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Abstract

Mild cognitive impairment (MCI) is abnormal cognitive decline that may be
indicative of an insidious process such as dementia. Individuals with MCI are largely
independent in their daily functioning but are at risk of further decline. To more deeply
understand the working memory deficits associated with age-related cognitive decline,
Lamar and colleagues developed a working memory task with no discontinuation rule:
the Backwards Digit Task (BDT). Prior BDT research has demonstrated that individuals
with mild cognitive impairment have lower overall scores on this task, and that different
subtypes of MCI are more prone to certain errors. Research has not been done to examine
if individuals with different MCI subtypes perform differently on individual trials. This
current study examined the variability in any- and serial-order sequencing difficulty in
the 5-span BDT trials across different levels of cognitive impairment (i.e., cognitively
normal, subtle cognitive impairment, amnestic MCI, and mixed/dysexecutive MCI).
Results indicated that the mixed/dysexecutive MCI group had significantly lower serial-
order sequencing difficulty on all trials and lower any-order sequencing difficulty on
trials 15 and 17. A positive effect of education was seen on trials 15, 20, and 21 when
utilizing serial-order sequencing difficulty. Furthermore, more capture and transposition
errors were made in the mixed/dysexecutive MCI group. These results highlight the
diagnostic utility of process approach data collection in differentiating MCI subtypes.
Additional implications for future clinical practice and research are discussed.

Keywords: mild cognitive impairment, neuropsychological assessment, process

approach
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I. Introduction

Memory is one of the most common presenting problems in referrals for
neuropsychological evaluations (Rabin et al., 2016). While memory declines occur in
normal, healthy aging, more rapid and significant declines may be indicative of a
neurodegenerative process such as dementia. Dementia is an umbrella term indicating
that an individual is experiencing significant cognitive difficulties and impairment in
their daily functioning in the absence of any medical, psychiatric, or neurological
disorder. In 2015, 46.8 million people worldwide had dementia, and this number was
expected to almost double and more than triple by 2030 and 2050 (Prince et al., 2015).
Dementia can cost families as much as $89,000 annually, and result in significant
emotional distress for both the individual and care providers (Jutkowitz et al., 2017).
Early detection of dementia can help slow disease progression by addressing modifiable
risk factors that promote decline such as poor cardiovascular health, substance use, and
depression (Chen et al., 2009). Furthermore, early detection of dementia allows the
affected individual and their loved ones to collaboratively plan ahead while they are still
capable of making important decisions, discussing their care as well as end of life
matters.

Currently, mild cognitive impairment (MCI) is generally considered an
intermediary stage between healthy cognitive aging and abnormal cognitive decline
(Figure 1). In MCI, individuals are experiencing significant cognitive difficulties but
remain largely independent in their functioning. Prevalence of MCI in adults older than
60 has been shown to range from 6.7% to 25.2% with increased rates for men, and rates

increasing with age and lower levels of education (Petersen et al., 2018; Langa & Levine,
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2014). While some individuals with MCI eventually develop dementia, this is not always
the case, with conversion rates ranging from 20 to 40%, (Limongi et al., 2017). The
variability in prevalence and conversion rates is widely recognized and can be attributed
to several factors such as population selection and methodological differences (Matthews
et al., 2008). Regardless of disease trajectory, MCI denotes a clinically meaningful
decline that warrants monitoring. There are several subtypes of mild cognitive
impairment that indicate the nature of the individual’s deficits (e.g., amnestic for
individuals with memory deficits,). Impairment is objectively measured through
neuropsychological assessment, a “‘comprehensive assessment and integration of
cognitive, emotional, and behavioral domains in consideration of contextual factors,” and
individual’s total scores are compared to those of healthy controls (Block et al., 2017).
While total scores on tests may indicate the presence of impairment, they do not
provide insight on the nature of impairment. The Boston Process Approach seeks to
examine the process of how someone obtained a certain score on a neuropsychological
test. Many neuropsychological assessments have discontinuation rules so that a task will
be discontinued after so many unsuccessful trials. By discontinuing a task early, an
examiner limits the amount of data collected, potentially missing important patterns in a
patient’s performance. To understand more deeply the working memory deficits
associated with mild cognitive impairment that may not be captured by tests that are
discontinued, Lamar and colleagues developed the Backwards Digit Task (BDT).
Comprised of 21 trials and no discontinuation criteria, this task asks participants to repeat

3, 4, and 5-digit strings of numbers in the reverse order they were presented.
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Previous BDT research has demonstrated that individuals with mild cognitive
impairment have lower overall scores on this task, and that different subtypes of MCI are
more prone to certain errors. Research has not been done to examine if individuals with
different MCI subtypes perform differently on individual trials. The primary aim of the
current study is to examine item level sequencing difficulty (adapted from the classical
test theory definition of item level) of the BDT across different subtypes of MCI. If
variability is found among trial level difficulty, post hoc analyses were planned to be
conducted to examine the contributing factors (i.e., error types).

Il. Literature Review

2.1 Mild Cognitive Impairment

2.1.1 Historical Background of the Construct of Mild Cognitive Impairment. In
1982, Reisberg and colleagues proposed the Global Deterioration Scale (GDS) to outline
the disease stages of primary degenerative dementia and expand upon the three
previously established phases: early “forgetfulness”, intermediate “confusional”, and late
“dementia.” This scale delineated 7 stages that can be clinically identified: (1) no
cognitive impairment (2) very mild cognitive decline (3) mild cognitive decline (4)
moderate cognitive decline (5) moderately severe cognitive decline (6) severe cognitive
decline and (7) very severe cognitive decline. Six years later in 1988, Reisberg and
colleagues sought to develop more detailed descriptions to characterize the cognitive
changes associated with the stages outlined by the GDS. It was in this manuscript that the
concept of mild cognitive impairment (MCI) was again referenced, describing the
cognitive difficulties associated with stage 3 of the GDS. Throughout research up to

1993, the construct of mild cognitive impairment served as a generic label, with no
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systematic criteria delineating this condition. Research from 1983 to 1993 has used MCI
in describing individuals who made 1 to 2 errors on Mental Status Questionnaire
(Eastwood et al., 1983) and individuals who showed cognitive impairment but were not
demented (Zemcov et al., 1985; Loewenstein et al., 1989; Loewenstein et al., 1991; John
etal., 1992; Reed et al., 1993; Lesser et al., 1993).

Throughout the 80’s and early 90’s, terminology varied (e.g., mild cognitive decline
or impairment), partially reflecting that there was no widely accepted construct referring
to abnormal cognitive decline. In 1993, the International Classification of Diseases
introduced research criteria for ‘mild cognitive disorder’ (World Health Organization),
shortly followed by the fourth edition of the Diagnostic and Statistical Manual (DSM-1V)
providing research criteria for ‘mild neurocognitive decline’ (American Psychiatric
Association (APA), 1994). The World Health Organization (WHQO) divided mild
cognitive disorder into two subtypes: associated with a physical disorder and not
associated with a physical disorder. WHQO’s research criteria established mild cognitive
disorder as a differential diagnosis, i.e., the cognitive impairment must occur in the
absence of dementia, amnestic disorders, delirium, postencephalitic syndrome,
postconcussional syndrome, or psychoactive substance use. Additionally, in order to meet
criteria for mild cognitive disorder per WHO’s 1993 criteria, the individual must have
abnormalities or declines on quantified assessments (e.g., neuropsychological tests), and
the cognitive dysfunction (reported by the individual or a reliable informant) must be
present for the majority of the time for at least two weeks. The DSM-IV criteria for mild
neurocognitive disorder share some similarities with WHQO’s criteria, particularly with

symptom duration (i.e., at least two weeks), objective decline (i.e., as indicated by
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quantified assessment), and as a differential diagnosis (i.e., delirium, dementia, amnestic
disorder, another mental disorder does not explain deficits). The DSM-1V criteria also
outlined that there must be evidence of a neurologic or medical condition related to the
cognitive deficits. Moreover, the DSM-1V states that the level of cognitive impairment
and impact on everyday functioning is mild, but that these deficits represent a decline
from previous level of functioning and cause marked distress/impairment in social,
occupational, or other important areas.

