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ABSTRACT 

Remembering to carry out a planned intention in some point in the future (e.g., 

pass a message to a friend) is an important cognitive function vital for day-to-day 

functioning.  This cognitive function is referred to as Prospective memory (PM) and is 

considered to be essential for autonomous behaviour.  Although there has been extensive 

research into the decline of PM in older adulthood, little is known about the 

developmental trajectory of PM throughout adolescence, a time of important brain 

maturation.  Research in the development of PM across adolescence has been limited, 

and the previous studies that have examined PM development in adolescents have yielded 

inconsistent findings.  Therefore in the present thesis, the development of PM was 

examined in 85 participants across the following groups: 12- to 13-year-olds (n = 22), 14- 

to 15-year-olds (n = 23), 16- to 17-year-olds (n = 20), and 18- to 19-year-olds (n = 28).  

A series of three studies were conducted to examine the specific processes that contribute 

to PM development in adolescence.  

The aim of Study 1 was to examine the development of PM across adolescence 

using an event-based PM task that varied in cue frequency.  More specifically, a 6-cue 

(10 min) and a 30-cue (30 min) event-based PM task (with font-colour stimuli as PM 

cues) and a lexical-decision for the ongoing task were used. By manipulating the cue 

frequency, this study could clarify the basis of any observed age-related difference of PM 

performance in adolescence.  In addition, a retrospective memory (RM) task (viz., 

Hopkins Verbal Learning Test Revised [HVLT-R]) was administered to see if RM and 

PM have a different developmental trajectory in adolescence.  
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Overall, the findings of Study 1 revealed an age-related difference in PM 

performance between the 12- to 13-year-olds and the 18- to 19-year-olds.  However, it is 

important to note this age-related difference on PM performance only emerged when 

reaction time (RT) was taken in account on performance. That is, no age-related 

differences on PM performance (in terms of percentage correct) were found.  This may 

indicate that 12- to 13-year-olds sacrificed RT for accuracy on the PM task (i.e., speed–

accuracy trade off).  Second, although no age-related differences on the effect of cue 

frequency was found, PM performance was found to be better for the high-cue-frequency 

task than on the low-cue-frequency task.  Third, RM performance was found to be similar 

across the age groups.  In sum, the findings of this study suggest that PM is still 

developing in adolescence. In contrast, capabilities associated with RM may be fully 

developed by the time one reaches adolescence.  

Study 2 investigated the contribution of executive functions (viz., task switching, 

working memory, and inhibition) to PM and RM performance across adolescence.  In 

particular, the aim of this study was to determine which specific executive function 

processes underlie performance on PM and RM measures. Hierarchical multiple 

regressions were used to examine the unique contribution of executive functioning (as 

measured by the Self-Ordered Pointing Task [SOPT], the Stroop test, and Trail Making 

Test [TMT]) to PM performance on the low-cue- and high-cue-frequency tasks, 

respectively.  In addition, the contribution of executive functioning to RM performance 

(after controlling for age) was examined to determine whether RM performance in 

adolescents could be predicted by executive function measures. 



 

 

4 

The findings of Study 2 showed that task switching (viz., TMT-b) predicted 

performance for both PM tasks (i.e., low-cue- and high-cue-frequency tasks) after 

controlling for age.  In addition, this study showed that task-switching performance 

improved with age.  Regarding the relationship between executive functioning and RM 

performance, task switching (viz., TMT-b) and visual working memory (viz., SOPT) 

predicted performance on the free recall score of the HVLT-R (after controlling for age).  

Taken together, the findings of this study lend further support for the role of executive 

functioning (i.e., prefrontal processing) in prospective remembering in adolescence.  In 

addition, the findings of this study suggest that aspects of RM that are reliant on self-

initiated processes (i.e., free recall) may require a greater involvement of executive 

functions than aspects of memory that are not dependent on self-initiated processes (i.e., 

recognition).  

Study 3 examined the well-established neural correlates of PM (viz., the N300 

and parietal positivity) across adolescence.  The particular aim of this study was to 

determine whether processes underlying the prospective component of PM (viz., N300) 

or processes underlying the retrospective component of PM (viz., parietal positivity) 

show different levels of development in adolescence.  In addition, Study 3 investigated 

the contribution of executive functioning to the amplitude of the N300 and the parietal 

positivity to determine which component of PM (i.e., the prospective or the retrospective 

component of PM) involves executive function processes. 

First, the overall mean amplitude for the N300 was found to be similar across the 

age groups.  Conversely, the overall mean amplitude for the parietal positivity was found 

to decrease with age (i.e., 12- to 13-year-olds having the higher amplitude than the 18- to 
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19-year-olds).  In addition, visual working memory (viz., SOPT) was found to predict the 

amplitude of parietal positivity (for right and central electrode regions only) after 

controlling for age.  In contrast, no measures of executive functioning were found to 

predict the amplitude of N300 (after controlling for age).  Taken together, the findings of 

Study 3 suggest that the neural correlates associated with PM may still be developing in 

adolescence.  In fact, is the first study (to the best of our knowledge) to link executive 

functioning to the neural correlates of PM.  Moreover, the findings of this study suggest 

that executive control processes may contribute to the neurocognitive processes that 

underlie the parietal positivity. 

To conclude, the findings of this thesis indicate that PM is still developing across 

adolescence in line with the ongoing development of executive functioning across this 

age range.  These findings are discussed in the context of brain development and 

executive functioning along with particular task demands that may contribute to age-

related PM differences across adolescence.  Moreover, the findings of this study may 

help provide further understanding into the theoretical models of PM and inform 

diagnostic practices for adolescent and adult psychopathology (in terms of understanding 

typical and atypical cognitive functioning in adolescence).  Future research is 

recommended to compare gender difference in PM in adolescence and to examine PM 

performance across adolescence in more naturalistic settings.
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CHAPTER ONE

Overview 

Prospective memory (PM) is the ability to remember to carry out an intention at an 

appropriate point in the future (Einstein & McDaniel, 1990).  Some examples of PM 

include remembering to pick up a sibling on the way home from school, remembering to 

take the rubbish bin out on the right day, or remembering to call somebody back at a 

specific time.  PM demands are frequently encountered in everyday situations and are 

important in maintaining one’s autonomy (McDaniel & Einstein, 2007).  Failure to carry 

out important delayed intentions at the right time or at the right moment (e.g., forgetting to 

pick up one’s sibling) can have severe consequences.  Therefore, PM is vital for day-to-day 

functioning (McDaniel & Einstein, 2007).  To date, most research in this area has been 

conducted in young adults (e.g., Ellis, Kvavilashvili, & Milne, 1999) and the ageing adult 

population (e.g., Henry, MacLeod, Phillips, & Crawford, 2004).  Only a small number of 

studies have investigated PM development in children and adolescents (e.g., Kerns, 2000; 

Kvavilashvili, Kyle, & Messer, 2008; Kvavilashvili, Messer, & Ebdon, 2001).  In sum, PM 

has been shown to develop across childhood with older children becoming proficient at 

using strategies such as monitoring to enhance prospective remembering (Kerns, 2000).  In 

contrast, PM has been shown to decline in older adults when compared to young adults 

(e.g., West & Covell, 2001).  What is still not clear, however, is the trajectory of PM 

throughout adolescence, which is defined as the period in human growth and development 

occurring between the ages of 12 and 17 years (Spear, 2000).  

One reason that one might expect differences in PM across adolescence pertains to 

prefrontal lobe development (e.g., myelination); the prefrontal lobe does not mature until 
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late adolescence or even early adulthood (Paus et al., 2001).  PM has been associated with 

executive functions served by prefrontal processes including attention, working memory, 

and inhibition (McDaniel, Glisky, Rubin, Guynn, & Routhieaux, 1999).  Moreover, a 

number of studies have demonstrated that the prefrontal cortex undergoes a number of 

significant changes during adolescence (for a review see Blakemore & Choudhury, 2006).  

Cognitive ability, particularly executive functioning, has also been shown to develop 

throughout this period (e.g., Anderson, Anderson, Northam, Jacobs, & Catroppa, 2001).  As 

such, PM should still develop across adolescence.  Despite the strong rationale for the 

improvement of PM across adolescence, research in this area has been limited and 

inconsistent.  For instance, some studies have shown that the PM performance of 

adolescents is equal to that of young adults when compared to children (e.g., Ward, Shum, 

McKinlay, Baker-Tweney, & Wallace, 2005) and older adults (e.g., Zimmermann & Meier, 

2006).  Conversely, other studies have shown that the PM performance of adolescents is 

worse than that of young adults (e.g., Zöllig et al., 2007).  Thus, the trajectory of PM across 

adolescence is still unclear. 

 The aim of this thesis is therefore to examine the development of PM across 

adolescence.  The next three chapters provide a review of the literature, including brain and 

cognitive development across adolescence; the characteristics of the PM task; the 

developmental trajectory of PM across the lifespan; and event-related potentials (ERPs) and 

PM.  Specifically, Chapter 2 summarises the significant structural and anatomical brain 

changes that occurs during adolescence.  Moreover, Chapter 2 describes how noninvasive 

brain-imaging techniques (e.g., magnetic resonance imaging [MRI]) have been used to 

provide further insight into the significant brain changes throughout this period.  Chapter 3 

describes the characteristics and components of the PM task.  In particular, the phases 
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associated with prospective remembering (i.e., formation, encoding, initiation, and 

execution) and the underlying executive processes associated with these phases (e.g., 

planning, monitoring, and inhibition) are discussed.  Chapter 3 describes the recent 

advances in the development of theoretical models of PM (e.g., multi-process theory [MPT] 

and preparatory attentional and memory processes theory [PAM theory]).  A summary of 

these models with particular emphasis on how each model addresses PM retrieval is also 

provided.  Chapter 3 concludes with a summary of findings relating to the development of 

PM performance across the lifespan (with a particular emphasis on the development of PM 

across adolescence). 

Next, Chapter 4 describes the neural correlates of PM that are related to the success 

and failure of executing delayed intentions.  In particular, a summary of the ERP 

components associated with the detection of PM cues in the environment (viz., the N300), 

the retrieval of an intention from memory and the postretrieval processes related to 

coordinating the PM response (viz., parietal positivity; West, 2011) is provided.  In 

addition, the neural correlates of PM are discussed within the context of the major theories 

of PM (i.e., the PAM theory and MPT).  A summary of the age-related development of the 

neural correlates of PM is then provided, with a particular emphasis on the development of 

PM across adolescence.  

 The remaining chapters of the thesis describe the aims, findings, and discussion 

from a series of three studies.  In particular, Chapter 5 introduces the aims of the current 

thesis (i.e., for Studies 1 to 3).  Chapter 6 describes and discusses the findings of Study 1, 

the aim of which was to determine whether there would be an age-related difference on the 

effect of cue frequency across adolescence.  Moreover, the study examined the 

development of retrospective memory (RM) across adolescence. Chapter 7 describes and 
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discusses the findings of Study 2.  In particular, the aim of this study was to determine if 

executive functioning contributes to PM and RM performance across adolescence.  Chapter 

8 describes and discusses the findings of Study 3. In that study the aim was to examine the 

underlying neural processes that contribute to age-related differences across adolescence 

using ERPs.  Chapter 9 provides a general discussion of all the findings and the overall 

conclusions of the current thesis. 
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CHAPTER TWO 

Brain and Cognitive Development Across Adolescence 

Adolescence is a fascinating yet tumultuous period of human development. In 

particular, it is a time characterised by important transitional changes that marks the 

beginning of the reproductive lifespan (Choudhury, Blakemore, & Charman, 2006). This 

period of development is considered to be the most dramatic and significant to occur during 

one’s lifetime (Steinberg, 2010).  Most important, the period of adolescence marks the shift 

from a dependent child to a fully autonomous adult (Paus, 2005).  This is evident by the 

rapid changes in physical growth, physiology, and social, cognitive, and emotional abilities 

(Paus, 2005).  Moreover, there appears to be a notable shift in the pattern of thinking such 

that adolescents are able to think on a more multidimensional and abstract manner and, as a 

result, are more self-aware, more self-reflective, and more logical in their thinking patterns 

than preadolescent children (Blakemore & Choudhury, 2006).  However, adolescence also 

marks a period of increased vulnerability to risk-taking behaviours (e.g., drug and alcohol 

abuse), psychopathology (e.g., depression, eating disorders, and schizophrenia), and 

parental conflict (Choudhury, Charman, & Blakemore, 2008; Luciana, 2010; Steinberg, 

2005).  As such, adolescence can be a time of increased vulnerability and adjustment due to 

major changes in the developing brain (Spear, 2000). 

It is important to note that the terms puberty and adolescence are often used 

synonymously; however, they are not the same (Hochberg & Belsky, 2013; Spear, 2000).  

For instance, puberty is generally referred to as “the attainment of sexual maturation, (i.e., 

gonadarche)” (Spear, 2000, p. 417).  In contrast, adolescence on the whole is considered to 

be a series of gradual transitions (e.g., a growth spurt, brain and cognitive maturation, 

social development, sexual maturation, etc.) that occurs between childhood and adulthood 
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(Spear, 2000).  Puberty is only but one of these gradual transitions.  Consequently, it has 

often been challenging to characterise the exact onset and duration of the adolescent period 

(Spear, 2000).  Nevertheless, adolescence is generally considered to be the age range 

between 12 and 17 years of age (Spear, 2000).  As such, for the purposes of this thesis, 

adolescence is defined as the period and growth development between the ages of 12 and 

17 years.  The next section describes the significant structural and anatomical brain changes 

that occur during adolescence.  

Brain Development in Adolescence 

Until recently, little was known about the significant brain changes of adolescents 

(Blakemore & Choudhury, 2006).  It was not until the late 1960s and 1970s that research on 

postmortem human brains (e.g., Huttenlocher, 1979) revealed that some areas of the brain, 

in particular the prefrontal cortex, continue to develop throughout adolescence (Blakemore 

& Choudhury, 2006).  Two major changes in the adolescent brain that have been 

consistently reported include the reduction in grey matter density (viz., synaptic pruning) 

and the simultaneous increase of white matter (viz., myelination of nerve fibres) in the 

prefrontal cortex (for a review see Blakemore & Choudhury, 2006).  Taken together, these 

significant changes allow for smoother flow and sharing of information throughout the 

cortical and subcortical regions of the brain, especially in the prefrontal regions (Paus, 

2005). 

More recently, research on the adolescent brain has been conducted using non-

invasive techniques, such as MRI, which can produce three-dimensional images of the 

living brain.  Studies that have used MRIs to examine brain development across 

adolescence further support the findings of previous studies that have demonstrated the 

ongoing maturation of the prefrontal cortex during adolescence (e.g., Giedd, 2004, 2008; 
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Gogtay et al., 2004; Paus, 2005; Paus et al., 2001; Sowell, Thompson, Tessner, & Toga, 

2001).  In an MRI study, Sowell et al. (2001) examined the relationship between brain 

growth (measured as change in brain size) and grey matter density in 35 normally 

developing participants, including 14 children (7- to 11-year-olds), 11 adolescents (12- to 

16-year-olds), and 10 young adults (23- to 30-year-olds).  Overall, the researchers found a 

strong inverse relationship between cortical grey matter density and brain growth. More 

specifically, they found that the greater the brain growth, the less grey matter density in the 

cerebral cortex.  Moreover, this pattern of brain development was more prominent in the 

parietal regions between childhood and adolescence and more prominent in the prefrontal 

regions between adolescence and adulthood.  Sowell et al. concluded that visuospatial 

functions associated with the parietal regions are likely to mature earlier than cognitive 

functions associated with the prefrontal regions.  

Likewise, in a longitudinal study, Gogtay et al. (2004) obtained MRI brain scans 

from 13 healthy children every two years for 8 to 10 years.  The aim of the study was to 

investigate the cortical grey matter development between the ages of 4 and 21 years.  The 

authors predicted that not only would grey matter development be nonlinear across the age 

span, but that the brain regions associated with more primary brain functions (i.e., primary 

motor cortex) would develop earlier than the brain regions associated with higher-order 

brain functions (i.e., prefrontal cortex).  Overall, the findings supported the predictions 

made; namely, the total grey matter volume was found to increase up until the onset of 

puberty, then decrease after the onset of puberty (see Figure 1). In addition, the maturation 

of the frontal lobe progressed in a “back-to-front” direction with the primary motor cortex 

maturing earliest and the prefrontal cortex maturing latest.  On the whole, these results 

suggest that throughout adolescence, higher-order brain regions such as the prefrontal 
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cortex mature much later than the lower-order brain regions such as the sensorimotor 

regions (Gogtay et al., 2004).  Gogtay et al. have importantly argued that the loss of grey 

matter (i.e., synaptic pruning) and the simultaneous increase of white matter (i.e., 

myelination) may reflect the overall maturation of the brain across adolescence.  Moreover, 

grey matter maturation across adolescence is consistent with the findings from cognitive 

behavioural research, which has shown the continual improvement of frontal lobe 

functioning across adolescence (see Blakemore & Choudhury, 2006).  

 

Figure 1. Right lateral and top views of the dynamic sequence of grey matter maturation 

over the cortical surface.  The side bar shows a colour representation in units of grey matter 

volume.  From “Dynamic mapping of human cortical development during childhood 

through early adulthood” by N. Gogtay, J. N. Giedd, L. Lusk, K. M. Hayashi, D. 

Greenstein, and A. C. Vaituzis, 2004, Proceedings of the National Academy of Sciences of 

the USA, 101, p. 8174–8179. Copyright 2004 by the National Academy of Sciences of the 

USA.  Reprinted with permission 

parts of the STG, posterior parietal cortex, and prefrontal
cortex, are high-order association areas, which are also most
recent evolutionarily (38, 39). Our observation of these areas
appearing to mature later may suggest that the cortical devel-
opment follows the evolutionary sequence to some degree.

The exact process underlying the GM loss is unknown. Cere-
bral white matter increases in the first four decades because of
axonal myelination (40) and may partially explain the observed
GM loss (41, 42). Although changes in sulcal and gyral folding
patterns or other nonatrophic processes such as dehydration
could influence the GM density, the primary cause for loss of
GM density is unknown. We speculate that it may be driven at
least partially by the process of synaptic pruning (43) together
with trophic glial and vascular changes and!or cell shrinkage
(44). Thus, region-specific differences in GM maturation may
result from the underlying heterochronous synaptic pruning in
the cortex, as has been shown in the primate and human cerebral
cortical development (18, 45–48). Interestingly, in the frontal
cortex, the dorsolateral prefrontal cortex matures last, coincid-
ing with its later myelination, demonstrating that pruning my-
elination may often occur in parallel.

These findings may have clinical implications. For example,
autism, with onset before the age of 3 years, shows global
cerebral GM hyperplasia in the first 2 years of life (49) and larger
frontal and temporal GM volumes by 4 years, followed by a
slower rate of growth in these regions by 7 years (50, 51).
Childhood-onset schizophrenia, with a mean age of onset around
the age of 10 years, is associated with a striking parietal GM loss,
which progresses anteriorly during adolescence in a back-to-

front fashion (52), whereas adult-onset schizophrenia (the more
typical form) is more strongly associated with deficits in later-
maturing temporal and frontal regions (53–55) and is associated
with selective abnormalities of the heteromodal regions (29).
Thus, alterations either in degree or timing of basic maturational
pattern may at least partially be underlying these neurodevel-
opmental disorders.

The magnitude of the changes in some cortical regions is
highly significant and consistent with the growth and loss rates
observed in our prior longitudinal studies. In an earlier report
(28), we developed an approach using tensor mapping to mea-
sure the local growth rates and tissue-loss rates at a local level
in the anatomy of the caudate and corpus callosum. In very small
regions of these structures, local growth rates exceeded 40% per
year, and local tissue-loss rates reached 40% per year in small
regions of the basal ganglia. Because of the increased spatial
resolution, peak local rates of change obtained from anatomical
mapping approaches are often greater than those obtained in
volumetric studies of anatomically parcellated brain structures.
Assessment of lobar volumes, for example, can average growth
or tissue-loss rates over a large structure, and the peak rates of
volumetric change are reduced correspondingly. The cellular
substrate for these cortical changes may be a combination of
myelination, dendritic pruning, and changes in the neuronal,
glial, vascular, and neurite packing density in different cortical
laminae. There also may be changes in the relaxometric prop-
erties of the MRI signal, which is based on underlying water
content. The myelination component can result in very large net
percent changes in cortical volumes over periods of several years,
especially when the volumes assessed are relatively small.

Fig. 3. Right lateral and top views of the dynamic sequence of GM maturation over the cortical surface. The side bar shows a color representation in units of
GM volume. The initial frames depict regions of interest in the cortex as described for Fig. 1. This sequence is available in Movies 1–4 in the supporting information.
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In sum, the unifying theme across these studies is that the adolescent brain 

undergoes a number of significant changes in the prefrontal lobe that are associated with 

the improvement of cognitive functioning throughout adolescence.  Sowell et al. (2001) 

proposed that improved task performance (i.e., accuracy) on cognitive measures across 

adolescence might be a result of synaptic pruning.  Specifically, the pruning of less 

efficient synaptic connections allows for the fine-tuning of cognitive networks throughout 

the regions of the brain (especially in the prefrontal cortex).  By comparison, reduction in 

reaction times (RTs) across adolescence might be a result of myelination, given that 

myelination improves the overall transmission speed of electrical impulses throughout the 

different brain regions.  Given these major anatomical and structural changes with these 

brain regions, executive functions associated these regions (e.g., the prefrontal cortex) 

should therefore still be developing and improving across adolescence (e.g., Anderson, 

1998; Blakemore & Choudhury, 2006; Spear, 2000). The next section reviews the 

literature on executive functioning and its development across adolescence.  

Executive Functioning  

The term executive function is generally referred to as an umbrella term, 

encompassing a number of high-order skills related to purposeful, self-serving, and goal-

directing behaviour crucial for independence and socially appropriate conduct (Anderson, 

1998; Lezak, 1995).  In particular, these high-order skills include attentional control, task 

switching, general decision-making, planning, self-regulation, inhibition, and working 

memory (Anderson, 2002; Blakemore & Choudhury, 2006). Executive functions have a 

role in filtering out irrelevant information, holding in mind a future plan, and inhibiting 
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impulses (Blakemore & Choudhury, 2006).  Moreover, executive functions are believed 

to be mediated by the prefrontal cortex (Anderson, 1998; West, 1996).  

Historically, previous research on executive functions was largely conducted in 

adults and individuals with frontal lobe brain damage (e.g., Benton, 1968; Eslinger & 

Grattan, 1993; Shallice, 1982; Shallice & Burgess, 1991).  These studies show that 

people who have sustained a frontal lobe brain injury exhibit deficits in executive 

functions (for a review see Stuss & Levine, 2002).  Such deficits may interfere with a 

person’s capacity to act independently, display self-control, and initiate goal-orientated 

behaviours (Lezak, 1995).  In particular, patients with frontal lobe damage may show 

signs of impulsivity, recklessness and carelessness; difficulty in sustaining attention; 

excitability and irritability; and deficits in planning and carrying out future goal-

orientated behaviours (Lezak, 1995; Stuss & Levine, 2002).  On the other hand, it has 

been proposed that executive functioning may not be unitary (Huizinga, Dolan, & Van 

der Molen, 2006; Miyake et al., 2000).  For instance, some patients may fail on some 

tests of executive functioning (e.g., the Wisconsin Card Sort Test [WCST]; Eslinger & 

Grattan, 1993) but not on others (e.g., the Tower of London test [TOL]; Shallice & 

Burgess, 1991).  Other studies have found the opposite pattern (for a review see Alvarez 

& Emory, 2006). 

Taken together, the results of these studies suggest that there may be multiple, yet 

distinct, components that make up executive functioning. Studies that have examined the 

specific components of executive functioning have done so with the use of exploratory 

and confirmatory factor analysis (Huizinga et al., 2006; Miyake et al., 2000).  Miyake et 

al. (2000) examined the performance of 137 young adults on a number of executive tasks 
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that purported to tap into the three most commonly proposed executive functions: 

working memory, shifting, and inhibition.  Overall, their findings showed that although 

correlations were found between the different tasks, working memory, shifting, and 

inhibition were found to be distinct components.  In addition, these specific components 

were found to differentially contribute to performance on the more complex executive 

function tasks.  For example, WCST performance was found to load on shifting, and 

Tower of Hanoi (TOH) performance was found to load on inhibition.  

In further support of the multidimensional notion of executive functioning, 

different components of executive functioning have been found to rely on different 

regions of the prefrontal cortex (for a review see Best & Miller, 2010).  For instance, 

cognitive mechanisms underlying working memory have been found to be associated 

with the lateral prefrontal cortex (Narayanan et al., 2005).  By comparison, cognitive 

mechanisms underlying task switching have been found to be associated with the medial 

prefrontal cortex and superior frontal gyrus (e.g., Crone, Somsen, Zanolie, & Van der 

Molen, 2006; Cutini et al., 2008).  Furthermore, inhibition has been found to be 

associated with the right inferior frontal cortex (e.g., Aron, Robbins, & Poldrack, 2014).  

Taken together, it has been proposed that there may be distinct developmental trajectories 

for each of these components of executive functioning that co-occur with the maturation 

of the prefrontal cortex across adolescence (Best & Miller, 2010; Huizinga et al., 2006).  

Given the link between executive functioning and PM (e.g., McDaniel et al., 1999), the 

next section provides a summary of the development of executive functioning across 

childhood and adolescence.   
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The Development of Executive Functioning Across Childhood and Adolescence 

Over the past few decades, there has been a substantial increase of research 

examining the development of executive functions in childhood and adolescence (see 

Best & Miller, 2010; Hughes, 2011).  For the most part, research indicates that some 

aspects of executive functioning begin to emerge as early as infancy (for a review see 

Hughes, 2011), followed by a progressive improvement throughout childhood (e.g., 

Levin, Culhane, Hartmann, Evankovich, & et al., 1991) and adolescence (Anderson et al., 

2001).  It is often postulated that executive functions are the last of the cognitive 

functions to mature, which is consistent with the late development of the prefrontal cortex 

in adolescence (Korkman, Lahti-Nuuttila, Laasonen, Kemp, & Holdnack, 2012).  

Therefore, the continuing development of the prefrontal cortex may indicate that 

executive functioning is still developing throughout childhood and adolescence 

(Anderson et al., 2001).  

Most of the research in the development of executive functioning has been done 

in children, particularly in preschool-aged children (for a review see Best, Miller, & 

Jones, 2009).  It has been argued that executive function components may develop at 

different rates, reflecting age-related differences in the maturation of the prefrontal 

regions, as well as other related brain regions (Huizinga et al., 2006). Welsh, Pennington, 

and Groisser (1991) examined the developmental trajectories of executive functions in a 

total of 110 participants aged 3 to 28 years (10 participants in each year level from 3 to 

12 years, and 10 young adults).  Participants completed a battery of tasks, including 

visual search, verbal fluency, motor sequencing, TOH, Matching Familiar Figures Test 

(MFFT), and WCST.  Overall, the findings showed that some executive functions tasks 
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reached adult levels before the age of 12 (viz., visual search, simple planning on the 3-

disk TOH, WCST, and MFFT), whereas other tasks (viz., verbal fluency, complex 

planning on the 4-disk TOH, and motor sequencing) showed continual development 

throughout adolescence.  

In another study, Anderson et al. (2001) examined the development of executive 

functions in 138 children and adolescents (ranging from 11 to 17 years old) on a number 

of tasks purported to incorporate a range of executive functions including attentional 

control (i.e., digit forward, digit backwards, and CODES test), goal setting (i.e., TOL, the 

Complex Figure of Rey Test [CFRT]), and cognitive flexibility (i.e., Contingency 

Naming Test [CNT] and the Verbal Fluency Test).  Overall, the findings showed 

differential development trends of executive functions across late childhood and 

adolescence.  In particular, the greatest developmental trends were shown for tests of 

attentional control, wherein the findings suggested a developmental spurt in attentional 

capacity around 15 years of age.  For the tests of goal setting, the findings demonstrated a 

developmental spurt around 12 years of age, with results stabilising in later adolescence.  

In contrast, tests of cognitive flexibility showed relatively stable results across late 

childhood and adolescence.  Anderson et al. concluded that different developmental 

trends are present across different domains of executive functioning, suggesting that 

different anatomical underpinnings or neuronal links may underlie these specific 

domains.   

In regards to the development of the distinct components of executive functioning 

(i.e., task switching, working memory, and inhibition) across childhood and adolescence, 

studies have found different developmental trends for the components of executive 
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functioning (e.g., Huizinga et al., 2006).  Switching or shifting (or cognitive flexibility) 

refers to the ability to shift back and forth between alternative sets of tasks, operations, 

and mental processes (Lee & McDaniel, 2013; Miyake et al., 2000).  Deficits in 

switching or shifting often result in rigidity and ritualistic behaviour, problems with 

change or dealing with new task demands, and repeatedly making the same errors 

(Anderson, 2002).  In general, studies have indicated that shifting abilities generally 

reach adult levels by around 12 to 15 years of age (Cepeda, Kramer, & Gonzalez de 

Sather, 2001; Huizinga et al., 2006; Huizinga & Van der Molen, 2007; Welsh et al., 

1991).  

Working memory refers to the ability to maintain and update or refresh 

information over a short period of time (Best et al., 2009; Lee & McDaniel, 2013). The 

essence of this component lies in the capacity to actively manipulate relevant information 

while working on a mental task, and replacing old information with new information, 

rather than just storing it in memory (Miyake et al., 2000).  For the most part, studies 

indicate that working-memory abilities continue to improve throughout childhood and 

adolescence (e.g., Anderson et al., 2001; Conklin, Luciana, Hooper, & Yarger, 2007; Lee 

& McDaniel, 2013; Luciana, Conklin, Hooper, & Yarger, 2005; Luna, Garver, Urban, 

Lazar, & Sweeney, 2004).  

Inhibition refers to the ability to deliberately filter out distracting or interfering 

stimuli; namely, automatic responses or prepotent cognitive processes (Lee & McDaniel, 

2013; Miyake et al., 2000).  Most researchers agree that the ability to inhibit and exert 

cognitive control is essential for successful cognitive functioning (e.g., Best et al., 2009; 

Kray, Eber, & Lindenberger).  On the whole, there appears to be some discrepancies 
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between the studies in relation to the age at which inhibition abilities reach adult levels 

(e.g., Leon-Carrion, Garcia-Orza, & Perez-Santamaria, 2004). For example, some studies 

have shown inhibition reaching adult levels by late childhood or early adolescence (e.g., 

Levin et al., 1991; Williams, Ponesse, Schachar, Logan, & Tannock, 1999).  In contrast, 

other studies have shown the continual development of inhibition until late adolescence 

(e.g., Huizinga et al., 2006; Leon-Carrion et al., 2004; Luna et al., 2004).  Best et al. 

