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INDIVIDUAL DIFFERENCES IN
PROSPECTIVE MEMORY

Hunter Ball, Anne Vogel, & Gene A. Brewer

Prospective memory (PM) refers to the encoding, maintenance, retrieval, and
execution of deferred actions in service of coordinating goal-directed behaviors.
Over the past 40 years, a great deal of research has emerged that has focused on
various aspects of PM. In our view, this increased interest in PM reflects the
critical importance of goal-directed behavior in daily life. In a sense, PM is
necessary for many different types of behaviors that individuals plan to complete
on a day-to-day basis. Accordingly, PM deficits can have adverse effects on the
enterprise of healthy living.
PM researchers straddle a fine line between theoretical and applied domains.

Theoretically, conducting PM research requires some degree of immersion in both
the literature on retrospective memory and the literature on attention and cognitive
control. This point is important when considering why individuals differ in their
PM abilities. Simply put, there are many different ways that a person can fail to
complete their intentions. These failures can be broadly classified into memory-
based failures and attention-based failures. The distinction between memory- and
attention-based components of PM was made early on by Einstein & McDaniel
(1990) when defining the retrospective and prospective components of PM.
Much of the research in PM has focused on the prospective component of PM,

which involves noticing the target and becoming aware that an intended action
should be initiated. Relatively less research has focused on the memory mechan-
isms underlying the retrospective component, which involves remembering the con-
tents of the intention and retrieving the action from long-term memory. We
believe that understanding the interaction of attention and memory processes in
successful intention fulfillment is not only critical for theory development, but it
is also exceedingly important for promoting healthy aging and mitigating PM
deficits due to psychopathology as there are multiple ways in which PM can
fail.
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Based on this distinction between retrospective and prospective components
of PM, research has investigated heterogeneity in the neurophysiological, or
cognitive, processes that support intention fulfillment. In this chapter, our focus
is on individual differences in long-term memory and attention, and how these
differences result in PM success and failure. Our goal is to provide a framework
for theorizing about individual differences in PM that will lead to new research
and also motivate interventions that can help at-risk populations.
To motivate this distinction, individual differences in PM will be reviewed in

two domains: healthy aging and psychopathology. In a third section, we will test
this hypothesis in a healthy college-aged sample with existing data from our
laboratory. In each section we will highlight evidence for the idea that individ-
uals differ in their PM ability because of variability in both attention-based pro-
cesses and long-term memory.

Healthy aging

Age is an important individual differences factor that influences PM (for meta-
analyses see Henry et al., 2004; Kliegel, Jäger, & Phillips, 2008; Uttl, 2008,
2011). Age-related declines in PM are non-trivial, as every day PM tasks are
critical for maintaining independence. Failures of PM are associated with
a variety of health consequences and difficulties in instrumental activities of daily
living (Woods et al., 2012). Consequently, understanding the mechanisms
underlying prospective remembering is critical for healthy aging. Unfortunately,
understanding these mechanisms becomes difficult when considering all the ways
in which PM can fail. Moreover, there is a long-standing amount of literature
demonstrating that a natural consequence of aging is declines in multiple cogni-
tive abilities, including working memory (e.g., Braver & West, 2008), attention
control (e.g., Hasher & Zacks, 1988), and episodic memory (e.g., Naveh-
Benjamin, 2000), among others. This multifaceted nature of PM and age-related
cognitive decline makes pinpointing specific PM-related deficits difficult. Thus,
we believe that to fully characterize the trajectory of age-related PM declines
researchers must consider the role of individual differences in both attention and
memory in intention fulfilment.
As noted above, there are multiple ways in which PM can fail. For example,

an individual (John) may have the intention to take heart medication once daily
at noon. One way to forget is simply by failing to notice the PM target (i.e.,
medicine bottle) on the counter at the appropriate moment, or forget the con-
tents of the intention (e.g., which medicine bottle; standard PM failures). Alter-
natively, John may later see the medicine bottle, but decide not to take the
medication because he believes he took it earlier (omission error). Lastly, John
may successfully remember to take the medication at noon. However, upon
noticing the medication bottle later (e.g., 1 pm), he may accidentally readminis-
ter the medicine because he forgot he took it earlier (repetition, or commission,
error). Of course, there are other types of errors that may occur as well (e.g.,
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delay-execute PM failures, time- or activity-based PM failures, etc.). These dif-
ferent types of PM failures highlight the multifaceted nature of PM and the
need to understand the interaction of attention and memory in intention fulfill-
ment. In this section, we provide a brief overview of some of the relevant
research on these different topics, but refer readers to other chapters in this
volume that discuss these topics in more detail (Bugg & Hacker, this volume;
Ballhausen et al., this volume).

Attention and aging

Standard PM errors

Most theories of PM (e.g., Multiprocess Framework, Preparatory Attentional
and Memory Theory) share the assertion that engagement of attentionally
demanding monitoring processes are needed during nonfocal processing condi-
tions in which the ongoing task processing (e.g., making lexical decisions) does
not orient attention to the relevant features of the PM target (e.g., the syllable
TOR). Monitoring is inferred by showing that ongoing task responding is
slowed when possessing a nonfocal intention compared to when the same task is
performed without an intention. This slowing, or cost, to ongoing task perform-
ance is thought to occur because the PM task reduces processing resources
necessary for ongoing task responding. It is generally assumed that age-related
differences in PM performance (Kliegel et al., 2008) occur due to general
declines in attentional capacity (e.g., Hasher & Zacks, 1988), whereby older
adults are less able to monitor the environment for PM targets while also per-
forming a demanding ongoing task (Rendell et al., 2007). Interestingly, how-
ever, certain task or instructional manipulations can improve performance for
older adults. For example, Rendell et al. (2007) demonstrated that reducing the
ongoing task demands eliminated age differences in PM, presumably by allowing
older adults to devote more attention to the PM task (see also Ball & Bugg,
2018). Conversely, Ball and Aschenbrenner (2017) found that the typical age
differences in PM performance were eliminated when the importance of the
PM task was emphasized (see also Hering et al., 2013). This benefit to perform-
ance occurred due to increased allocation of attention to the PM task as evi-
denced by changes in ongoing task responding. These findings suggest that older
adults’ attentional deficits may not preclude them from effectively monitoring,
per se, but rather that they may not necessarily self-initiate these monitoring
processes if not deemed important.