The criteria delineated by the WHO and APA provided a uniform definition of what
mild cognitive impairment was (and was not) which set the stage for more robust
inclusion and exclusion criteria within MCI research, although there is still heterogeneity
around this construct across medical disciplines. By identifying individuals with
abnormal cognitive decline (i.e., MCI), the emphasis in dementia research shifted
towards early diagnosis and treatment, as well as MCI etiology classification (Golomb,
Kluger, & Ferris, 2004).

2.1.2 Mild Cognitive Impairment Progression. There are several subtypes that
further classify mild cognitive impairment. These subtypes are named after the nature of
the impairment that the individual is experiencing, and include: amnestic (issues with
memory), dysexecutive (issues with executive functions), and mixed (issues with two or
more of these areas).

Research has repeatedly shown that individuals with amnestic MCI (aMCI) are
more likely to progress to dementia, specifically Alzheimer’s dementia, compared to
those with a non-amnestic MCI subtype (Glynn et al., 2021, Yaffe et al., 2006; Ravaglia

et al., 2005). Individuals with aMCI that progressed to dementia tended to have abnormal
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results of functional neuroimaging (specifically left-dominant asymmetrical patterns of
atrophy and hypometabolism), poor episodic memory, one copy or two copies of APOE
e4 allele, and/or had another impaired domain (in addition to memory) (Landau et al.,
2010; Kondo et al., 2016; Michaud et al., 2017). Prior literature has also demonstrated
that those with multi-domain MCI (regardless of memory impairment) are at a greater
risk of converting to dementia compared to those with single-domain MCI (Han et al.,
2012), but recent meta-analyses have shown conversion rates to be similar for these two
groups (Oltra-Cucarella et al., 2018; Glynn et al., 2021). Conversion risk has also shown
to be higher in individuals with atrial fibrillation, low serum folate levels, and depressive
symptoms, and individuals who converted tended to be older, and have a lower Mini-
Mental Status Examination scores, higher prevalence of atrophy, higher baseline mean
plasma total homocysteine levels, and higher serum high density lipoprotein (HDL)
levels (Gabryalawicz et al., 2006; Kida et al., 2016; Ravaglia et al., 2005).

It appears that the presence of memory impairment is the key risk factor for
conversion to dementia, as individuals with aMCI have shown a higher risk for dementia
than individuals with single and multi-domain nonamnestic MCI (Oltra-Cucarella et al.,
2018). Similarly, older studies found that individuals with multi-domain amnestic MCI
had the highest risk for conversion compared to single-domain MCI subtypes and multi-
domain nonamnestic MCI, and the presence of at least one €4 allele and deficits in
memory and psychomotor speed/executive function abilities predicted conversion to
dementia (Gabryalawicz et al., 2006; Tabert et al., 2006; Espinosa et al., 2013; Maioli et

al., 2007).

6
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2.2 Neuropsychological Assessment

2.2.1 The Role of Neuropsychology in Diagnosing MCI. A neuropsychological
assessment examines an individual’s cognition and behavior with a battery of
standardized tests. These evaluations incorporate information from clinical interview(s)
with patients and/or family members, medical records, and test data to understand a
person’s cognitive functioning and identify contributing factors. While an older adult
may present with cognitive declines, these deficits may be from reversible factors such as
sleep or mood. In cases such as this, a neuropsychologist can provide reasonable
evidence that the cognitive dysfunction is unlikely due to a neurodegenerative process but
due to modifiable factors. As psychologists, these providers are aptly positioned to
address psychosocial issues and provide psychoeducation to improve functioning.

One of the criteria for mild cognitive impairment is objective cognitive deficits as
measured by quantified assessments. There are differing cutoffs for what level of
impairment is considered to be mild cognitive impairment, but one of the most common
criteria used is the Jak/Bondi criteria. In their 2009 paper, Jak and colleagues investigated
the applicability of diagnostic criteria for clinical subtypes of mild cognitive impairment.
From this study, they established comprehensive, liberal, and conservative criteria.
Liberal criteria considered those scoring 1 standard deviation below normative
expectations as impaired compared to the 1.5 standard deviation cutoff for conservative
criteria. In an effort to balance reliability and sensitivity, comprehensive criteria defined
impairment as at least two performances in a cognitive domain scoring 1 standard
deviation below normative expectations. Researchers found that the comprehensive

criteria showed more diagnostic stability over time, with 93% of patients remaining
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stable in their diagnoses (i.e., normal or MCI), compared to the liberal (81%) and
conservative criteria (74%) (Jak et al., 2009). In an effort to operationalize cognitive
decline earlier, Edmonds and colleagues proposed the stage of subtle cognitive
impairment (2015). Researchers defined subtle cognitive impairment as impaired scores
(i.e., below one standard deviation) on two measures on different cognitive domains in
the context of general intact daily functioning (e.g., ability to pay bills, cook). This study
demonstrated that subtle cognitive decline, instead of biomarkers, may be one of the
earliest markers of the progression to Alzheimer’s disease (AD) and a more robust
predictor of conversion from MCI to AD. Cognitive declines can be the first signal of a
dementia process and warrant monitoring.

Neuropsychological assessments play a key role in the diagnosis of mild cognitive
impairment as they address the three major criteria of the disorder. A neuropsychological
evaluation can aid in differential diagnosis by identifying other conditions that better
explain deficits, quantitatively measure cognitive functioning, and evaluate functioning in
basic and instrumental activities of daily living.

2.2.2 Neuropsychological Assessment Approaches. There are various
approaches in neuropsychological data collection and interpretation, but the differences
can be seen along two continuums: “fixed” vs. “flexible” in battery construction/data
collection and “quantitative/normative based” vs. “qualitative/process-based” in data
interpretation (Vanderploeg, 2001). In a fixed battery approach, a fixed set of tests is
administered to each patient regardless of their referral or symptomatology (Orsini et al.,
2013). Comparatively, in a flexible approach, a battery is constructed around each

patient’s presenting concerns and symptomology. As these are on a continuum, a
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neuropsychologist may have a mixed battery and have portions that are fixed and
flexible. Regarding data interpretation, quantitative or normative based approaches
examine overall scores and compare them to averages from similar patient populations.
Qualitative or process-based data interpretation focuses on how an examinee arrived at a
solution. Again, these approaches are on a spectrum and can be used in conjunction with
one another, examining quantitative data and behavioral observations in the context of
one another.

The Boston process approach is defined as the “method of assessment that
emphasizes the qualitative aspects of how patients attempt to solve problems” (Long,
1999). The origins of the Boston Process Approach are rooted in early twentieth-century
Gestalt psychology, particularly in the theory that the individual (yet harmonized)
elements of behavior greatly inform us about brain-behavior relationships (Ashendorf,
Swenson, & Libon, 2013). The process approach perspective recognizes that a final
solution can “be arrived at via diverse processes which themselves may reflect the
activity of distinctly different structures in the central nervous system” (Kaplan, 1988).
While overall scores on neuropsychological assessments may denote the presence and/or
severity of impairment, process approach analysis assesses the nature of the examinee’s
performance, analyzing HOW a patient got a certain score.

