 .28 
    

FL function    
 .67 

 
.31 High 

 
Low  .30 .28 

Note. ª Proportion correct.   
 

A significant main effect of age was also revealed, such that younger adults (M = 

.79, SE = .39) significantly outperformed older adults (M = .49, SE = .49), t(62) = 3.86, p 

< .001. A closer inspection revealed that the main effect of age was driven by the 

performance disparity between young adults (M = .79, SE = .39) and the low-F group (M 

= .30, SE = .56), t(46) = 5.71, p < .001. In contrast, the young adults (M = .79, SE = .39) 

and high-F group (M = .67, SE = .61) did not differ significantly t(46) = 1.31, p = .194 

(see Table 2).  

 

Clock Monitoring 

 There was no significant effect of the F-factor on overall clock monitoring, F<1. 

A comparison based on age revealed that young adults (M = 40.34, SE = 2.38) monitored 

the clock significantly more often than older adults (M = 31.06, SE = 3.89), t(62) = 2.03, 

p < .05.  The age effect was again driven by the difference between young adults (M = 

40.34, SE = 2.38) and the low-F group (M = 27.31, SE = 5.49), t(46) = 2.54, p < .02, 

whereas young adults (M = 40.34, SE = 2.38) and the high-F group (M = 34.81, SE = 

5.52) performed similarly, t(46) = 1.07. 
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To explore the possibility that groups differed in their patterns of clock 

monitoring, we submitted clock checking to a 3x5 ANOVA, with one-minute intervals as 

the within-subjects variable, and group (low-F, high- F, young) as a between-subject 

variable. Figure 1 presents clock monitoring patterns as a function of group. There was 

no main effect of group, F(2,61) = 2.76, MSE = 65.79, p < .07. There was a main effect 

of interval, F(4, 244) = 162.80, MSE = 24.41, p < .001, that was modulated by a group by 

interval interaction, F(8, 244) = 5.29, MSE = 24.41, p < .001. Visual inspection of Figure 

1 suggests that young and high-F groups monitored the clock similarly, showing a slight 

increase across the first four intervals followed by a dramatic increase in clock checking 

activity in the fifth interval. The low-F group, however, showed a similar pattern across 

the first four intervals, but a much smaller increase in clock checking activity in the fifth 

interval. Two separate 2x5 analyses comparing the young group to the high-F group and 

the high-F group to the low-F group confirmed these observations: There was no 

interaction when young were compared to the high-F older group, F(4,184) = .45, but a 

significant group by interval interaction was revealed when comparing the high- to the 

low-F group, F(4, 120) = 4.85, MSE = 12.86, p = .001.  
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Figure 1. Clock Monitoring as a Function of Group and Interval 

 

 Further exploration of the differences in clock monitoring between the high- and 

low-F groups was conducted using clock interval as an ordered variable for a polynomial 

trend analysis, with frontal status as a between-subjects variable. When only the first four 

intervals were included, there was a significant linear trend of clock monitoring, Flinear 

(1,30) = 51.37, MSE = 7.73, p < .001, but no interaction with group, and no significant 

higher-order effects of interval. When the fifth interval was included in the analysis, there 

was both a significant linear trend, F (1,30) linear = 66.86, MSE = 36.61, p < .001, and a 

significant quadratic trend, Fquadratic (1,30) = 46.07, MSE = 36.61, p < .001, as well as a 
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significant group by interval interaction, F quadratic (1,30) = 4.48, MSE = 36.61, p < .05, 

indicating that the two groups differed only in the fifth interval. 

There was also a significant relationship between clock monitoring and PM, r = 

.73, p < .001, such that greater clock monitoring resulted in better PM performance.              

 

Plans  

Participants reported different plans for remembering the PM task, particularly 

with respect to which button should be pressed.  Plans included trying to remember what 

button was pressed previously, using one’s fingers to remember which button was last 

pressed, associating the pressing of button one with odd-numbered times, and the 

pressing of button two with even-numbered times, and having no plan. Plans were scored 

on a 0-3 scale, with the plan of trying to remember which button was last pressed 

receiving a score of one (1), using one’s fingers to remember which button was last 

pressed receiving a two (2), associating the pressing of button one with odd-numbered 

times, and the pressing of button two with even-numbered times receiving a score of 

three (3), and having no plan receiving a score of zero (0). Data for plans are presented in 

Table 3 as a function of group. There was a significant main effect of frontal status, with 

the high-F group (M = 2.19, SE = .22) reporting significantly better plans than did the 

low-F group (M = 1.19, SE = .24), t(30) = 2.98, p < .01. Only the low-F group (M = 1.19, 

SE = .24) was impaired relative to the young (M = 2.5, SE = .15), t(46) = 4.68, p < .001. 