Commission errors

Age-related declines in attentional abilities may put older adults at risk for other
types of PM failures. For example, in the commission error paradigm (see Bugg
& Streeper, this volume) participants respond to PM targets in the “active
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phase” as usual. Importantly, this is followed by a “finished phase” in which the
PM intention is cancelled, and participants are told they should no longer
respond to targets. Despite the cancelled instructions, participants often acciden-
tally respond (i.e., commit a commission error) when targets are presented in
the finished phase (Bugg, Scullin, & Rauvola, 2016; Schaper & Grundgeiger,
2017; Scullin & Bugg 2013). These errors are thought to occur due to failures
of inhibiting execution of a prepotent response following retrieval of the PM
intention (Scullin & Bugg, 2013). Importantly, research has indicated that older
adults often show higher rates of commission errors than younger adults (Boy-
witt, Rummel, & Meiser, 2015; Bugg, Scullin, & Rauvola, 2016; Scullin, Bugg,
& McDaniel, 2012; but see Bugg, Scullin, & McDaniel, 2013). These findings
suggest that age-related declines in attention control (Hasher & Zacks, 1988)
result in greater difficulty in inhibiting the prepotent PM response following
retrieval of the intention. Consistent with this idea, Scullin and Bugg found
a positive correlation between inhibitory control and error rates for older adults.
These findings highlight the need to account for individual differences in atten-
tion control ability, as sometimes controlled attention processes are needed to
reduce PM failures (e.g., commission errors). This may be particularly important
in everyday scenarios in which strong retrieval cues (e.g., medicine bottles) may
stimulate prepotent response tendencies that can result in over-medication if one
is not careful.

Episodic memory and aging

Standard PM errors

The previous section highlights the role of accounting for attention abilities in
PM. However, memory ability is also of critical importance in prospective
remembering. For example, when going to the grocery store one often intends
to pick up multiple items (e.g., for cooking dinner that night), or one may plan
to make multiple stops while running errands (e.g., grocery story, bank, gas,
etc.). In such scenarios, episodic memory is critical for being able to remember
all the contents of the PM intention and binding the PM target (e.g., grocery
store) to the intended action (e.g., pick up medication at the pharmacy).
Importantly, considerable research has demonstrated that aging is associated with
declines in episodic memory, which occurs in part due to difficulty in binding
and retrieving multiple pieces of information in memory (Naveh-Benjamin,
2000). Consistent with this idea, research has shown that the age difference in
PM is reduced when the association between the PM target (e.g., post office)
and intended action (e.g., buy stamps) is high (i.e., low demands on binding)
compared to when the target (e.g., school) and action (e.g., buy glasses) associ-
ation is low (i.e., high demands on binding; Lecouvey et al., 2017). Notably, in
unpublished work we have shown that strengthening the association between
multiple targets and the intended action via generative encoding can eliminate
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age differences in PM (Ball & Brewer, 2018). Likewise, encoding strategies such
as implementation intentions that are thought to increase the target-action asso-
ciations are beneficial for older adults (e.g., Chasteen, Park, & Schwarz, 2001;
McFarland & Glisky, 2011). These findings highlight the importance of account-
ing for episodic memory when considering how to improve prospective remem-
bering across the lifespan. Notably, a common practice is to exclude participants
that forgot the contents of the PM intention (e.g., Ball & Aschenbrenner, 2017;
Zimmerman & Meier, 2006), as this is thought to reflect a retrospective
memory failure rather than a PM failure. While this seems reasonable when
investigating the influence of a manipulation on PM ability, it may ultimately
underestimate actual declines in PM due to episodic memory failures.

Output monitoring errors

Age-related declines in episodic memory may also increase other types of PM
errors. For example, when PM targets (e.g., a medicine bottle) are encoun-
tered multiple times throughout the day, the selection of the appropriate
action (e.g., do or do not take medication) is dependent one’s memory for
the past (i.e., “did I already take this?”). In PM output monitoring tasks, PM
targets (e.g., animal words) are repeated throughout the ongoing task (Ball
et al., 2018; Marsh et al., 2002; Marsh, Cook, & Mayhorn, 2007). On the
first presentation of the cue, participants are instructed to make a “first”
response upon noticing it (similar to standard PM tasks). On the second pres-
entation of a cue, participants are instructed make a “first” response if they do
not remember having previously responded to it, or a “repeat” response if
they do remember having previously responded to it. There are therefore two
different types of output monitoring failures that can occur: a repetition error
(e.g., over-medication) occurs when a “first” response is made on both the
first and second presentations, or an omission error (e.g., under medication)
occurs when no response is made on the first presentation and a “repeat”
response is made on the second presentation. Research suggests that younger
adults are more likely to erroneously believe that they successfully responded
on the first presentation, resulting in greater omission errors for younger than
older adults. In contrast, older adults are more likely to forget that they previ-
ously responded on the first presentation, leading to greater repetition errors
for older than younger adults (Marsh et al., 2007; Sklazdien, 2010). It is sug-
gested that both types of PM memory failures occur due to failures of source
monitoring, which involves remembering the origin of a memory. Notably,
younger adults may be better able to correct output monitoring errors than
older adults. For example, when memory traces for the original encoding are
made more distinctive, younger, but not older, adults show reduced repetition
errors on the second presentation (Marsh et al., 2007; Skladzien, 2010). Thus,
older adults may have greater difficulty in binding the action to a PM target
on the original presentation that, in turn, results in increased output
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monitoring errors. Alternatively, older adults may have a general disposition
to be more cautious in their responding, such that underconfidence in their
own memory ability (e.g., Touron & Hertzog, 2004) leads to greater repeti-
tion errors. Regardless, these findings highlight the importance of understand-
ing the memory processes underlying PM errors with increased age.

Psychopathology

PM is critical for a variety of clinical populations because failures could be detri-
mental to one’s health, like forgetting to take one’s seizure medication, or
taking too much medication by accident. Unfortunately, many clinically
impaired groups of individuals are known to have moderate to severe PM def-
icits, which certainly depend on the individual’s cognitive dysfunction. Some
people may have impaired executive functioning, like those with obsessive-
compulsive disorder (OCD; Olley, Malhi, & Sachdev, 2007) and others have
particular memory deficits, such as those with Alzheimer’s dementia (Grober, &
Buschke, 1987). Heterogeneity in memory and attention processes differentially
impaired in these clinical populations likely lead to similar profiles of PM def-
icits. Thus, research with these clinical populations can help researchers investi-
gate the mechanisms behind PM, which can in turn aid development of PM
compensation strategies.