(2009) have argued that a possible reason for the discrepancies found between the studies 

could pertain to task complexity and task sensitivity.  In particular, complex cognitive 

inhibition tasks may be more sensitive to subtle improvements in performance across 

adolescence than simpler inhibition tasks (e.g., Huizinga et al., 2006; Levin et al., 1991). 

Taken together, the literature seems to suggest that some aspects of executive 

functioning may continue to develop beyond childhood and into adolescence.  This in 

turn, plays an important role in the overall improvement in cognitive functioning in 

children and adolescents (Anderson, 2002).  Moreover, understanding the development of 

the components of executive functioning may be able to provide insight into the 

development of other cognitive abilities such as memory (Raj & Bell, 2010).  In fact, it 

has been proposed that executive functioning supports the development of complex 

memory abilities, including PM and RM throughout childhood and adolescence (see Raj 

& Bell, 2010).  The next section provides a summary of the development of RM in 

childhood and adolescence.  

The Development of RM in Childhood and Adolescence 

In the field of memory development, it has been proposed that memory abilities 

(e.g., immediate and delayed recall, learning, and recognition) may show different 
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developmental patterns across childhood and adolescence.  In fact, de Haan, Mishkin, 

Baldeweg, and Vargha-Khadem (2006) proposed that the development of memory 

abilities from infancy to late childhood unfolds in a sequence.  First, familiarity-based 

recognition (i.e., implicit memory) emerges (e.g., Billingsley, Smith, & McAndrews, 

2002; Ofen et al., 2007) followed by recall (both immediate and delayed; e.g., Schneider, 

Knopf, & Stefanek, 2002), and then more complex memory abilities, such as source 

memory (i.e., memory for contextual details; e.g., de Chastelaine, Friedman, & 

Cycowicz, 2007).  Explicit memory (both semantic and episodic) has been shown to 

develop from infancy through to early school years, with semantic memory developing 

earlier than episodic memory (de Haan et al., 2006).  But beyond childhood, memory 

functioning appears to reach adult-like levels and only shows a subtle improvement 

through to early adolescence (Schneider, 2010).  

The early development of memory functions has been linked to the early 

development of the specific brain regions that underlie it (i.e., the medial temporal lobe 

[MTL]; Ofen et al., 2007).  In particular, Cycowicz (2000) proposed that the differential 

maturation of these brain regions might account for the differential developmental 

trajectories of different memory functions.  For instance, Ofen et al. (2007) examined 

MTL and prefrontal cortex activation for successful memory formation in children, 

adolescents, and young adults ranging from 8 to 24 years using a remember-know 

paradigm in an fMRI study.  Participants were scanned as they were presented with 

images of indoor and outdoor scenes and instructed to memorise these images for a later 

memory test.  
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Overall, Ofen et al. (2007) found that familiarity-based recognition (i.e., “know 

responses”, where participants recognised the scene but were unable to provide any 

details about their experience of it) did not change with age (from 8 to 24 years), and that 

this was reflected by the stability of memory-related activations in the MTL across age.  

In contrast, the researchers found that recognition based on contextual details (i.e., 

“remember responses”, where participants remembered the scene and were able to 

provide specific details about their experience of it) improved with age (from 8 to 24 

years), and that this was associated with the age-related increases in the activations in the 

prefrontal cortex.  The authors attributed the slower development of recognition memory 

based on contextual details to the continual maturation of the prefrontal cortex throughout 

childhood and adolescence, and they suggested that the immaturity of the prefrontal 

cortex might limit the specificity and vividness of memories in these age groups.   

Vakil, Blachstein, and Sheinman (1998) argued that the development of memory 

functions from early childhood to late adolescence is not linear.  In their study, they 

examined the performance of 943 children and adolescents (aged 8 to 17 years and 

divided into 10 age cohorts) on a number of memory components from the Rey Auditory-

Verbal Learning Test (RAVLT).  Participants were read 15 words (common nouns) five 

times at a rate of one word per second and were required to immediately recall this word 

list (learning trials).  Following this, participants were read 15 new words and were 

required to immediately recall this new word list (interference trial).  After this, 

participants were required to recall the first list without any further presentation of this 

word list.  After a 20 min delay, participants were once more asked to recall the first list 

(delayed recall).  A recognition trial followed where participants had to identify the first 
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list of words in a given list of 50 words (that consisted of distractor words). Participants 

were finally presented with the first list of words (not in order) and were required to write 

the words in the order in which they had been read out.  

Overall, the findings showed that the 8- to 10-year-olds were more distinguishable 

on all these measures than the other age groups (i.e., 11- to 17-year-olds).  The authors 

suggested that the effect of age on the scores of the RAVLT is nonlinear, with the 

differences within the 8 to 10-year-olds being more “dynamic” than the differences 

within the 11- to 17-year-olds.  Therefore, they concluded that there is a discontinuity in 

the development of memory from 11 years onwards.  

Although there has been moderate amount of research in the development of RM 

in children and adolescents, PM development in adolescence has been mostly neglected 

in the literature (Wang et al., 2011).  PM has been found to rely heavily on the prefrontal 

cortex (e.g., McDaniel et al., 1999).  Components of executive functioning have been 

specifically linked to the different stages of prospective remembering (McDaniel & 

Einstein, 2007).  Given the continual development of the prefrontal cortex in adolescence 

(e.g., Spear, 2000), PM may continue to improve and develop throughout childhood and 

adolescence.  The next chapter will review the literature regarding PM and its 

development across adolescence.
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CHAPTER THREE 

PM: Tasks, Theories, and Lifespan Development 

Throughout the lifespan, the capacity to plan and carry out future behaviour in 

everyday life is of fundamental importance to maintaining one’s independence and 

autonomy (Ellis & Freeman, 2008). PM refers to the ability to remember to carry out a 

previously formed intention at some point in the future (Ellis, 1996). This can range from 

simple daily tasks, such as remembering to record a favourite TV show to more important 

and crucial tasks, such as remembering to pick up one’s child after sports training. PM 

research is on the rise and has attracted considerable interest in many research areas, 

including mental health (Henry, Rendell, Kliegel, & Altgassen, 2007), childhood 

development (Ceci & Bronfenbrenner, 1985), adulthood and ageing (Ellis et al., 1999; 

West & Covell, 2001), traumatic brain injury (Shum, Valentine, & Cutmore, 1999), 

virtual reality training (Yip & Man, 2013), cognitive neuroscience (West, 2011), and 

applied clinical practices (Wang et al., 2012).  Cognitive mechanisms underlying PM 

performance have also become a major research area in PM research (Kliegel, Martin, 

McDaniel, & Einstein, 2002). 

According to Neisser (1982), the act of remembering may represent either one of 

two distinct forms of cognitive processes: remembering what has been done and 

remembering what will be done. In essence, PM would represent the latter cognitive 

process, which has since been described as “remembering to remember” (McFarland & 

Glisky, 2009, p. 1600). This distinction is important as it highlights the key differences 

between PM and RM. To illustrate, RM is memory for past events such as remembering 

where one’s car is parked at a shopping centre or remembering a list of words. In 
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contrast, prospective remembering requires more than just remembering past events and 

learned facts. In fact, it requires a number of different underlying processes to support it. 

For example, one must form an intention (e.g., remember to post a letter), hold it in mind 

while working on other activities (e.g., daily work routines), monitor the environment for 

important cues in order to initiate the action at the right time (e.g., noticing the red 

mailbox just outside the office building), and execute that previously formed intention 

(e.g., posting the letter; Kliegel et al., 2002). These underlying processes have been 

linked to the prefrontal system in the brain (Burgess, Scott, & Frith, 2003).  

In this chapter, the characteristics and components of a PM task are described. In 

particular, the phases associated with prospective remembering (i.e., formation, encoding, 

initiation, and execution) and the underlying executive processes associated with these 

phases (e.g., planning, monitoring, and inhibiting) are discussed. Furthermore, recent 

advances in the theoretical understanding of PM have led to the development of models 

of PM (e.g., multiprocess theory [MPT] and preparatory attentional and memory 

processes theory [PAM theory]). A summary of these models with particular emphasis on 

how each model addresses PM retrieval is provided. To conclude, the development of PM 

is summarised in the context of understanding the cognitive processes associated with 

successful and unsuccessful PM performance across the lifespan. 

The PM Task 

Ellis and Freeman (2008) depicted PM as an umbrella term, used to describe both 

a type of task and the cognitive processes underlying one’s performance on this type of 

task. A challenge for PM researchers has been to identify and define characteristics that 

differentiate PM tasks from RM tasks (McDaniel & Einstein, 2000). For the most part, 
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PM tasks have focused on two parts: the prospective component (remembering to recall 

that intention) and the retrospective component (remembering the content of an 

intention). Despite PM having a retrospective component, PM tasks differs from RM 

tasks as PM tasks incorporate a number of underlying cognitive processes (e.g., 

monitoring for cues, inhibition etc.) that are not required by standard RM tasks 

(McFarland & Glisky, 2009). In a typical experiment, the retrospective component is 

usually made easy to remember so that the main focus of the task is the prospective part 

of it (McDaniel & Einstein, 2007).  

To reflect the natural characteristics of PM in the laboratory, McDaniel and 

Einstein (2007) established guidelines for designing PM tasks.  First, they stated that the 

execution of the intended action should be delayed and not explicitly prompted. This was 

to separate PM from RM, where recollection is usually immediate upon prompting. 

Second, they stated that the PM task should be embedded in an ongoing activity, for to 

truly challenge PM, there must be an interruption of a “flow of thoughts” (McDaniel & 

Einstein, 2007, p. 6). Third, they stated that the window for response must be constrained. 

For example, the window for response for buying milk on the way home would be 

constrained within the journey home. Failure to execute the delayed intention within the 

specific time frame constitutes a PM failure. Last, McDaniel and Einstein stated that there 

must be an intention; to distinguish PM from other kinds of behaviour, an intention must 

be consciously formed. Moreover, to distinguish PM from general vigilance (intention 

remaining active in working memory), the intention should be realised “while not 

thinking of it” (McDaniel & Einstein, 2007, p. 9). An example of a standard laboratory 

PM task would be a participant completing an ongoing task (e.g., a semantic-relatedness 
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task) while having to perform a specified action whenever a PM cue is presented, such as 

pressing the letter V when magenta-coloured letters are presented (Zöllig et al., 2007). 

PM tasks can be classified into three different categories: (a) event-based, (b) 

time-based, and (c) activity-based (McDaniel & Einstein, 2007). Event–based PM tasks 

refer to remembering to do something when a specific event occurs; for example, 

remembering to give somebody a certain message when they enter the room. Time–based 

PM tasks refer to remembering to do something at a specific time; for example, 

remembering to call somebody at 3pm. Activity–based PM tasks refer to remembering to 

do something after a certain activity; for example, remembering to rinse off after getting 

out of the pool (McDaniel & Einstein, 2007). In general, PM tasks can consist of an 

ongoing task with either just a single PM intention (e.g., Maylor & Logie, 2010) or 

multiple PM intentions (e.g., Zöllig et al., 2007). At the present time, there is a growing 

trend to use multiple PM intentions embedded within an ongoing task. It is reasoned that 

this process allows for the careful control, accurate and reliable measurement, and 

systematic experimental manipulation of PM performance (Ellis et al., 1999). Kliegel, 

Mackinlay and Jager, (2008b) have argued, however, that these simplified PM tasks 

(often with repeated intentions) may not fully capture all the underlying phases of 

prospective remembering.  

For this reason, Kliegel et al. (2002) proposed the process model of PM. In 

particular, the objective of this model was to disentangle the four phases of prospective 

remembering (i.e., intention formation, intention retention, intention initiation, and 

intention execution), and to provide a PM paradigm to which each of the four phases and 

their interplay could be studied (Kliegel et al., 2002). The Six-Elements Task (SET; see 
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Shallice & Burgess, 1991) was modified so to allow a separate measurement of each of 

the four phases of PM rather than just a measurement of just one phase (i.e., the intention 

initiation phase; see Table 1). Furthermore, the influence of executive functioning on PM 

performance at each phase of the PM process was also examined. Kliegel et al. (2002) 

found that different executive processes were associated with PM performance at each of 

the four phases of the PM process. More specifically, tests of planning and nonverbal 

fluency were found to correlate with performance at the intention formation stage. For the 

intention retention phase, no executive functions were found to correlate with 

performance (it was reasoned that there is a reliance on retrospective storage capacity at 

this stage). For the intention initiation phase, tests of cognitive flexibility and monitoring 

were found to correlate with performance at this stage. For the final phase of intention 

execution, tests of inhibition and nonverbal fluency were found to correlate with 

performance at this stage. These executive processes have been linked to the prefrontal 

system of the brain (Burgess et al., 2003). The role of the prefrontal lobe in prospective 

remembering is described in the next section.  
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Table 1 

Measurement of Performance at Each Phase of PM for the Six Elements Taska  

Intention formation Intention retention Intention initiation Intention execution 

Participants were 

required to plan and 

state how they were 

going to initiate and 

attempt each of the 

6 subtasks. 

After completing a 

number of distractor 

activities, 

participants had to 

verbally recall their 

previously formed 

plans. 

Participants were 

required to initiate 

the first subtask, 

without a prompt, 

and after completing 

a specified activity.  

Participants had to 

switch from the first 

subtask and attend 

to the remaining 5 

subtasks (each at 

least once within a 

certain time period). 

aSee Kliegel et al. (2008) for a full description 

 
Role of the Prefrontal Lobes in PM 

There is a growing consensus that the prefrontal lobes play an important part in 

supporting prospective remembering (Burgess et al., 2003; Marsh & Hicks, 1998; 

McDaniel et al., 1999; West, 1996). Direct evidence for this contention is provided by 

studies with patients with frontal lesions who showed impaired PM compared to healthy 

controls (e.g., Fortin, Godbout, & Braun, 2003; Shallice & Burgess, 1991); studies 

linking executive functioning with PM performance (Kliegel et al., 2002; McDaniel et al., 

1999); neuroimaging studies (Burgess et al., 2003; Okuda et al., 1998); and ERP studies 

(e.g., for a review see West, 2011). As previously mentioned, PM tasks generally have no 

explicit prompts to help one remember a previously formed intention. Therefore, it has 

been argued that prospective remembering is largely dependent on self-initiated and 
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conscious cognitive processes (Craik, 1986). Moreover, much of the self-initiated 

processing required for PM tasks is thought to be reliant on prefrontal-lobe processes 

(McFarland & Glisky, 2009). PM tasks often incorporate a number of prefrontal-lobe 

processes that are associated with successful prospective remembering, including 

planning, monitoring the environment for a cue, and interrupting and inhibiting the 

ongoing task (Kliegel et al., 2008b; Kliegel et al., 2002; McFarland & Glisky, 2009). In 

fact, it has been proposed that age-related differences in PM may reflect age-related 

differences in prefrontal functioning (McDaniel, Einstein, Stout, & Morgan, 2003; West, 

1996). 

To test the hypothesis that PM is dependent on prefrontal-lobe functioning, 

McDaniel et al. (1999) examined PM performance in 41 older adults who were 

categorised as being either high or low in prefrontal-lobe functioning. Participants were 

required to complete an event–based PM task that consisted of a multiple–choice trivia 

test (the ongoing component). There were two sets of questions; half of the participants 

completed Set 1 and the other half completed Set 2.  For the PM component, participants 

were required to press the F8 key whenever the word “president” (for Set 1) or the word 

“state” (for Set 2) appeared in one of the questions. Cue salience was also manipulated 

within groups: words were either shown in bold (more salient) or kept normal (less 

salient).  Results of the study showed that participants in the high–prefrontal functioning 

group performed significantly better on PM than participants in the low–prefrontal 

functioning group. Moreover, there was significantly better PM performance with the 

high salient cues in comparison to the low salient cues, but no interaction between group 

and cue salience was found.  Taken together, these results support the idea that executive 
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functions (served by the prefrontal system) help facilitate successful prospective 

remembering.  

Likewise, Martin, Kliegel, and McDaniel (2003) examined the role of executive 

function processes in a variety of PM tasks including a simple PM task (viz., Rivermead 

Behavioral Memory Test: RBMT), standard PM tasks (viz., event- and time-based), and a 

complex PM task (viz., the modified SET). Participants consisted of 40 young adults and 

40 older adults.  A composite score of the three measures of executive functioning (viz., 

WCST, the Stroop test, and TOL) was used as the dependent measure of executive 

functioning, and older adults were split according to whether they exhibited high or low 

executive functioning. The results showed significant age-related decline on all the PM 

tasks except the RBMT.  In addition, executive functioning (but not age) predicted PM 

performance on the standard PM tasks.  For the complex PM task, however, both 

executive functioning and age predicted PM performance.  Furthermore, executive 

functioning was found to correlate significantly with PM performance on the three PM 

tasks (excluding the RBMT) for the older adults only.  The findings of this study lend 

further support to the role of prefrontal lobes in prospective remembering, particularly 

when the need for self-initiated processing is increased (McFarland & Glisky, 2009).  

It is important to note, however, that the role of executive functioning in PM 

performance may not be applicable to all PM task types. For instance, Kliegel et al. 

(2008b) stated that the role of executive function processes in prospective remembering 

should only be more apparent on PM tasks that require strategic, conscious monitoring 

processes; namely, PM tasks that require a significant number of self-initiated processes 

(Craik, 1986).  In addition, McDaniel and Einstein (2000) argued that under some 
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conditions (e.g., strong cue–target association or distinct PM cues), prospective 

remembering may rely on more spontaneous or automatic retrieval processing.  Hence, an 

important question is to what extent does PM retrieval require capacity?  This question 

will be addressed in the following section.    

Theories of PM 

 A notable feature of prospective remembering is that the retrieval of a delayed 

intention is self-initiated and occurs without any direct prompting (Craik, 1986; 

McDaniel & Einstein, 2000).  In fact, it has been proposed that one must monitor for cues 

or check for a signal in the environment in order to perform the intended action at the 

appropriate moment. For instance, the test-wait-test-exit model of PM (Harris & Wilkins, 

1982) proposes that individuals are likely to periodically check for cues to determine 

whether the conditions are right for performing the intended activity (the “test”). If the 

timing is too early, then one must “wait” and go back to one’s other ongoing activities. 

After a wait period has elapsed, the process is repeated again and only stops (the “exit”) 

when the “test” confirms that the appropriate time to perform the intended action has 

arrived (McDaniel & Einstein, 2007).  In contrast, the reflexive-associative theory (RAT) 

proposes that one does not need to continuously monitor for cues, for once the cue has 

been encountered, the cognitive system automatically retrieves the intended action from 

memory (Einstein & McDaniel, 1990) 

McDaniel and Einstein (2000) noted, however, that previous findings have shown 

discrepancies in both of these perspectives.  In an attempt to address these issues and 

amalgamate these different perspectives, McDaniel and Einstein (2000) proposed the 

multiprocess theory (MPT). This theory proposes that both direct retrieval and automatic 
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retrieval can support prospective remembering.  In contrast, Smith and colleagues (2003; 

Smith & Bayen, 2004; Smith, Hunt, McVay, & McConnell, 2007) proposed the 

preparatory attentional and memory process (PAM) theory, which specifically states that 

the retrieval of a PM intention is never automatic (Smith, 2008, 2010; Smith et al., 2007).  

The next section reviews these two theories of PM in more detail. 

PAM theory. One important tenet of the PAM theory is that “retrieval capacity-

consuming preparatory processes” (Smith, 2003, p. 349) must always be engaged for 

successful prospective remembering.  That is, the PAM theory proposes that successful 

prospective remembering relies on capacity-consuming processes that constantly monitor 

the environment for PM cues (Smith, 2003). These “preparatory processes” can take the 

form of either conscious strategic monitoring for nonsalient cues, or a more subtle form 

of monitoring (for salient cues) which remains outside the focus of attention (Smith, 

2003).  Moreover, increasing the attentional demands on the ongoing task reduces the 

attentional resources needed for prospective monitoring. Smith et al. (2007) argued that 

since preparatory processes occur prior to the appearance of the PM target, there are 

reduced resources available for the ongoing task component, even if the PM target is not 

presented.  In support of this view, studies have shown a cost to ongoing task 

performance when a PM component in embedded in the overall task (e.g., Marsh, Hicks, 

Cook, Hansen, & Pallos, 2003; Smith, 2003; Smith & Bayen, 2004; Smith et al., 2007).  

Moreover, studies have also found that when resources devoted to the ongoing task are 

increased, PM performance is reduced (e.g., Marsh & Hicks, 1998).   

MPT. McDaniel and Einstein (2000) questioned the stance regarding the 

continuous monitoring between the forming of the intention and its execution. They 
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argued that given the delay between forming the intention and executing it, capacity–

consuming monitoring processes would be too costly for smooth day-to-day functioning. 

Moreover, they suggested that most people would rather devote their attention to the task 

at hand rather than having to allocate their attention to prospective monitoring.  

Therefore, they proposed that different retrieval processes (either directed retrieval or 

spontaneous retrieval) could be engaged in prospective remembering depending on the 

situation and the nature of the ongoing task.  The basic idea is that delayed intentions can 

be retrieved strategically according to the attention-demand process of PAM theory, but 

they can also be retrieved automatically when a target event occurs in the environment.  

Furthermore, McDaniel and Einstein (2000) argued that there is a bias towards the 

reliance on automatic or spontaneous retrieval processes.  

In support of the MPT, studies have shown that PM retrieval may occur 

spontaneously without any costs to the ongoing task, but only when the PM cues are focal 

rather than nonfocal to the ongoing task (e.g., Einstein et al., 2005; Marsh et al., 2003). 

Focal cues refer to PM cues that exhibit certain features of the ongoing task (e.g., 

responding to the PM cue “cat” while completing a lexical-decision task), whereas 

nonfocal cues refers to PM cues that do not have any defining features of the ongoing 

task (e.g., responding to the PM cue “animal category” while completing a lexical-

decision task; McDaniel & Einstein, 2007).  According to the MPT, the circumstances in 

which the retrieval of a delayed intention may be automatic include (a) focal and distinct 

cues, (b) strong cue–target association, and (c) good planning. The MPT assumes that 

when these conditions are met, the retrieval of the intention should occur automatically 

without any cost to the ongoing activity (McDaniel & Einstein, 2007).    
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In an attempt to examine the validity of the MPT, Smith et al. (2007) conducted 

two experiments that were designed to meet simultaneously all the conditions required 

for automatic retrieval of delayed intentions (i.e., salient cues, strong cue-target 

association, focal cues, etc.).  Despite meeting these stringent criteria, their experiments 

showed a significant cost to ongoing task performance. They concluded that their results 

supported the predictions proposed by the PAM theory; namely that resource-demanding 

processes (i.e., monitoring processes) are required for successful prospective 

remembering (Smith, 2003; Smith, 2010; Smith et al., 2007).  In response to this 

conclusion, Einstein and McDaniel (2010) argued that the existence of a significant cost 

to ongoing task performance does not automatically indicate that spontaneous retrieval 

processes were not also occurring or that preparatory processes were required for all or 

any of the PM retrievals.  Rather, they argued that a significant cost to ongoing task 

performance might simply indicate that enough participants (on enough trials) were 

engaged in preparatory processes, which resulted in the slowing down of ongoing task 

performance.  Smith (2010) further responded by arguing that the MPT predicted that if 

certain conditions were met, no costs to ongoing performance should be found; Smith et 

al. found a cost, so their findings do not support that of the MPT.  Smith (2010) 

concluded that to test the validity of the MPT, a different set of criteria must be specified.  

How a PM intention is successfully retrieved is still an unresolved issue and 

therefore research in this area is still ongoing.  Nonetheless, both the PAM theory and the 

MPT have provided a conceptual framework from which PM researchers can explore the 

cognitive processes associated with successful and unsuccessful PM performance across 
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the lifespan (Einstein et al., 2005; Henry et al., 2004; Kliegel et al., 2008b). The next 

section summarises the findings in relation to the trajectory of PM across the lifespan. 

PM Across the Lifespan 

To date, only a small number of studies have investigated the development of PM 

across the lifespan (Kliegel et al., 2008b; Mattli, Zollig, & West, 2011; Maylor & Logie, 

2010; Zimmermann & Meier, 2006, 2010; Zöllig et al., 2007).  In sum, results from these 

studies suggest that the development of PM across the lifespan follows an inverted U-

shaped curve, with PM improving in children and declining in older adults.  However, the 

developmental mechanisms that underlie PM differences across the lifespan are still not 

well understood.  For example, it has been suggested that several underlying processes 

may account for PM failures across the lifespan, including failure in identifying the target 

cue in the environment (PM component), failure to disengage from the ongoing task 

despite noticing the target cue, having insufficient resources to switch to the PM task 

from the ongoing task, and partly forgetting the content of the intended action (RM 

component; Kliegel et al., 2008b; Zimmermann & Meier, 2006; Zöllig et al., 2007).  

Kliegel, Mackinlay, and Jager (2008a) have suggested that age-related variation of PM 

might be a result of the differential involvement of cognitive resources at each stage of 

prospective remembering.  

In an earlier study, Zimmermann and Meier (2006) investigated the development 

of PM across the lifespan in a total of 200 participants from five age groups (4- to 6-year-

old children, 13- to 14-year-old adolescents, 19- to 26-year-old adults, 55- to 65-year-old 

adults, and 65- to 75-year-old adults).  For the ongoing component, participants were 

required to complete a picture comparison task, where they had to indicate whether a pair 
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of pictures (identical picture pair or nearly identical picture pair) was identical.  In 

addition, participants had to hold down the shift key during the ongoing task.  For the PM 

component, participants had to first release the shift key and then press the y key if a 

picture pair contained a picture of an animal (PM cue).  Overall, the results revealed the 

inverted U-shaped trajectory with PM performance (as measured by the proportion of 

correct responses) increasing from childhood to adulthood and declining from adulthood 

to later adulthood. Moreover, older adults had significantly more retrospective errors than 

the other age groups, and children made more false alarms than the adults (19- to 26-

year-olds and 55- to 65-year-olds).  Taken together, the results suggest that different 

processes might underlie performance on the prospective and retrospective components 

of PM across the lifespan (Zimmermann & Meier, 2006).  Research into the development 

and trajectory of PM across the lifespan has increased in the last five years and has 

particularly focused on the development of PM in children and the nature of the decline 

of PM in older adults.  

Older adulthood. For the most part, lifespan studies of PM have been concerned 

with normal ageing and have consequently concentrated on older adults 60 years and 

older (see McDaniel & Einstein, 2007). Accordingly, there appears to be an “age-PM 

paradox” (Phillips, Henry, & Martin, 2008, p.180).  In particular, studies have shown an 

age-related decline in PM performance in later adulthood (e.g., Cherry et al., 2001; 

Maylor, 1996; Maylor & Logie, 2010; West & Covell, 2001; Zimmermann & Meier, 

2006; Zöllig et al., 2007).  However, other studies have found no such evidence of an 

age-related decline in PM performance in later adulthood (e.g., Einstein & McDaniel, 

1990; Einstein, McDaniel, Richardson, Guynn, & Cunfer, 1995). Furthermore, some 
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studies have shown older adults performing as well as, or better than, younger adults in 

naturalistic settings (Rendell & Thomson, 1993, 1999).  In their meta-analytic review, 

Henry et al. (2004) found that across the many studies of aging and PM in naturalistic 

settings, older adults were found not only to compensate for age-related decline in basic 

cognitive-processing mechanisms but also found to outperform younger adults.   

McDaniel, Einstein, and Rendell (2008) proposed that the apparent age effects in 

PM could be due to a number of moderating variables such as the difficulty of the 

ongoing task (Einstein, Smith, McDaniel, & Shaw, 1997), motivation to complete the PM 

task (Rendell & Craik, 2000), the complexity of the PM task (Kliegel, McDaniel, & 

Einstein, 2000), and the type of PM cue used (focal vs. nonfocal; Rendell, McDaniel, 

Forbes, & Einstein, 2007).  In addition, older adults may have more control of the pace of 

ongoing activities in naturalistic settings and therefore may have more resources for self-

initiated reminders and monitoring of PM cues (McDaniel & Einstein, 2007). In sum, 

although much of the previous research have shown a decline in PM performance in later 

adulthood, more research is needed to distinguish how and when PM in older adults is 

compromised (Phillips et al., 2008). 

Childhood.  In contrast to the large number of studies that have investigated the 

decline of PM in older adults, the development of PM in children (4- to 12-year-olds) has 

only just started to gain the interest of researchers, especially in the past two years (for a 

special issue relating to PM in children, see Mahy, Kliegel, & Marcovitch, 2014). 

Kvavilashvili, Kyle, and Messer (2008) expressed their concerns about the lack of 

research in the development of PM in childhood and gave two possible explanations for 

the lack of research in the development of PM across childhood.  First, there may be an 
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assumption that research on children is simply just an extension of research on adults and 

will therefore shed no light on the underlying mechanisms of PM.  Secondly, the lack of 

well-established methods and PM tasks suitable for a wide age range of children makes 

research in children methodologically more difficult than research in adults.  

Kvavilashvili et al. argued that despite these problems, developmental research has much 

to offer to the PM literature.  For example, developmental research can inform and 

contribute to the understanding of the underlying processes associated with PM retrieval 

as outlined, for example by MPT and PAM theory. In addition, such research can be used 

to compare the developmental trajectory of PM relative to RM in children.  

Developmental research can also provide further insight into the development of 

executive functioning in children and adolescents.  

It is important to note that for the most part PM has been shown to improve 

throughout childhood (Guajardo & Best, 2000; Kerns, 2000; Passolunghi, Brandimonte, 

& Cornoldi, 1995; Rendell, Vella, Kliegel, & Terrett, 2009).  From as young as 3 years of 

age, children are able to carry out PM tasks (Guajardo & Best, 2000), and as they grow 

older, children become increasingly proficient at using strategies (e.g., external cues) or 

executive control processes (e.g., monitoring) to enhance prospective remembering (Ceci 

& Bronfenbrenner, 1985; Kerns, 2000).  Despite these findings, research has only 

focused on a small age range of children (Kvavilashvili et al., 2008).  One of the few 

studies to investigate the development of PM across a wide range of children (6 to 12 

years) is that by Kerns (2000).  Kerns designed a PM paradigm that not only engaged 

children across a wider age range but also required the utilisation of skills possessed by 

most children.  The task was a driving game called “Cyber Cruiser” where children had 
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to gain as many points as possible by driving as fast as they could without hitting any 

other vehicles (or they lost points).  For the prospective component of the task, children 

had to refuel their vehicles by pressing another button but only when the gauge was at a 

specific point.  If children ran out of “gas”, their accumulated points were lost.  The 

number of times each child ran out of gas indicated the number of PM failures.  

