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SUMMARY

Laboratory studies of prospective memory have expanded our understanding
about circumstances under which individuals maintain and execute a given prospective
memory intention. However, it is only recently that efforts have focused on the role of
individual differences in prospective memory performance (Brewer et al., 2010).
Specifically, the degree to which individual differences in cognitive ability inform
ongoing task performance remains under-investigated. Moreover, the ability to measure
the very costs that occur when a prospective memory intention is required has been
largely limited to reaction-time difference scores, a method of dubious reliability
(Cronbach & Furby, 1970). This study used structural equation modeling to better
understand prospective memory performance and the cognitive processes that underlie
successful retrieval of an intention. Participants were roughly 300 young adults (age 18-
35) from the Georgia Institute of Technology and the greater Atlanta community.
Individuals completed a series of cognitive tasks and prospective memory tasks with both
focal and non-focal conditions. The results of this study showed that, at the latent level,
distinctions between focal and non-focal prospective memory conditions are not as
independent as experimental studies have suggested. Specifically, both focal and non-
focal task performance was predicted primarily by measures of differences in attention
control. Ongoing task costs proved to be even less reliable at the latent level, with the
only consistent relationships revealed through the use of bin scores. Further, changes in
ongoing task performance with the addition of a prospective memory intention were only

related to ability in one set of tasks.



CHAPTER 1

INTRODUCTION

Prospective memory, or the ability to remember to perform an action in the future,
is an essential component of everyday life. Picking up dry cleaning on your way home,
remembering to give a coworker a message, and calling your mother on her birthday are
all examples of successful prospective memory performance. Alternately, omitting an
email attachment is an all too familiar example of a prospective memory failure. While
forgetting an email attachment is annoying, it is easily remedied. However, there are
instances in which prospective memory failures have much more dire consequences. For
example, pilots must remember to execute a complicated series of control panel
responses when they go below 10,000 feet altitude. Scuba divers must remember to
surface slowly, even in the face of an emergency. Individuals who rely on life-saving
medications must remember to take them at the appropriate time (e.g., before or after
eating). Understanding the conditions under which people are more or less likely to
successfully or unsuccessfully execute a prospective memory intention can be a matter of
life or death.

Prior, to the establishment of the laboratory paradigm of Einstein and McDaniel
(1990), studies of prospective memory performance consisted of semi-experimental
studies (Meacham & Leiman, 1982; Moscovitch, 1982). Meacham and Leiman for
example asked participants in an otherwise unrelated study to remember to send a mailer
back a week later. In this case, successful execution of the prospective memory intention

of returning the mailer was the only dimension on which performance could be evaluated.



There was no ability, beyond self-report of the individuals, to ascertain the mechanisms
by which individuals managed this intention. Did they write a note? Leave the envelope
by the door in hopes of seeing it and remembering to mail it? Did they have someone
remind them? Did they find that the intention simply came to mind on occasion? Did they
spend a substantial amount of time consciously rehearsing the need to perform this action
in the future? Are there systematic differences between individuals who remember to
return the mailer vs. those who remember but choose to disregard the request?
Prospective Memory Performance in the Laboratory

The laboratory paradigm of McDaniel & Einstein (2000) allows for a more
thorough evaluation of the task conditions under which performance varies. The standard
paradigm for these studies includes a baseline or control condition in which a task (the
‘ongoing task’) is presented without a prospective memory intention (i.e. a lexical
decision task, or a living non-living task). This baseline condition is followed by the same
task with the addition of a prospective memory intention. For example, in a living/non-
living task, the prospective memory intention may be to respond (e.g. press the ‘q’ key)
when you see the word ‘dog’ (the prospective memory target). The inclusion of the
baseline condition is critical as it allows for a comparison of the degree to which
resources are allocated away from the ongoing task and towards the prospective memory
performance. Resource allocation to the prospective memory intention is then measured
as a reaction time difference score between the baseline block and one or more blocks
that include a prospective memory target. This decrease in speed from the baseline to the

prospective memory block is referred to as ‘monitoring’ and is interpreted as a measure



of the amount of resources now being allocated to the prospective memory intention
(Einstein & McDaniel, 2000; Harrison et al., 2010 Scullin, 2013; Smith 2003).
Experimental Tradition of Prospective Memory Performance

The experimental tradition from which this laboratory paradigm was based has
focused primarily on how task conditions impact prospective memory performance, as
well as how prospective memory intentions impact ongoing task performance. Of
principal importance is how performance differs on focal tasks compared to non-focal
tasks, as well as the degree to which ongoing task performance changes as a function of
the addition of a prospective memory intention.

Focal tasks are those in which the processing of the ongoing task stimuli is
congruent with the processing of the prospective memory target. For example, in a
living/non-living task, the prospective memory target “dog” would be considered focal
because dog is a member of the living category. Alternately, if participants were given
the prospective memory target of a word that ends in ‘g’, this would be considered a non-
focal task condition. There is nothing inherent about whether or not a word ends in the
letter ‘g’ that informs whether or not it is living or non-living. Some researchers also
consider tasks to be focal when they are in relative visual or action proximity to the
ongoing task. Overall, prospective memory performance under focal conditions is higher
than under non-focal conditions (Einstein et al., 2005). Additionally, individuals often
show increased ongoing task costs in non-focal conditions (Einstein et al., 2005;
McDaniel, 2000; see McDaniel & Einstein 2007 for a summary). Increased time on the
ongoing task when prospective memory intentions are added is interpreted as increased

resource allocation toward the prospective memory intention beyond that required for the



ongoing task. However, the mechanisms for successful retrieval, including the degree to
which ongoing task performance in inherently related to prospective memory
performance has been strongly debated.

Two theories dominate this area of research, the Preparatory Attention Model
(PAM) (Smith, 2003) and the Multi-process Theory of prospective memory performance
(McDaniel & Einstein, 2000). According to the preparatory attention model, resource
allocation, as evidenced by the slowing of the ongoing task, is always necessary for
successful responding to a prospective memory intention. Smith (2003), for example
found that even in ‘focal’ tasks, participants consistently slow during the ongoing task as
a result of the addition of a prospective memory intention. Moreover, Smith and Bayen
(2004) found slowing when an intention was presented, even if a target is never
presented.

In contrast, the Multi-process Theory argues that resource demands required for
successful prospective memory performance depend on the task conditions. The multi-
process theory does not dispute the usefulness of actively monitoring when performing a
very demanding ongoing task, but rather posits that other mechanisms can be used. For
example, when ongoing task processing is congruent with the processing demands of the
prospective memory intention (a ‘focal’ task), or when the target is particularly salient,
the intention may ‘spontaneously pop into mind’ (McDaniel & Einstein, 2000). Self-
reports of subjects in Einstein & McDaniel, (1990, as well as work by Kavavilshvili &
Fisher, 2000) suggest that intentions sometimes come to mind in the absence of conscious
effort, an effect referred to generally as spontaneous retrieval (McDaniel & Einstein,

2000).



Whereas the Preparatory Attention Model presupposes active resource allocation
IS necessary when the target is encountered, the Multi-process Theory suggests
spontaneous retrieval processes can occur in response to the prospective memory target
rather than as the result of active monitoring on behalf of the participant (McDaniel &
Einstein, 2010). Early support for the existence of a retrieval mechanism beyond
monitoring comes from successful retrieval in the absence of ongoing task costs
(Harrison et al., 2010; McDaniel & Einstein, 2010; Mullet et al., 2013), as well as studies
suggesting that the task costs found by Smith and colleagues may be the result of the
number of targets used, which in turn increased the ‘monitoring’ response in participants
(Scullin et al., 2010). Perhaps most convincingly, recent research has demonstrated
relatively spared prospective memory performance in older adults under focal conditions,
but not non-focal conditions (McDaniel & Einstein 2010; Mullet et al., 2013).

More recently, the multi-process perspective has been expanded to include the
‘Dynamic’ Multi-process Theory, which not only supports the ability to successfully
execute a prospective memory intention in the absence of measureable cost preceding the
target, but also finds that participants who successfully responded to the prospective
memory target actually engaged in monitoring following the target presentation (Scullin,
McDaniel, & Shelton, 2013). In Scullin et al., Participants completed baseline conditions
of a living/nonliving task, lexical decision task, and semantic categorization task, and
then encoded the prospective memory intention to respond to the words ‘table’ or ‘horse’
if they occurred at any point during the experiment. A series of distractor tasks,
questionnaires, and a delay (of 20 minutes to one full session 12-14 hours later), preceded

the experimental block of the three task conditions in which the targets appeared once.



Comparisons were made between ongoing task reaction times for the first 50 trials, for
the 50 trials preceding the target, and 50 trials following the target. Participants were
further categorized based on whether or not they accurately responded to the first target,
or by membership to the control condition without an additional prospective memory
intention (e.g. hit subgroup, miss subgroup, and control). Participants did not show an
allocation of resources to the prospective memory intention in terms of task costs
preceding the target, but those who correctly responded (about 50%) did show slowing
after the target occurrence while those who missed did not. Moreover, this performance
in the miss condition did not differ from individuals who had not received an additional
prospective memory intention. These results not only support the existence of
spontaneous retrieval processes in the absence of monitoring, but also inform our
understanding of how responding to a target can re-allocate attention toward the ongoing
task. Additionally, performance for the second target was higher (76%) for those who
exhibited this re-allocation, than for those who did not (43%).
Additional Considerations: Ongoing Task Costs and Monitoring

The findings of Scullin, McDaniel, and Shelton (2013) not only support the role
of spontaneous retrieval, but also findings by Marsh & Hicks (2006) suggesting that
individuals may increase monitoring once they have determined that a target is likely to
occur within the context of a current ongoing task. However, these findings are not
sufficient to differentiate the type of process that is being implemented at this time, be it
increased attention preparatory monitoring (Smith, 2003), or an engagement of retrieval
mode (Guynn, 2002), or a tendency towards cautious responding (Horn, Bayen, & Smith,

2011).



Moreover, some evidence suggests that individual expectations regarding the
difficulty of the task are the foundation of ongoing task costs in many prospective
memory paradigms (Hicks et al., 2005, Rummel & Meiser, 2013). Rummel and Meiser,
for example, found that attentional monitoring in both low and high demand prospective
memory conditions varied depending on whether or not participants were given
information telling them the task would be more or less difficult, suggesting it was not
the task itself, but an individual allocation that determined attention monitoring.
However, these metacognitive explanations would suggest a direct relationship to
performance, which is not always observed (Harrison & Einstein, 2010; Scullin,
McDaniel, & Shelton, 2013).

