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Abstract 
 

       Prospective memory involves an individual remembering to perform an 

intended action at some designated point in the future such as taking medication at a 

certain time. This type of memory has been demonstrated to decline with advancing 

age in previous computer-based, laboratory studies. However it appears intact when 

investigated via naturalistic, community-based designs. Because few studies have 

investigated everyday prospective memory tasks in a reliable and experimentally 

rigorous fashion this dissertation will attempt to do so via two studies. The main 

aim of Study 1 was to develop and test a new naturalistic paradigm set in a ‘home-

like’ laboratory and to empirically investigate the effects of three variables of 

interest on prospective memory performance (viz., ageing, interruption and 

planning). The performance of 79 younger (age range = 18-33 years, M = 21.44 

years, SD = 4.53 years) and 67 older adults (age range = 60-75 years, M = 68.23 

years, SD = 4.13 years) was compared on three prospective memory tasks (e.g., 

event-, time- and activity-based tasks). Participants were engaged in planning a 

meal (ongoing task) by searching through cupboards for ingredients, looking in a 

recipe book and checking prices in a price catalogue. Simultaneously, participants 

were required to place a white sticker on recipes with a dairy product (event-based 

task), press pause on the VCR every 5 minutes (time-based task) and ask for their 

watch or mobile phone at the completion of the ongoing task (activity-based task). 

Results of separate ANOVA’s suggested that younger adults outperformed older 

adults on the event- and time-based tasks, whilst no age-related differences were 

apparent on the activity-based task. Findings support the notion that cognitively 

demanding tasks disadvantage older adults due to reduced cognitive resources. In 

addition, Study 1 attempted to investigate two relatively neglected variables within 

the prospective memory field, namely; interruption and planning. Considering that 
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the performance of prospective memory tasks is imperative for independent living, 

variables that disrupt (e.g., interruption) and facilitate (e.g., planning) this process 

need to be understood. A group of participants (younger and older adults) were 

interrupted twice by the unexpected ringing of a mobile phone and the experimenter 

entering and searching the laboratory. The event- (dairy product) and time-based 

(VCR) tasks were disrupted significantly by the interruption. Performance on all 

three prospective memory tasks was improved when participants had the 

opportunity to spend 5 minutes taking notes and planning how they would perform 

the tasks. Planning was able to overcome the negative (albeit non significant) 

effects of an interruption on the activity-based (item) task and age-related 

differences on the time-based (VCR) task. These findings suggest that interruptions 

are complex in nature and may have a greater effect on tasks that have cues of low 

saliency (e.g., time on a clock) that require self-initiated retrieval processes. In 

addition, self-reports of how participants recalled the tasks and why they forgot 

them suggested that one strategy was not effective for all three prospective memory 

tasks. These findings may be used to inform educational and training programs. 

       The main aim of study 2 was to determine whether 6 neuropsychological 

measures (viz., 4 disc Tower of London (TOL-4), the Stroop Color-Word 

Interference Test (Stroop), Controlled Oral Word Association Test (COWAT), Trail 

Making Test-Part B (TMT-B), Wisconsin Card Sorting Test (WCST) and 

Letter/Number Sequencing Test (LNST)) of prefrontal functioning (e.g., planning, 

inhibition, cognitive fluency and flexibility, set shifting and working memory 

respectively) could predict prospective memory performance. A logistic regression 

indicated that the prefrontal measures were able to predict performance on the 

event-based (dairy product) task for younger adults only. More specifically, scores 

on the TMT-B and LNS were significant predictors of event-based task 
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performance for younger adults. Older adults’ performance on the time-based 

(VCR) task was predicted by scores on the TMT-B. In addition, the performance of 

younger adults on the activity-based (item) task was predicted by scores on the 

COWAT. It was concluded that prefrontal processes are involved in prospective 

memory performance and that the characteristics of the prospective memory tasks 

influence which processes are involved. Support for the frontal lobe hypothesis of 

ageing was provided as age-related differences were found on the prefrontal 

measures, with the exception of the COWAT. Future research is recommended to 

compare the performance of participants on the three everyday prospective memory 

tasks and computerised tasks to determine whether the two paradigms are 

measuring the same construct.  
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CHAPTER ONE 

Definition of Prospective Memory 

       Prospective memory is a rapidly growing research area and is one of the most 

recent types of memory to receive interest from the academic world. This type of 

memory involves an individual needing to remember to perform an intended 

action at some designated point in the future (Ellis, 1996). For example, 

remembering to buy milk at the shops on the way home from work and 

remembering to take medication before going to bed. Despite nearly three decades 

of research, definitional issues were a main topic of debate at the First 

International Conference on Prospective Memory in July, 2000. Most researchers 

agreed that prospective memory tasks display three characteristics. A delay 

between formation of the intention and an opportunity for carrying it out is the 

first defining feature. The second feature is the absence of an explicit reminder to 

carry out the intended action at the appropriate moment. Lastly, prospective 

memory tasks require one to interrupt current activity to carry out the intention. 

       Another issue, highlighted at the 2000 conference, centred on the components 

of prospective memory tasks (Burgess, 2000). These components involve 

remembering that something needs to be done when the opportunity arrives 

(prospective component) and recalling the content of the task (retrospective 

component). The retrospective component has usually been simplified in 

experimental research to ensure that failure to recall content does not underlie 

failure to carry out the prospective memory task. This isolates variables that are 

involved in prospective remembering only. Debate revolves around whether both 

of these components should be included in prospective memory research 

(Burgess, 2000; Ellis, 1996) or whether only the prospective memory component 
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should be examined to reduce confusion. Conclusions from the conference 

recognise the importance of assessing post-study recall of prospective memory 

tasks to identify which component is responsible for failures.   

       A number of researchers who have divided prospective memory tasks into 

their two components (prospective versus retrospective) have found that the 

elderly can recall accurately the content of the intention, however may still fail to 

complete the intention (Cohen, West & Craik, 2001; Einstein, Holland, McDaniel 

& Guynn, 1992; Maylor, 1996). However, a more recent meta-analytic review by 

Henry, MacLeod, Phillips and Crawford (2004) found that retrospective memory 

as measured by free recall is associated with significantly greater age-related 

differences than prospective memory. Despite these discrepancies, there appears 

to be a difference between these two components and it is recommended that they 

be examined separately during research.   

       In addition to the two components of prospective memory tasks, different 

types of prospective memory have been identified (Kvavilashvili & Ellis, 1996). 

The Second International Conference on Prospective Memory in July 2005 

refocused attention on these different types of tasks which include time-, event- 

and activity-based tasks. The differentiating feature of these tasks is the cue that 

triggers the intended action. For example, time-based prospective memory tasks 

need to be performed at some specific, predetermined time (e.g., at 3pm or every 

5 minutes). In contrast, event-based tasks are performed at the appearance or 

occurrence of a certain event (e.g., when you see a work colleague or when you 

walk past a particular shop). Activity-based tasks are triggered by the end or 

beginning of an activity (e.g., when you finish your dinner or at the start of a 

meeting). Research suggests that performance on these types of prospective 
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memory tasks may differ due to cue saliency (Einstein, McDaniel, Richardson, 

Guynn & Cunfer, 1995; Kliegel, Ramuschkat, & Martin, 2003a; Shum, Ungvari, 

Tang & Leung, 2004). These studies have also suggested that time-based 

prospective memory tasks may be more prone to the effects of ageing and frontal-

lobe damage (Einstein et al., 1995; Kliegel et al., 2003a; Shum et al., 2004). 

Consideration of these task differences is necessary when accounting for 

prospective memory performance. 

       Significant progress has been made since the first conference as indicated by 

the topics of discussion at the second. Research is now focussing upon theoretical 

issues involving automatic versus controlled processes, the executive functions 

responsible for prospective remembering and developmental differences between 

children and adults of various ages (University of Zurich, 2005).  

Justification for the Current Study 

An Ageing Population 

       It is now common knowledge that the Australian population is ageing rapidly. 

Media and research attention has focussed upon this demographic change and the 

implications that this has on the financial obligations of the government. The 

Australian Bureau of Statistics (ABS, 1996, 2000, 2005) report that in 1976, 9% 

of the population (or 1.3 million) were aged 65 and over. By 1996 this figure had 

reached 12% (2.2 million), and by 2016 this figure is projected to increase to 16% 

or 3.5 million. In addition, the structure of the ageing population is also expected 

to change, with rates of increase highest amongst the very old (over 75 years of 

age). This age group is projected to increase from 1% of the total population to 

7% in 2016. Growth in this age group is of particular interest, given the potential 

need for support in the areas of assisted housing, health and disability services. 
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       The economic and human resources required to support the care of the elderly 

will increase as the population ages and the size of the workforce decreases. 

Consequently, elderly care will become a contentious community issue. 

Independent living within the community will become an important goal for older 

adults not only to reduce the financial costs on the community but also to allow 

adults to maintain their sense of personal autonomy and control (Pushkar, 

Arbuckle, Conway, Chaikelson & Maag, 1997). Independent living requires a 

person to perform essential daily living tasks that require the ability to plan and 

remember future actions and complete them at an appropriate time. These tasks 

include removing food from the oven, taking medication on time and paying bills 

before they become overdue. These tasks utilise prospective memory abilities and 

are a part of everyday functioning.  

Ageing and Prospective Memory 

       Ageing and prospective memory is an important area of research considering 

the impact that prospective memory failures can have on normal everyday 

functioning. For example, forgetting to take prescribed medication at the 

appropriate time can have serious if not fatal effects for an older adult. Huppert, 

Johnson and Nickson (2000) attempted to gauge the prevalence rate of 

prospective memory failures in an elderly population. They used an event-based 

prospective memory task with a delay of 10 minutes. Participants were required to 

seal and initial an envelope when the envelope was re-presented during cognitive 

assessment. Results indicated that only 54% of the 11, 956 participants tested, 

succeeded on this task. Performance was strongly and linearly related to 

chronological age as the youngest age group (65 to 69 years) succeeded 68% of 

the time with only 19% of the oldest group (90 years and over) succeeding. A 
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greater understanding and ultimately the development of strategies to overcome 

these everyday failures is vital. However a greater understanding may only be 

possible through more ecologically valid paradigms.   

The Need for New Research Paradigms 

       Two distinct paradigms (viz., naturalistic vs laboratory paradigms) have been 

used to assess prospective memory performance in the past (Rendell & Thomson, 

1999). These paradigms produced findings in contradiction with each other, 

generating considerable controversy and confusion. Earlier research in prospective 

memory utilised naturalistic, community-based paradigms that involved 

telephoning the researcher (Devolder, Brigham & Pressley, 1990; Maylor, 1990; 

Moscovitch, 1982; West, 1988), sending postcards back to the researcher (Patton 

& Meit, 1993; West, 1988), attending appointments reliably (Martin, 1986), 

noting the date and time on a take-home questionnaire (Dobbs & Rule, 1987), 

simulating the taking of medication (Leierer, Morrow, Pariante & Sheikh, 1988; 

Park, Morrell, Frieske & Kincaid, 1992; Rendell & Thomson, 1993) and 

periodically logging the time on an electronic organiser (Rendell & Thomson, 

1993, 1999). Out of these studies, seven included comparisons of younger and 

older adults and five of the seven found that older adults outperformed younger 

adults. A recent meta-analytic review of prospective memory and ageing (Henry 

et al., 2004) provides further support as they found older adults perform 

significantly better than their younger counterparts in naturalistic prospective 

memory studies for both time- and event-based tasks.   

       In an initial naturalistic study, Moscovitch (1982) reported that older adults 

outperformed younger adults when they were required to telephone the laboratory 

at designated times. Unfortunately, the design of this study did not lend itself to 
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direct observation or control as the older adults were found to have utilised 

external memory aids (i.e., diaries or calendars) to help them. This highlights a 

major weakness inherent in naturalistic, community-based studies, the lack of 

control over the many variables, which may affect performance. For example 

younger and older adults may differ in their motivation to successfully complete 

prospective memory tasks outside of the laboratory which is difficult to measure 

(Patton & Meit, 1993; Rendell & Craik, 2000). These studies were important, 

however, because they not only initiated research into the effects of ageing on 

delayed intentions, but also indicated that under some conditions at least, older 

adults did not display the expected patterns of decline.  

       These earlier findings prompted speculation that prospective memory 

reflected some distinct type of memory process that is spared the effects of 

ageing. Because these findings were inconsistent with real-life self-reports of 

prospective memory in the elderly, a new research paradigm emerged to 

investigate this phenomenon more closely. Also in an attempt to compensate for 

the lack of control in the earlier naturalistic studies, latter research has been 

conducted within more traditional memory laboratory settings utilising dual 

computer-based tasks. For example, the participant is kept busy engaged in a task 

on a computer (e.g., responding to general knowledge questions) while also being 

required to complete another task at previously specified times or upon seeing 

certain cues (e.g., press a certain key when a target word or pattern appears or 

press a certain key every 5 minutes) (Einstein et al., 1992; Einstein & McDaniel, 

1990; Einstein, McDaniel, Lyle, Pagan & Dismukes, 2003; Park, Hertzog, Kidder, 

Morrell & Mayhorn, 1997). 
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       The results of this latter research in the laboratory indicated that younger 

adults performed better than older adults on most prospective memory tasks with 

the exception of simple event-based tasks (Einstein et al., 1992; Einstein & 

McDaniel, 1990; Einstein et al., 2003; Einstein et al., 1995; Kliegel, McDaniel & 

Einstein, 2000; Mantyla, 1994; McDaniel, Einstein, Graham & Rall, 2004; West, 

1999; West & Craik, 1999). In addition, older adults were not found to perform 

significantly better than younger adults on any of these laboratory studies. 

Overall, these laboratory studies indicated that older adults have more prospective 

memory failures (Mantyla, 1994), respond to critical cues more slowly (West & 

Craik, 1999), respond to false lures more frequently (West, 1999), formulate less 

elaborate plans (Kliegel et al., 2000), have more difficulty with self-initiated tasks 

(viz., time-based tasks; Einstein et al., 1995) and are more impaired by cognitively 

demanding cover tasks than younger adults (Einstein et al., 1992; Einstein et al., 

1997). 

       Although these laboratory tasks were seen as an improvement on the 

community-based tasks, they were also limited. The artificial nature of the 

computer tasks suggests that the findings may have limited ecological validity. 

These computer tasks do not reflect the everyday prospective memory tasks that 

older adults normally engage in. For example, participants were required to learn 

a large number of unrelated cue-action pairs and complete an equally novel and 

artificial ‘cover’ task. The age-related declines observed may have been at least 

partly attributed to the lack of familiarity with the university laboratory setting, 

computers and psychological tasks. Also, seniors may have been less motivated to 

learn and act upon a series of generally meaningless cue-action pairs than young 

students.  
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       Limitations of both the early naturalistic and the more recent laboratory 

methods have led to a new research direction. This new direction involves the 

development of complex, cognitively demanding and tightly controlled tasks (see 

for example Rendell & Craik, 2000 and McDermott & Knight, 2004). In these 

tasks, participants are required to complete multiple everyday tasks over longer 

periods and to refrain from using external aids such as diaries (a more indepth 

discussion of these studies will be provided in Chapter 3). These developments 

are consistent with Kliegel and his colleagues’ (2000) argument against the use of 

single or repeated intention prospective memory tasks (e.g., press a designated 

key at an appropriate point in the experiment once or several times). Because 

these simplistic paradigms are not amenable to investigating the cognitive 

processes involved in prospective memory, these researchers proposed a new 

paradigm entitled ‘complex prospective memory’ (Kliegel et al., 2000). This 

involved remembering and executing multiple prospective memory tasks 

according to a set of rules (e.g., modified version of the six elements task). 

Increasing the complexity and thus the ecological validity of the paradigm was 

seen as an important step in the prospective memory area and provides 

justification for the new paradigm developed in the current study.  

       The current chapter has provided justification for the investigation of 

prospective memory within the aged utilising an improved and ecologically valid 

paradigm. Prior to a further discussion of the need for new research and 

subsequent variables of interest, theories of prospective memory and ageing will 

be presented. Hence, the following chapter will provide a framework from which 

to understand this area.  
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CHAPTER TWO 

Theories of Prospective Memory and Ageing 

Prospective Memory 

       Although prospective memory is a relatively new and under-researched area, 

a number of theories have been proposed to explain this construct. Originally, 

there were two main theories of prospective memory; the noticing or familiarity 

plus search model (Einstein & McDaniel, 1990) and the automatic associative 

activation model (McDaniel, Robinson-Reigler & Einstein, 1998; Moscovitch, 

1994). Research accumulated to this date provides support for both models. 

McDaniel and Einstein (2000) acknowledged this research and combined the 

models to form a multiprocess framework. They have since reformulated their 

model to include discrepancy-plus search (cue focussed) and reflexive-associative 

(automatic) processes (McDaniel, Einstein, Guynn & Breneiser, 2004). In 

response to the multiprocess framework, Smith and Bayen (2004) introduced the 

preparatory attentional and memory processes theory (PAM). In contrast to 

McDaniel and Einstein’s (2000) claims, Smith (2003) proposed that the retrieval 

process in prospective memory is not automatic.  

The Noticing or Familiarity Plus Search Model  

       The noticing or familiarity plus search model highlighted the difference 

between monitoring and retrieval processes in prospective memory. It was 

proposed that monitoring for the prospective memory cue was a voluntary, 

strategic process whilst retrieval relied upon both automatic and directed 

processes (Einstein & McDaniel, 1990). More specifically, monitoring involved 

the switching of attention from an ongoing activity to an intended action mediated 

by a supervisory attentional system (SAS, Shallice & Burgess, 1991a). The SAS 
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was considered responsible for monitoring the environment for the target event 

and triggering the intended action (Burgess & Shallice, 1997; Ellis, 1996). Thus, 

attentional resources are voluntarily deployed for periodically bringing the 

intended action to mind.  

       In contrast, retrieval of the prospective memory task is thought to rely upon 

both automatic and directed processes and these two stages operate separately and 

sequentially (Einstein & McDaniel, 1990). When a prospective memory cue is 

encountered the participant’s response to the cue is determined in part by the 

familiarity or saliency of the target cue. Although there has been mixed findings, 

in general, more familiar or physically distinct cues will be better reminders of the 

prospective memory action (Brandimonte & Passolunghi, 1994; McDaniel & 

Einstein, 1993). Therefore, stronger feelings of familiarity, which occur 

automatically, are more likely to stimulate a further probe of memory through a 

direct search to determine what it is that the cue might signify. This probe is only 

initiated if the familiarity exceeds a criterion or the cue has not already 

automatically triggered the action. In sum, both automatic and effortful processes 

are considered responsible for prospective memory in the noticing or familiarity 

plus search model (Einstein & McDaniel, 1990). 

The Automatic Associative Activation Model  

       After the introduction of the noticing or familiarity plus search model 

(McDaniel & Einstein, 1990), McDaniel and his colleagues (1998) proposed the 

automatic associative activation model. Outlined in this model is an automatic 

associative memory module which is considered responsible for prospective 

memory retrieval. This module accepts consciously-attended information 

(prospective cues) and automatically produces interactions between the cues and 
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memory traces previously associated with the cues. If the cue is sufficient (i.e., if 

the attended information produces enough interaction with a memory trace), then 

the module delivers that memory trace to consciousness rapidly, obligatorily, and 

with few cognitive resources (Moscovitch, 1994). The model also accounts for 

prospective memory failures. When insufficient interaction between the cue and 

the memory trace occur then the intended action is not delivered to consciousness 

and prospective remembering does not occur. Unfortunately the model is unable 

to explain how remembering occurs when there is no cue present (e.g., when the 

task pops into mind in the absence of an external cue). Nevertheless, various 

influences on the level of activation of an intention have been included in this 

model.   

       Various studies suggest that prospective memories, otherwise known as 

intentions, are characterised by a higher level of activation than other types of 

memories. This is known as the intention superiority effect (ISE) and may account 

for why prospective memories are recalled more quickly than other memories 

(Goschke & Kuhl, 1993; Marsh, Hicks & Bink, 1998). According to the automatic 

associative activation model (McDaniel et al., 1998) this higher level of activation 

is the result of forming associative encodings of the cue-action pairing. The model 

also proposes that certain influences on the level of activation can determine 

whether prospective memory tasks are performed successfully. For example, 

intervening activities that tax cognitive resources may decrease the activation of the 

cue-action encoding to below conscious awareness. This effect is more pronounced 

with older adults (Craik, 2000; Einstein et al., 2003; Einstein, Smith, McDaniel & 

Shaw, 1997; Kidder, Park, Hertzog & Morrell, 1997). Alternatively, sub-threshold 

activation can be increased when a cue is encountered or internal thoughts increase 
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activation. Rehearsal during the intervening period of the cue-action pair can 

increase activation levels (Guynn, McDaniel & Einstein, 1998; Kliegel et al., 2000).  

       The automatic associative activation model gained the interest of prospective 

memory researchers because it was able to explain the lack of age-related 

differences on some event-based tasks (Cherry & LeCompte, 1999; Einstein et al., 

1992; Einstein & McDaniel, 1990; Einstein et al., 1995; Einstein et al., 1997). 

According to McDaniel and his colleagues (1998), automatic processes are 

preserved in the elderly because they are less reliant upon limited prefrontal 

resources. Hence, suggesting that age differences should not emerge. However, 

this explanation alone could not account for the well-established age-related 

differences in prospective memory. 

The Multiprocess Framework  

       Recognising the substantial amount of research supporting the noticing or 

familiarity plus search model and the automatic associative activation model, 

McDaniel and Einstein (2000) combined the two theories to form the multiprocess 

framework (see Figure 1). According to this theory, individuals use both 

automatic and directed retrieval processes depending on various factors such as 

the importance of the prospective memory task, properties of the prospective 

memory cues, properties of the ongoing activity, planning and individual 

differences (McDaniel & Einstein, 2000).  
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Figure 1. Retrieval pathways in McDaniel and Einstein’s (2000) multiprocess 

framework. Strategic and directed processes are depicted on the left (noticing or 

familiarity plus search model) whilst automatic retrieval processes are depicted on 

the right (automatic associative activation model). 
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       Task importance. The remembering of prospective memory tasks has been 

higher when they are perceived to be more important, such as a job interview or 

the retrieval of a valuable personal item (Bakker, Schretlen & Brandt, 2002; 

Kliegel, Martin, McDaniel & Einstein, 2001; Kvavilashvili, 1987). Little is known 

about the processes that mediate importance effects. According to the 

multiprocess framework, effortful strategic monitoring will be employed for 

prospective memory tasks deemed important to improve performance (McDaniel 

& Einstein, 2000). Less important tasks will be remembered via relatively 

automatic processes so as not to waste attentional capacity. 

       Cue saliency. The salience of the target event also influences the type of 

strategy implemented. Salient or distinctive cues produce attentional switching 

from the ongoing activity and a frame for quickly recognising its significance for 

the intended action. These cues involuntarily capture attention and prompt 

analysis of its significance. According to the multiprocess framework, this 

involuntary orienting process is less subject to disruption than a more strategic, 

resource-demanding process. Einstein, McDaniel, Manzi, Cochran and Baker 

(2000) demonstrated that highly salient cues (viz., upper case words) maintained 

high prospective memory performance throughout an ongoing task as opposed to 

low-salient cues (viz., lower case words). Intuitively, less effort is required to 

monitor for highly salient cues. 

       Associativity of the target with the intended action. The familiarity of the 

association between the target event and the intended action, according to the 

multiprocess framework, can also influence prospective memory performance. 

Results from Wilson’s study (2000, cited in McDaniel & Einstein, 2000) suggest 

that prospective memory was significantly better when the target events were 
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related to the action (e.g., remembering to remove a bookmark from a book when 

shown a picture of a book and mark) than when they were not related (e.g., 

remembering to remove a floppy disk from a box when shown a picture of the 

university entrance gate). This may be explained via automatic processes. For 

example, highly associated target-intended action pairings may have only one 

path to prospective remembering, the result of making one strong association 

(Guynn, McDaniel & Einstein, 2001; McDaniel et al., 1998). Therefore, less 

highly associated target-intended action pairings are less likely to trigger the 

intended action upon processing of the target event. 

       Ongoing task and focal processing. The focus of the ongoing task will also 

determine the implementation of strategic, attentional processes versus more 

spontaneous, automatic processes in prospective memory tasks (McDaniel & 

Einstein, 2000). In focal processing, strategic processes are required when the 

prospective memory cue is encountered in the ongoing task but is not part of the 

information being extracted for performing the ongoing task (McDaniel & 

Einstein, 2000). In this, strategic monitoring is needed to ensure that the target cue 

is detected. This effect has been more pronounced in older populations and is 

known as the task-appropriate processing effect (Marsh, Hicks & Hancock, 2000; 

Maylor, 2000; Meier & Graf, 2000). In contrast, automatic retrieval of the 

intended action is likely when the prospective memory cue is processed focally as 

part of the ongoing task. This is due to the cue being sufficiently processed during 

performance of the ongoing task. 

       Ongoing task absorption. Related to the parameters of the ongoing task is the 

task’s level of absorption or demand. According to the multiprocess framework, 

the more demanding of cognitive resources or absorbing the ongoing activity, the 
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less likely resources will be available for strategic approaches to prospective 

remembering (McDaniel & Einstein, 2000). Various factors that influence the 

level of absorption include the ongoing task, speed of presentation, individual 

interests and the physiological state of the person (McDaniel & Einstein, 2000). 

Increasing the absorption or complexity of the ongoing task has proved more 

detrimental to the prospective memory performance of older than younger adults 

(Einstein et al., 1992; Martin & Schumann-Hengsteler, 2001; Rendell & Craik, 

2000). 

       Planning. McDaniel and Einstein (2000) propose that good planning may 

even obviate the need for strategic monitoring. For example, the more elaborate 

the plan in terms of many salient cue-intended action pairings the less effort may 

be required to monitor the environment for the cue. If the opportunity to plan is 

not available however, participants may need to engage more effortful processes 

to monitor for the cue. Several researchers have suggested that the degree and 

type of planning that one does for a prospective memory task affects later 

remembering (Burgess & Shallice, 1997; Kliegel et al., 2000; Mantyla, 1996). In 

addition, it has been found that older adults may not engage spontaneously in 

planning or rehearsal of prospective memory tasks (Kliegel et al, 2000; McDaniel, 

Einstein, Stout & Morgan, 2003). 

Cue-focused and Reflexive-associative Processes in Retrieval 

       The multiprocess framework captures the complexity of prospective memory 

retrieval processes. Motivated by the apparently discrepant findings and by logical 

conclusions, the model relies upon future research to support its theoretical 

proposals. McDaniel, Einstein, Guynn, et al. (2004) have since added to this 

support for their model whilst building upon the model itself. These researchers 
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propose that either cue-focussed discrepancy attribution processes (previously 

referred to as familiarity plus search) or reflexive-associative processes 

(previously referred to as automatic associative activation) may play a role in 

prospective memory retrieval. Through the manipulation of appropriate 

experimental conditions, one process may be more frequently manifested than 

another. 

       Borrowing from Whittlesea and Williams’ (2001a, 2001b) discrepancy-

attribution hypothesis of familiarity, McDaniel, Einstein, Guynn, et al. (2004) 

specify how the target event is noticed via effortful processes. A discrepancy 

between the expected and actual quality of processing for the target event in that 

context may elicit a sense of significance for the target event. This significance 

(previously termed ‘familiarity’) may then stimulate allocation of attention 

(Whittlesea & Williams, 2001a) to determine what the target event might signify. 

The prospective memory task is then retrieved (either as a vague intention or in 

detail) and the significance evaluated (McDaniel, Einstein, Guynn, et al., 2004).   

       Alternatively, McDaniel, Einstein, Guynn, et al. (2004) proposed a different 

explanation for prospective memory retrieval involving reflexive-associative 

processes. An automatic-associative memory system accepts externally 

encountered cues (which are consciously attended) and that interact with memory 

traces previously associated with the cues. A certain amount of interaction with a 

memory trace will result in the system delivering the information to awareness. 

The authors propose that the information is retrieved quickly, obligatorily and 

with few cognitive resources. The reflexive-associative processes differ from the 

cue-focussed processes as the target event is not necessarily recognised as a cue. 

For example, prior identification of the target event’s significance that triggers a 
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memory search is not necessary. McDaniel, Einstein, Guynn, et al. suggest that 

support for the reflexive-associative processes model is provided by research 

showing older adults to perform as well as younger adults in some event-based 

prospective memory tasks (Cherry & LeCompte, 1999; Einstein et al., 1992; 

Einstein & McDaniel, 1990; Einstein et al., 1995) as this form of prospective 

memory requires fewer cognitive resources.  

       A number of theoretical implications were highlighted by McDaniel, Einstein, 

Guynn, et al. (2004). First, the cognitive processes involved in prospective 

memory do not implicate a prospective memory system or a set of unique 

processes. Instead they may be processes that support a variety of cognitive 

functions including prospective memory. Second, prospective memory tasks can 

be quite varied and complex therefore either automatic or more effortful processes 

may support prospective memory at any given time. It was also proposed that not 

all prospective memory tasks require a high degree of self-agency but can be 

conducted automatically, as outlined within the multiprocess framework. This 

renewed focus upon the multiprocess framework (McDaniel & Einstein, 2000) 

from the authors themselves was triggered by criticisms from Smith (2003) and 

Smith and Bayen (2004).       

Preparatory Attentional and Memory Processes Theory (PAM) 

     More recently, Smith and Bayen (2004) have proposed the PAM theory of 

event-based prospective memory in an attempt to more adequately explain their 

research findings (Smith, 2003). Smith and Bayen have criticised Einstein and 

McDaniel’s (2000) multiprocess framework due to its contention that some 

prospective memory tasks are automatic when they argue little research exists to 

support such a claim. Smith (2003) showed that differences in response times 
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(200 and 300ms longer) existed between participants (viz., psychology students) 

who performed an embedded event-based prospective memory task (e.g., colour 

matching) whilst also performing a lexical decision task than participants who 

performed the lexical decision task alone. Smith also found that this difference in 

response time was evident on trials that did not possess a prospective memory 

target. Such an increase in response time or cost to the ongoing task would 

suggest that nonautomatic processes were being engaged to prepare for the 

prospective memory task before the target event occurred (Smith, 2003). Citing 

further research in which this phenomena has been measured (Burgess, Quayle, & 

Firth, 2001; Marsh, Hicks, Cook, Hansen & Pallos, 2003; Smith & Hunt, 2004), 

Smith and Bayen (2004) proposed that no event-based prospective memory task is 

automatic.   

       The nonautomatic and preparatory attentional processes that Smith and Bayen 

(2004) discussed may include monitoring of the environment for the prospective 

cues. As it may be assumed that better prospective memory performance is 

accompanied by increased monitoring, then fewer resources will be available to 

successfully perform the ongoing task even if the target event does not occur. 

Smith and Bayen also suggest that the capacity-consuming preparatory processes 

may include rehearsal of the prospective cues. The easier that cues are to identify 

and recall the fewer resources may be required to monitor the environment for 

them.  

       Smith and Bayen (2004) continued to outline the potential characteristics of 

preparatory processes by suggesting that the more demanding the ongoing task, 

the fewer resources that would be left over to engage in these processes. In 

addition, the importance of the prospective memory task and the similarity 
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between targets and non-targets will influence the extent that preparatory 

processes will be engaged. More resources may be directed to monitoring the 

environment and rehearsing the prospective memory-target events if the 

prospective memory task is considered more important and if the non-targets are 

distractingly similar to the targets (Smith & Bayen, 2004). In sum, Smith and 

Bayen suggest that preparatory processes are always involved however it depends 

on certain variables (e.g., ongoing task demands, importance of the prospective 

memory task, salience of the cues, etc.) as to the amount of preparatory processes 

that are involved. These conclusions are somewhat similar to McDaniel and 

Einstein’s (2000) as they also suggested that certain task and individual variables 

influence the processes used to aid recall. 

       The authors of PAM theory have made another substantial contribution to the 

prospective memory area by highlighting the importance of the retrospective 

component in prospective memory tasks (Smith & Bayen, 2004). The 

discrimination between targets and non-targets, as well as the recollection of the 

intended action, are both retrospective memory processes required for successful 

prospective memory performance. Once again these processes are thought to 

utilise resources when the target is present (Marsh, Hicks & Watson, 2002). In 

summary, Smith and Bayen proposed that the interaction of the two components, 

preparatory attentional processes and retrospective memory processes, determine 

whether a prospective memory task will be accomplished.  

       It appears that Smith and Bayen’s (2004) PAM theory and McDaniel and 

Einstein’s (2000) multiprocess framework disagree on the degree to which less 

effortful processes are involved in prospective memory performance. Whether 

these tasks can be performed automatically or whether some preparatory 
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processes are always involved, remains for future research. McDaniel and 

Einstein’s multiprocess framework was utilised to conceptualise the current study 

as PAM theory was not available at the time and has yet to receive general 

acceptance from prospective memory researchers. The multiprocess framework 

(McDaniel & Einstein, 2000) in combination with the cognitive theories of 

prospective memory and ageing were used to derive the research questions and 

hypotheses of the current study.   

Cognitive Ageing 

       A number of cognitive ageing theories may be applied to prospective 

memory. These theories include West’s (1996) frontal-lobe hypothesis of ageing, 

the speed of processing theory proposed by Salthouse (1988), Craik’s (1986) 

environmental support model of ageing and Hasher, Zacks and May’s (1999) 

inhibition theory. 

Frontal-lobe Hypothesis of Ageing (Prefrontal Model) 

       A dominant neuropsychological model of normal ageing suggests that 

cognitive functions that depend on the integrity of the prefrontal cortex are among 

the first to deteriorate with age (West, 1996). West’s model emerged out of 

research suggesting that older adults show deterioration in the prefrontal cortex 

(Daigneault, Braun & Whitaker, 1992; Parasuraman, Greenwood, Haxby & 

Grady, 1992) and under-perform on tests of prospective memory compared with 

younger adults when involved in ongoing tasks that place a large demand on 

frontal-lobe capacity (Einstein et al., 1992; Einstein et al., 1995). From these 

converging facts, West applied the prefrontal cortex function theory to cognitive 

ageing. After this application he proposed that prospective memory failures are 

the result of a reduction in the efficiency of executive functions (e.g., working 
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memory, planning, monitoring and allocation of cognitive resources) that are 

known to be mediated by the prefrontal cortex. To date, a number of 

neuropsychological studies have tested this model by examining the relationship 

between age, frontal-lobe functioning and prospective memory. These studies 

have demonstrated age-related declines on measures considered sensitive to 

aspects of frontal-lobe functioning and prospective memory (Kliegel, Eschen & 

Thone-Otto, 2004; Kliegel, Ramuschkat & Martin, 2003a, 2003b; Raz, 2000; 

Salthouse & Babcock, 1991; Tombaugh, 2004; Tombaugh, Kozak & Rees, 1999; 

Uttl & Graf, 1997; West, 1999).    

Speed of Processing Theory 

       An overview of the main theories of cognitive ageing would be incomplete 

without Salthouse’s (1988) theory. According to Salthouse, cognitive ageing is 

associated with a decline in the speed of processing thought to be responsible for 

the majority of the age-related differences often reported in various measures of 

cognitive functioning (2000). Processing speed could influence prospective 

memory by affecting the processes related to both encoding and retrieval of 

information. For example, it may simply take older adults longer to commit 

intentions to memory (intention formation) and to bring to mind the significance 

of a cue (intention retrieval). Also, if older adults are restricted in the amount of 

time they have to perceive (notice) a prospective memory cue, their performance 

may well suffer. Support for this is provided by Kok’s (2000) ERP study which 

found that younger and older adults do not differ in the quality of their attentional 

processes but rather the speed with which they conduct a controlled search.  
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The Environmental Support Model of Ageing 

       Craik’s (1986) environmental support model of ageing suggests that age-

related changes in memory may result from the different mental operations that 

each memory task requires. For example, when a highly salient cue is noticed in 

the environment, the task of remembering to do something is made easier 

(Brandimonte & Passolunghi, 1994; Einstein et al., 2000; Guynn et al., 2001; 

McDaniel & Einstein, 1993). However, when the environment does not support 

the retrieval of an intention to act, the task of remembering may only be facilitated 

by self-initiated operations. Self-initiated operations may be thought of as 

‘retrieval processes’ that are voluntary, intentional and effortful. It has been 

argued by Craik that older people find such operations relatively more difficult to 

execute due to age-related cognitive decline. 

       The notion of an age-associated retrieval deficit is consistent with the evidence 

that older adults generally perform better on recognition than recall tests (Craik & 

McDowd, 1987) and event- than time-based prospective memory tasks (Einstein et 

al., 1995). For example, Einstein and his colleagues suggested that older adults do 

not monitor time as often during the critical period closest to the target time and 

therefore fail to perform as well on time-based tasks (Harris & Wilkins, 1982). In 

addition, Grady’s (2000) review of PET and MRI studies found that older adults 

utilise different areas of the brain (left prefrontal cortex) when engaged in retrieval 

tasks in comparison to younger adults. Of course, the ability to retrieve information 

generally depends on how well the material was encoded. Craik (1986) suggests 

that the efficiency or use of mnemonic operations and strategies declines with age 

(Craik, 1977; Craik & Byrd, 1982). Older adults may therefore be less inclined to 

strategically prepare for the appearance of a prospective memory cue. 
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       Age-related memory decrements have also been attributed by Craik and Byrd 

(1982) to a decline in processing resources. Older adults are thought to have fewer 

‘processing resources’ that are required for effortful cognitive operations such as 

elaboration at encoding and reconstructive operations at retrieval (Norman & 

Bobrow, 1975). Decrements in these cognitive processes would make it difficult 

for older adults to perform elaborate encoding of intentions under timed-

conditions, to keep an intention in working memory to be performed at the 

appropriate time and to divide attention in order to disrupt a dual task to perform 

an intention (Glisky, 1996). These results are consistent with Craik, Govoni, 

Naveh-Benjamin and Anderson (1996) who found greater negative effects on 

memory when adding attentional demands at retrieval to tasks that are higher in 

self-initiated retrieval (e.g., free recall relative to recognition). 

Inhibition Theory  

       Inhibition theory proposed by Hasher and her colleagues (1999) suggests that 

the ability to inhibit thoughts and actions declines with age as the functioning of 

the frontal-lobe declines (West, 1996). This inhibitory mechanism regulates 

access of relevant and irrelevant information in working memory via three 

functions; access, deletion and restraint. Access to working memory is controlled 

by the inhibition mechanism. Irrelevant information may be prevented from even 

entering the contents of working memory. When goal-relevant stimuli is triggered 

in the physical or mental environment, the inhibition mechanism will allow it 

access to working memory. The second function involves deletion or suppression 

of the activation of irrelevant information that is currently in working memory. 

This allows the inhibition mechanism to control what is active in working 

memory by deleting information that has suddenly become irrelevant due to a 
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change in topic, misunderstanding or change in goals. Recently deleted or 

suppressed items may also be prevented from interfering with focal attention 

items and creating another train of thought (Stoltzfus, Hasher, Zacks, Ulivi & 

Goldstein, 1993). The third function comprises restraining functions of the 

inhibitory mechanism which allow less probable responses to be considered by 

preventing the most dominant response from immediately seizing control of the 

thought and action effectors. 

       The result of poor inhibitory control is the disorganised and cluttered contents 

in working memory, such as time-sharing between relevant and non-relevant 

information, which results in the inappropriate production of incorrect responses 

(Hasher et al., 1999). A more effective deletion function would remove this 

irrelevant information from working memory. Poor inhibitory control can also 

make a person forgetful, easily distracted, overly absorbed in either thought or the 

external world and less able to achieve personal goals. The implications of this for 

prospective memory tasks are that older adults may experience difficultly 

disengaging from a cover activity to perform the appropriate prospective memory 

action, especially when the cover task is resource demanding. Disengagement 

from an ongoing task, or the restraining function, is therefore more difficult for 

older adults due to the lack of cognitive resources available to monitor the 

external environment for the prospective memory cue and to perform intervening 

activites during the delay period. 

       Inhibition theory (Hasher et al., 1999) also helps to explain how interruptions 

may affect prospective memory performance. When an interruption occurs and 

thus enters the conscious contents of working memory, resources in the way of the 

access function are required to determine the relevance of the interruption and 
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ultimately the response (e.g., can the interruption be ignored or does it need to be 

acted upon?). The reduced efficiency of the access function of the inhibition 

mechanism in older adults has been seen in selective attention tasks (Hasher & 

Zacks, 1988). When the target cue and a distraction are predictable and easily 

distinguishable in terms of salience (i.e., colour or spatial location) then older 

adults are less distracted (Carlson, Hasher, Connelly & Zacks, 1995; Connelly, 

Hasher & Zacks, 1991). The next step in dealing with an interruption requires 

disengagement from the ongoing task which as mentioned previously, involves 

the restraining function and may be impaired in older adults. In addition, poor 

inhibitory control may result in becoming overly absorbed in the interruption at 

the expense of the ongoing task and prospective memory tasks. When the 

interruption has been dealt with it may be more difficult to put thoughts of the 

interruption aside (deletion function) and return to the ongoing task as the 

contents of working memory may remain cluttered and disorganised. Thus 

inhibition theory could suggest that an interruption would have a negative effect 

on prospective memory and the performance of the ongoing task, especially for 

older adults who experience frontal-lobe decline (West, 1996).  

       Theories of prospective memory and ageing were the focus of this chapter. In 

particular, McDaniel and Einstein’s (2000) multiprocess framework, West’s 

(1996) frontal-lobe hypothesis of cognitive ageing, Salthouse’s (1998) speed of 

processing theory, Craik’s (1986) environmental support model of ageing and 

Hasher and her colleagues’ (1999) inhibition theory were considered essential to 

understanding the research questions and hypotheses of the current study. A 

review of the most recent literature with regards to the variables of interest and the 

aims of the current study will be presented in the next chapter. 
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CHAPTER THREE 

The Current Study 

New Paradigm 

       As mentioned in Chapter 1, there has been a recent trend toward the 

development of new paradigms for studying prospective memory (McDermott & 

Knight, 2004; Rendell & Craik, 2000; Rendell & Thomson, 1999; Titov & 

Knight, 2000). Limitations of both the early naturalistic and the more recent 

laboratory methods to investigate prospective memory have prompted researchers 

to develop new paradigms to overcome some of these flaws (McDermott & 

Knight, 2004; Rendell & Craik, 2000; Rendell & Thomson, 1999; Titov & 

Knight, 2000, 2000).  

       Titov and Knight (2000, 2001) and McDermott and Knight (2004) aimed to 

develop a naturalistic procedure that would avoid the ceiling effects of many 

single-item naturalistic tests of prospective memory. These researchers thought 

that individual differences in performance could be reliably detected by imposing 

sufficient attentional and memory load. Participants were given a list of 30 

instructions, each comprising an action (e.g., ‘buy a hamburger’) and the 

associated cue (e.g., ‘at McDonalds’). Participants then watched a 25-minute 

videotape showing the view a person would have seen walking along a city street 

and attempted to recall each task when the cue appeared (McDermott & Knight, 

2004). To increase the cognitive load of the procedure, participants were asked to 

keep a count of the number of strollers and bicycles that they saw on their walk. 

The street scene contained realistic distractions such as fragments of other 

shoppers’ conversations, sounds of motor vehicles, attractive advertising, buskers 

and pedestrians moving to avoid the camera.  
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       Titov and Knight (2000, 2001) aimed to introduce the video-based procedure 

as a new assessment of prospective memory in brain-injured and normal groups 

(Knight, Harnett & Titov, 2004). They initially investigated the videotape method 

and found that the procedure was reliable and easier to complete when the video 

footage was set in a familiar location (local shopping centre). Pre-exposure to the 

unfamiliar video footage (shopping centre in a different city) could partially 

attenuate the lower levels of prospective memory recall. Familiarity would be 

expected to enhance planning and organisation of the memory task. These results 

raise the question of how useful unrealistic and unfamiliar laboratory prospective 

memory tasks (e.g., pressing a key in a computer-based task) are in investigating 

the phenomenon of prospective memory and in obtaining valid and generalisable 

results. Titov and Knight (2001) then attempted to validate the task by comparing 

participant’s actual performance on a shopping trip with their videotape 

performance. These researchers found no significant differences in the 

performance of 12 brain-injured patients when on a real shopping trip and on 

videotape simulation of a trip to the same environment. Concurrent validity was 

also sought in the relationship with other measures. Low and inconsistent 

correlations between performance on the video task and neuropsychological 

measures (e.g., Digit Span of the WAIS-R, Rey Auditory Verbal Learning Test 

and the National Adult Reading Test) were found. These correlations may have 

been increased with the use of prefrontal measures thought to be involved in 

prospective remembering (West, 1996). 

       McDermott and Knight (2004) then utilised the new videotape procedure to 

focus upon the effects of age on prospective memory performance. Based on 

previous studies showing that effortful processing (searching for the cue-action 
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pairing) is more susceptible to age effects than automatic processing (noticing the 

cue), it was hypothesised that noticing would be less affected by age than search. 

Correctly identified cues were summed to give a total cue score (noticing) and 

correctly completed tasks (both the cue and the action were recalled) were 

summed to give a total tasks score (search). Compared to younger adults, older 

adults were found to perform at a similar level on noticing but worse on memory 

search. McDermott and Knight thus propose that the sensation of recognising a 

cue but being unable to remember what it means becomes more common in old 

age. Younger adults also outperformed the two older groups on the time-based 

item which required participants to recall that they had to use a cell phone to make 

a doctor’s appointment 20 minutes after the video started. Age differences on 

time-based tasks have been observed in previous studies (Einstein et al., 1995; 

Park et al., 1997). Thus, the videotape procedure appeared to be a promising 

development in the area. 

       Other researchers have also investigated whether prospective memory would 

be affected by age on tasks completed under real-life conditions (e.g., Rendell & 

Craik, 2000; Rendell & Thomson, 1999). Rendell and Thomson examined 

younger and older participants on a naturalistic prospective memory task and two 

laboratory prospective memory tasks. The naturalistic prospective memory task 

required participants to log the time with a portable electronic organiser at 4 times 

a day over 7 days. The older adults were consistently more accurate than the 

young adults (on time approximately 70% versus 40% respectively). Rendell and 

Thomson found no difference between the young-old (60-69 years) and the very 

old (80-92 years) groups. These results proved to be relatively robust across six 

different regimens that varied the regularity of time schedules and the opportunity 
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to use external aids (i.e., opportunity vs no opportunity) and conjunction cues (i.e., 

linking the action to some routine event such as eating a meal). 

       Although older adults outperformed younger adults on the naturalistic task 

they were unable to perform better than younger adults on the laboratory 

prospective memory tasks which were embedded within a retrospective memory 

task session (Rendell & Thomson, 1999). When required to stop a clock 7 minutes 

after the start of the session and note the time the questionnaire was finished, the 

very old group performed more poorly compared to the young-old group who 

were outperformed by the young group. Potential reasons for these paradoxical 

findings may be motivation, lifestyle, use of external aids and task differences 

between naturalistic and laboratory tasks. With a less hectic and busy lifestyle, 

older adults (probably retired), may take the naturalistic prospective memory tasks 

more seriously and therefore prioritise them in their schedules. This may also 

explain why older adults have been found to use more external memory aids (e.g., 

writing reminder notes) than younger adults in other similar experiments 

(Moscovitch, 1982). In addition, earlier naturalistic tasks have also been simple 

(post a letter), regular (at the same time each day) and explicit whilst laboratory 

tasks are typically more demanding, irregular and presented as a secondary task to 

some ongoing task.  

       Building on Rendell and Thomson’s (1999) work, Rendell and Craik (2000) 

developed a laboratory prospective memory task that would more closely 

represent prospective memory tasks in daily life. They created a board game 

(virtual week) which required participants to remember to carry out activities of 

daily living while making several circuits of the board (one circuit for each day of 

the week) at a pace determined by the roll of a dice. Prospective memory tasks 
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were either event- or time-based and either routine or irregular (one-off) tasks that 

were explained during the game. It was hypothesised that older adults would 

outperform younger adults due to their greater experience of a more ordered 

pattern of living which would support accurate recall (Rendell & Craik, 2000). In 

fact, the reverse pattern was found in which younger adults performed better than 

older adults. 

       To investigate this phenomenon further, Rendell and Craik (2000) adapted the 

procedure to participants’ everyday lives (actual week). They were asked to 

complete a similar set of instructions as they went about their everyday lives over 

a 7 day period. As in virtual week, participants did not have to undertake the tasks 

physically but instead of telling the researcher about the prospective memory task, 

they told a micro-recorder about the task. For example, at 11am and 9pm, 

participants told the micro-recorder it was time to take asthma medication. 

Participants were explicitly instructed not to use external memory aids. In a 

similar trend as other naturalistic research conducted in participants’ homes, 

performance was better for older adults than younger adults. It was concluded that 

although younger adults generally have better prospective memory skills, older 

adults may show superior performance on naturalistic tasks in which they are 

likely to be highly motivated to succeed, have extensive experience and sufficient 

time available to focus on remembering the tasks. 

       Both Titov and Knight’s (2000, 2001) videotape procedure and Rendell and 

Craik’s (2000) paradigm would attract criticism from Freeman and Ellis (2003, 

2004), Goschke and Kuhl (1993) and Kliegel (2004) who argue that verbally 

recalling prospective memory tasks at test are different to actually performing the 

tasks. Freeman and Ellis (2003, 2004) had participants learn two lists of verbs, 
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one by reading them aloud and the other by performing the action. Participants 

were then informed that the subsequent recall test for both lists would be either a 

verbal report or enactment of the words. Recall was either experimenter initiated 

through the experimenter asking participants to stop the ongoing task and recall 

the words or self-initiated when a target word within the ongoing task appeared 

(prospective memory cue). The ongoing task involved answering general 

knowledge questions. A recognition test measuring the time to recall the verbs 

was conducted prior to the commencement of the ongoing task. Faster recognition 

latencies for both enacted and to-be-enacted material were found. Moreover, when 

items were verbally encoded there was an advantage for items intended for 

enactment at recall, replicating Goschke and Kuhl’s (1993) intention enactment 

effect (IEE). Freeman and Ellis (2004) replicated the IEE with older adults who 

did not differ from younger adults in accessibility levels as measured via 

recognition latencies. In addition, Kliegel (2004) demonstrated the IEE and 

concluded that studies that require only the verbal recall of the prospective 

memory task may exaggerate prospective memory failures in comparison to those 

that require the tasks to be performed. Subject-performed tasks imitate real-life 

more closely and thus would provide more accurate information about prospective 

memory. Thus, the current study required participants to perform the tasks as 

would be the case in real life settings.  