For example, the Montreal Cognitive Assessment (MoCA\) is a brief cognitive
screening tool that assesses the presence of cognitive dysfunction (Nasreddine et al.,
2005). This 30-point brief cognitive screening test covers several cognitive domains
including visuoconstructional abilities, memory, and language. If two individuals were to

achieve a total score 25 on this measure, both of their performances would be considered
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impaired as it falls below the cutoff score of 26 (Nasreddine et al., 2005). While their
scores suggest the presence of impairment, it does not inform the examiner about the
nature of the impairment. For example, the first individual may not have remembered
any of the words that they were instructed to remember for later which led to a 5-point
deduction in their overall score. The second individual may have been disoriented, unable
to tell the examiner the correct day, month, year, and current place and city, resulting in a
5-point deduction in their overall score. While their total scores are identical, there are
two different performance patterns suggesting different cognitive profiles and issues (i.e.,
respectively: amnestic/memory problems vs. disoriented to time and location).

2.2.3 Classical Test Theory. Classical Test Theory (CTT), also known as true
score theory, states that an observed score on a test is composed of a true score (i.e., score
that would be obtained if there were no errors in measurement) and an error term (i.e.,
test score deviance from true score) (Alagumalai & Curtis, 2005; Cappelleri et al., 2014).
Errors are assumed to be randomly distributed with a mean a zero, and are unrelated to
observed or true scores (Kline, 2005). The true score is the variable of interest to
examiners, but true scores and error terms are latent variables (i.e., variables that cannot
be observed/measured directly) (Alagumalai & Curtis, 2005). To draw inferences about
an individual’s true score, assumptions are made about the error term and by doing so, a
true score can be estimated (Alagumalai & Curtis, 2005).

Although CTT focuses on test-level information, item-level data are important
factors to examine/consider. Item level-analyses can provide insight on factors such as
reliability, discriminability, difficulty, which are particularly important in

neuropsychological measurement development and construction, as each item should be



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 11

contributing to the overall measure. Item difficulty, generally denoted as a P-value,
reflects the proportion of individuals who correctly answered an item (Kline, 2005).
These values range from 0 to 1, with a high P-value indicating an easier item (i.e., a
higher proportion of the sample getting the item correct), and a low P-value indicating a
more difficult item (i.e., a lower proportion of the sample getting the item correct).

This current study was interested in examining item level difficulty on the
participant level, defining difficulty of an item as the proportion of the sequence they
correctly provided. This term was coined as ‘sequencing difficulty,” which is also
referred to as trial difficulty or trial accuracy. For example, if a participant correctly
provided 3 out of the 5 numbers, their sequencing difficulty would be ¥, or 0.6 (60%).
This parallel but nontraditional application of item difficulty reflects the magnitude of the
errors for a given item.

2.2.4 Digit Span. A common task given in neuropsychological assessments is digit
span, a task that can be found on numerous tests such as the Wechsler Adult Intelligence
Scale (WAIS) and Repeatable Battery for the Assessment of Neuropsychological Status
Update. The origins of this task dates back to Gottfried Leibniz (1646-1716), who
suggested that individuals have a limited capacity to hold or process information in their
mind, terming this capacity the span of apperception (Wambach, 2011). In the nineteenth
century, Herman Ebbinghaus demonstrated how span could be utilized to examine
memory and learning, investigating the number of trials it took to learn sequences of
nonsense syllables (Richardson, 2007). On average, Ebbinghaus found that seven
syllables could be correctly recited after only one reading, stating that this number was “a

measure of [ideas that one] can grasp in a single, unitary, conscious act” (p. 109). In
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1886, Jacobs proposed that this was a marker of linguistic capacity, which he referred to
as “the threshold of verbal memory.” He repeated Ebbinghaus’ procedure in 1887 with
schoolchildren ages 11 to 20, and found the ability to reproduce sequences increased (i.e.,
could remember longer sequences) with age and education. In 1892, Bolton expanded on
this work by presenting 8 to 15-year-old children sequences of between five and eight
digits, finding the “memory-span” was typically maxxed out at six digits and inferred that
“the memory-span measures the power of concentrated and prolonged attention” (p. 379).
Binet and Simon included this attention task in a preliminary series of intelligence tests in
1905, marking the advent of the task ‘digit span’ in standardized testing.

Digit span is typically composed of two test conditions: one in which the client is
asked to repeat the numbers in the same order (forwards), and another in which the client
is asked to repeat the numbers in the reverse order (backwards). While digit span
forwards is considered to measure how many units of information a person can hold,
tapping into immediate, rote attention, digit span backwards is viewed as a test of
working memory, as the patient has to mentally rearrange the auditory stimuli (Ashendorf
et al., 2013). While these two conditions are often combined as one subtest (e.g., digit
span on Weschler Adult Intelligence Scale), these tasks represent related but separate
psychological constructs.

Traditional digit span tasks (i.e., those included in Weschler batteries such as
Weschler Memory Scale) measure simple attention and working memory (in forward and
backwards/sequencing conditions, respectively) and have demonstrated predictive utility
in various populations. In older adults, impairment on the Weschler digit span has been

shown to predict cognitive decline in individuals with subjective memory concerns (Kurt
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etal., 2011). In a model with biomarkers and demographic variables, digit span also
aided in predicting the time in which subjects with MCI would convert to dementia
(Ewers et al., 2012). However, this test has shown inconsistent discriminant ability, as
patients with cognitive impairments have performed similar to their respective controls.
For example, individuals with memory disorders (i.e., mild cognitive impairment,
dementia) have shown similar performance as control subjects on this task (Djordjevic et
al, 2008; Traykov et al., 2007). This similarity is not shown across all studies, with
controls demonstrating higher scores than patients with MCI and dementia (Binnewijzend
etal., 2012).
2.3 Fuster’s Theory & Backwards Digit Span

2.3.1 Fuster’s Theory. Executive control is the selection and coordination of
goal-directed behaviors, and is a key variable of interest in neuropsychological
evaluations (Collins & Koechlin, 2012). This top-down mental process involves various
domains and skills (including attention, working memory, inhibition) to implement
reasoning, problem-solving, and mental planning (Schoenberg & Scott, 2011; Emrani et
al., 2021). Proposed by Joaquin Fuster, the model of ‘executive attention’ temporally
integrates and organizes information to enhance goal-directed behavior, and is served by
three distinct but highly integrated mechanisms: working memory, preparatory set, and
inhibitory control (Fuster, 2009; Fuster, 2002).

Working memory is the temporary storage of information for the solution of a
problem or for a mental process (Fuster, 2002). Preparatory set is priming of sensory and
motor neural structures for the performance of an act contingent on a prior event, and

consequently the working memory of that event (Fuster, 2015). Inhibitory control is a



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 14

large factor in selective attention, suppressing any internal or external influences that may
interfere with task(s) at hand (Fuster, 2015). Working memory can be thought of as
attention to the past while preparatory set can be conceptualized as attention towards the
future (Emrani et al., 2021). Inhibitory control acts as a stabilizer, quieting any irrelevant
stimuli. The Backwards Digit Task (discussed below) is largely rooted in Fuster’s theory
of executive attention, as this task relies on the successful operation of this system.