Attention and obsessive tendencies

When individuals complete an event-based PM task, there are attentional abil-
ities that could influence performance (Brewer, Knight, Unsworth, & Marsh,
2010; Unsworth, Brewer, & Spillers, 2012; Smith & Bayen, 2005). The ongoing
task has the opportunity to draw attentional focus toward or away from PM tar-
gets (Marsh et al., 2009; Einstein & McDaniel, 2005). When the ongoing task
draws attention away from the features of the targets, PM performance may be
dependent on central executive functioning (Marsh & Hicks, 1998; Kliegel
et al., 2002), which is shown to be easier for individuals with more available
working memory resources (Marsh et al., 2009; Cherry & LeCompte, 1999;
Smith & Bayen, 2005). It has since been concluded that people that are placed
under divided attention conditions, and/or those with lower working memory
capacity, perform poorer on these event-based tasks. One group affected by this
are those with obsessive checking tendencies. It has been shown that when indi-
viduals have checking obsessions, in comparison to a control group, they have
a lower working memory capacity (Sher, Frost, Fushner, Crews, & Alexander,
1989; Purcell, Maruff, Kyrios, & Pantelis, 1998). In addition, there have been
weaker correlations with PM performance and working memory capacity in
subclinical populations (Cuttler & Graf, 2007, 2008; Marsh et al., 2009). There-
fore, subclinical checking obsession individuals tend to have characteristics that
would suggest poor PM performance.
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Marsh et al. (2009) investigated event-based PM performance in a group of
individuals with subclinical obsessive-compulsive symptoms. The individuals’
obsessive-compulsive symptoms were discovered by the obsessive-compulsive
inventory (OCI; Foa, Kozak, Salkovskis, Coles, & Amir, 1998) and their wash-
ing obsessions served as an index of obsessive behaviors. The washing obsessions
subscale was chosen because both neutral and threat-related event-based PM tar-
gets could be found for each participant, which were specific to their obsessions.
In one condition of the experiment, participants were asked to count the
amount of syllables in a word and make a special key press when they encoun-
tered a neutral (furniture or animal) item prior to making their syllable rating. In
another condition, the instructions were the same, except for the special key
press being made whenever they encountered a bodily fluid. The obsessive sub-
clinical checking group displayed lower detection of targets, which is thought to
be due to difficulties related to attention bias toward obsessive information. As
predicted, this experiment showed that targets that were emotionally disturbing
to these individuals heightened their attention and resulted in better target
detection than neutral targets. A similar study by Cuttler and Graf (2008) includ-
ing participants with compulsive checking behaviors showed that intrusive
thoughts associated with obsessive-compulsive disorder have negative influences
on PM processes. Together, these findings suggest that those with obsessive-
compulsive tendencies tend to have worse PM performance due to attentional
difficulties.

Episodic Memory and Alzheimer’s disease

Episodic memory ability is another critical mechanism for successful PM. Many
clinical populations display episodic memory impairment, but perhaps the popu-
lation with the most notable deficits are those suffering from Alzheimer’s
dementia (AD). As noted by several researchers (e.g, Buckner, 2004; Head,
Snyder, Girton, Morris, & Buckner, 2005; Jack et al., 2008; see also McDaniel
et al., 2011), the signature of AD is the degradation of the medial temporal
lobe, more specifically, the hippocampal structure. As proposed by Moscovitch
(1994), this degradation is related to impaired reflexive retrieval of associative
information. Prior AD research shows that PM performance declines signifi-
cantly, likely due to degradation or impairment of the medial temporal lobe.
This effect has also been shown in patients with preclinical AD and early stage
dementia (Jones, Livner, & Backman, 2006; Shelton et al., 2016; Troyer &
Murphy, 2007; Thompson, Henry, & Rendell, 2010; Spíndola & Brucki, 2011;
Tam & Schmitter-Edgecombe, 2013; Pereira et al., 2015). The overarching
finding in these studies is that PM performance is significantly worse in these
individuals due to their episodic memory dysfunction.
One study that evaluates the relation between preclinical AD and episodic

memory functioning is Jones, Livner, & Backman (2006). This study evaluated pro-
spective and retrospective memory performance in healthy older adults (n = 188)
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and those with preclinical AD (n = 46). These groups were matched for age and
education (M age = 84.04, M years of education = 8). The PM task had participants
remind the researcher to make an important phone call when the experiment
was over. These researchers evaluated performance through free recall (no
reminder of intention) or cued recall (“What was I supposed to do when we
were finished with the study?”). Total recall was defined as a correct recall in
either condition. Results from this study found a marked difference in recall
between groups, which suggests impaired ability in keeping the intention, detect-
ing the cue, or both in the preclinical AD group. Additionally, a higher propor-
tion of preclinical AD participants failed to successfully complete the task with
or without provision of a cue as compared to control participants. Results from
this task further suggest that episodic memory impairments determine PM ability
(Jones, et al., 2006; Goschke & Kuhl, 1993; McDaniel & Einstein, 1992;
Mäntylä & Sgaramella, 1997).