Furthermore, the number of times each child checked the gauge indicated the amount of 

monitoring.  The children also completed several measures of executive functioning, 

including two tasks of visual working memory (viz., the delayed alternation–

nonalternation task and Self-Ordered-Pointing-Task [SOPT]), and two tasks of inhibition 

(viz., the Go/No-Go task and the Stroop test).  Overall, the results showed that although 

there were no differences in monitoring between the age groups, older children still 

performed better than younger children.  In addition, the results showed that after 

controlling for age, the number of PM failures was correlated with three measures of 

executive functioning (viz., the nonalternation component of the delayed alternation task, 

SOPT, and the Stroop test).  Taken together, these findings suggest that the improvement 

of PM with increasing age may be related to the development of executive functioning in 

childhood (Kerns, 2000).  

Likewise, Shum, Cross, Ford, and Ownsworth (2008) investigated the effects of 

interruption on a PM task in two groups of children, 8- to 9-year-olds and 12- to 13-year-

olds. Participants in each age group were randomly assigned to either an interrupted 

(where participants were interrupted three times during the PM task) or a noninterrupted 

condition (where participants were not interrupted during the PM task).  For the 

interruption condition, participants were interrupted three times during the PM task and at 
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each time they were required to complete a task lasting approximately 4 min each.  The 

relationship between PM performance and executive functioning (viz., scores on the 

Controlled Oral word Association Test [COWAT], the Letter–Number Sequencing Test 

[LNST], the Stroop test, and the Trail Making Test [TMT]) was also examined.  For the 

ongoing task, the children in each condition were required to read an age-appropriate 

story aloud. For the PM component, children had to substitute a target word in the 

passage with another word.  Participants were also asked questions about the story’s 

narrative after they had finished reading.  Overall, the results showed that the older 

children had better PM performance than the younger children.  In addition, interruption 

had no impact on PM performance in the older group but had an impact on PM 

performance in the younger group.  In regards to the relationship between PM 

performance and executive functioning, a significant relationship was found in the 

interruption condition only (after controlling for age).  Overall, the results were consistent 

with those in the Kerns (2000) study, suggesting that PM improves with age in line with 

the improvement of executive functioning in childhood.  

Although the findings of previous studies indicate that PM develops in childhood, 

Kvavilashvili et al. (2008) noted some methodological issues concerning the variability 

and inconsistency of developmental research.  One of their main concerns relates to the 

importance of equating the difficulty of the ongoing task with age.  The researchers noted 

that Kerns (2000) did not analyse the age differences of the participants in the Cyber 

Cruiser game to determine whether the game would be more difficult for the younger 

children than for the older children.  Furthermore, Kvavilashvili et al. argued that most 

studies do not make an attempt to equate the difficulty of ongoing tasks with the age 
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groups used or to report age-related differences on ongoing task performance.  The 

researchers further argued that many of the significant age effects may be attenuated or 

disappear completely if the ongoing task were equated across the different age groups 

(Kvavilashvili et al., 2008).  In addition, Kvavilashvili et al. raised the issue of children 

forgetting to perform the PM task as a result of not remembering they had been given PM 

instructions in the first place.  For this reason, Kvavilashvili et al. recommended that 

children’s memory for PM instructions should be assessed at the completion of the 

experimental PM task.  

Taken together, research in the development of PM across childhood indicates 

that PM improves in childhood along with the development of executive functions.  

Therefore, one might expect age-related differences in PM across adolescence, a period 

of important brain maturation.  Despite extensive research in older adults and a growing 

research interest in children, there has been relatively very little research studying the 

trajectory and nature of PM development throughout adolescence.  This is surprising 

given that adolescence is a period when significant changes in the brain take place, 

especially the prefrontal lobes.  The next section reviews the literature of PM 

development across adolescence.  

Adolescence. There are at least two important reasons why one should expect age-

related differences in PM across adolescence (Wang et al., 2011; Wang, Kliegel, Yang, & 

Liu, 2006).  First, research has shown that executive functions may still continue to 

develop during this period (Anderson et al., 2001).  As previously mentioned, it has been 

proposed that age-related variation of PM performance across the lifespan (e.g., 

Zimmermann & Meier, 2006, 2010) may be associated with age-related efficiency in 



 

 

52 

executive functioning (Kliegel et al., 2008b).  Moreover, the degree to which executive 

functions are involved in a particular PM task may contribute to whether or not age-

related differences in PM performance will emerge (Kliegel et al., 2008a).  

Second, given that previous research has demonstrated a link between PM 

performance and the prefrontal regions of the brain (e.g., Burgess et al., 2003; West, 

1996), there is evidence to suggest these regions of the brain do not reach maturity until 

late adolescence (Blakemore & Choudhury, 2006).  Therefore, the cognitive mechanisms 

(i.e., planning, monitoring the environment for cues, task switching, and inhibiting the 

ongoing task etc.) associated with successful PM retrieval may still be developing in 

adolescence (Wang et al., 2011; Wang et al., 2006).  For this reason, PM should still be 

developing throughout the adolescent years.  However, research with this age range is 

limited and full of inconsistencies.  Table 2 provides a summary of all the studies that 

have compared PM performance in adolescents and young adults (healthy populations).



 

 

53 

Table 2 

Previous Studies on Prospective Memory Performance Comparing Adolescence and Young adults (Event–Based PM Tasks for 

Healthy Population) 

Studies 
 

Sample 
 

Condition 
 

PM Task 
 

EF measures 
 

Results 
 

Ward et al. 
(2005) 
 
 
 
 
 
 
 
 

30 children  
30 adolescents  
(aged 13 to 16)  
30 adults  
 
 
 
 
 
 

Cognitive 
demand (high 
vs. low)  
Importance of 
remembering 
PM cues 
(stressed vs. 
unstressed) 
 
 

OT: Lexical decision task  
PM: Press the target key 
when the PM cue (italic 
letters) appears 
 
 
 
 
 
 

SOPT, 
Stroop and 
TOL 
 
 
 
 
 
 
 

Adults and adolescents remembered 
more PM cues than children and this 
increased as cognitive demand 
increased. However stressing or 
unstressing PM cue made no 
difference to PM performance. 
Performance on the SOPT and 
Stroop predicted PM performance in 
high demand condition only. 
 

Zimmermann 
and Meier 
(2006) 
 
 
 
 

40 children,  
40 adolescents 
(aged 13 to 14) 
40 young 
adults  
40 adults   
40 older adults 

 

OT: Picture comparison task 
PM: Press the target key 
when the PM cue appears 
(animal picture)  
 
 
 

 

Adolescents and young adults scored 
significantly higher than children and 
older adults in PM. There were no 
differences in performance between 
the children and older adults. 
 
 

 
Wang et al. 
(2006) 
 
 
 
 
 
 

 
219 young 
adults 
122 adolescents 
(aged 13 to 16) 
 
 
 
 

 
OT and PM 
emphasis 
(high vs. low) 
 
 
 
 
 

 
OT: Low emphasis: 
questionnaire. High 
emphasis: maths quiz  
PM: Low emphasis: 2 ticks 
for an item with a negative 
word. High emphasis: 3 
ticks for a negative word and 
an odd number 

 

 
The results showed better overall PM 
for the young adult group than for the 
adolescent group. Better performance 
in low OT emphasis than in high OT 
emphasis and for high PM emphasis 
than for low PM emphasis. PM 
emphasis was more influential for 
adolescents than for young adults.  
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Zöllig et al. 
(2007) 
 
 
 
 
 

14 adolescents  
(aged 13 to 14) 
14 young 
adults  
14 older adults 
 
 

 

OT: Semantic relation task 
PM: Press the target key 
when the PM cue appears 
(colour) 
 
 
 

 

PM performance across the lifespan 
revealed the U-shape with an 
increase from adolescents to young 
adults and a decline from young 
adults to older adults. 
 
 

Maylor and 
Logie (2010) 
 
 
 
 
 
 
 
 

318,614 
subjects  
(adolescents 
aged 12 to 17) 
 
 
 
 
 
 

Temporal 
uncertainty of  
of the PM cue 
(“at the end of 
the test” or 
“later in the 
test”) 
 
 
 

OT: Memory tests 
PM: Click the smiley face 
when it appears as per 
instructions 
 
 
 
 
 
 

 

Maximal PM was reached by 
adolescence then began to decline.  
No significant differences found 
between children and adolescents.  
PM was better when participants 
were told that the PM cue would 
appear “later” in the task than for 
“end” of the task. 
 
 

Zimmermann 
and Meier 
(2010) 
 
 
 
 
 

116 adolescents 
(aged 10 to 14) 
178 adults and   
143 old adults 
 
 
 
 

PM  
instructions 
(implementat-
ion intentions 
vs. standard  
Instructions 
 
 

OT: Lexical decision task 
PM: Press the target key 
whenever the PM cue 
appears (animal word) 
 
 
 
 

 
 

Young adults performed significantly 
better than adolescents and older 
adults on PM. Older adults and 
adolescents benefited from 
implementation intention 
instructions. 
 
 

Wang et al. 
(2011) 
 
 
 
 
 
 
 
 

60 adolescents 
(aged 11 to 14)  
59 young 
adults  
 
 
 
 
 
 

Cue focality 
(nonfocal PM 
cues vs. focal 
PM cues) 
 
 
 
 
 
 

OT: Spatial working 
memory  
PM: For focal cues press a 
key when the PM cue 
appears. For nonfocal cues, 
press a key whenever 
background colour changes 
to yellow. 
 
 

 
 
 
 
 
 
 

Results showed that young adults had 
more PM hits than adolescents. 
Young adults performed significantly 
better than adolescents in the 
nonfocal condition only. There were 
no differences between groups on the 
OT.  
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Note. OT = ongoing task; SOPT = Self-Ordered Pointing Task; TOL = Tower of London; COWAT = Controlled Oral Word Association Test; LNST = 
Letter–Sequencing Test; TMT = Trail Making Test. 

Altgassen, 
Vetter, 
Phillips, 
Akgün, and 
Kliegel (2014) 
 
 
 
 
 
 
 
 
 
 

42 adolescents 
(aged 13 to 14) 
41 young 
adults 
 
 
 
 
 
 
 
 
 
 
 

Single-task 
and dual-task 
block ongoing 
task with an 
embedded PM 
task (nonfocal 
cues) 
 
 
 
 
 
 
 
 

OT: Count the number of 
vowels in two presented 
words and press the left or 
right arrow key depending 
on which word had more 
vowels (single-task).  
PM: Press the space bar as 
quickly as possible 
whenever one of the 
presented words is a verb 
and then make the OT 
response (dual-task block)  
 
 
 

Antisacade 
task, Letter 
memory 
task, and 
Colour–
shape task. 
Theory of 
mind was 
also 
measured 
 
 
 
 
 

Results showed that young adults 
outperformed adolescents on the OT 
task, PM task, the theory of mind 
task, and all 3 tests of executive 
function. Theory of mind and 
switching predicted PM performance 
in adolescents only (after controlling 
for verbal and nonverbal abilities and 
OT performance).  
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As seen in Table 2, the results of these studies vary considerably and many 

inconsistencies still exist.  For example, some studies showed adolescents performing at a 

similar level to young adults (Ward et al., 2005; Zimmermann & Meier, 2006), or better 

than young adults (Maylor & Logie, 2010), whereas other studies showed adolescents 

performing worse than young adults (e.g., Altgassen et al., 2014; Wang et al., 2011; 

Zimmermann & Meier, 2010; Zöllig et al., 2007).  Note that Wang et al. (2011) found 

that adolescents only performed worse than young adults when the PM cues were 

nonfocal to the ongoing task.  When the PM cues were focal to the ongoing task, the 

performance of adolescents was equivalent to the performance of young adults.  It has 

been proposed that PM tasks that vary in the level of cognitive demand (e.g., using 

nonfocal cues) might increase the likelihood of age-related differences being found 

(Altgassen et al., 2014; McDaniel & Einstein, 2000; Wang et al., 2011).  In line with this 

proposal, Altgassen et al. (2014) found the performance of adolescents to be worse than 

that of young adults on a PM task that consisted of nonfocal cues.  

In addition to cue focality, PM task emphasis may also contribute to whether or 

not age-related differences in PM between adolescents and young adults will emerge.  

Wang et al. (2006) found that PM performance was lower for adolescents in comparison 

to that of young adults; however, when the importance of the PM component of the task 

was stressed over the ongoing component, adolescents’ PM performance was found to be 

equivalent to young adults.  Therefore, under those circumstances, PM performance may 

be increased by stressing the importance of the PM component or reduced by stressing 

the importance of the ongoing task component (e.g., Einstein et al., 2005).  Other factors 
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that may also contribute to PM performance in adolescence include the number of PM 

cues used for the task, ongoing task difficulty, and the choice of age range of participants.  

For instance, the number of PM cues used across the studies of PM performance 

in adolescents varied quite considerably: 1 cue (Maylor & Logie, 2010) vs. 48 cues 

(Zöllig et al., 2007).  Studies that have utilised a high frequency of PM cues have tended 

to find lower PM performance in adolescents compared to young adults (e.g., 20 cues; 

Wang et al., 2006; 48 cues; Zöllig et al., 2007) than studies that have utilised a low 

frequency of PM cues (e.g., 1 cue; Maylor & Logie, 2010; 4 cues; Zimmermann & Meier, 

2006).  This may pertain to differences in the degree of monitoring processes needed to 

perform on the task (Czernochowski, Horn, & Bayen, 2012).  In addition, a number of 

studies have found poorer ongoing task performance in adolescents than in young adults 

(e.g., Altgassen et al., 2014; Ward et al., 2005; Zöllig et al., 2007).  In particular, Ward et 

al. (2005) found that although adolescents’ PM performance was equivalent to that of 

young adults in the high-demand condition, adolescents’ ongoing task performance (i.e., 

lexical-decision task) was found to be worse than that of young adults in that same 

condition.  Therefore, this may indicate that adolescents may have been sacrificing 

ongoing task accuracy for PM accuracy.  Likewise, Zöllig et al. (2007) found that 

performance on the ongoing task for adolescents was significantly lower in comparison to 

the two older age groups (young adults and older adults) but found adolescents’ PM 

performance to be lower in adolescents compared to young adults.  

Furthermore, in regards to the chosen age range of adolescents used in previous 

studies, this varied quite significantly (e.g., 13 to 16-year-olds; Ward et al., 2005; 10 to 

14-year-olds; Zimmermann & Meier, 2010).  Given the differential development of 
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executive functions across adolescence (e.g., Huizinga et al., 2006), it may be more 

beneficial to examine PM performance across a wider age-range of adolescents so to 

provide a fine-grained analysis of PM throughout this age period (Spear, 2000).  Lastly, 

as previously mentioned, Kvavilashvili et al. (2008) emphasised this issue of not equating 

the ongoing task difficulty across the age groups.  In particular, they argued that a more 

difficult ongoing task may leave the younger participants with fewer cognitive resources 

to monitor for the PM cue and this may compromise their PM performance.  

In summary, an emerging pattern from these findings seem to indicate that PM 

may still be developing across adolescence along with the continual maturation of the 

prefrontal lobes and their associated executive functions (Spear, 2000).  Given the 

inconsistencies found in the findings of previous studies of PM in adolescence, ERPs 

may help to provide a deeper insight into the developmental processes of PM.  

Specifically, ERPs have been found to be beneficial in providing valuable insights into 

the underlying neural processes at the different stages of PM performance (West & 

Covell, 2001).  More importantly, they are able to record real time brain activity related 

to the underlying cognitive processes associated with PM performance (West, 2011).  

The next chapter will focus on the characteristics of ERPs, as well as provide a 

review on the ERP modulations of PM and its development across the lifespan.  These 

studies have revealed specific modulations that differentially relate to the different stages 

of PM performance, including detection of a PM cue in the environment, the retrieval of 

an intention from memory, and the postretrieval processes supporting the retrieval of an 

intention from memory.  
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CHAPTER FOUR

Essential Characteristics of EEG and ERPs 

There are a growing number of studies that have investigated the neurobiological 

underpinnings of PM (for a review see West, 2008, 2011).  In particular, studies that have 

investigated the neural structures of PM have utilised neuroimaging, including positron 

emission tomography (PET) and fMRI (e.g., Burgess, Quayle, & Frith, 2001; Burgess et 

al., 2003).  These studies have shown that a subregion of the frontal lobe (viz., 

Broadmann’s area 10) is responsible for supporting the processes (i.e., the detection of 

cues in the environment, and the retrieval of an intention from memory) that underlie 

prospective remembering (for a review see Burgess, Gonen-Yaacovi, & Volle, 2011).  In 

addition, studies that have used ERPs have enabled researchers to examine and identify 

the specific time courses of the neural processes associated with prospective 

remembering (West, 2008, 2011).  

ERPs are measured by using a noninvasive electroencephalography (EEG) cap 

that is fitted over the scalp.  The EEG cap measures the electrical activity of the brain and 

reflects the activity of populations of both excitatory and inhibitory post-synaptic 

potentials (Karayanidis, 2009).  Recordings of the EEG electrical activity reflect a large 

number of simultaneously ongoing brain processes.  A response to a single stimulus or 

event may be relatively small in the context of background activity and is not usually 

visible with an EEG recording of one trial.  Twenty-five or more time-locked and 

averaged trials are in fact needed to improve the signal-to-noise ratio, with the event-

related neural response being more apparent over background noise (Luck, 2005).  In 

short, each member of an array of electrodes is connected to a single reference electrode, 
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which is relatively uninfluenced by electrical activity of interest (Coles & Rugg, 1996).  

Recordings are based on the voltage differences between each recording site and the 

reference (Coles & Rugg, 1996), which may also be the average of the full electrode set.  

ERPs reflect the measured electrical activity of the brain that is time-locked to a 

specific event (e.g., the onset of a stimulus or response; Luck, 2005; West, 2008). For 

instance, an epoch may be defined as 100 ms before the onset of a stimulus and 1000 ms 

after the onset of a stimulus (Coles & Rugg, 1996).  Within this epoch there may be small 

electrical changes in neural activity reflecting the brain’s response to a particular 

stimulus.  It is the production of these electrical changes in the brain over time that 

constitutes the ERPs (Coles & Rugg, 1996).  After averaging the time-locked ERPs, the 

focus is then on identifying peaks and troughs in the resulting waveform, known 

specifically as ERP components (see Figure 2; Luck, 2005).  A commonly used approach 

to quantify these ERP components is to determine the latency (ms) and amplitude (µV, 

positive or negative) of the peak.  For example, a peak that is 200 ms poststimulus and a 

negative deflection is called N2 or N200. Similarly, a peak that is 300 ms poststimulus 

and a positive deflection is called the P3 or P300 (Coles & Rugg, 1996; Otten & Rugg, 

2005)1.  Early ERP components that occur around 100–200 ms after stimulus onset are 

thought to reflect perceptual, automatic, bottom-up processes.  In contrast, later 

components that occur after 200 ms after stimulus onset are thought to reflect higher-

level cognitive functions and top-down processes (Coles & Rugg, 1996).   

                                                
1 This timeframe is based on original research that described it (Luck, 2005). The P3 has now has been 
described as having a much broader timeframe and consists of smaller components (viz., P3a and the P3b).  
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Figure 2. Averaged ERPs of an ERP experiment (negative is plotted upward). From An 

Introduction to the Event-Related Potential Technique by S. Luck, 2005, Cambridge: 

MIT Press, p.8. Copyright 2005 by MIT. Reprinted with permission. 

 

One advantage of the ERP technique over other methods of brain recording (e.g., 

PET and fMRI) is its high temporal resolution.  In particular, ERPs allows for fine-

grained analysis of electrical activity to about one millisecond (Otten & Rugg, 2005).  By 

comparison, hemodynamic measures (i.e., PET and fMRI) have a temporal resolutions of 

around several seconds (Luck, 2005). For this reason, the ERP technique is superior 

regarding real-time tracking of the underlying processes associated with a specific 

cognitive function (West, 2011). However, it is important to note that the ERP technique 

has poor spatial resolution (Luck, 2005; Otten & Rugg, 2005).  Because there may be 

many different ERP generator sources that could account for a given ERP waveform, it is 

often difficult to isolate a specific ERP component from the overall ERP waveform 

(Luck, 2005).  By comparison, hemodynamic methods have spatial resolutions within the 
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nearest millimetre (Luck, 2005; Otten & Rugg, 2005).  For this reason, it has been 

proposed that together, the ERP and hemodynamic measures complement each other in 

regards to examining both the spatial and temporal resolutions of the underlying 

processes associated with a particular cognitive function (Luck, 2005).   

As will be reviewed below, studies that have used ERPs to examine the neural 

correlates of PM have identified three distinct ERP components.  These include the 

N300, the frontal positivity, and the parietal positivity (West, 2008, 2011).  The N300 

and frontal positivity are associated with the detection of PM cues in the environment, 

whereas the parietal positivity (composed of various subcomponents, including the P3b, 

the recognition old–new effect, and prospective positivity) is associated with the retrieval 

of a previously formed intention from memory (West, 2008, 2011).  In the following 

section, the characteristics and time courses of the ERP components associated with PM 

are described.   

N300 and the Frontal Positivity 

The N300 begins around 200 ms after stimulus onset, with maximal amplitude 

around 300–500 ms after stimulus onset (see Figure 3; West, 2008, 2011; West, Herndon, 

& Crewdson, 2001).  It reflects a greater negativity for PM cues than for ongoing trials 

over the occipital–parietal region of the scalp.  Accompanying the N300 is the frontal 

positivity, which begins around the same time as the N300; however, the duration of the 

frontal positivity can extend beyond the duration of the N300 (West, 2011).  The frontal 

positivity also reflects a greater positivity for PM cues than for ongoing task cues over 

the midline frontal region of the scalp (West, 2011).   
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Figure 3. The time course and topography of the N300 and the parietal positivity (bars 

represent 250ms increments). From “Is Detecting Prospective Cues the Same as Selecting 

Targets? An ERP Study” by R.West and N. Wymbs, 2004, Cognitive, Affective, and 

Behavioral Neuroscience, 3, p. 358. Copyright 2004 by Psychonomic Society. Reprinted 

with permission.  

 

 
The N300 and the frontal positivity reflect processes associated with the detection 

of PM cues in the environment (West, 2011; West & Covell, 2001; West & Krompinger, 

2005).  Both the N300 and the frontal positivity exhibit greater amplitude for prospective 

hits (i.e., cues that elicit a PM response) than prospective misses (i.e., cues that fail to 

elicit a PM response; West & Ross-Munroe, 2002). Furthermore, the N300 and the 

frontal positivity have been elicited during a range of different ongoing tasks (e.g., the 

semantic judgment task, the N-back task, and a continuous recognition task) and on a 

range of different PM cues (e.g., letter case, colour, and word identity; West & 

Krompinger, 2005; West & Wymbs, 2004; West, Wymbs, Jakubek, & Herndon, 2003).  

It is important to note that in previous studies the N300 has been found to not be elicited 

for nonperceptual PM cues (e.g., semantic category; Wilson, Cutmore, Wang, Chan, & 
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Shum, 2013).  In particular, it has been suggested that cue detection in this case may 

reflect conceptual- rather than perceptual-level processing (West, 2011).  Therefore, the 

way in which a PM cue is defined (i.e., either by a physical attribute or a by conceptual 

attribute) is an important consideration for N300.  

Studies have demonstrated the dissociation of the N300 from other similar 

modulations, including the N2 and the N2pc (West & Wymbs, 2004; West, Wymbs, et 

al., 2003).  As for the N300, the N2 and N2pc also exhibit an enhanced negativity over 

the occipital–parietal region of the scalp at around the same time course of the N300 and 

are associated with targets that are physically defined by a specific feature (e.g., word, 

colour, or letter; West, 2008; West & Wymbs, 2004; West, Wymbs, et al., 2003).  West, 

Wymbs et al. (2003) stated that the notable difference between the N300 and the N2 (and 

the difference between N300 and the N2pc) is their association with frontal positivity.  

For instance, they examined performance in nine young adults on an oddball task and a 

PM task, where the tasks varied in ongoing task instructions. For the PM task, the 

researchers instructed participants to respond to a PM cue (i.e., press a key in response to 

a colour) while completing an ongoing task (i.e., a semantic-relatedness task).  For the 

oddball task, the researchers instructed participants to just respond to the target cues (i.e., 

PM cues) without completing the ongoing task.  

Overall, the findings showed that the N300 and the frontal positivity were elicited 

for the cues on the PM task.  However, for the oddball task, only the N2 was elicited for 

the target cues and no frontal positivity was observed for this task.  Taken together, these 

findings support the distinction of the N300 from similar ERP components related to 

target processing.  In addition, the study revealed the “tight coupling” of the N300 with 
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the frontal positivity for PM cues (West, 2008, 2011; West, Wymbs, et al., 2003).   

Parietal Positivity 

Following the manifestation of the N300 over the occipital–parietal region of the 

scalp, a positivity over the parietal region of the scalp often follows (see Figure 2). The 

parietal positivity begins around 400 ms after stimulus onset and lasts until around 1,200 

ms after stimulus onset.  As for the N300, the parietal positivity has also been elicited 

during a range of different ongoing tasks and on a range of different PM cues (West, 

2011; West et al., 2001; West & Krompinger, 2005).  In addition, the parietal positivity 

exhibits greater amplitude for PM cues than for ongoing task cues and greater amplitude 

for prospective hits than for prospective misses (West, 2011). Furthermore, the parietal 

positivity is thought to reflect a set of processes related to the retrieval of an intention 

from memory (West, 2011; West & Ross-Munroe, 2002). For instance, it has been 

suggested that the parietal positivity reflects three distinct components of the ERPs.  

These include the P3b, the old–new effect, and the prospective positivity (West, 2011; 

West & Krompinger, 2005; West & Wymbs, 2004).  

The P3b reflects a sustained positivity around the parietal region and begins 

around 300–400 ms after stimulus onset (Kok, 2001; Luck, 2005).  The P3b is thought to 

contribute to the elicited ERPs by low probability (infrequent) targets (West, Wymbs, et 

al., 2003) and is commonly observed in studies using the oddball task, where participants 

are required to respond to infrequent stimuli (see Luck, 2005).  In addition, the P3b has 

been distinguished from the prospective positivity elicited by PM cues.  For instance, 

West and Wymbs (2004) demonstrated the dissociation between the P3b and the 

prospective positivity.  In their study, 19 participants completed a target-selection task 
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where participants indicated whether a target letter presented at the beginning of each 

trial appeared on a screen containing two letters.  A PM component was also embedded 

into the task and participants had to make a PM response whenever the letters D or M 

appeared on the screen.  Overall, ERP analyses showed that the P3b contributed to the 

ERPs elicited by target letters and PM cues whereas the prospective positivity contributed 

to the ERPs elicited by PM cues only. The authors concluded that the prospective 

positivity does not simply reflect a delayed P3, but is in fact a distinct component that 

appears to be related more to prospective remembering than to the detection of low 

probability targets (West & Wymbs, 2004).  

The recognition old–new effect reflects a positivity over the parietal region 

around 400–800 ms after stimulus onset and is thought to represent the recognition of an 

old item (i.e., items learned previously; Rugg et al., 1998).  As for the P3b, the 

recognition old–new effect has been distinguished from the prospective positivity.  For 

instance, West and Krompinger (2005) compared the ERP correlates of PM with those of 

recognition memory.  Participants completed a task that consisted of three phases 

(encoding, ongoing trials, and recognition trials).  For the encoding phase, participants 

encoded a word, one for the recognition trial and one for the PM trial.  For the ongoing 

trials, participants completed a semantic-relatedness task where they indicated whether or 

not two words were semantically related.  For the recognition trials, researchers showed 

participants two words and participants had to indicate, after an explicit prompt, whether 

a previously learned word appeared on the upper or lower part of the screen.  For the PM 

component, participants had to make the PM response whenever the PM word cue 

appeared; unlike in the recognition trials, participants were not explicitly prompted.  
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Overall, the results showed that the recognition old-new effect was elicited by both 

recognition hits and the PM hits relative to the ongoing trials.  

West and Krompinger (2005) also employed partial least squares (PLS) analysis 

to identify ERPs components that were associated with PM and RM (West & 

Krompinger, 2005).  PLS is a multivariate technique that is similar to principal 

components analysis (PCA) as it derives a set of latent variables from the overall ERP 

dataset.   One important difference between PLS and PCA, however, is that PLS only 

includes task-related variance (i.e., modulations of the ERPs that differentiate between 

the task conditions), whereas PCA includes both task-related and task-unrelated variance 

(Lobaugh, West, & McIntosh, 2001; West & Krompinger, 2005). The PLS analysis in the 

West and Krompinger study revealed two significant latent variables.  The first latent 

variable distinguished recognition hits and PM hits from ongoing trials and PM lures and 

expressed the neural correlates associated with the recognition of a previous item (i.e., the 

recognition old–new effect).  The second latent variable distinguished PM hits from 

recognition hits and PM lures and expressed the neural correlates associated with PM 

(i.e., N300 and the prospective positivity).  

 Notably, that the results also showed that prospective positivity (600 to 1000ms) 

emerged later than the recognition old–new effect (400–600 ms). West and Krompinger 

(2005) proposed that the late appearance of the prospective positivity in comparison to 

the recognition old–new effect might indicate that the PM cue is recognised before the 

generation of the prospective positivity.  Taken together, the results seem to indicate that 

although the recognition old–new effect may contribute to both RM and the retrieval 

processes associated with the realisation of an intention, the prospective positivity 
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appears to be more limited to processes following the realisation of an intention (West & 

Bowry, 2005; West, Bowry, & Krompinger, 2006; West & Krompinger, 2005). 

As shown above, previous research has demonstrated that the prospective 

positivity can be distinguished from the P3b and the recognition old–new effect and is 

uniquely associated with PM.  However, what is not clear is the specific neurocognitive 

processes associated with the prospective positivity. West (2011) proposed that the 

prospective positivity might reflect processes related to the configuration of the PM task.  