Working Memory Capacity and Prospective Memory Performance

Initial theories regarding monitoring under non-focal task conditions speculated
that the primary underlying cognitive mechanism was working memory. Working
memory is a system that reflects resources available for active maintenance and
processing of information (Baddeley, 1986). Working memory is one of the strongest and
most reliable predictors of real world performance and higher order cognition (Daneman
& Carpenter, 1980). Daneman and Carpenter, for example, found that measures of short-
term memory did not predict reading comprehension. However, the reading span task, a
measure of working memory capacity, strongly predicted comprehension. Whereas
measures of short term memory concern the amount of information that can be recalled,
working memory capacity is measured by tasks which require individuals to maintain
information over a processing delay, such as the operation span, rotation span, and

symmetry span (Engle et al., 1999; Conway and Engle 2001). In the operation span, for



example, participants perform a series of arithmetic exercises, followed by a letter. These
letters must then be recalled in order of initial presentation. These tasks rely heavily on
the ability to maintain information over a delay which includes processing demands, and
have been linked to processes such as goal instantiation (Meir et al., 2017), and
maintenance (Shipstead et al., 2016).

Early correlational studies examining the relationship between working memory
capacity and prospective memory performance yielded inconsistent results, with some
studies finding this relationship (Cherry & LeCompte, 199; Kliegel, Martin, McDaniel &
Einstein, 2002; Reese & Cherry 2002) and others not (Kidder, Park, Hertzog, & Morrell,
1997, Smith 2003, West & Craik, 2001). Part of the discrepancy in early findings was
due to a lack of systematic distinction between focal and non-focal conditions (Shelton &
Christopher, 2016), but this issue is still debated as it pertains to prospective memory
broadly. More often than not, however, evidence generally supports a relationship
between working memory capacity and prospective memory performance under
demanding processing conditions or instances in which monitoring is advantageous over
spontaneous retrieval processes. Below I review two studies that highlight the different
outcomes.

In one of the first true systematic studies of individual differences in prospective
memory performance Brewer, Knight, Marsh, and Unsworth (2010) used an extreme
groups design to compare prospective memory performance in individuals considered to
be high in working memory capacity with those low in working memory capacity, under
both focal and non-focal prospective memory task demands. Brewer and colleagues

administered a series of complex span tasks to their participants and then performed a



quartile split taking the top quarter high and low individuals, and then gave these
individuals a prospective memory task with a focal and non-focal condition. There were
no group differences in the focal condition. However, in the non-focal condition, high
working memory capacity individuals significantly out-performed low capacity
individuals. Additionally, while both group showed ongoing task costs, they did not
differ on the degree of the costs in the non-focal condition. Taken together, these results
support the idea that high working memory capacity individuals are better able to
maintain the prospective memory intention in the face of the more demanding non-focal
task condition. Moreover, these results support the idea that the control of attention,
rather than the amount of attention, is particularly important for successful prospective
memory retrieval under non-focal task conditions (Conway et al., 2005).

However, some studies do not find that working memory capacity fully explains
differences in non-focal prospective memory performance, suggesting that other
mechanisms may also be important. Zeintle, Kliegel, Hofer (2007), for example, found
age related effects on prospective but not retrospective memory performance, even after
controlling for working memory capacity and speed of processing. Moreover, working
memory is not a singular process, but rather a combination of both processing, and
maintenance abilities (among others), and the interpretation of its relationship to
performance should be tenuous. Additionally, these studies do not inform our
understanding of performance under conditions in which individuals differ in their use of

spontaneous retrieval processes.



Attention Control and Ongoing Task Performance

According to the executive attention account of working memory capacity of
Engle and colleagues, lower order attentional processes account for a significant
proportion of the working-memory-capacity-related differences in higher order cognitive
abilities. Attention control is in essence the guiding force which aids in the continued
activation of material in the working memory system (Conway & Engle 2001; Engle et
al., 1999). Subsequently, working memory capacity and attention control are sometimes,
and erroneously, used interchangeably when explaining individual differences in
prospective memory performance. The two constructs are not identical, and as such
should be treated differently with regard to the types of performance variance they
capture. A recent study by Meier et al., (2017) for example, argues that the relationship
between working memory capacity and the anti-saccade task (which is frequently the
anchoring task in factors of attention control), is specifically related to goal instantiation,
and not maintenance, or resistance to mind wandering.

Further, the role of attention is commonly speculated through the use of working
memory capacity measures is primarily emphasized when describing monitoring
processes during the ongoing task, rather than successful execution of prospective
memory intentions. Specifically, many studies attempt to interpret the degree to which
attention is differentially allocated to either the prospective memory intention or the
ongoing task, based on differences in reaction time once a prospective memory intention
is added to another task.

Initially, it was assumed that prospective memory tasks functioned similarly to a

dual task, in which participants needed to determine the extent to which attention would
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be given to one task or the other. Subsequently, changes in the attention allocation
towards the prospective memory intention would be reflected in ongoing task reaction
time scores (Smith, 2003). This view assumes the attention resource is a singular,
relatively static entity that must be divided such that the degree to which the prospective
memory intention moved resources away from the ongoing task can be ascertained by
looking at changes in reaction time from the control block to the prospective memory
block. Additionally, these early measures of cost also base their interpretations of
resource allocation based solely on the use of reaction time difference scores which is
inherently problematic (Chronbach & Furby, 1970). However, as our understanding of
instances in which ongoing task costs are impacted by the prospective memory intention
(Scullin et al., 2010) or altered in response to perceived task demands (Rummel et al.,
2016), attempts to differentiate constant as opposed to transient attention allocation have
become more complex in nature.

For example, some recent investigations into the unity of the resource or
‘attention’ allocation to the ongoing task have used an ex-Gaussian distribution to
measure fluctuations in attention. The dual parameters of the model allow for some
considerations of sustained vs transient attentional focus to the ongoing task (Ball,
Brewer, Loft, & Bowden, 2015). For each time point in a series x, the ex-Gaussian
distribution is described by the mean (1) and the variance of the Gaussian distribution,
and the mean (and standard deviation) of the exponential distribution (t). Thus the sum of
the p and t parameters equal the mean of the overall distribution, and is approximately
equal to the mean reaction time. A distributional shift to the right reflects an increase in

M, whereas a positive distributional skew reflects an increase in t (Balota & Yap, 2011).
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Although these parameters are not linked to specific cognitive processes, research
regarding manipulation effects suggests that the parameters are impacted more by some
manipulations than others. For example, a positive skew to the tail has been shown to
reflect goal neglect or attentional lapses (Schmiedek et al., 2007; Tse, Balota, Yap,
Duchek, & McCabe, 2010). In the context of prospective memory, we would expect
changes in W, when a prospective memory intention is being maintained, with more
sporadic changes reflected in the t parameter (Guynn, 2003; Scullin et al., 2013).

Brewer (2011), for example, found that the measurement of ongoing task
interference captured by reaction time difference scores in a non-focal condition were not
related to sustained attentional processes which would be captured in p, but rather by the
frequency of slow responses captured by fluctuations in t, reflecting momentary lapses in
attention, or mind wandering. However, it was not possible to infer form these findings
whether the increase in t was reflective of increased focus, or lapses in attention.

Rummel, Smeekens, & Kane (2017) also used an ex-Gaussian distribution in their
study of mind wandering, attention, and prospective memory performance. Kane et al.,
found that the addition of any prospective memory intention not only interfered with
ongoing task processing, but also reduced the number of task unrelated thoughts (TUTS).
Participants experience significantly fewer TUTs when they are given rewards for their
performance, suggesting that the addition of a prospective memory intention increases
attentional awareness to both the ongoing task and the prospective memory intention.
These findings support underlying ideas of the PAM, as well as Marsh et al. (2005), in so

much as resource allocation, in the form of increased attention, and subsequent task
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activation, is more or less inherently increased in all prospective memory tasks in which a
target is anticipated.

There is not, however, a consensus regarding whether attention allocation
reflected in these parameters is based on individual differences in cognition or if it is
subjectively allocated by the subjects, or more of a metacognitive awareness adjustment
based on increasing tasks demands. Rummel et al. (2017), suggested that ongoing task
performance is due less to attention orientation or cognitive ability, than to a person’s
preferred response criterion with a prospective memory intention added.

Additionally, the Rummel et al., (2017) finding regarding increased attention
towards the prospective memory task, as well as the increase in transient shifts found in
Ball et al. (2015) bring us to an interesting point regarding ongoing task performance.
Specifically, higher ability individuals often show a slowing of a task following an error,
which lower span individuals do not (Draheim, Hicks, & Engle, 2016). Thus, it is
possible that these longer reaction times do not necessarily reflect re-activation of the
goal (of responding to a prospective memory target), but could in fact reflect a
reorientation towards the ongoing task. Thus, errors are beneficial in reactivating the task
set in high working memory capacity individuals, but low working memory capacity
individuals do not experience this same effect. Moreover, they are more likely to
experience general task unrelated thoughts which are in turn reflected by occasional
longer response times.

To date, the majority of the work regarding ongoing task performance emphasizes
the use or reaction time scores and reaction time difference scores which are highly

unreliable in nature. Further, the majority of these studies do not include multiple
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indicators of cognitive abilities, and subsequently cannot speak to the degree to which
individuals of differing cognitive ability vary in their adaptations to added prospective
memory task demands. However, when they do, they show that the ability to resist
intrusions in these tasks is independent of both working memory capacity and sustained
attention (Rummel et al., 2017).

Deconstructive Executive Function Account of Prospective Memory Performance

Based on this to-be-accounted-for variance, a collection of studies have attempted
to isolate the contributions of executive functions such as shifting, updating, and
inhibition (Friedman et al., 2004; Miyake et al., 2000) to prospective memory
performance (Gunnead et al., 2010; Marsh & Hicks, 1998, Martin et al., 2003; Zuber et
al., 2017). However, many of these studies use an ongoing task load manipulation, rather
than adjusting the congruency between target and ongoing task processing, ultimately
circling back to a suggestion regarding the role of executive functions in attention tasks,
broadly defined.

Zuber et al. (2017), for example, examined the role of updating, inhibition, and
shifting with respect to both focal and non-focal prospective memory performance.
Latent variables for the prospective memory conditions were created using a split half
procedure. Zuber and colleagues found a relationship between updating and inhibition to
focal prospective memory performance, and shifting only to non-focal (updating and
inhibition were not related to focal performance). However, these results are somewhat
difficult to interpret due to the structure of the prospective memory task.

Specifically, participants performed a 2-back rating of white upper case letters. In

the focal condition, the target was the appearance of an ‘A’ or a ‘D’. However, for the
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non-focal condition, participants had to respond to a specific color of box on the screen
surrounding the letter. In other words, in the focal condition, the target was found within
the ongoing task, and was salient insofar as the processing of the target was congruent
with the ongoing task. In the non-focal condition, the prospective memory target is not
only not focal, it is not even processed in the context of the ongoing task. Subsequently,
this task comparison is more of a comparison of a focal task and a dual-task in which
attention must be consciously shifted away from the ongoing task. Therefore, it is not
surprising that shifting was important, or that updating was related to focal performance,
as one of the measures was the ongoing task in this condition.