Healthy college-aged samples

Many individual differences studies in college-aged samples have examined correl-
ations between PM target detection and various cognitive ability measures (Kliegel
et al., 2002; Martin, Kliegel, & McDaniel, 2003; Rose et al., 2010). One import-
ant finding in this field is that individuals with higher working memory capacity
(WMC) tend to detect more PM targets than those with lower WMC. WMC
refers to people’s ability to maintain task-relevant representations while simultan-
eously processing task-irrelevant information (Baddeley, 2007). WMC has trad-
itionally been measured with complex-span tasks that make demands on both
maintenance and processing (e.g., operation span; Turner & Engle, 1989). There
have been many demonstrations of WMC differences underlying errors in
a variety of cognitive tasks which require some degree of attentional control
(Engle & Kane, 2004). For example, individual differences in WMC predict vari-
ous patterns of performance in the Stroop task when conditions encourage goal
neglect. Specifically, high WMC participants made fewer errors than low WMC
participants when there was a large proportion (75%) of congruent trials in the
Stroop task. Based on these results, Kane and Engle (2003) argued that perform-
ance in the Stroop task is jointly determined by attentional functions such as goal
maintenance and competition resolution, and that both of these functions are
related to WMC.
More recent work has suggested that controlled attention is not the sole contribu-

tor to individual differences in WMC (Unsworth & Engle, 2007; Unsworth, 2016).
The multi-facets model of WMC proposes that active maintenance in primary
memory, primary memory capacity, and controlled retrieval from secondary memory
jointly contribute to individual differences in WMC. According to the multi-
component model, individual differences in working memory can be decomposed
into multiple factors including attention control and controlled retrieval. Evidence for
individual differences in controlled retrieval has been documented in multiple
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episodic memory tasks including free recall, source memory, and even nonfocal
event-based PM (Unsworth, Brewer, & Spillers 2012).
Several studies have been published that have examined the relation between

WMC assessed with complex-span tasks and performance in event-based PM
tasks (Arnold, Bayen, & Smith, 2015; Ball & Brewer, 2018; Ball, Knight,
Dewitt, & Brewer, 2013; Brewer et al., 2010; Meeks, Pitães, & Brewer, 2015;
Smith & Bayen, 2005). These studies have reliably demonstrated that individuals
differ in their ability to detect event-based PM targets and retrieve intended
actions. Smith and Bayen (2005) found that when executive control was neces-
sary for successful target detection, high WMC participants outperformed low
WMC participants. Based on fMRI contrasts, Reynolds et al. (2009) suggested
that PM and working memory are functionally dissociable, but that they also
rely on similar neural mechanisms. Specifically, they reported that the anterior
prefrontal cortex and right temporal lobe supported monitoring for PM targets
and realizing delayed intentions. Again, this result dovetails with the assertion
regarding attention-based and memory-based contributions to PM.
We have suggested that individual differences in both attention and episodic

memory abilities underlie the relation between WMC and event-based PM and
that both components may be necessary for fully accounting for the relation
(Brewer, Knight, Unsworth, & Marsh, 2010). To address this hypothesis, we
report a reanalysis of unpublished data here that sought to explore the relation
between WMC and event-based PM by using the multi-facets model of WMC
as a vehicle for accounting for individual differences in PM.
In the present study, a total of 170 undergraduates were recruited from the

University of Georgia. Participants were between the ages of 18 and 35 and
received course credit for their participation. Each participant was tested indi-
vidually in two laboratory sessions lasting approximately two hours each. All
participants completed the following tasks in order: operation span, symmetry
span, reading span (WMC), delayed free recall with unrelated words, picture-
source recognition, delayed free recall with related words (episodic memory),
antisaccade, arrow flankers, Stroop (attention control), and six-cues, low cue-
target, and syllable detection (PM) tasks. Full task details for the cognitive ability
measures can be found in our prior work (Brewer & Unsworth, 2012;
Unsworth et al., 2012). Here we will describe only the PM tasks which were
selected to represent a broad prospective memory ability factor.

Six-cues prospective memory

Participants decided whether strings of letters were valid English words or not
(i.e., lexical decision task, LDT) and made their response by pressing one of two
keys on the keyboard (F and J). After making each response, participants were
presented with a “waiting” message, at which point they pressed the space bar
to initiate the next trial. In addition to completing the LDT, they were
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instructed to press the slash key during the “waiting” message anytime that they
saw the words JUNK, RISE, THIN, BUTTER, TREATY, and DECADE.
Only four of these cues were selected and they occurred on the 25th, 50th,
75th, and 100th trials of the LDT. The dependent measure for all PM tasks was
the proportion of cues detected.

Low cue-target association prospective memory

Participants completed a similar LDT to that used in the six cue prospective
memory task. In this LDT, participants were instructed to type a target
word during the “waiting” message after classifying the cue as a word. The
four cue-target pairs were SPAGHETTI-STEEPLE, THREAD-SAUCE,
CHURCH-PENCIL, and ERASER-NEEDLE. For example, when partici-
pants encountered the word SPAGHETTI in the LDT, they made a word
response and then typed STEEPLE during the waiting message before initi-
ating the next LDT trial. Cue trials always occurred on the 25th, 50th,
75th, and 100th trials of the LDT.

Syllable detection prospective memory

Participants made judgments on words as quickly and accurately as they could.
Specifically, if the word only had one syllable, participants pressed the 1 key,
and if the word had two syllables, participants pressed the 2 key. All one and
two syllable words were presented in lower case in the center of the screen.
After making each response, participants were presented with a “waiting” mes-
sage, at which point they pressed the space bar to initiate the next trial. Partici-
pants were told that we were also interested in their ability to remember to
press the slash key whenever they detected a word with the syllable TOR in it.
Each participant judged 105 words in this task and TOR cues always occurred
on the 25th, 50th, 75th, and 100th trials.
Covariance modeling was used to clarify which component processes contrib-

ute to the working memory and event-based PM relation. Our thinking about
heterogeneity of cognitive processes (attention and memory abilities) that are
required for PM developed from exploring the relation between WMC and
PM. Critically, the multi-facets model of individual differences in working
memory suggests that WMC reflects differences in attention control, secondary
memory, and primary memory capacity (Unsworth, 2016).
Four hypothesized structural equation models representing the theoretical

relation between WMC and PM can be considered. We have hypothesized that
individual differences in both attention control and episodic retrieval abilities
should mediate the relation between WMC and PM. However, it is possible
that only attention control or episodic retrieval may be necessary for understand-
ing the relation between WMC and PM. Finally, the relation between WMC
and PM can be measured after accounting for additional factors (i.e., attention
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control and episodic memory abilities only partially mediate the relation
between WMC and PM). These competing hypotheses are tested via structural
equation modeling in the current study.
Descriptive statistics and correlations for the WMC, episodic memory, atten-

tion control, and PM measures are shown in Tables 8.1 and 8.2 respectively. As
can be seen in Table 8.1, most measures had generally acceptable values of
internal consistency and were approximately normally distributed with values of
skewness and kurtosis under the generally accepted values. Additionally, inspec-
tion of Table 8.2 reveals moderate correlations among the dependent measures
collected from the tasks.
Confirmatory factor analysis was used to examine the interrelations among

the PM tasks and their association with other cognitive ability measures. In this
approach, a theoretically derived model is specified and the corresponding hypo-
thetical variance-covariance matrix is compared to the true variance-covariance
matrix that was collected in the study of interest. The relative fit of the hypo-
thetical and true variance-covariance matrices is assessed with a chi-square statis-
tic for which non-significant results are desired. A non-significant chi-square
value indicates that the hypothetical variance-covariance matrix resembled the
true variance-covariance matrix. If so, the theoretical model could be considered
a reasonable account of the data. Because sample size is an important determin-
ant of rejecting the null hypothesis for the chi-square statistic, other statistics
have been proposed that assess the overall model’s fit which are not biased by
large sample sizes.