2.3.2 Backwards Digit Task. Although it is commonly a subtest of a larger battery
(such as Wechsler Adult Intelligence Scale, Wechsler Memory Scale, and Battery for the
Assessment of Neuropsychological Status), digit span can also be a standalone task. As
mentioned before, digit span forwards and backwards measure different constructs, and
there is utility in looking at these tasks independent of one another, hence the creation of
the Backwards Digit Task (BDT), first described by Lamar et al. (2007). Lamar and
colleagues created this assessment to measure various components of working memory to
gain a deeper understanding of the specific working memory deficits associated with
patients with memory disorders. The BDT consists of seven trials of 3-, 4- and 5-digit
span lengths for a total of 21 trials. As this test was constructed to assess working
memory and not maximum span length, the digit length was capped at 5, as average
backwards span lengths have been shown to range from 4 to 6 (Kessels et al., 2008;
Woods et al., 2008). This test is administered using the standardized WAIS-R digit span
backwards procedures but there is no discontinuation rule, and all clients receive all 21
trials. When creating this test, the developers strategically placed consecutive numbers in
the 4- and 5-span trials. For the 4-span trials, sequential numbers were positioned in

either the first and third or second and fourth positions, e.g., 1825 or 9314. For the 5-span
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trials, contiguous numbers were positioned in the middle three positions, e.g., 16873.
This placement was done to elicit potential executive errors, identifying a participant’s
capacity to disengage from the stimulus.

Previous research with the Backwards Digit Task is limited, and the majority of
studies examine how different clinical populations perform on the task. Lamar and
colleagues (2007) examined the relationship between white matter disease severity and
working memory in dementia. Working memory was operationally defined as
performance on the BDT using serial order scores (i.e., amount of correct numbers an
individual was able to recall in the correct placement) and any order scores (i.e., amount
of correct numbers an individual was able to recall regardless of placement). In this
study, a negative relationship was found between levels of white matter disease and serial
order recall on BDT (i.e., individuals with greater white matter disease had lower serial
order scores than those with lower levels of white matter disease). While there was no
difference in any order recall between the different levels of white matter disease, the
variance of any order performance was explained by dementia severity. These findings
were further explored by the same research team and an association was found between
serial order recall and left-sided white matter disease (i.e., the degeneration of myelin),
with higher levels of white matter disease (especially in the posterior horn and frontal
centrum semiovale) associated with lower serial order recall scores (Lamar et al., 2008).
The centrum semiovale is the common central mass of white matter in horizontal sections
of the brain just above the level of the lateral ventricles, and is where many fibers cross to
facilitate the transfer of information in the brain (Fernandez-Miranda et al., 2012). The

frontal centrum semiovale and posterior horn are parts of the fronto-striatal (important in
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attention) and thalamo-frontal loop (important in executive functioning) and the deficits
seen in working memory are believed to be due to disruption of these connections, which
corresponds with neuroimaging findings (Deary et al., 2006; Lamar et al., 2008; Morris et
al., 2016; Guo et al., 2021).

Later research showed that lower serial order recall scores were associated with
increased frailty (defined as “a medical syndrome with multiple causes and contributors
that is characterized by diminished strength, endurance, and reduced physiologic function
that increases an individual's vulnerability for developing increased dependency and/or
death™), and higher serial order recall performance on BDT was related to increased
scores on letter fluency among individuals with MCI (Ahmed et al, 2015; Ginsberg et al,
2017). Work has also examined how individuals with Parkinson’s disease (PD) with mild
cognitive impairment (MCI) perform on the BDT. In comparison to those with PD and
normal cognition, participants with PD-MCI showed mild impairment in any order recall
and compared to performance on any order recall, showed greater deficits in serial order
recall (Bezdicek et al., 2021). Furthermore, the difference in serial order recall increased
as the task progressed.

Prior research on the Backwards Digit Task has focused on performance patterns
within different clinical populations, with minimal work examining the item level
difficulty behind this task. Traditionally, neuropsychological assessments are composed
of items of increasing difficulty to identify the upper limit of the examinee’s abilities.
Whether this holds true for the BDT is unknown, and while one may presume that the
BDT has similar pattern of difficulty as other digit span tasks, this has not been formally

examined.



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 17

Emrani and colleagues have examined BDT performance patterns (e.g.,
frequencies and occurrences of transposition errors, perseverations, and omissions, and
response times for individual numbers in each trial) in different subtypes of mild
cognitive impairment. In their 2018 study, when researchers compared those with mixed
and dysexecutive MCI to individuals with amnestic MCI (aMCI) and with no MCI, no
difference was found in the scores for positions 1 and 2 of the 5-span block. The mixed
and dysexecutive MCI group showed lower scores in positions 3 and 4 than the non-MClI
group, and lower scores in position 5 than the non-MCI and aMCI groups. In other
words, researchers found that individuals in the mixed and dysexecutive MCI group
showed a recency effect in their responses, as they performed similarly to individuals
without MCI at the start of the trials, but showed impaired performance in the last three
positions. This pattern of performance reflects derailed temporal gradients, i.e., declining
performance on executive tests over time, as demonstrated in prior research (Eppig et al.,
2012). Individuals in the mixed and dysexecutive MCI group showed more transposition
errors (i.e., switching the positions of two numbers) than the non-MCI and aMCI groups,
and more omissions and perseverations than the non-MCI group. Researchers proposed
that these error patterns are reflective of subcortical white matter alterations (i.e.,
leukoaraiosis), as individuals with leukoaraiosis have been shown to produce more
omissions and transpositions (Hampstead et al., 2010).

Emrani and colleagues (2021) examined latency times of responses in the 5-span
trials, comparing individuals with MCI and individuals without MCI. While the average
total time for each trial did not differ, individuals without MCI were slower to provide

responses for positions 2 and 4, and those with MCI were slower to provide a response
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for position 3. Researchers proposed that these time differences reflect differing amounts
of cognitive resources required. In other words, individuals without MCI devoted more
cognitive resources to the numbers before and after the middle position, while those with
MCI devoted more cognitive resources to the middle number. Emrani and colleagues
posited that individuals without MCI have a greater capacity to devote cognitive
resources to the task which they do so preemptively, and dedicate cognitive resources in
the latter half to ensure implementation of instructions. Similarly, they may be taking
longer in the beginning as they are preparing the sequence for output (Hurlstone et al.,
2014). Conversely, individuals with MCI need more time to produce a response but had a
smaller capacity of cognitive resources to do so, devoting the most time (i.e., cognitive
resources) mid-task in an effort to sustain the mental set. Compared to individuals
without MCI, participants with mild cognitive impairment made more dysexecutive
errors and displacement errors. These findings demonstrate differences in test
performance as a function of time within a trial between those with and without MCI
(Emrani et al., 2021).
2.4 Current Investigation

Mild cognitive impairment is generally considered as an intermediate phase
between healthy aging and dementia that signals abnormal cognitive decline. This
condition encompasses various subtypes that have shown different clinical trajectories.
Individuals with mild cognitive impairment have shown deficits on the Backwards Digit
Task, a test based on Fuster’s model of ‘executive attention,” with recent work examining

the difference in clinical presentations across the subtypes. This current investigation



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 19

aims to further examine the clinical presentation of different MCI subtypes, particularly
their performance on the Backwards Digit Task.