       Despite the advancements made in previous studies to develop new 

paradigms (McDermott & Knight, 2004; Rendell & Craik, 2000; Rendell & 

Thomson, 1999; Titov & Knight, 2000, 2001) the balance between ecological 

validity and the reliable assessment of prospective memory has to date, not been 

achieved. A paradigm that is based on real-life situations and tasks, that is familiar 
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to younger and older adults and still controls for many of the extraneous 

community variables, would achieve this balance. It is proposed that the ‘home-

like’ laboratory situated in the Memory Clinic of Griffith University on the Mt 

Gravatt campus would epitomise this new paradigm. The ‘home-like’ laboratory 

comprises two small interconnecting rooms, one furnished as a kitchen, the other 

furnished as a lounge room. Observation is made possible by two video cameras, 

one located in each of the rooms. The assessment of real-life prospective memory 

tasks (viz., identify dairy products within recipes and videotaping a television 

program) within this laboratory may provide the ecological validity and control 

over extraneous variables that is required. 

       Use of the ‘home-like’ laboratory can facilitate the assessment of prospective 

memory with control over participants’ intervening activities between receiving 

prospective memory instructions and carrying them out. A major limitation of the 

naturalistic community-based studies was the failure to compare and control for 

the number and nature of activities that younger and older adults engaged in 

during testing days. This is important considering the different lifestyles of 

younger and older adults. For example, younger adults may have had more 

appointments during the day (e.g., an exam, a date) that may have been perceived 

as comparatively more important than completing the prospective memory task 

(e.g., posting a letter back to the experimenter), whilst older adults may have had 

a smaller number of appointments. Due to this, older adults may also have felt 

highly motivated to complete the tasks to which they had previously agreed to as 

conscientiously as possible. In addition, participants in the current study were 

prevented from using external memory aids which may have masked age-related 

differences in previous studies (Moscovitch, 1982). This ‘home-like’ laboratory 
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therefore, may overcome one of the major limitations of previous naturalistic 

studies by providing the same environment for all participants and controlling any 

demands made by the external world. 

       Another limitation of the laboratory-based studies was the artificial nature of 

the tasks themselves, which would not have been performed before and were 

unlikely to be performed again. Not only were older adults disadvantaged when 

asked to perform unfamiliar, speeded tasks on a computer but these tasks would 

not have reflected the everyday prospective memory tasks that older adults engage 

in. The ability to draw conclusions about how younger and older adults perform 

everyday tasks is therefore limited. With the inclusion of a demanding ongoing 

task and three prospective memory tasks, complex prospective memory (Kliegel 

et al., 2000) was measured. This development may redress the simplistic nature of 

earlier studies where only one task was performed (e.g., send a postcard; Patton & 

Meit, 1993; West, 1988). In addition, participants in the current study needed to 

perform rather than verbally recall the prospective memory tasks to avoid 

contamination from the intention enactment effect (Freeman & Ellis, 2003, 2004; 

Goschke & Kuhl, 1993; Kliegel, 2004). In sum, it was proposed that the outcomes 

from the current study would reflect real life capabilities more closely than earlier 

naturalistic and laboratory-based studies. Consequently, the variables of interest 

may be more appropriately examined within this new naturalistic, laboratory-

based paradigm. 

       Although the current study predates the Second International Conference on 

Prospective Memory held in July 2005 (University of Zurich, 2005), both have 

highlighted two main themes with continued interest in the field. These are the 

effects of ageing and a recent focus on the contributions from neuropsychology.   
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Independent Variables of the Current Study 

Ageing 

       There is no debate that Australia’s population is ageing rapidly. Community 

awareness of the need for superannuation and the push for older adults to remain 

in the workforce past retirement age are indications that changes need to be made 

to financially support this ageing population. Health concerns and in particular 

cognitive functioning also carry financial implications. Theory (Hasher et al., 

1999; Salthouse, 1988; West, 1996) and research (see West, 1996 for a review) 

have suggested that cognitive decline is an inevitable part of normal ageing and is 

a fundamental factor to be considered in assessing the care needs for the aged. It is 

therefore crucial to gain a better understanding of this cognitive decline and how 

it may be overcome.  

       The recent meta-analytic review of prospective memory and ageing by Henry 

and her colleagues (2004) revealed that in laboratory settings, younger adults 

outperformed older adults on tests of both time- and event-based tasks, yet the 

reverse was true in naturalistic studies. There was also a popular belief amongst 

prospective memory researchers investigating age-related differences in the 

laboratory, that older adults show no age-related decline on event-based tasks 

(Einstein & McDaniel, 1990; Einstein et al., 1995). However, this view has been 

superseded by more recent research demonstrating an age-related decline on 

event-based tasks in the laboratory (Cherry et al., 2001; Kidder et al., 1997; 

Mantyla & Nilsson, 1997; Maylor, 1996; Park et al., 1997; West & Covell, 2001). 

These contradictory findings have produced confusion within the area with 

regards to the true nature of age-related performance. It has been proposed that 
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these mixed findings may reflect task differences rather than a general difference 

between laboratory and naturalistic studies (Rendell & Thomson, 1999). 

       McDaniel and Einstein’s (2000) multiprocess framework and Craik’s (1986) 

environmental support model of ageing have provided explanations for these age-

related findings. According to Craik, age-related changes in memory may result 

from the different mental operations that each memory task requires and the 

environmental support available. For example when environmental support 

declines (e.g., less salient cue) the demand on self-initiated resources increases 

(effortful monitoring for the prospective cue) leading to age-related declines on 

prospective memory performance. It has been argued by Craik that older people 

find such effortful retrieval processes relatively more difficult to execute due to 

age-related cognitive decline. McDaniel and Einstein’s multiprocess framework 

then suggested that the reliance upon automatic processing versus controlled 

resource-demanding processing was important in determining the size and 

direction of age effects on prospective memory tasks. More specifically, that 

ageing is presumed to be associated with deficits in attentional capacities that 

result in difficulties maintaining strategic and controlled processing. Thus, age-

related differences are likely to be seen on tasks with non-distinctive cues, a weak 

association between the cue and the intended action, a highly attention-demanding 

or engaging ongoing task or a prospective cue outside the processing required for 

the ongoing task (McDaniel & Einstein, 2000).   

       Paying heed to these theories (e.g., Craik, 1986; McDaniel & Einstein, 2000), 

the tasks of the current study were designed to avoid ceiling and floor effects. 

More specifically, ceiling effects in younger adults and floor effects in older adults 

were avoided through careful piloting. Multiple prospective memory tasks within a 
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challenging ongoing task were likely to demonstrate these age differences (Kliegel 

et al., 2002, Kliegel et al., 2000). Consequently, the current study approximated 

Kliegel and his colleagues’ (2000) complex prospective memory paradigm and 

improved upon earlier naturalistic studies where a single task was measured (e.g., 

send a postcard; Patton & Meit, 1993; West, 1988). Subsequently, the question of 

whether older adults experience decline on complex everyday prospective memory 

tasks when prevented from using external memory aids can be addressed.  

       Measuring behaviour that is relevant to independent living provides a more 

realistic assessment of the elderly's ability to continue living within the 

community. Determining whether older adults experience a decline in the 

performance of everyday tasks and whether this decline may be overcome, would 

inform policy in the area of aged-care. Even though the tasks in the current study 

were familiar to older adults they may be too difficult for the very old (e.g., over 

75 years). Consideration of the age range of participants was needed to ensure that 

the sample of older adults was a homogenous group.  

       Recognition of the recent shift towards dividing older participants into 

specific age bands has occurred (Huppert et al., 2000). A recent study by Huppert 

and her colleagues indicated that performance on an event-based prospective 

memory task (i.e., seal and initial an envelope when it was represented during 

testing 10 minutes later) was strongly and linearly related to chronological age. 

The youngest age group (65 to 69 years) succeeded 68% of the time with only 

19% of the oldest group (90 years and over) succeeding. These declines could be 

extremely detrimental to the very old as they are most likely to be living alone 

(ABS, 1998) and therefore at the mercy of their own ability to remember to take 

medications, lock doors and pay bills. In addition to these social differences, 
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cognitive differences have been observed. Rybash, Hoyer and Roodin (1986) 

found greater individual differences in the brain and performance on 

neuropsychological measures amongst older adults. Due to the cognitive and 

social differences between older adults under 75 years of age versus those older 

than 75 years, it is important to divide older populations into smaller age 

categories (Ellis & Kvavilashvili, 2000). If age-related decline is seen on the 

healthy community dwelling young-old (aged 60-75 years) then it may be 

assumed that the very old (over 76 years) would also experience such decline and 

perhaps to a greater degree. Consequently, the current study was restricted to 

seniors between the ages of 60 and 75 years. 

       An examination of prospective memory in the aged has not only practical 

implications such as identifying if and when failures occur but theoretical 

implications. Research into the effects of ageing also attempts to inform and 

support theory with regards to why age-related differences exist. Are these 

differences due to cognitive decline (Craik, 1986; McDaniel & Einstein, 2000), 

reduced efficiency in working memory functions (Hasher et al., 1999; Salthouse, 

1994), a reduction in the speed of processing (Salthouse, 1988, 2000), 

deterioration in the prefrontal-lobe (West, 1996) or a combination of all of these 

factors? The answer may become more apparent after the manipulation of 

variables supported by these processes, for example, interruption and planning. 

Demonstrating the effect of interruption and planning on prospective memory 

performance may help to explain why age differences exist on these tasks. In 

addition, interruption and planning have been relatively neglected variables within 

the prospective memory area despite their common occurrence and potential to 

improve performance, respectively. 
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Interruption 

       The real world is filled with interruptions that at times can have catastrophic 

consequences. For example, a telephone call may interrupt individuals and in 

particular, older adults when they had planned to take medications or turn off 

appliances. Failure to perform these tasks may be life threatening. Despite this, 

the effects of an interruption remain a relatively neglected variable in prospective 

memory literature. Few papers have directly addressed the influence of an 

unexpected, external interruption on prospective memory (e.g., person-initated 

interruption unrelated to the ongoing task, Einstein et al., 2003; Mantyla & 

Sgaramella, 1997; McDaniel, Einstein, Graham, et al., 2004). Furthermore, some 

of these studies were conducted on delay-execute prospective memory tasks and 

did not include older adults (i.e., with the exception of West’s 1999 distraction 

study). Subsequently, many questions remain unanswered. Prior to further 

discussion of these studies, Altmann and Trafton’s (2002) goal-activation model 

of interruptions will be presented.  

       In an attempt to understand interruptions, Altmann and Trafton (2002) 

proposed the goal-activation model outlining goal encoding and retrieval. This 

model overlaps with current prospective memory models (viz., automatic 

associative activation model) as it is based upon intentions and their fluctuating 

levels of activation. Many factors influence a goal’s level of activation including 

an interruption. For example, goal activation may decrease when attention is 

directed towards an interruption. This attention requires working memory 

processes which are limited in nature and driven by the prefrontal lobes (Faw, 

2003; Salthouse & Babcock, 1991). The result of a decrease in activation is 
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usually failure to complete the intention. Thus, interruptions can disrupt 

prospective memory performance.  

       Altmann and Trafton’s (2002) goal activation model outlines periods of time 

imperative to understanding the effects of an interruption. An interval between an 

alert (e.g., the phone ringing) and the interruption proper (e.g., the phone 

conversation) has been identified. This period has been labelled the ‘interruption 

lag’ and provides an opportunity to prepare for the interruption (Trafton, Altmann, 

Brock & Mintz, 2003). McFarlane (2002) discovered that individuals may have 

more or less freedom to control the length of the interruption lag, depending on 

the interruption and the ongoing task. Earlier research showed that people show a 

strong tendency to reach a logical stopping point in the ongoing task before 

attending to the interruption thus increasing the interruption lag (Zijlstra, Roe, 

Leonora & Krediet, 1999; Cutrell, Czerwinski & Horvitz, 2000). This behaviour 

aims to facilitate the ability to return to the ongoing task after the interruption is 

dealt with and ultimately reduces the length of time required to recommence the 

tasks. In addition, the alert itself (e.g., the phone ringing) can take any number of 

forms (visual, auditory, etc.), and may provide information about the urgency of 

the interruption and the type of action called for (Stanton & Edworthy, 1999, cited 

in Trafton et al., 2003). Alerts that are unexpected and unable to be identified 

(e.g., a strange noise) may decrease the interruption lag by surprising individuals 

into attending to it immediately. 

       Researchers have also labelled the period between leaving an interruption and 

resuming the primary task, the ‘resumption lag’ (Trafton et al., 2003). This 

resumption lag is critical for the successful return to the ongoing task without 

omission or repetition errors. To be successful an appropriate cue to remember the 
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original task is required otherwise retrieval from long-term memory is necessary 

(Trafton et al., 2003). Retrieval from long-term memory may take time and 

valuable resources at the expense of impending goals. The expense may be greater 

for time-based prospective memory tasks as there is usually no cue available upon 

return from the interruption and so will be reliant upon self-initiated retrieval 

processes (Einstein et al., 1995). Even if prospective memory intentions are not 

retrieved during the resumption lag, another opportunity for retrieval may occur 

during the ‘recovery period’ (Zijlstra et al., 1999). This is the time between 

resuming the ongoing task and when the prospective memory task is to be 

performed.    

       The model suggests two ways in which individuals may use the interruption 

lag (e.g., interval between an alert like the phone ringing and the interruption 

proper or the phone conversation) to prepare for resumption of the ongoing task. 

These strategies are prospective goal encoding and retrospective rehearsal. Both 

strategies aim to increase the activation level of intentions and the ability to return 

to the ongoing task. Prospective goal encoding, similar to what occurs in 

prospective memory tasks, involves suspending a goal while looking ahead to 

determine how to proceed (e.g., ‘now what was I about to do?’). Retrospective 

rehearsal, however, involves playing over the last action taken of the ongoing task 

before the alert occurred. Resumption utilising retrospective rehearsal would 

entail asking oneself ‘now what was I doing?’ Trafton and his colleagues (2003) 

found that not all participants engage in preparation for an interruption and 

suggested that explicit training and practice can overcome the negative effects of 

an interruption (Hess & Detweiler, 1994). Thus, highlighting the importance of 

alerts and the need to build them into situations as they may allow individuals 
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more time to set up salient retrieval cues associated with the ongoing task to 

facilitate return (Altmann & Trafton, 2002).  

       Early work on how prospective memory performance may be affected by an 

interruption was conducted by Mantyla and Sgaramella (1997). In Mantyla and 

Sgaramella’s study, university students were interrupted when attempting to solve 

half of a series of anagrams by being given the solution. Four partially underlined 

anagrams comprised the prospective cue items. Participants were instructed to 

decide whether a subsequently presented target anagram contained the same or a 

different third letter as the underlined letter of the cue item. Zeigarnik-like effects 

were revealed as the cue items that were associated with interruption in the 

anagram task were better reminders than were items that were associated with 

completion (Mantyla & Sgaramella, 1997). The authors accounted for this 

counter-intuitive finding by suggesting that interruption of an ongoing activity 

facilitates subsequent prospective memory performance by increasing the level of 

activation of the intention. The next most notable study in this area is West’s 

(1999). 

       West (1999) allocated younger and older adults to one of four conditions that 

manipulated the presence of a distracter (isolated target versus target + distracter) 

and whether a response was to be made about the current target or the previous 

one (respond immediately versus one-back). When a distracter appeared on the 

computer screen, usually in the box to the left or the right of the target, 

participants were instructed to ignore the distracter and to respond with the 

location of the target (prospective memory task). Only the presence of an 

unpredictable distracter resulted in a reliable disruption in prospective memory 

performance for younger adults whereas older adults were disrupted by both 
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constant and unexpected distracters. Thus providing support for Hasher and her 

colleagues’ (1999) inhibition theory as working memory was not protected from 

the influence of extraneous information (distracters) in older adults. West 

concluded that dividing attention between targets and distracters stretches the 

resources of working memory and leads to goal neglect. West also concluded that 

distractions disrupt both the ability to maintain a coherent stream of goal-directed 

thought and action in younger and older adults whilst the encoding and retention 

of relevant information in older adults. It may be noted that the task of ignoring 

irrelevant information (i.e., the distractor in West’s study) is likely to be different 

to dealing with an unexpected interruption that requires cognitive resources (i.e., 

another task to be performed). Considering that this is a common occurrence for 

many individuals in their everyday lives, it is surprising how this remains a 

neglected area of research.  

       Kvavilashvili, Messer and Ebdon (2001) initiated research into the effects of 

task interruption on prospective memory in children. Children aged four, five and 

seven years were asked to name pictures in four stacks of cards (ongoing task) for 

a toy mole, ‘Morris’. During this task, the children were required to hide pictures 

of animals in a box located behind them and refrain from naming these cards 

(prospective memory task). A cover story was given that ‘Morris’ the mole was 

afraid of other animals. The interruption in this study involved the children getting 

out of their seats and placing the animal cards in a box which occurred either in 

the middle of the stack of cards (interruption condition) or at the end (no 

interruption condition). Kvavilashvili and her colleagues found age effects as the 

older children remembered to hide more animal cards. In addition, there was a 

significant effect of interruption as those children in the ‘no interruption’ condition 
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performed better than those who had to interrupt the ongoing task to perform the 

prospective memory task. These findings suggest that performance on prospective 

memory tasks decline when embedded within an ongoing task due to the demand 

on limited cognitive resources. The children in the interruption condition would 

have been engaged in the ongoing task and may have had few resources to monitor 

for the prospective cue (animal cards), trigger the action (place the card in the box) 

and ultimately interrupt the ongoing task. At the end of the stack of cards, the 

children may have recalled the intention as cognitive resources were freed up. This 

is consistent with McDaniel and Einstein’s (2000) multiprocess framework in 

which the demands from the ongoing task can influence performance. 

       A major limitation of Kvavilashvili and her colleagues’ (2001) interruption is 

that it may be considered an event-based prospective memory task rather than an 

interruption. One of the criteria for prospective memory tasks is that an ongoing 

task usually needs to be interrupted (Ellis, 1996). Their interruption would 

therefore have been investigated in other studies as an event-based prospective 

memory task embedded within a highly demanding ongoing task. Conclusions 

about ‘true’ interruptions, such as someone interrupting the children and engaging 

them in conversation or another task, cannot be made from these findings. 

Consequently, more research needs to be done on external, unexpected and 

realistic interruptions not only in children but adults of all ages. 

       Using a delay-execute prospective memory task, in which performance 

needed to be delayed for a period of time (e.g., 5, 15 or 40s) after the cue was 

encountered, Einstein et al. (2003) and McDaniel, Einstein, Graham, et al. (2004) 

investigated the effects of an interruption on university students. During their 

research, the effects of delay length (5, 15, 40s), the presence of an interruption 
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within that delay, and the length of the interruption (10s and 20s) on delay-

execute prospective memory performance was examined. Participants were 

engaged in a series of one-minute computer-based tasks that lasted over a 32 

minute period involving the answering of trivia questions, solving arithmetic 

problems, choosing the correct synonym etc. Participants were also told that 

whenever they saw a red screen, they should press the slash key on the keyboard 

but not until they completed the current task and the next task was presented 

(delay-execute prospective memory task). The appearance of a message on the 

screen ‘GO TO FOLDER’ signalled the interruption and meant that participants 

were to complete a pattern-comparison task until the message disappeared. 

Einstein et al. and McDaniel, Einstein, Graham et al. found that delay length did 

not significantly affect performance but that interruptions, regardless of length, 

produced significant decrements in performance relative to a delay alone. The 

effects of an interruption were examined further when McDaniel, Einstein, 

Graham, et al. replicated the negative effects of interruptions on participants with 

relatively good working memory resources and were able to overcome the 

detrimental effects of the interruption with a simple external mnemonic (blue dot 

in the bottom of the screen). 

       Einstein and his colleagues (2003) and McDaniel, Einstein, Graham, et al. 

(2004) provided an explanation for their findings that interruptions, regardless of 

length, had a detrimental effect on prospective memory performance. They argued 

that humans have a finite amount of cognitive resources to perform any task. Even 

simple everyday situations require that these resources be divided between 

numerous tasks (e.g., ongoing task, monitoring for prospective memory cues, 

performing prospective memory tasks and potential interruptions). Hence 
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available resources are responsible for prospective memory success or failure 

(Martin & Schumann-Hengsteler, 2001). Thus an interruption will divert available 

resources away from an ongoing task and prospective memory tasks leading to a 

decline in activation and ultimately, performance. This may also be the case when 

participants must divide their attention between two ongoing tasks or multiple 

prospective memory tasks. Speier, Valacich and Vessey (1999) termed the 

detrimental effects of an interruption as ‘information overload’.  

       Einstein et al. (2003) and McDaniel, Einstein, Graham, et al. (2004) 

continued to explain their discrepant findings between the effects of delays versus 

interruptions. People periodically check their memory for uncompleted intentions 

during low (less demanding) periods of the ongoing task. This explains why 

delays do not have a negative impact but interruptions do, because delays allow 

for more memory checks whereas interruptions obstruct them. Therefore, 

interruptions reduce prospective memory performance because attention is 

switched to a new task (interruption) thus suspending the processing of the old 

task (ongoing task and prospective memory task). Prospective memory 

performance may be further compromised when the interruption passes and 

attention is redirected to the old tasks. Einstein and his colleagues propose that it 

is difficult to reactivate the entire set of task demands upon return and only the 

primary goals of the ongoing task may be reactivated immediately while 

secondary goals may be forgotten initially. 

       Cicogna, Nigro, Occhionero and Esposito (2005) have identified another type 

of interruption on prospective memory performance. These researchers suggested 

that an already established time-based prospective memory task may interfere with 

the performance of a more recently encoded prospective memory task (Cicogna et 
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al., 2005). They argue that if the retention intervals of two prospective memory 

tasks overlap, then performance may either suffer or improve. The type of effect 

(e.g., either interference or facilitation) will depend upon the proximity of the two 

target times (e.g., the times at which the tasks needed to be performed). Target 

times that are close together may produce interference for the more recently 

encoded prospective memory task due to a lack of time to reformulate plans 

according to what now needs to be done. Whereas those further apart may 

facilitate performance on both tasks. In addition, when the two tasks were different 

(e.g., event- versus time-based) there was neither interference nor facilitation 

(Cicogna et al., 2005).   

       Although research has begun to investigate the effects of an interruption on 

prospective memory performance (e.g., Cicogna et al., 2005; Einstein et al., 2003; 

Mantyla & Sgaramella, 1997; McDaniel, Einstein, Graham, et al., 2004) little is 

yet known about this variable. For example, it is not known when an interruption 

is most detrimental to prospective memory, or of what magnitude or nature the 

interruption needs to be to cause prospective memory failure, whether older adults 

or non-delay-execute tasks are more prone to its effects or even if an interruption 

improves prospective memory performance by increasing arousal or decreasing 

boredom (Mantyla & Sgaramella, 1997). 

       One important factor that has been neglected by prospective memory research 

is that of the nature or magnitude of the interruption. It is not known whether a 

small interruption (e.g., an unexpected noise) has the same effect as a large 

interruption (e.g., another person giving you another task to do). It is intuitive that 

the larger interruption would be more detrimental to prospective memory 

performance as it would increase the load on working memory. However, the 
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larger interruption may also require a reformulation in the plan to complete the 

prospective memory task (Einstein et al., 2003). For example, the addition of 

another task may render the previous plan obsolete due to time limits or other 

such demands. The interruption could facilitate focussing on the prospective 

memory plan, which will reinstate it into working memory again, thus increasing 

the level of activation. This may result in an improvement in prospective memory 

performance. Research by Hicks, Marsh and Russell (2000) support this claim as 

they found that multiple tasks intervening during the delay between the 

prospective memory instruction and occurrence of the cue improved prospective 

memory performance relative to a single intervening task. The explanation 

provided by Hicks and his colleagues for such findings was that transitions 

between tasks might increase the frequency of thinking about the prospective 

memory intention. 

       Regardless of the size of the interruption, one may assume that an interruption 

requires task switching and there is an extensive literature showing that task 

switching requires resources (Kray, Li & Lindenberg, 2002; Marsh, Hancock & 

Hicks, 2002; Monsell, Sumner & Waters, 2003). Interruptions would therefore 

exact costs related to task switching that would interfere with maintaining 

prospective memory intentions (McDaniel, Einstein, Graham, et al., 2004). Within 

this task switching literature, there is some suggestion that longer interruptions 

lead to greater costs (Trafton et al., 2003; McDaniel, Einstein, Graham, et al., 

2004). Other explanations of the detrimental effect of interruptions have been 

proposed by Mantyla (1996) and Mantyla and Sgaramella (1997). They suggested 

that uncompleted intentions produce a general level of tension that persists until 

the task is performed (e.g., ‘I’ve got something to do’). Such tension is reduced 
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with the need to perform some other task (interruption) therefore leading to 

prospective memory lapses. McDaniel, Einstein, Graham and his colleagues 

contributed to this explanation by suggesting that performing a new task during 

the interrupted activity fulfils this general level intention.  

       The presentation of theory (Altmann & Trafton, 2002; Hasher et al., 1999) 

and research (Cicogna et al. 2005; Einstein et al., 2003; Kvavilashvili et al., 2001; 

Mantyla & Sgaramella, 1997; McDaniel, Einstein, Graham, et al., 2004) related to 

interruptions and their effect suggests that the variable is complex. Further 

research is required to determine how certain types of interruptions will affect 

particular types of prospective memory performance. Thus, the current study has 

investigated realistic and unexpected interruptions unrelated to the ongoing task 

within a complex prospective memory paradigm. This interruption was expected 

to increase participants’ cognitive load, decrease the activation of the intention 

(Altmann & Trafton, 2002) and reduce prospective remembering. In addition, the 

current study aimed to contribute to the field by investigating for the first time the 

effect of such an interruption on older adults. As interruptions are a part of 

everyday life, it is important to gain a better understanding of how they may be 

overcome. Planning may prove useful in overcoming the disruptive effect of 

interruptions and is therefore an independent variable of interest in this study.  

Planning 

       Prospective memory failures have real-life implications not only within the 

home but the workplace. Developing strategies to overcome these failures may 

reduce the financial costs of supporting older adults to live independently as well 

as workplace accidents. Despite these potential benefits, the development of 

effective strategies to overcome everyday prospective forgetting has until 
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recently, been a relatively neglected area in the literature. Few papers have 

addressed how prospective memory may be improved (Chasteen, Park & 

Schwarz, 2001; Einstein et al., 2003; Gollwitzer & Brandstatter, 1997; Kliegel et 

al., 2000; McDaniel, Einstein, Graham, et al., 2004; McDaniel, Einstein, Guynn, 

et al., 2004). Furthermore, a number of these studies were conducted on delay-

execute prospective memory tasks (Einstein et al., 2003; McDaniel, Einstein, 

Graham, et al., 2004) which may differ from non-delay tasks. Prior to further 

discussion of these studies Shallice’s (1982, 1988) information processing model 

will be presented briefly to provide a theoretical understanding of planning.  

       Definitions of planning describe it as the mental representation and/or the 

behavioural execution of actions aimed at achieving a future goal (Stuss & 

Benson, 1986). Argument exists, however, over when planning occurs. More 

recent evidence suggests that planning occurs both prior to action and is called 

‘preplanning’ (Stuss & Benson, 1986) and during action which is termed 

‘opportunistic or on-line planning’ (Hayes-Roth & Hayes-Roth, 1979; Phillips, 

Wynn, Gilhooly, Della Sala & Logie, 1999, respectively). The information-

processing model of brain function described by Shallice (1982, 1988) outlines 

how planning is performed via two main components. One component, termed 

‘contention scheduling’ operates in routine situations (Shallice & Burgess, 

1991b). It works quickly and always selects the same response (Shallice, 1982). In 

contrast, the component called the ‘Supervisory Attentional System’ (SAS) 

operates when a person is faced with a non-routine, or novel situation (e.g., when 

planning; Shallice & Burgess, 1991b). This component is more flexible in 

selecting responses, requires greater resources, operates more slowly and has less 

capacity than the contention scheduler (Shallice, 1980 cited in Baddeley, 2002). It 
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is also the only part of the model that is linked to the prefrontal-lobe as it performs 

executive functions by inhibiting or activating particular schemata. The SAS has 

also been included in theories of prospective memory (Burgess & Shallice, 1997; 

Ellis, 1996). 

       A number of studies have investigated how planning may influence 

prospective memory performance. Gollwitzer (1999) coined the term 

‘implementation intentions’ to explain how individuals may improve the 

attainment of goals. Implementation intentions link anticipated critical situations 

to goal-directed responses (e.g., “whenever situation x arises, I will initiate the 

goal-directed response y”). Thus transferring the control of goal-directed 

responses to anticipated situational cues, which when encountered, elicit these 

responses automatically. Gollwitzer’s implementation intentions are consistent 

with the automatic associative activation model of prospective memory 

(McDaniel et al., 1998). Therefore it may be assumed that older adults in 

particular would benefit from forming implementation intentions as they would no 

longer need to rely upon effortful, strategic processes to initiate prospective 

memory intentions. 

       Implementation intentions have been found to be more effective when 

specific rather than vague goals are set (e.g., ‘buy milk when picking up the dry 

cleaning’ versus just ‘buy milk’; Gillhom, Ettema, Selart & Garling, 1999; 

Gollwitzer & Brandstatter, 1997; Locke & Latham, 1990). Gollwitzer and 

Brandstatter (1997) found this with university students who had either formed 

implementation intentions or not about two projects (one easy and one difficult to 

initate) they were going to achieve during the upcoming vacation. They also 

found that implementation intentions have a strong facilitating effect only on an 
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intention that is difficult to initiate. Outlining the when, where and how of 

intentions increases the activation of the intention and provides more cues for 

retrieval (McDaniel et al., 1998). Also, the removal of distractions or competing 

temptations that may derail goal pursuit may increase goal attainment (Gollwitzer, 

1999). In addition, Gollwitzer proposed that strong links may be achieved in one 

mental act but should benefit from mental rehearsal.   

       Following on from Gollwitzer’s research, Chasteen and her colleagues (2001) 

investigated whether implementation intentions could be used to improve 

prospective memory performance in older adults. As hypothesised, older adults 

who formed an implementation intention were more than twice as likely to self-

initiate the prospective memory task (i.e., writing down the day of the week on 

every sheet of paper received during the experiment) than older adults who either 

were merely instructed to do so, had more time to think about the intention or 

actively rehearsed the instruction. It was concluded that older adults benefit from 

forming implementation intentions as these intentions are likely to increase the 

reliance on automatic processes which do not decline with age (Chasteen et al., 

2001; McDaniel & Einstein, 2000). However, this finding is based upon one 

prospective memory task performed repeatedly. In addition, writing the day of the 

week on each sheet of paper is not a task performed in everyday life and is thus, 

an unusual cue-action pairing. Older adults would of course, benefit from 

strengthening the cue-action pairing when forming the implementation intention. 

The question is then raised of why rehearsal of instructions and having time to 

think about the task did not also improve performance. 

       The deficits that older adults experience during the performance of 

prospective memory tasks may be due to a disinclination to rehearse (McDaniel et 
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al., 2003). For example, older adults may not be aware of the need to engage 

rehearsal to maintain the prospective memory task in awareness if the cue is 

presented briefly. This metamemory problem would be overcome with 

instructions to engage in rehearsal however this did not occur in Chasteen and her 

colleagues’ (2001) study. Alternatively, limited resources in the way of basic 

capacity limitations and/or increased susceptibility to distractions that older adults 

experience (Craik, 1986; Craik & Byrd, 1982; Hasher & Zacks, 1988) may not 

enable them to effectively sustain rehearsal of the intention. If both explanations 

are valid, then rehearsal instructions should overcome the disinclination to 

rehearse, but the resource limitations of older adults would attenuate effective 

rehearsal as the demands of the tasks increased. Thus, rehearsal instructions may 

not be effective for all tasks during complex and demanding prospective memory 

paradigms such as the one adopted in the current thesis. 

       McDaniel and his colleagues (2003) investigated the possible reasons why 

older adults failed to rehearse prospective memory tasks. Studying younger adults 

aged between 18 to 21 years and older adults ranging in age from 56 to 79 years, 

McDaniel and his colleagues had participants perform a variety of ongoing tasks 

such as trivia questions, reading comprehension and synonym problems. The 

prospective memory task required participants to press the ‘l’ key if they 

encountered the words ‘technique’ or ‘system’ but not until they reached the trivia 

phase of the experiment which occurred intermittently. Thus, a delayed-execute 

prospective memory task was utilised. One group of older adults were instructed 

to rehearse due to the difficulty of maintaining intentions over brief delays. Thus, 

they were instructed to rehearse the association ‘trivia-press key’ whenever they 

saw a target word. As additional support participants received a reminder to 
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rehearse in the form of the word ‘REHEARSE’ flashing on and off three times at 

the bottom of the screen during the presentation of a target sentence. Participants 

in the younger and older control groups were simply given the general prospective 

memory instructions with no mention of rehearsal. 

       McDaniel and his colleagues (2003) not only found age-related decrements in 

prospective memory performance when participants had to delay executing a cued 

intention for intervals that were 15 seconds or shorter but they also found that the 

performance of older adults remained poor even when the delay was as brief as 5 

seconds and was not filled with any distracter activity. The older adults instructed 

to rehearse failed to perform as well as the younger adults in the control condition 

at every type of delay. The researchers (McDaniel et al., 2003) concluded that 

older adults are unable to effectively maintain intentions over brief delays due 

possibly to declining working memory resources (Craik & Jennings, 1992) and 

problems in inhibiting task-irrelevant information (Hasher & Zacks, 1988). Such 

reduced capacities would limit the ability of older adults to effectively sustain 

rehearsal processes in the face of distracting activities and throughout a delay 

interval (McDaniel et al., 2003). 

       Because McDaniel and his colleagues (2003) also found that older adults 

instructed to rehearse performed better than older adults not given such 

instructions, it may be concluded that older adults are less inclined to 

spontaneously rehearse intended actions over delay intervals. This effect was 

significant even when the delay was only 5 seconds long and unfilled (most 

favourable condition to active maintenance). The inability or unwillingness of 

older adults to engage spontaneously in planning for prospective memory tasks 

has been found by other researchers (Craik & Jennings, 1992; Einstein et al., 
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2003; Kliegel et al., 2000). Even with instructions and reminders to rehearse (e.g., 

the word ‘REHEARSE’ flashing on and off three times at the bottom of the screen 

during the presentation of a target sentence) older adults were unable to perform 

as well as younger adults. Reminders to rehearse would be rare or nonexistent in 

real life situations. For example, older adults would not see the word 

‘REHEARSE’ flashing on their ovens or television screens when the telephone 

rang. This strategy may therefore be ineffective in improving prospective 

remembering on all tasks. Another explanation proposed by the authors 

(McDaniel et al., 2003) for why older adults are disinclined to rehearse may be 

due to the older adults’ inaccurate judgements of learning that are made 

immediately after study, as the prospective memory task can be so easily and 

accurately accessed at that time (Dunlosky & Nelson, 1997). 

       Building upon their work with rehearsal and delayed-execute prospective 

memory tasks, McDaniel and his colleagues (2003) proposed that if older adults 

are unable to maintain active rehearsal over a delay, then their performance should 

be more dependent on favourable conditions present at initial retrieval (first 

seeing the prospective cue) and retrieval of the action after the delay (when the 

task needs to be performed). For example, older adults may rely on retrieval from 

long-term memory at the end of the delay and may engage in reformulation of 

their plans (associating the target and action upon encountering the target) (Guynn 

et al., 1998). To test this assumption, McDaniel and his colleagues varied the 

resources available to younger and older adults when the prospective cue was 

presented and at the completion of the delay (retrieval of the task for action), thus 

expecting older adults to be affected more adversely.  



 56

       To achieve their aim the researchers introduced a second task (digit-detection 

task) during the presentation of the target word thus producing a divided attention 

manipulation and a higher demand on resources (McDaniel et al., 2003). This 

aimed to reduce participants’ ability to reformulate the intention and was found to 

be effective in reducing prospective memory performance in older adults. In 

conjunction with this, the execution of the prospective memory task was signalled 

by either a break in the ongoing activity or the onset of a different task (trivia 

quiz). When the intention was signalled by a break rather than another task it was 

found that prospective memory performance significantly improved for older 

adults (age ranged from 60 to 80 years) but not for younger adults (age ranged 

from 19 to 22 years) (McDaniel et al., 2003). Thus, the break allowed older adults 

to retrieve the intended action either through self-initiated (Craik, 1986) or more 

spontaneously prompted processes (Einstein & McDaniel, 1996). In sum, older 

adults’ performance was more dependent on favourable conditions present at 

initial retrieval (first seeing the prospective cue) and retrieval of the action after 

the delay (when the task needs to be performed) indicating an inability to maintain 

active rehearsal over a delay. Consequently, the higher the overall demand on 

resources, the less effective instructions to rehearse may be for older adults. 

       The ability to prevent prospective memory failure was investigated further by 

Einstein and his colleagues (2003) using a similar paradigm as McDaniel and his 

colleagues (2003). University students performed a variety of ongoing tasks such as 

trivia questions, reading comprehension and synonym problems. A digit-load task 

(e.g., recall the previous 6 digits) was added to divide attention during either the 

delay and execution phases or the non-prospective memory trials. The event-based 

prospective memory task required participants to press the ‘slash’ key when a red 
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screen appeared but not until they finished the current task (delayed-execute 

prospective memory task). Participants were interrupted twice by a message on the 

computer screen saying ‘go to FOLDER’, in which participants had to switch to a 

pattern-comparison test until the message disappeared. In the first experiment, 

Einstein and his colleagues found that interruptions as short as 15 seconds were 

disruptive to prospective memory performance. In experiment 2, Einstein and his 

colleagues added a rehearsal group that was explicitly warned about the difficulty of 

maintaining intentions over brief delays and instructed to actively rehearse the 

phrase ‘task change-press key’ over the delay period (after encountering the cue but 

before the action can be performed). Once again, there were no significant benefits 

to warning participants and instructing them to rehearse. 

       Experiment 3 in Einstein and his colleagues’ (2003) study involved 

investigating another strategy to improve prospective memory performance; 

implementation intentions (Gollwitzer, 1999). Participants in the implementation 

intention condition were told to visualise a task change and then to imagine 

themselves pressing a slash key immediately following the change. To help them 

remember this strategy the phrase ‘task change, press slash key’ appeared on each 

red screen. Participants were given 6 seconds to form an implementation intention 

when the prospective cue appeared (e.g., the red screen). The results revealed that 

implementation intentions did not improve prospective remembering for the 

University students. Einstein and his colleagues (2003) concluded that it is difficult 

to improve memory for briefly delayed intentions in demanding task settings with 

cognitive strategies. This is consistent with Chasteen and her colleagues’ (2001) 

study which also showed that implementation intentions did not improve 

prospective memory performance when salient cues were available. The 
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simultaneous appearance of a red screen and instructions, ‘task change, press slash 

key’ may be considered salient cues. Implementation intentions may therefore have 

not been effective as resources were not needed to search for cues of low salience. 

Alternatively, implementation intentions may not be effective with delay-execute 

prospective memory tasks. 

       In a final attempt to improve prospective memory performance, McDaniel, 

Einstein, Graham and his colleagues (2004) investigated the effect that a 

noticeable external signal associated with the uncompleted intention may have on 

completion of the intention after a brief interruption. The aim was to overcome the 

negative effects of a brief interruption using an external technique. McDaniel, 

Einstein, Graham and his colleagues decided against using simple rehearsal or 

forming implementation intentions at the outset of the interruption as Einstein and 

his colleagues (2003) found these techniques unproductive with delayed-execute 

tasks in demanding divided attention conditions. It was suggested that participants 

may not have been able to rehearse the intention and keep it in focal awareness 

when interrupted. Thus an external signal, such as the green plate placed on the 

table in Sharps and Price-Sharps’ (1996) research with older adults, was 

considered an effective prospective memory reminder.           

       Utilising the same methodology as in their research on interruptions, 

McDaniel, Einstein, Graham, et al. (2004) introduced an external reminder. The 

offset of the red screen (prospective memory cue) was accompanied by the onset 

of a small but noticeable blue dot (external reminder) positioned in the lower 

right-hand corner of the display. Participants (viz., university students) were 

informed that the blue dot was a reminder to press the slash key but after 

completion of the current task (delay-execute task). Results indicated that the 
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negative effects of the interruption could be completely overcome with the simple 

external mnemonic. Implications for real-world settings were discussed in light of 

the suggestions that effective external reminders are those that are used relatively 

infrequently in order to remain distinct (McDaniel, Einstein, Graham, et al., 

2004). 

       Although delay-execute prospective memory tasks are a part of everyday life, 

they are not the only type of prospective remembering. On an average day, older 

adults would not always need to delay the execution of a prospective memory task 

especially if no time pressures exist. It is therefore also important to investigate 

the effects of planning or strategy use amongst older adults on non-delay tasks. 

McDaniel and his colleagues (2003) examined their computer-based paradigm 

minus the delay and found no age-related decrements. This may be due to the 

simple nature of their one prospective memory task (i.e., press a key when a target 

word appears).  

       Although McDaniel, Einstein, Graham, et al (2004) found an external 

reminder effective in improving event-based prospective memory performance, 

many questions remain. For example, how effective would this strategy be with 

older adults on naturalistic, non-delay-execute tasks? Would older adults need to 

rely upon an external reminder to perform everyday prospective memory tasks? 

Potential implications for such reliance may be the reduced confidence and self-

esteem of older adults as well as the reduction in internal strategy use. The ‘use it 

or lose it’ argument would propose that practice and continued use of internal 

strategies result in the maintenance of good memory functioning (Bjork & Bjork, 

1992). Thus, research needs to be aimed at encouraging older adults to remain 

active in prospective remembering and not to surrender or lose their capabilities. 
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The current study attempted to initiate the exploration into this possibility by 

allowing younger and older adults to spend 5 minutes taking notes and planning 

how best to remember the tasks. Five minutes was adopted based on research by 

Zhao, Yang, Qin and Guo (2003) who found that only the first 5 to 6 minutes after 

instructions are given are crucial in encoding and planning. Time to plan may 

increase the activation of the prospective memory tasks and allow the setting up 

of cues to act as reminders. The written plans of younger and older adults could 

then be compared for any differences (Kliegel et al., 2000).  

       Kliegel and his colleagues (2000) manipulated a prospective memory task to 

enable them to compare the plans of younger and older adults. There were three 

phases to the experiment; introduction, delay and execution. During the introduction 

phase participants were informed of the prospective memory tasks and required to 

develop a plan and record it on a cassette tape. The first prospective memory task 

was to remind the experimenter, at the end of the entire experiment, to return a 

personal belonging (viz., wristwatch). In addition, participants were told that after 

they filled out a personal information questionnaire (prospective cue) they needed to 

initiate another more complex prospective memory task; the modified six-elements 

task (Shallice & Burgess, 1991a). The delay phase involved the assessment of 

individual-difference variables such as working memory (remembering the last 

word of each sentence in a series), retrospective memory (recalling action phrases) 

and inhibition (Stroop). After completion of the working memory test, participants 

had to recall their plan. This occurred approximately 25 minutes after the plan had 

been developed. The third phase was the performance phase. Participants were 

given the participant information questionnaire and after having answered the 

question about their date of birth, participants needed to self-initiate the prospective 
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memory task (viz., six elements task). After being briefed by the experimenter, it 

was noted whether the participant asked for their personal belonging. 

       The elaborateness of the plan was analysed in terms of a score that included 

three main features (Kliegel et al., 2000). The first feature was the number of rules 

included in the participant’s plan. For example, incorporating rules about only being 

allowed to do two tasks of the same type in sequence was considered to be a more 

elaborate plan. The number of times a participant specified a particular order for 

performing a task by giving a reason for this step was also given a point. The third 

feature involved the number of executable items of the plan and how much time the 

participant expected to spend on each step. The plan-elaboration score was the sum 

of the number of features included in the plan. It was found that older participants 

failed to produce many thoughts about their own preferences nor did they generate 

cues to signal when to interrupt an ongoing subtask in order to initiate another one 

(Kliegel et al., 2000). Younger participants did incorporate these elements in their 

plans and outperformed older adults. In addition, older adults given the opportunity 

to plan performed significantly better than older adults without this opportunity. 

        Age-related declines were found in planning, initiating and executing the set of 

tasks. In contrast, there were no age differences in plan retention and the fidelity 

with which the plan was performed. The authors suggest that the good execution of 

a plan with more complex actions, requires the plan to be reinstated into working 

memory at points during execution to guide and monitor execution of the task 

(Kliegel et al., 2000). Those with greater working memory capacity (presumably 

younger adults) and easy to remember plans will be more efficient in this process. 

However, older adults may have been better off with less elaborate plans. Because 

the six-elements task is highly dependent on quick performance, a process that 
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declines with age (Salthouse, 1988, 2000), older adults needed to take this factor 

into consideration when developing their plans. The discrepancy in plan elaboration 

found between younger and older adults may have been necessary if the older adults 

were to optimise their performance because the larger the plan, the more that needed 

to be searched through during the timed task. Older adults may therefore have been 

better off with less elaborate plans that they were confident in being able to execute.  

       Although Kliegel and his colleagues (2000) instigated research into the 

complex processes involved in planning prospective memory tasks, their study is 

limited by the artificial nature of their experimental design. It may be argued that 

the six-elements task (Shallice & Burgess, 1991a) is not similar to everyday tasks 

that individuals, especially older individuals, would engage in. Subtasks included 

word finding, solving arithmetic problems and writing down the names of 

pictures. Normally, such tasks would be performed more often by the 

undergraduate students than by the older participants in this study, thus 

disadvantaging the older participants. Disengaging from a subtask to initiate 

another one may therefore have been more difficult for older adults due to the 

tasks being more challenging for them. To overcome these limitations, the current 

study utilised a more naturalistic task familiar to both younger and older adults. 

For example, searching for ingredients, looking in a recipe book and recording a 

television program are everyday tasks that most individuals would be familiar 

with. The emphasis on speed was also removed to allow a more accurate measure 

of planning in older adults.  

       There are various suggestions regarding how to optimise planning. Research 

by Ellis and Milne (1996) suggests that by increasing the specificity of the plan in 

terms of the particular cue that will trigger action, the better the prospective 
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memory performance. This is consistent with the ‘specificity effect’ identified by 

Einstein and his colleagues (1995). The ‘specificity effect’ proposes that 

recognition of cues at test, and thus prospective memory performance, should be 

enhanced by the provision of specific rather than general instructions at encoding. 

This effect may be transferred to planning. The more specific the plan regarding 

recognition of the cue and disengagement of the ongoing task, the more quickly 

the cue will trigger the action (Ellis & Milne, 1996). Research by Guynn and her 

colleagues (1998) supports the ‘specificity effect’ as they found that reminders 

which strengthen the association between the target event and the intended action 

were more effective than reminders that presented only the target event or only the 

intended action. Hence, the written plans of younger and older adults in the 

current study were compared based on the number of prospective memory tasks 

written down and the number of points regarding how to remind themselves about 

these tasks. 

        Overcoming prospective memory failures has become the focus of recent 

laboratory-based research (e.g., Einstein et al., 2003; McDaniel, Einstein, 

Graham, et al., 2004). Further research is required however, to determine how 

planning can be used to improve the performance of everyday tasks. Thus, the 

current study has investigated a simplistic planning intervention in the 

performance of everyday tasks within a complex prospective memory paradigm. 

The ability to improve non-delay prospective memory performance was 

investigated and the planning intervention was operationalised to enable an 

examination of age-related differences in planning ability. Planning was expected 

to increase the activation of the intention (McDaniel et al., 1998) and improve 

prospective remembering. Such research would guide the rehabilitation of 
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individuals with poor prospective memory abilities and in particular, older adults 

who are at risk of losing their independence within the community. For example, 

if it was found in the current study that older adults failed to develop elaborate 

plans and had difficulties initiating their plans in a more naturalistic environment, 

then memory training could focus on these aspects of memory performance. 

However, if older adults are able to perform at the same or a similar level to 

younger adults merely after being given the opportunity to plan then it may be 

concluded that external aids are not the only feasible strategy available.  

       Considering the mixed findings with regards to naturalistic versus laboratory 

studies, age-related differences versus no difference, interruptions disrupting 

versus facilitating performance and the beneficial effects of only some strategies 

(e.g., external reminder cues), a better understanding of the cognitive processes 

involved may help explain these discrepancies. Thus, another purpose of the 

current study was to investigate whether and which prefrontal processes are 

involved in prospective memory (West, 1996). The current study has attempted to 

be more systematic in its approach to examining the evidence for the prefrontal 

model by integrating an experimental design and a neuropsychological component 

in the examination of prospective memory in younger and older adults.  

Prefrontal Functioning and Prospective Memory 

       As mentioned previously, one main theme with continued interest in the field 

of prospective memory is the contribution from neuropsychology. These 

contributions have led to the common belief that successful prospective 

remembering relies on the operation of a number of different cognitive processes 

including working memory, planning, attention, inhibition and action control 

(Dobbs & Reeves, 1996; Ellis, 1996). Burgess (2000) has suggested that these 
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processes are commonly described as ‘executive’ processes driven by the 

prefrontal-lobe (Faw, 2003; Shimamura, Janowsky & Squire, 1991). The 

prefrontal model (West, 1996) has emerged from the growing research in this area 

which has utilised Positron Emission Tomography (Burgess, 2000; Burgess, Scott 

& Frith, 2003; Burgess, Veitch, de Lacey Costello & Shallice, 2000; Grady, 2000; 

Okuda et al., 1998), Event Related Potentials (see West & Covell, 2001; West, 

Herndon & Ross-Munroe, 2000 for reviews), brain injured patients (TBI; Groot, 

Wilson, Evans & Watson, 2002, Maujean, Shum & McQueen, 2003; Shum et al., 

2004), older adults (Kliegel et al., 2004, 2003a; West & Craik, 2001) and 

neuropsychological measures (Kliegel et al., 2002; Marsh & Hicks, 1998; 

McDaniel, Glisky, Rubin, Guynn & Routhieaux, 1999). These studies have all 

implicated the prefrontal-lobe in the successful functioning of prospective 

memory. 

       Initial evidence for the involvement of the prefrontal lobes and executive 

processes in prospective memory performance comes from studies utilising various 

neuropsychological measures. A study by McDaniel and his colleagues (1999) 

examined prospective remembering by dividing older adults (age range = 66 to 85 

years) into four groups on the basis of their scores on two composite measures. One 

measure assessed frontal lobe function and the other assessed medial temporal lobe 

function. The medial temporal lobe factor was based on a composite measure 

derived from Logical Memory I, Verbal Paired Associates I (VPA-I) and Visual 

Paired Associates II from the Wechsler Memory Scale-Revised (WMS-R) and 

Long-Delay Cued Recall from the California Verbal Learning Test (CVLT). The 

frontal factor was based on a composite measure derived from the number of 

categories achieved on the modified Wisconsin Card Sorting Test (WCST), the total 
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number of words generated on the Controlled Oral Word Association Test 

(COWAT), Mental Arithmetic from the Wechsler Adult Intelligence Scale-Revised 

(WAIS-R), Mental Control and Backward Digit Span from the WMS-R. Variance 

attributable to age was removed prior to the factor analysis. 