In particular, some studies have shown an association between the prospective positivity 

and the neurocognitive processes related to task switching (Bisiacchi, Schiff, Ciccola, & 

Kliegel, 2009; West, McNerney, & Krauss, 2007).  However, it is important to note that 

research into the specific nature of the prospective positivity is still limited and warrants 

further investigation (West, 2011).  

In summary, patterns of the ERP correlates that are associated with PM have 

consistently been reported using perceptual cues (i.e., N300, frontal positivity, and the 

parietal positivity).  As such, another important goal of examining the neural correlates of 

PM is to understand how the findings from ERP studies can inform current theoretical 

models of PM (i.e., the PAM theory and the MPT). The next section will address this 

issue in more detail. 

ERPs and the PM Theories 

A major issue concerning the current theories of PM relates to whether or not 

underlying processes supporting the detection of a PM cue in the environment are 

dependent on controlled attentional resources (McDaniel & Einstein, 2000; Smith, 2003).  

To address this discrepancy between the theories, researchers have utilised ERPs in 
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studies to examine the neural correlates associated with the underlying processes related 

to the detection of PM cues (e.g., West, 2007; West et al., 2006; West, Herndon, & 

Covell, 2003). 

West et al. (2006) examined whether increasing working memory demands on the 

ongoing task would limit the working memory capacity required for the preparatory 

attentional processes needed to detect PM cues (Smith, 2003).  West et al. proposed that 

if cue detection is dependent on controlled attentional resources, then the amplitude of the 

N300 and the frontal positivity should be attenuated as the demand of the ongoing task 

increases.  In particular, increasing the demands of the ongoing task should disrupt the 

allocation of the attentional resources needed to facilitate the detection of PM cues.  

Eighteen participants completed an N-back working memory task (ongoing component) 

and were required to judge whether a presented letter was the same letter shown in the 

previous trial (1-back condition, low demand) or three trials previous (3-back condition, 

high demand).  For the PM component, participants needed to press a separate key 

whenever a specific coloured letter appeared.  In the no-PM condition, participants were 

told to ignore the letter colour and just give the N-back response.  

Overall, the results showed that the amplitude of the N300 was attenuated in the 

3-back condition relative to the 1-back condition.  In contrast, the amplitude of the 

parietal positivity was found to be insensitive to the working memory demands of the N-

back task.  Together, these findings suggest that increasing working memory demands on 

the ongoing task may influence the attentional processes needed to support the detection 

of the PM cue, thus supporting the predictions made from the PAM theory.  However, the 

PLS analysis in the West et al. (2006) study revealed two significant latent variables that 
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may provide a different interpretation of the findings. In particular, the first latent 

variable was sensitive to the N-back load and expressed the N300 but not the parietal 

positivity.  In contrast, the second latent variable was insensitive to the N-back load and 

expressed both the N300 and the parietal positivity. Therefore, the second latent variable 

seems to be inconsistent with the predictions made from the PAM theory and lends 

support for the MPT, which states that automatic or spontaneous processes can support 

the detection of PM cues (West et al., 2006).  More specifically, both controlled 

attentional and automatic processes within the same task context may support prospective 

remembering (West, 2011). 

 Recent research with ERPs has provided additional supported for the MPT (e.g., 

Cona, Arcara, Tarantino, & Bisiacchi, 2015; Cona, Bisiacchi, & Moscovitch, 2014; 

Meier, Matter, Baumann, Walter, & Koenig, 2014; Scolaro, West, & Cohen, 2014).  For 

instance, Meier et al. (2014) tested whether there would be any differences in neural 

activity between the first part of a PM task (viz., episodic PM) and the second part of the 

PM task (viz., habitual PM).  They reasoned that as the task becomes more habitual, the 

retrieval and execution of the PM intention should become more automatic.  Two 

experiments were conducted: one with verbal PM task and another with a non-verbal PM 

task (perceptual).  In sum, their findings showed no changes in the N300 from the 

episodic PM to the habitual PM, but their findings showed changes in the parietal 

positivity from the episodic PM to the habitual PM.  In particular, the amplitude was 

found to be stronger for the second part of the PM task (habitual PM) than the first part of 

the PM task (episodic PM). This same pattern was found for both types of PM tasks 

(verbal and non-verbal). The authors concluded that this change in the parietal positivity 
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might indicate that retrieval became more automatic throughout the duration of the task 

and thus less attentional resources were used.   

In summary, these studies demonstrate the usefulness of ERPs in providing 

further insight into the underlying processes associated with the realisation of delayed 

intentions.  By the same token, ERPs have also been used to examine the developmental 

trajectory of PM across the lifespan, and it is to this subject that this chapter now turns. 

ERPs and PM Development 

Studies that have used ERPs to examine the developmental trajectory of the 

neural correlates of PM have primarily been focused on the effects of ageing in later 

adulthood (e.g., West & Bowry, 2005).  Nevertheless, the effects of age-related 

development from childhood to early adulthood on the neural correlates of PM have also 

been examined (e.g., Mattli et al., 2011).  Overall, evidence from these studies 

demonstrates that there is an age-related developmental effect on the neural correlates 

associated with the detection of PM cues, the retrieval of an intention from memory, and 

the configuration of the PM task set. 

One of the first studies to investigate the influence of age on the neural correlates 

of PM was by West and Covell (2001).  That study was guided by the idea that age-

related decline in PM in later adulthood arises from a decline in the efficiency of the 

neural processes that underpin the preparatory attentional processes needed to support the 

detection of PM cues (West, 2011; West & Bowry, 2005).  Sixteen younger adults (aged 

19–21-years) and 16 older adults (aged 62–84 years) completed a PM task while having 

their brain activity recorded.  For the ongoing component of the task, participants needed 

to indicate whether or not a pair of words was semantically related.  For the PM 
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component of the task, participants had to press the target key whenever a pair of words 

was presented in upper case (the PM cue). For PM lure trials, the words were presented in 

uppercase and lowercase and participants had to ignore it and just make a semantic 

judgement (the ongoing response).  

Overall, the results showed that older adults had significantly fewer correct 

prospective responses than younger adults.  In addition, older adults made more false 

prospective responses to PM lures (false positives) than younger adults.  The 

electrophysiological data revealed that the amplitudes of the N300 and parietal positivity 

were attenuated in older adults in comparison to younger adults.  West and Covell (2001) 

concluded that the attenuation of the N300 in older adults may have reflected a decline in 

the efficiency of the attentional mechanism needed to support the detection of PM cues.  

In regards to the parietal positivity, the interpretation was somewhat less clear.  For 

instance, West and Covell noted that it is unclear which of the three subcomponents of 

the parietal positivity (i.e., the recognition old–new effect, the P3b, or the prospective 

positivity) contributed to the age-related differences on the parietal positivity between 

younger and older adults (West, 2011; West, Herndon, et al., 2003).  One suggestion is 

the influence of the P3b component on the parietal positivity, a component that has been 

found to be highly sensitive to the ageing process (Friedman, Kazmerski, & Fabiani, 

1997; West, Herndon, et al., 2003).  The PM cues used by West and Covell were highly 

distinct relative to the ongoing trials (i.e., upper-case vs. lower-case words).  Therefore, 

the age-related differences found on the parietal positivity may have been a result of cue 

distinctiveness, which led to the strong influence of the P3b on the parietal positivity 

(West, Herndon, et al., 2003).  
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In an attempt to address this issue, West, Herndon, et al. (2003) examined the 

effects of ageing on the neural correlates of PM using an encoding–retrieval paradigm 

designed to minimise the contribution of the P3b component on parietal positivity. 

Sixteen younger adults (aged 18–25-years) and 16 older adults (aged 61–81-years) 

completed a semantic-related task for the ongoing component and had to indicate whether 

or not a pair of words was semantically related.  Both words (presented in red, yellow, or 

light blue) were presented in the same colours for one half of the trials and in different 

colours for the other half of the trials.  For the intention formation trials, participants 

viewed a coloured letter string (i.e., “cccc” or “vvvv” in the colour magenta or grey), and 

they had to form the intention by remembering the colour of the letter and the letter itself 

(e.g., if the letter string “cccc” was presented in magenta, participants had to remember 

the letter c and the colour magenta).  The PM trials consisted of the recently formed 

intention and participants were required to press the target key (e.g., c) when presented 

with a PM cue (e.g., a word pair presented in magenta).  Although PM cues, which are 

rare, are still likely to elicit a stronger P3b component, the PM cues used in this paradigm 

were designed to minimise the influence of the P3b component on the parietal positivity 

(i.e., reduce the distinctiveness or discrepancy between the PM cues and the ongoing 

trials).   

Overall, the results showed that older adults were significantly slower (in terms of 

RT) and less accurate on the PM trials than younger adults.  In addition, the results 

showed that older adults were slower on the intention formation trials than the younger 

adults.  The electrophysiological data revealed that the amplitude of the N300 was 

significantly attenuated in older adults over the right hemisphere but not over the left 
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hemisphere.  For the younger adults, the amplitude of the N300 was similar for both 

hemispheres.  In contrast, the amplitude of the parietal positivity was found to be similar 

between the younger and the older adults.  West, Herndon, et al. (2003) concluded that 

the attenuation of N300 in the older adults indicates that there may have been an age-

related decline in the efficiency of the attentional mechanism that supports the detection 

of PM cues, thereby reducing the frequency of cue detection in older adults (West, 2008, 

2011).  This conclusion is supported by evidence showing that attentional processes 

associated with PM are dependent upon the right hemisphere (West & Wymbs, 2004).  In 

contrast, the lack of age-related differences found in the amplitude of the parietal 

positivity between the younger adults and the older adults is inconsistent with the 

findings of West and Covell (2001).  To be more specific, it is possible that the use of 

less distinctive PM cues minimised the influence of the P3b on the parietal positivity, so 

no age-related differences on the parietal positivity were found.  Taken together, this 

seems to indicate that when intentions are adequately formed in older adults, processes 

related to the retrieval of an intention remain intact.  

Although there have been a considerable number of studies on the neural 

correlates of PM in the context of PM failures in older adults, only a few studies have 

examined the age-related development of neural correlates of PM from childhood to older 

adulthood (e.g., Mattli et al., 2011; Zöllig et al., 2007).  Zöllig et al. (2007) investigated 

whether the same processes or different processes contribute to the age-related variation 

of PM across the lifespan. Their study utilised a PM task that enabled them to determine 

whether PM failures were a result of the inefficiency of processes underlying the 

prospective component, the retrospective component, or both.  Participants in the study 



 

 

75 

were 14 adolescents (M = 12.8 years, SD = 0.6 years), 14 younger adults (M = 22.5 years, 

SD = 1.4 years), and 14 older adults (M = 70.1 years, SD = 5.5 years).  The paradigm 

used in the Zöllig et al. study was similar to that used by West, Herndon, et al. (2003).  

For the ongoing task, participants completed a semantic-relatedness task.  For the 

intention formation trials, participants viewed a coloured-letter string (i.e., letters “cccc” 

or “vvvv” in the colour magenta or grey), and participants needed to form the intention 

by remembering the colour of the letter and the letter itself.  The PM trials consisted of 

the recently formed intention and participants needed to press the target key (e.g., c) on 

the presentation of the PM cue (e.g., a word pair presented in magenta).  PM inhibit trials 

also a part of the ongoing task, and participants needed to ignore the PM cue and solely 

make a semantic judgement.  

Overall, the results showed that the adolescents’ performance was significantly 

lower on the ongoing task than the performance of the younger and the performance of 

older adults (which did not significantly differ from each other).  For the PM task, the 

results showed the anticipated inverted U-shape function with the number of PM correct 

responses increasing from adolescents to younger adults and then decreasing from 

younger adults to older adults.  More specifically, adolescents and older adults committed 

more false alarms on the PM inhibit trials in comparison to the younger adults, and the 

older adults had more PM misses than both the adolescents and the younger adults.  The 

analysis of the RTs revealed that the adolescents and the older adults were also 

significantly slower on the task than the younger adults.  The results for the 

electrophysiological data showed that the amplitude of N300 was similar across the three 

age groups for the PM trials. However, for the PM inhibit trials, the amplitude of the 

N300 was higher for adolescents and for older adults compared to younger adults.  For 
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the parietal positivity, the results showed that the amplitude was significantly higher in 

adolescents compared to the younger adults and the older adults, and attenuated in the 

older adults in comparison to the younger adults.  

Taken together, the results seem to indicate that there is an age-related variation in 

the processes underlying PM performance.  In particular, the elevated number of false 

alarms in adolescents and older adults may reflect a deficiency in the retrospective 

component of PM in comparison to younger adults.  This might indicate that the 

processes underlying the retrospective component of PM may still be developing in 

adolescence and may be compromised in later adulthood (Zöllig et al., 2007).  In contrast, 

the elevated number of PM misses for older adults in comparison to adolescents and in 

comparison to younger adults may indicate that the processes underlying the prospective 

component of PM may be fully developed by adolescence and may be compromised in 

later adulthood (Zöllig et al., 2007).  In regards to the electrophysiological data, the lack 

of age-related differences on the N300 is inconsistent with the findings of previous 

research (West & Bowry, 2005; West & Covell, 2001; West, Herndon, et al., 2003).  

However, the authors argued that age-related variation of PM across the lifespan may 

reflect the differential recruitment of the neurocognitive processes underlying both the 

N300 and the parietal positivity rather than the rise and fall of the same processes across 

the lifespan.  Therefore, it was concluded that somewhat different underlying processes 

contribute to the rise and fall of PM across the lifespan (Zöllig et al., 2007).  

Mattli et al. (2011) extended on the findings of Zöllig et al. (2007) by examining 

the development of neural correlates of PM from childhood to later adulthood.  One 

hundred and five individuals aged between 7.5 years and 83 years were recruited and 
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divided into three age groups: children (M = 10.3 years, SD = 1.7 years), younger adults 

(M = 31.4 years, SD = 8.4 years), and older adults (M = 68.2 years, SD = 8.2 years).  The 

PM task utilised in the Mattli et al. study was a modified encoding–retrieval paradigm 

(Zöllig et al., 2007) that allowed for the measurement of ongoing trials, PM hits, PM 

misses, and RM hits.  Overall, the results revealed the inverted U-shaped function with 

PM accuracy increasing from children to younger adults and then decreasing from 

younger adults to older adults.   

The electrophysiological data revealed that the amplitude of the N300 was similar 

for children, younger adults, and older adults.  Furthermore, the amplitude of the N300 

distinguished PM hits from PM misses in the younger adults and in the older adults, but 

not in the children.  In line with previous research (West, Herndon, et al., 2003; Zöllig et 

al., 2007), the authors suggested that PM misses in younger adults and in older adults 

resulted from the inability to detect PM cues.  In contrast, the authors stated that PM 

misses in children resulted from the inability of processes following cue detection, and 

may have reflected a problem with processes associated with switching or disengaging 

from the ongoing task (Mattli et al., 2011).  For the parietal positivity, the amplitude 

decreased from children to younger adults; however, there was no difference between 

younger adults and older adults.  Furthermore, the PLS analysis showed different brain 

patterns between the children and the younger adults and between the children and older 

adults; specifically, two latent variables distinguished PM hits and RM hits from PM 

misses and ongoing trials in younger adults and in older adults but not in the children.  

These findings are consistent with the conclusions made by Zöllig et al. (2007) in that the 

retrospective processes underlying PM may not be fully developed until early adulthood 
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(Mattli et al., 2011). Moreover, the authors concluded that different processes might 

contribute to the age-related variation in PM performance across the lifespan.   

In sum, the development of PM across the lifespan reflects the differential neural 

recruitment in early and later life (Mattli et al., 2011; Zöllig et al., 2007).   More 

importantly, research suggests that the reduction of the amplitude of the N300 in older 

adults may be associated with the decline in the efficiency of attentional processes that 

facilitate cue detection.  In contrast, the amplitude of N300 may be relatively stable from 

childhood to adulthood.  It is important to note, however, that differential neural 

recruitment in early and later life may obscure developmental trends in N300 (Mattli et 

al., 2011).  What is also unclear is the point at which neural recruitment in adolescence 

reaches adult levels.  If PM develops across adolescence in line with the overall 

development of brain regions associated with PM, then the ERP components of PM 

should also develop across this age period (Blakemore & Choudhury, 2006; Burgess et 

al., 2003).  

Hence, the goal of the current thesis was to examine the development of PM 

across adolescence with the use of ERPs; in particular, to analyse the developmental 

trajectory of PM and its relationship to executive functioning.  Due to the inconsistencies 

found between the behavioural studies of PM, ERPs may be beneficial in examining the 

developmental changes of the underlying neural processes associated with PM across 

adolescence.   The next chapter provides a summary of the aims of the current project.  
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CHAPTER FIVE 

Summary of Thesis Aims 

The preceding literature review summarised a number of important aspects of 

PM, including its characteristics, lifespan trajectory, and neural correlates.  In addition, it 

provided a summary of cognitive development in adolescence, including the significant 

brain changes in adolescence and the development of executive functioning.  The review 

of previous literature also analysed the studies that have examined PM development in 

adolescence and outlined the methodology concerns with and the inconsistencies between 

these studies (see page 56).  In sum, the issues addressed included the differences in the 

characteristics of the PM paradigm used by researchers in previous studies, the failure of 

researchers to equate the difficulty of the ongoing task across different age groups, and 

the differences in the chosen age range of participants in previous studies.   

This thesis aims to examine the development of PM in adolescents by addressing 

these conceptual and methodological concerns.  The first aim was to provide a more fine-

grained analysis into how PM progresses throughout adolescence by using a wider age 

range of adolescence (i.e., 12–19 years).  The second aim this thesis was to examine PM 

in adolescents by using ERPs, for ERPs have been found to be effective in providing 

insight into the specific underlying processes that contribute to PM development across 

different age groups (see page 71).  In relation to the significant brain changes in 

adolescence, the third aim of the thesis was to examine the extent to which PM 

performance in adolescents is related to certain executive functions (viz., task switching, 

working memory, and inhibition).  In addition, the contribution of executive functions to 

the neural correlates of PM (i.e., N300 and parietal positivity) was also examined.  The 
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fourth aim of the thesis was to also examine the trajectory of RM across adolescence to 

compare how PM and RM develop across this age period.   The next three chapters 

describe the aims of and the findings from a series of three studies.   
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CHAPTER SIX 

Study 1: PM Development Across Adolescence and the Effect of Cue Frequency on 

Performance. 2 

 A fundamental aspect of attaining independence and autonomy from childhood to 

adulthood is the ability to carry out future intentions at the appropriate time.  Failure to 

realise one’s intention at the right moment or time might cause serious disruptions at 

home, at school, or at after-school activities (Kvavilashvili et al., 2001).  The present 

study examined the development of PM in adolescents (12–19 years of age).  As 

previously mentioned, one important rationale for the improvement of PM across 

adolescence pertains to the age-related efficiency of executive functioning (Kliegel et al., 

2008a; West, 1996).  In particular, PM has been found to be associated with executive 

functions served by the prefrontal cortex (McDaniel et al., 1999).  Moreover, there are a 

number of significant brain changes that occur in adolescence, particularly in the 

prefrontal lobes (Paus et al., 2001). Therefore, PM should still be developing at this time. 

By comparison, capabilities related to RM might be fully developed by late childhood 

(e.g., Vakil et al., 1998).  This may result from he earlier maturation of specific brain 

regions associated with RM (i.e., the parietal regions, the hippocampus, and the temporal 

lobe; see Ofen et al., 2007).  

Despite a strong rationale for the improvement of PM across adolescence, 

research with this age range is particularly limited.  So far, studies that have examined 

PM performance in adolescents have yielded inconsistent findings (see p. 56). 

Differences in the findings between these studies may pertain to the specific 

                                                
2 Part of the findings in this study was presented at the 2013 annual mid-meeting of the International 
Neuropsychological Society (Amsterdam)  
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characteristics of the PM task used by researchers.  For example, the demand or difficulty 

of the ongoing task (Ward et al., 2005), the type of PM cue used (e.g., focal or nonfocal 

cues, Wang et al., 2011), the frequency or repetition of the PM cues (Wilson et al., 2013), 

or the duration of the PM task (see Kvavilashvili et al., 2008) have differed across the 

studies.  Moreover, age-related differences in nonexecutive processes, such as processing 

speed or the use of cognitive strategies, might also contribute to age-related differences 

on a particular task (Davidson, Amso, Anderson, & Diamond, 2006; Luna et al., 2004; 

Segalowitz & Davies, 2004). In particular, Segalowitz and Davies (2004) suggested that 

adolescents might not use the same cognitive strategies as young adults.  More 

specifically, they argued that unlike young adults, children and adolescents do not have 

access to a “highly integrated prefrontal cortex” (p. 130); hence, they might have to 

recruit different brain regions to perform the same task (e.g., Zöllig et al., 2007). The 

underlying mechanisms that contribute to PM development in adolescence are therefore 

still unclear.  

More recently, it has been proposed that age-related differences in executive 

control processes (i.e., those processes that facilitate prospective remembering) underlie 

the development of PM across adolescence (Altgassen et al., 2014; Wang et al., 2011).  In 

particular, it has been argued that PM performance in adolescents should be poorer than 

that of young adults on tasks that impose greater demand on the executive control 

resources needed to monitor for the PM cue (e.g., a task that utilises nonfocal cues; Wang 

et al., 2011).  This is because the executive functions associated with those executive 

control processes (viz., working memory, inhibition, and task switching) are still 

developing in adolescence (Huizinga & Van der Molen, 2007). In support of this, studies 
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have found PM performance in adolescents to be worse than that of young adults on tasks 

that have used nonfocal PM cues (Altgassen et al., 2014; Wang et al., 2011).  

In contrast, some studies have found PM performance to be similar between 

adolescents and young adults on tasks that have used nonfocal cues (Ward et al., 2005; 

Zimmermann & Meier, 2006).  Notably, Maylor and Logie (2010) found that adolescents 

outperformed young adults on a PM task that consisted of just one nonfocal PM cue.  

Therefore this finding suggests that cue frequency might also contribute to the degree to 

which attentional resources are needed for monitoring for PM cues. In particular, tasks 

that are low or high in cue frequency might influence the type of monitoring strategies 

that individuals use (Czernochowski et al., 2012; Wang et al., 2011). For instance, tasks 

that are high in cue frequency may be interpreted as a vigilance task where one 

consistently monitors for PM cues (Graf & Uttl, 2001).  In fact, both the PAM theory and 

MPT suggest that one is more likely to monitor in situations where there are multiple 

targets compared to situations where there is only one target (Einstein et al., 2005; Smith 

et al., 2007).  Therefore, this may have important implications when trying to determine 

the underlying mechanisms that contribute to PM performance in adolescence.  

Czernochowski et al. (2012) examined PM performance on a task that consisted 

of 16 PM cues (PM rare condition) or 100 PM cues (PM frequent condition).  They 

wanted to examine whether PM frequency would influence the degree of monitoring 

needed for prospective remembering.  A total of 16 young adults (3 young men and 13 

young women) participated in this study.  For the ongoing task, participants completed a 

lexical-decision task and had to indicate whether a letter string was a word or a nonword.  

For the PM component of the task, participants had to press the target key whenever a 
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letter string began with the letters G, H, or M. The frequency of the PM cue was 

manipulated within groups; that is, participants first completed a block of ongoing-task 

trials without the PM component (control block) and then completed two blocks of 

ongoing-task trials with the embedded PM task (either the PM-rare or the PM-frequent 

block first).  The order in which participants completed the PM block (rare or frequent) 

after the control block was counterbalanced across participants.  

Overall, the results showed that PM performance (in terms of a higher proportion 

of correct responses and faster RTs) was better in the high-cue-frequency condition than 

in the low-cue-frequency condition.  The authors suggested that PM performance might 

have been enhanced in the high-cue-frequency condition as each correctly identified PM 

cue may have served to act as an additional reminder of the PM task.  In addition, the 

results showed that in terms of behavioural interference costs (i.e., ongoing-task RTs in 

the control- vs. PM-block trials), RTs were longer for ongoing task performance in the 

high-cue-frequency condition than in the in low-cue-frequency condition.  The authors 

suggested that given the greater interference effect, more attentional resources might have 

been needed to monitor for PM cues in the high-cue-frequency condition compared to the 

low-cue-frequency condition.  

The Czernochowski et al. (2012) study suggests that PM performance can be 

enhanced in high-cue-frequency tasks.  Moreover, their findings suggest that one is more 

likely to monitor for PM cues (to a greater extent) for high-cue-frequency tasks than for 

low-cue-frequency tasks. Therefore, for the present purposes, cue frequency may impact 

the likelihood of whether or not age-related differences in PM performance in adolescents 

will emerge. More specifically, if monitoring processes are still developing in 
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adolescence (Huizinga & Van der Molen, 2007), then age differences may emerge on the 

high-cue-frequency task to a greater extent than on the low-cue-frequency task.  

Hence, the aim of the present study was to examine PM development across 

adolescence on a task that varied in cue frequency.  First, as previously mentioned, the 

study used a wide age range of participants (12–19 years).  By using several groups 

across a wider age range of adolescents, a more fine-grained analysis into the protracted 

progression of PM across adolescence could be implemented.  Second, nonfocal PM cues 

were used in order to increase the likelihood of an age-related difference in PM emerging 

across adolescence (Wang et al., 2011).  Third, both a low-cue-frequency PM task (with 6 

cues) and a high-cue-frequency PM task (with 30 cues) were used to examine the effect 

of cue frequency on PM performance in adolescence. If monitoring processes are still 

developing in adolescents, and high-cue-frequency tasks require a greater degree of 

monitoring processes relative to low-cue-frequency tasks (Czernochowski et al., 2012), 

then age differences in PM may be more evident on the high-cue-frequency task than on 

the low-cue-frequency task.  The aim of the study was to explore this possibility. 

 A measure of RM was also used to examine and compare the developmental 

trajectories of RM and PM across adolescence.  Kvavilashvili et al. (2008) highlighted 

the importance of comparing PM and RM performance so to understand the relationship 

between PM and RM.  Therefore, the aim of the study was to examine the effects of age 

on RM performance.  It was predicted that age differences on the RM measure would not 

be as pronounced than that of the PM measure for brain regions associated with RM may 

be developed by the time one reaches adolescence (Ofen et al., 2007; Vakil et al., 1998). 
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Method 

Participants  

Participants in this study were 65 adolescents and 28 young adults, making a total 

of 93 participants. Twenty-two male adolescents and 43 female adolescents between the 

ages of 12 and 17 years were recruited from the Brisbane metropolitan area via local 

newspaper advertisements and from adolescents known to the researcher and adolescents 

known to Griffith University staff members.  All adolescents participated voluntarily and 

were compensated with one movie ticket and one candy bar voucher for their time.  The 

adolescents were divided into three age groups: Group 1 (12- to 13-year-olds, n = 22), 

Group 2 (14- to 15-year-olds, n = 23), and Group 3 (16- to 17-year-olds, n = 20).  In 

addition, Group 4 comprised 28 young adults (18- to 19-year-olds), who were recruited 

from the Griffith University first-year participant pool.  Young adults were given course 

credit for their participation. Participants who had a history of brain damage or sensory 

deficits (e.g., vision loss) or who had a diagnosis of a learning disability, psychiatric 

disorder or behavioural disorder were excluded from the study.  

Two participants (viz., one 16- to 17-year-old and one 18- to 19-year-old) did not 

return to complete the second session; therefore, data for those participants were not 

obtained. In addition, two participants (one 14- to 15-year-old and one 16- to 17-year-

old) obtained low scores (below 1 standard deviation for their age group) on the Verbal 

subtest of the Wechsler Abbreviated Scale of Intelligence (WASI, 1999) and were 

excluded from the study.3  

                                                
3 English was their second language.  
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Table 3 shows the means and SDs for the estimated IQ of the age groups.  The 

estimated IQ was assessed using two subtests (viz., Vocabulary and Matrix Reasoning) 

from the WASI.  A one-way analysis of variance (ANOVA) revealed no significant age-

group differences on the estimated IQ, F(3, 85) = .79, p = .50.  

 
Table 3 

Mean and SDs (in Brackets) on the WASI and for Each Age Group for Study 1 

Age Group N Mean Age Mean IQ 

Group 1 (12- to 13-year-olds) 22 12.64 (.51) 110.14 (10.55) 

Group 2 (14- to 15-year-olds) 22 14.58 (.51) 105.55 (10.81) 

Group 3 (16- to 17-year-olds) 18 16.53 (.57)          106.61 (9.10) 

Group 4 (18- to 19-year-olds) 27 18.47 (.51) 107.37 (10.34) 

Note. WASI = Wechsler Abbreviated Scale of Intelligence  

 

Ethical clearance  

 The study received ethical approval (see Appendix A) from the Griffith 

University Human Research Ethics Committee (Reference No GU Ref No: 

PSY/A8/10/HREC).  The committee is constituted and operates in accordance with the 

National Statement on Ethical Conduct in Human Research (2007).  

Design 

The design of this study was mixed factorial with age group as the between-

subjects factor (age groups: 12- to 13-year-olds, 14- to 15-year-olds, 16- to 17-year-olds, 
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and 18- to 19-year-olds) and cue frequency (low- and high cue frequency) as the within-

subjects factor.  Ongoing task and PM performance were used separately as dependent 

variables.  Three different scores for each component of the task (ongoing and PM) were 

used to compare performance across the age groups.  More specifically, percentage 

correct scores, RT for correct scores, and a composite score (viz., a combination of unit-

weighted z scores for percentage correct and RT) were computed for ongoing and PM 

performance for each task type (Anderson et al., 2001; Salthouse & Hedden, 2002) 4  

Materials and tasks 

PM tasks. The stimuli consisted of coloured letter strings (5 to 7 characters long) 

that were either English words or nonwords.  The letter strings were presented in the 

centre of the computer screen (Dell 22-inch computer monitor) in lowercase Arial 48-

point font, in the colours magenta, blue, red, or orange.  The words and nonwords were 

selected from The English Lexicon Project (2009).  Words were high-frequency words 

and had a high mean accuracy (i.e., .80 and above).  The nonword selection was based on 

the orthographic neighbourhood (4 to 6 orthographic neighbours) and also had a high 

mean accuracy (for a review on the lexical statistics see Balota et al., 2007).  The letter 

strings used for the practice trials were not repeated in the main trials.  The PM 

component consisted of a target colour (magenta, blue, red, or orange), and each 

participant was assigned a colour to be used as the PM cue.  The other three colours were 

assigned to the ongoing task letter strings (e.g., if a participant was allocated the colour 

magenta for the PM cue, then the ongoing letter strings were presented in blue, red, and 

                                                
4 Percentage correct and RT scores were first converted to z scores. RT z scores were then reversed (1-RT z 

score) in order to ensure the consistency of the scale–high scores equaled better performance. Finally, the z 

scores were added up to form the composite scale (see jeromyanglim.blogspot.com.au).  
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orange for that participant). Colour assignment was counter-balanced across the age 

groups.  