I11. Methodology
3.1 New Jersey Institute for Successful Aging Memory Assessment Program (MAP)

3.1.1 Memory Assessment Program (MAP). Participants in this study were
recruited from the New Jersey Institute for Successful Aging Memory Assessment
Program (MAP). This diagnostic program is for adults over 54 years old who are
experiencing memory or language problems, difficulty with planning and organization,
decreased ability to carry out basic daily activities, or loss of motivation. Referrals came
from a primary care physician, family member or caregiver, or from a self-referral.
Through the program, an interdisciplinary team of geriatricians, geriatric psychiatrists,
neuropsychologists, and social workers work alongside each other to address the needs
and goals of patients and caregivers.

The program typically requires two or three separate appointments. At the initial
evaluation, patients meet with a physician and a social worker. The physician performs a
physical evaluation, documents the patient’s medical and social history, and briefly
assesses cognitive and functional domains. Additionally, the physician will discuss any
additional issues relevant to the patient/their family member(s) (e.g., advanced care
planning, safety concerns). At this appointment, a physician would order an MRI study of
the brain and appropriate blood serum tests (i.e., B12 folate, thyroid function) to evaluate
reversible causes of dementia. The social worker interviews the patient and their family

member(s) about family and social history, assesses current level of functioning,
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identifies helpful services and resources, and provides information on resources and
disease-related education.

Patients have a second appointment with a neuropsychologist during which they
undergo a neuropsychological evaluation. The neuropsychological assessment was
administered by a trained research assistant or licensed psychologist. The
neuropsychological protocol included the following tests: Mini-Mental Status
Examination, Geriatic Depression Scale (short form), Boston revision of Wechsler
Memory Scale Mental Control subtest, verbal fluency (FAS), semantic fluency (animals),
Trials Part B, 60-item Boston Naming Test, Wechsler Adult Intelligence Scale 111
Similarities subtest, California Verbal Learning Test, 9-word short form. All participants
also received the Backwards Digit Span Task. Per clinical judgment of the psychologist,
other tests were given as needed as a part of standard clinical care, including: Wechsler
Memory Scale Symbol Span and Logical Memory subtests, Wechsler Adult Intelligence
Scale, 3rd edition, Digit Span and Digit Symbol subtests, Trails Part A, Judgment of Line
Orientation, Pennsylvania Verbal Learning Test, clock drawing test, Wide Range
Achievement Test word reading subtest, Functional Activities Questionnaire,
Neuropsychiatric Inventory Questionnaire, Everyday Cognition scales (ECog), Brief
Visuospatial Memory Test.

Before the patient’s last appointment, there is an interdisciplinary team
conference, composed of individuals from social work, geriatric psychiatry, and
neuropsychology, in which the team determines a diagnosis for the patient. In this
meeting, the team also discusses a patient-centered plan of care and prepares a

comprehensive report for the patient and their family member(s). At their final
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appointment, the patient and their family member(s) meet with the physician they
initially saw, who reviews the test results and diagnosis in depth. The provider may
prescribe medication to help with their memory problems and address other interventions
pertaining to mood and behavior, safety, daily functioning, or sleep. The social worker is
also involved in this appointment, as they meet with the patient and their family
member(s) to review recommendations, answer any questions, and provide additional
information about community-based resources.

3.1.2 Participants. Data was collected at the New Jersey Institute for Successful
Aging Memory Assessment Program (MAP) from patients seen from February 2016 to
March 2019. Individuals were excluded if they had a history of head injury, dementia,
substance abuse, and major psychiatric disorders including major depression, epilepsy,
B12, folate, or thyroid deficiency. The criteria for MCI included the evidence of
cognitive impairment (via performance on neuropsychological measures) relative to age
and education, preservation of general functional abilities (indicated by intact scores on
standardized questionnaires completed by a knowledgeable family member). The
diagnosis of MCI was determined for each patient at an interdisciplinary team
conference, composed of individuals from social work, geriatric psychiatry, and
neuropsychology. All participants had a knowledgeable family member available to
provide information regarding their functional status via standardized questionnaires.
Participants in this sample were predominately white, well-educated (« = 14.74 + 2.65),

and female (72.1%) (see Table 1).
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3.2 Classification of Subtle and Mild Cognitive Impairment

3.2.1 Classification of Mild Cognitive Impairment. Jak/Bondi comprehensive
criteria was used to identify mild cognitive impairment, and individuals with MCI scored
greater than one standard deviation below normative expectations on 2 of 3 tests in a
given domain (Jak et al., 2009). For classification for presence and subtype of mild
cognitive impairment, nine test scores were used spanning three domains: executive
control (comprised of 3 tests: Trail Making Test Part B, Boston revision of Mental
Control subtest from Wechsler Memory Scale, letter fluency (FAS form)), language
(comprised of 3 tests: Boston Naming Test, semantic fluency (animals form), Wechsler
Adult Intelligence Scale, 3rd edition, similarities subtest), and verbal memory (three
scores from the California Verbal Learning Test, 9 word short form: total immediate free
recall, delayed free recall, delayed recognition discriminability measure). Impairment in
the executive control domain resulted in a classification of dysexecutive MCI,
impairment in the verbal episodic memory domain resulted in a classification of amnestic
MCI, and impairment in naming/lexical access resulted in a classification of language
MCI. (Of note, there were no individuals who were only impaired in the domain of
language.) Impairment in two or more domains resulted in a classification of mixed
MCI. Prior research has demonstrated similar neuropsychological performance between
individuals with mixed and dysexecutive MCI (Bondi et al., 2014; Thomas et al., 2017,
Eppig et al., 2012). Due to this and a small sample size, these groups were combined to
form a mixed/dysexecutive MCI group.

3.2.2 Classification of Subtle and Mild Cognitive Impairment. For

classification of subtle mild cognitive impairment, criteria from Edmonds and colleagues
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(2015) was utilized, and individuals who had two tests in different domains below one
standard deviation were classified as having subtle MCI. Individuals who had one or no
tests below one standard deviation were categorized into a control group (i.e., no mild
cognitive impairment).

3.3 Backwards Digit Task (BDT)

3.3.1 Backwards Digit Task Scoring. There are two types of scores for the
Backwards Digit Span Test: serial order and any order. For both types of scores, each
numeric response is scored for a score of zero or one, with the highest possible score
being the number of items in a trial. In serial order scoring, a response is counted as
correct only if the correct number is said in the correct placement. In any order scoring, a
response is counted as correct if a number from the sequence is successfully given in the
participant’s response, regardless of placement. Below is an example to further

demonstrate this scoring method.

Stimulus item: Correct response:
12345 54321

Participant response: 52431

Serial order: 52431 Any order: 52431
Score = 2/5 Score = 5/5

If an individual were to say 52431, their serial order score would be 2, as the first
and last numbers (1 and 5) are the correct responses and in the correct positions. For this
same response, their any-order score would be 5, as they successfully repeated all of the

numbers in the sequence.
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Sequencing difficulty was operationally defined by the individual’s score divided
by the number of items in a trial multiplied by 100. By examining sequencing difficulty
(values ranging from 0 to 100) instead of scores (values ranging from 0 to 5), potential
restriction of range issues are avoided. When range is restricted, Type Il error (false
negative) increases and effects may be underestimated or undetected (Bruce, 2018). By
transforming the data linearly, the data model is clearer without introducing measurement
error.

3.3.2 Backwards Digit Test Error Types. The error types that were examined in
this study are described below and the reader is provided with example items to help
illustrate these concepts. This information is also presented in table format (Table 2).