       Based on scores of these composite measures, participants were divided into 

high and low functioning for each system and were tested on an event-based 

laboratory prospective memory task. The ongoing task was a multiple choice test of 

general knowledge where participants indicated their answers by pressing keys on 

the keyboard. The prospective memory task involved participants pressing the F8 

key whenever they saw the words ‘president’ or ‘state’ within the multiple choice 

questions. The results indicated that high-functioning frontal participants showed 

better prospective remembering than low-functioning frontal participants (McDaniel 

et al., 1999). Thus the frontal lobes were implicated in prospective memory 

performance. There was no significant difference in prospective memory 

performance attributable to medial temporal-lobe functioning. 

       More recent research has attempted to investigate which processes underlie the 

different types of prospective memory tasks (viz., event-, time- and activity-based 

tasks) and whether these processes are influenced by age (West & Craik, 2001). In 

West and Craik’s study, 40 younger and 40 older adults completed an ongoing task 

that required them to either press a key identifying the colour of the word presented 

in the middle of the computer screen or the category to which the word belonged 

(i.e., animal, plant etc.). The prospective memory task involved pressing particular 

keys to identify perceptual differences in the words (i.e., red or blue uppercase) or 

semantic differences (i.e., a vegetable or a building part). Prospective memory was 

better for younger than older adults and for perceptual than semantic prospective 
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memory cues. Hierarchical regression analyses revealed that age-related differences 

in this event-based prospective memory task were mediated by the cognitive 

resources of processing speed (as measured by the Digit Symbol Substitution Test; 

WAIS), inhibitory control (as measured by the Stroop task) and working memory 

(as measured by the Self-Ordered Pointing Test). 

       Kliegel and his colleagues (2003a) have attempted to identify the processes 

underlying both event- and time-based prospective memory tasks. A sample of 40 

younger adults and 40 older adults completed an event- and time-based prospective 

memory task as well as five executive functioning tests (viz., WCST, Plan a Day 

(PAD), Stroop, Tower of London (TOL), S-Word). A similar paradigm to the one 

developed by Einstein and his colleagues’ (1997) was utilised. Participants were 

engaged in a digit monitoring and word rating task. They were required to press a 

lever when they saw the digit 9 whilst simultaneously rating words. The event-

based task involved pressing the slash key whenever they saw a word originally 

presented in yellow. A hierarchical multiple OLS regression analysis revealed that 

prospective memory performance depends largely upon age-related individual 

differences in executive functions. It was found that their event-based task required 

inhibition to avoid distraction from irrelevant items (as measured by the Stroop) 

whilst their time-based task required the flexible shifting of cognitive sets (as 

measured by the WCST) (Kliegel et al., 2003a). Thus, different processes may 

underlie specific event- versus time-based tasks and these processes decline with 

increasing age.  

       Both Kliegel and his colleagues (2003a) and West and Craik (2001) conducted 

regression analyses on their data. These analyses enabled the researchers to test 

whether cognitive processes (i.e., processing speed, inhibitory control, working 
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memory, executive functioning etc.) could predict prospective memory 

performance. Significant relationships between prospective memory performance 

and cognitive processes were found even when the age groups were not separated 

(Kliegel et al., 2003a; West & Craik, 2001). However, separating the age groups 

would provide a more reliable picture of the relationship between prospective 

remembering and cognitive functioning. A greater number of participants in the 

current study would allow separate analyses for each age group and prevent 

spurious correlations from arising due to the age effect.  

       The involvement of prefrontal processes in prospective memory performance 

has also been examined with TBI patients (Maujean et al., 2003). In an investigation 

of the influence of cognitive demand in event-based prospective memory 

performance, Maujean and her colleagues recruited 14 individuals with severe TBI 

and 14 matched controls. The ongoing task was a lexical-decision task with two 

levels of cognitive demand (viz., low and high). Whilst performing this task 

participants were also required to press a specific key on a response pad whenever a 

four-letter animal word appeared. As hypothesised, the TBI group performed more 

poorly than the control group on the prospective memory task in the high but not in 

the low demand condition. In addition, this event-based prospective memory task 

correlated significantly with two of the three administered prefrontal measures (viz., 

Letter Number Sequencing Test (LNST) and the COWAT). The TOL-4 was not 

significantly correlated to Maujean and her colleagues’ (2003) event-based task. 

Consequently, it was concluded that working memory and cognitive fluency may be 

involved in prospective memory whilst the prefrontal process of planning was not 

implicated. 
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       Shum and his colleagues (2004) investigated the contribution of prefrontal-lobe 

processes in all three types of prospective memory tasks (i.e., time-, event- and 

activity-based tasks) with schizophrenia patients. Two groups of participants 

(healthy adults and schizophrenia patients) took part in the study ranging in age 

from 20 to 50 years. The ongoing task required participants to answer general 

knowledge questions on a computer. The time-based task involved contacting the 

experimenter via intercom every 5 minutes to report their cumulative score on the 

ongoing task. Time could be monitored by pressing the space bar as often as 

desired. Participants were also asked to contact the experiment if they saw the word 

‘police’ in the general knowledge questions (event-based task). The activity-based 

task was also conducted every 5 minutes when the computer screen went blank at 

which point participants needed to press the space bar to reactivate the computer. 

Performance on the activity-based task was superior to the event-based task, which 

in turn was superior to the time-based task. Shum and his colleagues suggested that 

these findings were due to the underlying processes of the three tasks as time-based 

tasks require self-initiated retrieval and interruption of an ongoing task whilst event-

based tasks require only an interruption of the ongoing task and activity-based tasks 

require neither of these processes (Kvavilashvili & Ellis, 1996).  

       Shum and his colleagues (2004) also found correlations with prefrontal 

measures (i.e., Design Fluency Test (DFT), TOL-4 and the WCST) and the 

prospective memory tasks for the schizophrenia patients only. Performance on the 

time-based prospective memory task was found to correlate significantly with 

performance on the TOL-4 (planning ability) whilst performance on the event-based 

task correlated significantly with the DFT (spontaneous flexibility). These findings 

provide further evidence that the prefrontal lobes and more specifically, executive 
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processes (viz., cognitive fluency and planning) are involved in prospective 

memory performance.   

       These contributions from neuropsychology have added significantly to our 

understanding of prospective memory. Despite these recent advancements in the 

field, we are far from drawing definite conclusions especially in relation to older 

adults. For example, the age groups have varied between studies. Shum and his 

colleagues (2004) recruited schizophrenia patients and controls aged between 20 

and 50 years whilst McDaniel and his colleagues (1999) utilised older adults aged 

between 66 to 85 years. The current study has recognised the shift towards dividing 

older participants into specific age bands (Huppert et al., 2000) and thus, has 

recruited seniors between the ages of 60 and 75 years to make the age range 

narrower and the sample more homogenous. Furthermore, the sample size in some 

previous studies has been relatively small. Maujean and her colleagues’ (2003) 

acknowledged that with only 14 TBI patients the generalisability of their findings is 

limited as is the reliability and strength of their correlational analyses between the 

prefrontal measures and the event-based task.  

       Nevertheless, from these studies it appears that a trend towards investigating 

the prefrontal processes underlying specific prospective memory tasks (i.e., time-, 

event- and activity-based tasks) has developed. As suggested by McDaniel and 

Einstein (2000), task characteristics such as saliency of the cue, task demand and 

focal processing of the cue within the ongoing task may influence which processes 

are required to preform the task. Consequently, the prefrontal processes driving a 

specific laboratory-based task may not completely overlap with those involved in 

the performance of specific everyday tasks. Thus, the studies mentioned above may 

not apply to real life settings because participants were engaged in key-pressing 
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tasks on a computer. The extent to which prefrontal processes are involved in the 

performance of prospective memory tasks around the home remains unanswered.  

       To examine the involvement of prefrontal processes in prospective 

remembering, six prefrontal processes were identified as being vital to prospective 

memory performance; planning, inhibition, cognitive fluency, cognitive flexibility, 

set shifting and working memory. Assessment of these executive processes was 

guided by previous research (Groot et al., 2002, Kliegel et al., 2004; Kliegel et al., 

2002; Kliegel et al., 2003a; Marsh & Hicks, 1998; McDaniel et al., 1999; Shum et 

al., 2004; West & Craik, 2001) and theory (Hasher et al., 1999; Salthouse, 1988; 

West, 1996). Based on this review, an extensive array of prefrontal measures was 

administered. These measures included the Stroop Color Word Interference Test 

(Stroop), the fourth version of the Tower of London (TOL-4), Controlled Oral 

Word Association Test (COWAT), Trail Making Test-Part B (TMT-B), Wisconsin 

Card Sorting Test (WCST) and Letter Numbering Sequencing Test (LNST) of the 

WAIS-III.       

       Inhibition has been implicated in prospective memory performance 

(Cockburn, 1995; Groot, et al., 2002; Kliegel et al., 2003a; West & Craik, 2001). 

It has been suggested that irrelevant information needs to be inhibited to enable 

prospective memory cues to be noticed and ultimately trigger the prospective 

memory action. According to Hasher and her colleagues’ (1999) inhibition theory, 

this process is vital in keeping the contents of working memory clear and 

uncluttered. To this experimenter’s knowledge, only one measure of inhibition has 

been administered within the prospective memory area and was found to be 

related to prospective memory; the Stroop (Cockburn, 1995; Groot, et al., 2002; 
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Kliegel et al., 2003a; West & Craik, 2001). The current study has therefore 

utilised the Stroop to assess inhibitory processes. 

       As mentioned previously, planning has been implicated in prospective 

memory performance (Cockburn, 1995; Kliegel et al., 2002; Shum et al., 2004). 

This prefrontal process may improve prospective remembering by increasing the 

level of activation of the intention (McDaniel & Einstein, 2000). Planning 

involves the opportunity to think about the intention, strengthen the association 

between the cue and the action and devise a strategy to aid recall. Adequate 

planning may even prevent the need for effortful monitoring of the cue (McDaniel 

& Einstein, 2000). Considering that some participants in the current study were 

given the opportunity to plan, this process was an important one to measure. Of all 

the planning measures utilised in prospective memory research, the TOL and 

TOL-4 have been the most common and promising measures (Cockburn, 1995; 

Kliegel et al., 2002; Shum et al., 2004). Thus the TOL-4, a prefrontal measure of 

planning was used to predict prospective memory performance.  

       Cognitive fluency or the ability to conduct directed searches is another 

prefrontal process implicated in prospective remembering (Cockburn, 1995; Groot 

et al., 2002; Maujean et al., 2003; McDaniel et al., 1999; Shum et al., 2004). 

When a prospective cue is encountered individuals are required to conduct a 

search of memory to ascertain the significance of the cue. The noticing plus 

search model of prospective memory highlights this search (Einstein & McDaniel, 

1990). The ability to conduct a directed and conscious search of memory may be 

measured by the COWAT. A number of studies have found significant 

relationships between the COWAT and prospective memory performance, 

including those that have utilised only the F-A-S version of the COWAT (Benton 
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& Hamsher, 1989; Cockburn, 1995; Groot et al., 2002; Maujean et al., 2003; 

McDaniel et al., 1999; Shum et al., 2004). Thus, this measure was included in the 

current study. 

       The WCST is a popular measure of executive functioning or more 

specifically, the flexible shifting of cognitive sets, within the prospective memory 

field (Cockburn, 1995; Kliegel et al., 2002; Kliegel et al., 2003a; McDaniel et al., 

1999; Shum et al., 2004). The significant correlations in these studies suggest that 

switching between the ongoing task and monitoring for prospective cues are vital 

prefrontal processes involved in prospective remembering. Evidence of this task 

switching or cognitive flexibility has also been provided by the TMT-B (Groot et 

al., 2002). Because the computerised version of the WCST, and the TMT-B are 

quick and easy to administer, they were also included in the current study.  

       Finally, working memory has been implicated in the successful performance 

of prospective memory tasks (Maujean et al., 2003; McDaniel et al., 1999; West 

& Craik, 2001). This has been explained as being due to the need to hold multiple 

tasks in one’s mind (e.g., ongoing task and one or more prospective memory 

tasks) whilst switching between the tasks to monitor for the prospective cue. 

Research by Salthouse and Babcock (1991) suggested that the ability to process 

multiple tasks simultaneously (e.g., complex divided attention tasks) whilst 

storing other information, declines with advancing age. In contrast, performance 

on simplistic span measures (i.e., digit span) or working memory capacity, show 

no age-related differences. The LNST has been linked to prospective memory 

performance (Maujean et al., 2003) and was therefore included in the assessment 

battery. 
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       Few studies have investigated the prefrontal processes involved in 

prospective memory within an elderly sample (Kliegel et al., 2004; Kliegel et al., 

2003a; West & Craik, 2001). Therefore the current study has contributed to the 

field by providing one of the largest neuropsychological studies conducted with 

80 younger and 80 older adults. Of the few studies conducted, none could be 

identified as using a combined naturalistic and laboratory-based paradigm to 

measure performance. Instead, participants were required to complete computer-

based tasks and press a key (West & Craik, 2001) or telephone the experimenter 

whenever the prospective cue appeared (Shum et al., 2004). Because these tasks 

fail to mimic the everyday tasks that older adults perform, it cannot be concluded 

which cognitive processes are involved in more naturalistic everyday prospective 

memory tasks. Perhaps the performance of everyday tasks does not rely as heavily 

upon prefrontal processes, especially if they are more familiar and less 

demanding. The current study has attempted to redress this lack of knowledge. 

General Aims 

       To summarise, the purpose of the current study was to 1) investigate the 

effects of ageing, task interruption and planning on everyday prospective memory 

tasks within a new paradigm and 2) examine the role of prefrontal processes in 

prospective memory. Consequently, this dissertation contained two studies. The 

first study attempted to overcome the limitations of previous research by 

introducing a home-like laboratory that more closely reflects everyday life. To 

replicate everyday life, Kliegel and his colleagues’ (2000) concept of complex 

prospective memory was simulated by embedding three prospective memory tasks 

(viz., event-, time- and activity-based tasks) within a demanding ongoing task. 

The ability of older adults to live independently in the community may be 
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examined in such a paradigm. The current study also redressed the lack of 

research on the effects of a realistic, unexpected interruption on older adults and 

attempted to examine a simplistic planning intervention that may prove useful in 

overcoming prospective failures. Study 1 is presented in the next chapter. 

       Study 2 examined the role of prefrontal processes in prospective memory. 

With a larger and more homogenous sample than used in previous studies, the 

current study aimed to conduct regression analyses to predict prospective memory 

performance from scores on prefrontal measures. Findings from this study may 

provide support for the prefrontal model (West, 1996). Furthermore, an 

investigation of the specific prefrontal processes that mediate each type of 

prospective memory task (viz., event-, time- and activity-based tasks) can be 

undertaken.    
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CHAPTER FOUR 

Study One 

Rationale, Aims and Hypotheses 

       The purpose of the current study was to empirically investigate the effects of 

three variables (viz., ageing, interruption and planning) on prospective memory 

performance in a relatively naturalistic environment. This new naturalistic, 

laboratory-based paradigm is an improvement on previous paradigms because it 

1) provides the same environment for all participants whilst preventing the use of 

external aids, 2) measures three comparatively realistic, everyday tasks within a 

complex propective memory paradigm (i.e., event-, time- and activity-based task) 

and 3) requires participants to perform rather than verbally recall the tasks thus 

avoiding the intention enactment effect (Freeman & Ellis, 2003, 2004; Goschke & 

Kuhl, 1993; Kliegel, 2004).   

       Firstly, the effect of ageing on prospective memory performance warrants 

attention. Given that West’s (1996) frontal-lobe hypothesis of cognitive ageing 

has veracity, and there is recent evidence that the performance of prospective 

memory tasks is compromised in the aged (Einstein et al., 2000; Kliegel et al., 

2004; Kliegel et al., 2000; Kliegel et al., 2003b; McDaniel et al., 2003; 

McDermott & Knight, 2004) this study may provide converging evidence for the 

age-related decline in frontal-lobe functioning. In addition, because participants 

were prevented from utilising external strategies such as keeping written notes on 

the prospective memory tasks, older adults were not expected to perform as well 

as older adults in many of the earlier naturalistic studies (Devolder et al., 1990; 

Leierer et al., 1988; Martin, 1986; Maylor, 1990; Moscovitch, 1982; Park et al., 

1992; Patton & Meit, 1993; West, 1988). Overall it was hypothesised that younger 
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adults would perform better than older adults on all three prospective memory 

tasks. 

       Secondly, another aim of the current study involved investigating the effects 

of interruption on prospective memory performance. This aim was guided by 

Altmann and Trafton’s (2002) goal activation model. According to these theorists, 

interruptions disrupt performance by reducing a goal’s level of activation. 

Activation of a goal decreases when working memory processes are devoted to 

the interruption. Although earlier research has suggested that interruptions can 

facilitate prospective memory performance (e.g., Mantyla & Sgaramella, 1997) 

more recent research has demonstrated a disruption in prospective remembering 

thus providing partial support for the goal activation model (Einstein et al., 2003; 

McDaniel, Einstein, Graham, et al., 2004). Because the interruption in the current 

study was unexpected, required immediate attention and taxed working memory 

capacities, it was hypothesised that prospective memory performance would be 

reduced in those exposed to an interruption. 

       Finally, the planning manipulation was introduced due to the potential to 

overcome prospective forgetting. To formulate a specific hypothesis with regards 

to planning, the multiprocess framework (McDaniel & Einstein, 2000) was 

consulted. According to this theory, planning reduces the need for strategic and 

effortful monitoring of the prospective cue by strengthening the association 

between the cue and action, setting up salient retrieval cues and devising an 

appropriate strategy to aid recall. A number of researchers have managed to 

improve prospective memory performance through planning (Chasteen et al., 

2001; Gollwitzer & Brandstatter, 1997; Kliegel et al., 2000). However, Einstein 

and his colleagues (2003) and McDaniel, Einstein, Graham, et al. (2004) found 
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that certain internal strategies (i.e., implementation intentions and rehearsal) 

proved ineffective in improving performance on a delay-execute prospective 

memory task. Furthermore, performance increased significantly with the 

appearance of an external reminder cue (i.e., a blue dot on the bottom of the 

computer screen). Because the current study did not utilise a delay-execute 

prospective memory task and did not instruct participants to use a specific strategy 

to aid recall, it was hypothesised that planning would improve prospective 

memory performance.    

       In addition to the three main hypotheses, a number of secondary hypotheses 

were proposed. According to Hasher and her colleagues’ (1999) inhibition theory, 

older adults may be more prone to the effects of an interruption due to their 

reduced capacity to inhibit irrelevant information from gaining access to working 

memory. Research has supported this age-related decline in the access function 

(Carlson et al., 1995; Connelly et al., 1991; Hasher & Zacks, 1988). In addition, 

Salthouse and Babcock (1991) found that older adults are less able to process 

multiple tasks simultaneously, yet another function mediated by working memory 

and ultimately, the prefrontal-lobe (Faw, 2003; Shimamura et al., 1991). 

Interruptions would add to the number of tasks participants need to process and 

may therefore reduce intention completion. To the experimenter’s knowledge, the 

effects of an external and unexpected interruption on an elderly sample, has not 

been investigated. Consistent with Hasher and her colleagues’ (1999) inhibition 

theory, West (1999) found that older adults were more easily distracted by 

irrelevant information than younger adults. Based on this combined evidence, a 

two-way interaction between age and interruption was expected. Subsequently, it 
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was hypothesised that older adults would perform more poorly on the prospective 

memory tasks than younger adults when exposed to an interruption.  

       Another secondary hypothesis concerns the interaction between age and 

planning. Previous research by Kliegel and his colleagues (2000) suggest that 

older adults are not as efficient in their planning as younger ones as they are less 

able or willing to engage in planning and ultimately initiate plans. More 

specifically, Kliegel and his colleagues found that older adults wrote less 

elaborate plans which may have reflected their inability to utilise and hold more 

elaborate plans in their minds. Thus, it was hypothesised that younger adults 

would produce more elaborate plans by writing down a greater number of a) 

prospective memory tasks and b) points regarding how to remind themselves 

about these tasks.  

       Although Kliegel and his colleagues (2000) found that older adults were less 

efficient in their planning, the opportunity to plan enabled them to outperform 

older adults not given this opportunity. Thus, planning improved prospective 

memory performance (Kliegel et al., 2000). As mentioned previously, Einstein 

and his colleagues (2003) and McDaniel and his colleagues (2003) utilised a 

delayed-execute prospective memory task and instructed older adults to form 

implementation intentions or rehearse the cue-action pairing. They concluded that 

reduced working memory resources (Craik & Jennings, 1992) and reduced ability 

to inhibit task-irrelevant information (Hasher & Zacks, 1988) resulted in older 

adults being unable to sustain rehearsal processes or implementation intentions 

during distracting activities. Thus, strategies high in cognitive demand may not be 

helpful to older adults (McDaniel & Einstein, 2000). Because a delay-execute 

prospective memory task was not utilised and the planning manipulation in the 
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current study was not high in cognitive demand (i.e., participants weren’t 

instructed to rehearse the tasks), older adults may improve their prospective 

memory performance even with less elaborate plans. In addition, the time for 

planning may enable older adults to strengthen the cue-action pairing, possibly a 

task done quickly and automatically by younger adults. Therefore, a two-way age 

and planning interaction was expected. It was hypothesised that planning would 

significantly improve the performance of older adults more than younger adults.  

       Due to the prevalence of interruptions in everyday life and the potential for 

subsequent prospective memory failure it is important to investigate whether time 

to plan could maintain prospective memory performance in those exposed to an 

interruption. It has been proposed that effective planning obviates the need for 

effortful, controlled processes (McDaniel & Einstein, 2000) as planning may 

reduce the workload of a task and enable more automatic processes to monitor for 

prospective cues. Thus, more resources would be available to deal with an 

unexpected interruption if planning reduces effortful processing. Consistent with 

this theory, McDaniel, Einstein, Graham, et al. (2004) demonstrated that the 

negative effects of an interruption could be completely overcome with a simple 

external mnemonic (i.e., a blue dot on the screen). This external mnemonic was 

amenable to automatic retrieval processes as it was very salient and available at 

the end of the interruption. Without the use of an external mnemonic or a delay-

execute prospective memory task, it was difficult to hypothesise whether a two-

way interruption and planning interaction would emerge. Thus, an exploratory 

hypothesis was proposed that planning could maintain successful prospective 

memory performance in those exposed to an interruption.  
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       Although a three-way ageing, interruption and planning interaction was also 

possible, it was difficult to make a specific hypothesis about this interaction as the 

combination of these variables has not been investigated previously. A valuable 

achievement in the prospective memory area would be to demonstrate that 

planning could overcome the disruptive effects of an interruption particularly in 

older adults.  

       Self-reported use of strategies and reasons for failures. To date, very little is 

known about how prospective memory tasks are recalled and why they are 

forgotten. These insights may provide a better understanding of prospective 

memory and the processes responsible for them. Guided by McDaniel and 

Einstein’s (2000) multiprocess framework and research highlighting the 

differences between event-, time and activity-based tasks (Einstein et al., 1995; 

Groot et al., 2002; Kliegel et al., 2003a; McDaniel, Einstein, Guynn, et al., 2004; 

Shum et al., 2004), exploratory hypotheses were made with regards to how 

participants remembered the tasks and why they were forgotten.  

       Consistent with the multiprocess framework (McDaniel & Einstein, 2000), 

participants were asked if the tasks were kept in the back of their minds the whole 

time whilst the cue was actively searched for (effortful monitoring and directed 

retrieval) or whether the task had just come to them (automatic retrieval). The use 

of each strategy was thought to depend upon the characteristics of each task (e.g., 

cue saliency, frequency of the cue, ongoing and prospective task demand, task 

importance etc,). Based upon McDaniel and Einstein’s (2000) theory the 

combined demands of the ongoing and prospective memory tasks would be too 

great to engage in effortful monitoring of the event-based cue. In addition, event-

based tasks are usually less reliant on self-initiated retrieval processes than time-
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based tasks (Einstein et al., 1995). Subsequently, it was hypothesised that the 

majority of participants would allow the event-based cue to trigger the action 

(e.g., just came to me). 

       McDaniel and Einstein (2000) suggested that time-based prospective memory 

tasks usually have less salient cues (e.g., time on a clock separate from focal 

processing) and that these cues tax self-initiated retrieval processes. The most 

efficient strategy for successfully performing a regular occurring time-based task 

may therefore be strategic monitoring (Einstein & McDaniel, 1996). By not 

allowing the time-based task to leave one’s mind and frequent monitoring of the 

clock, participants would be better able to recall this task. In contrast, the activity-

based task occurred only once and was not related to the ongoing task. According 

to McDaniel and Einstein (2000), limited resources would have been wasted 

keeping this task active in ones’ working memory as its retrieval was not required 

until the completion of the ongoing task. It was therefore hypothesised that the 

activity-based prospective memory task would be reported by the majority to have 

just come to participants 

       Exploratory hypotheses were also proposed with regards to the reasons 

why participants forgot the prospective memory tasks. Reasons were 

categorised as either (a) weak cue which did not trigger the tasks; (b) 

distracted by other tasks; or (c) poor encoding and lack of strategy use. Cue 

saliency was considered the most important factor in why participants forgot 

the event-based task (McDaniel & Einstein, 2000). The individual event-

based cues might not trigger the prospective memory action as they were 

specific examples of a more general instruction and therefore were less 

salient. This retrieval-specificity effect has been found in Ellis and Milne’s 
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(1996) study where the closer the retrieval cue is to the instructions given, 

the easier recall with be. It was therefore predicted that the majority of 

participants would report the event-based task to be forgotten due to a weak 

cue which did not trigger the action. 

       Prospective memory theory (McDaniel & Einstein, 2000) and research on 

working memory processes (Craik, 1977; Salthouse & Babcock, 1991) were 

incorporated to make an exploratory hypothesis with regards to the time-based 

task. Because the time-based task was expected to be kept in the back of the mind 

and brought repeatedly into consciousness or working memory, failures would 

likely occur when other tasks demanded attention and therefore pushed the time-

based task momentarily out of consciousness (McDaniel & Einstein, 2000). 

Limited resources in working memory would therefore lead to prospective 

memory failures (Craik, 1977; Salthouse & Babcock, 1991). It was hypothesised 

that the time-based task would be reported by the majority as being forgotten due 

to distraction from other tasks. 

       The activity-based task was presented in the instructions as being separate to 

the ongoing task. This might have led participants to believe it was not as 

important and therefore fail to adequately plan for remembering it (Kliegel et al., 

2001; Kvavilashvili, 1987). The activity-based task was also the last task to be 

performed and may therefore have decreased in activation over the course of the 

ongoing and prospective memory tasks, of which it was not a part (McDaniel et 

al., 1998; Moscovitch, 1994). The planning of appropriate strategies for 

remembering this task may therefore be of greater importance. Failure in the 

majority of cases was therefore hypothesised to be due to a failure to adequately 
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encode the activity-based task and use appropriate strategies. To summarise, the 

main hypotheses of this study were: 

Main 

1. Younger adults would perform significantly better than older adults on all 

three prospective memory tasks. 

2. Interruptions would significantly reduce prospective memory 

performance. 

3. Planning would significantly improve prospective memory performance. 

Secondary  

1. When exposed to an interruption, older adults’ prospective memory 

performance would reduce significantly more in comparison to younger 

adults. 

2. Planning would significantly improve the performance of older adults 

more than younger adults. 

3. Younger adults would produce more elaborate plans by writing down a 

greater number of a) prospective memory tasks and b) points regarding 

how to remind themselves about these tasks in comparison to older adults. 

4. Planning would lead to better prospective memory performance in those 

exposed to an interruption. 

Exploratory 

1. The majority of participants would recall the event- and activity-based 

tasks by allowing the cue to trigger the action (i.e., just came to me). The 

time-based task would be reported by the majority to have been kept in the 

back of the mind whilst the cue was actively monitored.  
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2. The majority of participants would report the event-based task to be 

forgotten due to a weak cue which did not trigger the tasks, the time-based 

task as being forgotten due to distraction from other tasks and failures on 

the activity-based task due to poor encoding and lack of strategy use. 

Method 

Pilot Study 

       Study one was preceded by a pilot study. In total, 50 participants were 

recruited for the pilot study. These 50 participants comprised 47 younger adults 

(age range = 18 to 26 years) and 3 older adults (age range = 63 to 68 years). 

There were 42 females and 5 males in the younger adults group and 3 females in 

the older adults group. The aim of the pilot study was to refine the ongoing and 

prospective memory tasks. The instructions were checked for clarity and were 

reported by participants to be understandable. Duration of the tasks was examined 

in the pilot study. Minor adjustments to the number and order of the recipes were 

made to decrease the overall duration of the task and the saliency of the 

prospective memory tasks. The nature of the interruption was modified to ensure 

the task was realistic. Preliminary results revealed no ceiling or floor effects. 

Design 

       The current study used a 2 (Age; Younger or Older) x 2 (Interruption; 

Interruption or No Interruption) x 2 (Planning; Planning or No Planning) between-

subjects design with 20 participants per cell (see Table 1). One group of younger 

and one group of older adults completed the prospective memory tasks with no 

interruptions and no planning (Condition 1). A further 40 participants (one group 

of younger and one group of older adults) were exposed to an interruption and no 

planning (Condition 2). Two separate groups of younger and older adults received 
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no interruption but given time to plan (Condition 3) whilst a final two groups were 

exposed to an interruption and given time to plan (Condition 4).  

Table 1 

Design of Study One 

 
               Younger Adults              Older Adults 
   _________________________         ________________________ 
 
   No Interruption     Interruption          No Interruption    Interruption 
__________________________________________________________________ 
 
No Planning        Condition 1        Condition 2             Condition 1       Condition 2 
                                  (20)                     (20)          (20)            (20) 
 
Planning    Condition 3        Condition 4             Condition 3       Condition 4 
                                  (20)                     (20)          (20)            (20) 
   
 
 
Participants 

       Participants in this study comprised 160 younger and older adults. The 80 

younger adults, aged 18 to 33 years (M = 21.44 years, SD = 4.53 years) were 

recruited from undergraduate psychology courses at Griffith University via 

campus advertisements promoting participation in a study on age and the 

performance of everyday tasks. Students received course credit for participating. 

There were 65 females and 15 males in the younger adults group. The 80 older 

adults, aged 60 to 75 years (M = 68.23 years, SD = 4.13 years) were recruited 

from the community via telephone contact with agencies such as PROBIS 

(Professional and Business Retirees) and U3A (University of the 3rd Age in 

Brisbane). The Griffith University Ageing Research database was also utilised. 

There were 70 females and 10 males in the older adults group. Overall the sample 

comprised 135 females (84%) and 25 males (16%). The gender proportion was 

similar in the younger (82% females and 18% males) and older groups (88% 
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females and 12% males). A 2 (Age; Younger and Older) x 2 (Interruption; 

Interruption and No Interruption) x 2 (Planning; Planning and No Planning) 

ANOVA was conducted on each of the demographic variables. However, a 2 

(Interruption) x 2 (Planning) ANOVA was conducted when expected age 

differences emerged. An alpha level of .05 was used.  

       Age. There was no age difference between younger adults in the four 

conditions F(1, 76) = 0.11, p = .94. There was no age difference between older 

adults in the four conditions F(1, 76) = 0.97, p = .32 (see Table 2 for means and 

standard deviations). 

       Years of education. Matching younger and older participants for education 

level was not possible due to the lower levels of education that were the norm over 

50 years ago. Younger adults (M = 13.20 years, SD = 1.34 years) had significantly 

more years of education than older adults (M = 12.21 years, SD = 3.65 years), F(1, 

152) = 5.16, p < .05. There was no difference in the number of years of education 

obtained between younger adults in the four conditions F(1, 76) = 1.88, p = .13. 

There was also no difference between older adults in the four conditions F(1, 76) = 

2.24, p = .13.  

       Self-health rating. Participants rated their health in comparison to other adults 

of their age on a six-point Likert scale with 1 indicating very poor health and 6 

indicating excellent health (refer to Appendix A for the demographics 

questionnaire). The majority of participants rated themselves as being in good 

health. This rating was not significantly different for younger (M = 4.45, SD = 

.84) and older adults (M = 4.50, SD = .82), F(1, 152) = 0.01, p = .92. There was 

also no difference between the four conditions on self-health rating F(1, 152) = 

0.25, p = .61.  
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       Number of health problems. Participants were also asked to report any lasting 

health problems that they had suffered over the last 5 years (refer to Appendix A 

for the demographics questionnaire). As expected, older adults reported 

significantly more health problems (M = 1.26, SD = 1.28) than younger adults (M 

= 0.11, SD = 0.39), F(1, 152) = 57.31, p = .001. There was no difference in the 

number of health problems between younger adults in the four conditions F(1, 76) 

= 2.05, p = .15. There was also no difference between older adults in the four 

conditions F(1, 76) = 0.18, p = .66.  

       Number of medications. The number and type of medications taken was also 

obtained (refer to Appendix A for the demographics questionnaire). The number 

of prescriptive medications was analysed. Consistent with the number of health 

problems reported, older adults used more prescriptive medications (M = 1.81, SD 

= 1.10) than younger adults (M = 0.26, SD = 0.56), F(1, 152) = 124, p = .001. 

There was no difference in the number of medications between younger adults in 

the four conditions F(1, 76) = 0.95, p = .33. There was also no difference between 

older adults in the four conditions F(1, 76) = 0.09, p = .76.  

Measures of Estimated Intelligence and Dementia  

       National Adult Reading Test Second Edition (NART-2). The NART-2 (Nelson 

& Willison, 1991) was administered to all participants to provide an estimate of 

intellectual ability. A predicted full scale IQ was considered important to obtain 

due to the differences in levels of education between the younger and older adults. 

Administration of the NART-2 is relatively brief, taking approximately 3 minutes. 

The participant is presented with a card containing 50 irregularly spelled words 

(e.g., ache, naïve, thyme etc.) printed in two columns. They are then instructed to 

pronounce the words pausing between words until the examiner calls ‘next’. A 
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score of 1 is allocated to correctly pronounced words and a score of zero for 

errors. Once the number of errors has been calculated, a predicted full scale, 

verbal and performance IQ can be obtained from the NART-2 manual. 

Performance depends upon previous knowledge of the word (Nelson & 

O’Connell, 1978) as intelligent guesswork will not provide the correct 

pronounciation for these irregular words. 

       The NART-2 has been considered among the most reliable tests in clinical 

use. When internal consistency is considered, reliability estimates are above .90 

(Crawford, Stewart, Garthwaite, Parker & Besson, 1988). A test-retest reliability 

of .98 has been reported (Crawford, Stewart, Besson, Parker & DeLacey, 1989). 

The NART also has high inter-rater reliability of above .88 (O’Carroll, 1987; 

Crawford et al., 1989; Sharpe & O’Carroll, 1991). Researchers generally report 

moderate to high correlations (r = .4 to .8) between NART performance and 

measures of general intellectual ability (Blair & Spreen, 1989; Crawford et al., 

1989; Johnstone, Callahan, Kapila & Bouman, 1996; Raguet, Campbell, Berry, 

Schmitt & Smith, 1996; Sharpe & O’Carroll, 1991) and education (Maddrey, 

Cullum, Weiner & Filley, 1996). The test has good accuracy even in the 

retrospective estimation of Wechsler IQ (Berry, Carpenter, Campbell, Schmitt, 

Helton & Lipke-Molby, 1994; Moss & Dowd, 1991; Raguet et al., 1996). NART 

scores have been found to be normally distributed in a study of over 300 normal 

community-dwelling adults (Brayne & Beardsall, 1990). There has also been an 

age effect with older adults outperforming younger adults. This discrepancy has 

been documented in the research on the NART-2 and may be due to the 

familiarity of the words to the older adults (Graf & Uttl, 1995).  
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       Despite the greater years of education that younger adults had obtained, older 

adults scored significantly higher on the NART-2 than younger adults (M = 

115.11, SD = 9.77 for older adults and M = 104.31, SD = 6.71 for younger adults), 

F(1, 152) = 66.81, p = .001. There was no difference in the NART-2 scores 

between younger adults in the four conditions F(1, 76) = 1.28, p = .26. There was 

no difference between older adults in the four conditions F(1, 76) = 1.72, p = .19.  

       Telephone Interview for Cognitive Status-modified (TICS-m). The TICS-m 

(Welsh, Breitner & Magruder-Habib, 1993) was administered to participants 

during the initial telephone contact. The rationale for such an assessment was to 

ensure all older adults were healthy and not showing signs of dementia. Younger 

adults were also screened to ensure there was consistency in administered tests 

across the two age groups. The TICS-m covers similar domains to the Mini 

Mental Status Examination (Folstein, Folstein & McHugh, 1975) but affords a 

more sensitive assessment of memory. Five items on the TICS-m test for 

orientation and general fund of knowledge, two items measure language, two are 

mental tracking tasks, one requires the subject to generate word opposites and one 

involves immediate and delayed recall of a 10-word list. The maximum score is 

51. 

       The TICS-m has been found to be a sensitive measure of early dementia in a 

community sample (Welsh et al., 1993). The test has been able to differentiate 

healthy controls from those with mild or ambiguous cognitive impairment and 

from patients with dementia (Plassman, Newman, Welsh, Helms & Breitner, 

1994). The ability of the TICS-m to detect Alzheimer patients was 99% when a 

cut-off of 28 was used in Gallo and Breitner’s (1995) research. Test-retest 

reliability of the TICS-m after one to six weeks was .96 for 34 Alzheimer patients 
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(Brandt, Spencer & Folstein, 1988). TICS-m scores were strongly correlated with 

MMSE scores (r = .94) (Brandt et al., 1988).  

       Telephone interviewing of cognitive function is considered to be an 

economical approach to mental status screening in research studies where in-

person assessment is impractical. A cut-off score of 30 has been reported to be a 

sensitive detector of dementia and was therefore followed (Welsh et al., 1993). As 

expected there was a significant age group difference on the TICS-m. Younger 

adults scored significantly higher (M = 39.98, SD = 3.28) than older adults (M = 

38.41, SD = 2.97), F(1, 152) = 9.68, p = .01. Both younger and older adults were 

above the dementia cut-off score of 30. There was no difference in scores on the 

TICS-m between younger adults in the four conditions F(1, 76) = 0.16, p = .68. 

There was also no difference between older adults in the four conditions F(1, 76) 

= 0.23, p = .63. 

Apparatus and Materials 

       ‘Home-like’ laboratory. The prospective memory experiment was conducted 

in a ‘home-like’ laboratory in the Psychology building at Griffith University to 

increase the familiarity of the environment. The ‘home-like’ laboratory comprised 

two small interconnecting rooms, one furnished as a kitchen, the other furnished 

as a lounge room (see Figure 2). The lounge room contained a couch, television, 

bookcase, coffee table, two chairs and a computer with desk and chair. The VCR 

was situated in the bookcase and was clearly visible from the kitchen table. 

Participants sat at the coffee table to complete the information and demographic 

forms. This is also where they completed the puzzle if they were in Conditions 1 

(no interruption and no planning) or 2 (interruption and no planning) or the 
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planning task if in Conditions 3 (no interruption and planning) and 4 (interruption 

and planning). 

 

Figure 2. Drawing of the home-like laboratory. Note: The door connecting the 

two rooms was always open.    

 

       The kitchen contained built-in cupboards, a fridge, microwave, telephone and 

table and chairs. The table and chairs in the kitchen were situated in a manner that 

the VCR was visible if one turned 90 degrees to the left (refer to Figure 3). 

Participants sat at the kitchen table to complete the ongoing task. The Recipe 

Book and Price catalogue were therefore situated on the kitchen table. A video 

camera was situated in each of the rooms. One was placed above the cupboards in 

the kitchen and the other was placed above the couch in the living room (refer to 

Figures 4 and 5). The video cameras were connected to two monitors in an 

adjacent assessment room thus allowing the experimenter to view the participant 
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completing the tasks (refer to Figure 6). This room was also utilised to conduct 

the neuropsychological assessments in Study 2. 

 

 

Figure 3. Participant view of the VCR from the kitchen table. 
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Figure 4. View of the kitchen via the video camera. 

 

 

Figure 5. View of the lounge room via the video camera. 
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Figure 6. Adjacent assessment room where the experiment was monitored, the 

post-task test was conducted and the neuropsychological measures were 

administered. 

 

       Ongoing task. The ongoing task in all conditions required participants to 

decide which recipe was the most time and cost effective to prepare for the 

evening meal (refer to Appendix B for the instructions given to participants). 

Participants were informed that the study aimed to examine the differences 

between younger and older adults in their ability to perform everyday tasks. This 

was the rationale given for the use of the ‘home-like’ laboratory. For older adults 

the ongoing task was usually completed in 1 ½ hours whilst younger adults on 

average took 1 hour.  

       Whilst in the kitchen, they were instructed to look through all of the marked 

cupboards (indicated by a sign saying ‘ingredients’), the fridge and the freezer for 
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the ingredients on a checklist (refer to Appendix C for the ingredients checklist). 

Once participants found an ingredient that was on the checklist, they were 

instructed to tick the box for that ingredient. Once all of the cupboards, the fridge 

and the freezer had been checked, participants were instructed to begin examining 

the recipes in the recipe book. The recipe book contained 11 recipes each with 

their own picture. The recipe was located on the left page of a plastic sleeve folder 

whilst the accompanying picture was located on the opposite page. A list of 

instructions separated the recipes to remind participants to work through the 

recipe book one recipe at a time (refer to Appendix D for the list of instructions 

and Appendix E for the recipes). Another page of instructions was located after 

the 11th and final recipe to remind participants not to return to any recipe (see 

Appendix F for the instructions placed at the end of the recipe book). 

       When looking through the recipe book, the ingredients in each recipe were 

checked against the ingredients already in the cupboards, as indicated by the 

ingredients checklist. Participants were instructed to write those ingredients in the 

recipes that weren’t in the kitchen on the recipe outcomes form. Refer to 

Appendix G for the recipe outcomes form. Once the ingredients that were required 

for each recipe were written on the recipe outcomes form, participants were 

instructed to obtain the prices in the price catalogue. The price catalogue was 

compiled from various supermarket outlets (e.g., Woolworths, Coles, Action, IGA 

etc). Shopping items were cut and pasted into one price catalogue until all of the 

missing ingredients were included and dispersed amongst distracter items (i.e., 

already in the home laboratory or not mentioned in the recipes). Each page of the 

price catalogue was placed into a plastic sleeve folder to prevent tearing. A list of 

instructions concerning the price catalogue was placed at the front of the folder 
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(see Appendix H for the instructions on the first page of the price catalogue). 

Prices of the required ingredients for each recipe were then added together to 

show the total cost for each recipe. The combined preparation and cooking time 

for each recipe, as indicated on the top of the recipe, was also calculated and 

written on the recipe outcomes form. 

       When participants had completed the 11 recipes, they were required to decide 

which recipe was the cheapest to prepare and which was the quickest to prepare 

and write this on the bottom of the recipe outcomes form. Throughout this 

ongoing task, participants were also required to perform three prospective 

memory tasks.     

       Prospective memory tasks. All participants had to undertake three prospective 

memory tasks in each session. Note that none of the prospective memory tasks 

were based on a computer and all three fulfilled the definitional requirements of a 

prospective memory task. For example, all three tasks included 1) a delay between 

formation of the intention and an opportunity for carrying it out, 2) the absence of 

an explicit reminder to carry out the intended action at the appropriate moment 

and 3) the need to interrupt current activity in order to carry out the intention. 

       The first prospective memory task was event-based and embedded in the 

ongoing task. Participants were required to place a white dot on the top right hand 

corner (on the white border) of any recipes that contained dairy products. The 

white dots were 5mm in diameter and located on the inside of the back cover of 

the recipe book (hidden from view). Participants were told that one of the guests 

coming to dinner may be allergic to dairy products (i.e., butter, milk, yogurt and 

cheese) thus the need to identify these recipes. All participants were able to 

correctly identify what dairy products were and named a few examples prior to 
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commencement of the ongoing task. In sum, this task required participants to 

detect dairy products in the recipes and to place a white dot on them before 

moving to the next recipe.  

       Participants were instructed to work on one recipe at a time and not to turn 

back to previous recipes or skip forward to upcoming ones. These instructions 

resulted in intervals between each prospective memory cue (recipes with dairy 

products). Four of the eleven recipes contained dairy products and they were 

always located in the following order; fourth, seven, ninth and eleventh. Each 

dairy product was different (e.g., butter – 4th, milk – 7th, yogurt – 9th and cheese – 

11th and last) with two of them being present in the kitchen (butter and cheese) 

and two requiring their prices to be located in the price catalogue (milk and 

yogurt). 

       A score of 2 was allocated to those participants who placed a white dot on a 

recipe that contained dairy, at the correct time. The correct time to perform this 

prospective memory task was when the recipe was being examined as part of the 

ongoing task. As participants were not allowed to skip forward to upcoming 

recipes or turn back to previous ones, a score of 2 was only allocated if 

participants acknowledged the dairy product whilst working on a recipe with a 

dairy product. Placing a white dot or making a note on the recipe outcomes form 

at the correct time was also allocated 2 points as these actions were not considered 

prospective memory failures. One point was allocated if participants were late in 

completing the prospective memory task (e.g., completed the task after turning the 

page in the recipe book, or after seeing the white dots when turning the last page 

in the recipe book and then indicating dairy). A score of zero was allocated if 



 100

participants failed to acknowledge the recipes with dairy products. The maximum 

score of this task was 8 (4 x 2). Refer to Appendix I for the scoring sheet.   

       The second prospective memory task was time-based and not directly related 

to the ongoing task. This task required participants to press the pause button on 

the VCR every 5 minutes according to the clock beside the VCR. Participants 

were told that 5 minute sections of a commercial television station needed to be 

recorded with 5 minute breaks between each recording to examine the amount of 

violence in the programs. Participants were required to press pause at 5 minutes, 

10 minutes, 15 minutes and so on until they completed the ongoing task. If 

participants were late in pressing pause on the VCR they were asked to restart 

their counting of 5 minutes from when they did press pause. They then needed to 

reset the clock beside the VCR. The digital clock had a count-up facility that 

started at zero and showed the seconds. The numerals on the clock were 20mm 

high x 10mm wide. They were black against a white background and could be 

seen sitting at the dining room table. The VCR and the clock were located in the 

lounge room, requiring participants to turn 90 degrees to the left to view the clock 

and leave the dining room table to press pause. 

       The scoring of the second prospective memory task was guided by Einstein 

and his colleagues’ (1995) study investigating ageing and time-based versus 

event-based prospective memory tasks. Einstein et al. asked their participants to 

perform the prospective memory task as close as possible to a designated time and 

therefore decided to rate responses on a scale. Participants were asked to press a 

key (F8) on the keyboard every 10 minutes. They had access to a digital clock, 

located 1 meter away over their right shoulder, to help monitor time and to know 

when to perform the prospective memory task of pressing the F8 key (Einstein et 
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al., 1995). Participant’s responses on each trial were categorised into 15-second 

time periods and assigned a score from 1 to 6, depending on how close they 

responded to the target time (Einstein et al., 1995). Such a score does more to 

reflect the accuracy of the response and was therefore incorporated into the 

current study with minor improvements. A more refined scoring system based on 

10 second intervals was utilised.    

       The scoring of the second prospective memory task was out of 4. Those 

participants who pressed pause on the VCR within 10 seconds before or after the 

5 minutes, were allocated 4 points. If participants pressed pause within 20 seconds 

of the 5 minutes, however were outside the 10 seconds, were allocated 3 points. 

Two points were allocated if participants pressed pause after 20 seconds but 

before 30 seconds had elapsed either side of the target time. One point was 

allocated when participants were outside 30 seconds for pressing pause and within 

5 minutes. Participants received zero if they pressed pause 5 minutes or more after 

the target time. Once a score of zero was allocated, participants were still able to 

receive a maximum score for the following target time for pressing pause. An 

average score based upon each participant’s overall performance on the time-

based (VCR) task was used for the data analyses because the number of 

opportunities for pressing pause varied between participants. Refer to the scoring 

sheet in Appendix I. 

       The third and final prospective memory task was an activity-based task. It 

involved the experimenter asking participants to give her a personal possession at 

the beginning of the experimental session and to ask for it at the end of the 

experiment. The personal possession was usually a watch as participants were told 

the confiscation of the possession was to prevent them from telling the time via 
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other means than the clock beside the VCR. If participants were not wearing a 

watch, they were asked if they had a mobile phone with them, which was taken 

off them under the same pretence. All participants possessed either a watch or 

mobile phone. Participants were instructed to ask for the possession at the 

completion of the tasks when they were waiting at the door and upon the 

experimenter’s return.  

       The third prospective memory task was scored out of 2. A score of 2 was 

allocated if participants asked for the possession immediately upon the 

experimenter’s return. A score of 1 was allocated if participants asked for the 

possession after a prompt from the experimenter. Prompts were worded in the 

following manner “was there something you were going to ask me for when you 

finished?” A score of zero was given if the possession was not asked for after the 

prompt. 

       Post-task test and interview. The importance of assessing post-study recall of 

prospective memory tasks to identify the component responsible for failures has 

been recognised (Burgess, 2000). A recall of the content of the task with the 

failure of the performance of the task may be concluded to be a prospective 

memory failure. However, a failure to recall the task at all may be considered a 

retrospective memory failure. For these reasons, an interview of the current study 

was conducted with the participants.  

       Once participants completed the ongoing task and had the opportunity to ask 

for their personal possession, they were invited into a separate room. In this 

assessment room participants were asked to repeat back all of the instructions that 

were given to them. On a post-task checklist relevant to either the no planning 

conditions or the planning conditions (refer to Appendix J for the no planning 



 103

conditions checklist and Appendix K for the planning conditions checklist) 

instructions were ticked off by the Experimenter as they were recalled. 

Instructions recalled without a prompt were allocated 3 points. If participants 

indicated that they had finished without mentioning all of the instructions, they 

were given a prompt (e.g., “anything else?”). If participants were still unable to 

recall after this prompt, they were given more direct prompting (e.g., “what were 

you required to do when you finished the recipe task?”). Instructions that were 

recalled after a prompt were allocated 2 points. For those participants who were 

still unable to recall the instructions were told what the remaining instructions 

were and asked if they could recognise them. Those participants who did 

recognise the instructions were allocated 1 point. If participants still could not 

recognise the instructions upon hearing them, they were allocated zero points and 

were considered to be a retrospective memory failure.     