For the ongoing component, participants were instructed to indicate whether the 

letter string made a word (press the “B” key) or a nonword (press the “N” key).  For the 

PM component, participants were instructed to press a target key (press the “1” key) and 

withhold the ongoing task response when they encountered the PM cue (i.e., target 

colour).  A pilot was conducted with an additional six participants (aged between 11 and 

21 years) to help determine the ongoing task difficulty, the presentation speed of the 

letter strings, the number of PM cues to use in the low-cue- and high-cue-frequency PM 

tasks, and the total task running time.  All six participants achieved at least 90% accuracy 

on the ongoing task.  

The low-cue-frequency task consisted of 6 PM cues (consistent with the standard 

PM tasks) and 174 ongoing trials.  That is a ratio of 1 PM cue to every 30 ongoing trials.  

This task went for approximately 10 min.  The high-cue-frequency task consisted of 30 

PM cues and 570 ongoing trials (30 blocks of 20 trials). That is a ratio of 1 PM cue to 

every 20 ongoing trials.  This task went for approximately 30 min.  Given the longer 

duration of this task, there was a rest period just after every 200th trial (two rest periods 

in total), where participants were told to rest their eyes and press the space bar button 

when they were ready to continue.  For both tasks, participants completed 18 practice 

trials (with 1 PM cue) prior to completing the main trials.  The first PM cue did not 

appear until 10 ongoing trials were completed so to ensure that participants were fully 

engaged in the ongoing task.  In addition, the PM cues were randomised within a certain 

range of ongoing trials for both tasks (i.e., between 10 and 30 ongoing trials in the low-
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cue-frequency task and between 10 to 20 trials in the high-cue-frequency task) in order to 

discourage counting trials. 5 Both the low-cue- and the high-cue-frequency PM tasks used 

different letter strings that were equivalent in length and difficulty. Figure 4 shows the 

breakdown of one trial.  

 

 

Figure 4. The presentation for one trial for either the ongoing component (lexical 

decision–Press the B or N key) or the PM component (Press the “1” key). 

 

                                                
5 There was a technical issue with the randomisation of the PM cues for both cue frequency tasks for the 

first 21 participants. The cues were not appearing randomly; for the low-cue-frequency task it appeared on 

every 30th trial, and for the high-cue-frequency task it appeared on every 20th trial. This was corrected as 

soon as it was noticed. No notable differences were found between the means  (viz., percentage correct on 

the ongoing and PM tasks) of the first 21 participants and the following participants. Thus, the first 21 

participants were retained in the study.  
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RM task. The Hopkins Verbal Learning test – Revised (HVLT-R) was used as a 

measure of RM.  The HVLT-R is a test of verbal learning and memory (Brandt, 1991).  A 

list of 12 words was read out and participants were required to give an immediate recall 

of those words.  This process was repeated three times (learning trials).  Following a 

delay of 20–25 mins, participants were then prompted to recall those 12 words without 

them being read out again (percentage retention trial). Participants were then immediately 

given a 24-word recognition trial (six semantically related distractors and six unrelated 

distractors), where they had to answer “yes” or “no” as to whether or not the read-out 

word was one of the 12 original words. 

Participants were scored a point for each correct word recalled for each of the 

learning trial (3 trials).  This was then added up to give a total recall score out of 36.  The 

learning score was computed as the highest score of trial 2 or 3 minus the score from trial 

1.  Percentage retention was computed by dividing the score of trial 4 by the highest 

scores of trials 2 or 3. For the recognition trials, scores were obtained for true positives 

and false positives, and a discrimination index (true positive scores minus false positive 

scores) was computed. A total of four scores were computed for each participant for this 

measure (Brandt, 1991).  

Procedure 

Participants were tested in two sessions (at least one week apart). Half of the 

participants completed the low-cue-frequency task first and half of the people completed 

the high-cue-frequency task first.6  The testing order was counterbalanced across the age 

                                                
6 Participants completed the high-cue-frequency task while being recorded by an EEG–details in Study 3. 
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groups.7  All participants were tested individually at the neuropsychological laboratory at 

Griffith University, Mt Gravatt campus.  For the first session, a signed consent form was 

obtained from each participant (see Appendices B to D), and participants were given an 

overview of the procedure for the two sessions.  Before completing the task in each 

session, participants completed a number of practice trials for the PM task and were 

encouraged to ask questions.8   The experimenter then read the instructions from the 

computer screen out loud to the participants (see Appendix E).  The RM measure was 

completed in the low-cue-frequency session.  At the end of the second session, 

participants were debriefed about the study.   

                                                
7 A two-way mixed ANOVA revealed a significant main effect on testing order for both the low-cue-

frequency task: F(1, 76) = 67.23, p < .001, ηρ2 = .47 and the high-cue-frequency task: F(1, 76) = 23.12, p < 

.001, ηρ2 = .23, which indicates a practice effect for performance the second time around. In contrast, no 

significant interaction between age group and testing order was found on either cue frequency task, low: 

F(3, 76) = 1.09, p = .36, and high: F(3, 76) = .41, p = .75.  
8 Some participants were initially confused with discriminating between some of the colours. These 

participants were given further clarification. In addition, some participants started to press the wrong 

buttons (the N and M keys, instead of the B and N keys for the ongoing trials). The task was paused and 

participants were corrected. Furthermore, some participants pressed the escape key [ESC] by accident. The 

task was restarted and participants were able to continue where they had left off.  
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Results 

Data screening 

Prior to analysis, missing values, normality of the distributions, and outliers were 

checked separately for each dependent variable across each age group.  Alpha levels for 

all statistical tests were set at p = .05.  For pairwise comparisons, a Bonferroni adjustment 

was used to control for Familywise Type I error rate (Howell, 2013).  The data (from the 

PM task) from five participants were excluded.  Two participants misunderstood the task 

instructions (two 12 to 13-year-olds), one participant could not complete the task due to a 

technical problem with the computer (one 14- to 15-year-old), and two participants 

reported experiencing fatigue during the experiment (one 12- to 13-year-old and one 18- 

to 19-year-old). 

 
Ongoing task performance 

Table 4 shows the means and SDs for ongoing task performance (three scores) for 

the low-cue- and high-cue-frequency tasks for the four age groups. 
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Table 4 

Means and SDs (in Parentheses) for Ongoing Task Performance (3 scores) for the 4 age groups   

Age Group Percentage Correct RT Composite 

  

Low cue 

 

High cue 

 

Low cue 

 

High cue 

 

Low cue 

 

High cue 

12- to 13-year-olds  (N = 19) 94.49 (5.11) 93.60 (4.70) 893.51 (177.32) 900.89 (163.11) –.81 (1.94) –1.59 (2.35) 

14- to 15-year-olds  (N = 21) 95.52 (5.47) 96.15 (2.67) 742.63 (108.54) 768.32 (113.91) .41 (1.57) .13 (1.32) 

16- to 17-year-olds  (N = 18) 95.66 (2.67) 96.04 (3.31) 792.46 (149.02) 783.37 (125.84) .10 (1.30) –.02 (1.47) 

18- to 19-year-olds  (N = 26) 96.73 (4.19) 97.99 (1.22) 752.88 (91.46) 718.44 (84.73) .59 (1.25) 1.02 (.79) 

 

Note. For composite scores, higher scores (positive values) indicates better performance. Reaction Time (RT) measured in ms. 
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Percentage correct score for ongoing task component.  For percentage correct, a 

4 (Age group: 12- to 13-year-olds, 14- to 15-year-olds, 16- to 17-year-olds, and 18- to 19-

year-olds) x 2 (Cue frequency: low and high) mixed factorial ANOVA was conducted.  

The main effect of age group was significant, F(3, 80) = 3.98, p <.05, ηρ2 = .13.  Pairwise 

comparisons revealed that ongoing task performance was significantly lower for the 12- 

to 13-year-olds in comparison to the 18- to 19-year-olds (p < .05).  In contrast, the main 

effect of cue frequency was not significant, F(1, 80) = .51, p = .48.  The interaction 

between age group and cue frequency was also not significant, F(3, 80) = .90, p = .45.  

RT for ongoing task component.  For the RT score, a 4 (Age group: 12- to 13-

year-olds, 14- to 15-year-olds, 16- to 17-year-olds, and 18- to 19-year-olds) x 2 (Cue 

frequency: low and high) mixed factorial ANOVA was conducted.  The main effect of 

age group was significant, F(3, 80) = 7.69, p < .001, ηρ2 = .22.  Pairwise comparisons 

revealed that the 12- to 13-year-olds were significantly slower than the 14- to 15-year-

olds (p < .01), the 16- to 17-year-olds (p < .05), and the 18- to 19-year-olds (p < .001).  In 

contrast, the main effect of cue frequency was not significant, F(1, 80) = .06, p =.80. The 

interaction between age group and cue frequency was also not significant, F(3, 80) = 

1.71, p = .17. 

Composite score for ongoing task component.  For the composite score, a 4 (Age 

group: 12- to 13-year-olds, 14- to 15-year-olds, 16- to 17-year-olds, and 18- to 19-year-

olds) x 2 (Cue frequency: low and high) mixed factorial ANOVA was conducted. The 

main effect of age group was significant, F(3, 80) = 8.36, p < .001, ηρ2 = .24. Pairwise 

comparisons revealed that the 12- to 13-year-olds were significantly worse than the 14- to 

15-year-olds (p < .01), the 16- to 17-year-olds (p < .05), and the 18- to 19-year-olds (p < 
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.001).  The main effect of cue frequency was not significant, F(1, 80) = 1.42, p =.24.  But 

the interaction between age group and cue frequency was significant, F(3, 80) = 2.82, p 

<.05 (see Figure 5). To identify the source of the two-way interaction, the analysis was 

split by age.  The simple main effect analysis was only significant for the 12- to 13-year-

olds (p < .05).  The results indicate that the 12- to 13-year-olds had better ongoing task 

performance on the low-cue frequency task than on the high-cue-frequency task.    

 

 

Figure 5. Mean composite score for ongoing task for the low-cue- and high-cue-

frequency tasks for each age group. Error bars represent ± 1 SEM. 
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PM performance 

Table 5 shows the means and SDs for PM performance (three scores) for the low-

cue- and high-cue-frequency tasks for the four age groups.



 

 

98 

Table 5 

Means and SDs (in Parentheses) for PM Performance (3 scores) for the 4 Age Groups 

Age Group Percentage Correct RT Composite 

  

Low cue 

 

High cue 

 

Low cue 

 

High cue 

 

Low cue 

 

High cue 

12- to 13-year-olds  (N = 19) 90.35 (18.69)  87.89 (15.36) 953.70 (231.37) 955.72 (237.10) –.27 (1.46) –.53 (1.39) 

14- to 15-year-olds  (N = 21) 73.81 (23.90)  84.60 (16.35) 776.23 (185.75) 803.52 (180.78) –.13 (1.44)  .12 (.93) 

16- to 17-year-olds  (N = 18) 77.78 (24.25)  86.48 (13.26) 780.43 (190.58) 865.65 (255.45)   .02 (1.12) –.23 (1.62) 

18- to 19-year-olds  (N = 26) 81.41 (24.64) 92.95 (6.95) 750.36 (175.75) 779.80 (188.36)  .32 (1.47)  .64 (.87) 

Note. For composite scores, higher scores (positive values) indicate better performance. Reaction Time (RT) measured in ms.   
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Percentage correct for PM task component.  For percentage correct, a 4 (Age 

group: 12- to 13-year-olds, 14- to 15-year-olds, 16- to 17-year-olds, and 18- to 19-year-

olds) x 2 (Cue frequency: low and high) mixed factorial ANOVA was conducted.  The 

main effect of age group just failed to reach significance, F(3, 80) = 2.60, p =.06.  The 

interaction between age group and cue frequency was also not significant, F(3, 80) = 

1.13, p = .34.  In contrast, the main effect of cue frequency was significant, F(1, 80) = 

5.55, p <.05, ηρ2 = .07.  This indicates that PM performance was significantly better for 

the high-cue-frequency task (M = 88.00) than for the low-cue-frequency task (M = 

80.83).  

RT for PM task component. For the RT score, a 4 (Age group: 12- to 13-year-

olds, 14- to 15-year-olds, 16- to 17-year-olds, and 18- to 19-year-olds) x 2 (Cue 

frequency: low and high) mixed factorial ANOVA was conducted.  The main effect of 

age group was significant, F(3, 80) = 4.30, p < .01, ηρ2 = .14.  Pairwise comparisons 

revealed that the 12- to 13-year-olds were slower than the 14- to 15-year-olds (p < .05) 

and the 18- to 19-year-olds (p < .01).  The main effect of cue frequency was not 

significant, F(1, 80) = 3.37, p = .07.  The interaction between age group and cue 

frequency was also not significant, F(3, 80) = .71, p = .54. 

Composite for PM task component. For the composite score, a 4 (Age group: 12- 

to 13-year-olds, 14- to 15-year-olds, 16- to 17-year-olds, and 18- to 19-year-olds) x 2 

(Cue frequency: low and high) mixed factorial ANOVA was conducted.  The main effect 

of age group was at the level of significance, F(3, 80) = 2.66, p = .05, ηρ2 = .09. Pairwise 

comparisons revealed that performance was significantly lower for the 12- to 13-year-

olds in comparison to the 18- to 19-year-olds (p < .05).  In contrast, the main effect of cue 
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frequency was not significant, F(1, 80) = .04, p = .84.  The interaction between age group 

and cue frequency was also not significant, F(3, 80) = .66, p = .58. 

RM performance 

The means and SDs for the HVLT-R for each age group are summarised in Table 

6. 

 
Table 6 

Means and SDs (in Parentheses) for the HVLT-R for the 4 Age Groups 
 

Age Group Total Recall 

Score  

Learning 

Score 

Percentage 

Retention 

Discrimination 

Index 

12- to 13-year-olds 26.36 (3.46) 3.41 (1.65) .91 (.11) 11.18 (1.01) 

14- to 15-year-olds 25.64 (3.19) 3.73 (1.32) .86 (.17) 10.82 (1.33) 

16- to 17-year-olds 26.28 (3.43) 3.39 (1.91) .97 (.08) 11.00 (1.24) 

18- to 19-year-olds 27.00 (3.04) 3.93 (1.50) .94 (.15)    11.11 (.89)  

Note. HVLT-R = Hopkins Verbal Learning Test.  

  

 Total recall score. Table 6 shows that the total recall scores were similar across 

the age groups.  A one-way ANOVA revealed no significant differences between the four 

age groups for this score, F(3, 85) = .71, p = .55. 

 Learning score. Table 6 shows that the learning scores were similar across the 

age groups.  A one-way ANOVA revealed no significant differences between the four 

age groups for this score, F(3, 85) = .62, p = .60. 
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Percentage retention. Table 6 shows that the percentage retention score was the 

lowest for the 14- to 15-year-olds.  A one-way ANOVA revealed a significant difference 

between the four age groups for percentage retention, Welch’s F(3, 46.53) = 3.12, p <.05, 

ω2 = .02.  Levene’s test indicated unequal variances (F = 3.40, p <.05), so posthoc 

comparison Games-Howell was used (Field, 2013).  This showed that the 14- to 15-year-

olds had retained fewer words than the 16- to 17-year-olds.  There were no other 

significant age group differences.  

 Discrimination Index. Table 6 shows that the discrimination index score was 

similar across the age groups.  A one-way ANOVA revealed no significant differences 

between the four age groups for this score, F(3, 85) = .45, p = .72. 
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Discussion 

The aim of the study was to examine PM performance across adolescence using a 

task that varied in cue frequency.  First, it was predicted that PM performance should 

improve with age on a task that utilised nonfocal cues (Wang et al., 2011). More 

specifically, if adolescents differ in the way they monitor for PM cues compared to young 

adults (Huizinga & Van der Molen, 2007), and if varying the frequency of PM cues 

influences the degree of monitoring for the task (Czernochowski et al., 2012), then age 

differences should be more evident in the high-cue-frequency task than in the low-cue-

frequency task.  The aim of the study was to explore this possibility.  Second, it was 

predicted that age differences on the RM measure should be less pronounced than that of 

the PM measure, as brain regions associated with RM may be developed by the time one 

reaches adolescence (Ofen et al., 2007; Vakil et al., 1998). 

Overall, the results of this study indicate two main findings.  First, PM 

performance (percentage correct) was found to be similar across the age groups on a task 

that utilised nonfocal cues.  In contrast, the PM composite score (i.e., the combined score 

of percentage correct and RT for percentage correct) indicated that 12- to 13-year-olds 

had significantly poorer PM performance than the 18- to 19-year-olds.  This finding 

provides partial support for the proposal that age-related differences in PM should 

emerge in a task that loads heavily on executive control processes (e.g., nonfocal cues; 

Altgassen et al., 2014; Wang et al., 2011).  It is important to note, however, that age 

differences in PM only emerged when RT was taken into account in performance.  When 

considering only percentage correct scores, no age-related effect was apparent. Therefore, 
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this finding suggests that there may have been a speed or accuracy trade-off in PM 

performance across the age groups. 

One explanation for this particular finding here could be that both executive 

control and nonexecutive processes may have contributed to the likelihood of age-related 

differences in PM emerging.  In particular, previous studies have suggested that 

processing speed continues to develop across adolescence (e.g., Luna et al., 2004). The 

improvement of processing speed has been linked to increased efficiency of neuronal 

communication associated with myelination across adolescence (Spear, 2000).  

Moreover, the use of more efficient cognitive strategies (i.e., slowing down on trials to 

improve accuracy) might have been advantageous for adolescents in maintaining a high 

degree of PM accuracy (Davidson et al., 2006).  This highlights the importance in taking 

RT into account when examining PM performance across different age groups 

(Kvavilashvili et al., 2008).  More specifically, taking into account RT on PM 

performance may have increased the sensitivity in detecting age-related differences on 

the PM task than when examining PM percentage correct scores alone (Best et al., 2009).  

Second, varying cue frequency did not appear to have an effect on PM 

performance in adolescence; that is, PM performance did not differ as a function of cue 

frequency.  This is inconsistent with the proposal that age differences in PM across 

adolescence would be more evident in the high-cue-frequency task than in the low-cue-

frequency task.  In contrast, PM performance was actually found to be better for the high-

cue-frequency task than for the low-cue-frequency task.  This result is consistent with the 

findings of previous research that have demonstrated the presence of this effect in young 

adults (Czernochowski et al., 2012).   
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There are several possibilities that could account for the lack of an age-related 

difference on the effect of cue frequency.  First, the current study utilised only one 

(highly repetitious) PM target on each PM task.  PM cues that are high in repetition might 

also be easier to monitor for than cues that are low in repetition (see Wilson et al., 2013).  

In particular, the continuous presentation of the same PM cue (rather than different PM 

cues; Czernochowski et al., 2012) may have meant that it remained more active in 

participant’s working memory, made the cue easier to detect (irrespective of cue 

frequency). Future studies should examine the age-related differences on the effect of cue 

frequency by using different cues.  

A second possibility could be that the ratio of ongoing trials to PM trials was not 

overly dissimilar (low-cue-frequency task: 20 ongoing trials to 1 PM trial; high-cue-

frequency task: 30 ongoing trials to 1 PM trial).  That is, the task may not have been 

sensitive enough to reveal any potential age-related differences on the effect of cue 

frequency.  Moreover, task duration (rather than cue frequency) may have been 

manipulated here (low-cue-frequency: 10 min; high-cue-frequency 30 min).  Although 

the study cannot rule out this possibility, the main effect of cue frequency found in this 

study (i.e., better PM performance for the high-cue-frequency task) suggests that there 

may have been differences in the cognitive demand of the tasks (Czernochowski et al., 

2012; Wilson et al., 2013). More research is therefore needed to determine how cue 

frequency and task duration influence the cognitive demand of a PM task. 

Regarding RM, performance was found to be mostly similar across the age 

groups.  This finding is consistent with the proposal that capabilities associated with RM 

may be developed by the time one reaches adolescence (Vakil et al., 1998).  As previous 
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research suggests, memory shows substantial qualitative change throughout childhood; 

however, beyond childhood, memory appears to function at adult levels (Gathercole, 

1998; Vakil et al., 1998).  Thus, the early development of memory abilities in childhood 

may pertain to the early development of those brain structures that underlie memory 

abilities (Ofen et al., 2007; Schneider, 2010).   

Taken together, the findings of this study suggest that PM is still developing 

across adolescence.  Yet, some limitations of the study need to be addressed.  First, the 

issue of ongoing task difficulty warrants attention.  Ongoing task performance was found 

to be the lowest in the 12- to 13-year-olds compared to the other age groups.  

Kvavilashvili et al (2008) argued that if both the ongoing task and the embedded PM task 

compete for attentional resources, age-related effects in PM might be distorted or 

masked.  That said, accuracy on the ongoing component was over 90% across the age 

groups. Nevertheless, there may have been a trade-off in accuracy between the ongoing 

and the PM task components.  Although this seems unlikely given the high accuracy rate, 

future research should address the issue of ongoing task difficulty, especially for PM 

tasks that are high in cue frequency and long in duration.   

Second, ceiling effects could have masked the true age-related effect of PM across 

adolescence when percentage correct scores are considered. However, the PM composite 

score showed that there were age-related differences in PM across adolescence. Order 

effects may have also masked potential age effects on the low-cue-frequency task, with 

the findings showing better PM performance for participants who completed the high-

cue-frequency task first compared to the participants who completed the low-cue-

frequency task first.  Although practice effects were in the same direction for each task 
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(i.e., better PM performance the second time around), participants who undertook the 

high-cue-frequency task first had more practice at the task than the participants who 

undertook the low-cue-frequency task first.  That said, no interaction was found between 

age group and testing order, which indicates that the effect of testing order had a similar 

effect for each age group.  More research is needed to determine how cue frequency 

impacts PM performance in different age groups.   

To conclude, the findings of the current study indicate that PM may still be 

developing in adolescence. The next study will examine the role of executive functioning 

in PM performance.  In particular, it will examine how executive functioning contributed 

to PM performance on the low-cue- and high-cue-frequency tasks and whether executive 

functioning could account for the differences found between the two tasks (i.e., the main 

effect). Moreover, the following study may help determine the specific executive 

functions involved in PM performance in adolescence.  
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CHAPTER SEVEN 

Study 2: The Contribution of Executive Functioning to PM Performance Across 

Adolescence  

  There is a growing consensus that executive functions are associated with 

successful prospective remembering (e.g., Kliegel et al., 2008a; McDaniel et al., 1999; 

West, 1996).  At the same time, the role of executive functioning on PM performance 

may not be applicable to all PM task types (Kliegel et al., 2008a).  For instance, some 

tasks only require one intention to remember (e.g., to pass on a message to a specific 

person when you see that person next), whereas other tasks may require a number of 

intentions to remember (e.g., to pass on a message to a number of different people; 

Czernochowski et al., 2012).  Likewise, some ongoing tasks are simple and only require 

minimal cognitive resources to interrupt them, whereas other ongoing tasks are complex 

and require a high degree of cognitive resources to interrupt them (Ward et al., 2005).  

The aim of Study 2 was to examine the contribution of executive functioning to PM 

performance across adolescence using a number of different tasks (viz., low- and high-

cue-frequency PM tasks). 

There are three main components of executive functioning that are believed to be 

involved in prospective remembering: (a) working memory, (b) inhibition, and (c) task 

switching (Altgassen et al., 2014; Wang et al., 2011).  More specifically, working 

memory may be associated with the ability to hold in mind multiple task sets; inhibition 

may be associated with the ability to interrupt and inhibit the ongoing task (when the cue 

is detected); and task switching may be associated with the ability to switch flexibly from 

the ongoing task to the PM task so to initiate the PM action (Kliegel, Altgassen, Hering, 
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& Rose, 2011; Rose, Rendell, McDaniel, Aberle, & Kliegel, 2010; Schnitzspahn, Stahl, 

Zeintl, Kaller, & Kliegel, 2013).  To date, only a handful of studies have examined the 

relationship between executive functioning and PM performance in adolescence 

(Altgassen et al., 2014; Shum et al., 2008; Ward et al., 2005).  

Ward et al. (2005) investigated the development of PM in three groups–children 

(7- to 10-year-olds), adolescents (13- to 16-year-olds), and young adults (18- to 19-year-

olds)–using tasks based on the prefrontal model of PM (West, 1996).  In particular, the 

researchers manipulated the cognitive demand of the ongoing task and the importance of 

the PM component.  The ongoing component consisted of a lexical-decision task where 

participants had to indicate whether a string of letters formed a word or a nonword.  The 

cognitive demand of the ongoing task (low vs. high) was manipulated by varying the 

length of the letter strings.  For the PM component, participants were required to press a 

target key whenever they saw a letter presented in italics.  Moreover, the importance of 

the PM task was stressed for half of the participants, but for the other half of the 

participants, the standard instructions were given.  The contribution of executive 

functioning to PM performance was also examined for the low- and high-demand tasks 

separately using the TOL, the SOPT, and the Stroop test.  

Overall, the findings showed better PM performance on the low-demand-PM task 

than on the high-demand-PM task. In contrast, stressing the importance of the PM task 

did not impact PM performance.  The findings also showed that the young adults and 

adolescents had better PM performance than the children, but there were no differences in 

PM performance between the adolescents and the young adults.  This trend did not 

change even when the cognitive demand of the ongoing task increased. Regarding age-
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related differences on the measures of executive functioning, young adults and 

adolescents had better performance on SOPT task and TOL than the children (young 

adults and adolescents did not differ from each other). In contrast, young adults had better 

performance on the Stroop task compared to the adolescents and children (who did not 

differ from each other). Finally, performance on executive functioning (viz., the SOPT 

and the Stroop test) predicted PM performance on the high-demand task only (after 

controlling for age). Taken together, the findings of this study suggest that executive 

functioning may underlie the development of PM in childhood and adolescence (Ward et 

al., 2005). Moreover, the findings of this study support the idea that the level of cognitive 

demand of the task may impact the degree to which executive functioning is involved 

(Kliegel et al., 2008b).  

It is important to note, however, that although the findings of the Ward et al. 

(2005) study indicate that the involvement of executive functioning in PM performance 

may not be the same for all task types, the study actually failed to find PM differences 

between adolescents and young adults.  One possible explanation for this finding could 

be due to the chosen age range used in that study.  For instance, the age range chosen for 

the adolescent group in that study included participants up to 16 years of age.  Previous 

studies have indicated that some executive functions may be fully developed by mid-

adolescence (Huizinga et al., 2006; Luciana et al., 2005).  Therefore, the findings of 

Ward et al. (2005) may not have been sensitive enough to detect the developmental 

changes of PM across adolescence.  

In a recent study, Altgassen et al. (2014) examined the relationship between 

executive functioning and PM performance in 42 adolescents (13- to 14-year-olds) and 
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41 young adults (19- to 20-year-olds).  In particular, they examined whether theory of 

mind and executive control processes (i.e., working memory, task switching, and 

inhibition) would predict PM performance in adolescents and young adults.  For the 

ongoing task, participants needed to count the number of vowels in a word pair that were 

presented on a computer screen.  For the PM component of the task, participants had to 

press the space bar as quickly as they could if one of the two presented words was a verb.  

Moreover, participants had to also give the ongoing task response after they gave the PM 

task response.  For theory of mind, a number of short vignettes were used.  For executive 

functioning, the Antisaccade Task (inhibition), Letter-Memory Task (working memory), 

and Colour-Shape-Categorising task (task switching) were used.  

Overall, the findings showed that adolescents had lower performance than that of 

young adults on the PM task, on the theory-of-mind task, and on all three measures of 

executive functioning.  In addition, theory of mind and task switching were found to 

predict PM performance in the adolescents.  In contrast, none of the measures predicted 

PM performance in the young adults.  Altgassen et al. (2014) concluded that the ongoing 

development of theory of mind as well as the ongoing development of executive 

functioning (particularly task switching) might underlie PM development in adolescence.  

Thus, there is growing evidence suggesting the contribution of executive 

functioning to PM development across adolescence.  Therefore, the aim of the current 

study was to examine the role of executive functioning in PM across a wide age range of 

adolescence on a PM-task paradigm that varied in cue frequency.  First, Study 2 

compared the performance on measures of executive functioning assumed to be involved 

in prospective remembering (viz., working memory, task switching, and inhibition) 
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across the different age groups.  In line with previous studies showing the improvement 

of these executive functions across adolescence (Huizinga et al., 2006; Leon-Carrion et 

al., 2004; Luciana et al., 2005), it was predicted that performance on the measures of 

executive functioning would improve with age.  

Second, Study 2 examined the relationship between executive functioning and PM 

performance on the low-cue- and high-cue-frequency tasks, respectively.  As previously 

mentioned, nonfocal cues were used for the PM tasks to increase the likelihood of age-

related differences appearing in PM performance and imposing a greater demand on 

executive control processes (Wang et al., 2011).  Moreover, previous research has 

indicated that one is more likely to devote attentional resources to tasks that consist of a 

high frequency of PM cues than to tasks that consist of a low frequency of PM cues 

(Czernochowski et al., 2012).  Although Study 1 did not find an interaction between age 

and cue frequency, a main effect of cue frequency was still found (i.e., better PM 

performance for the high-cue frequency task).  This could indicate that there may have 

been different cognitive demands for each task.  If high-cue-frequency tasks require more 

monitoring processes than low-cue-frequency tasks, then executive functioning should 

have a greater contribution to the high-cue-frequency task than to the low-cue-frequency 

task.  