Subsequently, results of studies that attempt to identify the role of specific
executive functions as they relate to performance are inconsistent at best (Gunnead et al.,
2010). I will argue that the primary function of the majority of the executive functions
included in these studies can be traced to the ability to manage task irrelevant
information. For example, in Zuber et al., (2017) the ability to ignore the colored boxes
around the letter in the N-back task is beneficial for performance. Subsequently, it is
possible that the variance captured by the measures of updating and inhibition is better
described by the ability to resist interference from unrelated stimuli, rather than the
ability to focus attention towards the ongoing task or the prospective memory intention.
Moreover, it is possible that this ability to resist intrusions may be best represented by
processes reflected in fluid intelligence.

Fluid intelligence, Working Memory Capacity, and Prospective Memory

Fluid intelligence is the ability to reason with novel information in order to solve

complex problems (Horn & Cattell, 1966). Fluid intelligence tasks are very highly
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correlated with complex span measures of working memory capacity, with correlations as
high as .85 (Kane, Conway, & Hambrick, 2005). However, this relationship is not
perfect. One explanation for this high, but not perfect relationship is that fluid
intelligence measures capture additional variance that is best described as disengagement
(Shipstead et al., 2016). For example, in fluid intelligence tasks such as the Ravens
Progressive Matrices, participants must decide which piece comes next in a series. To
determine the answer, participants must not only activate, maintain, and manipulate
information mentally in order to solve the problem (all components of complex span
tasks), they must also let go of, identify as irrelevant (Oberaur et al., 2007), remove from
focus (Ecker, Lewandowsky, & Oberauer, 2014), inhibit (Hasher & Zacks, 1988), etc.
solution patterns that no longer serve their purpose. Failure to do so results in
perseverations, an action detrimental to performance in timed tasks (as measures of fluid
intelligence are).

Evidence suggests that disengagement is a process that is not just fluid
intelligence specific, and can be observed in other tasks in which no-longer relevant
information must be released, such as updating (Martin, et al., submitted). Martin et al.
performed a modeling series in order to isolate the relationship between fluid intelligence

and working memory capacity as they relate to reading comprehension.
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Reading
Comp

B2

Figure 1. Contributions of WMC and Gf to reading comprehension. Reprinted with
permission from Martin et al., (submitted). Abbreviations as follows: WMC= working
memory capacity; GF= fluid intelligence; Reading Comp =reading comprehension.

First, fluid intelligence and working memory capacity were compared directly,

with fluid intelligence capturing all of the variance in reading comprehension (figure 1).

54

Reading

28

Figure 2. Contributions of maintenance and disengagement to reading comprehension.
Reprinted with permission from Martin et al., (submitted). Abbreviations as follows:
WMC = working memory capacity; GF = fluid intelligence; Reading Comp =reading
comprehension.
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Next, the fluid intelligence tasks were cross-loaded onto the working memory
capacity factor, in essence pulling all of the shared variance (maintenance) onto the
working memory factor. This resulted in two significant paths, one primarily reflecting
shared variance related to ‘maintenance’, and the second, a residual fluid intelligence
factor primarily reflecting ‘disengagement’ (figure 2).

There is some explicit evidence of the importance of fluid intelligence to
prospective memory performance, beyond its relationship to working memory capacity.
A meta-analysis by Uttl (2011) showed that the association between prospective memory
and verbal intelligence was strong enough to explain why some studies of prospective
memory and aging failed to find age declines in prospective memory; he found that the
verbal intelligence advantage of older adults over younger adults was moderately (r =
—0.49) correlated with the size of age declines. However, much less work has examined
the relationship between fluid intelligence and prospective memory performance in
younger adults.

Additionally, given the strong relationship between working memory capacity and
performance in non-focal tasks, it is possible that studies finding a relationship between
working memory capacity and prospective memory performance are in fact capturing a
subset of variance related to fluid intelligence. Moreover, if fluid intelligence captures a
substantial amount of variance in performance beyond working memory capacity, then it
suggests that these additional ‘disengagement’ processes may also be important for
successful prospective memory retrieval, and may reflect some of the additional variance
not accounted for by working memory capacity, sustained attention, or processing speed

(Rummel et al., 2017, Meier et al., 2017).
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A significant relationship between working memory capacity and fluid
intelligence would be valuable in linking the role of maintenance and disengagement
processes to prospective memory performance, as well as supporting current findings
with tasks that encompass substantially more method variance than comparing executive
function or complex span tasks and prospective memory tasks.

Additionally, just as the relationship between working memory capacity and fluid
intelligence is not perfect, neither is the relationship between attention control and
working memory capacity. Specifically, with regard to the role of maintaining
information (as opposed to goal activation as suggested by Meier et al. (2017) it may be
possible to separate out the functions of attention control and working memory capacity
as they relate to performance in both focal and non-focal conditions, by examining their
shared and independent contributions at the latent level. Subsequently, we will refine our
understanding of the role of attention control in prospective memory performance by
testing its influence at the latent level. Theoretically it is possible that attention control is
a sufficient predictor of prospective memory performance that no further ‘ability’
identifier such as working memory capacity or fluid intelligence is needed to predict
performance.

Further, current measures of resource allocation when a prospective memory
intention is added do not take adjustments beyond reaction time into consideration. In
other words, using reaction time difference scores, or even ex-Gaussian analyses to
interpret resource or attention allocation do so to the exclusion of more broad-based task
adjustments such as a speed/accuracy tradeoff. In general, participants do consistently

slow to non-focal task demands and not to focal, suggesting some internal recognition
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that one task is subjectively less resource demanding than the other, even if they are not
aware of the reasons. However, ongoing task accuracy is seldom reported, and to date, no
attempts have been made to measure the degree to which speed and accuracy are
impacted by prospective memory demands, or differentially so based on cognitive ability
measures. Subsequently, we will include an adapted version of the Hughes, Linck,
Bowles, Koeth, and Bunting (2014) binning procedure in which speed and accuracy are
combined to create a score reflecting the speed accuracy tradeoff for each individual,
based on type of prospective memory demands. This will allow us to evaluate whether
this adjustment is related to cognitive ability, task demands, or personal preference.

In summary, systematic studies of prospective memory have expanded our
understanding about circumstances under which individuals are likely, or not, to maintain
and execute a prospective memory intention. However, the role of individual differences
in prospective memory performance, is less defined, as is the degree to which these
individual differences relate to difference in ongoing task performance. Results of this
study answer the following questions:

1) Is prospective memory capacity a unitary factor at the latent level when a

variety of tasks are used?

2) Do the relationships between working memory capacity and fluid intelligence
and prospective memory performance differ when prospective memory tasks
are focal or non-focal in nature?

3) Is the relationship between fluid intelligence and performance stronger than

that of working memory capacity and performance?
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4)

5)

6)

7)

Do the processes of maintenance and disengagement outlined by Shipstead,
Harrison, and Engle (2016) independently predict prospective memory
performance?

Does attention control mediate the relationship between these higher order
ability constructs and performance?

Does the use of bin scores provide a more accurate description of ongoing
task ‘costs’ across diverse task sets than the use of reaction time difference
scores?

Are ongoing task costs related to ability?
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CHAPTER 2

METHODOLOGY

Participants
Participants were 296 younger adults (aged 18-35) from the Georgia Institute of

Technology and extending to the greater Atlanta community. They were recruited
through SONA, as well as through flyers on campus, targeted advertisements on
Facebook, and ads in Creative Loafing. Participants received compensation in the form of
course credit or $15 per hour (8 total hours), with a $10 completion bonus. Individuals
were excluded if they were missing more than one full set of tasks. Missing data was
imputed only for latent variable analyses.

Tasks
Working Memory Capacity

Automated Operation Span (OSpan; Unsworth, Heitz, Schrock, Engle, 2005). The OSpan

is a complex span task, so named because two simpler tasks are combined into an
alternating dual task. Test-takers must recall a series of serially presented items, the
presentation of which is interrupted by a simple processing task. For the OSpan the to-be-
remembered items are letters from the English alphabet. The processing task is a simple
mathematical equation that must be solved before the next letter of a sequence is
presented. Lists lengths vary between 3-7 items. The list lengths were presented in a
randomized order, with the constraint that a given length cannot repeat until all lengths
had been presented. Each list length was used three times. The dependent variable was
the number of letters recalled in proper serial position during the session (i.e., partial

scoring method).
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Automated Symmetry Span (SymSpan; Unsworth, Redick, Heitz, Broadway, & Engle,

2009). The SymSpan is a complex span task. The to-be-remembered items were spatial
locations in 4 x 4 grid. The processing task required test-takers to judge whether or not a
figure in an 8 x 8 grid is symmetrical. List lengths were 2-5 items. Other characteristics
mirrored the Ospan.

Automated Rotation Span (RotSpan; Harrison et al., 2013). The RotSpan is a complex

span task. The to-be-remembered items were a sequence of long and short arrows,
radiating from a central point. The processing task required test-takers to judge whether a
rotated letter is forward facing, or mirror-reversed. List lengths were 2-5 items. Other
characteristics mirrored the Ospan.

Attention Control

Antisccade (Kane et al., 2001; Unsworth et al. 2004). The participant fixates a small cross
at the center of the screen. After a 400 to 500 ms interval, a star flashes on one side of the
cross for 250 ms. After a 150 ms interval, a Q or an O is presented for 250 ms at the
opposite side of the screen; the participant’s task was to identify the letter. A total of 48

stimuli were presented.

1000/2000ms

300ms

HH

Figure 3. An example of an Antisaccade trial.
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Flanker (Erickson, 1978). Participants were presented with three left or right-facing

arrows at the center of the screen; one is the target arrow, in the center, flanked by two
distractor arrows, which either pointed in the same direction as the target arrow
(congruent condition) or in the opposite direction (incongruent condition). Participants
report the direction indicated by the target arrow. The participant’s score was their
response time for the incongruent condition with RT for the congruent condition

subtracted.

-2 —2>—>—>—> Congruent
-- 2 --  Neutral

-2 2> <—>—> Incongruent

Figure 4. Stimuli used in the Flanker Task

Visual Arrays (Luck & Vogel, 1997). Participants saw an array of blue and red rectangles

differing in orientation. Prior to each trial, the participants were cued to attend to either
the red or blue rectangles. Next, the array was presented for 250 ms. after a delay of 900
ms, the array presented again, with one of the rectangles highlighted by a white dot; this
rectangle changed orientation on 50% of the trials. The participant judged whether the
rectangle had changed orientation or not. Array sizes used were 5 and 7 items per color.
A total of 48 trials were presented for each array size. The participant’s score was
proportion of trials answered correctly.