       A structured interview was then conducted with the aim of gathering 

information about how participants completed the tasks. Participants were asked 

what they thought the task was measuring, how they managed to perform all of 

the tasks, why they thought they had forgotten tasks, if any and what they were 

thinking when they were either doing the puzzle or writing down the instructions. 

Participants in the interruption groups were also asked what they experienced 

when they were interrupted. Such a question aimed to determine the effect of the 

interruption. Refer to Appendix L for the post-task interview questions. 

Participants were given a break after the interview was completed.  

Procedure 

       All participants were required to sit at the coffee table and read through the 

information sheet which they retained (refer to Appendix M for the information 
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sheet). The consent form was then read and attention was brought to the desire to 

videotape the testing session. Questions were answered prior to participants 

signing the form (refer to Appendix N for the consent form). Once consent was 

obtained, videotaping began and participants completed a brief demographics 

questionnaire (see Appendix A for the demographics questionnaire). The 

experiment then began with the delivery of instructions. A written summary of the 

main tasks, with the exception of the prospective memory tasks, was provided on 

the bench top to help reduce the load on retrospective memory. This list was 

available to all participants at all times (refer to Appendix O for the list of written 

instructions). 

       Condition 1 (no interruption and no planning). Participants in the first 

condition were given their instructions (see Appendix B for the instructions given 

in Condition 1) and then asked to complete a puzzle before starting the ongoing 

task. The puzzle required participants to put coloured wooden pieces together on a 

square board to match a picture (refer to Figure 7 for a picture of the puzzle). 

Participants were asked to spend 5 minutes working on the puzzle and to move 

onto the ongoing task when they heard the telephone ring. Not all participants 

managed to complete the puzzle however it provided a 5 minute delay between 

receiving the instructions and beginning the tasks. One characteristic of 

prospective memory tasks is a delay between formation of the intention and an 

opportunity for carrying it out (Ellis & Kvavilashvili, 2000), hence the puzzle 

filled the prospective memory delay. Participants in the first condition completed 

the ongoing task and the prospective memory tasks without any contact with the 

experimenter. Once they had finished the tasks and had had the opportunity to ask 
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for their personal possession, they were led into the adjacent assessment room and 

given the post-task test and interview. 

 

 

Figure 7. The puzzle completed in the no planning conditions during the delay 

between receiving the prospective memory instructions and commencing the 

tasks. 

 
       Condition 2 (interruption and no planning). Instructions in the second 

condition were identical to the instructions in the first condition with the 

exception of the interruption. Refer to Appendix P for the script used by the 

experimenter during the interruptions.  After instructions were given, participants 

spent 5 minutes working on the wooden puzzle used with the first condition. At 

the sound of the telephone, participants stopped working on the puzzle and began 

the ongoing task. When participants turned to the first recipe with a dairy product 

(4th out of 11 recipes), they were interrupted. The experimenter was able to 
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determine with accuracy when this occurred by monitoring the television sets in 

the adjacent assessment room. A delay of 5 seconds elapsed after they turned to 

the recipe with a dairy product and before they were interrupted.  

       Due to the lack of studies investigating the effects of an interruption on 

prospective memory performance, many variables needed to be considered. The 

decision of ‘how’ and ‘when’ to interrupt was based upon the results of the pilot 

study. To produce a strong interruption effect it was decided that the ‘when’ to 

interrupt was at the point participants were exposed to the cue and thus had the 

opportunity to perform the event-based prospective memory task. In the current 

study, this occurred when participants turned to the first recipe in the recipe book 

with a dairy product (prospective memory task involved placing a white sticker on 

such recipes). 

       In an attempt to increase the ecological validity of the study it was important 

to have participants believe the interruption was genuine. Once again this aspect 

of the methodology was refined in the pilot study. In the ‘home-like’ laboratory, a 

mobile phone was placed out of view, behind the door that connects the two 

rooms. All telephone calls to the mobile phone were blocked with the exception of 

the laboratory phone. This allowed the interruption to occur at the desired time. 

When participants turned to the first recipe with a dairy product, the mobile phone 

was rung by the experimenter. As determined in the pilot study, participants 

usually reacted by leaving the ongoing task and looking around the laboratory to 

discover the source of the ringing. Once the ringing had stopped, the experimenter 

entered the room, showing surprise at the noise, and asking participants if they 

knew what it was. Discussion of the source and location of the noise ensued. Once 

the mobile phone was retrieved from behind the door participants were asked if 
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the mobile phone belonged to them. No participant claimed the phone as their 

own at which point, the pretence was made that it was left there by the previous 

participant. Participants were then asked to continue the ongoing task. In total, the 

interruption was 2 minutes in length.  

       Participants were interrupted twice as results from the pilot study suggested 

that two interruptions were more disruptive to prospective memory performance 

than one. Using the same rationale for ‘when’ to interrupt, the experimenter 

entered the room when the participants were exposed to the second prospective 

cue (i.e., dairy product embedded within the 7th out of 11 recipes). Once again this 

occurred before the event-based (dairy product) task could be performed. The 

interruption occurred at various times within the 5 minutes of monitoring the 

VCR. Participants were not prevented from pressing pause on the VCR during the 

interruption as indicated by those participants that did. The experimenter firstly 

apologized for interrupting the task explaining that the previous participant, who 

had left their mobile phone behind, had called in an attempt to locate their 

possession. The interruption was therefore required to ensure the previous 

participant had left nothing else in the laboratory. For the second time, 

participants’ attention was removed from the ongoing task for approximately 1 

minute in length. The two interruptions were the only difference between the 

second condition and the first condition.  

       Condition 3 (no interruption and planning). The planning condition was 

identical to the first condition with the exception of the filled delay (i.e., puzzle 

task). Refer to Appendix Q for the instructions given to participants in the 

planning conditions (Conditions 3 and 4) concerning the 5 minutes of planning. 

After participants were given instructions they were asked to use the following 5 
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minutes to write down as many instructions that they were given as well as all the 

things that would help them complete the tasks. A blank piece of A4 paper and a 

pen was provided to participants and placed on the coffee table for them to use. 

Instructions were for participants to fold the piece of paper in half then place it 

outside the door when they heard the telephone ring. Unlike the Cambridge 

Behaviour Prospective Memory Test (CBPMT; Groot et al., 2002) which allows 

participants to have access to written notes, participants in the current study 

needed to rely upon their memory of the plan. The removal of external cues (i.e., 

written notes) reduced the possibility of ceiling effects. Just like the participants in 

Condition 1, participants in Condition 2 completed the ongoing task and the 

prospective memory tasks without any contact with the experimenter. They were 

then taken into the adjacent assessment room where they were asked to recall all 

of the instructions and were interviewed. 

       Condition 4 (interruption and planning). The remaining two groups of 

younger and older participants were allowed time to plan and then exposed to an 

interruption. The same ongoing task (planning a meal), prospective memory tasks 

(identifying recipes with dairy products, recording a program in 5 minute intervals 

and asking for a personal possession), interruptions (an unexpected telephone 

ringing and the experimenter searching the laboratory) and instructions for 

planning were utilised.  

Results 

Data Screening 

       Prior to analysis, the demographic data (participants’ age, years of education, 

number of health problems, health rating, NART-2 score and TICS-m score) and 

prospective memory scores (event-, time- and activity-based task scores) were 



 109

screened for missing values, outliers and normality of distributions. These 

variables were examined separately for the eight experimental groups (2 x Age, 2 

x Interruption and 2 x Planning). There were no missing values. 

       An alpha level of .05 was used for all statistical tests with the exception of 

one analysis in which a directional hypothesis was analysed using an F test and a 

critical value based on twice this alpha value was chosen (i.e., p < .10 instead of p 

< .05). This decision was guided by Keppel and Wicken’s (2004) advice regarding 

directional hypotheses. The scores for the three prospective memory tasks (event-, 

time- and activity-based tasks) were subjected to three 2 (Age; Younger and 

Older) x 2 (Interruption; Interruption and No Interruption) x 2 (Planning; Planning 

and No Planning) ANOVAs 1. All factors were between-subjects. The aim of the 

analyses was to evaluate the main and interactive effects of the three IVs (age, 

interruption and planning) on the DVs (prospective memory tasks).   

Retrospective Memory Load 

       Due to the large amount of instructions given to participants in the current 

study it was considered important to examine whether the participants could recall 

the instructions of the three prospective memory tasks. Failure to recall the 

instructions would mean that failures could be attributed to a retrospective rather 

than a prospective memory failure (Burgess, 2000; Ellis, 1996). Recall was 

examined at the end of the experiment by asking participants to recount what they 

were asked to do. A prompt was provided to those participants who failed to 

mention all of the required tasks (e.g., what else did you have to do?).  

 
___________________ 
 

1 Because the three prospective memory tasks are theoretically different (i.e., different 
processes are thought to underlie the performance of each one) and the results were the 
same when a MANOVA was conducted, ANOVAs were performed and presented in this 
section.    
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       Overall, 14 participants failed to recall the event- and/or activity-based 

prospective memory tasks even after a prompt. Of these participants, 8 were from 

Condition 2 (interruption and no planning), 4 were from Condition 1 (no 

interruption and no planning) and 2 were from Condition 3 (no interruption and 

planning). Of these participants, 13 were older adults and 1 was a younger adult. 

All 14 participants recognised the instructions once they were mentioned by the 

experimenter and recalled what they were required to do with regards to the time-

based (VCR) task. 

       Three 2 (Age) x 2 (Interruption) x 2 (Planning) ANOVAs were conducted on 

each of the three prospective memory tasks both with and without the 14 

participants who could not recall one or more of the tasks with a prompt. The 

results were the same with and without these participants. Because the prospective 

memory scores may have been contaminated by poor retrospective memory 

(ability to recall what had to be done) participants who could not recall one or 

more of the prospective memory tasks were removed from the results (Ellis, 

1996).  

       From observation, all participants were engaged in the ongoing task. 

Adjustments to the ongoing task made during piloting ensured that the task was 

neither too easy nor too difficult for both the younger and older adults. 

Instructions for the ongoing task were made available on all of the materials (e.g., 

ingredients checklist, recipe outcomes form, recipe book and price catalogue) thus 

allowing the task to be easily understood. The availability of the instructions 

aimed to reduce the retrospective memory load on participants to ensure that 

prospective memory performance was not contaminated by retrospective memory 

errors (Ellis, 1996). The cheapest and quickest recipe was correctly identified by 
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all participants despite minor errors with adding up the cost of the ingredients 

(i.e., all errors were within $1 of the correct price). Performance on the ongoing 

task was therefore at or close to ceiling for the majority of participants.  

Event-based (Dairy Product) Task 

        Table 3 summarises the mean scores for the eight experimental groups for 

the event-based (dairy product) task. There was a significant main effect for Age 

on the event-based task (maximum score = 8). Younger adults (M = 5.06, SD = 

3.13) scored significantly higher than older adults (M = 3.88, SD = 3.27), F(1, 

138) = 12.51, p < .05, η2 = .08. The main effect for Interruption on the event-

based task was significant when an alpha level of .10 was adopted, as 

recommended by Keppel and Wickens (2004) when testing directional hypotheses 

with an F test, F(1, 138) = 3.71, p = .056. Participants exposed to an interruption 

(M = 4.19, SD = 3.31) scored significantly less than those who weren’t interrupted 

(M = 4.84, SD = 3.16). 

       A significant main effect was found for Planning on the event-based task. 

Participants who had the opportunity to plan by writing notes in the first 5 minutes 

(M = 6.36, SD = 2.27) scored significantly higher than those participants who had 

to complete the puzzle and had no time to plan (M = 2.25, SD = 2.58), F(1, 138) = 

102.06, p < .05, η2 = .43. The opportunity to plan was therefore beneficial even 

though participants were not allowed to have access to the written plans. There 

were no significant two-way or three-way interactions on the event-based task.  
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Table 3          

Mean Scores on the Event-based Task by Age, Interruption and Planning 
__________________________________________________________________ 

            
           Age Group 

   Younger Adults         Older Adults 
           ________________________      __________________________ 
 
         Planning              Planning 
             
             ______________________________________________________ 
         

Interruption         Yes                     No              Yes                    No      
__________________________________________________________________ 

         
     M        SD           M        SD          M         SD           M          SD 
 

      Yes            6.70      1.86        2.26     2.68        5.45      2.89        1.23       2.61 
                       

       No  7.00      2.27        4.15     3.08        6.33      1.91        1.31       1.77 
__________________________________________________________________ 

 

Time-based (VCR) Task 

       Table 4 summarises the mean scores for the eight experimental groups for the 

time-based (VCR) task. There was a significant main effect for Age on the time-

based task (maximum score = 4). Younger adults (M = 3.55, SD = 0.43) scored 

significantly higher on this task than older adults (M = 3.25, SD = 0.64), F(1, 138) 

= 28.43, p < .05, η2 = .17. There was also a significant main effect for 

Interruption on the time-based task. Participants exposed to an interruption (M = 

3.33, SD = 0.53) performed significantly lower on the time-based task than those 

participants who were not (M = 3.48, SD = 0.54), F(1, 138 = 8.26, p < .05, η2 = 

.06. There was also a significant main effect for Planning on the time-based task. 

Participants who had the opportunity to plan (M = 3.7, SD = 0.27) scored 
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significantly higher than those participants who had to complete the puzzle (M = 

3.04, SD = 0.54), F(1, 138) = 100.36, p < .05, η2 = .42.  

 

Table 4               

Mean Scores on the Time-based Task by Age, Interruption and Planning 
________________________________________________________________ 

                      Age Group    

                             Younger Adults          Older Adults 
        ___________________________     _________________________ 
         
       Planning                         Planning 
         ______________________________________________________ 

Interruption        Yes          No   Yes          No 
________________________________________________________________ 

         
    M        SD     M        SD            M         SD           M         SD 
 

      Yes   3.71     0.27       3.25     0.44          3.56      0.27        2.56      0.51 
 

No     3.80     0.26       3.43     0.47          3.76      0.22        2.88      0.66 
________________________________________________________________ 

 

       There was a significant 2-way interaction between Age and Planning on the 

time-based task, F(1, 138) = 15.15, p < .05, η2 = .10. To further investigate this 

significant interaction, simple main effect analyses were conducted. When 

participants were required to complete the puzzle (no planning condition) younger 

adults performed significantly higher on the time-based task (M = 3.34, SD = 

0.46) than older adults (M = 2.73, SD = 0.61), t(66) = 4.67, p < .05. However, 

there was no difference between younger adults (M = 3.76, SD = 0.27) and older 

adults (M = 3.65, SD = 0.26) on the time-based task when they were given an 

opportunity to plan by writing notes t(76) = 1.71, p = .09. Older adults’ 

performance on the time-based task (increase in M = 0.92) increased to a similar 
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level as the younger adults’ performance after planning (increase in M = 0.41) 

(refer to Figure 8). There were no significant three-way interactions on the time-

based task. 
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Figure 8. Mean total scores (+ SE) for younger adults (n = 79) and older adults (n 

= 67) in the planning and no planning groups on the time-based (VCR) task. 

 

Activity-based (Item) Task 

       Table 5 summarises the mean scores for the eight experimental groups on the 

activity-based (item) task. There was no significant difference between younger 

(M = 0.90, SD = 0.63) and older adults (M = 0.91, SD = 0.73) on the activity-

based task, F(1, 138) = 0.32, p = .57 (maximum score = 2). There was no 

significant difference between participants exposed to an interruption (M = 0.87, 

SD = 0.72) and those who were not interrupted (M = 0.94, SD = 0.66), F(1, 138) = 

1.66, p = .19. A significant main effect was found for Planning on the activity-

based task. Participants in the planning conditions (M = 1.26, SD = 0.56) scored 
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significantly higher on the activity-based task than participants not in the planning 

conditions (M = 0.49, SD = 0.53), F(1, 138) = 70.56, p < .05, η2 = .33.  

 
Table 5                

Mean Scores on the Activity-based Task by Age, Interruption and Planning 
________________________________________________________________ 

            Age Group 

         Younger Adults          Older Adults 
         ___________________________     ________________________ 
 

Planning             Planning 
                        ___________________________________________________ 

                                              
Interruption         Yes                   No            Yes                         No  
_______________________________________________________________ 

                      M         SD        M         SD          M         SD            M         SD 
 

Yes           1.35     0.48      0.47      0.51        1.25      0.64         0.15      0.38 
 

No            1.10     0.64      0.65      0.49        1.33      0.59         0.63      0.62 
 _______________________________________________________________ 

 

       A significant Interruption by Planning 2-way interaction was found on the 

activity-based task, F(1, 138) = 4.77, p < .05, η2 = .33. To clarify the effect of this 

interaction, simple main effect analyses were conducted. A significant difference 

was found between those in the interruption condition (M = 0.34, SD = 0.48) and 

those in the no interruption condition (M = 0.64, SD = 0.54) when the groups had 

no opportunity to plan by writing notes (no planning condition), t(66) = -2.36, p < 

.05. However, the opportunity to plan by writing notes (planning conditions) 

eliminated the difference between the interruption (M = 1.3, SD = 0.56) and no 

interruption conditions (M = 1.21, SD = 0.62), t(76) = 0.66, p = .51 (refer to 
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Figure 9) There were no significant three-way interactions on the activity-based 

task. 
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Figure 9. Mean total scores (+ SE) for participants in the interruption (n = 71) and 

no interruption conditions (n = 74) by planning and no planning on the activity-

based (item) task. 

 

Post Task Interview 

       Feedback on experiment. At the completion of all the tasks, an interview was 

conducted to explore how close the experiment was to real life experiences and 

how prospective memory tasks are recalled and forgotten. Table 6 shows 

frequencies for responses on the post task interview by conditions (N = 160). The 

interview revealed that the majority of participants (73%) did not know the aim of 

the experiment was to do with memory. A significantly larger percentage of older 

adults (83.6%) did not suspect the experiment was about memory than younger 
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adults (63.3%) (χ2 [1] = 7.45, p < .05). Table 6 shows that the percentage of 

participants who did not guess the experiment was about memory were similar 

across conditions. When asked if participants completed such tasks in their 

everyday lives, the majority revealed that yes, they did (74%) thus supporting the 

ecological validity of the experiment. Participants of varying ages or allocated 

condition did not differ in their responses to this question. All participants who 

had completed the puzzle (no planning groups, n = 68) revealed that the puzzle 

was engaging as they were focussed primarily on this task during the 5 minute 

delay. The interruptions were considered realistic and believable by the majority 

exposed to them (75%). Once again there were no differences between 

participants due to condition or age group.  

 

Table 6 

Post Task Interview Frequencies by Conditions 
_______________________________________________________________ 
        

                          Conditions 
      ___________________________
          

Question                     1           2             3           4 
_______________________________________________________________ 

 
Didn’t know experiment was about memory     70%      75%        71%      75%   

 
Completed these tasks in their everyday lives   70%      72%        72%      80%
         
Thought the puzzle was engaging    100%    100%         NA       NA 

Thought the interruptions were realistic     78%      NA          NA      73% 
_______________________________________________________________ 
 
Note. Condition 1 = No Planning and No Interruption, Condition 2 = Interruption and No 

Planning, Condition 3 = No Interruption and Planning, Condition 4 = Interruption and Planning. 
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       Strategies used by participants. The interview was also conducted to gain an 

understanding of what strategies participants used to help them remember to 

respond to prospective memory cues. An open-ended question was used with 

regards to each task (e.g., how did you remember to put white stickers on recipes 

with a dairy product?). Participant’s responses were then categorised into two 

groups (a) kept the task in the back of my mind the whole time and actively 

searched for the cue; or (b) the task just came to me. When participants’ responses 

did not fit into one of the two categories easily, they were asked to choose which 

category best described their strategy. 

       Of the 108 participants (73.9%, N = 146) who performed the event-based 

(dairy product) task at least once, 43% reported that they actively searched for the 

dairy products and kept the task in the back of their minds whilst 57% reported 

that the task had ‘just come to them’. This difference was not significant (χ2 [1] = 

1.84, p < .05). This trend was the case regardless of age with 52.3% of older 

adults and 59.7% of younger adults reporting that the task had ‘just come to 

them’. Participants who had the opportunity to plan the task were more likely to 

keep the task in the back of their minds and actively search for dairy products 

within the recipes (58%). In contrast, most participants who were required to 

complete the puzzle and weren’t able to plan, revealed that when they performed 

the event-based task, it had just come to them (86%). This difference was 

significant (χ2 [1] = 22.13, p < .05). Refer to Table 7 for the frequencies of 

remembering strategies for the event-based task by planning condition. 
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Table 7 

Frequencies of Remembering Strategies for the Event-based Task by Planning 
_______________________________________________________________ 

 
         Planning                                                      

___________________________ 
 

Strategy Used                Yes  No 
_______________________________________________________________ 

Kept the task in the back of my mind the whole    58%  14% 

time and actively searched for the cue 

 
The task just came to me           42%  86%     

 

       As seen in Table 8, out of the 146 participants (100%, N  = 146) who 

completed the time-based (VCR) task, it was reported to have been kept in the 

back of one’s mind whilst actively searching for the cue (watching the clock) 

(97.3%). Only 2.7% of participants claimed the task had ‘just come to them’. The 

strategies reported for remembering the time-based task were significantly 

different (χ2 [1] = 130.44, p < .05). This was the case regardless of age and 

condition. 

       When the 105 participants (71.9%, N = 146) who performed the activity-

based (item) task either with the prompt or without it, were asked how they 

recalled this task, responses revealed that the task had mostly ‘just come to mind’ 

(78%) (χ2 [1] = 32.5, p < .05). This was the case regardless of age and condition. 

Overall the time-based task was more often kept in the back of participants’ minds 

whilst they monitored the clock (97.3%), however the event-based task was 

reported to have ‘just come’ to the majority of participants (57%). The activity-

based task was reported to have ‘just come to mind’ also (78%). The difference 

between reported strategy use for each task was significant (χ2 [2] = 7.81, p < 
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.05). On further investigation, the time-based task was kept in the back of 

participant’s minds significantly more than the activity-based task (χ2 [1] = 82.03, 

p < .05) and the event-based task (χ2 [1] = 66.14, p < .05), which was searched 

for more actively than the activity-based task (χ2 [1] = 17.74, p < .05). 

 

Table 8 

Frequencies of Remembering Strategies for Each Task  
__________________________________________________________________ 
 

           Task Frequencies 
        __________________________________ 

Strategy Used                 Event-based    Time-based    Activity-based 
__________________________________________________________________ 

 
Kept the task in the back of my mind          43%        97.3%         22% 

the whole time and actively searched  

for the cue  

 
The task just came to me                           57%               2.7%         78%
  
__________________________________________________________________ 

 

     Reasons for forgetting. The interview also aimed to ascertain why participants 

believed they forgot the tasks that they did. From the 146 participants left in the 

analyses 99 participants (68%) forgot to put a white sticker on at least one recipe 

with a dairy product, 123 participants (84.2%) forgot to press pause on the VCR 

on time every time and 119 participants (81.5%) needed a prompt to recall their 

personal item or failed to recall this task after the prompt. The responses from 

these participants were categorised as (a) weak cue which did not trigger the tasks; 

(b) distracted by other tasks; or (c) poor encoding and lack of strategy use. When 

participants’ responses did not fit into one of the three categories easily, they were 
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asked to choose which category best described their prospective memory failure. 

Of the 72 participants who were interrupted, 6 reported that they forgot due to the 

interruption (8.3%). These responses were investigated further and it was revealed 

that the interruptions were not likely to have caused all instances of forgetting. 

Due to only a small percentage of participants identifying the interruption as a 

reason for forgetting (8.3%), their extended responses were utilised and allocated 

into one of the three categories mentioned above.  

       The reported reasons for forgetting each of the three tasks were significantly 

different (χ2 [4] = 9.49, p < .05). The event-based task was forgotten mainly due 

to the cues being too weak and not triggering the task (71%) (χ2 [1] = 27.18, p < 

.05). Table 9 suggests that this reason was different from the reason the majority 

reported for forgetting the time-based task. Eighty percent of participants reported 

that distraction from other tasks was responsible for failures on the time-based 

task (χ2 [1] = 44.46, p < .05). The reason that the majority reported for forgetting 

the activity-based task were different from the reasons for forgetting both the 

event-based task and the time-based task as they were due to a poor or non-

existent use of strategies (52%) (χ2 [1] = 10.22, p < .05). Such results fit with the 

assumption that differing prospective memory tasks (e.g., event-, time- and 

activity-based) require differing strategies and or mental processing. Younger and 

older adults explained their memory failures in a similar way, as did participants 

across the four conditions. 
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Table 9 

Frequencies of Why the Tasks were Forgotten 
__________________________________________________________________ 
 

                           Task Frequencies 
        ________________________________________ 

Reason for Forgetting                Event-based    Time-based    Activity-based         
__________________________________________________________________ 

Weak cue which did not trigger the tasks    71%         17%          26% 

Distracted by other tasks            21%         80%          22% 

Poor encoding and lack of strategy use         8%          3%          52% 

__________________________________________________________________ 

 

       Types of planning. Participants in the planning conditions were given the 

opportunity to spend 5 minutes writing down as many instructions as they could 

remember. Differences between younger (n = 40) and older adults (n = 38) in the 

elaborateness of the plans they made may be examined by (a) the number of 

prospective memory tasks they wrote down; and (b) the number of points they 

made regarding how to remind themselves about the tasks. Differences were 

expected based on Kliegel and his colleagues’ (2000) findings and were examined 

using t-tests. 

       The difference between younger adults (M = 1.98, SD = 0.57) and older 

adults (M = 1.76, SD = 0.71) on the number of prospective memory tasks (total = 

3) written down during the allotted 5 minutes of planning was not significant t(76) 

= 1.44, p = .15. There was also no difference between the younger (M = 0.55, SD 

= 0.74) and older adults (M = 0.63, SD = 0.75) on the number of points made 

regarding how to remind themselves of the prospective memory tasks t(76) = -

0.48, p = .63.  
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Discussion 

       A major aim of the current study was to investigate the effects of age, 

interruption and planning on event-, time- and activity-based prospective memory 

tasks. Younger adults aged 18 to 33 years were compared to older adults aged 60 

to 75 years on three prospective memory tasks in a home-like laboratory. This is 

one of the first attempts to examine the effect of external interruptions (i.e., 

experimenter-initiated contact unrelated to the ongoing task) on prospective 

memory performance and ageing. Further, the opportunity to plan the tasks was 

provided to some participants and the influence this would have on prospective 

remembering was evaluated. 

       Note that all participants included in the analyses were able to recall the 

instructions for all three prospective memory tasks. The majority of the 

participants reported that they a) did not know the experiment was investigating 

memory (73%), b) reported that the three prospective memory tasks were similar 

to those that they perform in everyday life (74%), c) that the puzzle absorbed all 

of their attention (100%) and d) believed the interruptions were realistic (75%). 

These self-reports suggest that the new paradigm developed here is not only 

realistic but is an appropriate and valid means for examining prospective memory. 

A summary of the main findings will now be presented. 

       The main hypothesis that overall younger adults would perform significantly 

better than older adults on all three prospective memory tasks was partially 

supported. Although younger adults outperformed older adults on the event- 

(dairy product) and time-based (VCR) tasks there was no difference between the 

two groups on the activity-based (item) task. An age-related difference was not 

found when participants were required to ask for the return of their personal 
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possession at the completion of the ongoing task. The next main hypothesis 

proposed that interruptions would significantly reduce prospective memory 

performance. Again this hypothesis was partially supported. A significant main 

effect for interruption was found on the event- and time-based task. Participants 

were less able to place a sticker on recipes with a dairy product and press pause on 

the VCR every 5 minutes if they were interrupted. The interruptions made no 

significant difference to performance on the activity-based task. With regard to 

the third main hypothesis, as expected, performance on all three prospective 

memory tasks improved in the planning conditions. The opportunity to write notes 

and plan the tasks enabled participants to perform significantly higher on all 

prospective memory tasks than those who had to complete the puzzle. 

       With regards to the secondary hypotheses, there were no age and interruption 

interactions on any of the three tasks. Despite expectations, older adults’ 

prospective memory performance did not reduce significantly in comparison to 

younger adults when exposed to an interruption. There was no difference 

between younger and older adults in the elaborateness of their plans as they wrote 

down the same number of prospective memory tasks and points regarding how to 

remind themselves about these tasks during the allotted 5 minutes. The beneficial 

effect of planning overcame age-related differences on the time-based task as was 

hypothesised. An age and planning interaction on the time-based task was found, 

suggesting that older adults benefited more from planning than younger adults. 

This did not occur with the event-based task where younger adults without the 

opportunity to plan still outperformed older adults who were given the 

opportunity to plan. The beneficial effect of planning even extended to those 

participants who were also interrupted. The opportunity to plan reduced the 
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negative (albeit not significant) effects of being interrupted in the activity-based 

task only, as an interruption and planning interaction was found. Thus the 

unexpected interruption did not significantly affect activity-based task 

performance when participants had the opportunity to plan. This was not the case 

for the event- and time-based tasks. 

       Exploratory hypotheses with regard to the strategies participants used to 

remember the prospective memory tasks and why they forgot them were also 

proposed. With respect to the event-based (dairy product) task it was expected that 

the majority of participants would allow the cue to trigger the action (e.g., just 

came to me) as the combined demands of the ongoing task and prospective 

memory tasks would be too great to engage in effortful monitoring. Although 

57% of participants reported using this strategy, 43% reported engaging in active 

monitoring. This difference was not significant. Further investigation suggested 

that the opportunity to plan and not age had an influence on which strategy was 

adopted. Participants who had the opportunity to plan for the event-based task 

(e.g., search for a dairy product at the beginning of each recipe) were more likely 

to actively search for the cue (viz., dairy product) than rely upon the saliency of 

the cue to trigger the action (just came to me). 

       As predicted, the time-based (VCR) prospective memory task was reportedly 

kept in the back of participants’ minds whilst the cue (i.e., every 5 minutes) was 

actively monitored. According to self-reports, participants continually thought 

about the time-based task and checked the clock regularly. Only a small 

percentage of participants (2.7%) reported that the task had just come to them. 

The activity-based (item) prospective memory task, however, was reported to 

have just come to the majority of participants (78%) as was hypothesised. It was 
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therefore not kept in the back of participants’ minds but rather retrieved 

automatically (i.e., cue triggered the action). 

       The self-reported data also allowed exploratory hypotheses to be proposed 

with regards to the reasons why participants forgot the prospective memory tasks. 

Consistent with the hypotheses, the majority of participants reported that the 

event-based task was forgotten due to a weak cue that did not trigger the tasks. To 

clarify, when the event-based task was forgotten it was mostly due to the 

individual dairy products (e.g., butter, milk, yogurt and cheese) failing to trigger 

the prospective memory action. These individual dairy products differed from the 

explicit instructions (i.e., dairy products) and therefore were less salient. The 

majority of participants (71%) attributed failure to these less salient or weak cues 

that did not remind them to put a sticker on the recipe. In contrast, the time- and 

activity-based tasks were reported by the majority to be forgotten due to 

distraction from other tasks and poor encoding or lack of strategy use, 

respectively. The predictions made with regards to these tasks were supported. 

Failure on the time-based task was attributed by the majority of participants (80%) 

to be due to distraction from other tasks. For example, difficulty in finding an 

ingredient in the price catalogue resulted in the prospective cue (5 minutes) being 

missed as attention needed to be shared amongst these tasks. The activity-based 

task, however, was reported by the majority (52%) as being forgotten due to poor 

encoding or lack of strategy use. Further questioning revealed that participants 

paid less attention to the activity-based task as they did not consider it a task that 

was being measured or as difficult to remember as the other tasks. They then 

failed to adopt a strategy (e.g., strengthen the association between the cue and the 

action) to facilitate recall. The main findings will now be discussed. 
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Age and Prospective Memory  

       Several inferences can be drawn from the results of this study. First, age-

related differences in complex prospective memory tasks are robust. Age-related 

differences were found on the event- (dairy product) and time-based (VCR) 

prospective memory tasks. These differences have been found in various studies 

of prospective memory (Einstein et al., 1992; Einstein et al., 2003; Einstein et al., 

1995; Kliegel et al., 2000, Kliegel et al., 2003a; Mantyla, 1994; Martin & 

Schumann-Hengsteler, 2001; McDaniel, Einstein, Graham, et al., 2004; West & 

Craik, 1999). The age difference in time-based tasks have been particularly robust 

because these tasks have less salient cues (e.g., time on a clock that is usually not 

part of the ongoing task) and require more self-initiated retrieval which becomes 

increasingly more difficult for older adults (Einstein et al., 1995; Kliegel et al., 

2003a; Martin & Schumann-Hengsteler, 2001). This finding provides support for 

Craik’s (1986) environmental support model of ageing and the frontal-lobe 

hypothesis of cognitive ageing (West, 1996). Further, it appears that as prefrontal-

lobe functioning declines with advancing age so does the ability to engage in 

effortful monitoring for a less salient cue. 

       It may also be argued that the event-based task possessed cues of low saliency 

(i.e., dairy products embedded in recipes) that disadvantaged older adults. A meta-

analytic review of prospective memory and ageing (Henry et al., 2004) revealed 

that event-based tasks that impose higher levels of controlled strategic demand are 

associated with significantly larger age effects than event-based tasks that are 

supported by relatively more automatic processes. A significant percentage of 

participants (43%) utilised controlled strategic processes to monitor for the dairy 

products (e.g., kept the task in the back of their minds). This percentage was less 
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than that reported for the time-based (VCR) task (97.3%) but more than that 

reported for the activity-based (item) task (21%). Perhaps the appearance of age 

differences is directly related to whether effortful and strategic monitoring is 

required (McDaniel & Einstein, 2000). Because effortful and strategic monitoring 

is reliant upon prefrontal processes and these processes decline with age (West, 

1996) a greater age difference was seen on the time-based (VCR) task than the 

event-based (dairy product) task, which in turn was greater than the lack of age 

difference on the activity-based (item) task. Thus, the demands of the individual 

tasks may determine whether age-related differences are seen (McDaniel & 

Einstein, 2000). 

       There was no age-related difference on the activity-based (item) task. This 

finding was counter-intuitive. Although older adults perform substantially better 

than their younger counterparts in most naturalistic prospective memory studies 

(e.g., Devolder et al., 1990; Dobbs & Rule, 1987; Leierer et al., 1988; Martin, 

1986; Maylor, 1990; Moscovitch, 1982; Park et al., 1992; Patton & Meit, 1993; 

Rendell & Thomson, 1993, 1999; West, 1988) and this task may be considered an 

everyday type of task, the opportunity to use external memory aids was removed. 

Therefore, it was hypothesised that older adults would not perform as well as 

younger adults as they weren’t able to use written reminders as was the case in 

many earlier naturalistic studies (see Rendell & Thomson, 1999). More recently, 

Rendell and Craik (2000) found that older adults outperformed younger adults on 

a naturalistic task (e.g., actual week) even when they did not use external memory 

aids. This result was attributed to the practice and ultimately greater life 

experience that older adults may have over younger adults in the performance of 

these tasks. However, it may be argued that these researchers were unable to 
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control the demands made by the participants’ everyday lives and that younger 

adults were unable to give the experiment the attention that it required due to 

outside commitments (e.g., exams, part-time work, dates etc). Unlike in the 

current study, the demands of background activities in Rendell and Craik’s study 

may have differed for the two age groups allowing the older adults to outperform 

the younger adults. Nevertheless, older adults appear capable of performing at a 

similar level to younger adults on certain tasks. 

       Research investigating retrieval of an item (Bakker et al., 2002) may help to 

explain why there was no age difference in performance on the activity-based 

task. This research suggests that the value of the item impacts greatly upon 

whether it will be remembered or not. Considering that the older adults were in an 

unfamiliar and unusual environment (i.e., university), the importance they placed 

upon the return of their personal possession may have been greater (e.g., if I don’t 

have my watch or phone returned to me today, I may need to make an extra trip to 

the university to collect it). Perhaps this was why there was no age-related 

difference in whether participants remembered this task. 

        An alternative explanation may be that by the time the activity-based task 

needed to be performed, all other tasks had ended, therefore freeing up cognitive 

resources to attend to the cue. Several studies have shown that freeing up 

resources at retrieval benefits prospective memory performance (Marsh & Hicks, 

1998; McDaniel et al., 1998; McDaniel et al., 2003). This is consistent with 

McDaniel and Einstein’s (2000) multiprocess framework. This theory suggests 

that the more demanding of cognitive resources or absorbing the ongoing activity, 

the less likely resources will be available for strategic approaches to prospective 

remembering. Thus, explaining the age-related deficits on the event- (dairy 
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product) and time-based (VCR) tasks that needed to be performed during the 

ongoing task. When the ongoing task ended older adults were provided with the 

extra resources needed to recall the activity-based task as efficiently as younger 

adults. Some of these resources may be linked to working memory.  

       Age-related deficits in working memory functioning may also explain this 

counter-intuitive result (Salthouse, 1994; Salthouse & Babcock, 1991; West & 

Craik, 2001). Martin and Schumann-Hengsteler (2001) found that increasing 

ongoing task demands has a detrimental effect on monitoring processes, which are 

directly linked to working memory functioning. Older adults were therefore 

disadvantaged when monitoring for the event- (dairy product) and time-based 

(VCR) tasks due to the highly demanding ongoing task they also needed to 

perform. Reduced working memory functioning in older adults would thus have a 

detrimental effect on prospective memory performance.  

       Although numerous explanations have been presented with regards to why 

younger and older adults performed in a similar way on the activity-based (item) 

task, a more simplistic explanation is a methodological one. The activity-based 

task may have been a less reliable measure of prospective remembering as only 

one instance of behaviour was measured. More specifically, participants were 

required to ask for only one possession at one time point. With more opportunities 

to perform the prospective memory action, as was the case with the event- and 

time-based tasks, the overall measure of activity-based prospective memory may 

be more reliable. However Kliegel and his colleagues (2000) found a significant 

age-related difference on a single activity-based (item) task suggesting that the 

failure to observe an age-related difference in the current study is not likely to be 

the result of a methodological limitation. 
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Interruption and Prospective Memory 

       The second inference drawn from the current study involves the second 

variable of interest, namely, interruption. Performance on the event- (dairy 

product) and time-based (VCR) tasks declined significantly in the interruption 

condition. This finding is consistent with the view of other researchers in the area 

(Einstein et al., 2003; Trafton et al., 2003) who concluded that when there is no 

cue available upon return from the interruption or a cue lacking in saliency there 

is a greater need to rely upon self-initiated retrieval processes. Trafton and his 

colleagues found that participants were better able to resume an interrupted ‘army 

tank’ task when provided with salient retrieval cues. These cues prompted 

memory as to where participants had left the task and what needed to be done 

therefore preventing the need to search long-term memory for the interrupted 

activity. It may be argued that when participants returned from the interruption, 

the event-based cue (dairy product) although still available and part of the 

ongoing task, lacked sufficient saliency to trigger the prospective memory action. 

Whilst the time-based cue (clock) was located in an adjoining room and even less 

available. In addition, Einstein and his colleagues propose that it is difficult to 

reactivate the entire set of task demands upon return from an interruption (i.e., 

resumption lag, Trafton et al., 2003) and that only the primary goals of the 

ongoing task are reactivated immediately while secondary goals may be forgotten 

initially. Thus, a time-based task requiring prompt action would be greatly 

affected. 

       Surprisingly, the interruptions did not significantly affect performance on the 

activity-based (item) prospective memory task. Perhaps event-, time- and activity-

based tasks are unique and therefore differentially affected as discussed earlier. 
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Another possibility involves the nature of the interruption itself. In the current 

study, the experimenter entered the room and engaged participants in 

conversation. Perhaps this interruption was not distracting enough or absorbing of 

working memory processes to significantly affect activity-based task performance. 

According to Speier and her colleagues (1999) interruptions can cause 

‘information overload’ where information from primary tasks can be pushed out 

of working memory. In the current study, information about the prospective 

memory cues (i.e., dairy products and 5 minute intervals on the clock) would have 

been pushed out of working memory when the interruption occurred (i.e., 

experimenter entering the room) due to capacity limitations. Once the interruption 

was dealt with, a recovery period was needed to reprocess information that was 

forgotten while attending to the interruption (Speier et al., 1999). Intuitively, the 

more demanding the interruption, the greater the recovery period required and the 

more likely prospective memory failures may occur (Zijlstra et al., 1999). Thus, a 

significant effect on the activity-based task may have appeared with an 

interruption that was more demanding on working memory processes (e.g., 

arithmetic problems).  

       The interruptions examined in the only other studies on prospective memory 

have not involved the experimenter and were usually expected (Einstein et al., 

2003; McDaniel, Einstein, Graham, et al., 2004). For example, being pre-warned 

that a message ‘go to folder’ will appear on the computer screen to indicate a 

change in tasks (i.e., trivia questions to picture comparison) is argued to be 

artificial in nature and unrelated to real life experiences. Drawing conclusions 

about interruptions in everyday life therefore becomes limited when working with 

such methodologies. McDaniel, Einstein, Graham, et al. also investigated the 
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effect of an interruption on a briefly delayed prospective memory task. For 

example, participants were required to delay (e.g., 5, 15 or 40s) the execution of 

the prospective memory action (i.e., press the slash key) once they encountered 

the cue (i.e., red screen) until they had completed the current ongoing task and the 

next was presented (i.e., trivia questions etc.). Thus these apparent discrepancies 

between previous studies and the current one may explain why the activity-based 

(item) task was not affected by the interruption as expected. In addition, perhaps 

life experience in dealing with interruptions provides an advantage when one is 

interrupted in the performance of everyday tasks. 

       In light of criticising stricter laboratory methodologies (e.g., Einstein et al., 

2003; McDaniel, Einstein, Graham, et al., 2004), the attempt to replicate everyday 

tasks leads to difficulties in reducing extraneous confounds. Therefore, teasing out 

why the interruption did not negatively affect all three prospective memory tasks 

becomes more difficult. Perhaps the interruptions in the current study provided a 

facilitating effect for the activity-based (item) task. Mantyla and Sgaramella 

(1997) reported that interrupting the ongoing task at the time the prospective 

memory cue is present can improve prospective memory performance. For 

example, the interruption may encourage participants to note where they are up to 

in the ongoing task, thus increasing the possibility that the prospective cue will be 

noticed. In addition, the interruption may trigger a memory search for why the 

interruption is occurring which may subsequently bring the prospective memory 

task to mind at a time when the task can be performed immediately. Providing 

additional support for Mantyla and Sgaramella’s (1997) explanation, Hicks and 

his colleagues (2000) found that multiple transitions between ongoing tasks 

present opportunities for retrieving the prospective memory tasks. These 
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transitions provide a ‘freeing-up’ of cognitive resources and the opportunity to 

bring plans to mind and in particular, completed and uncompleted tasks. These 

opportunities may also be provided by interruptions. 

       In the current study, participants may have been reminded of the activity-

based (item) task when the experimenter entered the room. Perhaps the 

interruption led participants to engage in a spontaneous search of memory for the 

tasks they were asked to perform especially if participants interpreted the 

interruption as being due to their failure to perform a task. Finally, although 

interruptions usually disrupt performance of the primary task (Zijlstra et al., 1999; 

McFarlane, 2002) they may also facilitate performance by increasing arousal or 

decreasing boredom (Speier et al., 1999). For example, performance may be 

facilitated when attention is refocussed upon the ongoing and prospective memory 

tasks when the mind may have begun to wander. However, this explanation does 

not account for the significant effect that the interruption had on the event- (dairy 

product) and time-based (VCR) task.  

       In line with the above explanation, the interruption would also lead to the 

triggering of the event- (dairy product) and time-based (VCR) tasks. According to 

Mantyla and Sgaramella (1997), the interruption was helpful in their experiment 

as it coincided with the period at which the prospective memory action was to be 

performed. In the current study, the interruption coincided with exposure to a 

dairy product not necessarily the time to press pause on the VCR. Due to the 

event-based task being interrupted at the time of the cue and not the time-based 

task, the effects of the interruption were slightly different for each task. With the 

dairy product cue being available, a memory search of the event-based task 

triggered by an interruption would have a greater chance of success. Whilst the 
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VCR cue was not as available (i.e., clock in another room) leading to delays in 

remembering this task. Timing of the interruption in relation to the prospective 

memory task can therefore help to explain why a higher level of significance 

needed to be adopted for the event-based (dairy product) task than the time-based 

(VCR) task (i.e., p < .10 instead of p < .05). 

       The time-based (VCR) task would also have been neglected due to task 

switching costs (e.g., Marsh et al., 2002; Monsell et al., 2003). These costs 

include holding constantly updated information about the progress for two or 

more tasks in mind whilst switching attention. Working on the assumption that the 

time-based task relied heavily upon task switching processes (e.g., checking the 

clock and returning to the ongoing task) and that these processes require scarce 

resources, it may be concluded that the interruption seized all task switching 

resources. Consequently few resources were left for checking the clock when 

attention needed to be switched to the interruption. This may explain why the 

interruption affected the time-based task to a greater extent than the event- and 

activity-based tasks.  

       By contrast, the activity-based (item) task was not affected negatively by the 

interruption and neither was the cue present at the time of the interruption. One 

possible interpretation for the finding involves the nature of the interruption. The 

experimenter interrupted participants by ringing a mobile phone left in the room. 

Upon entering the room the experimenter revealed that the mobile phone was a 

possession of the previous participant who had left it there unintentionally. The 

second interruption involved looking for other possessions that may have been left 

in the laboratory. A logical conclusion would be that participants were reminded 

of their own personal possession (i.e., watch or mobile phone) given to the 
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experimenter. The interruptions may have served as reminders for the activity-

based task, otherwise not thought of whilst completing the ongoing task. With an 

entirely unrelated interruption (e.g., a visitor seeking help) the activity-based task 

may have been more negatively affected. In addition, increasing the reliability of 

this measure by increasing the number of opportunities to perform the prospective 

memory action may reveal a significant decline on this task. Identifying the 

parameters responsible for these divergent patterns is beyond the scope of this 

dissertation and consequently remains for future research.  

Age, Interruption and Prospective Memory  

       There were no age and interruption interactions on any of the three 

prospective memory tasks suggesting that older adults were not more negatively 

affected by the interruptions. This finding was not consistent with inhibition 

theory (Hasher et al., 1999). According to inhibition theory (Hasher et al., 1999) 

inhibitory control declines as the functioning of the frontal-lobes decline with 

advancing age (West, 1996). More specifically, older adults may become overly 

absorbed in the interruption at the expense of other tasks and may have difficulty 

clearing the contents of working memory of the interruption once it has passed. 

This was not observed in the current study.  

       Research that supports the inhibition theory (Carlson et al., 1995; Connelly et 

al., 1991) showed that older adults were more easily disrupted in their prospective 

memory performance when the presence of a distraction was in unpredictable 

locations in a reading aloud task. In addition, West (1999) found that older adults 

were disrupted by both constant and unexpected distracters. Interpretations of 

these findings are that older adults find it more difficult to deny extraneous 

information access to working memory (Hasher et al., 1999). Thus, interruptions 
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were expected to have a more detrimental effect on older adults, especially those 

interruptions that are unexpected, require immediate action and are highly 

demanding on working memory. The interruptions in the current study were 

unexpected, required immediate attention. However, they may not have been 

highly demanding on working memory. Participants were not asked to stop 

working on the ongoing task and help search the laboratory. They were not 

required to answer the telephone and engage in a conversation. Hence, their 

attention may not have been fully captured by the interruption. The demand on 

working memory may not have increased significantly to produce interactions 

between age and interruption. Alternatively, the older adults in the current study 

may have been too young to have experienced substantial prefrontal-lobe decline 

and subsequently display greater disruption in prospective memory performance 

in comparison to younger adults. Older adults in the current study were aged been 

60 to 75 years whilst McDaniel and his colleagues (2003) recruited seniors 

between the ages of 60 to 80 years. Perhaps with a larger sample, an age and 

interruption interaction may have emerged. Regrettably, few interpretations can be 

made about why the interruption in the current study failed to affect older adults 

more negatively because of a lack of research in the area. 

Planning and Prospective Memory 

       An important finding in any area occurs when remedies or compensatory 

strategies are found. Such is the case with the planning intervention in the current 

study. Planning improved performance on all three prospective memory tasks thus 

providing support for this main hypothesis. The opportunity to spend 5 minutes 

writing notes and planning the tasks enabled participants to perform significantly 

better on all three prospective memory tasks than those who had to complete the 
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puzzle. Thus when the opportunity to plan and prepare for the appearance of the 

target cue was not provided, ultimately so was performance. This finding is 

consistent with those that suggest task demands at encoding affect prospective 

memory performance for both younger and older adults (Einstein et al., 2003; 

Einstein et al., 1997). Whereas increasing the demands at retrieval by adding a 

digit-monitoring task as in Einstein and his colleagues’ study (1997) affected only 

older adults especially on a task higher in self-initiated retrieval (Craik et al., 

1996). Einstein and his colleagues (1997) provided a possible explanation for 

these findings by suggesting that age-related differences in working memory 

resources affected prospective memory retrieval. Increasing task demands at 

encoding (e.g., completing a puzzle immediately after the instructions are given) 

may affect more than just working memory capacity but possibly prefrontal 

processes involved in planning (Kliegel et al., 2000; Kliegel et al., 2003a). 

Subsequently, both younger and older adults are affected when the ability to 

encode and plan prospective memory tasks is compromised. 

       The intention superiority effect (ISE) helps to explain how planning may have 

improved prospective memory performance (Goschke & Kuhl, 1993). Retrieval of 

an intended action is thought to depend in part on the level of resting activation of 

the intention (Mantyla, 1996; Marsh et al., 1998). According to the automatic 

associative activation model, the higher the level of activation, the greater the 

chance that the prospective memory cue will trigger retrieval (McDaniel & 

Einstein, 1993; McDaniel et al., 1998). The level of resting activation would be a 

function of the quality of the initial encoding or planning processes (Mantyla, 

1996). Time spent thinking about the intention, the cue that will trigger its 

implementation and ultimately planning how one will perform the intention may 
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increase its level of activation. Thus, the opportunity to engage in planning in the 

current study may have improved prospective memory performance by increasing 

the level of resting activation of the intention. 