TABLE 8.1 Descriptive statistics and reliability estimates for all the measures.

Measure M SD Skew Kurtosis α

Ospan 60.57 11.46 -1.69 4.68 .79
Symspan 30.37 7.30 -1.04 1.18 .89
Rspan 59.04 11.40 -0.90 0.76 .81
DFRU 32.18 8.42 0.44 0.52 .82
DFRR 37.08 5.71 -0.18 0.09 .74
Source 0.78 0.14 -1.38 2.87 .79
Anti 0.54 0.13 0.24 -0.39 .67
Flanker 125.65 65.83 1.09 1.81 n/a
Stroop 159.91 99.34 1.49 5.53 n/a
Six 0.49 0.32 0.01 -0.95 .63
LCT 0.47 0.36 0.04 -1.30 .72
Syllable 0.51 0.39 -0.16 -1.48 .81

Note: Ospan = operation span; Symspan = symmetry span; Rspan = reading span; DFRU = delayed
free recall unrelated words; DFRR = delayed free recall related words; PicSour = picture source
recognition; Anti = antisaccade; Flanker = Arrow Flankers; Stroop = stroop; Six = six cues prospective
memory; LCT = low cue-target prospective memory; Syllable = Syllable detection prospective
memory.
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All three PM tasks loaded onto a unitary PM construct, which was then specified
in a model with the other constructs. The PM construct represented the variance
which was common across all three PM tasks. The WMC (operation span, reading
span, and symmetry span), episodic retrieval (delayed free recall and the picture-
source recognition tasks), and attention control (antisaccade, arrow flanker, and
Stroop tasks) constructs were left free to correlate with the PM construct and with
each other. All of the task measures loaded significantly onto their respective con-
structs and this model fit the data very well, χ2 (48) = 58.68, p =.14, RMSEA = .04,
SRMR = .06, NNFI = .96, CFI = .97. As shown in Figure 8.1, the WMC, atten-
tion control, and episodic memory factors correlated with the PM factor.
The measurement model from the previous analysis demonstrated significant rela-

tions among all constructs, but shared covariance can cause two constructs to show
a relation which may be due to a third, mutually related construct. Critically, the rela-
tions between the WMC, attention control, and episodic retrieval constructs with the
PM construct may be due to either shared or unique variance. Consequently, struc-
tural equation modeling is a useful technique for examining the specific effects one
construct has on another construct when their shared relations with other constructs
have been taken into account. The four hypothetical models discussed earlier
were tested and compared. Models 1 (Attention only; χ2(51) = 84.68, p < .05) and 2
(Episodic only; χ2(51) = 78.41, p < .05) were statistically equivalent, but fit worse
than Model 3 (Full mediation; χ2(50) = 71.96, p < .05), smallest Δ χ2(1) = 6.45, p <
.05. Model 4 (Partial Mediation; χ2(49) = 70.98, p < .05) fit the data well, but failed
to provide a better fit than Model 3 (full mediation), Δ χ2(1) = .98, n.s. Also, Model 4

TABLE 8.2 Correlations for all the measures

1 2 3 4 5 6 7 8 9 10 11 12

1. Ospan 1.00
2. Symspan 0.42 1.00
3. Rspan 0.60 0.37 1.00
4. DFRU 0.06 0.18 0.11 1.00
5. DFRR 0.06 0.16 0.12 0.30 1.00
6. Source 0.13 0.16 0.20 0.26 0.18 1.00
7. Anti 0.15 0.18 0.28 0.13 0.22 0.21 1.00
8. Flanker -0.13 -0.15 -0.21 -0.11 -0.16 -0.21 -0.35 1.00
9. Stroop -0.22 -0.19 -0.14 -0.20 -0.06 -0.21 -0.16 0.22 1.00
10. Six 0.07 0.09 0.13 0.16 0.18 0.10 0.21 0.05 -0.17 1.00
11. LCT 0.13 0.08 0.23 0.24 0.25 0.36 0.31 -0.25 -0.18 0.36 1.00
12. Syllable -0.11 0.08 0.01 0.05 0.15 0.07 0.10 0.02 -0.12 0.25 0.30 1.00

Note: Ospan = operation span; Symspan = symmetry span; Rspan = reading span; DFRU = delayed
free recall unrelated words; DFRR = delayed free recall related words; PicSour = picture source
recognition; Anti = antisaccade; Flanker = Arrow Flankers; Stroop = stroop; Six = six cues prospective
memory; LCT = low cue-target prospective memory; Syllable = Syllable detection prospective
memory. Correlations greater than r = .15 are significant at p <.05.
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FIGURE 8.1 Confirmatory factor analysis for the measurement model. Paths connecting
latent variables (circles) to each other represent the correlations between the constructs,
the numbers from the latent variables to the manifest variables (squares) represent the load-
ings of each task onto the latent variable, and numbers appearing next to each manifest
variable represent error variance associated with each task. Working memory capacity
(WMC), episodic memory (EPI), attention control (AC), and PM (PM) were left free to
correlate. All loadings and paths are significant at the p < .05 level.
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.35 .51

.32.50
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FIGURE 8.2 Structural equation model showing that episodic memory (EPI) and attention
control (AC) fully mediate the working memory capacity (WMC) and PM (PM) relation
(dashed lines represent nonsignificant relations). Single-headed arrows connecting latent
variables (circles) with each other represent standardized path coefficients, indicating the
unique contribution of the latent variable. Solid paths are significant at the p < .05 level,
whereas dashed paths are not significant.
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indicated no statistically significant relation between WMC and PM after accounting
for attention control and episodic memory abilities. This result supports the hypothesis
that both forms of cognitive control differentially and fully mediated the WMC and
PM relation in Model 3 (full mediation), which is shown in Figure 8.2.
Across the full range of participants, the three PM tasks formed a distinct con-

struct which was correlated with WMC, episodic retrieval, and attention control
constructs (see also Salthouse, Berish, & Siedlecki, 2004). In addition, structural
equation modeling was used to uncover more nuanced relations between the
component processes which underlie WMC and relate to PM. In the current
study, both attention control and episodic memory abilities uniquely predicted
event-based PM performance. This is a key finding for researchers exploring
individual differences in event-based PM, as it demonstrates that multiple ability
factors are needed to account for the relation between WMC and PM.