 There was also a positive correlation between plan quality and PM performance, 

r = .57, p < .01. 
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Table 3 
 Plans as a Function of Group 

 

Time Estimation 

There were large differences in variances across groups in verbal time estimation, 

and so non-parametric tests were used to analyze these data. A Mann-Whitney test of 

verbal estimation revealed a significant difference between the high-F group (Mdn = 26) 

and the low-F group (Mdn = 35), U = 82.5, p = .043, whereby low-frontal functioning 

older adults produced significantly longer and less accurate time estimates than did high-

frontal functioning older adults. No age effect emerged, U = 419.00, p = .105, although 

the young (Mdn = 28) performed significantly more accurately than the low-frontal group 

(Mdn = 35), U = 159.5, p = .016, r = .-31, whereas there was no difference between the 

young and the high-F group.  

There was a significant correlation between verbal time estimation and PM 

performance, r = -.31, p < .05, such that longer, less accurate time estimations were 

related to poorer PM performance. 

Analysis of the production task yielded no significant difference between frontal 

groups, t(30) = 1.45, SE = 983.51, p = .15, and no effect of age, t(62) =1.76, SE = 788.93, 

 Plan Ratingª 
Group M SD 

Young  2.5 .88 
    

FL function    
 2.19 

 
.91 High 

 
Low  1.19 .98 

Note. ª On a scale from zero to three.  
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p = .08, though a significant difference did emerge between young adults (M = 10316 ms, 

SE = 609.77) and the low-F group (M = 8211 ms, SE = 716.20), t(46) = 2.10, p < .05. It is 

possible that the lack of an effect of frontal status in the production task was due to the 

shorter elapsed time (10 seconds) compared to that in the verbal time estimation task (27 

seconds). Perhaps if the production task required participants to produce time intervals in 

the range of 20 – 30 seconds, an effect of frontal status would have emerged. 

 

Regression Analysis 

Because the F-factor was related to PM performance, clock monitoring, planning, 

and verbal time estimation, we conducted a regression analysis to identify more precisely 

the nature of the relation between these variables and PM task completion. We conducted 

a regression analysis in which we simultaneously entered the F- factor, performance on 

the 5th interval of clock monitoring, plan quality, and verbal time estimation. This 

analysis revealed that strategic clock monitoring accounted for fifty-five percent of the 

variance, and the F-factor accounted for an additional 11 percent of the variance. The 

other variables did not account for additional variance. These results reveal that strategic 

clock monitoring had the greatest direct influence on PM performance, but that the F-

factor accounted for additional variance beyond its effect on clock monitoring. The data 

for this analysis are presented in Table 4. 
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Table 4 
Regression Summary with PM as Dependent Variable 

 

Question Answering 

 The number of questions answered on the background task was also assessed (see 

Table 5).  The high-F group (M = .51, SE = .01) answered significantly more questions 

correctly than did the low-F group (M = .45, SE = .02), t(28) = 2.39, p < .03. There was 

also an effect of age, in that older adults (M = .48, SE = .01) answered significantly more 

questions correctly than did young adults (M = .36, SE = .01), t(62) = -6.98, p < .001. 

However, both the high-F group (M = .51, SE = .01) and the low-F group (M = .45, SE = 

.02) answered significantly more questions correctly than young adults (M = .36, SE = 

.01), t(46) = -8.16, SE = .01, p < .001 for the high-F group, and t(46) = -4.41, SE = .02, p 

< .001 for the low-F group.  Because frontal status predicted PM performance as well as 

question answering accuracy, we conducted an ANCOVA with question answering 

accuracy as the covariate and frontal status as the independent variable to determine 

whether task difficulty contributed to the effect of frontal status on PM performance. The 

adjusted means revealed that the high-F group (M = .63) still significantly outperformed 

the low-F group (M = .34) on the PM task, F(1,29) = 7.28, MSE = 5.21, p < .012.  

The high-F group (M = 298.06, SE = 8.41) and the young adults (M= 289.63, SE 

= 6.21) also attempted significantly more questions than the low-F group (M = 265.81, 

  β ∆R²  

Constant     
Clock 5          .63**   
F-factor .35* .11  

Note. * p < .005; ** p < .000. 
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SE = 6.94), t(28) = 2.95, p < .01 and t(46) = 2.36, p < .03 respectively, but did not differ 

from each other, t(46) = -.795. Using the number of questions answered as a covariate 

also did not change the effects of group on PM performance. 