       Various studies have examined the effectiveness of strategies and techniques 

that may facilitate prospective memory performance (Chasteen et al., 2001; 

Einstein et al., 2003; Guynn et al., 1998; McDaniel, Einstein, Graham, et al., 

2004; Sharps & Price-Sharps, 1996; Vortac, Edwards & Manning, 1995). These 

studies have examined implementation intentions (e.g., Chasteen et al., 2001; 

Einstein et al., 2003), rehearsal instructions (e.g., Einstein et al., 2003) and 

external visual cues (e.g., Guynn et al., 1998; McDaniel, Einstein, Graham, et al., 

2004; Sharps & Price-Sharps, 1996; Vortac et al., 1995) and obtained mixed 

results. Despite the discrepancies between these studies, one thing they have in 

common is the experimenters’ attempt to manipulate how participants are to 

remember the prospective memory tasks. Participants have been directly 

instructed to either, develop an implementation intention, rehearse the instructions 

or monitor for an external visual cue. This may disadvantage certain participants 

who are not comfortable with a particular strategy or whose cognitive resources 

are too limited to engage in the strategy. For example, participants in Einstein and 

his colleagues’ (2003) and McDaniel, Einstein, Graham, et al. (2004) research did 

not possess enough cognitive resources to actively rehearse the prospective 

memory task during a delay. This was evident by the failure to improve 

prospective memory performance when utilising this strategy (Einstein et al., 

2003; Guynn et al., 1998; Vortac et al., 1995). The current study used an 

alternative means of improving prospective remembering by allowing participants 

the opportunity to engage in planning without such direction (i.e., asking 
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participants to write down the instructions and how they will remember to 

perform the tasks). Participants were then able to decide for themselves which 

strategy would work best for them considering the type of task to be remembered 

and their own abilities.  

Age, Planning and Prospective Memory 

       An age and planning interaction on the time-based (VCR) task was found, 

suggesting that older adults were able to improve their performance to a greater 

extent than younger adults after both groups were given the opportunity to plan. A 

closer examination of the means suggested that older adults (M = 3.76, SD = 0.22) 

performed at a similar level to younger adults (M = 3.80, SD = 0.26) when both 

were given an opportunity to plan and that neither group were at ceiling (i.e., M = 

4). Perhaps due to time-based tasks requiring more self-initiated retrieval, which is 

considered more difficult for older adults (Einstein et al., 1995; Einstein et al., 

1997; Kliegel et al., 2003a), time to plan and set up cues to perform this task, were 

needed. Older adults who had time to plan may have been able to determine not 

only that this task would be difficult but that it would require constant monitoring 

(cognitive resources). This is supported by the self-reports in strategy use. With 

time to appraise the task and choose an appropriate strategy, it appears that older 

adults can perform as well as younger adults. This finding was not contaminated 

by ceiling effects in the younger adults who had some room for improvement after 

the opportunity to plan. 

       Previous research has shown that older adults do not engage as spontaneously 

in planning or rehearsal of prospective memory tasks (Kliegel et al., 2000; 

McDaniel et al., 2003). Research suggests that elderly persons are less willing or 

capable of engaging in the organisational, elaborative and imagery processes that 
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are helpful in memory tasks perhaps as a result of the decline in attentional 

capacity (Craik & Jennings, 1992) or prefrontal-lobe functioning (West, 1996). 

This age-related decline in prefrontal processing would negatively affect planning, 

which is considered an executive function driven by the prefrontal-lobes (Burgess 

& Shallice, 1997; Faw, 2003). Support for this proposition is provided by Kliegel 

and his colleagues’ (2000) research, which suggests that although planning 

declines with age, it can improve prospective memory performance. For the 

present study, the hypothesis that younger adults would produce more elaborative 

plans by writing down a greater number of a) prospective memory tasks and b) 

points regarding how to remind themselves about these tasks was not supported. 

Unlike results reported in previous research (e.g., Kliegel et al., 2000), older 

adults were able to produce plans of a similar nature to younger adults and 

ultimately perform at a similar level. Perhaps the older adults included in the 

current study were too young (age range = 60-75 years of age) to experience the 

deficits in planning demonstrated by the older adults (age range = 62-83 years of 

age) in Kliegel and his colleagues’ (2000) study. Alternatively, older adults may 

only require instruction and the opportunity to plan to improve performance. The 

familiarity of the tasks may also have allowed older adults to use their extensive 

experience and plan the tasks as they usually would. The results of the current 

study would suggest that mandatory preparation time or planning may be 

important for older adults on some tasks and needs to be built into training and 

educational programs. 

       Although there was an age and planning interaction on the time-based task, 

there were no such interactions on the event- and activity-based tasks. As there 

were no age differences on the activity-based task an age and planning interaction 
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was unlikely to emerge. Planning improved the performance of the event- and 

activity-based tasks for both younger and older adults. However, the opportunity 

to plan failed to provide older adults with the resources to perform at a similar 

level to the younger adults on the event-based task. It is unclear why there was not 

an age and planning interaction on the event-based task. Planning was expected to 

increase the use of more automatic processing which would benefit older adults, 

however, this was not the case. Those given the opportunity to plan for the event-

based task engaged in a more effortful strategy (i.e., kept the task in the back of 

their minds). There was no age difference in strategy use with this task. This is 

consistent with McDaniel and Einstein’s (2000) multiprocess theory, that the 

more effortful the monitoring, the greater the age differences. However, effortful 

monitoring was employed for the time-based cue and planning enabled older 

adults to perform as well as younger adults on that task. Perhaps the demands on 

prefrontal processes required to keep the event- and time-based tasks in mind, 

check the clock every 5 minutes and search for dairy products embedded in the 

recipes was too great for older adults so that planning could not overcome all age 

differences. 

Planning and Interruption on Prospective Memory 

       Planning overcame the negative effect of an interruption on the activity-based 

(item) task as a two-way interaction between planning and interruption was found. 

There was no main effect of interruption on the activity-based task however, so 

this negative effect was not significant. Perhaps planning was particularly helpful 

in improving performance on the activity-based task as this task was not related to 

the ongoing task and had the longest retention interval. Therefore time spent 

planning enabled the activation level of the activity-based task to be increased 
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where it otherwise would not have been thought about. Planning may also have 

enabled participants to link the end of the task to asking for their personal 

possession more strongly. As was noted earlier, the majority of participants who 

forgot this task attributed this failure to poor encoding and lack of strategy use. 

Thus, planning enabled participants to adopt an effective strategy which proved 

resilient in the face of an interruption. Although the benefits of planning 

outweighed the negative effects of the interruptions on this task it was 

hypothesised that a planning by interruption interaction would occur with all three 

prospective memory tasks. It is unclear why this did not occur.  

       Whether a strategy would attenuate the negative effects of an interruption has 

been investigated by McDaniel, Einstein, Graham, et al. (2004). They found that 

an external mnemonic technique (i.e., a blue dot in the corner of the screen) may 

avoid delayed-execute prospective memory failures in a demanding environment 

in which interruptions can occur. This technique was effective even when the 

interruption was problematic for participants with relatively good working 

memory resources (McDaniel, Einstein, Graham, et al., 2004). Therefore, 

suggesting that interruptions introduce a level of distraction that is disruptive to 

cognitive processes. It is therefore surprising that the opportunity to plan did not 

overcome the negative effects of the interruption on the time-based (VCR) task in 

the current study. However, the current study did not use an external mnemonic 

nor investigate delay-execute prospective memory tasks. It may be argued that an 

external mnemonic such as a visible blue dot is an extremely salient reminder cue 

that does not absorb limited working memory capacities. The blue dot was also 

available throughout the interruption and perhaps a better reminder of the 

prospective memory task than a mental plan. Therefore, conclusions drawn in 
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McDaniel, Einstein, Graham and their colleague’s study may not apply to the 

findings of the current study. 

Prospective Memory Strategies 

       Event-based (dairy product) task. The interview data revealed that the 

majority of participants recalled the three prospective memory tasks by using 

different strategies regardless of age and condition. According to McDaniel and 

Einstein (2000) the characteristics of the task determine which strategy will be 

adopted to facilitate retrieval (e.g., automatic versus strategic retrieval). These 

characteristics include the importance of the task, whether the task is within the 

focal processing of the ongoing task, length of the retention interval, saliency of 

the cue and level of task absorption. In comparison to the other prospective 

memory tasks, the event-based (dairy product) task was reported by participants to 

have been recalled with both strategies (i.e., just came to me = 57% versus kept 

the task in the back of my mind and actively searched for the cue = 43%). A 

significant interaction between strategy use and planning helps to explain this 

finding. Participants who had the opportunity to make a plan for the event-based 

task (e.g., search for a dairy product at the beginning of each recipe) were more 

likely to actively search for the cue (dairy product) than rely upon the saliency of 

the cue to trigger the action (just came to me). Planning influenced the type of 

strategy participants used to help prospective remembering. In particular, it 

appears in this study to have led to a more effortful strategy. This is not consistent 

with McDaniel and Einstein’s multiprocess framework as they argue that planning 

obviates the need for effortful processing and frees up cognitive resources for 

other tasks. However, it seems to depend upon the nature of the task as to the best 

strategy. 



 145

       Based upon McDaniel and Einstein’s (2000) proposal that certain task 

characteristics influence the type of strategy adopted, it may be concluded that 

both strategies of actively searching for the cue and automatic retrieval may be 

sufficient. The event-based task was considered important which would lead to an 

active search for the cue, however was also within the focal processing of the 

ongoing task and amenable to automatic retrieval. The retention intervals were 

irregular and unknown and the cues varied in salience. Some dairy products 

needed to be found in the price catalogue whilst those already in the kitchen 

required little attention. The level of task absorption was high with multiple tasks 

to perform. Examination of these task characteristics help to explain why 

participants reported using both strategies to remember the event-based task. It 

appeared, however, that one strategy was superior to the other and that this 

strategy was implemented by the majority in the planning condition. The 

opportunity to engage in planning enabled participants to keep the event-based 

task on their minds and to actively search for the cues.  

       Time-based (VCR) task. The time-based (VCR) prospective memory task was 

reported by the majority (97.3%) to have been kept in the back of participants’ 

minds whilst the cue (i.e., every 5 minutes) was actively monitored. This is 

consistent with other research on time-based tasks (Einstein et al., 1995). Task 

characteristics influencing the type of strategy adopted all suggest that effortful 

processing is the most effective way to successfully perform the time-based task. 

The time-based task was considered important, not within the focal processing of 

the ongoing task, with short and regular retention intervals, cues of low salience 

(i.e., time on clock) and high in task absorption. 
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       Activity-based (item) task. The activity-based (item) prospective memory task 

was reported to have just come to the majority of participants (78%) as was 

hypothesised. Automatic retrieval of the activity-based task appeared to have been 

required as the ongoing task and other prospective memory tasks were cognitively 

demanding (McDaniel & Einstein, 2000). More specifically, there may not have 

been enough resources to keep the activity-based task in working memory 

throughout the duration of the experiment whilst other tasks needed to be 

performed. Considering the length of the retention interval and the fact that the 

activity-based task was not relevant to the ongoing task, effortful monitoring for 

the cue would have been an inefficient use of resources. Also, the activity-based 

task may have had a very salient cue (i.e., end of the ongoing task) that led to 

automatic retrieval. According to the multiprocess framework salient cues are 

expected to trigger the prospective memory task easily and automatically 

(McDaniel & Einstein, 2000). Cognitive resources are therefore not wasted 

actively searching for an obvious cue. A more efficient strategy may therefore 

have been to allow the cue to trigger the action. 

       The importance of the task to participants is also thought to influence the type 

of strategy used. McDaniel and Einstein (2000) posited that the more important a 

task is the more effortful the strategy used to prevent forgetting. In the current 

study, a more effortful strategy (e.g., kept the item task in the back of one’s mind 

and actively searched for the cue) was not commonly reported despite the activity-

based task being considered an important task, especially to older adults. As 

previously mentioned, older adults may have needed to make an extra trip to the 

university if they forgot their personal possession. Younger adults however, may 

have been less concerned about their item as some subsequently reported that they 
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thought if they forgot then the experimenter would return the item before they left. 

This explanation may also apply to some older adults who may have relied upon 

the experimenter to return the possession. These reports may explain the lack of 

an age-related difference on the activity-based task. In light of the other variables 

discussed earlier, the most efficient means of remembering the activity-based task 

would have been through automatic retrieval. 

Prospective Memory Failures 

       Event-based (dairy product) task. The reasons reported for why participants 

forgot the prospective memory tasks also differed from each other regardless of 

age and condition. Consistent with the hypotheses, the majority of participants 

(71%) reported that the event-based (dairy product) prospective memory task was 

forgotten due to a weak cue which did not trigger the tasks. The individual dairy 

products (e.g., butter, milk, yogurt and cheese) may not have triggered the 

prospective memory action as they differed from the explicit instructions (e.g., 

dairy products) and therefore were less salient. This retrieval-specificity effect has 

been found in Ellis and Milne’s (1996) study where the closer the retrieval cue is 

to the instructions given, the easier recall will be. The failure of participants to 

recall the prospective memory task when they encountered a dairy product would 

most likely have been greater for those who were relying upon automatic retrieval. 

Without actively searching for the cues, less salient dairy products such as 

parmesan cheese may go unnoticed. Thus highlighting the benefit of planning 

which resulted in participants adopting a more effortful and effective strategy. 

       Time-based (VCR) task. Distraction or engagement in other tasks was the 

most commonly reported (80%) reason for forgetting the time-based (VCR) task. 

This was consistent with how the majority of participants remembered the task 
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(i.e., keeping the VCR in the back of their mind and actively searching for the 

time cue). Working memory capacities are implicated in light of these findings. 

Keeping the ongoing task and time-based task in conscious processing 

simultaneously would tax working memory capacities. Research has suggested 

that these working memory capacities are not only limited but decline with 

advancing age (Craik, 1977; Salthouse & Babcock, 1991), hence the main effect 

of age on the time-based task. Thus, when the ongoing task or other intentions 

became too demanding attention may have been drawn away from the time-based 

task. This self-reported reason for failure is consistent with the significant 

interruption effect on the time-based task. The interruptions may have provided 

another distraction that led to failure because prompt responding is required in this 

task. The relationship between working memory capacities and performance on 

the time-based task will be examined in more detail in Study 2. 

       Activity-based (item) task. According to self-reports from the majority of 

participants (52%), the activity-based (item) task was forgotten due to poor 

encoding and lack of strategy use. This finding may be explained by the nature of 

the task. As the activity-based task was one of the last instructions given, it may 

not have been allocated enough resources to devise a suitable strategy. In addition, 

as the activity-based task was not related to the ongoing task, it may not have been 

considered part of the experiment and therefore not attended to sufficiently. 

Despite this, only a few participants (6%) failed to recall the activity-based task 

during the post task interview and subsequently their data was not included in the 

analyses. All participants recognised the activity-based task as an instruction after 

the experimenter repeated the instruction. Failure was therefore not due to an 

inability to encode the task. Instead, most participants reported that they did not 
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strengthen the link between the cue and the action. When they finished the 

ongoing task and saw the experimenter, a number of participants had thought they 

had nothing else to do. Efficient strategy use would have involved time spent 

visualising or repeating the link between the cue (i.e., end of the ongoing task and 

seeing the experimenter) and the action (i.e., ask for personal possession). It is 

surprising that there was not a main effect for age on this task considering a lack 

of strategy use or encoding was the main reason for failure. Considering that older 

adults are less likely to spontaneously engage in planning or the rehearsal of 

prospective memory tasks (Kliegel et al., 2000; McDaniel et al., 2003) an age-

related difference on this task could be expected. 

       Overall, the current study provided additional evidence that performance on 

event-, time- and activity-based prospective memory tasks can be measured within 

new naturalistic, laboratory-based paradigms without compromising experimental 

control. Age-related differences on the event- (dairy product) and time-based 

(VCR) tasks were demonstrated as was the negative effect of interruptions on the 

event- and time-based tasks. The capacity to improve prospective memory 

performance through planning was also demonstrated on all three tasks. Older 

adults benefited from planning to a greater degree than younger adults on the 

time-based (VCR) task whilst planning overcame the negative effects of an 

interruption on the activity-based (item) task. A greater understanding of these 

findings was provided by self-reported data on the strategies used to improve 

prospective memory performance and the reasons why participants experienced 

memory failures.  
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Implications for Real World Settings  

       Examining complex prospective memory in a home-like laboratory is one of 

the few attempts made to gain a more real-life perspective of this phenomenon. 

This is important when investigating prospective memory in an ageing sample as 

they may have little experience with computers and unfamiliar experimental tasks. 

Their everyday lives would likely involve planning meals, working out a budget 

and remembering to perform tasks at regular intervals (e.g., taking medication). 

Thus the conclusions drawn from the current study may be more applicable than 

those from computer-based laboratory studies. From this point of view it is 

important to continue research within these naturalistic, laboratory-based 

paradigms as they allow us to more accurately inform real life practice. 

       One of the main reasons for carrying out the present study was to explore the 

apparently paradoxical results of previous studies regarding age-related 

differences in prospective memory tasks in naturalistic versus laboratory designs. 

It was expected that younger adults would still outperform older adults on real life 

prospective memory tasks set in the laboratory due to the removal of external aids. 

However, not all prospective memory tasks were affected by advanced age (e.g., 

activity-based (item) task). The reasons behind why some tasks are immune to 

age-related differences may provide important insights into how failures can be 

avoided. It is important to recognise the difficulties that older adults may 

experience when performing prospective memory tasks in their everyday life. In 

real life settings where failures can have catastrophic consequences (e.g., 

forgetting to take medications on time) these age-related difficulties take on even 

greater importance. A better understanding of which tasks will produce this deficit 

and the reasons for this age-related decrement is the first step in developing 
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strategies to overcome it. Educational and training programs may then be 

developed to compensate this age-related deficiency. 

       Given the prevalence of interruptions and distractions in everyday life, it 

seems important to warn and prepare individuals of this difficulty. The current 

study suggests that not all prospective memory tasks may be affected by 

interruptions. Instead, the characteristics of the tasks themselves may be good 

indicators of whether an interruption will be detrimental to prospective 

remembering. Future research is recommended to pursue this line of investigation 

as it has been suggested that the effects of an interruption can be overcome. 

According to Trafton and his colleagues (2003) returning to an interrupted activity 

can be facilitated when participants are able to prepare for the interruption prior to 

its occurrence. With the time taken to plan how one will perform prospective 

memory tasks and by setting up salient retrieval cues, interruptions may be less 

disruptive (Trafton et al., 2003). 

       From an applied perspective, the success of the planning condition has 

important implications for real world settings. Identifying that the time 

immediately after receiving prospective memory instructions may be crucial in 

whether the tasks will be performed successfully or not, can inform educational 

and training programs. If individuals and in particular, older adults are informed 

that prospective remembering can be improved with designated time for planning 

then these memory failures may be reduced. Such a simple suggestion (e.g., 

utilising the time immediately after an intention is formed to plan how you will 

perform it) may be easier to convey and implement than an external strategy (e.g., 

rehearsal, external cue or implementation intention). This suggestion also allows 

participants to decide how best to plan for the intention rather than be confined to 



 152

one global strategy. Considering that older adults are less inclined or capable of 

utilising strategies (Craik & Jennings, 1992; Kliegel et al., 2000) this suggestion 

may change how older adults attempt prospective memory tasks. 

       The findings suggest that older adults, with the opportunity to plan, are more 

capable of accurate and reliable prospective memory performance. At times this 

performance was at or close to the level of younger adults despite the well-

established finding of an age-related difference on a variety of memory tasks. 

Utilising a real-life task under laboratory conditions provides even further support 

that this success may be transferred to real-life settings. Furthermore, the findings 

suggest that this positive expectation holds for independent living adults in their 

60s and 70s and may even hold potentially through to those in their 80s. 

Limitations of the Study and Suggestions for Future Research 

       Although the current study conducted in the home-like laboratory has avoided 

some of the pitfalls of previous research it has not managed to overcome all 

limitations. In particular the ability to exert control over all aspects of the 

experiment becomes increasingly difficult when participants are given more 

flexibility (e.g., unpaced performance of a greater range of tasks). Although the 

current experimental design aimed to conform to Kliegel and his colleagues’ 

(2002) concept of complex prospective memory, the multiple prospective memory 

tasks may have complicated the outcomes by unintentionally impacting on one 

another. For example, the prospective memory tasks may have interrupted not 

only the ongoing task but the other prospective memory tasks. In particular, 

performing the time-based (VCR) task every 5 minutes required that the recipe 

task be interrupted as the time-based task was time-pressured. Cicogna et al. 

(2005) have investigated the impact that numerous prospective memory tasks may 
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have on one another. They argue that if the retention intervals of two prospective 

memory tasks overlap, then performance may either suffer or improve, depending 

on the proximity of the two target times. As the number of tasks increase it may 

become more difficult to ascertain the underlying processes of prospective 

memory. According to Kliegel and his colleagues however, a complex prospective 

memory paradigm reflects real life more closely and therefore needs to be 

investigated. In addition, a larger number of tasks or opportunities to perform the 

tasks, with the exception of the activity-based (item) task, enhanced the reliability 

and sensitivity of the measures as a test of the hypotheses. Although the 

prospective memory tasks in the current study overlapped in time, no task 

impeded the performance of another. 

       Consequently a less standardised and tightly controlled procedure than the 

ideal may have emerged despite careful piloting. In contrast, computer-based 

tasks may allow more control over the pace of the experiment, such as when cues 

appear, when interruptions occur and for how long. Response latencies may also 

be more accurately measured when tasks are conducted on the computer as human 

observation is not as precise. With the advancements that the current paradigm has 

made, it would be disappointing to not attempt to remedy these control issues. 

Increasing experimental control within the home-like laboratory has become a 

goal for future research (Stapleton, 2005).  

       Another limitation of the current study concerns the interview data. Although 

the interview data provided valuable insights into the processes involved in 

prospective remembering, self-reported data needs to be interpreted with caution 

because these reports relied on subjective assessments which themselves were 

subject to memory functioning. At times, participants struggled to recall what they 
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were thinking during the experiment. This, in combination with the 

experimenter’s interpretation and coding of their responses into the strategies used 

and reasons for failures may mean that the self-reported data may not be entirely 

accurate. Nevertheless, participant-reports were consistent with the retrieval 

processes proposed in McDaniel and Einstein’s (2000) multiprocess framework. 

       Another potential weakness of the current study involves the amount of 

instructions delivered to participants. The dilemma facing the investigator was 

achieving a balance between the need to replicate real life (i.e., a naturalistic task 

in a home-like laboratory) with the need to reduce retrospective memory load (i.e., 

decrease the amount of information to be remembered) and the need to avoid 

ceiling effects in younger adults. The balance between simplistic, naturalistic 

paradigms lacking scientific control and laboratory designs involving artificial 

computer-based tasks is a difficult one to achieve. Despite these concerns, the 

post-task test revealed that the recall and recognition of instructions was 

comparable for younger and older adults.             

       Finally, the sample size of the current study may be considered small when 

taking into account the number of variables investigated. With only 20 

participants per condition and this number reduced due to inabilities in recalling 

the prospective memory tasks, the current study may have lacked the power to 

demonstrate significant findings. In particular, the effects of interruption on the 

event-based (dairy product) task may prove significant in a study with a larger 

sample size rather than demonstrating a trend towards significance as was the case 

in the current study. It is therefore recommended that the current study be 

replicated with a larger sample of younger and older adults. Nevertheless, quite a 

significant number of results were obtained. 
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Conclusion 

       The findings of this first study have illuminated some of the influences on 

prospective remembering. In particular, ageing, interruption and planning. To 

understand why these variables affect prospective memory performance, this 

dissertation will now focus upon the cognitive processes thought to be primarily 

involved, namely; prefrontal processes. Hence, the main purpose of the second 

study was to investigate prefrontal-lobe involvement in prospective memory. 
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CHAPTER FIVE 

Study Two 

Rationale, Aims and Hypotheses 

       To investigate the involvement of the prefrontal-lobes in prospective 

memory, the second study incorporated measures of executive functioning. With 

significant relationships between scores on executive-functioning measures and 

prospective memory tasks, support for the prefrontal model (West, 1996) would 

be provided as both are understood to be anatomical correlates of the prefrontal 

cortex (Shimamura et al., 1991). Recent research has strengthened this proposition 

(Groot et al., 2002, Kliegel et al., 2004; Kliegel et al., 2002; Kliegel et al., 2003a; 

Marsh & Hicks, 1998; Maujean et al., 2003; McDaniel et al., 1999; Shum et al., 

2004; West & Craik, 2001). However, the samples of previous studies have been 

criticised for their size (Maujean et al., 2003), large and varied age ranges 

(McDaniel et al., 1999; Shum et al., 2004) and even comparability to normal, 

older adults (Shum et al., 2004).    

       With the use of three everyday prospective memory tasks performed within a 

home-like laboratory, the current study aimed to investigate whether prefrontal 

processes are involved in the performance of familiar, everyday tasks which are 

required for independent living within the community. Thus, the main aim of the 

second study was to investigate whether performance on the prefrontal measures 

could predict performance on the three prospective memory tasks. In particular, 

measures of planning (viz., TOL-4), flexible shifting of cognitive sets (viz., 

WCST), cognitive flexibility (viz., TMT-B), cognitive fluency (viz., COWAT), 

inhibition (viz., Stroop) and working memory (viz., LNST) were used. It was 

hypothesised that the prefrontal measures of the TOL-4, WCST, TMT-B, 
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COWAT, Stroop, and LNST would significantly predict performance on all three 

prospective memory tasks above and beyond that afforded by the experimental 

conditions (viz., interruption and planning). 

       A secondary hypothesis was proposed to further substantiate West’s (1996) 

frontal-lobe hypothesis of cognitive ageing. West contends that older adults 

experience decline in the efficiency of executive functions that are known to be 

mediated by the prefrontal cortex (Faw, 2003; Shimamura et al., 1991). The 

difference between younger and older adults on executive function measures has 

been documented in a number of neuropsychological studies (Kliegel et al., 2004; 

Kliegel et al., 2003a, 2003b; Raz, 2000; Salthouse & Babcock, 1991; Tombaugh, 

2004; Tombaugh et al., 1999; Uttl & Graf, 1997; West, 1999). Thus, it was 

hypothesised that older adults would score significantly lower on the prefrontal 

measures (i.e., TOL-4, WCST, TMT-B, COWAT, Stroop, and LNST) in 

comparison to younger adults. 

       Because of this co-variation between age and the prefrontal measures it was 

planned that the analyses would be conducted separately for the two age groups 

(viz., younger and older adults). With a larger sample size than in previous studies 

(e.g., Kliegel et al., 2003a; West & Craik, 2001) this analysis was possible. 

Separating the two age groups allowed the relationships between the prospective 

memory scores and the prefrontal measures to be evaluated without being 

influenced by the effect of age. Exploratory hypotheses were then made based on 

the idea that performance on the three prospective memory tasks would be 

predicted by different prefrontal measures as they required different prefrontal 

processes.   
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Event-based (Dairy Product) Task  

       In previous research, event-based tasks have been found to be related to the 

Stroop, a measure of inhibition (Kliegel et al., 2003a; West & Craik, 2001), the 

COWAT and DFT, measures of spontaneous fluency (Maujean et al., 2003; Shum 

et al., 2004) and LNST and SOPT, measures of working memory (Maujean et al., 

2003; West & Craik, 2001). Kliegel and his colleagues (2003a) and West and 

Craik (2001) found that their event-based task required inhibition to avoid 

distraction from irrelevant items. For the event-based task used in this study, non-

prospective cues would need to be processed efficiently but in less depth to avoid 

irrelevant information cluttering up working memory. This argument is consistent 

with Hasher and her colleagues’ (1999) inhibition theory.  

       A test of spontaneous fluency, such as the COWAT may also predict event-

based task performance. The production of individual words under restricted 

search conditions or spontaneous fluency is similar to prospective memory 

performance in that the appearance of a cue needs to trigger a memory search to 

reveal the action needed to be taken. Thus, the ability to conduct a memory search 

when prompted by a cue, even if the cues differ in saliency, is imperative in both 

the COWAT and the event-based task. In addition, the underlying processes 

involved in making an association between the cue and action, that was encoded 

earlier, are similar to the processes required to associate the word ‘fish’ with the 

letter F in the COWAT. Participants may not have encoded all of the cues as 

prospective memory cues and therefore may be less likely to engage in a 

spontaneous search of memory. Because working memory measures (viz., LNST 

and SOPT) were found to be related to event-based task performance in Maujean 

and her colleagues’ (2003) and West and Craik’s (2001) study, it may also be 
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related to the event-based task in the current study. The ability to process multiple 

tasks simultaneously (ongoing task and other prospective memory tasks) whilst 

storing other information (event-based task), is an ability mediated by working 

memory and measured by LNST. It was therefore hypothesised that the Stroop, 

COWAT and LNST would significantly predict performance on the event-based 

task.   

Time-based (VCR) Task 

       Few studies have investigated the prefrontal processes involved in time-based 

prospective memory tasks (Kliegel et al., 2003a; Shum et al., 2004). Nevertheless, 

the TOL-4 was identified as a significant predictor for a time-based task in 

schizophrenia patients (Shum et al., 2004). Perhaps planning enables participants 

to strengthen the association between the cue and the action which may be more 

important in a time-based task where self-initiated retrieval processes are required 

(Einstein et al., 1995). 

       Although the WCST was not a significant predictor of the time-based task in 

Shum and his colleagues’ (2004) study, it was in Kliegel and his colleagues’ 

(2003a) study.  Thus, their time-based task required the flexible shifting of 

cognitive sets (Kliegel et al., 2003a). This process is thought to be imperative for 

switching attention from the ongoing task to monitoring for prospective cues 

(possibly outside the focal processing of the ongoing task). Another prefrontal 

measure able to capture this process is the TMT-B. This measure of cognitive 

flexibility may predict time-based task performance considering that the WCST 

was a significant predictor (Kliegel et al., 2003a). Working memory capacities 

might also be important for this task. Switching between the ongoing task and the 

time-based cue on a regular basis would suggest that both tasks are kept 
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simultaneously in working memory. Measuring the ability to process multiple 

tasks simultaneously whilst storing other information, the LNST parallels certain 

aspects of prospective remembering. It was therefore hypothesised that the TOL-

4, WCST, TMT-B and LNST would significantly predict performance on the 

time-based task.  

Activity-based (Item) Task 

       To the experimenter’s knowledge, only one study has been conducted on the 

neuropsychological correlates of activity-based prospective memory performance 

(Shum et al., 2004) and this with little success because of a ceiling effect. Guided 

by McDaniel and Einstein’s (2000) multiprocess framework, performance on the 

activity-based task in the current study may be related to planning ability and 

cognitive fluency. Because this task was the last to be completed and not directly 

related to the ongoing task, the opportunity to plan and devise a strategy may be 

more important. This planning may be in the form of making stronger associations 

between the cue and the action to override the natural desire to do nothing at the 

completion of the ongoing task. Thus the TOL-4, a prefrontal measure of 

planning, may predict performance on this task. In addition, the COWAT might 

also be related to the activity-based task in a similar way to the event-based task. 

Participants may have been tempted to encode finishing the task with ‘nothing left 

to do’ and therefore may be less likely to engage in a spontaneous search of 

memory. It was therefore hypothesised that the TOL-4 and the COWAT would 

significantly predict performance on the activity-based task. To summarise, the 

hypotheses of this study were: 
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Main 

1. The prefrontal measures of the TOL-4, WCST, TMT-B, COWAT, Stroop, 

and LNST would significantly predict performance on all three 

prospective memory tasks above and beyond that afforded by the 

experimental conditions (viz., interruption and planning). 

Secondary 

1. Older adults would score significantly lower on the prefrontal measures     

      (viz., TOL-4, WCST, TMT-B, COWAT, Stroop, and LNST) than younger  

      adults. 

Exploratory 

1. Specific prefrontal measures would emerge as significant predictors of  

      each prospective memory task. For example, the Stroop, COWAT and  

      LNST would significantly predict performance on the event-based task.  

      The TOL-4, WCST, TMT-B and LNST would significantly predict  

      performance on the time-based task and the TOL-4 and the COWAT  

      would significantly predict performance on the activity-based task.   

Method 

Participants 

       Participants in the second study comprised the same 160 younger and older 

adults who took part in the first study. Refer to Table 2 for the means and standard 

deviations of the participants’ demographics. These 160 participants were then 

reduced to 146 after removing those who could not recall one or more of the 

prospective memory tasks with a prompt. 
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Neuropsychological Measures 

       Neuropsychological measures were administered to fulful two objectives. 

Firstly, to examine the relationship between prospective memory performance and 

prefrontal-lobe functioning. To achieve this objective, a range of prefrontal 

fuctions were tested (viz., planning, the flexible shifting of cognitive sets, 

cognitive flexibility, cognitive fluency, inhibition and working memory). The 

second objective involved examining the relationship between age and the 

performance on neuropsychological measures to ensure that the participants in the 

current study were similar to normative samples and displayed the expected age-

related declines in prefrontal functioning, the speed of processing, retrospective 

memory and spatial reasoning (see Henry et al., 2004 for a review; Rybash et al., 

1986; Salthouse, 1988, 2000). 

       Tower of London-4 Disk (TOL-4). The TOL has been used extensively as a 

measure of planning ability (Shallice, 1982) and in various studies of prospective 

memory (e.g., Cockburn, 1995; Kliegel et al., 2002; Shum et al., 2004). The 

ability to plan the performance of prospective memory tasks may improve 

performance. A revised 4-disk TOL has been developed and tested in children 

with traumatic brain injury, controls and an adult sample (age; M  = 43.62, SD = 

19.96) (Shum et al., 2000). The TOL-4 was developed to increase the level of 

difficulty that the three-disk TOL lacked and therefore improve reliability and 

application to other populations such as older adults. The TOL-4 was therefore 

included in the current study. 

       It has been argued that TOL and TOL-4 performance is dependent on 

efficient mental pre-planning of a sequence of moves (Owen, 1997; Temple, 

Carney & Mullarkey, 1996). In the test, participants have to look ahead to 
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determine the order of moves necessary to rearrange four coloured rings from 

their initial position on three upright sticks to a new set of predetermined positions 

as shown in pictures. Through following a set of constraints or rules, participants 

complete ten test items with increasing levels of difficulty. The fourth version 

takes approximately 10 minutes to administer. 

       Developed to overcome the unreliability of the TOL, the 4-disk version has 

been found to have adequate split-half reliability (.60), 1 month test-retest 

reliability of .71, to load on the same factor as the Porteus Mazes (Tunstall, 1999), 

and to be sensitive in detecting planning impairments in children with TBI (Shum, 

Short, Tunstall, O’Gorman, Wallace, et al., 2000). Applications to an older 

population need to be made with caution as the normative data for the modified 

version (TOL-4) were collected for a total of 447 people aged between 5 and 53 

years (Tunstall, 1999). 

       Gillhooly, Phillips, Wynn, Logie and Della Sala (1999) devised their own 

scoring method and found the mental plans of older adults’ had less depth and 

more errors than younger adults’ plans when completing the five-disk TOL. 

Gillhooly and his colleagues concluded that pre-made plans place more load on 

memory than does opportunistic planning or planning as one goes thus older 

adults were less able to create elaborate plans. As pre-plans are usually changed in 

the execution phase of the trial, he suggests that older adults can perform as well 

as younger adults. Subsequently, adults appear able to compensate for their 

inability to produce elaborate plans. For this reason, the total score on the TOL-4 

was used to represent planning ability. 

       Shallice (1982) studied brain injured persons in which the score was the 

number of correct solutions on the TOL. Patients with predominately left anterior 
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lesions performed least well while those with either left or right posterior lesions 

did as well as normal control subjects. Functional imaging has also provided 

support for the involvement of the prefrontal cortex in task performance (Baker, 

Rogers, Owen, Frith, Dolan, et al. 1996). Hence, scores on the TOL-4 may predict 

prospective remembering. 

       Wisconsin Card Sorting Test (WCST). The WCST is a measure of abstract 

abilities and ‘shift set’ requiring strategic planning, organised searching and the 

use of environmental feedback to shift strategies and solve problems (Grant & 

Berg, 1981). A number of researchers have utilised the WCST in their studies of 

prospective memory because both tasks require switching and cognitive flexibility 

(e.g., Cockburn, 1995; Kliegel et al., 2002; Kliegel et al., 2003a, 2003b; McDaniel 

et al., 1999; Shum et al., 2004). Such a prefrontal test may be expected to 

correlate highly with prospective memory performance. 

       Due to the length and difficulty of administering the manual version of the 

WCST, the 2nd computerised version (administration time approximately 15 

minutes) was utilized (Heaton, Curtiss & Tuttle, 1993). The test consists of four 

stimulus cards and 128 response cards that depict four forms (circle, crosses, 

triangles and stars), four colours (red, yellow, blue and green) and four numbers 

(one, two, three and four). Adequate performance on the test requires that the 

examinee determine the correct sorting principle and maintain that set across 

changing stimulus conditions. Scores are based on 11 categories however only the 

number of categories completed was utilised in the current study due to this 

score’s sensitivity to age-related decline (Fristoe, Salthouse & Woodard, 1997). 

       There are no norms available for the computerised versions of the WCST 

(Feldstein, Keller, Portman, Durham, Klebe, et al., 1999). Norms provided for the 
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manual version must therefore be utilised despite recent research questioning the 

equivalence of the measures (Feldstein et al., 1999). The test-retest reliability 

coefficient associated with the number of categories completed for Nelson’s 

modified version of the WCST in healthy older adults was .56 after 1 year 

(Lineweaver, Bondi, Thomas & Salmon, 1999). The manual version showed a 

range of inter-scorer reliability between .88 and .93 and a range of intra-scorer 

coefficients between .91 and .96 (Axelrod, Goldman & Woodard, 1992). The 

computerised version reduces inter-scorer errors that are likely to occur when the 

test is administered manually (Heaton, Chelune, Talley, Kay & Curtiss, 1993). 

       Age-related decline on WCST performance has been attributed to poor use of 

feedback information, impaired working memory and reductions in speed of 

processing for adults 60 to 86 years of age (Boone, Ghaffarian, Lesser, Hill-

Gutierrez & Berman, 1993; Fristoe et al., 1997). A number of studies have 

confirmed that the WCST is especially sensitive to prefrontal-lobe function and 

appears to be the most consistently used measure of prefrontal-lobe functioning 

with adults (Eslinger & Grattan, 1993). Functional neuroimaging studies have 

supported the major role of the prefrontal-lobes in performing this task (Berman, 

Ostrem, Randolph, Gill, Goldberg, et al., 1995; Esposito, Kirkby, Van Horn, 

Ellmore & Berman, 1999; Fallgatter & Strik, 1998; Goldstein, Obrzut, John, 

Ledakis & Armstrong, 2004; Ragland, Glahn, Gur, Censits, Smith, et al., 1997). 

Hence, performance on the WCST may predict prospective memory performance. 

       Trail Making Test - Part B. Attentional flexibility was examined, using the 

Trail Making Test – Part B (TMT-B; Reitan & Wolfson, 1985). Performance on 

this task is thought to relate to the participant’s ability to follow a sequence 

mentally, deal with more than one stimulus at a time (Eson, Yen & Bourke, 1978) 
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or to be flexible in shifting the course of an ongoing activity. Attentional 

flexibility may be utilised during prospective memory tasks as one must 

disengage from the ongoing task to perform the prospective memory task (Groot 

et al., 2002). During the TMT-B participants must draw lines to connect 

consecutively numbered and lettered circles by alternating between the two 

sequences as quickly as they can. TMT-B has the same number of circles as TMT-

A and is scored in the same way (i.e., time taken to connect all circles in the 

correct order). The TMT is quick to administer, taking approximately 5 minutes. 

       Reported reliability coefficients vary considerably with most recent reports 

above .60 but several in the .90s and more in the .80s (Spreen & Strauss, 1998). 

Studies of the age effects show performance times increase significantly with each 

succeeding decade (Ernst, Warner, Townes, Peel & Preston, 1987; Stuss, Stethem 

& Poirier, 1987). Stanton (1984) also demonstrated age effects as well as 

educational related differences between younger and older adults on the TMT-B. 

       It has been suggested in the research that the frontal-lobes are recruited for 

performance on the TMT. For instance, Ettlin, Kischka, Beckson, Gaggiotti, 

Rauchfleisch, et al. (2000) found as hypothesised, that participants with frontal 

and nonfrontal brain damage performed similarly on TMT-A, however frontal 

participants performed significantly worse on TMT-B. In contrast, frontal-lobe 

participants have been found to perform worse than nonfrontal participants on 

TMT-A (Brelsford, 1994) and on both TMT-A and TMT-B (Stuss, Bisschop, 

Alexander, Levine & Izukawa, 2001). Despite these inconsistent findings, the 

TMT-B was included in the current study as a measure of prefrontal functioning. 

       Controlled Oral Word Association Test (COWAT). The production of 

individual words under restricted search conditions or spontaneous flexibility was 
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measured by the COWAT (Benton & Hamsher, 1989). This ability may also be 

correlated with prospective memory performance as both tasks require a search of 

memory (Cockburn, 1995; Groot et al., 2002; McDaniel et al., 1999; Shum et al., 

2004). Participants are asked to produce orally as many words as possible 

beginning with a given letter in a limited period of time (viz., 60 seconds). Names 

are prohibited as are the same word with a different ending and repetitions. F, A 

and S are the most commonly used letters due to the vocabulary size of each 

letter. F has the lowest dictionary frequency and S has the highest. The sum of all 

admissible words for the three letters produces the score. The FAS version of the 

COWAT is brief in administration taking approximately 5 minutes. 

       Test-retest reliability after 1 year in older adults has been reported as .70 (.70 

for F, .60 for A and .71 for S; Snow, Tierney, Zorzitto, Fisher & Reid, 1988). 

Inter-scorer reliability is near perfect (Snow et al., 1988). Younger and more 

highly educated adults generated more words and utilised more successful 

strategies but switched more frequently on the category measure than older and 

less educated adults (Troyer, Moscovitch and Winocur, 1997). 

       The COWAT has been found to be sensitive to prefrontal-lobe damage thus 

being consistent with reports that it measures executive functioning (Bruyer & 

Tuyumbu, 1980; Miceli, Caltagirone, Gainotti, Masullo & Silveri, 1981). Other 

researchers have found that regional cerebral blood flow was primarily augmented 

in the dorsolateral prefrontal cortex during the FAS-COWAT task but not during 

the performance of the WCST (Cantor-Graae, Warkentine, Franzen & Risberg, 

1993). Further support for the COWAT as a frontal-lobe task has been provided 

by Parks, Loewenstein, Dodrill, Barker, Yoshii and their colleague’s (1988) PET 

study. With the use of normal volunteers, it was found that the COWAT (both 
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FAS and Category versions) activates bilateral temporal and frontal-lobes (Parks 

et al., 1988).  

       Stroop Color-Word Interference Test. The Stroop Color-Word Interference 

Test (Stroop, 1935 as cited in Golden & Freshwater, 1998) was administered as a 

measure of inhibition (i.e., the ability to avoid distraction from irrelevant items). 

Inclusion of this test was with the aim of linking prefrontal functioning to 

prospective memory performance as initiated by previous research (e.g., Groot et 

al., 2002; Kliegel et al., 2003a; West & Craik, 2001). There are many versions of 

this test, which may incorporate up to four trials. The version used for the current 

study was quick to administer (i.e., less than 5 minutes), readily available and 

provided an easily derived interference score that reflected inhibition. Participants 

were required to firstly read printed colour names printed in black ink as quickly 

as they could within a 45 second time limit (Golden, 1975). The second subtest, 

also stressing time and speed, involved naming the colours of blocks of Xs. 

Participants then read colour names printed in incongruent coloured ink. Once 

again time and speed were measured. The colours utilised in all subtests were red, 

green and blue. The Stroop interference score was utilised in the current study and 

calculated as Colour-Word Score – Colour Score (Golden & Freshwater, 1998). 

       The Stroop effect or interference effect occurs when the third subtest is 

slower because it provokes conflicting response tendencies, the more automatic 

response being to read the printed word. A number of researchers have reported 

that slowing of colour naming and an increase in the Stroop interference effect 

appear with increasing age (Daigneault et al., 1992; Spreen & Strauss, 1991, 

1998; Wecker et al., 2000). This effect is consistent with Hasher and her 

colleagues’ (1999) inhibition theory. During everyday activities irrelevant 
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information in the form of distractions need to be controlled or ignored for 

successful prospective memory performance. 

       Test-retest reliability, using a 1 month interval, was reported as .90, .83 and 

.91 for the three subtests (Uttl & Graf, 1997). The Stroop interference score 

showed strong relations with performance on the category subtest of the COWAT 

(r = .58) and a version of the Tower of London (r = .65), but only modest or little 

relations with other tasks, such as delayed recall of the Rey figure (r = .31) and 

peg placement on the Purdue Pegboard (r = .12), thus suggesting that the task 

measures some aspects involved in planning and organisation (Hanes, Andrews, 

Smith & Pantelis, 1996).  

       Shum, McFarland and Bain (1990) reported that the Stroop test (interference 

score) loaded on the same factor as serial subtraction tasks (time to finish serial 7s 

and 13s) and therefore reflects the ability to sustain mental processes and select 

appropriate features. Evidence of prefrontal involvement with the Stroop task also 

has been provided through positron emission tomography (Taylor, Kornblum, 

Lauber, Minoshima and Koeppe, 1997) and research with TBI patients (Vendrell, 

Junque, Pujol, Jurado, Molet, et al., 1995).  

       Letter/Number Sequencing Test (LNST). Working memory was measured 

using the Letter/Number Sequencing sub-test of the Wechsler Memory Scale-

Third Edition (WMS-III; Wechsler, 1997a). Working memory may be involved in 

prospective memory performance due to the need to keep the intention in mind 

whilst performing ongoing tasks (e.g., Groot et al., 2002; Maujean et al., 2003; 

McDaniel et al., 1999; West & Craik, 2001). The LNST requires that a random 

series of letter-number combinations be held in working memory while the 

participant first recites the numbers in ascending order and then the letters 
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alphabetically. The sum of the raw score was utilised in the current study. The 

LNST takes approximately 5 minutes to administer. 

       The WMS-III Technical Manual (Wechsler, 1997a) reports good internal 

consistency reliability coefficients for the LNST of .82. The test-retest stability 

coefficient was also good at .74 after 1 month interval. Exploratory analyses were 

run on the WAIS-III (Wechsler, 1997b) which revealed a four factor solution. The 

highest loadings on the 3rd factor, Working Memory, were from Digit Span and 

LNST (.71 and .62 respectively). Convergent validity is provided by high 

correlations with the Trail Making Test, which also requires working memory 

ability (Wechsler, 1997a).        

       Age-related declines have been documented in the LNST (Ryan, Sattler & 

Lopez, 2000). Such declines may be due to the reduced ability to perform 

complex divided attention tasks as one ages (e.g., juggling numbers and letters in 

working memory simultaneously) (Crowe, 2000). Studies have shown that the left 

dorsolateral prefrontal cortex is activated for verbal working memory tests such as 

the LNST (Cabeza & Nyberg, 2000; Dolan, Paulesu & Fletcher, 1997; Henson, 

2001).  

       In addition to the prefrontal measures, three measures considered sensitive to 

the effects of ageing were included (viz., Trail Making Test – Part A, Verbal 

Paired Associates and Block Design). Performance on these measures of 

processing speed, retrospective memory and spatial reasoning were expected to 

show age-related differences and be similar to normative samples. 

       Trail Making Test – Part A. Part A of the Reitan Trail Making Test was 

adminstered to assess processing and scanning speed (TMT-A; Reitan & Wolfson, 

1985). Speed of processing declines with advancing age (Salthouse, 1988) and can 
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be observed in many everyday activities. It may therefore be assumed that the 

age-related reduction in processing speed of making decisions, searching and 

identifying targets may affect prospective memory performance (Salthouse, 

2000). The ability to account for speed of processing declines was therefore 

considered important. The participant must draw lines to connect consecutively 

numbered circles as quickly as they can. The time taken to connect all circles 

becomes that participant’s score. Refer to the section on the TMT-B for normative 

data. 

       Verbal Paired Associates (VPA). The VPA is basically a retrospective 

memory test with built-in cueing that lends itself to visual imagery (Bornstein & 

Chelune, 1989). This subtest of the Wechsler Memory Scales-Third Edition 

(WMS-III; Wechsler, 1997a) consists of eight word pairs that are read to the 

participant in four recall trials. After the eight word pairs are read the first word of 

the pair is presented for the participant to give the associated word. During the 

four recall trials, participants are given the correct pairing if they make a mistake. 

The word pairs are randomized in each of the four learning trials to prevent 

positional learning. Following a delayed recall approximately 30 minutes later, a 

recognition trial includes the previously presented word pairs intermixed with 

pairs of new words. Two scores were utilised in the current study to measure age-

related differences in retrospective memory; a total score over the four trials 

(maximum of 24) and a delay score (maximum of 8). Overall, the VPA takes 

approximately 15 minutes to administer. 

       Three week retesting of subjects from a broad age range (17-82) on an earlier 

version of the VPA suggests a relatively high reliability coefficient of .72 with an 

average 1.31 raw score point gain (Youngjohn, Larrabee & Crook, 1992). 
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Examination of the construct validity of this earlier version generally 

demonstrates a significant verbal learning component (Bornstein & Chelune, 

1989; Larrabee & Levin, 1986).  

       Small but consistent age decrements are apparent on the VPA (McCarty, 

Siegler & Logue, 1982; Spreen & Strauss, 1998). Participants over 75 years 

generally recall no more than three or four of the pairs. Older adults are expected 

to recall a smaller number of word pairs on this task. Earlier versions of the VPA 

are sensitive to the effects of lateralised lesions, both learning and delay recall 

means of patients with left-sided lesions were significantly below those made by 

patients whose dysfunction was on the right side (WMS-R; Chelune & Bornstein, 

1988).  

       Block Design. The Block Design subtest of the WAIS-III (Wechsler, 1997b) 

was included as a measure of spatial reasoning and processing speed. On this 

subtest, the participant is presented with red and white blocks and is asked to 

construct replicas of constructions made by the examiner or of designs printed in 

smaller scale. The time taken to complete each design is measured and time limits 

are imposed. Overall, Block Design takes approximately 10 minutes to 

administer. 

       Split-half reliability coefficients range from .85 to .90 in examinees under age 

75, with slightly lower reliabilities (.76 to .81) observed in older examinees 

(Wechsler, 1997b). Test-retest reliabilities of the WAIS-III Block Design in 394 

subjects retested over intervals of 2 to 12 weeks ranged from .80 to .88, depending 

on the age group.  

       Age has a prominent effect on Block Design performance. Ryan and his 

colleagues (2000) showed that performance starts to decline as early as the mid-40s 
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and continues to worsen with each decade. Much of the difference between younger 

and older subjects lies in the speed with which designs are completed (Ogden, 1990; 

Salthouse, Frescoe & Rhee, 1996). Younger adults are therefore expected to 

outperform older adults on this task. In patients with lateralised lesions, Block 

Design performance is most often deficient when lesions are on the right side and 

involve posterior areas, particularly the parietal region (Warrington, James & 

Maciejewski, 1986; Wilde, Boake & Sherer, 2000).  