Although this task is not traditionally included in attention control batteries,

evidence suggests that it is in fact an attention control measure due to its relationship to
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the anitisaccade task (Martin & Verhaeghen, submitted; Shipstead et al., 2016). As such,
it was included both to continue to examine its usefulness as a measure of attention
control, as well as to strengthen our attention control factor by adding a task that makes

use of accuracy rather than reaction time difference scores.

" [ m =
m = > I.O
PN |20
- 1t

Figure 5. Examples of Visual Arrays trials.

Fluid Intelligence
For all fluid intelligence tasks, the dependent variable was the number of correct
responses provided within the allotted time.

Raven's Advanced Progressive Matrices (RAPM: Raven, 1990; Odd problems). On each

trial, eight abstract figures were embedded in a 3 x 3 matrix. The final position in the
matrix was blank. Test-takers selected one of several options completed the sequence.

Ten minutes were given to solve 18 problems.

25



5 EHEH= D

Figure 6. An example problem from Raven’s Advanced Progressive Matrices.

Letter Sets (LetterSet; Ekstrom et al., 1976). On each trial, five four-letter strings were

presented. Four of the sets followed a specific rule. The test-taker needed to discern this
rule and decide which string did not follow it. Seven minutes were given to complete 30
problems. The dependent variable is the number of correct responses.

Number Series (NumSer; Thurstone, 1938). A series of numbers were presented on a

computer screen. A rule joined these numbers. The test-taker needed to discern this rule
and decide which number was next in the sequence. Five minutes were given to complete
15 problems. The dependent variable was the number of correct responses.
Prospective Memory Tasks

Three different prospective memory tasks were included, each with a control,

focal, and non-focal condition. All items, including the target were be repeated 4 times.
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Each experimental condition (focal and non-focal) contained 4 blocks of 70 trials, with
the prospective memory target occurring on trial 70. The experimental conditions were
preceded by a 30 trial practice block, and a 280 trial control block. The order of
presentation of experimental block was counter balanced across participants with half
receiving the focal block following the control block, and half receiving the non-focal
block following the control block. For all tasks the prospective memory intention was to
press the ‘q” key whenever participants encountered a target item. All other responses
were made on the number pad on the opposite end of the keyboard from the ‘q’ key.

Lexical Decision Task. Participants received a string of letters and identified whether or

not they formed a word. The focal prospective memory target were the words ‘dolphin’
and ‘pyramid’, the non-focal target was be a string ending with the letter ‘g’ (one word

and one non-word).

Walrus

Dolphin

Figure 7. Example of a focal lexical decision task run.
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Symmetry Judgment Task. Participants identified whether a presented image was

symmetrical about the vertical axis. The focal prospective memory intention was to
respond when an in age was circular in nature. The non-focal intnention was to respond

when a box in the corner turns green (it rotated through colors and locations).

e

=

=

Figure 8. Example of a non-focal symmetry judgement task run.

Odd-Even Judgment Task. Participants were asked to decide if a number (1-9) was odd

or even. Numbers were presented in different colors, with a colored box surrounding
them as well. The focal prospective memory target was a yellow number, and the non-
focal was a red box surrounding the number. Although the processing of the focal
condition is incongruent with the identification of the number as odd or even, the ongoing

task is the easiest of the three. This also allowed for a comparison of tasks in which
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processing is incongruent, vs saliency being incongruent. As the focal stimulus is still

very salient to the ongoing task, and the non-focal target is not.

Figure 9. Example of a focal odd-even judgement task run.

Ongoing Task Analyses
Ongoing task performance was analyzed using both traditional reaction time
difference scores and an adaptation of the Hughes et al. (2014) binning procedure.
Reaction time difference scores.
Ongoing task costs were measured, as many studies have done, by subtracting the
average reaction time of all correct responses from each prospective memory condition,
from the average reaction time of correct responses from the baseline condition. Further,

reaction time difference scores were incorporated which include inaccurate trials as well
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in order to provide a reaction time difference measure which does not only focus on
accurate trials.
Binning.

Binning allows for the assessment of the speed accuracy trade off within a task
(Hughes, Linck, Bowles, Koeth, & Bunting, 2014). We used an adaptation of the binning
procedure to evaluate the degree of the speed accuracy adjustment made from the
baseline to the focal condition, and the focal to then non-focal condition.

Bin scores from this procedure are traditionally calculated in the following
manner:

1. Calculate mean RTs on accurate nonswitch trials (by subject).

2. Subtract this Mean RT from the RT for each subject’s individual accurate
switch trial.

3. Rank order the RT difference scores from step 2 for each subject into deciles
(i.e. bins with a value of 1-10, with the fastest scores in bin 1, and slowest in bin 10). This
results in every accurate switch trial having a corresponding bin value of 1-10.

4. Assign all inaccurate switch trials a bin value of 20 (any number will suffice
here).

5. Sum all respective bin values for each subject, to compute a single bin score for
each individual.

A smaller bin score for a subject indicates a combination of two things:

1. Participant’s RTs on accurate switch trials were only slightly larger than for

non-switch trials.

2. The subject made fewer errors on switch trials than other subjects.
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Thus, the binning method incorporates both reaction time and accuracy data from
the task into one comprehensive score, and provides more information than traditional
techniques that either ignore one of the two measures or attempt to analyze them
separately. This method was also shown to have high reliability in Hughes et al. (2014) in
their two experiments, whereas both latency and accuracy switch costs had low
reliability.

In order to perform this adaptation of the binning procedure (which was initially
used on task switching procedures) the control trials served as the non-switch trials, and
the prospective memory trials served as the non-switch (calculated independently for the
focal and non-focal conditions). In this procedure, individuals are rank ordered based on
reaction time to correct trials, and also penalized for incorrect trials, thus allowing for a
measure of ongoing task performance adjustments that incorporates both speed and

accuracy.
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CHAPTER 3

RESULTS

Prospective Memory Performance
Descriptive statistics for all cognitive measures and prospective memory

conditions are reported in Table 1.

Table 1. Descriptive statistics for all tasks.
Degeriptive Statistics

St
I Mnmmm  lastmmum Idean Dewiation
FAPM 265 1 18 10.56 3193
MNumberZeres 265 2 15 10.00 2,947
LetterSets 265 5 28 17.30 4 268
OSPAN 265 1 82 56.01 15705
SoPAN 265 3 52 27.55 10,362
FotSPAN 265 0 62 25.57 10.686
Flanker 265 -9.986 271,146 81.99807 43553663
Antisaccade 265 361 1.000 T9617 148602
VA4 265 -1.300 5.325 1.82781 1.219207
CEFocal PMLACC 255 .00 4.00 2.0282 1.51693
CENF FIML ACC 255 .00 4.00 2.0938 1.50803
SymumFocal FWL ACC 276 .00 4.00 3.5398 94688
SymunlF FLLACC 276 .00 4.00 26775 1.35687
LDTFocal FM ACC 265 .00 4.00 24221 135938
LDTWE FIM ACC 265 .00 4.00 1.5627 1.34606

Note. Task abbreviations are as follows: RAPM=Ravens progressive matrices;
LetterSet=Letter set task; NumSeries= number series task; OSpan=operation span;
SymSpan=Symmetry Span; RotSpan= rotation span; VA4= visual arrays; ASaccade=
anti-saccade ;PM = number of targets identified precondition; LDT.F= accuracy to
prospective memory targets in the focal lexical decision prospective memory condition;
Odd/Even.F = accuracy to prospective memory targets in the focal odd-even judgment
task; Symm.F = accuracy to prospective memory targets on the focal symmetry judgment
task; LDT.NF= accuracy to prospective memory targets in the non-focal lexical decision
prospective memory condition; Odd/Even.NF = accuracy to prospective memory targets
in the non-focal odd-even judgment task; SymmNF = accuracy to prospective memory
targets on the non-focal symmetry judgment task.
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Table 2 shows correlations between all tasks used for latent variable analyses.
Note that the odd-even tasks and the focal symmetry judgment tasks correlated well with
each other. Overall relationships between individual prospective memory tasks and
cognitive ability tasks were inconsistent, with the exception of relationships to the
antisaccde. No consistent trend was observed between focal tasks and ability or non-focal

tasks and ability overall.
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Exploratory Factor Analysis

Table 3 shows an exploratory factor analysis (EFA) that suggested a single
prospective memory factor based on eigenvalues >1. Although a two factor solution was
anticipated, all model analyses strongly suggested a single prospective memory latent
variable. The loadings presented in table 3 show the factor loadings by task. The only
loading which is less than .4 is the focal lexical decision task. All other tasks load
relatively equally on the single prospective memory factor, based on the exploratory
factor analysis. Next a confirmatory factor analysis (CFA) was run to verify the

existence of a single or two prospective memory latent factors.

Table 3. Results from the exploratory factor analysis on the prospective memory tasks.

Factor MMatrx?

Factor
1

cymmFocal PRMLACC AT3
SymmF PR ACC 534
LDTFocal PML ACC 350
LDTNE FLLACC 489
OEFocal PN ACC 598
OENF PILLACC 674

a. | factors extracted. 4
tterations required.

Note. Goodness-of-fit values: Chi-sq 19.19 (9) p<.05. A single factor solution was
favored.