Anticipation errors are when a number appears earlier in the sequence than it is
supposed to. Conversely, postponement is the opposite of anticipation, and a number
appears later in the sequence than it is supposed to. These errors are further classified by
the distance in which the number is displaced. In a five-span trial for example, an
anticipation -4 error would mean that the number was four positions away from the
correct position.

Capture errors can be categorized in four different ways. These errors are either
between or within trials, and forward or backward. Between-trial capture errors occur
when a number from either of the preceding two trials is pulled into the current response,
creating a consecutive string of digits (e.g., 123 instead of 173). Within-trial capture
errors occur when an individual groups numbers within the same trial, creating a
consecutive string of digits. Both within-trial and between-trial capture errors are either

forward or backward, indicating the order of the numbers. (i.e., Forward errors indicate
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the numbers provided are in ascending order, and backward errors indicate the numbers
provided are in descending order.)

Perseverations are an inappropriate repetition of a number. There are two types of
perseverations, categorized by what item is being repeated. In a between-trial
perseveration, a number from the preceding two trials is pulled into the current response.
In a within-trial perseveration, a number within the trial is repeated.

3.4 Research Questions

The current study is an extension of the work done by Emrani and colleagues,
further examining the performance patterns of MCI subtypes of the Backwards Digit
Test. On this test, research by Emrani and colleagues (2018, 2021) and Eppig and
colleagues (2012) has demonstrated that individuals with mixed and dysexecutive MCI
have declining performance over the trial and produce more errors than those without
MCI. For my primary analyses, | examined the difficulty of each trial in the 5-digit span
block of the Backwards Digit Test within a sample of individuals with mild cognitive
impairment to assess if the difficulty progresses with consecutive trials. | hypothesized
that the mixed and dysexecutive group would show a temporal derailment as the task
progresses, as shown within-trial in prior research (Eppig et al., 2012; Emrani et al.,
2018). | hypothesized that the amnestic, subtle, and non-MCI groups would not show
temporal derailment. Difficulty is defined and measured as trial sequencing accuracy,
calculated by dividing the total numbers correct by the total numbers in the trial block
multiplied by 100. Any-order and serial-order trial accuracy was examined. If trial
difficulty varied across the different subtypes of MCI, | planned to further investigate

these findings by examining which trials show the most variability.
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As a secondary analysis, to examine potential sources of variability in trial
difficulty, I investigated different types of errors (i.e., perseverations, anticipation and
postponement, and capture errors), the descriptions of which can be found below. Given
the prior research on MCI subtype performance on the BDT, | hypothesized that the
mixed/dysexecutive group would have lower trial accuracy scores and anticipated a
recency effect in their performance, with the discrepancy of trial accuracy scores
becoming larger as the trials progress. Relatedly, | hypothesized that the
mixed/dysexecutive group would make more errors (of all types) than those without
MCI, and post hoc analyses examined what types of errors were driving this variability in
trial accuracy. | did not anticipate the amnestic and subtle MCI groups would make a
significant amount of errors given prior research. If there would be a significant
difference, | anticipated this effect size to be small.

3.5 Statistical Analyses

3.5.1 Preliminary ANOVAs and Chi-Square Analyses. Prior to statistical
analyses, tests were conducted to assess for statistically significant differences between
groups. One-way analysis of variance tests were conducted to assess for differences in
quantitative demographic variables (i.e., age, education), and chi-square tests were
conducted to assess for differences in sex.

3.5.2 Assumptions Testing. First, all assumptions associated with hierarchical
regression were tested. For violated assumptions, appropriate steps were taken to address
the source of the violation. The assumptions testing procedures and methods to address

violated assumptions are reported in the results section.
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Hierarchical regression is a part of the general linear model (GLM), which refers
to the conventional model of a continuous response variable given continuous and/or
categorical predictors. The GLM is composed of two parts: the model for the means (i.e.,
a weighted linear function of an individual's values on predictor variables) and the model
for the variance (i.e., an error term, capturing any variability). Together, these two parts
provide a predicted value. In calculating a model that fits the data of the sample, ordinary
least squares (OLS) estimation is used. OLS aims to minimize the sum of squared error,
or the distance between the observed data point and the regression line. In this estimation
method, there are assumptions that are made and must be tested to ensure proper
application of OLS.

Ordinary least squares estimation assumes that the model is correctly specified.
This means that the relationship between the dependent variable and independent
variables is linear, and all important independent variables are included in the model. To
test for this assumption, polynomial terms for variables were computed and tested for
inclusion. If a polynomial (i.e., nonlinear) term explains a significant amount of variance
(indicated by a significant F change), it was included in the model to ensure proper
specification. All potentially important independent variables were included on the first
step to control for any variance that they may be contributing. In prior research, younger
adults, individuals with higher levels of education, and men have shown better
performance backwards digit tasks (Bopp & Verhaeghen, 2005; Jorm et al., 2004; Hester
et al., 2004). By being entered in on the first step, variance from these known factors that
influence performance on neurocognitive testing (i.e., age, sex, and education) are

accounted for.
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OLS assumes that there is no measurement error in the independent variables.
Since the variables included in this study are patient responses on tests at one time point
and demographic data, there are no pertinent reliability aspects to examine. Given that
only two individuals working alongside each other were responsible for data collection, it
is assumed that the variables in this study were collected without error. OLS assumes that
the residuals (i.e., errors) have a normal distribution and constant variance (i.e., are
homoscedastic). The errors should be unrelated to any of the predictors or predicted
outcome, and should have a constant variance across any given value of X.

Additionally, the errors should have a normal distribution with a mean of zero.
This assumption can be violated when there is a non-normal distribution, a non-linear
model, or presence of large outliers (as OLS seeks to minimize the distance between the
regression line and the data). OLS is fairly robust to violations of homoscedasticity but if
this violation is extreme, | planned to utilize weighted least squares estimation instead of
OLS. If the errors had a non-normal distribution, | assessed for outliers (i.e., scores that
are £ 3.3 standard deviations from the mean, using the Tabachnick & Fidell (2013)
criteria) and removed them from the sample for analysis. Violations of linearity have
already been conducted and addressed when ensuring proper specification of the model.

Lastly, OLS assumes that the residuals are independent of one another, meaning
that errors are statistically independent and uncorrelated with each other as a result of
random sampling. Therefore, knowing the value of the error term tells us nothing about
the values of X or Y. Since random sampling was utilized for the current sample, this

assumption has been met.



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 29

3.5.3 Main Hierarchical Regression Analyses. After testing for assumptions,
hierarchical regressions were conducted to assess for variability in serial and any order
trial accuracy across the different MCI subtypes via IBM SPSS Statistics (v.27). Trial
accuracy was entered as the dependent variable. The MCI groups (non-MCI, subtle MCI,
amnestic MCI, and mixed/dysexecutive MCI) were dummy coded to allow for
comparisons between group means. Since there are four groups, there are 3 dummy codes
(k - 1) needed for one comparison. The demographic variables of age and years of
education were centered. Centering was done by subtracting the means of age and
education from each value of age and education. Centering helps control for
multicollinearity (or overlap) between predictors because when the mean is bigger, the
predictors are more highly correlated with the interaction (Aiken & West, 1991).
Variability of known factors that influence performance on neurocognitive testing (i.e.,
centered age, sex, and centered education) were controlled for by being entered in on the
first step. Any interactions and polynomials that contributed a significant amount of
variance were included on the second step to ensure proper model specification. For the
last step, dummy coded MCI groups were entered to examine the remaining variability
that MCI subtype is explaining in trial difficulty. These steps were repeated four times, as
new dummy codes needed to be entered on the last step to compare all of the groups.