Procedure 

       The neuropsychological tests were administered after a break and at the 

completion of the prospective memory tasks, the post-task test and interview. 

Testing was conducted in a quiet laboratory. On average, the neuropsychological 

tests were administered 1 ½ to 2 hours into the testing session. Refer to Figure 10 

for the order of presentation of the neuropsychological tests.    
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Verbal Paired Associates (WMS-III) 

 

 
Wisconsin Card Sorting Task 

 

Trail Making Test – Part A and B 

 

Letter Number Sequencing Test (WMS-III) 

 

Verbal Paired Associates – Delay (WMS-III) 

 

Tower of London – 4 

 

Stroop Color-Word Interference Test 

 

Block Design (WAIS-III) 

 

Controlled Oral Word Association Test 

 
Figure 10. Order of presentation of the neuropsychological test battery. 

 

Results 

       Prior to the analyses, the neuropsychological data (WCST-Category Score, 

TMT-B, LNST, TOL-4-Total Score, Stroop Interference Score, COWAT, VPA I, 

VPA II and Block Design) and the prospective memory scores (event-, time- and 

activity-based task scores) were screened for missing values, outliers and 

normality of distributions. This data was examined separately for each variable 
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(viz., age, planning and interruption). There were no missing values and with the 

use of a p < .05 criterion for Mahalanobis distance, no multivariate outliers among 

the cases were identified. Examination of the data also led to transformation of the 

variables to reduce skewness and improve the normality, linearity, and 

homoscedasticity of residuals. A square root transformation was used on the 

measure TMT-B. Two measures, time-based (VCR) task score and WCST-

Category Score were negatively skewed without transformation and negatively 

skewed with it; they were not transformed (Tabachnick & Fidell, 2001). 

       A logistic regression, hierarchical regression and a multinomial logistic 

regression were employed to determine if neuropsychological measures of pre-

frontal processes can significantly predict prospective memory performance 

beyond that afforded by time to plan and exposure to an interruption. The use of 

regression analyses to predict prospective memory performance was guided by the 

use of these analyses in Kliegel and his colleagues’ (2003a) research and West 

and Craik’s (2001) research. Analyses were performed using SPSS Version 11.5 

and Stata Version 9.0. Because of the co-variation between age and the variables 

of interest, it was decided to conduct these regressions separately for the two age 

groups (i.e., younger and older adults). This allows the relationships between the 

criterion (prospective memory scores) and the predictors (prefrontal measures) to 

be evaluated without being influenced by the effect of age. The regressions were 

also conducted separately to avoid shared variance or deviance from being 

claimed by age. Each prospective memory score was entered into a separate 

analysis as the criterion, and conditions (interruption and planning) and 6 of the 

22 neuropsychological scores: WCST-Category Score, TMT-B (square-root 
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transformed), LNST, TOL-4-Total Score, Stroop Interference Score and COWAT, 

were entered as predictors.  

       The six neuropsychological measures were chosen due to their common use 

in studies investigating frontal-lobe functioning and prospective memory 

performance (Eslinger & Grattan, 1993; Ettlin et al., 2000; Groot et al., 2002; 

Kliegel et al., 2002; Kliegel et al., 2003a; Maujean et al., 2003; McDaniel et al., 

1999; Parks et al., 1988; Shum et al., 2004; Taylor et al., 1997; West & Craik, 

2001). The prevention of high correlations among the predictor variables 

(multicollinearity) was another reason for only including these six measures as 

many of the other scores were similar in that they came from the same test (e.g., 

four scores were obtained for the TOL-4) (Tabachnick & Fidell, 2001). Violation 

of the predictors versus subject number ratio assumption may also have occurred 

if more predictors were included in the analysis as data from only 79 younger 

adults and 67 older adults was available (Tabachnick & Fidell, 2001).            

Event-based (Dairy Product) Task 

       Due to the bimodal distribution of the criterion (dairy product score), the 

scores of this variable were recoded into two groups:  0 = 0 – 4 and 1 = 5 – 8. 

Because of this recoding, a sequential logistic regression analysis was used in the 

place of a hierarchical regression. Specifically, a SPSS NOMREG was utilised, to 

assess prediction of performance on the event-based task, first on the basis of 

condition (viz., interruption and planning) and then after addition of 6 

neuropsychological measures (refer to Tables 10 and 11). 

       For the first group (i.e., younger adults), there was a good model fit 

(discrimination among scores) on the basis of the two conditions (viz., 

interruption and planning), χ2 (29.83, N = 79), -2LL = 75.07, p < .05, Nagelkerke 
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R2 = .43. After addition of the 6 neuropsychological predictors, χ2 (43.47, N = 79), 

-2LL = 61.43, p < .05, Nagelkerke R2 = .58. Comparison of log-likelihood ratios 

for models with and without neuropsychological measures showed reliable 

improvement with the addition of neuropsychological predictors, χ2 (6, N = 79) = 

13.63, p < .05. Performance on the event-based task was significantly predicted by 

performance on the TMT-B (square-root transformed), LNST and planning, p < 

.05 (see Table 10). All other predictors were non-significant, although there was a 

trend for WCST to contribute to the prediction of event-based task, p = .062). 

 

Table 10 

Sequential Logistic Regression of Event-Based Task Performance as a Function 
 
of Condition and Neuropsychological Test Performance for Younger Adults  
__________________________________________________________________ 

Predictors                                 B              SE              Odds ratio         Wald statistic  
__________________________________________________________________ 
 
Conditions 

 Interruption          -0.77     0.78                 0.47                     0.95 

 Planning           3.37           0.80               29.10        17.71** 

Neuropsychological Tests 

 TMT-B         -0.06     0.03                 0.95                     5.10* 

 WCST          -2.43            1.31                 0.09          3.48 

TOL-4          -0.04            0.16                 0.96                     0.05 

LNST           0.43     0.19                 1.54          5.13* 

Stroop          -0.05     0.06                 0.95          0.71 

COWAT         0.001           0.04                  1.01         0.00 
__________________________________________________________________ 
 
*p < .05.  **p < .001.  Note: TMT-B was square-root transformed. 
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       For the second group (i.e., older adults), there was a good model fit 

(discrimination among scores) on the basis of the two conditions (viz., 

interruption and planning), χ2 (42.80, N = 67), -2LL = 50.07, p < .05, Nagelkerke 

R2 = .63. After addition of the 6 neuropsychological predictors, χ2 (46.11, N = 67), 

-2LL = 46.76, p = .77, Nagelkerke R2 = .66. Comparison of log-likelihood ratios 

for models with and without neuropsychological measures showed no reliable 

improvement with the addition of neuropsychological predictors, χ2 (6, N = 67) = 

3.31, p = .77. Performance on the event-based task was significantly predicted by 

performance in the planning condition, p < .05 (see Table 11). All other predictors 

were non-significant.  
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Table 11  

Sequential Logistic Regression of Event-Based Task Performance as a Function  
 
of Condition and Neuropsychological Test Performance for Older Adults 
__________________________________________________________________ 

 
Predictors                  B              SE             Odds ratio         Wald statistic 
__________________________________________________________________ 

 
Conditions 

 Interruption      -0.76 0.89             0.47                  0.73 

 Planning       4.54 1.04           93.83                19.04* 

Neuropsychological Tests 

 TMT-B       0.01           0.02            0.99                   0.45 

 WCST       -0.14           0.28            0.87                  0.24 

TOL-4        0.09           0.18            1.10                  0.22 

LNST       -0.15           0.21            0.86                  0.51 

Stroop        0.09           0.10            1.10                  0.80 

COWAT       0.04 0.05            1.04                  0.56 
__________________________________________________________________ 
 
*p < .001.  Note: TMT-B was square-root transformed. 

 

Time-based (VCR) Task 

       Table 12 summarises the results of the hierarchical regression of the scores on 

the neuropsychological measures and the conditions on the time-based task for 

younger adults. After step 1, with conditions in the equation, R2 = 0.258, F(2, 76) 

= 13.23, p  < .05. The neuropsychological measures were added to the equation in 

step 2. After this step, R2 = 0.339, F(8, 70) = 4.494, p < .05. The R2 change = .08 

for step 2 was not statistically significant, F for change (6, 69) = 1.43, p = .22. 



 180

Overall, from Table 12, it can be seen that planning was a significant predictor of 

the time-based task, β = -.47, p < .05. 

       For older adults’ performance on the time-based task, after step 1, with 

conditions entered in the equation, R2 = 0.55, F(2, 64) = 39.70, p < .05. The 

neuropsychological tests were added to the equation in step 2. After this step, R2 = 

0.619, F(8, 58) = 11.75, p < .05. The R2 change = 0.065 for step 2 was not 

statistically significant, F for change (6, 58) = 1.64, p = .15. From Table 13, it can 

be seen that TMT-B (square-root transformed) was also a significant predictor of 

the VCR task, β = -.28, p <.05 while planning was also an important predictor β = 

-.76, p < .05.  

Activity-based (Item) Task 

       Because the scale of the activity-based (item) task is ordinal in nature with 3 

levels of scores (e.g., 0, 1 and 2), multinomial logistic regression was selected in 

the place of logistic and hierarchical multiple regression. In addition, multinomial 

logistic regression was chosen as the method of data analysis because it assumes 

ordered categories (e.g., a score of 2 reflects better prospective memory 

performance than a score of 1 which is better than 0) (Tabachnick & Fidell, 2001). 

A sequential analysis was unable to be performed with the SPSS software, 

consequently, Stata software was utilised. Table 14 and 15 summarises the results 

of the multinomial logistic regression of activity-based task performance as a 

function of condition and neuropsychological test performance by age group.  
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       For the first group (i.e., younger adults), there was a good model fit 

(discrimination among scores) on the basis of the 2 conditions (viz., interruption 

and planning), D (123.97, n = 75), -2LL = -61.99, p < .05, Nagelkerke R2 = .32. 

After addition of the 6 neuropsychological predictors, D (112.15, n = 69), -2LL = 

-56.08, p < .05, Nagelkerke R2 = .44. The difference of 14.39 in BIC’ provides 

very strong support for the model containing only the conditions. Performance on 

the activity-based task was significantly predicted by performance on the 

COWAT and planning, p < .05 (see Table 14). All other predictors were non-

significant. 

       For the second group (i.e., older adults), there was a good model fit 

(discrimination among scores) on the basis of the 2 conditions (viz., interruption 

and planning), D (110.16, n = 63), -2LL = -55.08, p < .05, Nagelkerke R2 = .42. 

After addition of the 6 neuropsychological predictors, D (106.92, n = 57), -2LL = 

-53.46, p < .05, Nagelkerke R2 = .46. The difference of 21.98 in BIC’ provides 

very strong support for the model containing only the conditions. Performance on 

the activity-based task was significantly predicted by interruption and planning, p 

< .05 (see Table 15). All other predictors were non-significant. 
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Table 14  

Multinomial Logistic Regression of Activity-based Task Performance as a Function 

of Condition and Neuropsychological Test Performance for Younger Adults 

__________________________________________________________________ 
 

Predictor                B                  SE                       CI                            z 
__________________________________________________________________ 

 
Conditions 

 Interruption -0.25           0.54       -1.32 – 0.81        -0.46 

 Planning -3.21           0.72       -4.61 – -1.78        -4.43** 

Neuropsychological Tests 

 TMT-B          -0.01           0.02      -0.05 – 0.02         -0.71 

 WCST           -1.24           0.79      -2.78 – 0.31         -1.56 

TOL-4            0.18           0.12      -0.07 – 0.42          1.42 

LNST           -0.08           0.10      -0.28 – 0.12         -0.77 

Stroop           -0.04           0.05      -0.13 – 0.05         -0.85 

COWAT        0.09           0.03       0.03 – 0.16          2.79* 
__________________________________________________________________         

 
*p < .01.  **p < .001.  Note: TMT-B was square-root transformed. 
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Table 15  

Multinomial Logistic Regression of Activity-based Task Performance as a Function 

of Condition and Neuropsychological Test Performance for Older Adults 

__________________________________________________________________ 
 

Predictor      B                   SE                     CI                              z 
__________________________________________________________________ 

 
Conditions 

 Interruption  1.25           0.58        0.10 – 2.40         2.14* 

 Planning -3.17           0.69             -4.53 – -1.81       -4.57** 

Neuropsychological Tests 

 TMT-B          -0.01           0.01      -0.03 – 0.02        -0.35 

 WCST           -0.26           0.17      -0.58 – 0.07        -1.54 

TOL-4           -0.02           0.12      -0.24 – 0.21        -0.14 

LNST            0.08           0.13      -0.18 – 0.33         0.58 

Stroop           -0.05           0.06      -0.17 – 0.07        -0.89 

COWAT        0.02           0.03      -0.04 – 0.07         0.54 
__________________________________________________________________ 

 
*p < .05.  **p < .001. Note: TMT-B was square-root transformed. 
 
 
       In sum, results of the logistic regression, hierarchical regression and 

multinomial logistic regression showed that the conditions (viz., interruption and 

planning) in combination with the neuropsychological measures of prefrontal 

processes could significantly predict performance on the event-, time- and 

activity-based prospective memory tasks. The prefrontal measures significantly 

added to the prediction of performance on the event-based (dairy product) task for 

younger adults only, χ2 (6, N = 79) = 13.63, p < .05. Although the R2 scores 

increased from Step 1 to Step 2 for the time-based (VCR) task for both age 
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groups, these increases were not significant (F for change (6, 69) = 1.43, p = .22 

for younger adults and F for change (6, 58) = 1.64, p = .15 for older adults). Thus 

the prefrontal measures did not contribute significantly to the prediction of 

performance on the time-based (VCR) or the activity-based (item) tasks after 

controlling for the effects of interruption and planning (refer to Table 16). The 

LNST and TMT-B were significant predictors of event-based (dairy product) task 

performance for younger adults. The TMT-B was also a significant predictor of 

time-based (VCR) task performance for older adults. The performance of younger 

adults on the activity-based (item) task was predicted by scores on the COWAT.  

 
Table 16   

A comparison of the Logistic, Hierarchical and Multinomial Logistic Regressions 

as a Function of Condition and Neuropsychological Test Performance by Age 

__________________________________________________________________ 
  

Regressions                   Logistic                   Hierarchical          Multinomial  
 
                 (Dairy product Task)         (VCR Task)          (Item Task)                           
      ____________________________________________________ 
 

Younger Adults 

Step 1     Nagelkerke R2  = .43            R2 = .26        Nagelkerke R2  = .32            

Step 2     Nagelkerke R2  = .58  R2 = .34        Nagelkerke R2  = .44 

Older Adults 

Step 1             Nagelkerke R2  = .63              R2 =.55        Nagelkerke R2  = .42             

Step 2             Nagelkerke R2  = .66              R2 =.62        Nagelkerke R2  = .46 

__________________________________________________________________ 

Note. Step 1 = Conditions (interruption & planning), Step 2 = Conditions and prefrontal tests  
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       Table 17 summarises the mean scores and t-test results for younger and older 

adults on ten neuropsychological measures. Younger adults outperformed older 

adults on all neuropsychological measures. Nine of these ten age-related 

differences were statistically significant. There was no significant difference 

between younger and older adults on the COWAT. This finding was surprising 

considering it was a measure of spontaneous fluency and related to prefrontal 

functioning.   

 

 Table 17 

Age Group Differences on Neuropsychological Tests as shown by t-tests and Mean 
 
Scores 
__________________________________________________________________ 
 
             Younger Adults     Older Adults 
                      _______________          _____________ 
 
Neuropsychological Tests      M             SD                  M            SD          t(144) 
_________________________________________________________________ 
 
TOL-4 (Total Score)          22.81         2.28              22.10        2.30          1.86* 
 
WCST (Category Score)       5.85          0.36               4.79         1.71         5.36***    

 
TMT-A          21.96          6.13             34.77         8.96       -10.21*** 

 
TMT-B          50.79        15.78             76.89       24.50         -7.76*** 
 
COWAT                             39.41          9.01             38.06         9.42          0.88 

 
Stroop (Interference)          45.25          6.52              38.52         5.27          6.78*** 

 
LNST           13.30           2.81             12.27         2.32          2.40** 
 
VPA I (Total Score)        25.77           4.46            20.94         6.76         -3.08***     
 
VPA II (Delay)          7.65           0.68               6.43         1.88          5.35*** 
 
Block Design                     48.86           8.61             36.40         6.93          9.51*** 
__________________________________________________________________ 
 
*p < .05. **p < 0.01. ***p < 0.001.  
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          To ascertain whether the current sample of younger and older adults were 

similar to normative samples, the scores on the neuropsychological measures were 

compared with the most appropriate normative data available (Golden & 

Freshwater, 1998; Heaton et al., 1993; Tombaugh, 2004; Tombaugh et al., 1999; 

Tunstall, 1999; Wechsler, 1997a, 1997b). Minor differences between the current 

sample and normative samples were observed on the COWAT and TMT-B.  

       When comparing the COWAT scores in the current study to a normative 

sample provided by Tombaugh and his colleagues (1999) younger adults (M = 

39.41, SD = 9.01) were slightly below the normative mean (M = 41.2, SD = 

10.87) whilst older adults (M =38.06, SD = 9.42) were half of a standard 

deviation above the normative mean (M = 36.65, SD = 13.25) (Tombaugh et al., 

1999). Because younger adults in the current study were below the normative 

mean whilst older adults were above, age-related differences on this task did not 

emerge. Tombaugh’s (2004) normative data for the TMT-B (n = 188) suggests 

that the performance of the younger adults in the current study (M = 50.79, SD = 

15.78) was consistent with age and education-matched younger adults (M = 49.83, 

SD = 12.53) of a normative sample. However, performance of the older adults in 

the current study (M = 76.89, SD = 24.50) was slightly poorer than Tombaugh’s 

normative sample (n = 289, M = 72.69, SD = 17.32).  

Discussion 

       The main aim of Study 2 was to investigate the role of prefrontal functioning 

in prospective memory performance. To achieve this aim, 79 younger and 67 

older participants completed three prospective memory tasks, six prefrontal tests 

and two neuropsychological tests. The relationship between performance on the 

prospective memory tasks and the prefrontal measures was then examined. 
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Prefrontal processes implicated in prospective remembering were firstly identified 

and then representative tests of these processes were chosen. Measures of 

planning (viz., TOL-4), inhibition (viz., Stroop), cognitive flexibility (viz., TMT-

B), the flexible shifting of cognitive sets (viz., WCST), working memory (viz., 

LNST) and cognitive fluency (viz., COWAT) were administered. After dividing 

the sample into younger and older adults, performance on the measures of 

prefrontal functioning were then used to predict performance on the three 

prospective memory tasks (i.e., event-, time- and activity-based tasks). Finally, 

demonstrating age-related differences on the prefrontal measures would provide 

support for the frontal-lobe hypothesis of ageing (West, 1996).  

       The main hypothesis that the six prefrontal measures (i.e., WCST-Category 

Score, TMT-B, LNST, TOL-4-Total Score, Stroop Interference Score and 

COWAT) would significantly predict performance on the three prospective 

memory tasks above and beyond that predicted by the experimental conditions 

(viz., interruption and planning) was only partially supported. When the effects of 

interruption and planning were controlled, the prefrontal measures were found to 

significantly predict performance on the event-based (dairy product) task for 

younger adults. One of the significant predictors of the event-based task for 

younger adults was the LNST, thus supporting one of the exploratory hypotheses. 

This suggests working memory functioning is particularly important in the 

prospective remembering of this task for younger adults. The TMT-B (square-root 

transformed) was also a significant predictor of the event-based task for younger 

adults suggesting that cognitive flexibility or switching is also related to 

performance on this task. The performance by older adults on the event-based task 

was not predicted by the neuropsychological measures after controlling for the 



        190

effects of the experimental conditions. In addition, there were no unique prefrontal 

predictors for older adults.  

       The neuropsychological measures did not significantly add to the prediction 

of performance on the time-based (VCR) task for younger or older adults after the 

contribution of the experimental conditions were accounted for. The lack of 

support for this main hypothesis was surprising considering that the time-based 

task required self-initiated retrieval, thought to be mediated by the prefrontal-

lobes. The only significant predictor of the time-based task was the TMT-B 

(square-root transformed) and this predictor was significant for older adults only. 

Thus the exploratory hypothesis that cognitive flexibility would be imperative for 

switching between the time-based cue (clock) and the ongoing task was partially 

supported.  

       The neuropsychological measures did not significantly add to the prediction 

of performance on the activity-based (item) task for younger or older adults after 

the contribution of the experimental conditions were accounted for. The 

exploratory hypothesis that the COWAT would be one of the best predictors of 

the activity-based task was supported for younger adults. Cognitive fluency and 

the ability to conduct a restricted search of memory was related to item task 

performance for younger adults only, even though there were no age-related 

differences on this measure. There were no prefrontal predictors for older adults 

on the activity-based task when controlling for experimental conditions (i.e., 

interruption and planning).  

       The secondary hypothesis that older adults would score significantly lower on 

the prefrontal measures than younger adults was supported. Younger adults 

significantly outperformed older adults on all neuropsychological measures with 
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the exception of the COWAT (refer to Table 17). The production of individual 

words under restricted search conditions or cognitive fluency was surprisingly 

similar for both younger and older adults. Although overall, the performance of 

participants in the current study on the COWAT was within one standard 

deviation of the mean of a normative sample (Tombaugh et al., 1999) younger 

adults scored less than the normative mean whilst older adults scored higher. 

Consequently, a significant difference between the age groups was not found. 

Prefrontal Functioning and Prospective Memory Performance 

       The current study has found that prefrontal functioning plays a role in 

prospective memory performance thus supporting the prefrontal model (West, 

1996). According to this model (West, 1996) successful prospective remembering 

relies on the operation of a number of different cognitive processes including 

working memory, planning, attention, inhibition, action control and other 

executive processes (Dobbs & Reeves, 1996; Ellis, 1996). The majority of these 

processes are located in the prefrontal-lobe (Faw, 2003; Shimamura et al., 1991). 

As previously discussed, a number of the prefrontal measures (viz., TMT-B - 

square-root transformed, LNST and COWAT) were found to significantly predict 

performance on the prospective memory tasks when the experimental conditions 

(viz., interruption and planning) were controlled. Thus, the current study has 

partially supported the prefrontal model. These findings add to the mounting 

support that West’s model is gaining from PET, ERP and neuropsychological 

studies with brain injured and normal samples (Burgess et al., 2003; Burgess et 

al., 2000; Grady, 2000; Groot et al., 2002; Kliegel et al., 2004; Kliegel et al., 

2003a; McDaniel et al., 1999; Okuda et al., 1998; Shum et al., 2004; West & 

Covell, 2001; West & Craik, 2001). Further support for the prefrontal model has 
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been provided by age-related differences in the measures of prefrontal 

functioning. 

Age-related Differences in Prefrontal Functioning 

       The findings of the current study demonstrated age-related differences on all 

but one of the prefrontal measures (viz., COWAT). Thus, the secondary 

hypothesis that older adults would score significantly lower on the prefrontal 

measures than younger adults was supported. West’s (1996) frontal-lobe 

hypothesis of ageing would suggest that these differences are evidence of normal 

age-related decline in the efficiency of executive functions mediated by the 

prefrontal cortex (Faw, 2003; Shimamura et al., 1991). Because age-related 

declines are evident on measures of prefrontal-lobe functioning and prospective 

remembering appears to be mediated by prefrontal processes, age-related deficits 

on the event- and time-based tasks in the current study could be explained by the 

frontal-lobe hypothesis of ageing (West, 1996). Support for this model has also 

been documented in a number of neuropsychological studies especially those 

targeting frontal-lobe processing (Kliegel et al., 2004; Kliegel et al., 2003a, 

2003b; Raz, 2000; Salthouse & Babcock, 1991; Tombaugh, 2004; Tombaugh et 

al., 1999; Uttl & Graf, 1997; West, 1999).  

       Once an age-related difference in prefrontal functioning was demonstrated, a 

comparison of the significant neuropsychological predictors was made between 

younger and older adults. The regressions conducted in the current study were 

split into the two age groups (i.e., younger vs older adults) to allow for this 

comparison and to provide a clearer picture of the effects of the prefrontal 

processes. Subsequently, the exploratory hypothesis that each type of prospective 

memory task would be affected by specific prefrontal processes was tested and 
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some support was provided. McDaniel and Einstein’s (2000) multiprocess 

framework and Craik’s (1986) environmental support model of ageing helps to 

account for this finding and will be discussed further.  

Differences in the Prefrontal Predictors of Each Prospective Memory Task 

       Event-based (dairy product) task. The question was raised as to why the 

prefrontal measures did not also predict event-based (dairy product) task 

performance for older adults. Perhaps this is due to younger adults utilising 

prefrontal processes more consistently in the performance of event-based 

prospective memory tasks. In particular, cognitive flexibility and working 

memory (as measured by the TMT-B and LNST) may be utilised by younger 

adults to enhance remembering. Whether younger adults kept the event-based task 

in the back of their minds and actively searched for the cue or allowed the cue to 

trigger the action (there was no age-difference in how participants remembered 

the event-based task) they appeared to rely upon prefrontal processes. As there 

was an age-related difference in the performance of the event-based task, perhaps 

older adults experience a decline in prefrontal functioning that leads to a reduced 

capacity to use these prefrontal processes (West, 1996). This decline may be 

explained further by Salthouse’s (1988, 2000) speed of processing theory. 

       Salthouse (1988, 2000) suggests that the age-related decline in the speed of 

processing is responsible for the majority of the age-related differences often 

reported in various measures of cognitive functioning. Performance on the TMT-

B (square-root transformed) was likely to be influenced by this reduction in the 

speed of processing. Older adults did not perform as well on the TMT-B in 

comparison to younger adults as this test was time-pressured. Subsequently, older 

adults may be less inclined to rely upon a prefrontal process (viz., cognitive 
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flexibility) that not only declines with age but may also be affected by the speed 

of processing. Alternatively, the TMT-B may not have been a sensitive measure 

of cognitive flexibility as it relates to prospective memory performance due to its 

timed natured. Consequently, the TMT-B (square-root transformed) did not 

emerge as a significant predictor of event-based task performance for older adults.  

       The failure of the neuropsychological measures to significantly predict event-

based task performance in older adults may also be due to the increase in 

individual differences in how the brain ages (Rybash, et al., 1986). Older adults 

are much more heterogeneous in their performance on neuropsychological 

measures. This can be seen in Table 17 where older adults had larger standard 

deviations than younger adults on 7 out of the 10 neuropsychological scores. A 

greater variance in how this group performs may mask or even prevent a 

consistent pattern from emerging (e.g., the higher the score on LNST, the higher 

the score on the event-based task). A larger sample size may identify a more 

stable and reliable trend.  

       An exploratory hypothesis was proposed that the Stroop, COWAT and LNST 

would be significant predictors of the event-based (dairy product) task. However, 

LNST and TMT-B (square-root transformed) were significant predictors for 

younger adults only. As was explained earlier, the event-based task required 

working memory (as measured by LNST) to hold the event-, time-based task and 

ongoing task in mind simultaneously whilst cognitive flexibility (as measured by 

TMT-B) allowed switching between all three tasks to occur. Without adequate 

cognitive flexibility, monitoring the clock and looking out for dairy products 

would become more difficult. Also, the performance of complex prospective 
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memory tasks (Kliegel et al., 2000) may rely heavily upon working memory 

capacities as multiple tasks need to be juggled.  

       The Stroop was expected to be one of the best predictors of event-based 

(dairy product) task performance as such a task would require inhibition to avoid 

distraction from irrelevant items (Kliegel et al., 2003a; West & Craik, 2001). 

However this was not the case for either younger or older adults. Perhaps the 

Stroop does not adequately measure Hasher and her colleagues’ (1999) construct 

of inhibition, defined as a complex process involving multiple functions. The 

three functions involve controlling the contents of working memory through 

access, deletion and restraint. Measuring the ability to prevent oneself from 

reading words and instead name the ink colour of the words (all colour names) is 

not thought to capture the entire process of inhibition. Much more is involved in 

controlling the contents of working memory and preventing oneself from being 

distracted by irrelevant information. Thus the Stroop may not be a sensitive 

measure of any inhibitory process involved in prospective memory. However, 

other studies have found a significant relationship between prospective memory 

performance and the Stroop (e.g., Groot et al., 2002; Kliegel et al., 2003a; West & 

Craik, 2001). This difference may be due to the nature of the ongoing tasks (e.g., 

puzzles, six-elements task, identifying the colour or category of words) and 

prospective memory tasks (e.g., remind experimenter about keys, return a book 

and an envelope, press a key to identify perceptual or semantic differences in 

words etc.) utilised in these studies. 

       The tasks utilised in previous studies that have found a significant 

relationship between the Stroop and prospective memory performance (e.g., Groot 

et al., 2002; Kliegel et al., 2003a; West & Craik, 2001) provide less exposure to 



        196

the event-based cue and are therefore more similar to the time-limited Stroop. For 

example, in West and Craik’s research participants were required to press a key to 

identify either the colour or category of words. The prospective memory task 

required participants to identify words presented in uppercase as well as 

vegetables and building parts. Once a key was pressed the word was replaced. 

Thus event-based prospective memory cues were not presented to participants 

after an action was performed (i.e., key was pressed). By comparison, event-based 

cues (dairy products) in the current study remained until participants decided they 

had completed a recipe and wanted to move on to the next. Therefore more time 

and ultimately opportunity to recall the prospective memory task was available. 

Extra time may have allowed participants to reduce the clutter in their working 

memories by asking themselves what other tasks needed to be performed. 

Engaging in such a checking process would change the focus of attention and the 

contents of working memory, thus reducing the effects of poor inhibition (Hasher 

et al., 1999). In West and Craik’s study, if participants were unable to inhibit the 

tendency to identify the colour or category of words (a stronger tendency due to 

its greater frequency) then the opportunity to identify vegetables, building parts or 

words in uppercase (prospective memory task) was lost. Therefore inhibition, as 

measured by the Stroop, would be a better predictor of such prospective memory 

tasks.  

       The COWAT was also expected to predict performance on the event-based 

(dairy product) task. This exploratory hypothesis was guided by the findings in 

Maujean and her colleagues’ (2003) study and Shum and his colleagues’ (2004) 

study in which they administered the COWAT and the DFT, respectively. Perhaps 

the event-based task in the current study was significantly different to the 
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computer-based tasks utilised in these previous studies and thus not mediated by 

cognitive fluency (Maujean et al., 2003; Shum et al., 2004). Cognitive processes 

such as cognitive fluency and inhibition are likely to be involved in the 

performance of prospective memory tasks, just not the current one.  

       Time-based (VCR) task. Despite the suggestion that time-based prospective 

memory tasks rely on self-initiated retrieval processes (Einstein et al., 1995; 

Kliegel et al., 2003a; Martin & Schumann-Hengsteler, 2001; McDaniel & 

Einstein, 2000), which are thought to be driven by prefrontal areas, the 

neuropsychological measures did not add significantly to the prediction of the 

time-based (VCR) task above and beyond that afforded by the experimental 

conditions. This was the case for both younger and older adults despite the 

expectation that prefrontal decline would strongly influence time-based 

prospective memory performance in older adults. 

       Nevertheless, one neuropsychological measure significantly predicted 

performance on the time-based (VCR) task for older adults. As expected this 

measure was the TMT-B, a measure of cognitive flexibility. This process is 

thought to be imperative for switching attention from the ongoing task to 

monitoring the clock (a task outside the focal processing of the ongoing task). 

Self-reports obtained in the first study support this finding because the majority of 

participants reported monitoring the clock regularly. According to McDaniel and 

Einstein’s (2000) multiprocess framework, prospective cues outside the focal 

processing of performing the ongoing task are more difficult to detect and thus 

require effortful and strategic monitoring. Cognitive flexibility, as measured by 

the TMT-B, may be a prefrontal process involved in the effortful and strategic 

monitoring McDaniel and Einstein (2000) identified. It is not clear why the TMT-
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B (square-root transformed) did not also predict time-based task performance for 

younger adults. Perhaps older adults need to rely upon this process (cognitive 

flexibility and task switching) to a greater extent than younger adults who are 

better able to keep both the ongoing task and the time-based task in their working 

memories (conscious processing). Support for this explanation heralds from 

Grady’s (2000) review of PET and MRI studies in which older adults were found 

to utilise different areas of the brain (left prefrontal cortex) when engaged in 

retrieval tasks. 

       Alternatively, the TMT-B (square-root transformed) may have been a 

significant predictor for older adults only due to the timed nature of the test. For 

example, an age-related reduction in the speed of processing (Salthouse, 1988) 

may have significantly affected the time-based (VCR) task for older adults as this 

task was also time-pressured. If older adults are restricted in the amount of time 

they have to perceive (notice) a prospective memory cue, their performance may 

well suffer. The TMT-B (square-root transformed) may have detected this deficit 

and therefore predicted time-based task performance for older adults. The speed 

of processing may also influence prospective memory performance by affecting 

the processes related to encoding and activation of information (Salthouse, 1988). 

For example, older adults may take longer to commit intentions to memory 

(intention formation). Consistent with this, older adults in the current study were 

able to improve their performance on the time-based task to the level of younger 

adults. Thus, older adults were able to compensate for this decline with the 

provision of more processing/planning time.  

       Further insight is provided by normative data. As mentioned previously, the 

older adults in the current study (M = 76.89, SD = 24.50) compared unfavourably 
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to older adults from Tombaugh’s (2004) normative sample (M = 72.69, SD = 

17.32). Thus, a poor performance on the TMT-B (square-root transformed) may 

be linked to a poor performance on the time-based (VCR) task. In addition, the 

performance on the TMT-B (square-root transformed) for younger adults was 

consistent with the normative sample and not as varied as that for older adults as 

evidenced by the standard deviations for the two age groups (refer to Table 17). It 

may be concluded that the majority of younger adults performed well on the 

TMT-B (square-root transformed) resulting in a failure to show any significant 

relationship with the time-based task.  

       Research has shown that older adults do not perform as well on time-based 

tasks as they do not monitor time as often as younger adults during the critical 

period closest to the target time (Einstein et al., 1995; Harris & Wilkins, 1982). 

This may be due to the costs older adults experience during task switching (Kray 

et al., 2002) or age-related declines in working memory processing (Salthouse & 

Babcock, 1991). Older adults have been seen to struggle when attempting to 

switch from one task to another due to inhibition effects (suppressing irrelevant 

information) and reduced processing speed (locating relevant cues to aid 

switching) (Kray et al., 2002). In addition, younger adults have been shown to 

outperform older adults in their ability to process multiple tasks simultaneously 

(e.g., complex divided attention tasks) whilst storing other information (Salthouse 

& Babcock, 1991). However if younger adults rely upon their working memories 

to perform this task then the question of why LNST was not a significant predictor 

of the time-based (VCR) task for younger adults is raised.  

       It appears that the age-related difference on the time-based (VCR) task may 

be attributed mostly to the conditions (viz., interruption and planning) under 
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which participants were required to perform the task rather than significant 

differences in prefrontal functioning. However, a statistical limitation may explain 

this counter-intuitive finding. Shared variance within a hierarchical regression is 

claimed by the predictor or predictors entered into the regression analysis first. In 

this case, the experimental conditions (viz., interruption and planning) would have 

claimed all of the shared variance leaving the prefrontal measures with little 

predictive power.  

       Aside from the age-related differences in prefrontal predictors, an exploratory 

hypothesis was proposed that the TMT-B, WCST, LNST and TOL-4 would be 

significant predictors of the time-based (VCR) task. However, only the TMT-B 

(square-root transformed) was revealed to be a significant predictor when the 

experimental conditions were controlled for older adults only. Because the TMT-

B (square-root transformed) was a significant predictor of the time-based task it 

was expected that the WCST would also be a significant predictor. As these tasks 

measure cognitive flexibility and the flexible shifting of cognitive sets, processes 

thought to be imperative for switching attention from the ongoing task to 

monitoring the clock, it is surprising that the WCST did not also predict time-

based task performance.   

       Computerised versions of the WCST have been criticised for their failure to 

show equivalence to the manual version on all assessment measures (Feldstein et 

al., 1999). It was concluded that the norms provided for the standard manual 

presentation method should not be used for the computerised versions but that 

new norms be developed. These findings suggest that the research supporting the 

manual version of the WCST as a measure of executive functioning in the aged 

(Axelrod & Henry, 1992; Boone et al., 1993; Daigneault et al., 1992) may not 
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apply to the computerised version. Despite these criticisms of the WCST, a 

number of researchers have utilised this measure including the computerised 

version in their studies of prospective memory (e.g., Cockburn, 1995; Kliegel et 

al., 2002; Kliegel et al., 2003a, 2003b; McDaniel et al., 1999; Shum et al., 2004). 

It is difficult to explain why the WCST was related to prospective memory 

performance in previous studies and not the current one.            

       Working memory processes (as measured by LNST) were also considered 

vital to the performance of the time-based (VCR) task however the LNST was not 

a significant predictor. This is surprising considering that the majority of 

participants reported having kept the task in the back of their minds whilst 

actively monitoring the clock. Perhaps this ability is more accurately measured by 

the TMT-B than the LNST and involves switching between tasks rather than 

processing multiple tasks simultaneously. Nevertheless, LNST was a significant 

predictor of the event-based (dairy product) task for younger adults, suggesting 

that the measure is related to prospective remembering. 

       The TOL-4 was also expected to predict performance on the time-based 

(VCR) task because Shum and his colleagues (2004) identified this measure as a 

significant predictor for schizophrenia patients. Those with superior planning 

abilities may have been able to successfully strengthen the association between 

the cue and the action. A strong association is considered imperative in tasks with 

cues of low saliency such as the time-based task in the current study (Einstein et 

al., 1995; McDaniel & Einstein, 2000). Perhaps this association did not require 

further strengthening as indicated by the strategy participants used to recall this 

task. The majority of participants (97.3%) reported engaging in efforful 

monitoring of the time. Differences in the ability to plan may not have emerged in 
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a task that would obviously have benefited from a particular strategy (i.e., 

strategic monitoring of the cue). Alternatively, the sample of schizophrenia 

patients utilised by Shum and his colleagues may be too dissimilar to the normal 

adults recruited in the current study to make accurate extrapolations. 

      Activity-based (item) task. The neuropsychological measures did not add 

significantly to the prediction of the activity-based (item) task above and beyond 

that afforded by the experimental conditions. As was hypothesised performance 

on the COWAT predicted performance on the activity-based task, however this 

was for younger adults only. Because there was no age-difference on the activity-

based task nor the COWAT this discrepancy is even more intriguing. Perhaps 

older adults, due to the importance they may have placed upon the return of their 

personal possession (e.g., if I don’t have my watch or phone returned to me today, 

I may need to make an extra trip to the university to collect it) were less likely to 

rely upon a spontaneous search of memory but rather, kept the task active in their 

minds. However this is not consistent with the reported strategies for 

remembering the activity-based task (i.e., the task just came to me). Alternatively, 

older adults may have encoded the activity-based task more successfully due to 

the importance they placed upon this task. It remains unclear why the COWAT 

was a significant predictor of activity-based task performance for younger adults 

only. 

       Despite the limited amount of research on the neuropsychological correlates 

of activity-based prospective memory performance (e.g., Shum et al., 2004), 

exploratory hypotheses were proposed suggesting that planning ability (as 

measured by the TOL-4) would also be a significant predictor. The TOL-4 failed 

to predict performance on the activity-based (item) task thus failing to support this 
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hypothesis. It was anticipated that good planning ability would facilitate 

performance of a task that was unrelated to the ongoing task and occurred so long 

after the instructions were given. This planning may be in the form of making 

stronger associations between finishing the task (cue) and asking for the personal 

item (action) to override the natural desire to do nothing at the completion of the 

ongoing task. Perhaps the TOL-4 is not able to measure this type of planning. 

Thinking ahead to devise a number of moves to achieve an end state as the TOL-4 

requires, may differ from the setting up and rehearsing of cue-action pairings that 

prospective memory tasks entail. Thus, the ability measured by the TOL-4 may be 

dissimilar to the planning ability required in prospective memory performance.  

Implications and Suggestions for Future Research 

       Similar to prevous studies, results of the current study indicate support for the 

relationship between prospective memory performance and prefrontal processes. 

However, a consistent picture has not emerged in terms of the specific prefrontal 

processes involved in different prospective memory tasks. Perhaps different 

prefrontal processes are required in event-based tasks across studies. The 

processes required for each task would therefore depend upon the 

operationalisation of the task. Thus, the tasks themselves may be manipulated to 

test more specific hypotheses with regards to prefrontal-lobe functioning. For 

example, allocating participants to an ongoing task that is either high (e.g., 

arithmetic problems) or low (e.g., counting task) in working memory demand 

enables this prefrontal process to be examined more closely. In the current study, 

the demand on working memory processes may have been increased by asking 

participants to count the number of vegetables included in the each recipe. Other 

prefrontal processes (e.g., planning, cognitive flexibility or task switching) may 
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also be manipulated to provide stronger support for the prefrontal model (West, 

1996). 

       While little is yet known about the extent to which the frontal-lobes mediate 

cognitive deficits in older adults, this study adds support to the idea that 

prospective memory decline in the elderly may be related to prefrontal-lobe 

deterioration. Thus, future research within this area is recommended to continue 

work with older adults. In any exploration of the processes affected by ageing we 

can further determine what is normal from impaired functioning in the elderly. 

Consequently, older adults who perform poorly on prefrontal measures may 

struggle to complete important prospective memory tasks in their everyday lives. 

Through this research, we are also in a better position to determine whether these 

declines may be compensated for through the use of planning or external aids. 

With the knowledge of which processes underlie which prospective memory tasks 

and how these processes are affected by ageing, the development of more 

effective strategies will occur. 

Limitations of the Study 

       There are various limitations inherent in the design of the current study that 

requires mentioning. Firstly, the use of regression analyses and the need to 

remove the effects of the experimental conditions (viz., interruption and planning) 

may have masked the relationship between the prefrontal measures and time- 

(VCR) and activity-based (item) task performance. When the predictor entered 

into the analysis first (viz., experimental conditions) claims all of the shared 

variance or deviance, little may remain for other predictors (viz., prefrontal 

measures). This may be the case for the planning condition in particular, which 

may have overcome the significance of the prefrontal measures because of its 
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strong relationship to prefrontal functioning. With a larger sample of participants 

in Condition 1 (no interruption and no planning), the prefrontal measures may 

have explained time- (VCR) and activity-based (item) task performance. 

       Secondly, the failure of some of the prefrontal measures to predict 

prospective memory performance may also be attributed to the length of the 

testing session. On average participants were engaged in 3 hours of testing, all 

conducted on the one day. The effects of fatigue may have unduly influenced 

performance on the neuropsychological measures as these were always 

administered last. Unfortunately, counterbalancing the prospective memory 

experiment with the administration of the neuropsychological measures was not 

considered a feasible option as participants may have been alerted to the nature of 

the experiment. In addition, the length of the testing session may have 

disadvantaged older adults who not only took longer to complete the tasks but 

may have been more prone to the effects of fatigue. Irrespective of these concerns, 

commonly reported age-related differences in neuropsychological performance 

were evident and these differences were comparable to normative data that was 

available. In addition, regular breaks helped to overcome any effects of fatigue.  

Conclusion 

       The current study represents one of the first large-scale neuropsychological 

studies (viz., 79 younger adults and 67 older adults) of which this experimenter is 

aware to examine the influence of prefrontal processes on prospective 

remembering. These prefrontal processes as measured by available 

neuropsychological instruments might include working memory (LNST), 

cognitive flexibility (TMT-B - square-root transformed) and cognitive fluency 
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(COWAT). Thus, the second study has provided further evidence of prefrontal-

lobe involvement in prospective memory. 
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CHAPTER SIX 

General Discussion 

       The general aim of this dissertation was to examine the effects of ageing, 

interruption and planning on everyday prospective memory performance. This 

examination had a number of objectives. Firstly, to create a new paradigm for 

measuring prospective memory within a naturalistic setting. Secondly, to 

demonstrate age-related differences on event-, time- and activity-based tasks as 

guided by theories of prospective memory and ageing (Craik, 1986; Hasher et al., 

1999; Salthouse, 1988; McDaniel & Einstein, 2000; West, 1996). Thirdly, to show 

that interruptions could disrupt prospective memory performance in both younger 

and older adults. Fourthly, that prospective remembering could be improved with 

time allocated to planning. And finally, to investigate the prefrontal processes 

involved in prospective memory by identifying prefrontal measures that could 

predict prospective memory performance.    

Is Prospective Memory Affected by Ageing, Interruption and Planning? 

       The everyday tasks completed in the home-like laboratory revealed that 

prospective memory is affected by ageing, planning and interruption to some 

degree. Younger adults scored higher on the event- (dairy product) and time-based 

(VCR) tasks than older adults. This finding is expected given the evidence found 

from more recent naturalistic and laboratory-based research (Einstein et al., 1992; 

Einstein et al., 2003; Kliegel et al., 2000; Mantyla, 1994; McDaniel, Einstein, 

Graham, et al., 2004; McDermott & Titov, 2004; West & Craik, 1999). There was 

no age difference on the activity-based (item) task. Performance on the event- 

(dairy product) and time-based (VCR) tasks were disrupted in those exposed to an 

interruption whilst all tasks improved with the opportunity to plan. In addition, 
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older adults were able to perform at a similar level to younger adults on the time-

based (VCR) task after both groups were given the opportunity to plan. A two-

way interaction between interruption and planning on the activity-based (item) 

task was also found. Thus, the opportunity to plan enabled participants to 

overcome any disruption caused by the interruption even if this disruption was not 

significant. In sum, the current study has demonstrated that prospective 

remembering is affected by ageing, interruption and planning. In addition, the 

current study has attempted to identify the cognitive processes responsible for 

these significant effects. 

Why Do Ageing, Interruption and Planning Affect Prospective Memory 

Performance? 

       Demonstrating the effects of ageing, interruption and planning on prospective 

memory performance has implicated the prefrontal-lobes in this type of memory 

(West, 1996). The independent variables of ageing, interruption and planning 

manipulated prospective memory performance because these variables are thought 

to be driven by prefrontal processes (Faw, 2003; Shimamura et al., 1991; West, 

1996). More specifically, interruption and planning may vary the demands on 

working memory, planning, cognitive flexibility and other executive processes 

because they are mediated by the prefrontal cortex. The interruption in the current 

study was designed to remove participants’ attention from the ongoing and 

prospective memory tasks and increase the demands on working memory and 

cognitive flexibility to produce detrimental effects on the prospective memory 

tasks. So, if an interruption taxes the resource capacity of working memory and 

cognitive flexibility where fewer of these resources remain to hold both tasks in 

consciousness simultaneously and switch between them, performance may 



        209

decline. As seen in the current study, participants were distracted by the 

unexpected mobile phone ringing and the experimenter entering the room to 

search the laboratory. This interruption may have increased the demand on 

working memory and cognitive flexibility to the point where monitoring of the 

event- (viz., dairy products) and time-based cues (viz., the clock) were neglected. 

Thus, performance on the event- and time-based tasks was disrupted. This 

explanation is consistent with self-reports and the finding that working memory as 

measured by the LNST and cognitive flexibility as measured by the TMT-B 

(square-root transformed) were significant predictors of event-based task 

performance for younger adults. In addition, cognitive flexibility, as measured by 

the TMT-B (square-root transformed), was a significant predictor of time-based 

task performance for older adults. 

       Many factors appear to be involved in whether an interruption will disrupt 

prospective memory performance. These factors are thought to depend upon the 

demands placed upon prefrontal processes (i.e., working memory and cognitive 

flexibility) by the interruption, ongoing task and prospective memory tasks. More 

specifically, prospective cues that require effortful monitoring (e.g., time-based 

cues McDaniel & Einstein, 2000), ongoing tasks that require substantial working 

memory resources (e.g., arithmetic problems) or unexpected interruptions that 

require immediate attention (e.g., a phone call) are likely to place considerable 

demands on prefrontal processes to the detriment of one or more tasks. In the 

current study, the event- (dairy product) and time-based (VCR) tasks were 

significantly disrupted by the interruption. Perhaps the demands of these tasks on 

cognitive flexibility and working memory were too high to simultaneously deal 

with the interruption. Thus, it appears that the ability to remember prospectively 
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may be determined by the resource capacity of working memory (as measured by 

the LNST) and cognitive flexibility (as measured by TMT-B - square-root 

transformed), which are understood to be mediated by the prefrontal-lobe (Faw, 

2003; Shimamura et al., 1991). 

       In contrast, the manipulation of the opportunity to plan, affected prospective 

memory performance in the opposite direction. Performance significantly 

increased on all three prospective memory tasks when the opportunity to plan was 

available. Planning is considered an executive process mediated by the prefrontal-

lobes (Faw, 2003; Shimamura et al., 1991). This prefrontal process may improve 

prospective memory performance by increasing the level of activation of the 

intention (McDaniel & Einstein, 2000). This occurs by thinking about the 

intention, strengthening the association between the cue and the action and 

devising a strategy to aid recall. As opposed to an interruption, it is thought that 

planning may decrease the demands on prefrontal processes during task 

performance (e.g., working memory, cognitive fluency, cognitive flexibility, 

inhibition, etc) leading to improved prospective memory performance.   

       In the current study, participants with the opportunity to plan may have 

decreased the demands on working memory and cognitive flexibility resources 

through effective strategy use. For example, self-reports obtained in this study 

indicated that the majority of participants decided during the 5 minutes of 

planning to allow the activity-based (item) task to be retrieved automatically 

rather than engage in effortful monitoring of the cue as it would not be available 

until the end of the ongoing task. According to McDaniel and Einstein (2000), 

good planning negates the need for strategic and effortful monitoring of the cue 

and makes automatic retrieval possible. Consequently, the prefrontal processes of 
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working memory and cognitive flexibility may not have been taxed unnecessarily 

by keeping the activity-based (item) task in mind throughout the experiment. The 

reverse was found for the event-based (dairy product) task in which the 

opportunity to plan led the majority of participants to keep this task in mind and 

actively search for the cues. Although planning did not reduce the demands on 

prefrontal processes in this task, the manipulation was able to improve 

performance. Although the demands on working memory and cognitive flexibility 

were reduced through automatic retrieval of the activity-based task, other 

prefrontal processes may have been taxed. The demands on cognitive fluency or 

the ability to conduct a search of memory when prompted by the cue (i.e., end of 

experiment) may have increased as indicated by the ability of the COWAT to 

predict activity-based task performance in younger adults. Because participants 

had not kept the activity-based task in mind throughout the experiment, they may 

have needed to retrieve this task from long-term memory. Thus, the ability to 

conduct a search of memory (as measured by the COWAT) was a significant 

predictor. 