For all structural equation models, solid paths represent significant paths and

dotted lines represent non-significant paths. The chi square values, degrees of freedom,

and chi square significance will be reported. The chi-square assesses overall fit and
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discrepancy between the sample and generalized population wide fitted covariance
matrices. Although a non-significant chi-square value is preferred, indicating it is not
different from a general population model, it is very sensitive to sample size. As such, the
chi-square value alone is not sufficient to accept or reject a model. Models must be
considered in holistic terms based on multiple fit indices. The following fit indices will
be reported as well: The confirmatory fit indices (CFI) and the Root Mean Square Error
of Approximation (REMSEA). The CFI compares model fit to a null model and is
considered to be a ‘good’ fit if the CFI is >.90. A CFI of over .90 indicates that the
model of interest improves fit by 90% relative to a null model. For my purposes we will
consider a model with a CFI of .95 or higher to have very good fit. The RMSEA is a
parsimony adjusted fit index. Models with an RMSEA < .08 are considered to be an
acceptable fit, with an RMSEA of .06 or lower considered to be a good fit (Kenny, 2008).
All models had good to very good fit based on their model fit statistics.
Confirmatory Factor Analysis (CFA)

A confirmatory factor analysis (CFA) with two prospective memory factors
(figure 10) was run first. This model showed ‘good’ fit, and also a correlation between
the two prospective memory factors (focal and non-focal) of .89. Based on the EFA, a
second CFA was run in which the path between the two factors was set to 1. If a Chi
squared difference test between the two models shows no significant change, then two
factors are considered to have a correlation of 1. If the change in Chi square is significant,
however, the two factors are considered to be independent. When the path between the
two prospective memory factors in this model was constrained to 1, the change in Chi

square was not significant. This means that a model containing a single factor is not
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significantly different form one containing two prospective memory factors. The lack of
change in model fit when this path is constrained to 1 means that the tasks comprising the
two factors actually reflect a single factor. This single factor CFA solution further
confirmed that the tasks used for this study reflect a single general prospective memory
factor at the latent level, rather than a focal and non-focal factor as would be anticipated

based on experimental classification.
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Figure 10. CFA for all tasks with two prospective memory latent factors. Once this path
was constrained to zero, no change in model fit was observed. Fit Chi sq =117.277 (80)
p<.05; CFl = .97; RMSEA = .04. Task abbreviations are as follows: WMC = working
memory capacity; OSpan=operation span; SymSpan=Symmetry Span; RotSpan= rotation
span; PM = number of targets identified precondition; LDT.F= accuracy to prospective
memory targets in the focal lexical decision prospective memory condition; Odd/Even.F
= accuracy to prospective memory targets in the focal odd-even judgment task; Symm.F
= accuracy to prospective memory targets on the focal symmetry judgment task;
LDT.NF= accuracy to prospective memory targets in the non-focal lexical decision
prospective memory condition; Odd/Even.NF = accuracy to prospective memory targets
in the non-focal odd-even judgment task; Symmetry = accuracy to prospective memory
targets on the non-focal symmetry judgment task. Gf = fluid intelligence; RAPM=Ravens
progressive matrices; LetterSet=Letter set task; NumSeries= number series task; AC =
attention control; VisArrays = visual arrays; ASaccade= anti-saccade.
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Subsequent to the identification of a single prospective memory factor, a second
CFA was run with all tasks loading onto a single factor. This is the CFA for which the

following structural equation models will be based.

RAPM [~ 15

e ]
LeterSet 70 E

MumSeries | *

OSpan *~ .67 73

=
SymSpan -7 E 83

RotSpan o

ASaccade

Varrays

Flanker

LDT.F

OddEven.F

symm.F

LDT.NF

OddEven.NF

Symm.MF

Figure 11. CFA with a single prospective memory latent factor. Model fit was good. Chi
sg=128.41 (80) ; P<.05; CFI = .96 RMSEA = .04. Working memory capacity, fluid
intelligence, and attention control were all highly correlated as anticipated. The highest

correlation to prospective memory was attention control with fluid intelligence also very
close.
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The CFA for the following models using a single prospective memory factor is
presented in figure 11. This model also showed good fit. In the interest of thorough
theoretical evaluation all models to be presented were run with independent focal and
non-focal latent factors as well. However, all models showed the same pattern of
relationship between cognitive factors and prospective memory performance independent
of whether the latent variable was a single prospective memory factor including all tasks,
a non-focal only-factor, or a focal-only factor. Additional analyses which consist of only
a singular focal or non-focal prospective memory latent factor are located in the
Appendix section of this document.

Working Memory Capacity and Prospective Memory Performance

My first question regarding cognition and performance was whether or not
working memory capacity measures predict prospective memory performance at the
latent level. In order to test this, a single path model was constructed from our working
memory capacity factor to our single prospective memory factor.

As Figure 12 shows, there was a significant relationship between working
memory capacity and prospective memory performance. In structural equation models
the amount of variance accounted for at the latent level is half of the path value. This
means that working memory capacity accounts for 5.3% of the variance in prospective
memory performance. Moreover, this variance is significantly different from zero.
Although theories and studies have emphasized the potential for working memory
capacity to show a strong relationship to prospective memory performance, this model
suggests that while there is a significant relationship, the amount of variance in

performance accounted for by working memory capacity is relatively low. However, this
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factor accounted for a small percentage of the variance in performance. Next, | tested
whether or not fluid intelligence also predicted prospective memory performance at the

latent level.
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Figure 12. WMC predicting a single PM latent factor. Model fit was good Chi sq=58.34
(26); p<.05; CFI=.96; RMSEA = .06. The path from working memory capacity to
prospective memory performance was significant, and accounted for 5.3% of the variance
in prospective memory performance. Note for all figures abbreviations are as follows:
WMC = working memory capacity; OSpan=operation span; SymSpan=Symmetry Span;
RotSpan= rotation span; PM = number of targets identified precondition; LDT.F=
accuracy to prospective memory targets in the focal lexical decision prospective memory
condition; OddEven.F = accuracy to prospective memory targets in the focal odd-even
judgment task; Symm.F = accuracy to prospective memory targets on the focal symmetry
judgment task; LDT.NF= accuracy to prospective memory targets in the non-focal lexical
decision prospective memory condition; OddEven.NF = accuracy to prospective memory
targets in the non-focal odd-even judgment task; Symm.NF = accuracy to prospective
memory targets on the focal symmetry judgment task.

Il

Fluid Intelligence and Prospective Memory Performance

Figure 13 shows the significant path from fluid intelligence to prospective
memory performance. Moreover, fluid intelligence predicted 21.2% of the variance in
prospective memory performance. This is twice as much variance in performance than

was predicted by working memory capacity. So the answer to my first latent variable
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analysis question is that yes, both working memory capacity and fluid intelligence predict
prospective memory performance, but to differing degrees.
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Figure 13. Gf predicting a single PM latent factor. Model fit was good Chi sq=60.69 (26);
p<.05; CFI=.94; RMSEA = .07. The path from fluid intelligence to prospective memory
performance was significant, with fluid intelligence accounting for 21.2% of the variance
in prospective memory performance. Note abbreviations are as follows: Gf = fluid
intelligence; Raven=Ravens progressive matrices; LetterSet=Letter set task; NumSeries=
number series task; LDT.F= accuracy to prospective memory targets in the focal lexical
decision prospective memory condition; OddEven.F = accuracy to prospective memory
targets in the focal odd-even judgment task; Symm.F = accuracy to prospective memory
targets on the focal symmetry judgment task; LDT.NF= accuracy to prospective memory
targets in the non-focal lexical decision prospective memory condition; OddEven.NF =
accuracy to prospective memory targets in the non-focal odd-even judgment task;
Symm.NF = accuracy to prospective memory targets on the focal symmetry judgment
task.

Fluid Intelligence and Working Memory Capacity

My second question was, when compared directly, does fluid intelligence predict
performance beyond working memory capacity at the latent level? In other words, when
both working memory capacity and fluid intelligence are allowed to correlate in a model,
do they both show independent predictive validity? If both paths are significant, then both
working memory capacity and fluid intelligence predict unique variance in prospective
memory performance. However, if only one path is significant, then no additional

predictive variance is accounted for by the other factor. | predicted that fluid intelligence
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would be the dominating factor, as the ability to reduce outward interference from
irrelevant stimuli would be advantageous in maintaining the prospective memory

intention active.
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Figure 14. Contributions of WMC and Gf to PM. Model fit was good Chi sq=98.45 (51);
p<.05; CFI=.95; RMSEA = .06. Only the path from fluid intelligence to prospective
memory performance was significant. This path accounted for almost 34.8% of the
variance in prospective memory performance.

As figure 14 shows, when both fluid intelligence and working memory capacity
are allowed to correlate in a model, only fluid intelligence predicted performance on the
prospective memory factor. This indicates that there is no significant relationship
between working memory capacity and prospective memory performance beyond that
which is captured by measures of fluid intelligence, which account for 34.8% of the
variance in prospective memory performance.

Maintenance and Disengagement in Prospective Memory Performance.
Next, | tested the idea that aspects of maintaining information active, as well as

releasing no-longer relevant information, may both be beneficial processes for
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prospective memory performance. In order to evaluate this distinction, the same model
used by Martin and colleagues (submitted) was run. In this model, a common
maintenance factor was created by cross loading all of the working memory and fluid
intelligence measures onto on a single common ‘maintenance’ factor. The cross loading
of tasks onto a single factor pulls all of the shared variance between the tasks into that
factor. The second factor, now reflects only residual variance from the fluid intelligence
factor which is not common to the maintenance oriented working memory tasks. This
second factor, which now only reflects residual variance from the fluid intelligence
measures, is primarily disengagement oriented based on the framework proposed by

Shipstead, Harrison, and Engle (2016).
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Figure 15. Contributions of maintenance and disengagement to PM. Model fit was good
Chi sq=97.11 (49); p<.05; CFI=.95; RMSEA = .06. Both paths were significant with
maintenance related variance accounting for 6.3% of the variance in prospective memory
performance. Disengagement related variance accounted for 16.8% of the variance in
prospective memory performance.
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In figure 15 both the path from the common ‘maintenance’ factor, and the residual
‘disengagement’ factor were significant. This result indicates that both maintenance and
disengagement processes are important for successful prospective memory performance.
Further, both predicted unique variance in performance. Interestingly, the residual
variance of fluid intelligence not shared with the complex span measures still predicted
more variance in performance than did a common factor which includes the complex
span measures. This result suggests that releasing no-longer relevant information is even
more beneficial to performance than the active maintenance of information, or in this
case the prospective memory intention.

Attention Control Mediation

Before presenting the results for this section, | would first like to remind readers
of the measures of attention control used for this study. They are as follows:

1) The antisaccade task, in which participants were presented with a fixation
followed by a flashing asterisk at the side of the screen. The participant then
identified whether a letter presented on the opposite side from the flash was a Q
or an O (this target is presented briefly and then masked). The dependent measure
was the number of trials correctly identified.

2) The visual arrays task. Participants were presented a color, red or blue, followed
by a series of red and blue rectangles at various angles around the screen

presented very briefly. Participants had to identify whether the orientation of a
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block (in the cued color) has changed orientation from the first screen. The

dependent measure was a k score.

3) The Erickson flanker. Participants saw a series of 5 arrows. They had to identify
whether the arrow in the center was congruent with or incongruent with the other
arrows in the series. The dependent measure was a reaction time difference score
between congruent and incongruent trials.

| reiterate the nature of these tasks to emphasize the fact that they are inherently

different from both the working memory, fluid intelligence, and prospective memory

tasks used in this study. All of the attention control measures are also very simple
from a task design perspective.