Study 2 also examined the contribution of executive functioning to RM 

performance to determine whether RM performance in adolescents can be predicted by 

executive function measures.  Several studies have indicated that the role of executive 

functioning in RM performance may relate to do with the organisation and cognitive 

strategies utilised for successful encoding and retrieval (e.g., Moscovitch & Winocur, 
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1995; Schneider, 2010).  In fact, Craik (1986) proposed that aspects of RM that are 

dependent on self-initiated retrieval (i.e., free recall) are likely to require a higher degree 

of executive processes than aspects of RM that are not assumed to be dependent on self-

initiated retrieval (i.e., recognition).  Therefore, it was anticipated that executive 

functioning would predict RM performance for the total recall score of the HVLT-R 

(after controlling for age).   
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Method 

Participants  

Participants in this study were the same 93 participants (65 adolescents and 28 

young adults) as in Study 1 (see p. 86).  As previously mentioned, two participants (viz., 

one 16- to 17-year-old and one 17- to 18-year-old) did not return to complete the second 

session, and two participants (viz., one 14- to 15-year-old and one 16- to 17-year-old) 

were excluded due to low scores (i.e., 1 SD below for their age group) on the verbal 

subtest of the WASI.  

Materials  

Executive function measures. 

Stroop Colour and Word Interference Test.  The Stroop test (Lezak, Howieson, 

Loring, Hannay, & Fischer, 2004) is a measure of verbal response inhibition and 

attention.  The test is appropriate to use for individuals aged 5 to 90 years (Golden, 1978; 

Golden & Freshwater, 2002).  The test consists of three different trials: word-reading, 

colour-naming, and colour–word interference.  First, the word-reading trial was given, 

which consists of a 100 words, “RED”, “GREEN,” and “BLUE”, printed in black ink on 

a sheet of paper.  Participants were required to read the words as quickly as they can.  

Following this trial, the colour-naming trial was given, which consists of 100 Xs (i.e., 

“XXXX”) printed in red, green, or blue ink on a sheet of paper.  Participants were required 

to name the ink colour as quickly as possible.  The colour-word interference trial was 

then given, which consists of 100 printed words, “RED”, “GREEN”, and “BLUE”, 

printed in an incongruent colour (e.g., the word “RED” printed in blue) on a sheet of 

paper.  Participants were required to name the ink colours of the words as quickly as 
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possible.  All items were presented in random order on the sheet of paper (5 columns with 

20 items each).  Participants were given a time limit of 45 s for each trial.  The test took 

approximately 5 min to administer, and the number of correct responses was totalled for 

each trial. Interference scores were computed by subtracting the number of correct 

responses on the colour–word interference trial from the number of correct responses 

predicted using the formula: (C x W)/(C + W) (see Golden & Freshwater, 2002).  The 

interference score was then used as the dependent measure.  

TMT. This test (see Figure 6) is a test designed to assess visual tracking and 

cognitive flexibility (Strauss, Sherman, & Spreen, 2006).  The test has two parts: Part A 

(visual tracking and sequence ability) and Part B (cognitive flexibility).  For Part A, the 

worksheet consists of 25 circled numbers.  The circled numbers were scattered across the 

page.  Participants were required to draw lines connecting the 25 circled numbers in 

consecutive ascending order, as quickly as possible without lifting the pencil from the 

paper.  For Part B, the worksheet consists of 25 circled numbers and letters also scattered 

across the page.  Participants were required to draw lines connecting the circled numbers 

and circled letters in ascending order, alternating between them (e.g., 1-A-2-B-3-C, etc.).  

Performance was assessed by the time taken (in seconds) to complete each trial correctly 

(Strauss et al., 2006).  The score computed was the time taken to complete Trial B minus 

the time taken to complete Trial A.  
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Part A 

 
Part B 

 
Figure 6. Part A and B of the TMT, with 25 scattered circled numbers and letters. From A 

Compendium of Neuropsychological Tests: Administration, Norms, and Commentary 

(3rd ed.) by E. Strauss, E.M.S. Sherman, and O. Spreen, 2006, New York: Oxford 

University Press, p. 655. Copyright 2006 from Oxford University Press. Reprinted with 

permission.   
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SOPT. This test (see Figure 7) is a measure of visual working memory, based on 

the representational drawings task (Lezak et al., 2004).  A computerised version of this 

test was used (Petrides & Milner, 1982).  The task was divided into four blocks: a 6-

picture block, an 8-picture block, a 10-picture block, and a 12-picutre block. In each 

block, coloured pictures were presented on a computer screen.  There were three trials for 

each picture block (a total of 12 trials in total) and participants were required to click on a 

different picture on each screen. The pictures would automatically reshuffle into new 

positions as soon as the participant made a response.  Also, the pictures reshuffled six 

times for the 6-picture block, eight times for the 8-picture block, and so on.  Participants 

were instructed not to click on the same picture twice or on the same location multiple 

times.  A picture that was pointed to more than once in the same trial (for each block) was 

counted as an error.  The number of errors for each picture block was added and the total 

amount of errors for the test was computed for each participant.  
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Figure 7. Stimuli used for the 6-picture block for the computerised SOPT. Note. From A 

Compendium of Neuropsychological Tests: Administration, Norms, and Commentary 

(3rd ed.) by E. Strauss, E.M.S. Sherman, and O. Spreen, 2006, New York: Oxford 

University Press, p. 473. Copyright 2006 from Oxford University Press. Reprinted with 

permission.   

 

Procedure 

 Participants were tested individually at the neuropsychological laboratory at 

Griffith University, Mt Gravatt campus.  Instructions for each test were read out to 

participants, who encouraged to ask any questions they might have.  The measures of 

executive functioning were completed in a session separate from the EEG session and 

took approximately 1 hour.  See Table 7 for a breakdown of the testing session.  
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Table 7 

Breakdown and Order of Testing Procedure for the Task Session 

Measure              Maximum Time 

1.  The Stroop test     5 min 

2.  HVLT-R (RM)    15 min 

3.  WASI (2 subtests)   20 min 

4.  TMT    5 min 

5.  Delayed recall for HVLT-R (RM)    5 min 

6.  Low-cue-frequency PM task   10 min 

7.  SOPT    5 min 

TOTAL TIME   65 min 
Note. HVLT-R = Hopkins Verbal Learning Test; WASI = Wechsler Abbreviated Scale of Intelligence; 
TMT = Trail Making Test; SOPT = Self-Ordered Pointing Task. 
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Results  

Executive function measures 

Data screening. Prior to analysis, missing values, normality of the distributions, 

and outliers were checked separately for each dependent variable across each age group.  

The score of one participant (one 12- to 13-year-old) was excluded from the Stroop test 

due to the participant having some confusion with the colours. Tukey’s HSD was used to 

follow up the significant one-way ANOVA.  The means and SDs for the executive 

function measures for each age group are presented in Table 8. 
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Table 8 

Means and SDs (in Parentheses) for the Executive Function Measures for the 4 Age Groups 

Age Group Stroop TMT-a  TMT-b  TMT-difference SOPT  

12- to 13-year-olds     5.30 (7.02) 25.98 (7.43) 60.57 (20.77) 34.59 (16.99) 8.27 (5.61) 

14- to 15-year-olds     7.78 (9.12) 24.28 (5.72) 49.58 (15.90)        25.31 (14.10)      10.55 (6.01) 

16- to 17-year-olds     7.57 (6.65) 19.47 (6.56) 48.98 (22.73)        29.52 (21.02) 8.39 (4.03) 

18- to 19-year-olds     4.71 (8.64)        20.12 (5.16)  44.14 (13.93)        24.01 (12.46) 6.59 (3.67) 

Note. Stroop measured by interference score. TMT-a = Trail Making Test part A (measured in ms); TMT-b = Trail Making Test part B (measured in ms); TMT-
difference = the difference score between TMT-a and TMT-b (measured in ms); SOPT = Self-Ordered Pointing Task (measured by the total number errors).  
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The Stroop test.  Table 8 shows that although performance was higher for the 14- 

to 15-year-olds and the 16- to 17-year-olds, a one-way ANOVA revealed no significant 

differences between the four age groups for this measure, F(3, 84) = .86, p = .47.  

The TMT.  For the Part A of the TMT task, Table 8 indicates that the 12- to 13-

year-olds were the slowest of all the age groups.  A one-way ANOVA revealed a 

significant difference between the four age groups, F(3, 85) = 5.67, p <  .01, ω2 = .14. 

Posthoc comparison using the Tukey’s HSD test indicated that the 12- to 13-year-olds 

performed significantly worse on Part A of the TMT task than the 18- to 19-year-olds (p 

< .05).  For Part B of the TMT task, Table 7 indicates that the 12- to 13-year-olds were 

the slowest on this task.  A one-way ANOVA revealed a significant difference between 

the four age groups, F(3, 85) = 3.40, p < .05, ω2 = .07.  Post-hoc comparison using the 

Tukey’s HSD test indicated that the 12- to 13-year-olds performed significantly worse on 

Part B of the TMT task than the 18- to 19-year-olds (p < .05).  For the TMT difference 

score, although Table 7 indicates that the 12- to 13-year-olds had the highest TMT 

difference score (i.e., interference), a one-way ANOVA revealed no significant 

differences between the four age groups on this score, F(3, 85) = 2.06, p = .11. 

The SOPT.  Table 8 shows that the 18- to 19-year-olds had the fewest SOPT 

errors, whereas the 14- to 15-year-olds had the highest number of SOPT errors. However, 

a one-way ANOVA revealed no significant differences between the four age groups on 

SOPT errors, F(3, 85) = 2.62, p = .06.  

The Role of Executive Functioning in PM and RM Performance  

This study examined the unique contribution of executive functioning to PM and 

RM performance using hierarchical multiple regressions (after controlling for age, see p. 
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97 for reported findings for Study 1).  The independent variables were age, and the three 

measures of executive functioning: the Stroop test, the TMT (the TMT-b score was used 

due to the higher correlation between this score and PM), and the SOPT.  For PM, the 

role of executive functioning in PM performance was examined separately for each cue-

frequency task (i.e., low-cue- and high-cue-frequency tasks).  These tasks were examined 

separately due to the significant main effect of cue frequency found in Study 1.  The 

dependent variables consisted of the composite scores reported in Study 1 (i.e., accuracy 

and RT composite).9  For RM, only the total recall score had significant correlations with 

executive function measures and was therefore used as the dependent variable for RM.  

Data screening.  Prior to analysis, an evaluation of the assumptions of normality, 

linearity, multicollinearity, and homoscedasticity were conducted.  With the use of a p < 

.001 criterion for Mahalanobis distance, one case was identified as a multivariate outlier 

for the low-cue-frequency task and RM, and two cases were identified as multivariate 

outliers for the high-cue-frequency task.  The regressions were conducted with and 

without these outliers and the results did not change; therefore, the outliers were left in 

the analyses in order to maintain generalisability.  

Low-cue-frequency task.  Table 9 summarises the results of the hierarchical 

regression of the measures of executive functions on PM performance (i.e., the composite 

score) for the low-cue-frequency task.  Age was entered at Step 1, explaining 3.1% of the 

variance of the PM composite score for the low-cue-frequency task.  At this step, R 

                                                
9

 The contribution of executive functioning to PM performance was initially examined for both the percent 

correct scores and the composite scores for PM; however, the composite score proved to be the more 

sensitive measure of PM (viz., in terms of having a higher correlation with the executive function 

measures). 
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squared =.03 was not statistically significant, F (1,81) = 2.57, p = .11.  After the entry of 

the three tests of executive functioning (Stroop, TMT-b, and SOPT) at Step 2, the total 

variance explained by the model as a whole was 11.7%, F(4, 78) = 2.57, p < .05.  The 

three measures of executive functioning explained an additional 8.6% of the variance in 

the PM composite score after controlling for age, R squared change =.08, F change (3,78) 

= 2.52, p = .06.  Although the overall R squared change at Step 2 was not statistically 

significant, TMT-b (beta = –.26, p <.05) was found to be a significant predictor of the PM 

composite score for the low-cue-frequency task.  

 
Table 9 

Hierarchical Regression of Measures of Executive Functioning on PM Performance for 

the low-cue-frequency Task 

Step  Variable PM Age Stroop TMT-b SOPT B β 

1 Age  .18      .11  .18 

2  

Stroop 

 

 .16 

 

–.04 

    .06 

 .02 

 .11 

 .14 

 TMT-b    –.30**   –.29** –.11   –.02  –.26* 

 SOPT –.01    –.18*  .09 –.03  –.00 –.01 

       R = .34* R2 = .12* 

 Mean   .00 

(1.39) 

15.72 

(2.31) 

6.20 

(8.02) 

50.53 

(18.94) 

8.35 

(5.04) 

  

Note. TMT-b = Trail Making Test part B; SOPT = Self-Ordered Pointing Task. 
*p < .05. **p < .01.  
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High-cue-frequency task.  Table 10 summarises the results of the hierarchical 

regression of the measures of executive functions on PM performance (i.e., the composite 

score) for the high-cue-frequency task.  Age was entered at Step 1, explaining 9% of the 

variance in the PM composite score for the high-cue-frequency task.  At this step, R 

squared =.09 was statistically significant, F (1,81) = 8.25, p < .05.  After the entry of the 

three tests of executive functioning (Stroop, TMT-b, and SOPT) at Step 2, the total 

variance explained by the model as a whole was 15.1%, F(4, 78) = 3.47, p < .05.  The 

three measures of executive functioning explained an additional 6.0% of the variance in 

the PM composite score after controlling for age, R squared change =.06, F change (3,78) 

= 1.80, p = .16.  Although the overall R squared change at Step 2 was not statistically 

significant, age (beta = .23, p < .05) and TMT-b (beta = –.24, p < .05) were found to be 

significant predictors of the PM composite score for the high-cue-frequency task.  
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Table 10 

Hierarchical Regression of Measures of Executive Functioning on PM Performance for 

the High-Cue-Frequency Task 

Step  Variable r B       β 

1 Age      .30**  .18      .30** 

2  

Stroop 

    

 .06 

 .14 

 .01 

   .23* 

 .04 

 TMT-b    –.31** –.02  –.24* 

 SOPT –.07 –.01 –.04 

   R = .40* R2 = .15* 

  Meana   .00 (1.37)   

Note. TMT-b = Trail Making Test part B; SOPT = Self-Ordered Pointing Task. 
a PM composite score. 
*p <.05. **p <.01. 

 

Total recall score from HVLT-R. Table 11 summarises the results of the 

hierarchical regression of the measures of executive functions on RM performance (i.e., 

total recall score for the HVLT-R).  Age was entered at Step 1, explaining 1% of the 

variance in the total recall score.  At this step, R squared =.01 was not statistically 

significant, F(1,86) = .90, p = .35.  After the entry of the three tests of executive 

functioning (Stroop, TMT-b, and SOPT) at Step 2, the total variance explained by the 

model as a whole was 14.7%, F(4, 83) = 3.57, p < .05.  The three measures of executive 

functioning explained an additional 13.6% of the variance in the Total recall score after 

controlling for age, R squared change =.14, F change (4,83) = 4.42, p < .01.  In the final 
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model, the TMT-b (beta = -.31, p <.01) and the SOPT (beta = –.22, p <.05) were shown 

to be significant predictors of the total recall score. 

 
Table 11 

Hierarchical Regression of Measures of Executive Functioning on RM Performance 

(Total Recall Score) 

Step  Variable r B β 

1 Age   .10  .14  .10 

2  

Stroop 

 

–.11 

–.03 

 .04 

–.02 

 .10 

 TMT-b    –.31** –.05     –.31** 

 SOPT   –.20* –.14    –.22* 

   R = .38* R2 = .15* 

 RM Meana  26.36  (3.25)   

Note. TMT-b = Trail Making Test part B; SOPT = Self-Ordered Pointing Task. 
a Total recall score. 
*p <.05. **p <.01. 
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Discussion 

The aim of Study 2 was to examine the contribution of executive functioning to 

PM performance across adolescence on a task that varied in cue frequency.  First, it was 

predicted that performance on the measures of working memory (i.e., the SOPT), 

inhibition (i.e., the Stroop test), and task switching (i.e., the TMT) would improve with 

age (e.g., Huizinga et al., 2006).  Second, it was predicted that executive functioning 

should have a greater contribution to the high-cue-frequency task than to the low-cue-

frequency task.  This was based on the findings of Study 1, which showed a main effect 

of cue frequency on PM performance, thereby suggesting differences in cognitive 

demand between the two tasks.  Third, it was predicted that executive functioning would 

predict performance on the free recall score on the measure of RM (after controlling for 

age).  This hypothesis was based on the idea that aspects of RM which are dependent on 

self-initiated retrieval are dependent on executive processes (Craik, 1986).  

 First, the findings showed that there was an age-group difference on the TMT 

(viz., TMT-a and TMT-b), with the 12- to 13 year-olds performing worse than the young 

adults.  In contrast, no age-group differences appeared on the measures of the Stroop test 

and the SOPT.  Taken together, this finding is only partially consistent with the 

hypothesis that performance on measures of executive functioning would improve with 

age.  The lack of age differences on the SOPT and the Stroop test is an unexpected 

finding given that these executive functions have been found to still be developing across 

adolescence (e.g., Huizinga et al., 2006).  One possible explanation for the lack of age 

differences might pertain to the type of task used to measure these executive functions.  

For instance, the SOPT is considered to be a measure of visual working memory (Lezak 
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et al., 2004).  Previous studies have found that the visual aspect of working memory 

might be developed by adolescence (e.g., Conklin et al., 2007; Gathercole, 1998).  

Moreover, Ward et al. (2005) did not find any age differences between adolescents and 

young adults on the SOPT.  Therefore the lack of age-differences on this measure could 

reflect the early development of visual working memory in adolescence.  In regards to the 

Stroop test, it has been suggested that the development of inhibition in adolescence may 

be more subtle (Best et al., 2009); therefore, the Stroop test may not have been sensitive 

enough to detect these age differences across adolescence.  

Second, in terms of the contribution of executive functioning to PM performance 

across adolescence, the TMT-b predicted PM performance on both the low- and high-

cue-frequency task (after controlling for age).  These findings are in contrast to the 

hypothesis that measures of executive functioning would predict PM performance on the 

high-cue-frequency task to a greater extent than on the low-cue-frequency task.  

However, the findings are consistent with other research (i.e., Altgassen et al., 2014) that 

found that task switching predicts PM performance in adolescence.  

One possible explanation for this pertain to the characteristics of the task used and 

the cognitive resources needed to perform well on this task (Ward et al., 2005).  In 

particular, the similar contribution of executive functioning to PM performance on both 

the low- and high-cue-frequency tasks suggests that cognitive demand between the two 

types of tasks might have been equivalent.  Therefore, this finding suggests that other 

factors may have contributed to the main effect of cue frequency found in Study 1.  For 

instance, the detection of the PM cue on the high-cue-frequency task may have become 

more automatic after it had been encountered a number of times (Wilson et al., 2013), so 
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monitoring demands may have been reduced throughout the duration of the high-cue-

frequency task (and thus resulting in higher accuracy on this task). 

In terms of the role of task switching in PM performance, this may reflect the 

general effect of working on a dual task with both ongoing and PM components.  More 

specifically participants may have prioritised both aspects of the task (the ongoing and 

the PM components) regardless of the cue frequency of the task.  In addition, it is 

possible that the PM paradigm used in this study put low demands on working memory 

processes (i.e., holding the intention in mind) and inhibition processes (i.e., inhibiting 

other ongoing activities).  The repetitious nature of the PM cue may account for this, as 

repetitious PM cues are more likely to remain in working memory than cues that are 

unique (Wilson et al., 2013).  Future research should further examine how cue frequency 

and cue repetition contribute to PM performance in adolescents.  

In terms of the role of executive functioning in RM performance across 

adolescence, the TMT-b and the SOPT predicted RM performance on the free recall 

score of the HVLT-R (after controlling for age).  This finding is consistent with the 

hypothesis that aspects of RM that rely on self-initiated retrieval processes (i.e., free 

recall) are dependent on executive processes.  This finding is also consistent with 

previous studies showing the role of the frontal lobes in recall memory (e.g., Moscovitch 

& Winocur, 1995).  Moscovitch and Winocur (1995) argued free recall places greater 

demand on cognitive resources than on other types of memory (i.e., cued recall or 

recognition memory tasks), as it is dependent on self-initiated retrieval processes.  

Although age did not predict RM performance, future research should determine how RM 

could contribute to PM performance in adolescence.  
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There are some limitations that need to be considered when interpreting the 

findings. First, the small sample sizes used in this study may have contributed to the lack 

of power of this study (i.e., for the insignificant findings) and may also limit the 

generalisability of the findings.  For an 80% chance of detecting a relationship (if in fact 

one did exist), 45 participants would be needed for each age group in order to detect a 

medium effect size.  Therefore, the current study may have failed to have sufficient 

power to detect significant age-group differences in the measures of executive 

functioning.  Future research should examine the role of executive functioning on PM 

performance in adolescence with larger samples.  Second, as previously described in 

Study 1, the manipulation of cue frequency may not have been sensitive enough to detect 

age differences. More research is needed to determine how executive functioning 

contributes to PM performance on tasks that vary in cue frequency.  

 In conclusion, the findings of the Study 2 indicate that after controlling for age, 

executive functioning (specifically task switching) predicted PM performance across 

adolescence.  These findings further support the role of executive functioning in PM 

performance in adolescence as has been established by previous research (Altgassen et 

al., 2014; Ward et al., 2005).  The findings also provide additional support for the 

prefrontal model of PM (West, 1996).  These findings may help inform diagnostic 

practices for adolescent psychopathology particularly in determining typical or atypical 

cognitive functioning in adolescence (e.g., Dumontheil, Burgess, & Blakemore, 2008).  

The next study will examine the underlying neural processes that contribute to PM 

development in adolescence.  
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CHAPTER EIGHT 

Study 3: The Development of PM Across Adolescence: An ERP Analysis.10 

To date, there is currently disagreement as to whether age-related differences in 

PM from childhood to adulthood result from increased efficiency in the prospective 

component of PM or retrospective component of PM (Mattli et al., 2011).  For instance, 

some studies have suggested that the development of PM in adolescence is associated 

with improvement in the processes underlying the prospective component of PM (e.g., 

Kerns, 2000; Wang et al., 2011; Ward et al., 2005).  In contrast, other studies 

(particularly ERP studies) have suggested that processes underlying the prospective 

component of PM may already be developed by adolescence, but that the processes 

underlying the retrospective component of PM continue to develop in throughout that 

time (Mattli et al., 2011; Smith, Bayen, & Martin, 2010; Zöllig et al., 2007). In Study 3, 

ERPs were used to examine the effects of age on the neural correlates associated with the 

prospective component (i.e., N300) and the retrospective component (i.e., parietal 

positivity) of PM across adolescence. 

During the last decade, significant advances have been made in understanding the 

neurocognitive processes that underlie PM (see West, 2008, 2011).  In particular, 

researchers have been able to use ERPs to identify the specific time course of neural 

correlates associated with prospective remembering.  To reiterate, the N300 reflects a 

negativity over the occipital–parietal region of the scalp. It begins around 200 ms after 

stimulus onset and has a maximal amplitude of around 300–500 ms after stimulus onset 

(West, 2011).  The N300 reflects a greater negativity for PM cues than for ongoing trials 

                                                
10 The findings of this study was published in a peer reviewed journal (Bowman, Cutmore, & 
Shum, 2015) 
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(West, 2011; West et al., 2007), and it may be similar for PM misses as well as for 

ongoing trials (Mattli et al., 2011; West et al., 2007).  Following the manifestation of the 

N300 is the parietal positivity, which is a sustained positivity around the parietal region 

of the scalp.  The parietal positivity begins around 400ms after stimulus onset and lasts 

until around 1,200 ms after stimulus onset.  As for the N300, the parietal positivity 

exhibits greater amplitude for PM cues than for ongoing trials and for PM misses (West, 

2011; West et al., 2001).  

Although the parietal positivity has generally been assumed to be associated with 

processes underlying the retrospective component of PM (West, 2008; Zöllig et al., 

2007), it may actually encompass processes associated with both the prospective and 

retrospective components of PM.  More specifically, the parietal positivity is believed to 

reflect three distinct components of the ERPs: (a) the P3b, (b) the old–new effect, and (c) 

the prospective positivity (West, 2011). The old-new effect is believed to share processes 

with both the retrospective component of PM (i.e., the retrieval of an intention from 

memory) and explicit episodic memory (recognition and cued recall; West & 

Krompinger, 2005).  However, the P3b and the prospective positivity may reflect 

processes associated with the detection of PM cues and the configuration of the PM task 

set, respectively (see Mattli et al., 2011; West, 2011).  

The neural correlates of PM have been examined across the lifespan from 

childhood to later adulthood (Mattli et al., 2011; Zöllig et al., 2007).  In sum, evidence 

from studies suggests that different cognitive processes contribute to the age-related 

variation in PM performance across the lifespan (West, 2011; Zöllig et al., 2007).  To 

date, it is unclear as to the specific processes (viz., prospective or retrospective) that 
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contribute to PM development in adolescence as both behavioural and ERP studies have 

yielded inconsistent findings.  Thus, the aim of Study 3 was to examine the neural 

correlates associated with both the prospective and retrospective components of PM 

across adolescence.  

First, if processes underlying the prospective component of PM continue to 

develop in adolescence, then there should be age differences on the N300.  By 

comparison, if processes underlying the retrospective component of PM continue to 

develop across adolescence, then there should be age-related differences on the amplitude 

of the parietal positivity (Zöllig et al., 2007).  The contribution of executive functioning 

(viz., working memory, inhibition, and task switching) to the amplitude of the N300 and 

the contribution of executive functioning to the amplitude of the parietal positivity were 

also examined. In particular, a number of studies have previously demonstrated the link 

between executive functions and behavioural measures of PM performance (e.g., Kliegel 

et al., 2008a; McDaniel et al., 1999).  Most important, if executive control processes 

underlie PM development in adolescence (Wang et al., 2011), then the association 

between executive functioning and PM should be reflected in the ERPs.  Namely, if 

processes underlying the prospective component of PM continue to develop across 

adolescence, then executive functioning should have a greater contribution to the 

amplitude of the N300 (i.e., the prospective component of PM), particularly if nonfocal 

PM tasks place a higher demand on executive control processes needed to detect PM cues 

(e.g., Altgassen et al., 2014; Shum et al., 2008; Ward et al., 2005).  

Conversely, if age-related differences in the parietal positivity contribute to PM 

development in adolescence (Zöllig et al., 2007), and the parietal positivity encompasses 



 

 

134 

processes that also support the detection of PM cues, then executive functioning should 

also contribute to this modulation (West, 2011).  Study 3 was exploratory in nature and 

was the first to examine how executive functions may contribute to the neurocognitive 

processes that underlie PM in adolescence.  
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Method 

Participants  

Participants were the same sample as those used in Studies 1 and 2 (see p. 86). 

Table 12 shows the final sample sizes for Study 3.  

 

Table 12 

Final Sample Sizes for Each of the Age Groups for Study 3. 

Age Group N 

Group 1 (12- to 13-year-olds) 22 

Group 2 (14- to 15-year-olds) 22 

Group 3 (16- to 17-year-olds) 18 

Group 4 (18- to 19-year-olds) 27 

 

Materials and procedure  

The PM paradigm (i.e., the high-cue-frequency task) used in Study 3 was the 

same as that used in Study 1 (see p. 90). The PM task consisted of a total of 600 trials (30 

blocks of 20 trials), of which 570 trials were ongoing trials and 30 were PM trials. The 

PM cues were randomly allocated among trials 10 to 20 for each block of 20 trials to 

discourage counting or anticipation.  There was a rest period just after every 200th trial 

(with two rest periods in total), where participants were told to rest their eyes and press 

the space bar when they were ready to continue.  Eighteen practice trials (with 1 PM cue) 

were completed prior to testing. The task took approximately 30 min to complete. 
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All participants were tested individually at the EEG lab at Griffith University, Mt 

Gravatt campus. The participants were then fitted with an EEG cap (sizex small, medium, 

or large).  After a good EEG signal was obtained, the experimenter then read out the 

instructions from the computer screen out loud to the participants, who were encouraged 

to ask any questions that they might have.  At the end of the second session, participants 

were debriefed about the study.  Overall, this session lasted for approximately 90 min in 

total (see Appendix F for the EEG procedure).   

Electrophysiological recording and analysis.   

Recording. Electrophysiological data were recorded using the ActiveTwo BioSemi 

system (version 6.05, 2010) from an array of 64 channels (see Figure 8 and Figure 9) at a 

sampling rate of 1024Hz.  The BioSemi system uses 24-bit Ag–AgCl active electrodes 

with built–in digital amplifiers (band-pass DC – 206Hz).  Vertical eye movements were 

recorded from electrodes placed below and above the left eye. Horizontal eye movements 

were recorded by placing electrodes on the outer canthus of each eye.  During recording, 

electrodes were re-referenced to an average reference (for guidelines see Picton et al., 

2000).  
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Figure 8. Top view of the 64-channel head cap layout (configured to the standard International 

10-20 system). Note. From ActiveTwo operating guidelines by BioSemi, retrieved from 

http://www.biosemi.com/headcap.htm. Copyright 2007 by BioSemi. Reprinted with permission.               

 

Figure 9.  Top view of the 64-channel EEG cap (configured to the standard International 10–20 

system). Note. From ActiveTwo operating guidelines by BioSemi, retrieved from 

http://www.biosemi.com/headcap.htm. Copyright 2007 by BioSemi. Reprinted with permission.           
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  Processing. All bioelectrical signals were digitised on a laboratory computer using 

the BioSemi ActiView software.  Offline analysis was performed using BESA (version 

5.3.6, GmbH, Germany).  The BESA artefact correction algorithm was used to reduce the 

influence of contaminating sources to the EEG.  After artefact correction, a band-pass 

filter of 0.1Hz (6dB/oct; forward) to 30Hz (24dB/oct; zero phase) and a notch filter of 

50Hz were applied. ERP analysis epochs were extracted offline and included a 200 ms of 

pre-stimulus activity and 1,200 ms of poststimulus activity (Zöllig et al., 2007, p. 3312).  

Trials containing residual artefacts were rejected before averaging (cut-off ±120 µV).  

For each participant, the average ERPs were computed for correct responses for the 

ongoing trials and for the PM trials (West & Krompinger, 2005), whereas the N300 and 

the parietal positivity were quantified using area amplitude in appropriate time windows. 
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Results 

Performance accuracy (PM task) 

Performance on the ongoing and PM tasks was reported in Study 1.  It is 

important to note, however, that the EEG recording revealed that there were a number of 

responses where the incorrect response on the PM trials had been given, followed by the 

correct PM response.  Although late PM responses may indicate that the PM task had 

been recalled (see Kvavilashvili, 1998), the behavioural and EEG output classified these 

responses as PM errors.  Therefore, these types of responses were not included in the PM 

behavioural or ERP analysis. 