Conclusions and future directions

All in all, this review has highlighted research examining individual differences in
attention, long-term memory, and working memory, and how these differences are
related to PM. Basic research investigating individual differences in healthy college
aged samples can be translated to improve PM in populations that tend to exhibit
PM deficits. Importantly, this translational research must focus on the core reasons
for why PM deficits occur. Future interventions that attempt to mitigate PM failures
associated with healthy aging and psychopathology should target specific cognitive
ability deficits to help improve PM.
Working memory is an important predictor of individual differences in event-

based PM across many domains (e.g., Marsh & Hicks, 1998). When people are
forced to use strategic processes, which require some degree of attention control,
they detect fewer targets. In addition to these attention processes, people will often
have to rely on their episodic retrieval abilities to revise contextual associations
formed at encoding. In both of these situations where PM demands cognitive con-
trol, individual differences in WMC should be a predictor of the ultimate likelihood
that intentions will be fulfilled. Critically, the relation between WMC and PM is
due to people’s strategic regulation of both their attention and memory abilities.
Finally, this chapter also highlights an important distinction between multiple

components of prospective remembering (e.g., the prospective versus retrospect-
ive components). While this distinction is logical and clear, the current review
provides important empirical evidence for the distinction across three different
individual differences research areas. Moving forward, more research is war-
ranted that aims to develop a better understanding of the interaction between
memory and attention in PM. We expect that this research will use multiple
methodological tools including individual differences designs. However, this
research need not depend solely on differential methodology and should also
adopt tools from basic experimental design and neuroimaging. Moreover, clever
combinations of these methods can be useful for this goal.

Individual differences in prospective memory 129



9781138545809C08.3D 130 [116–134] 29.3.2019 8:17PM

References

Arnold, N. R., Bayen, U. J., & Smith, R. E. (2015). Hierarchical multinomial modeling
approaches: An application to prospective memory and working memory. Experimental
Psychology, 62, 143–152.

Baddeley, A. (2007). Working memory, thought, and action. Oxford: Oxford University Press.
Ball, B. H., & Aschenbrenner, A. J. (2017). The importance of age-related differences in

prospective memory: Evidence from diffusion model analyses. Psychonomic Bulletin &
Review, 25, 1114–1122.

Ball, B. H., & Brewer, G. A. (2018). Proactive control processes in event-based prospective
memory: Evidence from intraindividual variability and ex-Gaussian analyses. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 44, 793–811.

Ball, B. H., & Brewer, G. A. (in preparation). Prospective generation effect: The influence
of self-generated cues on prospective remembering.

Ball, B. H., & Bugg, J. M. (2018). Aging and the strategic use of context to control pro-
spective memory monitoring. Psychology and Aging, 33, 527–544.

Ball, B. H., Knight, J. B., Dewitt, M. R., & Brewer, G. A. (2013). Individual differences in
the delayed execution of prospective memories. The Quarterly Journal of Experimental
Psychology, 66, 2411–2425.

Ball, B. H., Pitães, M., & Brewer, G. A. (2018). Individual differences in episodic
memory abilities predict successful prospective memory output monitoring. Memory,
26, 1159–1168.

Boywitt, C. D., Rummel, J., & Meiser, T. (2015). Commission errors of active intentions:
The roles of aging, cognitive load, and practice. Aging, Neuropsychology, and Cognition,
22, 560–576.

Braver, T. S., & West, R. (2008). Working memory, executive control, and aging. In
F. I. M. Craik & T. A. Salthouse (Eds.) The handbook of aging and cognition (Vol.3, pp.
311–372). New York, NY: Psychology Press.

Brewer, G. A., & Unsworth, N. (2012). Individual differences in the effects of retrieval
from long-term memory. Journal of Memory and Language, 66, 407–415.

Brewer, G. A., Knight, J. B., Marsh, R. L., & Unsworth, N. (2010). Individual differences
in event-based prospective memory: Evidence for multiple processes supporting cue
detection. Memory & Cognition, 38, 304–311.

Buckner, R. (2004). Memory and executive function in aging and AD: Multiple factors
that cause decline and reserve factors that compensate. Neuron, 44, 195–208.

Bugg, J. M., Scullin, M. K., & McDaniel, M. A. (2013). Strengthening encoding via
implementation intention formation increases prospective memory commission errors.
Psychonomic Bulletin & Review, 20, 522–527.

Bugg, J. M., Scullin, M. K., & Rauvola, R. S. (2016). Forgetting no-longer-relevant pro-
spective memory intentions is (sometimes) harder with age but easier with forgetting
practice. Psychology and Aging, 31, 358–369.

Chasteen, A. L., Park, D. C., & Schwarz, N. (2001). Implementation intentions and facili-
tation of prospective memory. Psychological Science, 12, 457–461.

Cherry, K. E., & LeCompte, D. C. (1999). Age and individual differences influence pro-
spective memory. Psychology and Aging, 14, 60–76.

Cuttler, C. & Graf, P. (2007). Sub-clinical compulsive checkers’ prospective memory is
impaired. Journal of Anxiety Disorders, 21, 338–352.

Cuttler, C., & Graf, P. (2008). Sub-clinical checking compulsions are related to impaired
prospective memory independent of depression, anxiety, and distractibility. Journal of
Anxiety Disorders, 22, 642–654.

130 Hunter Ball et al.



9781138545809C08.3D 131 [116–134] 29.3.2019 8:17PM

Einstein, G. O., & McDaniel, M. A. (1990). Normal aging and prospective memory. Jour-
nal of Experimental Psychology: Learning, Memory, and Cognition, 16, 717–726.