 
Table 5 
Question Answering as a Function of Group 

 FL function 
Dependent Measure   Young High Low 

   
Questions Answered   

  290 298 266 
     

Proportion Correct    
  .36 .52 .45 
    

 
 
Retrospective Memory 

 As a measure of retrospective memory, participants were asked to describe the 

tasks involved in the experiment. All participants correctly reported that they were to 

answer multiple choice questions and make alternating button presses at five minute 

intervals. Additionally, a composite measure thought to tap medial temporal lobe 

function (MTL factor; Glisky et al., 1995; Glisky et al., 2001) did not predict 

performance differences among older adults in any of the above measures, F’s < 1. With 

regard to prospective memory performance, however, the MTL factor interacted with the 

F-factor, F (1, 30) = 5.12, MSE = 26.5, p < .03 (see Table 6). Regardless of the F-group 

to which they belonged, (t(12) = .59, p = .56), older adults in the low-MTL group 

performed worse than those in the high-MTL group on the PM task. This suggests that 

without memory for the to be performed task, frontal function is of little value. In  
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contrast, the interaction indicated that members of the high-MTL group performed well 

only if they were also in the high-F group, t(14) = 5.03, p < .001, suggesting that accurate 

retrospective memory is not sufficient for successful PM performance, but must be 

accompanied by high frontal function.  

 
Table 6 
 Proportion of PM Tasks Executed as a Function of Neuropsychological Condition 

 

    FL function   

    High   Low   

MTL function  M  SD M SD  

   
High 

   
.8 (8) 

 
1.69 

 
.22 (7) 

 
1.98 

 

  
Low 

   
.54 (8) 

 
3.04 

 
.43 (7) 

 
2.3 

 

 

Note. FL = frontal lobe; MTL = medial temporal lobe. 
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DISCUSSION 

The present study demonstrated a reliance upon neuropsychological systems in 

the execution of time-based PM, thereby building upon previous findings regarding the 

role of frontal/executive function in PM. Older adults characterized as possessing high 

frontal lobe function, as determined by performance on a set of neuropsychological tests 

thought to tap frontal function, executed significantly more PM tasks than did older 

adults characterized as possessing low frontal lobe function. These results are not 

surprising given theoretical notions regarding the role of the frontal lobes in the 

performance of time-based PM tasks. Though the results of this experiment provide 

support for frontal involvement in time-based PM, they are based on the assumption that 

frontal function is reflected in the tests comprising the F-factor. It is possible that the 

variance shared among the frontal tests reflects not frontal processes, but cognitive 

processes associated with regions other than the frontal lobes. However, the F-factor has 

previously been found to be predictive of both source memory (Glisky et al., 1995; 

Glisky et al., 2001) and event-based PM (McDaniel et al., 1999), both of which have 

been implicated more directly in frontal functioning (Bisiacchi, 1996; Glisky, 1996; 

Janowsky, Shimamura, & Squire, 1989; Senkfor & Van Petten, 1998; Swick, Senkfor, & 

Van Petten, 2006). The present study thus provides a pattern which converges with the 

assumption that the F-factor represents some aspect of frontal/executive function. 

The present findings are consistent with theoretical notions regarding the role of 

the frontal lobes in PM. In light of this, a discussion of the possible nature of that 

involvement is appropriate. First, one process thought to be involved in PM is monitoring 
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the environment for a cue or stimulus that might signal the appropriateness of performing 

a previously formed intention. It is possible that the frontal lobes are involved in such 

processes, and if so, high frontal lobe function might be expected to provide for more 

frequent monitoring of the environment or in this case, monitoring of the clock. Although 

the results of the present study did not show differences across groups in overall number 

of clock checks, the pattern of clock-monitoring was different across groups.  Young 

people and older adults with high frontal function monitored the clock significantly more 

often during the one-minute intervals just prior to target times than low-frontal 

functioning older adults. This pattern suggests that the frontal lobes may not be involved 

in general monitoring per se, at least of the sort required by the present task, but rather 

may be involved in strategic monitoring, whereby high-frontal functioning individuals 

initiate increased monitoring in the critical period just prior to the target time.  

A second process thought to be implicated in PM involves the development and 

initiation of plans that can assist in the execution of previously formed intentions 

(Kliegel, et al., 2000; Mantyla, 1996), processes likely associated with frontal function. In 

the present experiment, high-frontal functioning participants reported higher-rated plans 

for remembering the order in which to press buttons, and successfully performed more 

PM tasks than did those who reported poorer plans (i.e. low-frontal functioning 

participants). However, the groups did not differ in the number of button pressing errors, 

despite the fact that the high-frontal functioning participants had developed better plans. 

This finding, considered along with the relationship between higher-rated plans and more 

successful PM performance, suggests that having a well-developed plan increased one’s 
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awareness of the impending arrival of the target time, thereby contributing to successful 

PM task completion. Remembering which button to press may have depended more on 

retrospective memory, which did not differ across groups in this study. Alternatively, the 

plan could have played a role in a third process believed to be important in PM: the 

binding of the cue (in this case, the clock) to the specific intended action at encoding (in 

this case, the button press).  