The methods stated above were used, as hierarchical regression was utilized to
assess for differences in error type frequencies across different types of mild cognitive
impairment. Variability of known factors that influence performance on neurocognitive
testing (i.e., centered age, sex, and centered education) were controlled for by being

entered in on the first step, any significant interactions and polynomials were included on



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 30

the second step to ensure proper model specification, and dummy coded MCI groups
were entered on the last step. This procedure was repeated four times, as new dummy
codes needed to be entered on the last step to compare all groups.

For all regressions, | assessed statistical significance by looking at the model
summary, specifically the F change value of the largest model. If this was significant, |
looked at the coefficients table to determine what variable(s) are significantly
contributing to the model. For any significant variables, | examined practical significance
by looking at effect sizes, specifically partial eta squared values, to examine what trials
show the most variability. The larger the effect size, the more unique variability that
variable is explaining in the dependent variable.

3.5.4 Primary Analyses. Multiple regression analyses were conducted to evaluate
the variability in serial and any order sequencing accuracy across the different MCI
subtypes, and blockwise entry was utilized to control for the variability due to age,
education, and sex. A total of 136 people who were seen in the New Jersey Institute for
Successful Aging Memory Assessment Program (MAP) were included in this study, and
were categorized into clinical subgroups (i.e., cognitively normal, subtle mild cognitive
impairment, amnestic cognitive impairment, or mixed/dysexecutive mild cognitive
impairment) based on Edmonds criteria and Jak/Bondi comprehensive criteria (Edmonds
et al., 2015; Jak et al., 2009). In the sample, 53 participants were cognitively normal (i.e.,
no impairment or impairment on one test), 18 participants had subtle cognitive
impairment, 30 participants had amnestic MCI, and 35 participants had

dysexecutive/mixed MCI.
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IV. Results
4.1 Preliminary Analyses

4.1.1 Preliminary ANOVAs and Chi-Square Analyses. One-way analysis of
variances were conducted to assess for differences in age and education. Age (F(3,132) =
1.31) and education (F(3,132) = 1.42) did not significantly vary across groups (p’s > .05).
Similarly, the proportion of men and women was not significantly different across
groups, X? (3, N = 136) = 1.97, p > .05. The means and standard deviations of age and
education, as well as the proportion of women in each category, can be found in Table 1.

4.1.2 Assumptions Testing. Three cases were identified as outliers, as they had
extreme z-scores on total any order or serial order scores of the 5-span block (i.e., £ 3.3
standard deviations from the mean, using the Tabachnick & Fidell (2013) criteria), and
were excluded from analyses.

To statistically assess for the presence of heteroscedasticity, the variable age was
divided into three groups of equivalent size. Residuals for age were produced by
conducting hierarchical regressions for serial and any order trial accuracy for each five-
span trial. Across the three age groups, the ratio of the largest to the smallest conditional
variance of the age residuals was examined for each set of residuals. The same procedure
was repeated for education. As all ratios were under 10 (criteria from Cohen et al., 2003),
the assumption of homoscedasticity was considered met. To assess for the assumption of
normally distributed residuals, the residuals were plotted in a histogram with a normal
curve overlaid. OLS is fairly robust to violations of this assumption, particularly in cases

with large sample sizes and where the magnitude of the violation is not extreme (Cohen
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et al., 2003). The distribution of the residuals appears normal with a mean very close to
zero, supporting the assumption of normality.

To ensure correct model specification, polynomials and interaction terms were
tested for significance. Quadratic and polynomial terms were created for age and
education by raising them to the power of 2 (for the quadratic term) and 3 (for the cubic
term). To test for inclusion, the centered independent variable (i.e., age or education) and
its polynomial terms were entered into hierarchical regressions, with any order or serial
order trial accuracy scores as the dependent variable. The centered independent variable
(e.g., centered age) was entered on the first step, the quadratic term for age was entered
on the second step, and the cubic term for age was entered on the third and last step.
Polynomial terms that explained a significant amount of variance were planned to be
included in the main analyses. No quadratic or cubic terms for age or education were
found to be significant (all p’s > .05) and were therefore not included in main analyses.

Interaction terms were calculated, and all combinations of the following variables
were constructed to create interaction terms: centered age, centered education, sex, and
dummy coded group membership. To test for inclusion, interactions were entered in on
the last step of hierarchal regressions, following entry of demographic variables (i.e.,
centered age and education, sex) and dummy coded groups. Several significant
interactions were found; however, all interactions had small effect sizes (> < .15, per
Cohen (1988)) and all but two had insufficient power (i.e., power < .80). Additionally,
the variability of the covariates was to be accounted for by using blockwise entry on the

step preceding the entry of dummy coded groups. For these reasons, interactions were not
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included in the final models. (See Appendix for significant interactions and power
analyses.)
4.2 Primary Analyses

4.2.1 Power Analyses for Primary Analyses. The effect sizes (f2) for regressions
were calculated by hand by dividing their explained variance (R?) over the total
unexplained model variance (i.e., 1 — R?) (Selya et al., 2012). A post-hoc power analysis
was conducted using G*Power (Version 3.1) (Erdfelder et al., 1996).
Post-hoc power analyses for regressions examining trial 15 serial-order sequencing
difficulty revealed high statistical power, yielding power estimates of .99 for all
comparisons. In analyzing trial 16 serial-order sequencing difficulty, when comparing the
groups to the subtle cognitive impairment and amnestic MCI group, high statistical power
was found (.89). High statistical power was found (.88) when comparing groups to the
cognitively normal group for trial 16 serial-order sequencing difficulty. For trial 17
serial-order sequencing difficulty, high statistical power was found (.89) when comparing
the cognitively normal and subtle cognitive impairment group to the other groups. High
statistical power was found (.91) when comparing the amnestic MCI group to the other
groups on trial 17 serial-order sequencing difficulty. For trial 18 serial-order sequencing
difficulty, high statistical power was found (.97) when comparing the subtle cognitive
impairment and amnestic MCI groups to the other groups. High statistical power was
found (.96) when comparing the cognitively normal group to the other groups on trial 18
serial-order sequencing difficulty. For trial 19 serial-order sequencing difficulty,
insufficient statistical power was found when comparing groups to the cognitively normal

group (.70), subtle cognitive impairment group (.69), and amnestic MCI group (.66). In
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analyzing trial 20 serial-order sequencing difficulty, when comparing the groups to the
subtle cognitive impairment and amnestic MCI group, high statistical power was found
(.94). High statistical power was found (.93) when comparing groups to the cognitively
normal group for trial 20 serial-order sequencing difficulty. Post-hoc power analyses for
regressions examining trial 21 serial-order sequencing difficulty revealed high statistical
power, yielding power estimates of 1.00 for all comparisons.