Analysis of mean amplitude 

Differences in mean amplitude between the four age groups were analysed using a 

mixed-factorial ANOVA.  The selection of electrodes and latency windows were guided 

by previous research (Zöllig et al., 2007) and a visual inspection of the grand averages. 11  

The N300 was quantified as mean amplitude between 200 and 300 ms after stimulus 

onset and included data for five electrodes: P7, O1, Oz, O2, and P8 (Zöllig et al., 2007).  

For the analyses, electrodes within one region were collapsed to obtain a mean activity.  

The left electrode region included the data for the P7 and O1 electrodes, whereas the right 

electrode region included the data for the O2 and P8 electrodes (Mattli et al., 2011).  

For the parietal positivity, the mean amplitude was quantified between 450 to 750 

ms after stimulus onset and included data of electrodes: CP3, P3, CPz, Pz, CP4, and P4 

(Zöllig et al., 2007).  For the analyses, electrodes within one region were also collapsed to 

obtain a mean activity.  The left electrode region included the data for the CP3 and P3 

                                                
11 On visual inspection, no noticeable age-differences were found for the frontal positivity; therefore this 
component was not analysed.   
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electrodes, whereas the right electrode region included the data for the CP4 and P4 

electrodes (Mattli et al., 2011).  The central region was also included for the analysis of 

the parietal positivity and this included the data for the CPz and Pz electrodes.  

Data screening.  Prior to analysis, missing values, normality of the distributions, 

and outliers were checked separately for each dependent variable across each age group.  

As mentioned in Study 1, five participants’ scores on the PM task were excluded (see p. 

93).  In addition, the EEG data of 10 participants (three 12- to 13-year-olds, three 14- to 

15-year-olds, two 16- to 17-year-olds, and two 18- to 19-year-olds) were excluded from 

this study due to excessive noise in the EEG.  The Greenhouse-Geisser corrected degrees 

of freedom were applied if sphericity could not be assumed.  Alpha levels for all 

statistical tests were set at p = .05.  For pairwise comparisons, a Bonferroni adjustment 

was used to control for Familywise Type I error rate (Howell, 2013).  

 Differences in mean amplitude.  The grand-averaged ERPs at selected electrodes 

portraying the N300 and parietal positivity for the ongoing and PM trials for each of the 

four age groups are presented in Figure 10 and Figure 11 respectively.  The N300 was 

observed at the occipital–parietal electrodes and differentiated ongoing task trials from 

PM trials for each of the age groups.  This modulation began around 200 ms after 

stimulus onset.  The parietal positivity was observed at the parietal electrodes between 

400 and 800 ms and also differentiated ongoing task trials from PM trials for each of the 

age groups.  See Appendix G for whole head figures showing scalp activity for ongoing 

trials and PM trials for each age group. 
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Figure 10. Grand-averaged ERPs at selected electrodes demonstrating the N300 for the 

ongoing and PM trials for the four age groups. Horizontal ticks represent 200ms 

increments and vertical ticks represent 5 µV. 
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Figure 11. Grand-averaged ERPs at selected electrodes demonstrating the parietal 

positivity for the ongoing and PM trials for the four age groups. Horizontal ticks 

represent 200ms increments and vertical ticks represent 5µV.  
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 N300. The N300 was analysed using a three-way mixed ANOVA with factor 

levels: 4 (Age group: 12- to 13-year-olds, 14- to 15-year-olds, 16- to 17-year-olds, and 

18- to 19-year-olds) x 2 (Trial: ongoing and PM) x 2 (Electrode Region: left [averaged of 

P7 and O1] and right [averaged of P8 and O2]).  The main effect of trial was significant, 

F(1, 71) = 74.35, p < .001, ηρ2 = .51.  This showed that the amplitude was more negative 

for the PM trials (M = –4.32, SEM =.63) relative to the ongoing task trials (M = –1.05, 

SEM =.47).  The main effect of electrode region was also significant, F(1, 71) = 5.94, p < 

.05, ηρ2 = .08.  This showed that the amplitude was more negative on the left electrode 

region (M = –3.50, SEM = .62) than on the right electrode region (M = –1.87, SEM = .63).  

In contrast, the main effect of age was not significant, F(3, 71) = 1.94, p = .13.  For the 

interactions, the interaction between age group and trial was not significant, F(3, 71) = 

.38, p = .77.  The interaction between age group and electrode region was not significant, 

F(3, 71) = .67, p = .57. The interaction between trial and electrode region was also not 

significant, F(1, 71) = .51, p = .47.  Finally, the three-way interaction between age group, 

trial and electrode region was not significant, F(3, 71) = 2.32, p = .09.  

 Parietal positivity.  The parietal positivity was analysed using a three-way mixed 

ANOVA with factor levels: 4 (Age Group: 12 to 13-year-olds, 14 to 15-year-olds, 16 to 

17-year-olds, and 18 to 19-year-olds) x 2 (Trial: ongoing and PM) x 3 (Electrode Region: 

left [averaged of CP3 and P3], central [averaged of CPz and Pz], and right [averaged of 

CP4 and P4]).  Mauchly’s test indicated that the assumption of sphericity had been 

violated for the main effect of electrode region,  χ2(2) = 8.95, p = .011, and trial by 

electrode region interaction,  χ2(2) = 7.70, p = .021.  Therefore, the Greenhouse–Geisser 
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correction was applied (ε = .89 for the main effect of electrode region and .91 for trial by 

electrode region interaction).  

The main effect of trial was significant, F(1, 71) = 205.87, p < .001, ηρ2 = .74. 

This showed that the amplitude was more positive for the PM trials (M = 13.18, SEM = 

.72) relative to the ongoing task trials (M = 5.31, SEM = .42).  The main effect of 

electrode region was also significant, F(1.79, 126.78) = 22.22, p < .001, ηρ2 = .24, 

whereas the main effect of age group was not significant, F(3, 71) = 1.82, p = .15.  For 

the interactions, the interaction between age group and electrode region was not 

significant, F(6, 142) = 1.50, p = .18.  In contrast, the interaction between trial and 

electrode region was significant, F(1.81, 128.60) = 15.37, p < .001, ηρ2 = .18, as was the 

interaction between age group and trial, F(3, 71) = 4.19, p <.01, ηρ2 = .15.  Finally, the 

three-way interaction between age group, trial, and electrode region was significant, 

F(5.43,128.60) = 4.38, p <.01, ηρ2 = .16. 

 To identify the source of the significant three-way interaction, the analysis was 

split by electrode region (central, right, and left), and a 2 (Trial) x 4 (Age Group) mixed 

ANOVA was conducted for each electrode region.  For the central electrode region  (see 

Figure 12) there was a significant main effect of trial, F(1, 71) = 133.48, p < .001, ηρ2 = 

.65 and age group, F(3, 71) = 2.92, p < .05, ηρ2 = .11.  The interaction between trial and 

age group was also significant, F(3, 71) = 6.12, p < .01, ηρ2 = .21.  The simple effect of 

analysis on age was only significant for PM trials, F(3,71) = 4.92, p < .01, ηρ2 = .17 and 

not the ongoing task trials, F(3, 71) = .66, p = .58.  Pairwise comparisons showed that the 

amplitude of the parietal positivity was significantly greater for the 12- to 13-year-olds 

than the 18- to 19-year-olds for the PM trials (p < .01).   
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Central Electrode Region 

 

Figure 12. Mean parietal positivity amplitude by trial (ongoing task [OT] and PM) and 

age group for the central electrode region.  Error bars represent ±1 SEM.  

 

For the right electrode region (see Figure 13) there was a significant main effect 

of trial, F(1, 71) = 162.58, p < .001, ηρ2 = .70.  In contrast, the main effect of age group 

was not significant, F(3, 71) = 1.32, p = .28.  The interaction between trial and age group 

was significant, F(3, 71) = 4.92, p < .01, ηρ2 = .17.  The simple effect of age only showed 

a marginal significance for PM trials, F(3, 71) = 2.57, p = .06, ηρ2 = .10 and 

nonsignificance for the ongoing task trials, F(3, 71) = .44, p = .73.  Pairwise comparisons 

showed that the amplitude of parietal positivity was significantly greater for the 12- to 

13-year-olds than the 18- to 19-year-olds for the PM trials (p < .05).   
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Right Electrode Region 

 

Figure 13. Mean parietal positivity amplitude by trial (ongoing task [OT] and PM) and 

age group for the right electrode region.  Error bars represent ±1 SEM.  

 

Finally, for the left electrode region (see Figure 14) there was a significant main 

effect of trial, F(1, 71) = 88.46, p < .001, ηρ2 = .56.  In contrast, the main effect for age 

group was not significant, F(3, 71) = .64, p = .59.  The interaction between trial and age 

group was also not significant, F(3, 71) = .11, p = .96.  
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Left electrode region 

 

Figure 14. Mean parietal positivity amplitude by trial (ongoing task [OT] and PM) and 

age group for the left electrode region.  Error bars represent ±1 SEM.  

 
 
The role of executive functioning in the neural correlates of PM  

Hierarchical multiple regressions were used to examine the unique contribution of 

executive functioning to the neural correlates of PM.  The independent variables were 

age, and the three tests of executive functioning: the Stroop test, the TMT (viz., TMT-b 

score), and the SOPT.  The role of executive functioning in the neural correlates of PM 

was examined separately for the amplitude of N300 and parietal positivity.  More 

specifically, the role of executive functioning was examined in the mean amplitude of 

parietal positivity for each electrode region (viz., right, central, and left regions) 

separately.  The regression for N300 for the overall mean amplitude revealed the same 
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results as the region-specific analyses; therefore only the role of executive functioning for 

the overall mean amplitude of N300 was reported.  

Data screening.  Prior to analysis, an evaluation of the assumptions of normality, 

linearity, multicollinearity and homoscedasticity was conducted.  With the use of a p < 

.001 criterion for Mahalanobis distance, one case was identified as an outlier on the 

predictor variable (viz., the SOPT score).  The regressions were conducted with and 

without this outlier to determine the influence of this outlier (Field, 2013).  Because the 

results were the same with and without this outlier, it was left in the analyses in order to 

maintain generalisability (Tabachnick & Fidell, 2013).  

N300. Table 13 summarises the results of the hierarchical regression of the 

measures of executive functions on the amplitude of N300.  Age was entered at Step 1, 

explaining 1.5% of the variance in the amplitude of N300.  At this step, R squared = .02 

was not statistically significant, F (1,71) = 1.05, p = .31.  After the entry of the three tests 

of executive functioning (Stroop, TMT-b, and SOPT) at Step 2, the total variance 

explained by the model as a whole was 2.1%, F(4, 68) = 0.37, p = .83, the R squared 

change = .10 was not statistically significant, F change (3,68) = 0.15, p = .93.  
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Table 13 

Hierarchical Regression of Measures of Executive Functioning on the Mean Amplitude 

of N300 

Step  Variable      r   B    β 

1 Age  –.12 –.70 –.12 

2 Stroop    .03   .05   .03 

 TMT-b    .02 –.02 –.02 

 SOPT –.05 –.20 –.08 

   R = .15 R2 = .02 

Note. TMT-b = Trail Making Test part B; SOPT = Self-Ordered Pointing Task. 
 

Parietal positivity.  Table 14 summarises the results of the hierarchical regression 

of the measures of executive functions on the amplitude of parietal positivity (central 

electrode region).  Age was entered at Step 1, explaining 16.5% of the variance in the 

amplitude of parietal positivity.  At this step, R squared = .17 was statistically significant, 

F (1, 71) = 14.05, p < .001.  After the entry of the three tests of executive functioning 

(Stroop, TMT-b, and SOPT) at Step 2, the total variance explained by the model as a 

whole was 22.4%, F(4, 68) = 4.91, p < .01.  The three measures of executive functioning 

explained an additional 5.9% of the variance in the amplitude of the parietal positivity for 

the central electrode region after controlling for age, R squared change = .06, F change 

(3,68) = 1.72, p = .17.  Although the overall R squared change at Step was not statistically 



 

 

150 

significant, SOPT (beta = –.22, p < .05) was found to be a significant predictor in the 

amplitude of the parietal positivity for the central electrode region. 

 

Table 14 

Hierarchical Regression of Measures of Executive Functioning on the Mean Amplitude of 

Parietal Positivity (Central Region)  

Step  Variable      r     B    β 

1   Age   –.41** –1.55 –.41** 

2   Stroop   –.06 –.06 –.05 

   TMT-b    .20*   .03   .07 

   SOPT  –.15 –.39 –.22* 

   R = .47** R2 = .22** 

Note. TMT-b = Trail Making Test part B; SOPT = Self-Ordered Pointing Task. 
*p < .05. **p < .01.  

 

Table 15 summarises the results of the hierarchical regression of the measures of 

executive functions on the amplitude of parietal positivity (right electrode region). Age 

was entered at Step 1, explaining 7% of the variance in the amplitude of parietal 

positivity.  At this step, R squared = .07 was statistically significant, F (1, 71) = 5.32, p < 

.05.  After the entry of the three tests of executive functioning (Stroop, TMT-b, and 

SOPT) at Step 2, the total variance explained by the model as a whole was 16.4%, F(4, 

68) = 3.34, p < .05.  The three measures of executive functioning explained an additional 
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9.5% of the variance in the amplitude of the parietal positivity for the right electrode 

region after controlling for age, R squared change = .09, F change (3, 68) = 2.56, p = .06.  

Although the overall R squared change at Step 2 was only marginally statistically 

significant, SOPT (beta = –.29, p < .05) was found to be a significant predictor in the 

amplitude of the parietal positivity for the right electrode region.  

 

Table 15 

Hierarchical Regression of Measures of Executive Functioning on the Mean Amplitude of 

Parietal Positivity (Right Region)  

Step  Variable     r   B   β 

1   Age  –.26* –.98 –.26* 

2  Stroop    .13   .16   .15 

  TMT-b    .11   .02   .03 

  SOPT  –.22* –.48 –.29* 

   R = .41* R2 = .16* 

Note. TMT-b = Trail Making Test part B; SOPT = Self-Ordered Pointing Task. 
*p < .05. 

 

Table 16 summarises the results of the hierarchical regression of the measures of 

executive functions on the amplitude of parietal positivity (left electrode region). Age 

was entered at Step 1, explaining .10% of the variance in the amplitude of parietal 

positivity.  At this step, R squared = .001 was not statistically significant, F (1, 71) = 

0.06, p = .80.  After the entry of the three tests of executive functioning (Stroop, TMT-b, 
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and SOPT) at Step 2, the total variance explained by the model as a whole was 2.9%, F(4, 

68) = 0.51, p = .73, the R squared change = .03 was not statistically significant, F change 

(3, 68) = 0.66, p = .58.  

 

Table 16 

Hierarchical Regression of Measures of Executive Functioning on the Mean Amplitude of 

Parietal Positivity (Left Region)  

Step  Variable     r   B   β 

1    Age   –.03 –.09 –.03 

2   Stroop  –.16 –.14 –.16 

   TMT-b    .02 –.00 –.01 

   SOPT –.05 –.07 –.05 

   R = .17 R2 = .03 

Note. TMT-b = Trail Making Test part B; SOPT = Self-Ordered Pointing Task. 
*p <. 05. **p < .01.  
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Discussion 

The aim of Study 3 was to examine the neural correlates of PM (viz., the N300 

and the parietal positivity) across adolescence.  First, if processes underlying the 

prospective component of PM continue to develop in adolescence, then there should be 

age differences on the N300.  Conversely, if processes underlying the retrospective 

component of PM continue to develop across adolescence, then there should be age-

related differences on the amplitude of the parietal positivity (Zöllig et al., 2007).  In 

addition, it was expected that executive functions (viz., working memory, inhibition, and 

task switching) would be important in predicting the amplitude of the ERP components of 

PM.  More specifically, if executive control processes underlie PM in adolescence (Wang 

et al., 2011), then executive functioning may have a greater contribution to the amplitude 

of N300 (i.e., the prospective component of PM). Conversely, executive functioning may 

also contribute to the amplitude of the parietal positivity (i.e., the retrospective 

component of PM), particularly if the parietal positivity encompasses processes that 

support the detection of PM cues. 

First, the overall mean amplitude of the N300 was found to be similar across the 

age groups.  In contrast, the mean amplitude for the parietal positivity was found to 

decrease with age, with the difference being significant between the 12- to 13-year-olds 

and the 18- to 19-year-olds for the PM trials.  In addition, the findings showed that the 

age-related difference in the parietal positivity was specifically marked in the central and 

right electrode regions of the brain, but not in the left electrode brain region.  Taken 

together, this pattern of results is consistent with the findings of Zöllig et al. (2007), 

which suggested that processes underlying the retrospective component of PM might 
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continue to develop across adolescence. As previously noted, however, the parietal 

positivity may encompass processes that are associated with both the prospective 

component of PM (i.e., the detection of PM cues) and the retrospective component of PM 

(the retrieval of an intention from memory).  Therefore, the decrease in the parietal 

positivity may in fact reflect age-related development in processes underlying the 

prospective component of PM.  

Another possible explanation for the decrease in the amplitude of the parietal 

positivity across adolescence may be due to age-related developmental differences in one 

of the subcomponents of the parietal positivity (i.e., P3b, recognition old–new effect, or 

prospective positivity; Mattli et al., 2011; West, 2011).  In fact, research has shown that 

the amplitude of the P3b (viz., the visual P3b) decreases across childhood and 

adolescence (e.g., Houston, Ceballos, Hesselbrock, & Bauer, 2005).  This developmental 

change has been attributed to the fine-tuning of cognitive networks that occur during 

adolescence (Segalowitz, Santesso, & Jetha, 2010).  Moreover, the P3b has been found to 

show a latency and topographic shift with age (i.e., peaks become more focal and later in 

latency with age; Segalowitz & Davies, 2004; Segalowitz et al., 2010).  Segalowitz et al. 

(2010) proposed that this change might reflect a deeper processing of the target cue.  

Therefore, children and adolescents may have taken longer to respond to the targets on 

given trials.  More research is needed to disentangle the subcomponents of the parietal 

positivity to help test this possibility.  

Second, in regards to the contribution of executive functioning to the neural 

correlates of PM, no executive function measures were found to predict the amplitude of 

the N300 (after controlling for age).  In contrast, a measure of visual working memory 
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(viz., SOPT) was found to predict the amplitude of the parietal positivity (for the right 

and central electrode regions only) after controlling for age.  This finding suggests that 

visual working memory abilities contribute to the neurocognitive processes that underlie 

the parietal positivity.  The contribution of visual working memory on the amplitude of 

the parietal positivity may be related to the perceptual nature of the PM cue (colour). In 

particular, based on their LORETA findings, Zöllig et al. (2007) found evidence to 

suggest that adolescents had greater activation in the brain regions associated with visual 

imagery (viz., the precuneus region) compared to young adults.  The precuneus region 

has been linked to PM processes associated with the maintenance of the PM response or 

rehearsal of the target stimuli (see Burgess et al., 2001). In addition, working memory 

processes are believed to be associated with keeping the PM cue in mind (refreshing or 

updating the status of the PM cue) while working on the ongoing task (Kliegel et al., 

2008a).  Therefore, the findings of the current study suggest that executive control 

processes may contribute to the neurocognitive processes that underlie the parietal 

positivity (McDaniel & Einstein, 2000; Smith, 2003).  

Taken together, the findings of this study suggest that processes underlying the 

prospective component of PM may contribute to the development of PM in adolescence. 

However, a couple of limitations of Study 3 need to be acknowledged.  First, the lack of 

significant findings for the N300 may pertain to the power of the study.  For instance, for 

an 80% chance of detecting a relationship (if in fact one did exist), a total of 77 

participants would be needed to detect a medium effect size.  The total sample size for the 

current study was 75 participants; therefore, the current study may have been slightly 

underpowered to detect a significant relationship.  Even though most ERP studies utilise 
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smaller sample sizes, future research should examine the role of executive functioning in 

the neural correlates of PM in larger samples.   

Second, because there is a possibility that adolescents may not use the same 

cognitive strategies as young adults when approaching a task (Segalowitz & Davies, 

2004), there may have been an age-related difference in the cognitive strategies used for 

earlier PM cues compared to the last PM cues of the task.  As a result, this may have 

impacted the overall elicited ERPs across the different age groups (Zöllig, Martin, & 

Kliegel, 2010) and hence affected the comparisons between those age groups.  Therefore, 

future research should examine the cognitive strategies used by adolescents and young 

adults, especially for paradigms used in ERP studies (Segalowitz & Davies, 2004; Ward 

et al., 2005).  

In conclusion, the findings of this study suggest that the neural correlates 

associated with PM may still be developing in adolescence (Zöllig et al., 2007).  In 

addition, this is the first study to link executive functioning (viz., visual working 

memory) to the neural correlates of PM (viz., the parietal positivity).  Notably, the 

findings of this study may indicate that executive control processes may contribute to the 

neurocognitive processes that underlie the parietal positivity.  In particular, processes 

underlying the prospective component of PM may continue development in adolescence.  

The findings of this study may help inform specific models of PM, such as MPT and 

PAM theory.  The next section provides an overall discussion of the main findings of the 

thesis.  
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CHAPTER NINE 

General Discussion�  

The aim of this thesis was to provide a thorough investigation into the 

development of PM across adolescence. A number of studies have demonstrated that the 

adolescent brain undergoes significant changes throughout adolescence, especially in the 

prefrontal cortex (for a review see Paus et al., 2001).  PM has also been associated with 

executive functions served by the prefrontal cortex (e.g., McDaniel et al., 1999).  

Therefore, there is a strong rationale for the continual development of PM across 

adolescence.  Yet, research in the development of PM across adolescence has been 

limited, and the previous studies that have examined PM development in adolescents 

have yielded inconsistent results (see p.54).  Thus, the aim of this thesis was to elucidate 

some of these inconsistencies. 

First, the aim of the thesis was to provide a fine-grained analysis into the 

protracted progression of PM across adolescence by using several groups across a wider 

age range of adolescents (12–19-years) than those age ranges used in past research.  

Second, a series of three studies were conducted to examine the specific processes that 

contribute to PM development in adolescence.  In particular, Study 1 examined whether 

there would be an age-related difference on PM across adolescence using an event-based 

PM task that varied in cue frequency.  By manipulating the cue frequency, this study 

aimed to clarify the basis of any observed age-related difference of PM performance in 

adolescence.  In addition, the PM task consisted of nonfocal PM cues (i.e., PM cues that 

do not have any defining features of the ongoing task) so to increase the likelihood of 

finding age-related differences in PM across adolescence (McDaniel & Einstein, 2000; 
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Wang et al., 2011).  For comparison purposes, Study 1 also examined the trajectory of 

RM performance across adolescence.  Study 2 investigated the contribution of executive 

functions (viz., working memory, inhibition, and task switching) to PM and RM 

performance.  The particular aim of this study was to determine which specific executive 

function processes underlie performance on PM and RM measures.  Study 3 used ERPs 

to examine the neural correlates of PM associated with the detection of cues (i.e., N300) 

and the retrieval of an intention from memory (i.e., parietal positivity) across 

adolescence.  Study 3 also investigated the contribution of executive functioning to the 

amplitude of the neural correlates of PM to determine which component of PM (i.e., the 

prospective or the retrospective component of PM) involves executive function processes.  

In the following sections, the findings of these three studies as well as their significance 

and implications will be discussed.  

Does PM Develop Across Adolescence?  

The findings of the Study 1 indicate that PM may still be developing in 

adolescence. First, PM performance (as assessed using a combined score of accuracy and 

RT) was found to be significantly lower for the 12- to 13-year-olds than for the 18- to 19-

year-olds.  This result is consistent with the findings of previous studies that found age 

differences in PM performance between adolescents and young adults (e.g., Altgassen et 

al., 2014; Zimmermann & Meier, 2010; Zöllig et al., 2007).  Conversely, cue frequency 

appeared to have only minor impact on PM performance (viz., PM performance was 

found to be better for the high-cue-frequency task than for the low-cue-frequency task).  

The lack of an age effect of cue frequency on PM performance is also consistent with the 

findings of previous studies, which have suggested that varying cue frequency does not 
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have an appreciable effect on PM performance (e.g., Ellis et al., 1999).  The difference in 

requirements for ERP-based PM tasks (which tend to use a high frequency of PM cues so 

to obtain good averages of the ERPs) compared to behavioural-based PM tasks (which 

tend to use as few cues as possible for ecological validity) appeared to have only a 

minimal impact on PM performance.  Consequently, the findings of the current study 

further validate the use of and need for ERP events in PM research (Czernochowski et al., 

2012). 

Regarding the age effect of PM performance in adolescence, it is important to 

note that this age difference was only found when RT was taken into account when 

assessing PM performance.  When considering only percentage correct scores, no age 

effect was apparent. The use of more efficient cognitive strategies, such as slowing down 

on trials to improve accuracy, may have contributed to the speed–accuracy trade-off in 

adolescents (Davidson et al., 2006).  In fact, it has been proposed that children and 

adolescents may utilise cognitive strategies so to compensate for the lack of efficiency of 

the brain to integrate executive functions during development (Blakemore & Choudhury, 

2006).  The PM cues in this study were also perceptual in nature (i.e., colour) and were in 

the direct centre of attention (i.e., not in the background of the task).  Some studies have 

actually found PM performance to be better perceptual PM cues than for semantic PM 

cues (e.g., Brunfaut, Vanoverberghe, & d’Ydewalle, 2000; West & Covell, 2001).  

Moreover, nonfocal PM cues used in other studies tended to be in the background of the 

task or outside the centre of attention (e.g., a response to background colour in a 

visuospatial task; Wang et al., 2011). Therefore, the findings of this study indicate that 
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other task characteristics (e.g., PM cue processing type or centrality of the PM) may also 

influence the degree of executive control processes needed to perform on the task. 

Regarding the electrophysiological data, the findings of Study 3 also indicate that 

PM is still developing in adolescence.  Although the amplitude of the N300 was found to 

be similar across the age groups, the amplitude of the parietal positivity was found to 

decrease across the age groups (with the 12- to 13-year-olds having a higher amplitude 

than the 18- to 19-year-olds). This finding is consistent with results reported by previous 

studies (Mattli et al., 2011; Zöllig et al., 2007), which suggests that processes underlying 

the retrospective component of PM (i.e., parietal positivity) may continue to develop in 

adolescence.  

However, as previously noted, the parietal positivity may encompass processes 

that are associated with both the prospective component of PM (i.e., the detection of PM 

cues) and the retrospective component of PM (the retrieval of an intention from memory). 

Therefore, the decrease of the parietal positivity across adolescence may reflect age-

related differences in executive control processes associated with P3b (cue detection) 

and/or the prospective positivity (task set configuration; West, 2011).  As previously 

mentioned, it has been proposed that PM differences between adolescents and young 

adults are likely to emerge on tasks that load heavily on executive control processes (e.g., 

tasks that utilise nonfocal PM cues; Altgassen et al., 2014; Wang et al., 2011).  The 

current study arguably employed nonfocal cues due to no direct overlap between the 

ongoing (lexical decision task) and the PM task (colour cue).  Moreover, the findings of 

this thesis showed that executive control processes (viz., working memory and task 

switching) predicted PM performance and predicted neural activity in adolescents. 
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Therefore, this finding demonstrates the link between executive control and prospective 

remembering in adolescence. The next section will discuss how executive control 

processes contribute to PM performance in adolescence.  

Understanding the Role of Executive Functioning in PM Performance Across 

Adolescence  

The findings of Study 2 provide support for the role of executive functioning in 

PM performance in adolescence.  More specifically, the measure of task switching (viz., 

part B of TMT) was found to predict PM performance (viz., the combined score of 

accuracy and RT) on a nonfocal event-based PM task after controlling for age.  This 

result is consistent with the findings of Altgassen et al. (2014), who also found task 

switching to predict PM performance in adolescents.  In addition, task switching was 

found to be lower in the 12- to 13-year-olds than in the 18- to 19-year-olds.  Davidson et 

al. (2006) found that although shifting, when measured by accuracy rates, may be 

developed by early adolescence, shifting, when measured by switch costs to RT, may 

actually continue to develop throughout adolescence.  Therefore, poorer task-switching 

performance in the 12- to 13-year-olds could be associated with poorer PM performance 

in this age group (viz., the inefficiency maintain high performance speed for PM 

accuracy).  

In contrast, cue frequency did not mediate the contribution of executive 

functioning to PM performance (i.e., executive functioning was found to contribute to 

both the low- and high-cue-frequency tasks).  This finding suggests that the demand of 

executive control processes may have been similar for both types of tasks.  However, as 
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previously noted, it is possible that either the manipulation of cue frequency was too 

weak (see p. 104) or the study needed more power to detect an age interaction effect.  

Regarding the contribution of executive functioning to the neural correlates of 

PM, executive function processes (viz., visual working memory) was found to predict the 

amplitude of parietal positivity.  In contrast, no measures of executive functions were 

found to predict the amplitude of N300.  Notably, this is the first study to link executive 

functioning to the neural correlates of PM in adolescence.  Moreover, these findings 

provide further support for the role of executive functions (viz., those associated with 

executive control processes) in successful prospective remembering in adolescence 

(Altgassen et al., 2014; Ward et al., 2005).   

Taken together, the findings suggest that different executive function processes 

may contribute to behavioural and ERP indices of PM.  One explanation for this 

differential contribution to executive functioning may be that behavioural and ERP 

indices of PM reflect different stages of prospective remembering.  More specifically, 

behavioural measures capture the outcome of performance (e.g., accuracy and RT) and 

lack the ability to resolve intermediate processes. ERPs, on the other hand, are able to 

capture the cognitive processes that lead up to the specific outcome of a behavioural 

measure (Czernochowski et al., 2012).   As a result, the findings of this thesis suggest that 

behavioural and ERP indices of PM performance may reflect distinct executive control 

processes associated with PM.   

 In light of the process model of PM (Kliegel et al., 2008a; Kliegel et al., 2002), it 

is likely that the role of executive functioning in PM performance reflected processes 

underlying the prospective component of PM.  In particular, executive control (i.e., 
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working memory, inhibition, and task switching) has been linked to processes associated 

with monitoring for the PM cue, inhibiting the ongoing task, and switching to the PM 

component of the task, respectively (Kliegel et al., 2008a; Kliegel et al., 2002). The 

retrospective component of PM, on the other hand, is thought to rely on processes 

associated with recognition memory (Kliegel et al., 2008b; Schnitzspahn et al., 2013).  