My final latent factor question was, does attention control mediate the relationship
between working memory capacity and/or fluid intelligence, and prospective memory
performance? In theory, both of the aspects of maintenance and disengagement fall under
control of the central executive. Subsequently, the degree to which attention control
reflects the functions of the central executive, should account for the variance predicted
by both working memory capacity and fluid intelligence. Two final mediation models
were run, one for working memory capacity, and one for fluid intelligence. If no
independent contributions of working memory capacity and fluid intelligence are
observed beyond attention control, then, attention control is the driving force behind the
performance. If, however, there are significant predictive paths form working memory
capacity or fluid intelligence in addition to attention control, then either attention control

is not adequate to reflect the relevant processes of the central executive related to these
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higher order abilities, or there is variance captured by working memory capacity and fluid

intelligence that is predictive of performance beyond attention control.
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Figure 16. Mediation analysis between WMC and PM. Model fit was good Chi sq=85.82
(51); p<.05; CFI=.95; RMSEA = .05. Paths from working memory capacity to attention
control, and attention control to prospective memory performance were significant. The
path from fluid intelligence to prospective memory performance was not significant.

Figure 16 shows the attention control mediation analysis for working memory
capacity. The purpose of this model was to see if working memory capacity still predicts
prospective memory performance beyond the variance it shares with attention control.
The lack of a significant path from working memory capacity to prospective memory
performance, after attention control was included as a mediating variable, showed that the
predictive power of working memory capacity demonstrated by previous models was due
to the role of attention control. Further, although the residual between working memory

capacity and prospective memory is not significant, it is still fairly high, and negative,



this is most likely due to high levels of multicoliniarity between factors which can

sometimes result in spurious but typically non-significant relationships.
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Figure 17. Mediation analysis between Gf and PM. Model fit was good Chi sq=84.69
(51); p<.05; CFI=.96; RMSEA = .05. Paths from fluid intelligence to attention control,
and attention control to prospective memory performance were significant. The path from
fluid intelligence to prospective memory performance was not significant.

Figure 17 shows the attention control mediation analysis for fluid intelligence.
The purpose of this model was to see if fluid intelligence still predicted prospective
memory performance beyond the variance it shares with attention control. The lack of a
significant path from fluid intelligence to prospective memory performance, after
attention control was included as a mediating variable, showed that the predictive power
of fluid intelligence demonstrated by previous models was due to the role of attention
control. Although not all of the variance in fluid intelligence was captured by attention
control in predicting prospective memory performance (as was the case with working

memory capacity) there is still no additional predictive value of fluid intelligence.
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Figure 18. Mediation analysis between maintenance and disengagement. Model fit was
good. Chi sq=143.72 (78) P<.05; CFI=.95; RMSEA=.05. The paths from maintenance
and disengagement to attention control were both significant. The path from attention
control to prospective memory performance was the only significant predictor of
performance (accounting for 34.8% of the variance in prospective memory performance).

Figure 18 tested the attention control mediation in the context of viewing working
memory capacity and fluid intelligence as reflecting processes of maintenance and
disengagement. Specifically, if the functions of the central executive which govern
maintenance and disengagement are sufficiently captured by attention control, then there
should be no residual variance reflected by either of these constructs beyond attention
control. The paths between maintenance, disengagement, and attention control were all
significant. As with all previous models, attention control fully mediated all variance in

the model, and was the only significant factor predicting prospective memory
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performance (predicting 34.8% of the variance in performance, and being most strongly
related to working memory capacity).

One final post-hoc model was run related to figure 18 above. Specifically, we had
developed and deployed several new attention control measures in an attempt to create a
more robust measure of attention control. Specifically, these measures were designed to
not rely on reaction time difference scores. In all of the models presented thus far, the
lowest task to factor correlation is between the flanker and the attention control factor.
This factor remained robust due to the strength of the antisaccade and visual arrays tasks.
However, | wanted to see if more variance would be accounted for given a factor with a
stronger attention control loading. To this end | substituted performance on the traditional
Erickson flanker, with that of performance on a modified version in which the response
deadline was adaptive. In this task, participants still reported whether a center arrow was
point in the same (congruent) or opposite (incongruent) direction as the other arrows.
However, the response deadline for all participants was stair-stepped up and down based
on their accuracy on 15 out of 18 trials per block, over a series of 18 blocks. Participants’
final score was their response deadline at the end of the 18" block (See Appendix C for a
full task description). This allowed for a third measure of attention control which did not
relay on reaction time difference scores, but was otherwise not fundamentally different in
structure from the traditional Erickson flanker. As the model I will present shows, it
shows a much stronger relationship to the attention control factor than the traditional
factor. Further, this addition increased the amount of variance in prospective memory

performance predicted by the attention control factor.
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Figure 19. Maintenance and disengagement mediation analysis with flanker deadline task
substitution. Model fit was good. Chi sq= 143.72 (78) P<.05; CFI1=.95; RMSEA=.05. The
paths from maintenance and disengagement to attention control were both significant.
The path from attention control to prospective memory performance was the only
significant predictor of performance. The path was also higher than in the previous model
using the traditional flanker, meaning more prospective memory performance variance is
captured when a more cohesive measure of attention control is used.

Figure 19 shows the same pattern of results as figure 18. The paths between
maintenance, disengagement, and attention control were all significant, and essentially
unchanged from figure 18. However, when the deadline flanker was loaded onto attention
control, the new attention control factor now accounted for 57.8% of the variance in
prospective memory performance. This is a substantial increase from the 34.8% of
variance in prospective memory performance accounted for by the attention control
factor using the traditional flanker. In other words, changing one task to one with a higher

reliability resulted in an 23% increase in predicted variance.
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The overall conclusion based on these models suggests that the primary factor of
importance in terms of prospective memory performance is attention control. Moreover,
the way in which attention control is measured has a substantial bearing on how well it
predicts performance across a wide range of abilities.

Ongoing Task Performance

Ongoing task performance descriptive statistics are presented by task. For all
tasks, participants’ ongoing task accuracy as well as mean reaction time for the ongoing
task are presented by condition (baseline, focal, and non-focal). Mean reaction time data
was trimmed for accuracy. A second series of analyses compared mean reaction time not
trimmed on accuracy and found no differences between the two data sets. Subsequently,
only data trimmed for accuracy is presented. Correlational analyses were only completed
on subjects who had all three prospective memory tasks, no imputations were used for the

following analyses.
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Table 4a-c. Ongoing task performance statistics divided by prospective memory task

condition.

Descriptive Statistics: Lexical Decision

Std.

T Mntnoum Ilasimum Ilean Dewiation
LDTRaselineTask. 304 a1 1.00 89243 08549
ACC
LDTFocal Task ACC 302 A6 1.00 (B982 103590
LDTHF Task ACC 304 49 1.00 2011 10043
LDTEBaselneTask ET 304 37540 549517 840.2120 360.45874
LDTFocal Task ET 302 26163 419281 BET.6E36 350.15713
LDTHNF Task ET 304 30852 552421 B74.1187 36240539
Descriptive Statistics: Odd-Even

St

T Mnmum Ilasmimum Ilean Dewtation
CEEBaselne Task. 265 39 1.00 9387 07799
ACC
CEFocal Task ACC 265 41 97 8844 09627
COEMNF Task ACC 265 43 97 B846 09776
CEBaselne Task BT 265 385.60 266987 7022491 23535 86658
CEFocal Task ET 265 22652 194318 7477394 234 24934
CENF Task ET 263 2271.27 156273 724.9806 202.95497
Descriptive Statistics: Svmmetry

Std.

T Mntnoum Ilasimum Idean Dewiation
SymmPBaseline Task. 265 43 99 8310 06974
ACC
SymmF ocal Task. 265 45 1.00 9140 10060
ACC
cymmdIE Task ACC 263 36 99 8657 13074
gj;mnBase]jne.Task. 265 185.95 333051 11426122 550.00154
SymmFocal Task T 265 25310 2994 60 988.2546 444 03840
SymmlF Task ET 265 192,10 332448 10327314 42706004

Note. Reaction time data is presented based on accurate trials only.
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No significant reaction time differences were observed between the baseline and
focal or baseline and non-focal lexical decision trials. A significant difference in reaction
time was observed between the baseline (M= 702.25) and focal odd even task (M=
747.74). t=-2.675; p<.05. Reaction times were significantly different between the
baseline (M=1142.61) and focal conditions (M= 988.25) in the symmetry judgment task
t=7.175, p<.05. Reaction times were also significantly different between the baseline
(M=1142.61) and non-focal conditions (M= 1032.73) in the symmetry judgment task t=
5.523, p<.05. However, both of these differences reflect a decrease in reaction time from
baseline, rather than an increase. Alternately, there was a significant difference in
reaction time between the focal and non-focal symmetry judgment conditions, such that
reaction time was slower on average in the non-focal (10.32.73) condition than in the

focal condition (988.25) t=-2.89, p<.05.
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A summary of the pairwise t-test results conducted for ongoing task accuracy is
presented above. All tasks showed significantly lower accuracy from the baseline to the
focal, and the baseline to non-focal. Only the symmetry judgment also showed an
additional change in ongoing task accuracy from the focal condition to the non-focal
condition such that participants were also less accurate in the non-focal as compared to
the focal condition. Small significant correlations (.157 and .139) between the Ravens
and the focal and non-focal symmetry judgment monitoring scores were found. No other
correlations were significant. No correlations between monitoring costs and prospective
memory performance within the same condition were significant.

Next, bin scores measuring speed-accuracy tradeoff changes were calculated for

each participant.

Table 6. Descriptive statistics showing speed and accuracy tradeoff made between
baseline and focal, and baseline and non-focal conditions of each task.

Descriptive Statistics

o,
I Lnmmum  MMaxmum Idean Dewnation
OEFocalBmscore 265 180.00 578000 T711.3913 66502439
OENF GrandBmiScore 265 714.00 544200 229572957 50645206
LDTFocalBmScore 265 953.00 6157.00 27436222 111278241
LDTNFEmScore 265 1073.00 6137.00 26920056 111374909
SymmF ocalBmScore 265 200,00 445400 15597585 73334224
SymmITFBmScore 265 577.00 654600 2339.1014 100947683
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All changes in bin scores from the focal to the non-focal condition were
significant (see tables 6 and 7). In the odd even task and the symmetry judgment task,
participants showed an increase in their speed accuracy trade off in the non-focal
condition relative to the focal condition. However, in the lexical decision task, they were
higher in the focal condition than the non-focal condition. This is likely sue to the high
standard deviation in this condition relative to others, as initial analyses with a smaller

sample revealed a similar pattern to that of the other two task conditions.

Table 8. Correlations between bin scores and the highest loading task for each latent
cognitive factor.

Bin Score Correlations

OFEFoc OENF
alBmsc  BmScor LDTMEFB1  LDTFocalBi  SymmMNFBi SymmFocal
orE e nocore mocore nacore BinScore
FAFML =257 -.131 141 162 .058 367
AZaccade =277 -.070 .018 .040 -.035 293

Note. Significant correlations are in bold.