Einstein, G. O., & McDaniel, M. A. (2005). Prospective memory: Multiple retrieval
processes. Current Directions in Psychological Science, 14, 286–290.

Engle, R. W., & Kane, M. J. (2004). Executive attention, working memory capacity, and
a two-factor theory of cognitive control. In B. H. Ross (Ed.), Psychology of learning and
motivation (Vol.44, pp. 145–199). New York, NY: Elsevier.

Foa, E. B., Kozak, M. J., Salkovskis, P. M., Coles, M. E., & Amir, N. (1998). The valid-
ation of a new obsessive–compulsive disorder scale: The obsessive–compulsive inven-
tory. Psychological Assessment, 10, 206–214.

Goschke, T., & Kuhl, J. (1993). Representation of intentions: Persisting activation in memory.
Journal of Experimental Psychology: Learning, Memory, and Cognition, 19, 1211–1226.

Grober, E., & Buschke, H. (1987). Genuine memory deficits in dementia. Developmental
Neuropsychology, 3, 13–36.

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and aging:
A review and a new view. In G. H. Bower (Ed.), Psychology of learning and motivation
(Vol.22, pp. 193–225). New York, NY: Elsevier.

Head, D., Snyder, A., Girton, L., Morris, J., & Buckner, R. (2005). Frontal-hippocampal
double dissociation between normal aging and Alzheimers disease. Cerebral Cortex, 15,
732–739.

Henry, J. D., MacLeod, M. S., Phillips, L. H., & Crawford, J. R. (2004). A meta-analytic
review of prospective memory and aging. Psychology and Aging, 19, 27–39.

Hering, A., Phillips, L. H., & Kliegel, M. (2013). Importance effects on age differences in
performance in event-based prospective memory. Gerontology, 60, 73–78.

Jack, C. R., Jr., Lowe, V. J., Senjem, M. L., Weigand, S. D., Kemp, B. J., Shiung, M. M…

Petersen, R. C. (2008). 11C PiB and structural MRI provide complementary informa-
tion in imaging of Alzheimer’s disease and amnestic mild cognitive impairment. Brain,
131, 665–680.

Jones, S., Livner, Å., & Bäckman, L. (2006). Patterns of prospective and retrospective
memory impairment in preclinical Alzheimer’s disease. Neuropsychology, 20, 144–152.

Kane, M. J., & Engle, R. W. (2003). Working-memory capacity and the control of atten-
tion: The contributions of goal neglect, response competition, and task set to Stroop
interference. Journal of Experimental Psychology: General, 132, 47–70.

Kliegel, M., Jäger, T., Altgassen, M., & Shum, D. (2008). Clinical neuropsychology of
prospective memory. In M. Kliegel, M. A. McDaniel, & G. O. Einstein (Eds.), Prospective
memory: Cognitive, neuroscience, developmental, and applied perspectives (pp. 283–308).
Mahwah, NJ: Lawrence Erlbaum Associates.

Kliegel, M., Jäger, T., & Phillips, L. H. (2008). Adult age differences in event-based pro-
spective memory: A meta-analysis on the role of focal versus nonfocal cues. Psychology
and Aging, 23, 203–208.

Kliegel, M., Martin, M., McDaniel, M. A., & Einstein, G. O. (2002). Complex prospective
memory and executive control of working memory: A process model. Psychological Test
and Assessment Modeling, 44, 303–318.

Lecouvey, G., Gonneaud, J., Piolino, P., Madeleine, S., Orriols, E., Fleury, P …

Desgranges, B. (2017). Is binding decline the main source of the ageing effect on pro-
spective memory? A ride in a virtual town. Socioaffective Neuroscience & Psychology, 7,
1304610.

Mäntylä, T., & Sgaramella, T. (1997). Interrupting intentions: Zeigarnik-like effects of pro-
spective memory. Psychological Research, 60, 192–199.

Individual differences in prospective memory 131



9781138545809C08.3D 132 [116–134] 29.3.2019 8:17PM

Marsh, R. L., & Hicks, J. L. (1998). Event-based prospective memory and executive con-
trol of working memory. Journal of Experimental Psychology: Learning, Memory, and Cogni-
tion, 24, 336–349.

Marsh, R. L., Brewer, G. A., Jameson, J. P., Cook, G. I., Amir, N., & Hicks, J. L. (2009).
Threat-related processing supports prospective memory retrieval for people with obses-
sive tendencies. Memory, 17, 679–686.

Marsh, R. L., Hicks, J. L., Cook, G. I., & Mayhorn, C. B. (2007). Comparing older and
young adults in an event-based prospective memory paradigm containing an output
monitoring component. Aging, Neuropsychology, and Cognition, 14, 168–188.

Marsh, R. L., Hicks, J. L., Hancock, T. W., & Munsayac, K. (2002). Investigating the
output monitoring component of event-based prospective memory performance.
Memory & Cognition, 30, 302–311.

Martin, M., Kliegel, M., & McDaniel, M. A. (2003). The involvement of executive func-
tions in prospective memory performance of adults. International Journal of Psychology, 38,
195–206.

McDaniel, M. A., & Einstein, G. O. (1992). Aging and prospective memory: Basic findings
and practical applications. Advances in Learning and Behavioral Disabilities, 7, 87–105.

McDaniel, M., Shelton, J., Breneiser, J., Moynan, S., Balota, D., & Rao, Stephen, M.
(2011). Focal and nonfocal prospective memory performance in very mild Dementia:
A signature decline. Neuropsychology, 25, 387–396.

McFarland, C. P., & Glisky, E. L. (2011). Implementation intentions and prospective
memory among older adults: An investigation of the role of frontal lobe function.
Aging, Neuropsychology, and Cognition, 18, 633–652.

Meeks, J. T., Pitães, M., & Brewer, G. A. (2015). The compensatory role of implementa-
tion intentions for young adults with low working memory capacity. Applied Cognitive
Psychology, 29, 691–701.

Moscovitch, M. (1994). Memory and working with memory: Evaluation of a component
process model and comparisons with other models. In D. L. Schacter & E. Tulving
(Eds.), Memory systems (pp. 269–310). Cambridge, MA: MIT Press.