The development of executive control in adolescence has been linked to synaptic 

pruning and myelination processes that occur in the brain during this age period 

(Blakemore & Choudhury, 2006).  More specifically, the brain maturation that occurs in 

adolescence allows for more efficient and integration of executive functions in the brain 

(Blakemore & Choudhury, 2006; Luna et al., 2004).  Furthermore, a more pruned and 

myelinated brain may also account for the improvement of processing speed in 

adolescence (Blakemore & Choudhury, 2006; Luna et al., 2004).  In fact, Luna et al. 

(2004) argued that processing speed, inhibition, task switching, and working memory are 

all essential for the development of executive control.  As such, young adolescents (with 

underdeveloped executive control) may not perform as well as their older counterparts (in 

terms of accuracy and speed) on PM tasks that load heavily on executive control 

processes (e.g., tasks that utilise nonfocal cues). There is now accumulating evidence 

supporting this proposal; namely that manipulating executive control demand increases 

the likelihood of finding age-related differences in PM between adolescents and young 

adults (Altgassen et al., 2014; Wang et al., 2011).   

In saying that, the findings cannot rule out the possibility of the retrospective 

component underling PM development in adolescence (Smith et al., 2010). In particular, 

no age-related differences were found on the N300, which is assumed to be associated 
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with the prospective component of PM (West, 2011).  If the prospective component 

underlies PM development in adolescence, then there should have been age-related 

differences on the N300.  Age-related differences were only found on the parietal 

positivity.  Given that previous research has shown differential neural recruitment in 

processes underlying the retrospective component from childhood to young adulthood 

(e.g., Zöllig et al., 2007), some caution needs to be taken in regards to interpreting both 

the behavioural and physiological findings of this thesis.  

To conclude, these findings are consistent with previous studies that have linked 

executive control processes with prospective remembering (Kliegel et al., 2008a; Kliegel 

et al., 2002). Furthermore, the findings provide further support the proposal that 

executive control is an important developmental mechanism that drives the improvement 

of PM across adolescence (Kliegel et al., 2011; Wang et al., 2011). The next section 

provides a discussion on the developmental trajectory of RM in adolescence.  

The Development of RM Across Adolescence  

The findings of this thesis indicate that capabilities associated with RM may be 

developed by the time an individual reaches adolescence (Gathercole, 1998; Vakil et al., 

1998).  In particular, previous research indicates that most of the developmental changes 

in RM occurs throughout childhood; by adolescence, memory development is modest and 

appears to function at adult levels (Gathercole, 1998; Vakil et al., 1998).  The early 

development of memory abilities in childhood may be linked to the early development of 

associated brain regions, including the MTL (Ofen et al., 2007; Schneider, 2010).  

The role of executive functioning in RM performance was also examined. 

Measures of task switching (viz., the TMT part b) and working memory (i.e., the SOPT) 
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were found to predict RM performance on the free recall score of the HVLT-R (after 

controlling for age).  This finding is consistent with the proposal that aspects of memory 

that are reliant on self-initiated processes (i.e., free recall) are likely to require a higher 

degree of executive control than aspects of memory that are not dependent on self-

initiated processes (i.e., recognition memory; e.g., Moscovitch & Winocur, 1995).  

In sum, the findings of this thesis suggest that PM development in adolescence 

may follow a different trajectory than that of RM.  Although some aspects of RM, such as 

free recall, may involve executive function processes, in a typical RM task, one does not 

need to remember when it is necessary to recall past information. In the case of PM, 

however, one needs to remember to perform an intended action at the appropriate time in 

the absence any direct prompts (Kvavilashvili, 1998).  Moreover, unlike RM, PM 

involves remembering to carry out an intention while engaged in another task (Kidder, 

Morrell, Park, & Hertzog, 1997; Kliegel et al., 2002).  Kvavilashvili (1998) noted that 

people tend to be more concerned with forgetting to carry out intentions in the future 

rather than with forgetting the things that they have learnt from the past, possibly due to 

the unpleasant consequences that can arise from PM failures.  Therefore, PM is a critical 

ability for adolescents to master for the attainment of independence and autonomy. 

Contributions and Implications of the Thesis 

The findings of this thesis support the view that PM continues to improve in 

adolescence along with the ongoing development of the prefrontal lobes (West, 1996).  In 

addition, the electrophysiological evidence suggests that reduced PM performance in 

adolescents may be due to inefficiency in the processes associated with the prospective 

component of PM.  More notably, this is the first study to pinpoint the specific executive 
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function components that contribute to the different processes of PM.  From the 

perspective of behavioural research, it may appear that only task switching contributes to 

PM development in adolescence (Altgassen et al., 2014).  On the other hand, the ERP 

findings indicate the role of visual working memory in the neurocognitive processes 

underling prospective remembering.  Consequently, this could be considered a major 

contribution of the current findings; namely, that it is able to reveal the executive function 

components that contribute to both behavioural and neurocognitive processes of 

prospective remembering in adolescence.  

The findings of this thesis have important theoretical and practical implications. 

First, in light of the predictions made by the MPT and the PAM theory, the findings 

support the view that tasks that impose great demand on executive resources needed to 

monitor for the PM cue can impair the PM performance of adolescents (Altgassen et al., 

2014; Wang et al., 2011).  In addition, these findings demonstrate how executive control 

processes, such as task switching and working memory, can support prospective 

remembering (McDaniel & Einstein, 2000; Smith, 2003).  In particular, the ability to shift 

from the ongoing and PM task, and the update or refresh the PM intention (or response) 

in working memory, seem to be the essential aspects of executive control that contribute 

to prospective remembering in adolescence (Altgassen et al., 2014). More importantly, 

the findings of this thesis are the first to demonstrate the contribution of executive control 

processes to the neurocognitive processes that underlie the parietal positivity. Together, 

the findings of this thesis suggest the utilisation of both behavioural and neurocognitive 

methods in examining PM is essential in understanding the link between brain activity 

and cognitive behavioural functions (Luna et al., 2004).  
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Regarding the practical implications of this thesis, PM has been considered as a 

significant precursor of independence and autonomous behaviour from childhood to 

adolescence (Zimmermann & Meier, 2006).  For instance, being able to remember to get 

a permission slip signed for a school excursion or to remember to bring one’s work 

uniform to school for an after-school shift, can be crucial in the day-to-day life of a 

teenager.   Similar to adults, PM failures in adolescents are likely to disrupt this day-to-

day living and have unpleasant consequences (such as missing out on an excursion or 

being fired from work).  Therefore, in order for adolescents to improve their PM, it may 

be necessary for them to present cues that are central and focal to their attention (Wang et 

al., 2011).  Using the above examples, such cues to prompt prospective remembering 

could be leaving the permission slip on the dining-room table get or placing the needed 

work uniform on top of the kitchen bench.  

In sum, having a more comprehensive understanding of how PM develops across 

adolescence is likely to provide parents, educators, and neuropsychologists’ with better 

insight into the cognitive strategies and capabilities of adolescents in terms of 

understanding their decision-making processes, independent behaviours, and social 

interactions (Spear, 2000).  It is also likely to help inform dialogues between 

psychologists and educators and between policy makers and parents, in regards to 

keeping up to date with the legislative procedures concerning adolescent social 

responsibilities and expectations (Blakemore & Choudhury, 2006).  Finally, a more in-

depth understanding of how PM develops in adolescence it is likely to aid rehabilitation 

programmes for children and adolescents with traumatic brain injuries or cognitive 

disorders (Segalowitz & Davies, 2004).  
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Recommendations for Future Research  

An important area for future research should be testing the models of PM (viz., 

MPT and PAM theory) in adolescents to determine whether adding a PM component to a 

task would be associated with a cost to ongoing task performance in this age group 

(Marsh et al., 2003; Smith, 2003).  In particular, an examination of the theoretical models 

of PM in adolescence is likely to contribute to a more unified understanding of PM across 

the lifespan (Mahy et al., 2014). In addition, more research is needed to examine PM 

performance across adolescence in naturalistic settings.  In fact, no research to date has 

examined PM in adolescents in naturalistic settings.  Longitudinal studies of PM 

development in adolescence are also needed to provide better insight into the changes of 

PM over time with age.  Furthermore, future research should examine sex differences in 

PM performance across adolescence.  Due to the small sample sizes, this thesis did not 

focus on sex differences in the PM performance of adolescence.  Therefore, larger 

samples should be used to examine sex differences in the PM of adolescents as previous 

research has indicated that there may be differences in brain maturation between males 

and females adolescents (Spear, 2000).  Finally, more research is needed to determine 

how age-related differences in the subcomponents of the parietal positivity (i.e., P3b, 

old–new effect, and prospective positivity) contribute to PM development in adolescence. 

To conclude, developmental studies of PM in childhood and adolescence have begun to 

gain momentum (Mahy et al., 2014), and as a result, new and exciting developments in 

this previously neglected area of research have started to emerge.  
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APPENDIX B 

Information sheet for parents and guardians 

 

The development of prospective memory across adolescence: A behavioural and 
event-related potential analysis.  

 
INFORMATION SHEET FOR PARENTS AND GUARDIANS 

 
Who is conducting the 
research 

Professor David Shum 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3370 
Email: d.shum@griffith.edu.au 
 

Dr Tim Cutmore  
School of Psychology 
Griffith University 
Mt Gravatt, 4111 
Phone: 07 3735 3358 
Email: t.cutmore@griffith.edu.au 

 Candice Bowman 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3348 
Email: c.bowman@griffith.edu.au 

 

 

Why is the research being conducted? 
Prospective memory (PM) is the ability to remember to carry out an intention at an 
appropriate point in the future e.g., remembering to pick up milk on the way home. PM is 
thought to be vital for maintaining day to day functioning. This research is being conducted 
to examine how PM develops across adolescence and how this development relates to 
other brain functions (such as attention and working memory) in adolescence. To further 
explore this development this research will also investigate brain activity related to PM. This 
will be done with the use of a non-invasive EEG machine. Young adults will be used as a 
comparison group in comparing PM performance with adolescents. This research is being 
conducted as part of Candice Bowman’s PhD research project in psychology at Griffith 
University. 
 
What your child will be asked to do 
Adolescents who take part in the research will complete a series of tasks in two separate 
sessions. One session will consist of completing a number of tests and computer tasks on 
memory and executive functions. The other session will consist of brain recording using a 
non-invasive EEG machine while completing a computer task. Each session will take 
approximately 1 to 1.5 hours and will be completed at separate times (1 week apart). The 
sessions will be conducted at the lab at Griffith University Mt Gravatt campus. Adolescents 
will work one on one with the researcher. 
 
What you will be asked to do 
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Parents or guardians of children who take part in the research will be asked to complete the 
consent form giving consent for your child to participate in this research project. The 
researcher has a Qld government issued blue card to work with children and young people. 
 
The basis by which participants will be selected or screened 
Adolescents aged 12-17 years and young adults 18-19 years are being invited to take part in 
the study. Participants with a previous history of brain injury, learning disorder or behavioural 
disorder will not be included in the study. Participants must be proficient at English.  
 
 
The expected benefits of the research 

The research will have no direct benefit to your child however your child will be able to 
endure a unique experience being tested with an EEG machine. Moreover, data collected 
will contribute to our knowledge and understanding of adolescent’s development in memory.  

Risks to your child 

For the EEG session, it is expected to take approximately 1.5 hrs.  If at any time participants 
wish to discontinue participation in this research they may do so freely.   
 
Due to the use of an EEG cap during the computer task, there is the extremely rare risk of 
some conditions/infections that can be spread indirectly by contact with contaminated 
surfaces (ie. the EEG cap).  In order to counteract this risk of spread of infection, standard 
safety procedures, such as the sterilization of any materials that are reusable (i.e. the 
electrode cap) are followed.  Individuals presenting with (or suspected to be presenting with) 
skin infections or abased scalp skin, will not be fitted with the electrode cap.  Importantly, no 
such case of spread of infection has ever occurred in the Griffith University Cognitive 
Laboratory, where the EEG stage of the experiment will be conducted.   
 
Your child’s confidentiality 
The confidentiality of your child’s responses is assured, as data from each participant will 
be identifiable only by a participant number. The data for all the participants will be 
combined and no data about individual participants will be reported in any publications or 
presentations of the results of this research. Any linking information will be stored in a 
secured location and will be destroyed after 3 years.  

Your child’s participation is voluntary 
Your child’s participation is voluntary and you may withdraw your child from the research at 
any time. In addition to your consent, your child will be asked if they wish to take part in the 
research and may also withdraw at any time without any questions asked.  
 
Questions / further information 
If you have any questions please contact Candice Bowman (contact details above) 
 
 
The ethical conduct of this research 
Griffith University conducts research in accordance with the National Statement on Ethical 
Conduct in Human Research.  If potential participants have any concerns or complaints 
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about the ethical conduct of the research project they should contact the Manager, 
Research Ethics on 3735 5585 or research-ethics@griffith.edu.au. 
 
Feedback to you 
A summary of the findings of the research project will be made available on completion of 
the project. You will be able to obtain a summary of the results from Candice Bowman 
(contact details above). 
 
Privacy Statement 
The conduct of this research involves the collection, access and/or use of your child’s 
identified personal information. The information collected is confidential and will not be 
disclosed to third parties without your consent, except to meet government, legal or other 
regulatory authority requirements. A re-identified copy of this data may be used for other 
research purposes. If you do not wish to opt-in to your child’s data being shared with 
other researchers or your child being contacted at some later date for future research 
please let us know. Your child’s anonymity will at all times be safeguarded. For further 
information consult the University’s Privacy Plan at www.gu.edu.au/ua/aa/vc/pp or 
telephone (07) 3735 5585. 
 
Thank you 
Professor David Shum, Dr Tim Cutmore, Candice Bowman and Griffith University would 
like to thank you for taking the time to read this information. It would greatly assist our 
research if you allow your child to participate. If you agree to your child’s participation in 
this research please sign the attached consent form and give this to your child to 
handover in their first session. Many Thanks. 
 
The development of prospective memory across adolescence: A behavioural and 
event-related potential analysis. 
 

CONSENT FORM 
 
Research 
Team 

  

 Professor David Shum 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3370 
Email: d.shum@griffith.edu.au 
 

Dr Tim Cutmore  
School of Psychology 
Griffith University 
Mt Gravatt, 4111 
Phone: 07 3735 3358 
Email: t.cutmore@griffith.edu.au 

 Candice Bowman 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3348 
Email: c.bowman@griffith.edu.au 
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By signing below, I confirm that I have read and understood the information 

package and in particular have noted that: 

• I understand that my child’s/children’s involvement in this research will 
comprise of a number of tests and computer tasks on memory and executive 
functions, as well as EEG measure of brain activity while completing a computer 
task. They will be compensated for their time and transport with 1 movie ticket 
and $10 Candy Bar voucher (given at the end of the 2nd session). Each session 
will take approximately 1 to 1.5 hours and must be completed a week apart. The 
sessions will be conducted at the lab at Griffith University, Mt Gravatt campus.  

• I have had any questions answered to my satisfaction; 

• I understand the risks involved; 

• I understand that there will be no direct benefit to me or my child/children from 
my child’s/children’s participation in this research; 

• I understand that my child’s/children’s participation in this research is 
voluntary; 

• I understand that if I have any additional questions I can contact the research 
team; 

• I understand that I am free to withdraw my child/children at any time, without 
comment or penalty; 

• I understand that I can contact the Manager, Research Ethics, at Griffith 
University Human Research Ethics Committee on 3735 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and 

• I agree for my child/children to participate in the project. 

• Please tick here if you do not wish to opt in for your child’s data to be shared 
with any other researchers or for your child/children to be contacted at a later 
date for a research follow-up  

Name 

 

 

Signature 

 

 

Date 

 

 

 
 

The development of prospective memory across adolescence: A behavioural and 
event-related potential analysis.  
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DEMOGRAPHIC INFORMATION 

 

Parent/Guardian Name 

 

 

Child’s Name 

 

 

Child’s date of birth 

 

 

 

Parent/Guardian Name 
 

 

Child’s Name 
 

 

Child’s date of birth 
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APPENDIX C 

Information sheet for adolescents 

 
 

The development of prospective memory across adolescence: A behavioural and 
event-related potential analysis.  

 
INFORMATION SHEET FOR ADOLESCENTS 

 
Who is conducting the 
research 

Professor David Shum 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3370 
Email: d.shum@griffith.edu.au 
 

Dr Tim Cutmore  
School of Psychology 
Griffith University 
Mt Gravatt, 4111 
Phone: 07 3735 3358 
Email: t.cutmore@griffith.edu.au 

 Candice Bowman 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3348 
Email: c.bowman@griffith.edu.au 

 

 
Why is the research being conducted? 
Prospective memory (PM) is the ability to remember to carry out an intention at an 
appropriate point in the future e.g., remembering to pick up milk on the way home. PM is 
thought to be vital for maintaining day to day functioning. This research is being conducted 
to examine how PM develops across adolescence and how this development relates to the 
development of executive functions (such as attention, and working memory) in 
adolescence. To further explore this development this research will also investigate brain 
activity related to PM. This will be done with the use of a non-invasive EEG machine. Young 
adults will be used as a comparison group in comparing prospective memory performance 
with adolescents. This research is being conducted as part of Candice Bowman’s PhD 
research project in psychology at Griffith University. 
 
What will you be asked to do 
You will complete a series of tasks in two separate sessions. One session will consist of 
completing a number of questionnaires and computer tasks on memory, intelligence and 
executive functions. The other session will consist of brain recording using a non-invasive 
EEG machine while completing a computer task. The two sessions will take approximately 
2.5 hours in total and will be completed at separate times. Both sessions will be conducted 
in the lab at Griffith University Mt Gravatt campus. You will work one on one with the 
researcher. 
 
The basis by which participants will be selected or screened 
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Adolescents aged 12-17 years and young adults 18-19 years are being invited to take part in 
the study.  Participants with a previous history of brain injury, learning disorder or 
behavioural disorder will not be permitted to participate.  
 
The expected benefits of the research 
The research will have no direct benefit to you however you will get to have a unique 
experience being tested with EEG. Moreover, data collected will contribute to our knowledge 
and understanding of adolescent’s development in memory.  

Risks to you 

For the EEG session (conducted in the lab) is expected to take approximately 1.5 hrs. If at 
any time you wish to discontinue participation in this research you may do so freely.   
 
Due to the use of an EEG cap during the computer task, there is the extremely rare risk of 
some conditions/infections that can be spread indirectly by contact with contaminated 
surfaces (ie. the EEG cap).  In order to counteract this risk of spread of infection, standard 
safety procedures, such as the sterilization of any materials that are reusable (ie. the 
electrode cap) are followed.  Individuals presenting with (or suspected to be presenting with) 
skin infections or abased scalp skin, will not be fitted with the electrode cap.  Importantly, no 
such case of spread of infection has ever occurred in the Griffith University Cognitive 
Laboratory, where the EEG stage of the experiment will be conducted.   
 
Your confidentiality 

The confidentiality of your responses is assured, as data from each participant will be 
identifiable only by a participant number. The data for all the participants will be 
combined and no data about individual participants will be reported in any publications or 
presentations of the results of this research. Any linking information will be stored in a 
secured location and will be destroyed after 3 years. 

Your participation is voluntary 

Your participation is voluntary and you may withdraw from the research at any time.  
 
Questions / further information 

If you have any questions please contact Candice Bowman (contact details above) 
 
The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical 
Conduct in Human Research.  If potential participants have any concerns or complaints 
about the ethical conduct of the research project they should contact the Manager, 
Research Ethics on 3735 5585 or research-ethics@griffith.edu.au. 
 
Feedback to you 

A summary of the findings of the research project will be made available on completion of 
the project. You will be able to obtain a copy of the results from Candice Bowman (contact 
details above). 
 
Privacy Statement 

The conduct of this research involves the collection, access and/or use of your personal 
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information. The information collected is confidential and will not be disclosed to third 
parties without your consent, except to meet government, legal or other regulatory 
authority requirements. A de-identified copy of this data may be used for other research 
purposes. However, your anonymity will at all times be safeguarded. For further 
information consult the University’s Privacy Plan at www.gu.edu.au/ua/aa/vc/pp or 
telephone (07) 3735 5585. 
 
 

Thank you 

Professor David Shum, Dr Tim Cutmore, Candice Bowman and Griffith University would 
like to thank you for taking the time to read this information. It would greatly assist our 
research if you are able to participate. Many Thanks
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APPENDIX D 

Information sheet for young adults 

 

 
 
 

The development of prospective memory across adolescence: A behavioural and 
event-related potential analysis.  

 
INFORMATION SHEET FOR YOUNG ADULTS 

 
Who is conducting the 
research 

Professor David Shum 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3370 
Email: d.shum@griffith.edu.au 
 

Dr Tim Cutmore  
School of Psychology 
Griffith University 
Mt Gravatt, 4111 
Phone: 07 3735 3358 
Email: t.cutmore@griffith.edu.au 

 Candice Bowman 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3348 
Email: c.bowman@griffith.edu.au 

 

 
Why is the research being conducted? 
Prospective memory (PM) is the ability to remember to carry out an intention at an 
appropriate point in the future e.g., remembering to pick up milk on the way home. PM is 
thought to be vital for maintaining day to day functioning. This research is being 
conducted to examine how PM develops across adolescence and how this development 
relates to other brain functions. To further explore this development this research will also 
investigate the neural correlates of PM across adolescence with the use of event-related 
potentials (ERPs). Young adults will be used as a comparison group in comparing PM 
performance with adolescents. This research is being conducted as part of Candice 
Bowman’s PhD research project in psychology at Griffith University. 
 
What will you be asked to do 
You will complete a series of tasks in two separate sessions. One session will consist of 
completing a number of tests and computer tasks. The other session will consist of brain 
recording using a non-invasive electroencephalograph (EEG) machine while completing a 
computer task. The two sessions will take approximately 2.5 hours in total and will be 
completed at separate times. The sessions will be conducted in the lab at Griffith University 
Mt Gravatt. You will work one on one with the researcher. 
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The basis by which participants will be selected or screened 

Adolescents aged 12-17 years and young adults 18-19 years are being invited to take part in 
the study. Participants with a previous history of brain injury, learning disorder or behavioural 
disorder will not be included in the study. 
 
The expected benefits of the research 
The research will have no direct benefit to you however you will get to have a unique 
experience being tested with ERPs. Moreover, data collected will contribute to our 
knowledge and understanding of adolescent’s development in memory.  

Risks to you 

For the EEG session, it is expected to take approximately 1.5 hrs. Due to the use of an EEG 
cap during the computer task, there is the extremely rare risk of some conditions/infections 
that can be spread indirectly by contact with contaminated surfaces (ie. the EEG cap).  In 
order to counteract this risk of spread of infection, standard safety procedures, such as the 
sterilization of any materials that are reusable (i.e. the electrode cap) are followed.  
Individuals presenting with (or suspected to be presenting with) skin infections or abased 
scalp skin, will not be fitted with the electrode cap.  Importantly, no such case of spread of 
infection has ever occurred in the Griffith University Cognitive Laboratory, where the EEG 
stage of the experiment will be conducted.   
 
Your confidentiality 

The confidentiality of your responses is assured, as data from each participant will be 
identifiable only by a participant number. The data for all the participants will be 
combined and no data about individual participants will be reported in any publications or 
presentations of the results of this research. 

Your participation is voluntary 

Your participation is voluntary and you may withdraw from the research at any time.  
 
Questions / further information 

If you have any questions please contact Candice Bowman (contact details above) 
 
The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical 
Conduct in Human Research.  If potential participants have any concerns or complaints 
about the ethical conduct of the research project they should contact the Manager, 
Research Ethics on 3735 5585 or research-ethics@griffith.edu.au. 
 
Feedback to you 

A summary of the findings of the research project will be made available on completion of 
the project. You will be able to obtain a summary of the results from Candice Bowman 
(contact details above). 
 
Privacy Statement 

The conduct of this research involves the collection, access and/or use of your personal 
information. The information collected is confidential and will not be disclosed to third 
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parties without your consent, except to meet government, legal or other regulatory 
authority requirements. A de-identified copy of this data may be used for other research 
purposes. However, your anonymity will at all times be safeguarded. For further 
information consult the University’s Privacy Plan at www.gu.edu.au/ua/aa/vc/pp or 
telephone (07) 3735 5585. 
 
Thank you 

Professor David Shum, Dr Tim Cutmore, Candice Bowman and Griffith University would 
like to thank you for taking the time to read this information. It would greatly assist our 
research if you are able to participate. If you agree to your participation in this research 
please sign the attached consent form below. Many Thanks. 
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The development of prospective memory across adolescence: A behavioural and 
event-related potential analysis. 

 
CONSENT FORM 

 
Research Team   
 Professor David Shum 

School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3370 
Email: d.shum@griffith.edu.au 
 

Dr Tim Cutmore  
School of Psychology 
Griffith University 
Mt Gravatt, 4111 
Phone: 07 3735 3358 
Email: t.cutmore@griffith.edu.au 

 Candice Bowman 
School of Psychology 
Griffith University 
Mount Gravatt, 4111 
Phone: 07 3735 3348 
Email: c.bowman@griffith.edu.au 

 

 
By signing below, I confirm that I have read and understood the information 

package and in particular have noted that: 

• I understand that my involvement in this research will comprise of a number of 
tests and computer tasks on memory, intelligence and executive functions, as 
well as EEG measure of brain activity while completing a computer task. These 
activities will take approximately 2.5 hours to complete, in two sessions.  

• I have had any questions answered to my satisfaction; 

• I understand the risks involved; 

• I understand that there will be no direct benefit to me from my participation in 
this research; 

• I understand that my participation in this research is voluntary; 

• I understand that if I have any additional questions I can contact the research 
team; 

• I understand that I am free to withdraw at any time, without comment or 
penalty; 

• I understand that I can contact the Manager, Research Ethics, at Griffith 
University Human Research Ethics Committee on 3735 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and 

• I agree to participate in the project. 

Name 
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APPENDIX E 

Example PM task instructions (with magenta as the PM cue) 

 

In the following task, a "+" will be presented at the center of the screen and then a string 

of letters will brieftly appear. Your task is to decided whether or not the letters make up a 

valid english word.  

 

If the letters are a valid word, press the "B" key. 

 

If the letters are NOT a word, press the 'N' key. 

 

In addition to this task, if a letter string is presented in a magenta colour, press the "1" 

key. You do not have to classify this letter string as a word or nonword.  

 

Try to classify the letter string as quickly and accurately as you can. 

 

You will start with a few practice trials. Get ready for the task byplacing your fingers on 

the 'B' and 'N' keys.  

 

When you are ready to begin, press the spacebar.  
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Practice is now over, and the task will begin. As a reminder: 

 

If the letters are a valid word, press the "B" key. 

 

If the letters are NOT a word, press the 'N' key. 

 

If the letter string is presented (regardless of whether it is a word or nonword) is 

presented in a magenta colour, press the "1" key. You do not have to classify this letter 

string as a word or nonword.  

 

Try to classify the letter string as quickly and accurately as you can. 

 

When you are ready to begin, press the spacebar.
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APPENDIX F 

EEG instructions and procedure 

 

EEG procedure 

1. Clean hands with hand gel 
 
ELECTRODES MUST NOT TOUCH ANY METAL EVER (incl. jewellery or 
sink) 
 

2. Get the participant to read and sign the consent form. Prepare stickys on face 
electrodes, gel syringe ready) 

a. Fold electrodes in half and half again 
b. The sticky tab goes along the cord, stick on. 
c. Squeeze gel to get syringe clear of hard bits. Put little amount in circle of 

electrode.  
d. Person should sit facing out (away from computer) 
e. Don’t show syringe to participant 

 

 
Face Electrodes 

1. Add sticky tabs to face electrodes (tabs run along the lead) 
2. Apply gel in plastic tipped syringe to lubricate electrodes before applying to 

participants face 
3. Clean participants face (where electrodes are applied) with cream (mastoids 

and subjects left eye – upper and lower) 
4. Then use isocol to clean off cream (with participants eyes closed) 

a. EX1 – outside left eye 
b. EX2 outside of right eye 
c. EX3 = above left eye 
d. EX4 – below left eye 

5. Be mindful of lead direction 
6. Tape leads to the back of the chair with some length for the participant to 

move.  
 

Scalp Electrodes 

1. Measure head circumference to choose the best cap to use (the snuggest fit is the 
best) 

2. Measure eyebrow to the back of the head. Use the halfway mark as the indicator 
for CZ electrode (should be in middle).  
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3. Cap tag to hand out the bottom of the cap so as not to interfere with electrodes 
4. Measure head again to check CZ electrode is in the right place. 
5. Measure from left ear node to right ear node and make sure CZ electrode is at 

halfway point (half of the measurement) 
6. Apply chin strap, being mindful of Velcro side not against the skin (fluffy side 

against the chin) 
7. Fill gel into electrode caps – metal tip syringe 
8. Attach all electrodes beginning at the back and working forwards. Put the leads on 

your shoulder.  
9. Tape leads to the back of the chair 
10. Plug leads into the power box (face electrode first, then A1/left, then A2/right). 

Keep box close to the chair so there is no pulling.  
11. Help participant move into the desk if required, moving equipment with them.  
12. Connect orange fibre optic cable – be careful not to bed or kink cord. Leave it on 

the floor.  
13. Press the power button and make sure the blue light comes on. 

 

Software 

1. Open Actiview shortcut on desktop 
2. Check battery charge (top right) 
3. Check electrode connectivity through the mV scales (under 50 is required) 
4. Save recording to a file.  
5. Start (top left) 
6. Electrode offset FC3 (high red bars need to go back and check electrode, remove 

and add more gel or move hair out of way).  
7. Triggers (first tab), check lines are clean, otherwise recheck the electrodes.  
8. Get participant to blink, (dark lines) and move head left and right 
9. Tell participant to minimise blinks during trials as much as possible.  
10. Start file (bottom right).  
11. Go through instructions with participant.  
12. Unpause to start recording.  
13. Change to decimal to get trigger codes.  
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APPENDIX G 

Overview of the scalp for the ongoing trials (blue) and PM trials (red) for each age group. Horizontal ticks 

represent 200ms increments and vertical ticks represent 5µV. 

12 to 13-year-olds 

          

14 to 15-year-olds 
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16 to 17-year-olds 

 

 

18 to 19-year-olds 

 