Additionally, correlational analyses were conducted with the bin scores for each
task. Bin scores were positively correlated with ability in the symmetry judgment task,
and negatively correlated with ability in the odd even task. In other words, higher ability
individuals were able to recognize the increased difficult of the task in a more demanding
situation, whereas higher ability individuals did not under a less demanding task
condition. Bin scores within task were negatively correlated with performance in the odd-
even judgment task (-.394 and -.2). No other within task bin scores and prospective

memory performance were correlated.
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The only post hoc latent variable analysis which resulted in acceptable model fit

is presented below.

72 61

.70 1.0

Figure 20. Gf predicting odd-even PM task bin scores. Model fit was good Chi sq=56.4
(21); p<.05; CFI=.95; RMSEA = .05. The path from fluid intelligence to bin scores a
significant and accounted for 12.3% of the variance in these measures.

Figure 20 shows a post-hoc analysis with bin scores (speed accuracy trade off
adjustments) from the odd-even judgment task. As figure 13 shows, fluid intelligence, but
not working memory capacity was negative related to speed and accuracy adjustments.
That is to say, higher ability individuals made fewer adjustments to their speed and
accuracy in general when prospective memory demands were added, than did lower
ability individuals. As with the prospective memory intention data, however, this

relationship was also mediated by attention control.
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Figure 21. Mediation analysis between Gf and odd-even PM task bin scores. Model fit
was good Chi sq=86.5 (51); p<.05; CFI=.95; RMSEA = .05. The only significant
predictor of bin scores was attention control.

The mediation analyses conducted for the bin scores is presented in figure 21.
This analysis showed that the relationship between fluid intelligence and adjustments to
ongoing task performance were fully mediated by attention control. Once attention
control was added the fluid intelligence model presented in figure 19, the path from fluid
intelligence to ongoing task adjustments was no longer significant. To the degree that
ability is related to ongoing task performance, it also appears to be rooted in the ability to

control attention.

60



CHAPTER 4

DISCUSSION

Prospective memory performance is an essential function of everyday life, and in
some instances the ability to remember to perform an action in the future is a matter of
life or death. However, we still lack a substantial amount of understanding regarding how
prospective memory performance differs between individuals of varying cognitive
ability. We have gained a significant amount of evidence regarding the impact of task
manipulations on performance through the use of the laboratory paradigm; however, our
understanding of the exact cognitive mechanisms underlying performance is still not well
established. Moreover, the degree to which differences in these abilities are reflected in
performance is a very young area of research.

Previous studies that have included regression or structural equation modeling
still failed to present the prospective memory factor as a latent construct with predictors
from multiple tasks, and even fewer incorporated both focal and non-focal factors.
Further, this is the first time, to the author’s knowledge that measures of fluid intelligence
as well as attention control have been included to refine our understanding of
performance at the latent level.

Results of this study answered the following questions:
1) Is prospective memory capacity a unitary factor at the latent level when a

variety of tasks are used?
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2)

3)

4)

5)

6)

7)

Do the relationships between working memory capacity and fluid intelligence
and prospective memory performance differ when prospective memory tasks
are focal or non-focal in nature?

Is the relationship between fluid intelligence and performance stronger than
that of working memory capacity and performance?

Do the processes of maintenance and disengagement outlined by Shipstead,
Harrison, and Engle (2016) independently predict prospective memory
performance?

Does attention control mediate the relationship between these higher order
ability constructs and performance?

Does the use of bin scores provide a more accurate description of ongoing
task ‘costs’ across diverse task sets than the use of reaction time difference
scores?

Are ongoing task costs, related to ability?

Overall, prospective memory performance in general was consistently higher in

the focal conditions of the lexical decision task and the symmetry judgment task than in
their respective non-focal conditions. However, a CFA suggested that at the latent level
prospective memory was a unitary factor. Interestingly, the response rate to the
prospective memory target was equivalent for both of the odd-even judgment task
conditions. At first glance this appears as though both are equally demanding non-focal
conditions; however, speed and accuracy data suggest that that non-focal condition was
in fact more demanding. Specifically, participants showed an increase in their speed

accuracy trade off in the non-focal condition compared to the focal (i.e. individuals were
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slower and less accurate at performing the ongoing task in the non-focal condition than in
the focal). Additionally, the more rapid response time and generally less demanding
processing of the stimuli of the ongoing task may have resulted in difficulties relying on
spontaneous retrieval mechanisms. In sum, participants showed more of an ongoing task
cost that would reflect more effortful processing of the prospective memory intention
under the non-focal condition than the focal in spite of a lack of overall differences in
performance.

Using a series of structural equation modeling I found that both working memory
capacity and fluid intelligence contribute significantly to prospective memory
performance at the latent level. Further, there was no residual working memory capacity
variance when the two were compared directly. Additionally, prospective memory
performance reflected independent contributions of maintenance and disengagement as
proposed by Shipstead, Harrison, and Engle (2016). Specifically, when a common factor
was created that reflected maintenance and a second factor consisting of the
disengagement related variance were compared, both paths were significant. This
indicates that, although working memory capacity did not show an independent
relationship to performance when compared to fluid intelligence, the maintenance related
variance it largely reflects does independently predict performance on prospective
memory tasks in addition to disengagement variance. Thus both actions of maintaining
the intention, and or the task goals, as well as releasing no-longer relevant information
result in higher prospective memory performance independent of task condition (focal vs

non-focal). Further, although a single factor solution was presented above, models using
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only a focal or non-focal prospective memory outcome variable also showed significant
independent contributions of maintenance and disengagement processes (see appendices).

Finally, and most importantly, | conducted a series of mediation analyses with
attention control. The aim of these analyses was to evaluate whether attention control
fully or partially mediated the relationship between working memory capacity and
prospective memory performance, as well as fluid intelligence and prospective memory
performance. Fit for both models was ‘good’ and both models indicated that attention
control fully mediated the relationship between working memory capacity and
prospective memory performance, as well as the relationship between fluid intelligence
and prospective memory performance. Further, full mediation through attention control
continued to be the sole predictor of prospective memory performance when working
memory capacity and fluid intelligence tasks were configured to reflect the processes of
maintenance and disengagement.

The finding that attention control fully mediated the relationship between working
memory capacity and fluid intelligence factors and the processes of maintenance and
disengagement specifically has several major theoretical implications. First, the
relationship between higher order cognitive processes such as working memory capacity
and even fluid intelligence are secondary to differences in attention control when
predicting prospective memory performance. Initially, | anticipated that fluid intelligence
would be a better predictor of performance than working memory capacity. However, |
was less certain that the relationship between fluid intelligence and performance could be
explained in terms of attention control, which it was. Second, the lack of residual

variance in the model reflecting the general processes of maintenance and disengagement
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suggested that all performance relevant variance was reflected exclusively by my
measure of attention control.

According to the theory of maintenance and disengagement proposed by
Shipstead, Harrison, and Engle (2016), maintenance and disengagement are general
processes which describe actions of the central executive. My results suggest that
attention control is sufficient to explain the variance from these central executive
processes as they relate to prospective memory performance. Further, the degree of
prediction of the attention control factor is dependent on the tasks used to define and
measure it. The simple change of one traditional measure of attention control, the
Erickson flanker, to a version which did not rely on reaction time difference scores,
resulted in a substantial increase in the predictive value of the attention control factor.
Subsequently, the main factor of interest with regard to prospective memory performance
is attention control. However, the degree to which it is able to predict performance, is
dependent on how attention control is measured. The revised attention control factor
presented in figure 12 suggests that studies using measures such as the traditional flanker
or stroop, are likely under-estimating the degree to which attention control predicts
differences in performance. Further, studies showing independent contributions of
executive functions, based on these types of tasks which rely heavily on reaction time
difference scores are likely reflecting task or error variance rather than meaningful
differences in processing.

In summary, performance on focal and non-focal prospective memory tasks and
the presumed underlying constructs are not as dissimilar as they might appear in

experimentally driven theory when examined at the latent level. Specifically, the pattern
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of relationships between cognitive factors and performance remained the same whether a
single prospective memory factor was used, or independent focal and non-focal factors
were used. Additionally, the overwhelmingly consistent indicator of performance was
attention control and not working memory capacity or fluid intelligence.

My results suggest that inconsistent findings regarding the relationship between
working memory capacity and prospective memory performance is likely due to the fact
that working memory capacity plays a much smaller role in predicting prospective
memory performance than does fluid intelligence. Moreover, both the relationship
between working memory capacity and fluid intelligence are fully explained by
differences in attention control, particularly when a robust factor is used. Subsequently,
studies emphasizing cognitive ability through working memory capacity, may not find a
consistent relationship as these tasks are ultimately reflecting less individual difference
variance than measures of fluid intelligence or attention control measures. Additionally,
many studies that do not conduct analyses at the latent level use a single indicator as a
measure of ‘working memory capacity’. This is fundamentally flawed, as you can only
extrapolate insofar as there are group differences on that specific task. Further, these
studies often rely on the use of the operation span which is the lowest loading variable,
and most problematic for identifying differences based on a cognitively diverse sample
(see Draheim, Harrison, Embretson, & Engle (2017) for a review).

The ongoing task data was a bit less clear in its coherence across tasks. Overall
the traditional stair step in reaction time as the task moved from focal to non-focal was
not observed, in favor of a change in ongoing task accuracy. Once bin scores were

calculated, they were generally more consistent across tasks, as well as related to ability
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with higher fluid intelligence being reflected in less slowing and/or better accuracy as
task demands increase. This pattern was not true for measures of ongoing task cost which
solely relied on differences in reaction time. | believe this is due to the increased
reliability of the bin scores compared to reaction time difference scores particularly when
assessing group differences across a wide range of abilities. This is a similar issue as
discussed above regarding the use of the traditional flanker in favor of one in which an
adaptive, thresholding procedure is used.

The combined prospective memory accuracy data, latent level analyses, and
ongoing task data present a challenge to the field. How do we define focal and non-focal
prospective memory tasks at the latent level? Is this distinction valid when task demands
and structure differ significantly? Although these tasks have been defined at experimental
level by both the multi-process theory and dynamic multi-process theory in terms of
degree of cue focality or target salience, these distinctions become irrelevant at the latent
level when a wide range of abilities are considered. On the one hand, differences in
prospective memory accuracy for the lexical decision task set as well as the symmetry
judgment task set suggest that these conditions consist of focal and non-focal conditions,
as do the ongoing task costs in the symmetry condition. However, no ongoing task costs
were observed in the lexical decision condition that would indicate the more difficult
non-focal task was in fact fundamentally different from the focal. In fact, the inverse
relationship was shown with both reaction time data as well as bin scores suggesting that
focal condition was actually more resource demanding. Additionally, the lack of a
difference in prospective memory performance on the odd-even judgment task between

the focal and non-focal condition would suggest that both conditions are equally resource
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demanding. However, the difference in ongoing task costs measured in terms of a speed
accuracy trade off show that the non-focal condition is in fact more demanding under
these task conditions. Additionally, the fact that the speed-accuracy trade off relationship
to ability was most pronounced in the odd even judgment task suggests that this
measurement may be best employed when processing demands are low. Subsequently,
the more rapid processing of stimuli may also account for the low prospective memory
performance in the focal condition. In other words, participants have less time to engage
spontaneous retrieval processes when they are processing very basic stimuli.