Naveh-Benjamin, M. (2000). Adult age differences in memory performance: Tests of an
associative deficit hypothesis. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 26, 1170–1187.

Olley, A., Malhi, G., & Sachdev, P. (2007). Memory and executive functioning in obses-
sive–compulsive disorder: A selective review. Journal of Affective Disorders, 104, 15–23.

Pereira, A., de Mendonca, A., Silva, D., Guerreiro, M., Freeman, J., & Ellis, J. (2015).
Enhancing prospective memory in mild cognitive impairment: The role of enactment.
Journal of Clinical and Experimental Neuropsychology, 37, 863–877.

Purcell, R., Maruff, P., Kyrios, M., & Pantelis, C. (1998). Neuropsychological deficits in
obsessive-compulsive disorder: A comparison with unipolar depression, panic disorder,
and normal controls. Archives of General Psychiatry, 55, 415–423.

Rendell, P. G., McDaniel, M. A., Forbes, R. D., & Einstein, G. O. (2007). Age-related
effects in prospective memory are modulated by ongoing task complexity and relation
to target cue. Aging, Neuropsychology, and Cognition, 14, 236–256.

Reynolds, J. R., West, R., & Braver, T. (2009). Distinct neural circuits support transient
and sustained processes in prospective memory and working memory. Cerebral Cortex,
19, 1208–1221.

Rose, N. S., Rendell, P. G., McDaniel, M. A., Aberle, I., & Kliegel, M. (2010). Age and indi-
vidual differences in prospective memory during a “Virtual Week”: The roles of working
memory, vigilance, task regularity, and cue focality. Psychology and Aging, 25, 595–605.

132 Hunter Ball et al.



9781138545809C08.3D 133 [116–134] 29.3.2019 8:17PM

Salthouse, T. A., Berish, D. E., & Siedlecki, K. L. (2004). Construct validity and age sensi-
tivity of prospective memory. Memory & Cognition, 32, 1133–1148.

Schaper, P., & Grundgeiger, T. (2017). Commission errors in delay–execute prospective
memory tasks. The Quarterly Journal of Experimental Psychology, 70, 1423–1438.

Scullin, M. K., & Bugg, J. M. (2013). Failing to forget: Prospective memory commission
errors can result from spontaneous retrieval and impaired executive control. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 39, 965–971.

Scullin, M. K., Bugg, J. M., & McDaniel, M. A. (2012). Whoops, I did it again: Commis-
sion errors in prospective memory. Psychology and Aging, 27, 46–53.

Shelton, J. T., Lee, J. H., Scullin, M. K., Rose, N. S., Rendell, P. G., &
McDaniel, M. A. (2016). Improving prospective memory in healthy older adults
and individuals with very mild Alzheimer’s disease. Journal of the American Geriatrics
Society, 64, 1307–1312.

Sher, K. J., Frost, R. O., Kushner, M., Crews, T. M., & Alexander, J. E. (1989). Memory
deficits in compulsive checkers: Replication and extension in a clinical sample. Behavior
Research and Therapy, 27, 65–69.

Skladzien, E. M. (2010). Age differences in output-monitoring accuracy. Aging, Neuropsych-
ology, and Cognition, 17, 240–256.

Smith, R. E., & Bayen, U. J. (2005). The effects of working memory resource availability on
prospective memory: A formal modeling approach. Experimental Psychology, 52, 243–256.

Spíndola, L., & Brucki, S. (2011). Prospective memory in Alzheimer’s disease and Mild
Cognitive Impairment. Dementia & Neuropsychologia, 5, 64–68.

Tam, J. W., & Schmitter-Edgecombe, M. (2013). Event-based prospective memory and
everyday forgetting in healthy older adults and individuals with mild cognitive
impairment. Journal of Clinical and Experimental Neuropsychology, 35, 279–290.

Thompson, C., Henry, J. D., Rendell, P. G., Withall, A., & Brodaty, H. (2010). Prospect-
ive memory function in mild cognitive impairment and early dementia. Journal of the
International Neuropsychological Society, 16, 318–325.

Touron, D. R., & Hertzog, C. (2004). Distinguishing age differences in knowledge, strategy
use, and confidence during strategic skill acquisition. Psychology and Aging, 19, 452–466.

Troyer, A. K., & Murphy, K. J. (2007). Memory for intentions in amnestic mild cognitive
impairment: Time-and event-based prospective memory. Journal of the International
Neuropsychological Society, 13, 365–369.

Turner, M. L., & Engle, R. W. (1989). Is working memory capacity task dependent?. Jour-
nal of Memory and Language, 28, 127–154.

Unsworth, N. (2016). The many facets of individual differences in working memory cap-
acity. In B. H. Ross (Ed.), Psychology of learning and motivation (Vol.65, pp. 1–46).
New York, NY: Elsevier.

Unsworth, N., & Brewer, G. A. (2009). Examining the relationships among item recogni-
tion, source recognition, and recall from an individual differences perspective. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 35, 1578–1585.

Unsworth, N., & Engle, R. W. (2007). The nature of individual differences in working
memory capacity: Active maintenance in primary memory and controlled search from
secondary memory. Psychological Review, 114, 104–132.

Unsworth, N., Brewer, G. A., & Spillers, G. J. (2012). Variation in cognitive failures: An
individual differences investigation of everyday attention and memory failures. Journal of
Memory and Language, 67, 1–16.

Uttl, B. (2008). Transparent meta-analysis of prospective memory and aging. PLOS ONE,
3, e1568.

Individual differences in prospective memory 133



9781138545809C08.3D 134 [116–134] 29.3.2019 8:17PM

Uttl, B. (2011). Transparent meta-analysis: does aging spare prospective memory with focal
vs. non-focal cues?. PLOS ONE, 6, e16618.

Woods, S. P., Weinborn, M., Velnoweth, A., Rooney, A., & Bucks, R. S. (2012).
Memory for intentions is uniquely associated with instrumental activities of daily living
in healthy older adults. Journal of the International Neuropsychological Society, 18, 134–138.

Zimmermann, T. D., & Meier, B. (2006). The rise and decline of prospective memory per-
formance across the lifespan. The Quarterly Journal of Experimental Psychology, 59, 2040–2046.

134 Hunter Ball et al.