Gollwitzer (1999) reported utilizing a technique to bind cue to action, which he 

referred to as “implementation intentions”. Implementation intentions rely upon forming 

an association (e.g., “When situation X occurs, I will do…”) at encoding between an 

intention and the contextual environment (e.g., time, place) in which the intention is 

likely to be implemented.  Implementation instructions have been shown to result in 

enhanced PM performance (Liu & Park, 2004). Gollwitzer (1999) contends that 

implementation intentions are effective because they result in heightened accessibility to, 

or apprehension of, the cue, as well as in automatic retrieval of the intention when the cue 

occurs, thereby reducing the need to monitor the environment. 

It is possible that in the present study, high frontal functioning participants 

constructed their own implementation intentions in which the plan for remembering 

which button to press resulted in good integration of the cue and the intended action, 

thereby contributing to their better PM performance. Low frontal functioning 

participants, on the other hand, having formed less effective plans, may not have 

developed implementation intentions and therefore were not able to benefit from the 
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heightened accessibility of the cue or automatic intention retrieval. They thus failed to 

initiate the PM task at all on several occasions. 

Time estimation has been shown to be a frontally-mediated process (Picton, Stuss, 

Shallice, Alexander, & Gillingham, 2006; Rubia & Smith, 2004) that may be involved in 

PM. In the present study, low-frontal functioning older adults gave verbal time estimates 

that were significantly longer than those given by high-frontal functioning older adults, as 

expected. However, it might be anticipated that longer time estimations would be 

associated with earlier clock monitoring, though this pattern did not develop; the low-F 

group was not more likely to check the clock sooner than the other groups.  It is likely 

that this lack of strategic clock monitoring (i.e., increased monitoring in interval 5) on the 

part of the low-F group masked any effect that longer time estimation might have had. 

A number of variables thus seem to have influenced successful PM performance.  

The regression analysis showed, not surprisingly, that clock monitoring in the critical 

final minute before the target time, accounted for the greatest share of the variance.  The 

correlation between frontal function and clock monitoring, however, suggests that 

strategic clock monitoring was at least partly dependent on good frontal function.  In 

addition, frontal function contributed variance over and above that captured by clock 

monitoring.  This additional contribution may reflect the finding that those with good 

frontal function developed better plans perhaps through the establishment of 

implementation intentions. 

The importance of frontal function in this task was further indicated by the 

interaction between the F-factor and the MTL-factor. In the present study, low-MTL 
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functioning older adults performed poorly relative to high-MTL functioning older adults, 

suggesting that, as expected, memory for the to be performed task is necessary for 

successful task completion. However, high-MTL participants performed well only if they 

were also in the high-F group, suggesting that though memory for the to be performed 

task is necessary, it is not sufficient. Instead, high frontal function is required. 

Finally, it should be noted that, although young adults completed significantly 

more PM tasks than older adults overall, only the low-frontal older people were at a 

disadvantage. High-frontal functioning older adults executed just as many PM tasks as 

young adults and performed all the subtests in much the same way as the young people, 

suggesting that frontal lobe function moderates the effect of age on PM performance. 

The present study also investigated for the first time a newly developed factor, 

tentatively referred to as the P-factor. The P-factor is a composite measure based on 

neuropsychological test performance, which we believed might tap planning ability. 

Despite the theoretical notion that PM involves planning, the P-factor did not predict 

performance on any of the measures of interest in this study.  There are several reasons 

why the P-Factor may have failed to be predictive of PM performance in this study. First, 

it is possible that this study did not require the type of planning tapped by the P-factor. 

For example, the plan for how one would remember the appropriate button to press likely 

does not require sequencing of events or movements, as do the tests comprising the P-

factor. It is also possible, given the tests that make up the factor, that the P-factor is a 

measure of visual-spatial planning, instead of the more general planning thought to be 

involved in PM. Finally, it is also conceivable that the common variance captured by the 
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P-factor may tap a process other than planning that is not relevant to PM. Future studies 

will need to investigate the exact nature of the P-factor and how it may or may not relate 

to tasks of PM. 

In sum, this study increased our understanding of frontal lobe involvement in 

tasks of time-based PM. The findings of this study are in line with theoretical notions 

concerning a general role for frontal function in PM, and also provide insight into some 

of the specific processes for which the frontal lobes are critically important. The present 

findings most strongly suggest that although strategic clock monitoring, plan 

development, and time estimation each have effects on PM performance, it is frontal 

function that drives each of those, and in turn, predicts PM performance. Furthermore, 

the finding that high-frontals did not differ from young adults in PM performance 

suggests that declining PM is not an unavoidable consequence of aging, but is instead the 

product of diminished frontal function. 
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