One additional potential explanation for the overall congruency in performance
across all prospective memory conditions is the number of targets. Although four targets
were chosen in order to have a sufficient range in performance for latent variable
analyses, this frequency could have been generally monitoring inducing. This increase in
monitoring would explain why there were differences between focal and baseline
conditions, but not non-focal and baseline conditions. However, in spite of potential
increases in monitoring in the focal condition, participants still made speed accuracy
adjustments to a greater degree in the non-focal condition than in the focal conditions. In
other words, the focality/salience distinction appears to function more in terms of degree
of difficulty at the latent level, with more commonality across focal and non-focal task
conditions than experimental studies would suggest.

In summary, | entered into this project assuming that fluid intelligence
specifically and disengagement more generally, would be important for prospective
memory performance under both focal and non-focal task conditions. Further, 1

anticipated observing a different pattern of results between cognitive ability and
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prospective memory performance on focal and non-focal tasks. However, the analyses at
the latent level, suggest that prospective memory performance, as measured with
laboratory paradigms, is a singular construct at the latent level. These results are in
contrast to findings by Rummel et al. (2017) which showed independent focal and non-
focal factors. However, they did not employ a variety of types of focal and non-focal
prospective memory tasks. Rather, focal and non-focal latent variables were created using
a split half procedure of two independent tasks. While two factors can be imposed on the
present analyses, the overall summary of the data suggest that making this distinction is
theoretically irrelevant when examining underlying cognitive components of
performance. One caveat | would make, however, regarding this conclusion is related to
the number of targets in each task. It is possible that the number of targets resulted in
more ongoing task adjustments in the focal condition than may typically be observed.

However, the number of targets does not fully explain why all of the tasks would
load onto a factor in a well-fitting model in spite of their differences in performance
across focal and non-focal conditions. Further, my results suggest that to the extent that
ongoing task performance is related to ability across multiple types of tasks is contingent
on more reliable measures of changes in ongoing task performance such as measures of
speed and accuracy trade-offs. However, even these relationships are tenable at best
given the poor model fit when evaluated at the latent level, and most consistently

identified when the demands of the ongoing task are low and consistent across stimuli.
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APPENDIX A
Models with a Single Non-Focal Prospective Memory Factor

Significant paths and loadings are identified by a single bold line, non-significant
paths are identified by a dotted line.
Working Memory Capacity and Non-focal Prospective Memory Performance

My first question was whether or not working memory capacity measures predict
non-focal prospective memory performance at the latent level. In order to test this a
single path model was constructed from our working memory capacity factor to our non-

focal prospective memory factor.
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Figure Al. Working memory capacity predicting non-focal prospective memory latent
factor. Model fit was good, and the chi-square value was not significant. Chi sq=9.09 (8);
p>.05; CFI=1.0; RMSEA = .02. Note for all figures abbreviations are as follows: WMC =
working memory capacity; OSpan=operation span; SymSpan=Symmetry Span;
RotSpan= rotation span; Non-Focal PM = number of correctly responded to targets in the
non-focal versions of all three tasks; LDT= lexical decision prospective memory
condition; OddEven = odd-even judgment task; Symmetry = symmetry judgment task.

As Figure Al shows, there was a significant relationship between working
memory capacity and non-focal prospective memory performance. However, this factor
accounted for a small percentage of the variance in performance (8.5%). Next | tested
whether or not fluid intelligence also predicted non-focal prospective memory

performance at the latent level.
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Figure A2. Fluid intelligence predicting non-focal prospective memory latent factor.
Model fit was good and the chi-square value was not significant. Chi sq=4.04 (8); p>.05;
CFI=1.0; RMSEA = .00. Note abbreviations are as follows: Gf = fluid intelligence;
Raven=Ravens progressive matrices; LetterSet=Letter set task; NumSeries= number
series task; Non-Focal PM = number of correctly responded to targets in the non-focal
versions of all three tasks; LDT= lexical decision prospective memory condition;
Odd/Even = odd-even judgment task; Symmetry = symmetry judgment task.

Figure A2 shows the significant path from fluid intelligence to non-focal
prospective memory performance. Moreover, fluid intelligence predicted twice as much
variance (17%) in prospective memory performance as working memory capacity (8.5%).
Fluid Intelligence vs. Working Memory Capacity

My second question was, when compared directly, does fluid intelligence predict
performance beyond working memory capacity at the latent level? | believed this would
be the case, as the ability to reduce outward interference from irrelevant stimuli would be

advantageous in maintaining the prospective memory intention active.
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Figure A3. Contributions of working memory capacity and fluid intelligence to non-focal
prospective memory performance. Note Model fit was good Chi sq=35.48 (22); p<.05;
CF1=.98; RMSEA = .04. The only significant path is the path from fluid intelligence to
non-focal prospective memory performance. Working memory capacity provides no
additional predictive value beyond fluid intelligence which accounts for 22.5% of the
variance in prospective memory performance.

As figure A3 shows, when compared directly, only fluid intelligence predicted
performance on the non-focal prospective memory factor. Moreover, the path from
working memory capacity to prospective memory performance was not different from
zero.

Maintenance and Disengagement in Prospective Memory Performance.

Next, | tested the idea that aspects of maintaining information active, as well as
releasing no-longer relevant information may both be beneficial processes for non-focal
prospective memory performance. In order to evaluate this distinction, the same model
used by Martin and colleagues (submitted) was run. In this model, a common
maintenance factor was created by cross loading all of the working memory and fluid

intelligence measures onto on a single common ‘maintenance’ factor. This second, which
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now was residual variance from the fluid intelligence measures, in theory reflected

disengagement.
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Figure A4. Contributions of maintenance and disengagement to non-focal prospective
memory performance. Model fit was good Chi sq=34.44 (20); p<.05; CFI1=.98; RMSEA
= .04. Both the maintenance path and the disengagement significantly predict
performance on the non-focal prospective memory factor. In total the two paths predict
24.5% of the variance in non-focal prospective memory tasks.

In figure A4 significant independent contributions from both ‘maintenance’ and
‘disengagement’ emerged, suggesting that both processes are important for predicting
successful prospective memory performance under non-focal conditions. Together these

paths accounted for 24.5% of the variance in prospective memory performance.
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APPENDIX B
Models with a Single Focal Prospective Memory Factor

Significant paths and loadings are identified by a single bold line, non-significant
paths are identified by a dotted line.
Focal prospective memory performance

The degree to which working memory capacity fluid intelligence relate to focal
prospective memory performance was more exploratory; however, | anticipated that the
degree to which fluid intelligence informs performance under focal conditions, would be
through the use of disengagement, rather than maintenance. Moreover, any relationship
between working memory capacity and performance would be due to its strong

relationship to fluid intelligence.
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Figure B1. Working memory capacity and fluid intelligence independently predicting
focal prospective memory performance. Model fit was good Model fit was good for
working memory capacity, and the chi-square test was significant. Chi sq=11.99 (8);
p>.05; CFI=.99; RMSEA = .04. Fluid intelligence model fit was good Chi sq=15.40 (8);
p<.05; CFI=.97; RMSEA = .06. The path from working memory capacity was significant
and predicted 15.5% of the variance in focal prospective memory performance. The path
from fluid intelligence to prospective memory performance was also significant and
accounted for 27% of the variance in prospective memory performance.
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As figure B1 shows, both working memory capacity and fluid intelligence
contributed significantly to focal prospective memory performance at the latent level.
Working memory capacity accounted for 15.5% of the variance in performance, and fluid

intelligence accounted for 27% of the variance in performance.

OSpan "

.69
SymSpan [#¥= 5g

J4
RotSpan | \ A OddEven.F
70
.73 49 =  Symm.F
/ 44
Raven ™. T
74
LetterSet [We—— o0
/,7[}
NumsSer

Figure B2. Contributions of working memory capacity and fluid intelligence to focal
prospective memory performance. Model fit was good Chi sq=44.20.4 (22); p<.05;
CFI=.97; RMSEA = .06. Only the path from fluid intelligence to prospective memory
performance was significant (accounting for 31.5%) of the variance in performance.

Further in figure B2, once working memory capacity and fluid intelligence were
compared directly, only the fluid intelligence path was significant (accounting for 31.5%
of the variance in performance), but the path from working memory capacity to focal
prospective memory performance was not. These results mirrored those of the non-focal

condition.
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Figure B3. Contributions of maintenance and disengagement to focal prospective
memory performance. Figure A4. Model fit was good Chi sq=42.71 (20); p<.05;
CF1=.97; RMSEA = .06. Both the maintenance path and the disengagement significantly
predict performance on the non-focal prospective memory factor. In total the two paths
predicted 38.5% of the variance in focal prospective memory tasks.

Finally, figure B3 shows that the maintenance and disengagement analysis also
yielded similar results in the focal condition as in the non-focal condition discussed
above. Interestingly, ‘maintenance’ captured more performance variance in the focal
condition than in the non-focal condition, but the relationship between fluid intelligence
and performance was only slightly larger. Subsequently, any differences in the
relationships between cognitive ability and prospective memory performance between

focal and non-focal task conditions are at best a small matter of degree rather than pattern

of processes predicting performance.
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APPENDIX C

Flanker Deadline Procedure

This task is a modified version of the arrow flanker that uses an adaptive
procedure to estimate the subject’s threshold. Eighteen blocks of 18 trials each (total 324
trials) are administered. Each trial has a response deadline that limits how long the
subject has to respond before hearing a loud beep and forfeiting the opportunity to
respond on that trial. This deadline either decreases (less time to respond) if the subject is
accurate on at least 15 trials within each block or increases (more time to respond) if their
accuracy rate is below that. The first block has a response deadline of 1050 ms. For the
first six blocks, the response deadline either decreases by 90 ms or increases by 270 ms
for the next block, again depending on if the subject is accurate on at least 15 of the 18
trials. For subsequent blocks, the response deadline either decreases by 30 ms or
increases by 90 ms. If after any block the response deadline would beset below 150 ms, it
is automatically set to exactly 150 ms. The stimuli remain on the screen up until the
response deadline. Each block has 12 congruent and 6 incongruent trials in random order
with a randomized 400 — 700 ms ISI. The dependent variable is the response deadline

after the final block.
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