       Further evidence of the link between prefrontal processes and prospective 

memory performance was provided by the age-related differences found in the 

current study. As previously discussed, older adults did not perform as well as 

younger adults on two of the more complex prospective memory tasks (i.e., event- 

and time-based tasks). These findings concur with results found in previous 

studies (see Henry et al., 2004 for a review). It appears that older adults are less 

capable of performing prospective memory tasks that are high in cognitive 

demand. Cues for the event- (dairy product) and time-based (VCR) tasks appeared 

during the ongoing task when demands on working memory, cognitive flexibility 
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and inhibition were high. Participants needed to switch between the ongoing task 

and checking the clock in addition to searching for dairy products, all without the 

support from external memory aids (i.e., written notes). In contrast, retrieval of 

the activity-based (item) task was conducted under relatively unchallenging 

conditions and therefore produced no age-related differences.  

       The age-related differences found within the current study may therefore be 

evidence of age-related prefrontal decline as proposed by West (1996). Given that 

prefrontal processes may be involved in prospective memory performance, the 

aged would likely be disadvantaged when performing these tasks. Subsequently, 

those with limited prefrontal capacity including the aged in whom prefrontal 

decay has begun, children in whom the prefrontal region is still not fully 

developed and TBI patients who have sustained prefrontal damage may be more 

susceptible to the effects of interruption and planning. However, there was only an 

age and planning interaction on the time-based (VCR) task and no age and 

interruption interactions. Nevertheless, in terms of why ageing, interruption and 

planning affect prospective memory performance, the answer may be found in the 

prefrontal model (West, 1996). To examine this further, prefrontal measures were 

administered and linked to performance on the three prospective memory tasks. 

Further Evidence that Prefrontal Processes are Involved in Prospective Memory 

       The prefrontal explanation for impaired prospective memory performance in 

the aged and those who are interrupted also receives support from the evidence 

provided in Study 2. Here, prefrontal measures added to the prediction of event-

based (dairy product) task performance above and beyond that afforded by the 

experimental conditions for younger adults. In addition, measures of cognitive 

flexibility (viz., TMT-B - square-root transformed), working memory (viz., 
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LNST) and cognitive fluency (viz., COWAT) were significant predictors of 

prospective memory performance. Thus, the prefrontal-lobe has been implicated 

in prospective remembering. Although prefrontal processes and those required for 

prospective memory are likely to overlap, the current study is not able to confirm 

that the two processes are directly related. Nevertheless, the results of the current 

study are an important step towards a greater understanding of this phenomenon.  

       The idea that different prospective memory tasks call on different processes is 

reinforced by the results of the current study. More specifically, the TMT-B 

(square-root transformed) and LNST were significant predictors of event-based 

(dairy product) task performance for younger adults whilst the TMT-B (square-

root transformed) was also a significant predictor of time-based (VCR) task 

performance for older adults. In addition the COWAT was a significant predictor 

of activity-based (item) task performance for younger adults. The reported 

strategies for remembering the tasks and reasons for forgetting the tasks also 

provide support to the idea that different prospective memory tasks call on 

different processes. Consequently, the task of linking prospective remembering to 

prefrontal processes becomes more challenging and complex.   

       Although the argument presented thus far suggests that the prefrontal model 

of prospective memory has preliminary support, other theories of prospective 

memory and ageing were able to explain the results (e.g., Craik, 1986; Hasher et 

al., 1999; McDaniel and Einstein, 2000; Salthouse, 1988). These theories of 

prospective memory and ageing have provided valuable insight into the workings 

of this cognitive process and thus can not be rendered obsolete. Endorsement of 

executive skills as a model of prospective memory must therefore adopt a 
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moderated position whilst research is still a long way off concluding that 

prefrontal processes underpin prospective memory. 

Contributions of the Current Study 

       This thesis has contributed to the field of prospective memory by introducing 

a new way to assess and examine this construct. Performing everyday tasks such 

as planning a meal, whilst recording a television program, all within a home-like 

laboratory, approximates real life. Guided by Kliegel’s (2000) concept of complex 

prospective memory, the current study improves upon the single-task paradigm 

whilst retaining the characteristics of prospective memory tasks. Self-reported 

data indicated that the new paradigm was an appropriate avenue for investigating 

prospective memory performance in both younger and older adults. The majority 

of participants reported that they usually performed such tasks in their everyday 

lives and believed the interruptions were realistic. This suggests that the paradigm 

is measuring behaviour that the current study and possibly other researchers in the 

area want to better understand and ultimately influence. Drawing conclusions 

about how younger and older adults compare in the performance of everyday 

tasks is made more generalisable when utilising the same type of tasks, as 

opposed to computer-based tasks that are not commonly undertaken by the older 

participants in everyday life.  

       The majority of participants also reported that they did not know the 

experiment was investigating memory and thought the puzzle was engaging. 

These reports suggested that the current paradigm, although approximating a 

naturalistic paradigm was still able to exert control over the experimental 

environment. The need to balance control of the experiment with the need to 

obtain realistic and useful data has been largely achieved in the current study. 
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Incorporating Kliegel and his colleagues’ (2000) recommendations for complex 

prospective memory tasks, the current study has replicated everyday life with the 

controls of laboratory research. 

       The present study has also contributed to the field of prospective memory by 

adding to the limited research currently conducted on the effect of interruptions. 

With some earlier research suggesting that interruptions can provide a facilitating 

effect (Mantyla & Sgaramella, 1997) the complex nature of interruptions emerged 

when later research suggested that interruptions lead to prospective memory 

failures (Einstein et al., 2003; McDaniel, Einstein, Graham, et al., 2004). The 

current study attempted to investigate this phenomenon within a new naturalistic, 

laboratory-based paradigm on three types of prospective memory tasks. The 

findings suggest many variables, including task characteristics, may influence 

whether an interruption will produce a detrimental or beneficial effect. In sum, the 

current study has clarified that interruptions have an effect on prospective memory 

performance.        

       The need to compensate for prospective memory failures has driven the 

current research. Difficulties in uncovering effective strategies in previous studies 

(e.g., Einstein et al., 2003; McDaniel et al., 2003, McDaniel, Einstein, Graham, et 

al., 2004) makes the contributions of the current study all the more important. For 

example, previous studies have found that strategies, such as rehearsal and 

implementation intentions, to be ineffective with delay-execute prospective 

memory tasks (Einstein et al., 2003; McDaniel et al., 2003; McDaniel, Einstein, 

Graham, et al., 2004). However, a more simple suggestion (i.e., utilising the time 

immediately after an intention is formed to plan how you will perform it) was not 

only effective but may be easier to convey and implement. This suggestion also 
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allows participants to decide how best to plan for the intention based upon the task 

and their capabilities rather than be confined to one global strategy that may prove 

ineffective. Considering that older adults are less inclined or capable of utilising 

strategies (Craik & Jennings, 1992; Kliegel et al., 2000) this suggestion may 

prove useful. The quantity and quality of the plans of younger and older adults did 

not differ in the current study suggesting that this intervention may be an effective 

one. 

       The collection of self-reports from participants has provided a unique insight 

into how prospective memory is performed. In particular, the strategies adopted to 

remember prospective memory tasks and the reasons for why they are forgotten. 

In the current study, the same strategy was not used to aid recall of all three 

prospective memory tasks suggesting that these tasks are inherently different. In 

addition, time to plan influenced the strategy participants adopted for the event-

based (dairy product) task. Hence, it appears that when given the opportunity to 

plan, individuals decide upon the best strategy (i.e., automatic vs strategic 

processing) considering the task’s characteristics and possibly, their own 

capabilities. The variable, planning therefore, influenced prospective memory 

retrieval. By investigating planning and then collecting self-reports from 

participants with regards to strategy-use and prospective memory failures the 

current study has provided further support for McDaniel and Einstein’s (2000) 

multiprocess framework. 

       A significant contribution has also been made to the limited amount of 

research currently available on the executive processes involved in prospective 

remembering. Although the current study could only make exploratory hypotheses 

with regards to the specific prefrontal processes underlying the three types of 
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prospective memory tasks (viz., event-, time- and activity-based tasks), future 

researchers may be more confident in their predictions. More noteworthy though, 

is the greater understanding of the processes underlying everyday intentions. 

Because previous research had utilised computer-based tasks (Kliegel et al., 

2003a; Maujean et al., 2003; Shum et al., 2004; West & Craik, 2001) it was not 

clear whether prefrontal processes were involved in the performance of everyday 

intentions or whether the familiarity of the tasks would negate their influence. 

Recommendations for Future Research 

       There are specific areas recommended for future research. Firstly, support for 

the new naturalistic, laboratory-based paradigm may be provided by examining 

the relationship between the three everyday prospective memory tasks and 

computerised tasks. If low correlations between the two types of tasks emerge 

after being completed by the same sample of participants then it is reasonable to 

suggest they are measuring separate constructs. Subsequently, the results of 

computerised tasks may well not apply to everyday life.  

       The same paradigm may be replicated with adults over the age of 75 years. It 

is this population (i.e., 75 years and older) that are most likely to be living alone 

(ABS, 1998) and at the mercy of their own memories. If everyday prospective 

memory performance is poorer in this population in comparison to the young-old 

(i.e., 60 to 75 years) then a need for intervention has been highlighted. 

Subsequently, if the opportunity to plan proves sufficient to compensate for this 

difference then an intervention may have been found. Other populations may also 

be investigated. In particular, children, TBI patients, patients with schizophrenia 

and middle-aged adults (e.g., 40 to 59 years). Of particular interest is when age-
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related differences on everyday prospective memory performance begin to appear 

and when do they become problematic.  

       By demonstrating that age-related differences were not evident on all three 

prospective memory tasks, future research is recommended to examine further the 

task-related characteristics that influence this difference. In particular, the demand 

of concurrent tasks, saliency of the cue, whether the cue is part of the focal 

processing of the ongoing task and importance of the task (McDaniel & Einstein, 

2000) were considered influential in the current study. A better understanding of 

which tasks will produce this age-related difference and why it occurs is the first 

step in developing compensatory strategies to overcome it. 

       The current study has demonstrated that an external, experimenter-initiated 

interruption can disrupt event- and time-based task performance. However, it is 

not clear why activity-based task performance was not also affected. Task 

characteristics may play a large role in whether an interruption is disruptive and 

remains for future research. Future studies are also recommended to examine 

more closely, the interruption itself. In particular, the nature of the interruption 

and the extent to which it distracts participants from the ongoing and prospective 

memory tasks. In addition, it is not clear when an interruption is most disruptive 

or what types of interruptions can improve performance. It may be interesting to 

look at whether interruptions can be factored into an ongoing task and used as a 

strategy to improve prospective remembering.  

       Unfortunately, it is difficult to ascertain precisely why participants found the 

5 minutes allocated to planning, useful. As the current study aimed to examine the 

differences between younger and older adults in the elaborateness of their plans 

few constraints were placed on the 5 minutes. It may be argued that the 5 minutes 
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merely allowed participants to improve the encoding of the instructions or the 

activation of the intentions (ISE). Smith and Bayen (2004) found that the more 

time people have to encode an intention, the better their prospective memory 

performance will be. However, only the data from those participants who recalled 

all of the tasks on the post task test were included in the analyses suggesting that 

the benefits of planning are not likely to be due solely to successful encoding. For 

example, the majority of participants in the planning condition reported engaging 

in active monitoring for the dairy product cues whilst most of those in the no 

planning condition reported that the task had ‘just come to them’. This suggests 

that the 5 minutes allocated to planning may have influenced how participants 

attempted to remember the event-based task.  

       It is recommended that future research investigate planning in a more 

systematic way with the use of a control group (e.g., completing an engaging 

distracter task), an undirected planning group (e.g., allocated 5 minutes with no 

instructions on how to use them) and a directed planning group (e.g., allocated 5 

minutes with instructions to plan how they will perform the tasks). The use of an 

external reminder cue to improve non-delay execute prospective memory 

performance within the current naturalistic, laboratory-based paradigm may also 

be investigated considering the success McDaniel, Einstein, Graham, et al. (2004) 

experienced with this strategy. Perhaps participants can be instructed to place a 

stop watch or a clock on the recipe book as soon as they are interrupted. At 

present, it would be premature to deem rehearsal strategies and implementation 

intentions as ineffective within a naturalistic, laboratory-based paradigm.  

       It is also important to apply what has been learnt about overcoming 

prospective memory failures. For example, it is becoming clear that certain 
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strategies (i.e., opportunity to plan and external memory aids) can compensate for 

prospective memory failures in the laboratory. Implications for this research 

would involve teaching these strategies to participants and examining whether 

they transfer successfully to everyday life. Is it enough to encourage older adults 

to make time for planning? If not, future research may examine what tasks are 

amenable to allocated time for planning or what strategies are effective within the 

home-like laboratory. A greater understanding of the complex processes involved 

in planning could guide the rehabilitation of older adults with impaired 

prospective memory abilities. 

Conclusion 

       Overall, the general aims of this dissertation were achieved. A promising new 

paradigm was created and the effects of ageing, interruption and planning were 

examined. Consequently, the results of the present study are in line with 

theoretical speculation that prefrontal systems subserve significant processes in 

prospective memory. Thus providing support for the prefrontal model of 

prospective memory (West, 1996). Other theories of prospective memory and 

ageing were also able to explain the results of the current study (e.g., Craik, 1986; 

Hasher et al., 1999; McDaniel and Einstein, 2000; Salthouse, 1988). The present 

study has also highlighted areas for future research such as the use of larger and 

alternative sample populations, interruptions that are more disruptive to working 

memory capacities and a more systematic way of investigating planning. These 

recommendations attempt to build upon the prefrontal explanation of prospective 

memory. 

 

 



        221

References 

Altmann, E. M., & Trafton, J. G. (2002). Memory for goals: An activation-based  

       model. Cognitive Science, 26, 39-83. 

Australian Bureau of Statistics. (1996). Estimated resident population by sex and  

       age: States and territories of Australia, for various years (June 1971-1981,  

       June 1981-1987, June 1995 and preliminary June 1996). Canberra:  

       Australian Government Publishing Service. 

Australian Bureau of Statistics. (1998). Disability, aging and carers, Australia: A  

       summary of findings (Cat. No. 4430.0). Canberra: Australian Government  

       Publishing Service.  

Australian Bureau of Statistics. (2000). Population projections, Australia 1999 to  

       2101 (Cat. No. 3222.0). Canberra: Australian Government Publishing  

       Service.  

Australian Bureau of Statistics. (2005). Population projections, Australia 2002 to  

       2101 (Cat.No. 1301.0). Canberra: Australian Government Publishing Service.  

Axelrod, B. N., Goldman, B. S., & Woodard, J. L. (1992). Inter-rater reliability in  

       scoring the Wisconsin Card Sorting Test. The Clinical Neuropsychologist, 6,  

       16-26. 

Axelrod, B. N., & Henry, R. R. (1992). Age-related performance on the  

       Wisconsin Card Sorting Test, Similarities and Controlled Oral Word  

       Association Tests. The Clinical Neuropsychologist, 6, 16-26. 

Baddeley, A. D. (2002). The psychology of memory. In A. D. Baddeley, M. D.  

       Kopelman & B. A. Wilson (Eds.), The handbook of memory disorders (2nd  

       ed., pp. 3-15). Chichester, UK: Wiley.  

Baker, S. C., Rogers, R. D., Owen, A. M., Frith, C. D., Dolan, R. J., Frackowiak,  



        222

       R. S. J., et al. (1996). Neural systems engaged by planning: A PET study of  

       the Tower of London task. Neuropsychologia, 34, 515-526. 

Bakker, A., Schretlen, D. J., & Brandt, J. (2002). Testing prospective memory:  

       Does the value of a borrowed item help people remember to get it back? The  

       Clinical Neuropsychologist, 16 (1), 64-66. 

Benton, A. L., & Hamsher, K. deS. (1989). Multilingual Aphasia Examination.  

       Iowa City: AJA Associates. 

Berman, K. F., Ostrem, J. L., Randolph, C., Gill, L., Goldberg, T. E., Coppola, R.,  

       et al. (1995). Physiological activation of a cortical network during  

       performance of the Wisconsin Card Sorting Test: A positron emission  

       tomography study. Neuropsychologia, 33, 1027-1046. 

Berry, D. R. T., Carpenter, G. S., Campbell, D. A., Schmitt, F. A., Helton, K., &  

       Lipke-Molby, T. (1994). The New Adult Reading Test-Revised: Accuracy in  

       estimating WAIS-R IQ scores obtained 3.5 years earlier from normal older  

       persons. Archives of Clinical Neuropsychology, 9, 239-250.     

Bjork, R. A., & Bjork, E. L. (1992). A new theory of disuse and an old theory of  

       stimulus fluctuation. In A. F. Healy (Ed.), From learning processes to  

       cognitive processes (pp. 35-67). Hillsdale, NJ: Erlbaum.  

Blair, J. R., & Spreen, O. (1989). Predicting premorbid IQ: A revision of the  

       National Adult Reading Test. The Clinical Neuropsychologist, 3, 129-136. 

Boone, K. B., Ghaffarian, S., Lesser, I. M., Hill-Gutierrez, E., & Berman, N. G.  

       (1993). Wisconsin Card Sorting Test performance in healthy, older adults:     

       Relationship to age, sex, education, and IQ. Journal of Clinical Psychology,  

       49, 54-60. 

Bornstein, R. A., & Chelune, G. J. (1989). Factor structure of the Wechsler  



        223

       Memory Scale-Revised in relation to age and educational level. Archives of  

       Clinical Neuropsychology, 4, 15-24. 

Brandimonte, M., & Passolunghi, M. C. (1994). The effect of cue familiarity, cue-        

       distinctiveness and retention interval on prospective remembering. Quarterly  

       Journal of Experimental Psychology, 47A, 565-587. 

Brandt, J., Spencer, M., & Folstein, M. (1988). The Telephone Interview for  

       Cognitive Status. Neuropsychiatry, Neuropsychology and Behavioural  

       Neurology, 1, 111-117. 

Brayne, C., & Beardsall, L. (1990). Estimation of verbal intelligence in an elderly  

       community: An epidemiological study using the NART. British Journal of  

       Clinical Psychology, 29, 217-223. 

Brelsford, T. N. (1994). Assessment of behavioural correlates of focal cortical  

       lesions using a standardised neuropsychological test battery (Doctoral  

       dissertation, University of Mississippi, 1994). Dissertation Abstracts  

       International, 55 (11B),  

       (UMI No. 5119). 

Bruyer, R., & Tuyumbu, B. (1980). Fluence verbale et lesions du cortex cerebrale:  

       performances et types d’erreurs. Encephale, 6, 287-297. 

Burgess, P. W. (2000, July). The cognitive neuroscience of prospective memory.  

       Paper presented at the 1st International Conference on Prospective Memory,  

       Hatfield, England.     

Burgess, P. W., Quayle, A., & Frith, C. D. (2001). Brain regions involved in  

       prospective memory as determined by positron emission tomography.  

       Neuropsychologia, 29, 545-555. 

Burgess, P. W., Scott, S. K., & Frith, C. D. (2003). The role of the rostral frontal  



        224

       cortex  (area 10) in prospective memory:  A lateral versus medial    

       dissociation. Neuropsychologia, 41, 906-918. 

Burgess, P. W., & Shallice, T. (1997). The relationship between prospective and  

       retrospective memory: Neuropsychological evidence. In M. A. Conway (Ed.),  

       Cognitive models of memory (pp. 247-272). Cambridge:  MIT.  

Burgess, P. W., Veitch, E., de Lacy Costello, A., & Shallice, T. (2000). The  

       cognitive and neuroanatomical correlates of multitasking. Neuropsychologia,  

       38, 848-863. 

Cabeza, R., & Nyberg, L. (2000). Imaging cognition: II. An empirical review of  

       275 PET and fMRI studies. Journal of Cognitive Neuroscience, 12, 1-47. 

Cantor-Graae, E., Warkentin, S., Franzen, G., & Risberg, J. (1993). Frontal-lobe  

       challenge: A comparison of activation procedures during rCBF measurement  

       in normal subjects. Neuropsychiatry, Neuropsychology, and Behavioural  

       Neurology, 6, 83-92. 

Carlson, M. C., Hasher, L., Connelly, S. L., & Zacks, R. T. (1995). Aging,  

       distraction and the benefits of predictable location. Psychology and Aging, 10  

       (3), 427-436. 

Chasteen, A. L., Park, D. C., & Schwarz, N. (2001). Implementation intentions  

       and facilitation of prospective memory. Psychological Science, 12 (6), 457- 

       461. 

Chelune, G. J., & Bornstein, R. A. (1988). WMS-R patterns among patients with  

       unilateral brain lesions. The Clinical Neuropsychologist, 2, 121-132. 

Cherry, K. E., & LeCompte, D. C. (1999). Age and individual differences  

       influence prospective memory. Psychology and Aging, 14, 60-76. 

Cherry, K. E., Martin, R. C., Simmons-D’Gerolamo, S. S., Pinkston, J. B.,  



        225

       Griffing, A., & Gouvier, W. D. (2001). Prospective remembering in younger  

       and older adults:  Role of the prospective cue. Memory, 9, 177-193. 

Cicogna, P., Nigro, G., Occhionero, M., & Esposito, M. J. (2005). Time-based  

       prospective remembering:  Interference and facilitation in a dual task.  

       European Journal of Cognitive Psychology, 17 (2), 221-240.  

Cockburn, J. (1995). Task interruption in prospective memory:  A frontal-lobe  

       function? Cortex, 31, 87-97. 

Cohen, A. L., West, R., & Craik, F. I. M. (2001). Modulation of the prospective  

       and retrospective components of memory for intentions in younger and older  

       adults. Aging, Neuropsychology and Cognition, 8 (1), 1-13. 

Connelly, S. L., Hasher, L., & Zacks, R. T. (1991). Age and reading: The impact  

       of distraction. Psychology and Aging, 6 (4), 533-541.      

Craik, F. I. M. (1977). Age differences in human memory. In J. E. Birren & K. W.  

       Schaie (Eds.), Handbook of the psychology of aging (pp. 112-135). New  

       York:  Van Nostrand Reinhold.      

Craik, F. I. M. (1986). A functional account of age differences in memory. In F.  

       Klix & H. Hagendorf (Eds.), The handbook of aging and cognition (pp. 51- 

       110). Hillsdale, NJ:  Erlbaum.      

Craik, F. I. M. (2000, July). Age-related changes in prospective memory:   

       Empirical findings and theoretical reflections. Paper presented at the 1st  

       International Conference on Prospective Memory, Hatfield, England.      

Craik, F. I. M., & Byrd, M. (1982). Aging and cognitive deficits:  The role of  

       attentional resources. In F. I. M. Craik & Trehub, S. (Eds.), Aging and  

       cognitive processes (pp. 107-111). New York: Plenum Press. 

Craik, F. I. M., Govoni, R., Naveh-Benjamin, M., & Anderson, N. D. (1996). The  



        226

       effects of divided attention on encoding and retrieval processes in human  

       memory. Journal of Experimental Psychology, 125 (2), 159-180.      

Craik, F. I. M., & Jennings, J. (1992). Human memory. In F. I. M. Craik & T. A.  

       Salthouse (Eds.), Handbook of aging and cognition (pp. 51-110). Hillsdale,  

       NJ:  Erlbaum. 

Craik, F. I. M., & McDowd, J. M. (1987). Age differences in recall and  

       recognition. Journal of Experimental Psychology: Learning, Memory and  

       Cognition, 13 (3), 474-479. 

Crawford, J. R., Stewart, L. E., Besson, J. A. O., Parker, D. M., & De Lacey, G.  

       (1989). Prediction of WAIS IQ with the National Adult Reading Test: Cross- 

       validation and extension.  British Journal of Clinical Psychology, 28, 267- 

       273. 

Crawford, J. R., Stewart, L. E., Garthwaite, P. H., Parker, D. M., & Besson, J. A.  

       (1988). The relationship between demographic variables and NART  

       performance in normal subjects. British Journal of Clinical Psychology, 27,  

       181-182. 

Crowe, S. F. (2000). Does the letter number sequencing task measure anything  

       more than digit span? Assessment 7 (2), 113-117.  

Cutrell, E., Czerwinski, M., & Horvitz, E. (2001). Notification, disruption, and  

       memory:  Effects of messaging interruptions on memory and performance.  

       Paper presented at IFIP Conference on Human-Computer Interaction, Tokyo,  

       Japan. 

Daigneault, S., Braun, C. M. J., & Whitaker, H. A. (1992). Early effects of normal  

       aging on preservative and non-preservative prefrontal measures.  

       Developmental Neuropsychology, 8, 99-114.  



        227

Devolder, P. A., Brigham, M. C., & Pressley, M. (1990). Memory performance  

       awareness in younger and older adults. Psychology and Aging, 5, 291-303. 

Dobbs, A. R., & Reeves, M. B. (1996). Prospective memory:  More than memory.  

       In M. Brandimonte, G. O. Einstein & M. A. McDaniel (Eds.), Prospective  

       memory:  Theory and applications (pp. 199-255). Mahwah, NJ: Erlbaum. 

Dobbs, A. R., & Rule, B. G. (1987). Prospective memory and self-reports of  

       memory abilities in older adults. Canadian Journal of Psychology, 41, 209- 

       222. 

Dolan, R. J., Paulesu, E., & Fletcher, P. (1997). Human Memory Systems. In R. S.  

       J. Frackowiak et al. (Eds.), Human brain function. San Diego: Academic  

       Press. 

Dunlosky, J., & Nelson, T. O. (1997). Similarity between the cue for judgements  

       of learning (JOL) and the cue for test is not the primary determinant of JOL  

       accuracy. Journal of Memory and Language, 36, 34-49. 

Einstein, G. O., Holland, L. J., McDaniel, M. A., & Guynn, M. J. (1992). Age  

       related deficits in prospective memory:  The influence of task complexity.  

       Psychology and Aging, 7, 471-478. 

Einstein, G. O., & McDaniel, M. A. (1990). Normal aging and prospective  

       memory. Journal of Experimental Psychology, 16 (4), 717-726. 

Einstein, G. O., & McDaniel, M. A. (1996). Retrieval processes in prospective  

       memory:  Theoretical approaches and some new empirical findings. In M.  

       Brandimonte, G. O. Einstein & M. A. McDaniel (Eds.), Prospective memory:   

       Theory and applications (pp. 115-141). Hillsdale, NJ: Erlbaum. 

Einstein, G. O., McDaniel, M. A., Lyle, C., Pagan, J., & Dismukes, K. (2003).  

       Forgetting of intentions in demanding situations is rapid. Journal of  



        228

       Experimental Psychology: Applied, 9, 147-162. 

Einstein, G. O., McDaniel, M. A., Manzi, M., Cochran, B., & Baker, M. (2000).  

       Prospective memory and aging:  Forgetting intentions over short delays.  

       Psychology and Aging, 15, 671-683. 

Einstein, G. O., McDaniel, M. A., Richardson, S. L., Guynn, M. J., & Cunfer, A.  

       R. (1995). Aging and prospective memory: Examining the influences of self- 

       initiated retrieval processes. Journal of Experimental Psychology: Learning,  

       Memory and Cognition, 21, 996-1007. 

Einstein, G. O., Smith, R. E., McDaniel, M. A., & Shaw, P. (1997). Aging and  

       prospective memory: The influence of increased task demands at encoding  

       and retrieval. Psychology and Aging, 12, 479-488. 

Ellis, J. (1996). Prospective memory or the realisation of delayed intentions:  A  

       conceptual framework for research. In M. Brandimonte, G. O. Einstein & M.  

       A. McDaniel (Eds.), Prospective memory:  Theory and applications (pp. 1- 

       22). Mahwah, NJ: Erlbaum. 

Ellis, J., & Kvavilashvili, L. (2000). Prospective memory in 2000: Past, present  

       and future directions. Applied Cognitive Psychology, 14, S1-S9.  

Ellis, J., & Milne, A. (1996). Retrieval-cue specificity and the realisation of  

       delayed intentions. Quarterly Journal of Experimental Psychology, 49 (A),  

       862-887. 

Ernst, J., Warner, M. H., Townes, B. D., Peel, J. H., & Preston, M. (1987). Age  

       group differences on neuropsychological battery performance in a  

       neuropsychiatric population. Archives of Clinical Neuropsychology, 2, 1-12. 

Eslinger, P. J., & Grattan, L. M. (1993). Frontal-lobe and frontal-striatal substrates  

       for different forms of human cognitive flexibility. Neuropsychologia, 31 (1),  



        229

       17-28. 

Eson, M. E., Yen, J. K., & Bourke, R. S. (1978). Assessment of recovery from  

       serious head injury. Journal of Neurology, Neurosurgery and Psychiatry, 41  

       (11), 1036-1042.   

Esposito, G., Kirkby, B. S., Van Horn, J. D., Ellmore, T. M., & Berman, K. F.  

       (1999). Context-dependent, neural system specific neurophysiological  

       concomitants of ageing: Mapping PET correlates during cognitive activation.  

       Brain, 122, 963-979. 

Ettlin, T. M., Kischka, U., Beckson, M., Gaggiotti, M., Rauchfleisch, U., &  

       Benson, D. F. (2000). The Frontal-lobe score: Part 1: Construction of a  

       mental status of frontal systems. Clinical Rehabilitation, 14, 260-271. 

Fallgatter, A. J., & Strik, W. K. (1998). Frontal brain activation during the  

       Wisconsin Card Sorting Test assessed with two-channel near-infrared  

        spectroscopy. European Archives of Psychiatry and Clinical Neuroscience,  

       248, 245-249. 

Faw, B. (2003). Pre-frontal executive committee for perception, working memory,  

       attention, long-term memory, motor control, and thinking:  A tutorial review.  

       Consciousness and Cognition, 12, 83-139. 

Feldstein, S. N., Keller, F. R., Portman, R. E., Durham, R. L., Klebe, K. J., &  

       Davis, H. P. (1999). A comparison of computerised and standard versions of  

       the Wisconsin Card Sorting Test. The Clinical Neuropsychologist, 13 (3),  

        303-313. 

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). Mini-mental state.  

        Journal of Psychiatric Research, 12, 189-198. 

Freeman, J. E., & Ellis, J. A. (2003). The representation of delayed intentions:  A  



        230

       prospective subject-performed task? Journal of Experimental Psychology:  

       Learning, Memory and Cognition, 29 (5), 976-992. 

Freeman, J. E., & Ellis, J. A. (2004). Aging and the accessibility of performed and  

       to-be-performed actions. Aging, Neuropsychology & Cognition, 10 (4), 298- 

       309. 

Fristoe, N. M., Salthouse, T. A., & Woodard, J. L. (1997). Examination of age- 

       related deficits on the Wisconsin Card Sorting Test. Neuropsychology, 11,  

       428-436. 

Gallo, J. J. & Breitner, J. C. (1995). Alzheimer’s disease in the NAS-NRC  

       Registry of Aging Twin Veterans. IV. Performance characteristics of a two- 

       stage telephone screening procedure for Alzheimer’s dementia. Psychological  

       Medicine, 25, 1211-1219. 

Gillholm, R., Ettema, D., Selart, M., & Garling, T. (1999). The role of planning  

       for intention-behavior consistency. Scandinavian Journal of Psychology, 40  

       (4), 241-250. 

Gillhooly, K. J., Phillips, L. H., Wynn, V. E., Logie, R. H., & Della Sala, S.  

       (1999). Planning processes and age in the 5 disc Tower of London task.  

       Thinking and Reasoning, 5, 339-361.  

Glisky, E. L. (1996). Prospective memory and the frontal-lobes. In M. A.  

       Brandimonte, G. O. Einstein & M. A. McDaniel (Eds.), Prospective memory:   

       Theory and applications (pp. 249-266). Hillsdale, NJ: Erlbaum. 

Golden, C. (1975). A group version of the Stroop Color and Word Test. Journal  

       of Personality Assessment, 39 (4), 386-388. 

Golden, C. J., & Freshwater, S. M. (1998). Stroop Color and Word Test:  A  

        manual for clinical and experimental uses. Stoelting: Illinois. 



        231

Goldstein, B., Obrzut, J. E., John, C., Ledakis, G., & Armstrong, C. L. (2004).  

       The impact of frontal and non-frontal brain tumor lesions on Wisconsin Card  

       Sorting Test performance. Brain and Cognition, 54, 110-116. 

Gollwitzer, P. M. (1999). Implementation intentions:  Strong effects of simple  

       plans. American Psychologist, 54 (7), 493-503.  

Gollwitzer, P. M., & Brandstatter, V. (1997). Implementation intentions and  

       effective goal pursuit. Journal of Personality and Social Psychology, 73, 186- 

       199. 

Goschke, T., & Kuhl, J. (1993). Representation of intentions:  Persisting  

       activation in memory. Journal of Experimental Psychology: Learning,  

       Memory and Cognition, 19, 1211-1226. 

Grady, C. L. (2000). Functional brain imaging and age-related changes in  

       cognition. Biological Psychology, 54, 259-281.  

Graf, P., & Uttl, B. (1995). Component processes of memory: Changes across the  

       adult lifespan. Swiss Journal of Psychology, 54, 113-130. 

Grant, D. A., & Berg, E. A. (1981). Wisconsin Card Sorting Test. Odessa, FL:   

       Psychological Assessment Resources.  

Groot, Y. C. T., Wilson, B. A., Evans, J., & Watson, P. (2002). Prospective  

       memory functioning in people with and without brain injury. Journal of the  

       International Neuropsychological Society, 8, 645-654. 

Guynn, M. J., McDaniel, M. A., & Einstein, G. O. (1998). Prospective memory:   

       When reminders fail. Memory and Cognition, 26, 287-298. 

Guynn, M. J., McDaniel, M. A., & Einstein, G. O. (2001). Remembering to  

       perform actions: A different type of memory?  In H. D. Zimmer, R. L. Cohen,  

       M. J. Guynn, J. Engelkamp, R. Kormi-Nouri & M. A. Foley (Eds.), Memory  



        232

       for action:  A distinct form of episodic memory? (pp.25-48). New York:  

       Oxford University Press. 

Hanes, K. R., Andrews, D. G., Smith, D. J., & Pantelis, C. (1996). A brief  

       assessment of executive control dysfunction: Discriminant validity and  

       homogeneity of planning, set shift, and fluency measures. Archives of  

       Clinical Neuropsychology, 11, 185-191. 

Harris, J. E., & Wilkins, A. J. (1982). Remembering to do things: A theoretical  

       framework and an illustrative experiment. Human Learning, 1, 123-136. 

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and aging:  

       A review and a new view. In G. H. Bower (Ed.), The psychology of learning  

       and motivation:  Advances in research and theory (pp. 193-225). San Diego:  

       Academic Press.  

Hasher, L., Zacks, R. T., & May, C. P. (1999). Inhibitory control, circadian  

       arousal and age. In D. Gopher & A. Koriat (Eds.), Attention and performance.  

       XVII. Cognitive regulation of performance: Interaction of theory and  

       application (pp. 653-675). Cambridge:  MIT Press. 

Hayes-Roth, B., & Hayes-Roth, F. (1979). A cognitive model of planning.  

       Cognitive Science, 3, 275-310.  

Heaton, R. K., Chelune, G. J., Talley, J. L., Kay, G. G., & Curtiss, G. (1993).  

       Wisconsin Card Sorting Test manual: Revised and expanded. Odessa, FL:  

       Psychological Assessment Resources.  

Heaton, R. K., Curtiss, G., & Tuttle, K. (1993). Wisconsin Card Sorting Test:   

       Computer Version-2. Research edition. Odessa, FL: Psychological  

       Assessment Resources. 

Henry, J. D., MacLeod, M. S., Phillips, L. H., & Crawford, J. R. (2004). A meta- 



        233

       analytic review of prospective memory and aging. Psychology and Aging, 19  

       (1), 27-39. 

Henson, R. (2001). Neural working memory. In J. A. Andrade (Ed.), Working         

       memory in perspective. Hove, UK: Psychology Press.  

Hess, S. M., & Detweiler, M. C. (1994). Training to reduce the disruptive effects  

       of interruptions. Proceedings of the Human Factors and Ergonomics Society  

       38th Annual Meeting, 2, 1173-1177. 

Hicks, J. L., Marsh, R. L., & Russell, E. J. (2000). The properties of retention  

       intervals and their affect on retaining prospective memories. Journal of  

       Experimental Psychology: Learning, Memory and Cognition, 26, 1160-1169. 

Huppert, F. A., Johnson, J. N., & Nickson, J. (2000). High prevalence of  

       prospective memory impairment in the elderly and in early-stage dementia:  

       Findings from a population-based study. Applied Cognitive Psychology, 14,  

       S63-S81.   

Johnstone, B., Callahan, C. D., Kapila, C. J., & Bouman, D. E. (1996). The  

       comparability of the WRAT-R Reading test and NAART as estimates of  

       premorbid intelligence in neurologically impaired patients. Archives of  

       Clinical Neuropsychology, 11, 513-519. 

Keppel, G., & Wickens, T. D. (2004). Design and analysis. A researcher’s  

       handbook (4th ed.). Upper Saddle River, NJ:  Pearson Prentice Hall. 

Kidder, D. P., Park, D. C., Hertzog, C., & Morrell, R. W. (1997). Prospective  

       memory and aging: The effects of working memory and prospective memory  

       task load. Aging, Neuropsychology and Cognition, 4 (2), 93-112. 

Kliegel, M. (2004). Remembering to “press the button” versus remembering to  

       press the button: About subject performed-tasks, prospective memory, and  



        234

       activities. Quarterly Journal of Experimental Psychology: Human  

       Experimental Psychology, 57A (3), 571-575. 

Kliegel, M., Eschen, A., & Thone-Otto, A. I. T. (2004). Planning and realisation  

       of complex intentions in traumatic brain injury and normal aging. Brain and  

       Cognition, 56, 43-54. 

Kliegel, M., Martin, M., McDaniel, M. A., & Einstein, G. O. (2001). Varying the  

       importance of a prospective memory task: Differential effects across time and  

       event based prospective memory. Memory, 9 (1), 1-11. 

Kliegel, M., Martin, M., McDaniel, M. A., & Einstein, G. O. (2002). Complex  

       prospective memory and executive control of working memory: A process  

       model. Psychologische Beitrage, 44, 303-318. 

Kliegel, M., McDaniel, M. A., & Einstein, G. O. (2000). Plan formation, retention  

       and execution in prospective memory: A new approach and age-related  

       effects. Memory and Cognition, 28, 1041-1049.  

Kliegel, M., Ramuschkat, G., & Martin, M. (2003a). Executive functions and  

       prospective memory performance in old age: An analysis of event-based and  

       time-based prospective memory. Zeitschrift fur Gerontologie und Geriatrie,  

       36 (1), 35-41. Retrieved July 7, 2005, from the PsycINFO database. 

Kliegel, M., Ramuschkat, G., & Martin, M. (2003b). Neuropsychological aspects  

       of prospective remembering. Zeitschrift fur Neuropsychologie, 14 (4), 293- 

       301. Retrieved July 7, 2005, from the PsycINFO database. 

Knight, R. G., Harnett, R. G., & Titov, N. (2004). The effects of traumatic brain  

       injury on the predicted and actual performance of a test of prospective  

       remembering. Brain Injury, 19 (1), 27-38. 

Kok, A. (2000). Age-related changes in involuntary and voluntary attention as  



        235

       reflected in components of the event-related potential (ERP). Biological  

       Psychology, 54, 107-143. 

Kray, J., Li, K. Z. H., & Lindenberger, U. (2002). Age-related changes in task- 

       switching components: The role of task uncertainty. Brain and Cognition, 49,  

       363-381. 

Kvavilashvili, L. (1987). Remembering intentions as a distinct form of memory.  

       British Journal of Psychology, 78, 507-518.   

Kvavilashvili, L., & Ellis, J. A. (1996). Variety of intentions: Some distinctions  

       and classifications. In M. Brandimonte, G. O. Einstein & M. A. McDaniel  

       (Eds.), Prospective memory: Theory and applications (pp. 23-52), Mahwah,  

       NJ: LEA.  

Kvavilashvili, L., Messer, D. J., & Ebdon, P. (2001). Prospective memory in  

       children: The effects of age and task interruption. Developmental Psychology,  

       37 (3), 418-430. 

Larrabee, G. J. & Levin, H. S. (1986). Memory self-ratings and objective test  

       performance in a normal elderly sample. Journal of Clinical and  

       Experimental Neuropsychology, 8, 275-284. 

Leirer, V. O., Morrow, D. G., Pariante, G. M., & Sheikh, J. I. (1988). Elders’  

       nonadherence, its assessment, and computer assisted instruction for  

       medication recall training. Journal of the American Geriatrics Society, 36,  

       877-884. 

Lineweaver, T. T., Bondi, M. W., Thomas, R. G., & Salmon, D. P. (1999). A  

       normative study of Nelson’s (1976) Modified Version of the Wisconsin Card  

       Sorting Test in healthy older adults. The Clinical Neuropsychologist, 13 (3),  

       328-347. 



        236

Locke, E. A., & Latham, G. P. (1990). A theory of goal setting and task  

       performance. Englewood Cliffs, NJ: Prentice Hall. 

Maddrey, A. M., Cullum, C. M., Weiner, M. F., & Filley, C. M. (1996).  

       Premorbid intelligence estimation and level of dementia in Alzheimer’s  

       disease. Journal of International Neuropsychological Society, 2, 551-555.   

Mantyla, T. (1994). Remembering to remember: Adult age differences in  

       prospective memory. Journal of Gerontology: Psychological Sciences, 49,  

       276-282. 

Mantyla, T. (1996). Activating actions and interrupting intentions: Mechanisms of  

       retrieval sensitisation in prospective memory. In M. Brandimonte, G. O.  

       Einstein & M. A. McDaniel (Eds.), Prospective memory: Theories and  

       applications (pp. 93-113). Mahwah, NJ: Erlbaum. 

Mantyla, T., & Nilsson, L. G. (1997). Remembering to remember in adulthood:  A  

       population-based study on aging and prospective memory. Aging,  

       Neuropsychology, and Cognition, 4, 81-92. 

Mantyla, T., & Sgaramella, T. (1997). Interrupting intentions: Zeigarnik-like  

       effects in prospective memory. Psychological Research, 60, 192-199. 

Marsh, R. L., Hancock, T. W., & Hicks, J. L. (2002). The demands of an ongoing  

       activity influence the success of event-based prospective memory.  

       Psychonomic Bulletin & Review, 9, 604-610. 

Marsh, R. L., & Hicks, J. L. (1998). Event-based prospective memory and  

       executive control of working memory. Journal of Experimental Psychology:  

       Learning, Memory and Cognition, 24 (2), 336-349. 

Marsh, R. L., Hicks, J. L., & Bink, M. L. (1998). Activation of completed,  

       uncompleted and partially completed intentions. Journal of Experimental  



        237

       Psychology: Learning, memory and Cognition, 24, 350-361. 

Marsh, R. L., Hicks, J. L., Cook, G. I., Hansen, J. S., & Pallos, A. (2003).  

       Interference to ongoing activities covaries with the characteristics of an event- 

       based intention. Journal of Experimental Psychology: Learning, Memory, and  

       Cognition, 28, 861-870. 

Marsh, R. L., Hicks, J. L., & Hancock, T. W. (2000). On the interaction of  

       ongoing cognitive activity and the nature of an event-based intention. Applied  

       Cognitive Psychology, 14, S29-41. 

Marsh, R. L., Hicks, J. L., & Landau, J. D. (1998). An investigation of everyday  

       prospective memory. Memory & Cognition, 26, 633-643. 

Marsh, R. L., Hicks, J. L., & Watson, V. (2002). The dynamics of intention  

       retrieval and coordination of action in event-based prospective memory.  

       Journal of Experimental Psychology: Learning, Memory, and Cognition, 28,  

       652-659. 

Martin, M. (1986). Aging and patterns of change in everyday memory and  

       cognition. Human Learning, 5, 63-74. 

Martin, M., & Schumann-Hengsteler, R. (2001). How task demands influence  

       time-based prospective memory performance in young and old adults.  

       International Journal of Behavioural Development, 25 (4), 386-391. 

Maujean, A., Shum, D., & McQueen, R. (2003). Effect of cognitive demand on  

       prospective memory in individuals with traumatic brain injury. Brain  

       Impairment, 4 (2), 135-145. 

Maylor, E. A. (1990). Age and prospective memory. Quarterly Journal of  

       Experimental Psychology, 42A, 471-493. 

Maylor, E. A. (1996). Age-related impairment in an event-based prospective  



        238

       memory task. Psychology and Aging, 11, 74-79. 

Maylor, E. A. (2000, July). Prospective memory across the lifespan. Paper  

        presented at the 1st International Conference on Prospective Memory,  

       Hatfield, England. 

McCarty, S. M., Siegler, I. C., & Logue, P. E. (1982). Cross-sectional and  

       longitudinal patterns of three Wechsler Memory Scale subtests. Journal of  

       Gerontology, 37, 169-175. 

McDaniel, M. A., & Einstein, G. O. (1993). The importance of cue familiarity and  

       cue distinctiveness in prospective memory. Memory, 1, 23-41. 

McDaniel, M. A., & Einstein, G. O. (2000). Strategic and automatic processes in  

       prospective memory retrieval: A multiprocess framework. Applied Cognitive  

       Psychology, 14, S127-S144. 

McDaniel, M. A., Einstein, G. O., Graham, T., & Rall, E. (2004). Delaying  

       execution of intentions:  Overcoming the costs of interruptions. Applied  

       Cognitive Psychology, 18, 533-547. 

McDaniel, M. A., Einstein, G. O., Guynn, M. J., & Breneiser, J. (2004). Cue- 

       focused and reflexive-associative processes in prospective memory retrieval.  

       Journal of Experimental Psychology: Learning, Memory and Cognition, 30  

       (3), 605-614. 

McDaniel, M. A., Einstein, G. O., Stout, A. C., & Morgan, Z. (2003). Aging and  

       maintaining intentions over delays: Do it or lose it. Psychology and Aging, 18  

       (4), 823-835. 

McDaniel, M. A., Glisky, E. L., Rubin, S. R., Guynn, M. J., & Routhieaux, B. C.  

       (1999). Prospective memory: A neuropsychological study. Neuropsychology,  

       13 (1), 103-110. 



        239

McDaniel, M. A., Robinson-Riegler, B., & Einstein, G. O. (1998). Prospective  

       remembering: Perceptually-driven or conceptually-driven processes? Memory  

       & Cognition, 26, 121-134. 

McDermott, K., & Knight, R. (2004). The effects of aging on a measure of  

       prospective remembering using naturalistic stimuli. Applied Cognitive  

       Psychology, 18, 349-362. 

McFarlane, D. C. (2002). Comparison of four primary methods for coordinating  

       the interruption of people in human-computer interaction. Human-Computer  

       Interaction, 17 (1), 63-139.  

Meier, B., & Graf, P. (2000). Transfer appropriate processing for prospective  

       memory tests. Applied Cognitive Psychology, 14, S11-S27. 

Miceli, G., Caltagirone, C., Gainotte, G., Masullo, C., & Silveri, M. C. (1981).  

       Neuropsychological correlates of localised cerebral lesions in non-aphasic  

       brain-damaged patients. Journal of Clinical Neuropsychology, 3, 53-63. 

Monsell, S., Sumner, P., & Waters, H. (2003). Task-set reconfiguration with  

       predictable and unpredictable task switches. Memory & Cognition, 31, 327- 

       342. 

Moscovitch, M. (1982). A neuropsychological approach to memory and  

       perception in normal and pathological aging. In F. I. M. Craik & S. Trehub  

       (Eds.), Advances in the study of communication and affect: Vol 8, Aging and  

       cognitive processes (pp. 55-78). New York: Plenum. 

Moscovitch, M. (1994). Memory and working memory:  Evaluation of a  

       component process model and comparisons with other models. In D. L.  

       Schacter & E. Tulving (Eds.), Memory systems (pp. 269-310). Cambridge:  

       MIT. 



        240

Moss, A. R., & Dowd, T. (1991). Does the NART hold after head injury? A case  

       report. British Journal of Clinical Psychology, 30, 179-180. 

Nelson, H. E., & O’Connell, A. (1978). Dementia: The estimation of pre-morbid  

       intelligence levels using the new adult reading test. Cortex, 14, 234-244. 

Nelson, H. E., & Willison, J. (1991). National Adult Reading Test (NART): Test  

       manual. Second edition. Windsor, UK: NFER Nelson.  

Norman, D. A., & Bobrow, D. E. (1975). On data-limited and resource-limited  

       processes. Cognitive Psychology, 7, 44-64. 

O’Carroll, R. E. (1987). The inter-rater reliability of the National Adult Reading  

       Test (NART): A pilot study. British Journal of Clinical Psychology, 26, 229- 

       230. 

Ogden, J. A. (1990). Spatial abilities and deficits in aging and age-related  

       disorders. In F. Boller & J. Grafman (Eds.), Handbook of neuropsychology  

       (Vol. 4). Amsterdam: Elevier. 

Okuda, J., Fujii, T., Yamadori, A., Kawashima, R., Tsukiura, T., Fukatsu, R., et  

       al. (1998). Participation of the prefrontal cortices in prospective memory:   

       Evidence from a PET study in humans. Neuroscience Letters, 253, 127-130. 

Owen, A. M. (1997). Cognitive planning in humans: Neuropsychological,  

       neuroanatomical and neuropharmacological perspectives. Progress in  

       Neurobiology, 53, 431-450. 

Parasuraman, R., Greenwood, P. G., Haxby, J. V., & Grady, C. L. (1992).  

       Visuospatial attention in dementia of the Alzheimer’s type. Brain, 115, 711- 

        733. 

Park, D. C., Hertzog, C., Kidder, D. P., Morrell, R. W., & Mayhorn, C. B. (1997).  

       Effect of age on event-based and time-based prospective memory. Psychology  



        241

       and Aging, 12, 314-327. 

Park, D. C., Morrell, R. W., Frieske, D., & Kincaid, D. (1992). Medication  

       adherence behaviours in older adults:  Effects of external cognitive support.  

       Psychology of Aging, 7, 252-256. 

Parks, R. W., Loewenstein, D. A., Dodrill, K. L., Barker, W. W., Yoshii, F.,  

       Chang, J. Y., et al. (1988). Cerebral metabolic effects of a verbal fluency test:  

       A PET scan study. Journal of Clinical and Experimental Neuropsychology,  

       10, 565-575. 

Patton, G. W., & Meit, M. (1993). Effect of aging on prospective and incidental  

       memory. Experimental Aging Research, 19, 165-176. 

Phillips, L. H., Wynn, V., Gilhooly, K. J., Dela Sala, S., & Logie, R. H. (1999).  

       The role of memory in the Tower of London Task. Memory, 7 (2), 209-231. 

Plassman, B. L., Newman, T. T., Welsh, K. A., Helms, M., & Breitner, J. C. S.  

       (1994). Properties of the telephone interview for cognitive status: Application in  

       epidemiological and longitudinal studies. Neuropsychiatry, Neuropsychology,  

       and Behavioural Neurology, 7, 235-241. 

Pushkar, D., Arbuckle, T., Conway, M., Chaikelson, J., & Maag, U. (1997).  

       Everyday activity parameters and competence in older adults. Psychology and  

       Aging, 12, 600- 

Ragland, J. D., Glahn, D. C., Gur, R. C., Censits, D. M., Smith, R. J., Mozley, P. D.,  

       et al.  (1997). PET regional cerebral blood flow change during working and  

       declarative memory: Relationship with task performance. Neuropsychology, 11,  

       222-231. 

Raguet, M. G., Campbell, D. A., Berry, D. T. R., Schmitt, F. A., & Smith, G. T.  

       (1996). Stability of intelligence and intellectual predictors in older persons.  



        242

       Psychological Assessment, 8, 154-160. 

Raz, N. (2000). Aging of the brain and its impact on cognitive performance:  

       Integration of structural and functional findings. In F. I. M. Craik & T. A.  

       Salthouse (Eds.), Handbook of aging and cognition (2nd ed., pp. 1-90).  

       Mahwah, NJ: Erlbaum. 

Reitan, R. M., & Wolfson, D. (1985). The Halstead-Reitan Neuropsychological  

       Test Battery. Theory and clinical interpretation. Tucson: Neuropsychology  

       Press. 

Rendell, P. G., & Craik, F. I. M. (2000). Virtual week and actual week: Age- 

       related differences in prospective memory. Applied Cognitive Psychology, 14,  

       S43-S62. 

Rendell, P. G., & Thomson, D. M. (1993). The effect of ageing on remembering  

       to remember: An investigation of simulated medication regimens. Australian  

       Journal of Ageing, 12, 11-18. 

Rendell, P. G., & Thomson, D. M. (1999). Ageing and prospective memory:   

       Differences between naturalistic and laboratory tasks. Journal of  

       Gerontology: Psychological Sciences, 54B, P256-P269. 

Ryan, J. J., Sattler, J. M., & Lopez, S. J. (2000). Age effects on Wechsler Adult  

       Intelligence Scale-III subtests. Archives of Clinical Neuropsychology, 15,  

       311-317. 

Rybash, J. M., Hoyer, W. J., & Roodin, P. A. (1986). Adult cognition and aging:  

       Developmental changes in processing, knowing and thinking. New York:  

       Pergamon.  

Salthouse, T. A. (1988). Initiating and formalisation of theories of cognitive  

       aging. Psychology and Aging, 3, 3-16. 



        243

Salthouse, T. A. (1994). The aging of working memory. Neuropsychology, 8 (4),  

       535-543. 

Salthouse, T. A. (2000). Aging and measures of processing speed. Biological  

       Psychology, 54, 35-54. 

Salthouse, T. A., & Babcock, R. L. (1991). Decomposing adults age differences in  

       working memory. Developmental Psychology, 27, 763-776.  

Salthouse, T. A., Frescoe, N., & Rhee, S. H. (1996). How localised are age-related  

       effects of neuropsychological measures? Neuropsychology, 10, 272-285. 

Shallice, T. (1982). Specific impairments of planning. Philosophical Transactions  

       of the Royal Society of London, B298, 199-209. 

Shallice, T. (1988). From neuropsychology to mental structure. Cambridge:  

       Cambridge University Press. 

Shallice, T., & Burgess, P. W. (1991a). Deficits in strategy application following  

       frontal lobe damage in man. Brain, 114, 727-741.     

Shallice, T., & Burgess, P. W. (1991b). Higher-order cognitive impairments and  

       frontal lobe lesions in man. In H. S. Levin, H. M Eisenberg & A. L. Benton  

       (Eds.), Frontal lobe function and dysfunction (pp. 125-138). New York:  

       Oxford University Press.    

Sharpe, K., & O’Carroll, R. (1991). Estimating premorbid intellectual level in  

       dementia using the National Adult Reading Test: A Canadian study. British  

       Journal of Clinical Psychology, 30, 381-384. 

Sharps, M., & Price-Sharps, J. L. (1996). Visual memory support:  An effective  

       mnemonic device for older adults. The Gerontologist, 36, 706-708. 

Shimamura, A. P., Janowsky, J. S., & Squire, L. R. (1991). What is the role of  

       frontal lobe damage in memory disorders? In H. S. Levin, H. M. Eisenburg &  



        244

A. L. Benton (Eds.), Frontal lobe function and dysfunction (pp. 173-

195). New York:  Oxford University Press.  

Shum, D. H. K., McFarland, K. A., & Bain, J. D. (1990). Construct validity of  

       eight tests of attention: Comparison of normal and closed head injured  

       samples. The Clinical Neuropsychologist, 4, 141-162. 

Shum, D., Short, L., Tunstall, J., O’Gorman, J. G., Wallace, G., Shephard, K., et  

       al. (2000). Performance of children with traumatic brain injury on a 4-disk  

       version of the Tower of London and the Porteus Maze. Brain and Cognition,  

       44, 59-62. 

Shum, D., Ungvari, G. S., Tang, W. K., & Leung, J. P. (2004). Performance of  

       schizophrenia patients on time-, event-, and activity-based prospective  

       memory tasks. Schizophrenia Bulletin, 30 (4), 693-701. 

Smith, R. E. (2003). The cost of remembering to remember in event-based  

       prospective memory: Investigating the capacity demands of delayed intention  

       performance. Journal of Experimental Psychology: Learning, Memory and  

       Cognition, 29 (3), 347-361. 

Smith, R. E., & Bayen, U. J. (2004). A multinomial model of event–based  

       prospective memory. Journal of Experimental Psychology: Learning,  

       Memory and Cognition, 30 (4), 756-777. 

Smith, R. E., & Hunt, R. R. (2004). Retrieving delayed intentions to salient target  

       events requires capacity. Manuscript submitted for publication.  

Snow, W. G., Tierney, M. C., Zorzitto, M. L., Fisher, R. H., & Reid, D. W.  

       (1988). One year test-retest reliability of selected tests in older adults. Paper  

       presented at the meeting of the International Neuropsychological Society,  

       New Orleans. 



        245

Speier, C., Valacich, J. S., & Vessey, I., (1999). The influence of task interruption  

       on individual decision making: An information overload perspective.  

       Decision Sciences, 30 (2), 337-360. 

Spreen, O., & Strauss, E. (1991). A compendium of neuropsychological tests. New  

       York: Oxford University Press. 

Spreen, O., & Strauss, E. (1998). A compendium of neuropsychological tests (2nd  

       Ed.). New York: Oxford University Press. 

Stanton, B. A. (1984). Age and educational differences on the Trail Making Test  

       and Wechsler Memory Scales. Perceptual and Motor Skills, 58 (1), 311-318. 

Stapleton, J. (2005). Prospective Memory: Does the timing of an interruption  

       reduce people's ability to maintain intentions? Unpublished Honours  

       Dissertation, Griffith University, 2005. 

Stoltzfus, E. R., Hasher, L., Zacks, R. T., Ulivi, M. S., & Goldstein, D. (1993).  

       Investigations of inhibition and interference in younger and older adults.  

       Journal of Gerontology: Psychological Sciences, 48, 179-188. 

Stuss, D. T., & Benson, D. F. (1986). The frontal-lobes. New York:  Raven Press. 

Stuss, D. T., Bisschop, S. M., Alexander, M. P., Levine, B., & Izukawa, D.  

       (2001). The Trail Making Test:  A study in focal lesion patients.  

       Psychological Assessment, 13, 230-239. 

Stuss, D. T., Stethem, L. L., & Poirier, C. A. (1987). Comparison of three tests of  

       attention and rapid information processing across six age groups. The Clinical  

       Neuropsychologist, 1, 139-152. 

Tabachnick, B. G., & Fidell, L. S. (2001). Using multivariate statistics (4th Ed.).  

       Boston: Allyn and Bacon. 

Taylor, S. F., Kornblum, S., Lauber, E. J., Minoshima, S., & Koeppe, R. A.  



        246

       (1997). Isolation of specific interference processing in the Stroop task: PET  

       activation studies. Neuroimage, 6, 81-92. 

Temple, C. M., Carney, R. A., & Mullarkey, S. (1996). Frontal-lobe function and  

       executive skills in children with Turner’s syndrome. Developmental  

       Neuropsychology, 12, 343-363.  

Titov, N., & Knight, R. G. (2000). A procedure for testing prospective  

       remembering in persons with neurological impairments. Brain Injury, 14,  

       877-886. 

Titov, N., & Knight, R. G. (2001). A video-based procedure for assessing  

       prospective memory. Applied Cognitive Psychology,15, 61-83. 

Tombaugh, T. N. (2004). Trail Making Test A and B; Normative data stratified by  

       age and education. Archives of Clinical Neuropsychology, 19, 203-214. 

Tombaugh, T. N., Kozak, J., & Rees, L. (1999). Normative data stratified by age  

       and education for two measures of verbal fluency:  FAS and animal naming.  

       Archives of Clinical Neuropsychology, 14 (2), 167-177. 

Trafton, J. G., Altmann, E. M., Brock, D. P., & Mintz, F. E. (2003). Preparing to  

       resume an interrupted task:  Effects of prospective goal encoding and  

       retrospective rehearsal. International Journal of Human Computer Studies,  

       58, 583-603. 

Troyer, A. K., Moscovitch, M., & Winocur, G. (1997). Clustering and switching  

       as two components of verbal fluency: Evidence from younger and older  

       healthy adults. Neuropsychology, 11, 138-146. 

Tunstall, J. (1999). Improving the utility of the Tower of London:  A  

       neuropsychological test of planning. Unpublished M Phil: Griffith University,  

       Brisbane, Australia. 



        247

University of Zurich, Switzerland, Department of Psychology,  

       Gerontopsychology (2005, July). II International Conference on Prospective  

       Memory. Retrieved August 9, 2005, from the University of Zurich web site:  

       http://www.unizh.ch/index.en.html 

Uttl, B., & Graf, P. (1997). Color Word Stroop Test performance across the adult  

       life span. Journal of Clinical and Experimental Neuropsychology, 19 (3),  

       405-420.  

Vendrell, P., Junque, C., Pujol, J., Jurado, M. A., Molet, J., & Grafman, J. (1995).  

       The role of prefrontal regions in the Stroop task. Neuropsychologia, 33, 341- 

       352. 

Vortac, O. U., Edwards, M. B., & Manning, C. A. (1995). Functions of external  

        cues in prospective memory. Memory, 3, 201-219. 

Warrington, E. K., James, M., & Maciejewski, C. (1986). The WAIS as a  

       lateralizing and localizing diagnostic instrument. Neuropsychologia, 24, 223- 

       239. 

Wechsler, D. (1997a). Wechsler Memory Scale. Third edition manual. San  

       Antonio:  The Psychological Corporation.  

Wechsler, D. (1997b). Wechsler Adult Intelligence Scale-III. San Antonio: The  

       Psychological Corporation. 

Wecker, N. S., Kramer, J. H., Wisniewski, A., Delis, D. C., & Kaplan, E. (2000).  

       Age effects on executive ability. Neuropsychology, 14, 409-414. 

Welsh, K. A., Breitner, J. C., & Magruder-Habib, K. M. (1993). Detection of  

       dementia in the elderly using telephone screening of cognitive status.  

       Neuropsychiatry, Neuropsychology & Behavioral Neurology, 6 (2), 103-110.   

West, R. L. (1988). Prospective memory and aging. In M. M. Gruneberg, P. E.  



        248

       Morris & R. N. Sykes (Eds.), Practical aspects of memory: Current research  

        and issues:  Vol. 2. Clinical and educational implications (pp. 119-128).  

       Chichester, UK: Wiley.  

West, R. (1996). An application of prefrontal cortex function theory to cognitive  

       aging. Psychological Bulletin, 120 (2), 272-292. 

West, R. (1999). Visual distraction, working memory and aging. Memory &  

       Cognition, 27 (6), 1064-1072. 

West, R., & Covell, E. (2001). Effects of aging on event-related neural activity  

       related to prospective memory. Cognitive Neuroscience and  

       Neuropsychology, 12 (13), 2855-2858. 

West, R., & Craik, F. I. M. (1999). Age-related decline in prospective memory:   

        The roles of cue accessibility and cue sensitivity. Psychology and Aging, 14,  

       264-272. 

West, R., & Craik, F. I. M. (2001). Influences on the efficiency of prospective  

       memory in younger and older adults. Psychology and Aging, 16 (4), 682-696. 

West, R., Wymbs, N., Jakubek, K., & Herndon, R. W. (2003). Effects of intention  

       load and background context on prospective remembering:  An event-related  

       brain potential study. Psychophysiology, 40, 260-276.  

Whittlesea, B. W. A., & Williams, L. D. (2001a). The discrepancy-attribution  

       hypothesis: I. The heuristic basis of feelings of familiarity. Journal of  

       Experimental Psychology: Learning, Memory and Cognition, 27, 3-13.  

Whittlesea, B. W. A., & Williams, L. D. (2001b). The discrepancy-attribution  

       hypothesis: II. Expectation, uncertainty, surprise and feelings of familiarity.  

       Journal of Experimental Psychology: Learning, Memory and Cognition, 27,  

       3-13.  



 249

Wilde, M. C., Boake, C., & Sherer, M. (2000). Wechsler Adult Intelligence Scale- 

       Revised Block Design broken configuration errors in non-penetrating  

       traumatic brain injury. Applied Neuropsychology, 7, 208-214. 

Youngjohn, J. R., Larrabee, G. J., & Crook, T. H. (1992). Test-retest reliability of  

       computerised every day memory measures and traditional tests. The clinical  

       Neuropsychologist, 6, 276-286. 

Zhao, J., Yang, Z., Qin, J., & Guo, L. (2003). Self-assessment and retention  

       interval of prospective memory. Acta Psychologica Sinica, 35 (4), 455-460. 

Zijlstra, F. R. H., Roe, R A., Leonora, A. B., & Krediet, I. (1999). Temporal  

       factors in mental work: Effects of interrupted activities. Journal of  

       Occupational and Organisational Psychology, 72, 163-185. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 250

Appendix A 
 

Demographics Questionnaire 
 
 

1. Gender:  (please circle)   M         F 
 

2. Age:      _____________________  years 
 

3. Level of Education: Tertiary education 
(Please circle) 

    Secondary education – Senior (17-18 years) 
 
    Secondary education – Junior (15-16 years) 
 
    Primary education 
 
    No education 
 
    Other  __________________________________ 
 

 
4. Years of Education (in total):  ____________________________ 

 
5. Occupation/Previous Occupation: ____________________________ 

 
6. Have you suffered from any lasting health problems/illness in the  

past five years (please circle):   
YES   NO 

 
7. If yes, what is/are these problems:  _________________________________ 

 
_______________________________________________________________ 

 
 _______________________________________________________________ 

 
8. Are you taking any medications?  YES    NO 

 
9. What are these prescriptive and non-prescriptive medications? 

 
______________________________________________________________ 
 
______________________________________________________________ 
 

 10.  Please indicate your overall health rating (please circle). 
   
 
                    1___________ 2 __________ 3 __________ 4 __________ 5 __________ 6 

    
  Very Poor          Poor               Fair                 Good     Very Good        Excellent 
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Appendix B 
 

Instructions for Condition 1 
 
       Thanks for offering to participate in my research. What your participation will 

involve today is firstly listening to a list of instructions about how I would like you to 

perform the tasks. If at any point, you don’t understand the instructions, let me know 

and I will try to clarify them. Then you will be left on your own to plan a meal and 

perform a few other everyday tasks. When you have finished, I will be asking you a 

few questions about how you found the task. Ok? Now, as you can probably tell, 

these rooms are set up like a home with a kitchen and living room. This will help me 

to investigate the differences between younger and older adults in their ability to 

perform everyday tasks. Now, if you would like to follow me into the kitchen where I 

will ask you to perform a few everyday tasks.  

       I would like you to decide upon a meal to prepare for tonight’s dinner based upon 

the cost and time to prepare each meal. This everyday task will involve you looking 

through the marked cupboards, which are those with ‘ingredients’ signs on them, 

(point out the cupboards with the ‘ingredients’ signs on them) the fridge and the 

freezer, so open it up and have a look in there (demonstrate freezer), for the 

ingredients on this checklist (show the checklist). Instructions have been provided at 

the top of this checklist to help you as you go. These instructions ask you to place a 

tick in the box only if the ingredient is present in the kitchen. So if you find that 

ingredient, tick the box. The instructions also say to check through one cupboard at a 

time, keeping the others closed. So let’s say, you’re looking through this cupboard 

(open the cupboard and demonstrate using checklist) you tick off all the ingredients 

on the checklist that you can find, then you close the cupboard and move onto the 

next one. Now, you can go back to the cupboards but just make sure that all 

cupboards and the fridge are closed when you have finished checking for ingredients. 
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Any questions? Please don’t write anything else on the forms except what I have 

asked you to. So there should only be ticks on this checklist.  

       Once you have completed the checklist, begin to examine the recipes in the 

Recipe Book (show the recipe book). There are certain rules that I would like you to 

follow whilst working through the Recipe Book. These rules are printed in between 

each of the recipes (show where the rules are located). It is important that you work 

on one recipe at a time and that you don’t turn back to a previous recipe or skip 

forward to an upcoming one. Turn to the next recipe only when you have completed 

working on the current one. To help you remember this is the huge clip. So let’s say 

you’ve been working on recipe number one, you finish, turn the page and place the 

clip on the pages like this (demonstrate). Once the clip has been put on the pages, 

don’t turn back. Any questions?  

       Whilst you’re looking through the Recipe Book, fill out the Recipe Outcomes 

Form (show Form). Instructions have also been provided at the top of this form to 

help you as you go. So, using the checklist (refer to the checklist) write the required 

ingredients, which are those not in the kitchen, for each recipe besides the numbers. 

These numbers represent the number of ingredients that are required for that 

particular recipe. For example, there are two ingredients required for this recipe and 

three for that one. So if you find you have too many ingredients for a particular 

recipe, you may have missed one in the cupboard. If that happens, you may return to 

the cupboard to look for that ingredient. 

       Once you have the required ingredients, use the Price Catalogue (show the Price 

Catalogue) to obtain the cost of each ingredient and record this cost in the ‘cost’ 

column beside the ingredient. Then, add the prices of the required ingredients for 

each recipe and write the total in the ‘totals’ column besides ‘cost’. Also, write the 

combined preparation and cooking time for each recipe in the ‘totals’ column beside 
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‘time’. Any questions? Now, you need to work on the Recipe Book, the Recipe 

Outcomes Form and the Price Catalogue simultaneously. So have the entire section of 

the Recipe Outcomes Form completed for a particular recipe before moving onto the 

next. So write the prices on the form before moving onto the next recipe. Once the 

Recipe Outcomes Form has been completed decide which recipe is the cheapest to 

prepare and which recipe is the quickest to prepare (show these two questions at the 

bottom of the Form). Any questions? 

       The Price Catalogue also contains a printed page of instructions (show 

participants the instructions in the Price Catalogue). It is important that you look for 

one ingredient at a time. You may need to estimate the cost of products bought by the 

kilogram, such as meat or fruit. However you may use this calculator to help you with 

any of these estimates (show participants the calculator). You may need to record the 

price of a larger amount of product than what is required. For example, you may only 

need two tablespoons of jam, however there is only a 200g jar of jam in the Price 

Catalogue. So you need to buy the jar because that’s what’s available in the Price 

Catalogue. Any questions? All of these instructions are available to you whilst you 

work through the tasks. You can find them at the top of these forms and at the 

beginning of the books. A more general list of instructions can be found over here 

(show participants the individual ‘instructions sheet’). So, feel free to refer to these 

instructions at any time throughout the task. Any questions? 

       Oh, by the way, when you are working through the recipes, I want you to place a 

white dot, which are located here (show where the dots are kept at the back of the 

recipe book) at the very top right hand corner of those recipes (show the right 

location), that contain dairy products. Just in case anyone is allergic to dairy products. 

But the most important thing for you to do is work on one recipe at a time and to fill 

out this form (point to the Recipe Outcomes Form) correctly. Any questions? 
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       There is another task I would also like you to complete. Over here in the living 

room, there is a VCR (show participants). This VCR is on the right channel to record 

one of the commercial television stations. Part of the research I’m doing involves 

recording 5 minute-sections of this station with the aim of examining the amount of 

violence in their programs. I’m going to press RECORD on the VCR now and start 

the clock here (show participants the clock). I want you to press PAUSE (show them 

how to press PAUSE) after exactly 5 minutes time. This means that when this clock 

indicates that 5 minutes have passed (show clock) you will need to return to the living 

room and press PAUSE. In 10 minutes time from now and 5 minutes from when you 

first pressed PAUSE, I want you to return to the living room and press PAUSE again. 

Continue to press PAUSE every 5 minutes according to this clock to produce as many 

5-minute sections of the commercial channel as you can. Now, because it is important 

that 5 minute breaks are made between each 5 minute recording for the purposes of 

standardised sampling (e.g., we weren’t biased in our selection) if ever you are late in 

pressing PAUSE on the VCR, then restart your counting of 5 minutes, from when you 

did press PAUSE. This is the only time that you are allowed to touch the clock, to 

reset it if you are late. To reset the clock, you press stop, reset and start (demonstrate) 

and that’s written here if ever you do need to do this. Otherwise, don’t touch the clock 

as you may disrupt the time it is keeping. Any questions? 

       Now, I’ll be watching you work through the tasks via the video cameras and will 

return when you have finished. I will know you have finished as you will open this 

door (point to door in living room) and wait for me. Before I leave, however, I would 

like to take your watch and hold onto it whilst you work through the task, just so you 

don’t use it to tell the time. Just use the clock here to tell the time. (If they don’t have 

a watch, ask for a mobile phone giving the same reason and that you don’t want them 
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to be disturbed). When you have finished the task and are waiting for me at the door, 

could you ask me to return your watch (or mobile) as soon as I come to collect you?  

       What I’d like you to do now is complete this puzzle from the picture. Don’t 

worry about colour, just put the pieces back on the board according to the picture. I’d 

like you to spend only five minutes on the puzzle so if you are still working on it after 

five minutes, I will buzz you on the telephone. If you hear the telephone ring, stop 

working on the puzzle, go into the kitchen and begin checking off ingredients. If you 

do finish the puzzle before the five minutes, that’s fine, just begin checking off 

ingredients in the kitchen. Any questions? Ok, I’ll return when you have finished. 

       (Return to the room when the participant has opened the door and is waiting for 

me. Smile but wait until they ask me to return their watch. If they don’t ask prompt 

them by saying). Were you going to ask me something at the end of the task? (Score 

them on the watch task) Thanks for performing those tasks. What I’d like you to do 

now is come with me into another room where I’d like to ask you a few questions. 

(Lead the participant into the second testing room). Before we do anything, what I’d 

like you to do is to repeat back to me all the instructions that I gave to you. Not 

verbatim, just generally. (Tick off on the checklist, all of the instructions that the 

participant was able to recite. Provide prompts for instructions not given. Have a 

break. Then begin the neuropsychological testing). 
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Appendix C 
 

Ingredients Checklist 
 
 
Instructions;    

1. Please check through the marked cupboards, fridge and freezer for the 

following ingredients.  

2. Place a tick in the box if the ingredient is present in the kitchen. 

3. Check through one cupboard at a time, keeping the others closed. 

4. Ensure that all cupboards and the fridge are closed when finished 

checking for ingredients. 

 
 Bacon rashers (2)  Lime juice (2 tablespoons) 
 BBQ chicken, quartered (1.6kg)  Milk (1/3 cup) 
 Bean sprouts (1 cup)  Mushrooms (250g/cup) 
 Beef (500g/minced)  Mustard (2 teaspoons/Dijon) 
 Beef (500g/blade roast)  Mustard (1 tablespoon/seeded) 
 Beef strips (750g)  Olive oil (¼  cup) 
 Butter (125g)  Onions (1-2 medium/large/brown) 
 Capsicum (1 medium red)  Pasta (2 cups/spiral) 
 Cheese (2 tablespoons/parmesan)  Pesto (2 tablespoons/bottled) 
 Cherry tomatoes (250g/halved)  Pork (750g - 2 large leg steaks) 
 Chicken drumsticks (12 or 1.8kg)  Satay sauce (350ml – 525ml/bottled) 
 Chicken tenderloins (750g)  Sesame seeds (1 tablespoon) 
 Chicken thigh cutlets (8 or 1.2kg)  Soy sauce (2 teaspoons – ¼ cup) 
 Chinese vegetables (500g/frozen)  Sugar (2 tablespoons/brown) 
 Coriander leaves (¼ cup/ fresh)   Teriyaki sauce (60ml – ¼ cup) 
 Fish sauce (1 tablespoon)  Tomatoes (400g/can) 
 Garlic (1–3 cloves)  Tomato paste (1 tablespoon) 
 Hokkien noodles (500g)  Tomato soup (445g/can/condensed) 
 Honey (2 tablespoons)  Veal (500g/leg steaks) 
 Italian dressing (125ml – ½ cup)  Yogurt (200ml/plain) 
 Lemon juice (1-2 tablespoons)  Water (60ml – ¼ cup) 
 Lettuce leaves (4 large/iceberg)   
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Appendix D 
 

List of Instructions Separating the Recipes in the Recipe Book 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Recipe Number 1 
 
 
 
 

• Please place the clip on the front 
cover and the pages already seen 

 
• Do not turn the pages back 

 
• Do not turn the pages forward 

until finished with the current 
recipe 

 
• Please consult the price catalogue 

to obtain prices for the required 
ingredients 
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Appendix E 
 

Recipes 

 

Barbecue-Flavoured 
Chicken and Onions 
 

PREPARATION TIME   10 minutes 
COOKING TIME   20 minutes 
 
 2 tablespoons lemon juice 
 2 tablespoons brown sugar 
 1 clove garlic, crushed 
 ¼ cup (60ml) soy sauce 
 2 medium brown onions (300g) 
 1.6kg barbecued chicken 
 

1. Combine juice, sugar, garlic and sauce in small jug. 
Chop onions into wedges.  

2. Place chicken and onion in shallow baking dish; pour 
over half the glaze mixture. 

3. Bake, uncovered in moderately hot oven about 20 
minutes or until chicken is crisp and heated through, 
brushing frequently with remaining glaze mixture. 

 
 
SERVES 4 
Per Serving  14.3g fat; 1291Kj 
Store  Dish can be made a day ahead; keep covered, 
in refrigerator.  
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Teriyaki Beef 

Skewers 
 

 PREPARATION TIME 15 minutes 
 COOKING TIME 10 minutes 
 
  500g beef blade roast 
  ¼ cup (60ml) teriyaki sauce 
  2 large brown onions (600g) 
  1 teaspoon brown sugar 
  1 tablespoon tomato paste 
 

1. Cut brown onions in half then into six wedges. 
Thread onion wedges and beef onto 12 skewers. 

2. Combine teriyaki sauce, paste and sugar in small 
bowl. Brush sauce mixture over skewers. 

3. Cook beef skewers on heated oiled grill plate (or grill 
or barbecue) until browned all over. 

 
 

SERVES 4 
Per Serving   8.6g fat; 1042Kj 
Store   Skewers can be refrigerated up to 3 hours 
before required. 
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Honey and Soy 

Roast Pork 
 

 PREPARATION TIME 10 minutes 
 COOKING TIME 25 minutes 
 
  2 large pork leg steaks (750g) 
  2 large brown onions (400g) 

1 tablespoon seeded mustard 
  2 tablespoons honey 
  1 tablespoon soy sauce 
   

1. Preheat oven to very hot.  
2. Cut each pork fillet in half and place the pork in 

oiled baking dish.  
3. Pour over the combined mustard, honey and soy 

sauce. Toss to coat pork in the honey mixture.  
4. Bake, uncovered in very hot oven, about 25 

minutes with onions. 
 
 

SERVES 4 
Per Serving   4.6g fat; 1509Kj 
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Pesto-Grilled 
Chicken Drumsticks 

 
PREPARATION TIME   10 minutes 
COOKING TIME   15 minutes 
 
 12 chicken drumsticks (1.8kg) 
 3 cloves garlic, crushed 
 2 tablespoons lemon juice 
 125g butter, softened 
 2 tablespoons bottled pesto  
 

1. Combine juice and garlic in large bowl; add chicken 
and coat with juice mixture. 

2. Combine butter and pesto in small bowl; brush two 
thirds of the pesto mixture all over chicken. 

3. Cook chicken under heated grill, brushing with 
remaining pesto mixture occasionally, until browned 
all over and cooked through. 

4. Brush chicken with pan juices and serve. 
 
 

SERVES 4 
Per Serving   43.8g fat; 2213Kj 
Store   Chicken can be cooled a day ahead. Keep 
covered in the refrigerator. Serve hot or cold. 
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Roman Tomato Soup 
 

 PREPARATION TIME   10 minutes 
 COOKING TIME   15 minutes 
 
  1 medium onion (150g) chopped finely 
  445g can condensed tomato soup 
  440g can tomatoes, undrained, crushed 
  2 cups (210g) spiral pasta 
  2 bacon rashers, chopped finely  
 

1. Cook onion in a heated, oiled pan. Stir until onion is 
soft.  

2. Add undiluted soup, tomatoes and pasta. Bring to 
boil. 

3. Simmer, uncovered about 10 minutes or until pasta is 
just tender. 

4. Meanwhile cook bacon in medium heated oiled 
frying pan until browned and crisp. Drain on 
absorbent paper. 

5. Ladle soup into serving bowls; sprinkle with bacon. 
 
 

SERVES 4 
Per Serving   6.1g fat; 1295Kj 
Store   Soup can be made 2 days ahead. Keep, 
covered in refrigerator. Soup can be frozen for up to 
2 months. 
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Glazed Thai Chicken 

 
 PREPARATION TIME   10 minutes 
 COOKING TIME   15 minutes 
 
  8 chicken thigh cutlets (1.2kg) 
  1 tablespoon fish sauce 
  1 tablespoon chopped fresh coriander leaves 
  1 tablespoons lime juice 
  2 teaspoons soy sauce 
 

1. Poach chicken in large pan of simmering water for 8 
minutes or until almost cooked through; drain. 

2. Cook chicken on an oiled grill pan until browned 
both sides and cooked through. 

3. Pour combined remaining ingredients over chicken; 
cook about 1 minute or until chicken is glazed. 

 
 

SERVES 4 
Per Serving   35.5g fat; 2054Kj 
Store   Chicken can be poached several hours ahead. 
Keep covered in the refrigerator, or freeze for up to 
2 months. 
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Thai Beef Stir-Fry 

 
 PREPARATION TIME   10 minutes 
 COOKING TIME   10 minutes 
 
  500g minced beef 
  1 medium red capsicum (200g), sliced 
  1 cup (80g) bean sprouts 
  1/3 cup (80ml) milk 
  1 tablespoon fish sauce 
  4 large iceberg lettuce leaves 
 

1. Stir-fry beef in heated, oiled wok until cooked.  
2. Add capsicums, stir-fry. 
3. Add sprouts, milk and fish sauce, stir until hot.  
4. Serve stir-fry in lettuce leaves. 

 
 

SERVES 4 
Per Serving   16.9g fat; 1159Kj 
Store   Best made close to serving time. 
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Satay Beef and 
Noodle Stir-Fry 

 
PREPARATION TIME   5 minutes 
COOKING TIME   10 minutes 

 
500g hokkien noodles 
750g beef strips 
350ml satay sauce 
500g packet frozen Chinese vegetables 
¼ cup finely chopped fresh coriander leaves 
 

1. Pour boiling water over noodles in large heatproof 
bowl. Separate noodles with a fork, drain. 

2. Stir-fry beef, in batches, until browned all over and 
just cooked. 

3. Add satay sauce and stir-fry 1 minute. 
4. Return beef to pan with noodles and vegetables; stir-

fry until heated through. 
5. Stir in coriander. Garnish with coriander sprigs and 

bean sprout if desired. 
 
 

SERVES 4 
Per Serving   42g fat; 3329Kj 
Store   Best made close to serving time. 
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Saucy Satay Chicken 
 
 PREPARATION TIME   10 minutes  
 COOKING TIME   20 minutes   
  750g chicken tenderloins 
  525g bottled satay sauce 
  2 large brown onions (400g) 
  250g cherry tomatoes, halved 
  200ml plain yogurt 
 

1. Combine chicken and ½ cup (125ml) of the satay 
sauce in large bowl; stand 5 minutes. 

2. Cook chicken in batches, in large heated oiled frying 
pan until cooked through. Cover to keep warm. 

3. Meanwhile, cut onions into wedges. Heat oil in same 
pan; cook onion, stirring until soft. Add remaining 
satay sauce and tomatoes. Cook, stirring, about 5 
minutes or until heating through. 

4. Return chicken to pan, stir to coat with satay sauce 
mixture. Serve chicken with yogurt poured on top. 

 
 

SERVES 4 
Per Serving  48.3g fat; 3456Kj 
Store  Chicken can be marinated several hours or 
overnight. Cook close to serving time.  
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Sesame-Crusted Veal 

 
 PREPARATION TIME 10 minutes 
 COOKING TIME 20 minutes 
 
  500g veal leg steaks 
  2 cloves of garlic crushed 
  1 tablespoon lemon juice 
  2 teaspoons Dijon mustard 
  1 tablespoon white sesame seeds 
 

1. Preheat oven to very hot. Combine garlic, lemon juice 
and mustard in small bowl. 

2. Place veal on wire rack over baking dish then brush 
garlic mixture all over pork. Sprinkle with sesame 
seeds. 

3. Bake veal, uncovered in very hot oven about 15 
minutes or until veal is browned all over. 

 
SERVES 4 
Per Serving  8.3g fat; 813Kj 
Store  Cover veal, rest 5 minutes, cut into slices just 
before serving.  
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Warm Mushroom 
Pasta Salad 

 
 PREPARATION TIME 15 minutes 
 COOKING TIME 20 minutes 
 
  1 medium red capsicum 
  250g cup mushrooms, sliced thinly 
  2 cups spiral pasta  
  ¼ cup (60ml) water 
  ½ cup (125ml) Italian dressing 
  2 tablespoons finely grated parmesan cheese 
 

1. Cut capsicum into thin slices and roast under grill until 
skin blisters. 

2. Combine mushrooms and water in large frying pan. 
Cook, stirring until mushrooms soften. Add capsicum 
and stir until hot.  

3. Cook pasta in large saucepan of boiling water, 
uncovered, until just tender. Drain and then toss pasta 
with vegetable mixture and Italian dressing. Serve with 
sprinkled cheese. 

 
 

SERVES 4 
Per Serving  2.3g fat; 1229Kj 
Store  Best made close to serving time. 
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Appendix F 

 
Instructions Placed at the End of the Recipe Book 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

The End 
 

Do not turn the 
pages back  

 
 
 

Now decide which recipe is the  
cheapest and which is the quickest 
to prepare for the evening meal! 
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Appendix G 

 
Recipe Outcomes Form 

Instructions;    

1. Write the required ingredients (those not in the kitchen) for each recipe beside 

the numbers. The numbers represent how many ingredients are required for 

each recipe (ensure that you have the correct number). 

2. In the ‘cost’ column, write the price for each ingredient according to the price 

catalogue. Add the prices of the required ingredients for each recipe and write 

the total in the ‘totals’ column besides ‘cost’. 

3. Write the combined preparation and cooking time for each recipe in the ‘totals’ 

column besides ‘time’.  

4. Complete the entire section of the form for each recipe before moving on. 

5. Do not write any other information on this form, unless it is requested. 
 
Recipes Required Ingredients Cost Totals 

(1) 

Barbecue-

Flavoured 

Chicken and 

Onions 

 

1._______________________ 

2._______________________ 

 

 

_________ 

_________ 

 

 

 

Cost; ______ 

 

Time;______ 

(2) 

Teriyaki Beef 

Skewers  

 

 

1. _______________________ 

2. _______________________ 

 

 

_________ 

_________ 

 

 

Cost;______ 

 

Time;______ 

(3) 

Honey and 

Soy Roast 

Pork 

 

1. _______________________ 

2. _______________________ 

 

 

_________ 

_________ 

 

 

Cost; ______ 

 

Time;______ 

(4) 

Pesto-Grilled 

Chicken 

Drumsticks 

 

1. _______________________ 

2. _______________________ 

3. _______________________

 

_________ 

_________ 

_________ 

 

Cost; ______ 

 

Time;______ 
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Recipes Required Ingredients Cost Totals 
(5) 

Roman 

Tomato Soup 

 

 

1. _______________________ 

2. _______________________ 

 

 

_________ 

_________ 

 

 

Cost; ______ 

 

Time;______ 

(6) 

Glazed Thai 

Chicken 

 

1. ______________________ 

2. ______________________ 

 

 

_________ 

_________ 

 

 

Cost; ______ 

 

Time;______ 

(7) 

Thai Beef 

Stir-Fry 

 

1. _______________________ 

2. _______________________ 

3. _______________________

 

_________ 

_________ 

_________ 

 

Cost; ______ 

 

Time;______ 

(8) 

Satay Beef 

and Noodle 

Stir-Fry 

 

1. _______________________ 

2._______________________ 

3._______________________ 

 

_________ 

_________ 

_________ 

 

Cost; ______ 

 

Time;______ 

(9) 

Saucy Satay 

Chicken 

 

1._______________________ 

2._______________________ 

 

 

_________ 

_________ 

 

 

Cost; ______ 

 

Time;______ 

(10) 

Sesame-

Crusted Veal 

 

1._______________________ 

2._______________________ 

 

 

_________ 

_________ 

 

 

Cost; ______ 

 

Time;______ 

(11) 

Warm 

Mushroom 

Pasta Salad 

 

1._______________________ 

   2._______________________ 

 

_________ 

_________ 

 

 

Cost; ______ 

 

Time;______ 
 

According to the above information, which is the;  
Cheapest recipe to prepare? __________________________________ 

 Quickest recipe to prepare? ___________________________________ 
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Appendix H 

Instructions on the First Page of the Price Catalogue 

 

 

 

 

 
• Look through the price catalogue 

for the prices of the recipe 
ingredients not in the kitchen 

 
• Look for one ingredient at a time 

 
• Estimate the cost of products 

bought by the kilogram 
 
• You may need to record the price 

of a larger amount of product 
than what is required 

 
• Record the price of the required 

ingredient in the ‘cost’ column of 
the Recipe Outcomes form 
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Appendix I 

Scoring Sheet 

Group: _________________________            Time Testing Started: ______________________ 
 
ID No. ______________________          Item Taken; ______________________________ 

 
Task 1; A white dot is placed on the recipes that have dairy products in them. 

RECIPES    
 

SCORING 
(4)      

Pesto-
Grilled 
Chicken 

Drumsticks 

(7) 
Thai 
Beef 

Stir-Fry

(9) 
Saucy 
Satay 

Chicken

(11) 
Warm 

Mushroom 
Pasta Salad 

 
 

TOTAL 

Placed a dot on the recipe 
before turning the page 
(2 points) (right intention, 
time & action) 

     

A different action or time 
(1 point)  

     

No behavioural 
awareness of the 
intention (0 points) (no 
evidence of the intention) 

     

 
TOTAL OUT OF 8 
 

 

 
Task 2; The PAUSE button is pressed on the VCR every 5 minutes. 

                             TIME (Minutes)   
SCORING 

 
5 10 15 20 25 30 35 40 

 
45  
 

50  
 

 
TOTAL

Pressed PAUSE on the VCR at 
a 5 minute interval (30 secs 
either side) (2 points) (right 
intention, time & action) 

           

A different action or time  
(1 point) 

           

No behavioural awareness of 
the intention (0 points) (no 
evidence of the intention) 

           

 

TOTAL OUT OF  _____ 
 

 

 
Task 3; Participant asked for their watch/item back after the end of testing. 
 

Asked for item at the end of testing (2 points)  TOTAL (2) 
Asked for item after a prompt (1 point)  
Failed to ask for item after prompt (0 points)  
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Appendix J 

Post-task Checklist for No Planning Conditions (1 and 2) 

 
Group; ______________________         ID No. ______________________ 

 
 

Tasks 
Recalled 

 
(3 points) 

Recalled with 
Prompt 

(2 points) 

Recognised 
the 

Instruction 
(1 point) 

No Recall 
after 

Prompt 
(0 points) 

 
TOTAL

 
Complete the puzzle 
first 
 

     

 
Tick off ingredients on 
the Ingredients 
Checklist 
 

     

 
Fill out the Recipe 
Outcomes Form 
 

     

 
Work through the 
Recipe Book one recipe 
at a time 
 

     

 
Use the Price 
Catalogue to look up 
the price of required 
ingredients 
 

     

 
Place a white dot on the 
recipes with dairy 
products before turning 
the page 
 

     

 
Pressed PAUSE on the 
VCR every 5 minutes 
 

     

 
Ask for watch at the 
end of the task 
 

     

 
TOTAL (OUT OF 24) 
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Appendix K 

Post-task Checklist for Planning Conditions (3 and 4) 

 
Group; ________________________________         ID No. _________________ 

 
 

Tasks 
Recalled 

 
(3 points) 

Recalled 
with 

Prompt 
(2 points)

Recognised 
the 

Instruction 
(1 point) 

No Recall 
after Prompt 

(0 points) 

 
TOTAL 

 
Use the first 5 minutes to 
plan 
 

     

 
Tick off ingredients on 
the Ingredients Checklist 
 

     

 
Fill out the Recipe 
Outcomes Form 
 

     

 
Work through the Recipe 
Book one recipe at a time 
 

     

 
Use the Price Catalogue 
to look up the price of 
required ingredients 
 

     

 
Place a white dot on the 
recipes with dairy 
products before turning 
the page 
 

     

 
Pressed PAUSE on the 
VCR every 5 minutes 
 

     

 
Ask for watch at the end 
of the task 
 

     

 
TOTAL (OUT OF 24) 
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Appendix L 

Post-task Interview Questions 

1. What did you think the task was set up to measure? 

________________________________________________________________

________________________________________________________________ 

2. How did you manage to perform all the tasks? (e.g. did you have any strategies?) 

________________________________________________________________

________________________________________________________________ 

3. How did you remind yourself to; 

(a) Place white dots on the recipes with dairy products? 

________________________________________________________________

________________________________________________________________ 

(b) Press pause on the VCR every 5 minutes? 

________________________________________________________________

________________________________________________________________ 

(c) Ask for your personal possession at the end of the task? 

________________________________________________________________

________________________________________________________________ 

4. Why do you think you forgot to; (e.g., what was happening at this time?) 

(a) Dairy products _________________________________________________ 

________________________________________________________________

________________________________________________________________ 

(b) Press pause on the VCR _________________________________________ 

________________________________________________________________

________________________________________________________________ 

 

 

 



 277
 

(c) Ask for personal possession ________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

5. What were you thinking about when you were (doing the puzzle OR writing on 
the blank piece of paper) at the beginning of the task? Were you thinking about 
the other tasks you had to do? 

 
__________________________________________________________________ 
 
__________________________________________________________________ 
 
__________________________________________________________________ 

 
6. How do you think you would have performed if you had to (do a puzzle OR write 

down all the things that would help you complete the tasks) in the first 5 minutes? 
  
 __________________________________________________________________ 

 __________________________________________________________________ 

 __________________________________________________________________ 

INTERRUPTION GROUPS ONLY 

7. Tell me what happened when you heard the mobile phone ring? 

  __________________________________________________________________ 

 __________________________________________________________________ 

 __________________________________________________________________ 

8.  Did the mobile phone call remind you of the other tasks you had to do? Explain. 
Did it make you think that you had forgotten a task? 

 
 __________________________________________________________________ 

 __________________________________________________________________ 

 __________________________________________________________________ 

9. Did you think the interruptions were real? 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________
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Appendix M 

Information Sheet 

Research Question:  Does age influence the performance of everyday tasks? 
 
Chief Investigators:  Dr Lydia Hohaus (Director of the Memory Clinic) 
(Supervisors)   Dr David Shum (Director of Neuropsychology) 

    School of Applied Psychology 
     Griffith University   Phone:  3875 3374 
               3875 3370 
         
Investigator:   Allison Cahill BPsych (Hon) Phone:  3875 3408 
     Clinical PhD Student 
     School of Applied Psychology 
     Griffith University   
 
1.  Purpose of the research. 
The current research project comprises a major component of the clinical PhD course at Griffith 
University. Your participation in this study would aid in the completion of this project and be greatly 
appreciated. The current study aims to determine whether older adults can improve their functioning 
of everyday tasks and thus maintain their independence within the community. 
 
2.  What your involvement will entail. 
Firstly, your participation will involve completing a small section of demographic questions 
concerning yourself. This will be followed by a task requiring you to plan an evening meal and 
create a shopping list of the necessary ingredients. Overall this task will take approximately 50 
minutes. After a short break, you will be asked to complete a number of paper and pencil exercises 
that involve tracing a path, repeating word pairs and reading aloud colour names. Overall two and a 
half to three hours of your time is requested.  
 
It is also requested that you agree to be videotaped whilst performing the tasks. These recordings are 
for the purpose of scoring your performance accurately and will only be used by the research team 
outlined above. The videotapes and any information you provide will be treated confidentially 
and kept under lock and key. Your participation in this study is completely voluntary. You have 
the right to withdraw at any stage after starting the study without negative consequence. 
 
The University requires that all participants be informed that if they have complaints concerning the 
manner in which the current research project is conducted it may be given to the researcher, or, if an 
independent person is preferred, contact either the: 
 
     University Research Ethics Officer        Pro Vice-Chancellor (Administration) 
     Office for Research, Bray Centre        Bray Centre 
     Griffith University        or        Griffith University 
     Kessels Road, Nathan, QLD, 4111        Kessels Road, Nathan, QLD, 4111 
     Phone:  (07) 3875 6618          Phone:  (07) 3875 7343 
 
If you have any questions or concerns about this research, please address them to the investigators as 
indicated at the top of this form. Your performance on any of the measures may be discussed with 
the investigators. You may also obtain a summary copy of the key findings if you so wish. Thank 
you for your time and co-operation. 
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Appendix N 

Consent Form 

Does age influence the performance of everyday tasks? 
 
This form tells you about the testing you have been asked to complete for 
the Does age influence the performance of everyday tasks? study conducted 
by Allison Cahill of Griffith University. By signing this form you indicate 
that you have read and agreed to the conditions described below to 
participate in this study. 
 
Firstly, your participation will involve completing a small section of 
demographic questions concerning yourself. This will be followed by a task 
requiring you to plan an evening meal and create a shopping list of the 
necessary ingredients. Overall this task will take approximately 50 minutes. 
After a short break, you will be asked to complete a number of paper and 
pencil exercises that involve tracing a path, repeating word pairs and reading 
aloud colour names. Overall two and a half to three hours of your time is 
requested.  
 
It is also requested that you agree to be videotaped whilst performing the 
tasks. These recordings are for the purpose of scoring your performance 
accurately and will only be used by the research team. The videotapes and 
any information you provide will be treated confidentially and kept 
under lock and key. Your participation in this study is completely 
voluntary. You have the right to withdraw at any stage after starting the 
study without negative consequence. 
 
“I, ………………………………………………  (please print your name) 
agree to participate in the Does age influence the performance of everyday 
tasks? study and give my consent freely. I understand that the study will be 
carried out as described in the information statement, a copy of which I have 
retained. I realise that whether or not I decide to participate is my decision. I 
also realise that I can withdraw from the study at any time and that I do not 
have to give any reasons for withdrawing. I have had all questions answered 
to my satisfaction.” 
 
 
 
…………………………………………………………………………… 
(participant’s signature)     (date) 
 
For further information, please contact:  Allison Cahill, School of Applied 
Psychology, Griffith University, on Phone:  (07) 3875 3408 
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Appendix O 

List of Written Instructions 

 

Instructions 
 

1.   Check through the fridge, freezer and     
      marked cupboards for the items on the   
      Recipe Ingredients checklist 
 
2.    Work through the Recipe Book filling    
      out the Recipe Outcomes form 
 
3.    Use the completed Recipe Ingredients  
      checklist to determine what ingredients  
      are required to prepare the recipes 
 
4.    Consult the Price Catalogue for the cost 
      of the required ingredients  
 
5.    Have the entire section of the Recipe  
      Outcomes form for each recipe completed
      before moving onto the next recipe 
 
6.    Use the information obtained on the  
      Recipe Outcomes form to decide which   
      recipes are the cheapest and quickest to   
      prepare  
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Appendix P 

Script Used by the Experimenter During the Interruptions 

       (When the participant has turned to the first recipe with a dairy product (4th recipe) 

call the mobile phone left behind the door in the kitchen. Wait until the phone stops 

ringing then enter the laboratory). Hi  ……..  Sorry to stop you, however I heard a 

ringing noise in here? Do you know what that was? (Allow the participant to explain 

what they think it is). Well, it wasn’t supposed to happen. I saw you looking in this 

direction (indicate behind the door). Ok, well I’ll have a look. (look behind the door and 

show surprise at finding the mobile phone). Is this yours? (allow participant to deny 

possession). Well, it must have been left here from the previous participant. Perhaps it 

fell out of their bag. Sorry about that. Please, keep going with the tasks. (Entire 

interruption lasts no longer than 2 minutes). 

       (When the participant has turned to the second recipe with a dairy product (7th 

recipe) knock on the door and enter the laboratory). Hi …….  Sorry to stop you again, 

however I’m on the phone to a lady who participated in my study earlier today (or 

yesterday). It was her mobile that was left here and she wants to make sure that nothing 

else was left in the laboratory so I’ll have a quick look around. Have you seen anything 

that maybe shouldn’t belong here? (Search briefly through the laboratory making sure I 

don’t answer any questions for the participants. Entire interruption will take no longer 

than 1 minute). Ok, I can’t find anything so keep going.  
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Appendix Q 

Instructions Given to Participants in the Planning Conditions (Conditions 3 and 4) 

Concerning the 5 minutes of Planning 

 

       What I’d like you to do now is sit down here and spend the next five minutes 

writing down as many of the instructions that I gave you that you can remember 

(point to the chair and give the participant a blank piece of paper and a pencil). Also 

try to write down a plan of how you will perform all of these tasks. Perhaps you want 

to visualise me giving you all of the instructions. After five minutes, I will buzz you 

on the telephone. When you hear the telephone ring, stop writing, fold the piece of 

paper in half and leave it outside the door. Then go into the kitchen and begin 

checking off ingredients. Any questions? Ok, I’ll return when you have finished.  
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