4.2.2 Primary Analyses Findings for Serial-Order Sequencing Difficulty. The
mixed/dysexecutive MCI group had significantly lower serial-order sequencing difficulty
than the other clinical subgroups (Figure 2). For trial 15 serial-order sequencing
difficulty, there was a significant amount of variance explained by education and clinical
groups. When utilizing dummy codes to compare groups to the cognitively normal group,
two predictors explained 18.7% of the variance (R? = .187, F(6,129) = 4.904, p < .001, f
=.230). The mixed/dysexecutive MCI group had significantly lower serial-order
sequencing difficulty scores on trial 15 than the cognitively normal group (b = -16.279, p
<.001, np?= .073), and education was found to positively correlate with sequencing
difficulty (b = 2.313, p = .002, np?= .061). When utilizing dummy codes to compare
groups to the subtle cognitive impairment group, two predictors explained 17.7% of the
variance (R? = .177, F(5,130) = 5.582, p < .001, f>=.215). The mixed/dysexecutive MCI
group had significantly lower serial-order sequencing difficulty scores on trial 15 than the
subtle cognitive impairment group (b = -18.156, p < .001, np?= .101), and education was
found to positively correlate with sequencing difficulty (b = 2.293, p = .003, ny>= .060).
When utilizing dummy codes to compare groups to the amnestic MCI group, two

predictors explained 16.5% of the variance (R? = .165, F(4,131) = 6.485, p <.001, f2=
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.198). The mixed/dysexecutive MCI group had significantly lower serial-order
sequencing difficulty scores on trial 15 than the amnestic MCI group (b =-16.237, p <
.001, np?=.089), and education was found to positively correlate with sequencing
difficulty (b = 2.462, p = .001, np?= .071).

For trial 16 serial-order sequencing difficulty, there was a significant amount of
variance explained by clinical groups. When utilizing dummy codes to compare groups to
the cognitively normal group, one predictor explained 11.2% of the variance (R? = .112,
F(6,129) = 2.707, p = .004, 2= .126). The mixed/dysexecutive MCI group had
significantly lower serial-order sequencing difficulty scores on trial 16 than the
cognitively normal group (b = -19.645, p <.001, ny?= .095). When utilizing dummy
codes to compare groups to the subtle cognitive impairment group, one predictor
explained 10.9% of the variance (R? = .109, F(5,130) = 3.168, p = .001, f*=.122). The
mixed/dysexecutive MCI group had significantly lower serial-order sequencing difficulty
scores on trial 16 than the subtle cognitive impairment group (b = -18.525, p < .001, np?=
.094). When utilizing dummy codes to compare groups to the amnestic MCI group, one
predictor explained 10.3% of the variance (R? = .103, F(4,131) = 3.761, p < .001, f2=
.115). The mixed/dysexecutive MCI group had significantly lower serial-order
sequencing difficulty scores on trial 16 than the amnestic MCI group (b =-17.104, p <
.001, np?=.089).

For trial 17 serial-order sequencing difficulty, there was a significant amount of
variance explained by clinical groups. When utilizing dummy codes to compare groups to
the cognitively normal group, one predictor explained 11.5% of the variance (R? = .115,

F(6,129) = 2.790, p = .008, 2= .130). The mixed/dysexecutive MCI group had
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significantly lower serial-order sequencing difficulty scores on trial 17 than the
cognitively normal group (b = -14.424, p = .007, ny?= .052). When utilizing dummy
codes to compare groups to the subtle cognitive impairment group, one predictor
explained 10.9% of the variance (R? = .109, F(5,130) = 3.184, p = .004, f>=.122). The
mixed/dysexecutive MCI group had significantly lower serial-order sequencing difficulty
scores on trial 17 than the subtle cognitive impairment group (b = -15.914, p = .002, np*=
.071). When utilizing dummy codes to compare groups to the amnestic MCI group, one
predictor explained 10.9% of the variance (R? = .109, F(4,131) = 4.009, p < .001, f2=
.122). The mixed/dysexecutive MCI group had significantly lower serial-order
sequencing difficulty scores on trial 17 than the amnestic MCI group (b =-16.041, p <
.001, np?= .080).

For trial 18 serial-order sequencing difficulty, there was a significant amount of
variance explained by clinical groups. When utilizing dummy codes to compare groups to
the cognitively normal group, one predictor explained 14.6% of the variance (R? = .146,
F(6,129) = 3.680, p < .001, f2=.171). The mixed/dysexecutive MCI group had
significantly lower serial-order sequencing difficulty scores on trial 18 than the
cognitively normal group (b = -23.185, p <.001, ny?= .120). When utilizing dummy
codes to compare groups to the subtle cognitive impairment group, one predictor
explained 14.4% of the variance (R? = .144, F(5,130) = 4.388, p < .001, f>=.168). The
mixed/dysexecutive MCI group had significantly lower serial-order sequencing difficulty
scores on trial 18 than the subtle cognitive impairment group (b = -22.314, p < .001, np*=
.123). When utilizing dummy codes to compare groups to the amnestic MCI group, one

predictor explained 13.7% of the variance (R? = .137, F(4,131) = 5.190, p < .001, f2=
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.159). The mixed/dysexecutive MCI group had significantly lower serial-order
sequencing difficulty scores on trial 18 than the amnestic MCI group (b = -20.575, p <
001, np?= .116).

For trial 19 serial-order sequencing difficulty, there was a significant amount of
variance explained by clinical groups. When utilizing dummy codes to compare groups to
the cognitively normal group, one predictor explained 7.9% of the variance (R? = .079,
F(6,129) = 1.832, p = .042, f2=.086). The mixed/dysexecutive MCI group had
significantly lower serial-order sequencing difficulty scores on trial 19 than the
cognitively normal group (b = -16.069, p = .004, ny?= .061). When utilizing dummy
codes to compare groups to the subtle cognitive impairment group, one predictor
explained 7.3% of the variance (R? = .073, F(5,130) = 2.039, p = .024, 2= .079). The
mixed/dysexecutive MCI group had significantly lower serial-order sequencing difficulty
scores on trial 19 than the subtle cognitive impairment group (b = -14.516, p = .007, np>=
.054). When utilizing dummy codes to compare groups to the amnestic MCI group, one
predictor explained 6.8% of the variance (R? = .068, F(4,131) = 2.380, p = .009, f*=
.073). The mixed/dysexecutive MCI group had significantly lower serial-order
sequencing difficulty scores on trial 19 than the amnestic MCI group (b =-13.142, p =
.009, np?= .050).

For trial 20 serial-order sequencing difficulty, there was a significant amount of
variance explained by education and clinical groups. When utilizing dummy codes to
compare groups to the cognitively normal group, two predictors explained 12.8% of the
variance (R? = .128, F(6,129) = 3.153, p = .010, f>= .147). The mixed/dysexecutive MCI

group had significantly lower serial-order sequencing difficulty scores on trial 20 than the
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cognitively normal group (b = -16.487, p = .002, ny?= .065), and education was found to
positively correlate with sequencing difficulty (b = 1.767, p = .035, np?= .031). When
utilizing dummy codes to compare groups to the subtle cognitive impairment group, two
predictors explained 12.6% of the variance (R? = .126, F(5,130) = 3.757, p = .004, f2 =
.144). The mixed/dysexecutive MCI group had significantly lower serial-order
sequencing difficulty scores on trial 20 than the subtle cognitive impairment group (b = -
17.311, p <.001, np?= .078), and education was found to positively correlate with
sequencing difficulty (b = 1.758, p = .036, np?= .030). When utilizing dummy codes to
compare groups to the amnestic MCI group, two predictors explained 11.9% of the
variance (R? = .119, F(4,131) = 4.4217 p = .001, f>= .135). The mixed/dysexecutive MCI
group had significantly lower serial-order sequencing difficulty scores on trial 20 than the
amnestic MCI group (b = -15.647, p = .001, np?= .071), and education was found to
positively correlate with sequencing difficulty (b = 1.905, p = .021, np?= .036).

For trial 21 serial-order sequencing difficulty, there was a significant amount of
variance explained by education and clinical groups. When utilizing dummy codes to
compare groups to the cognitively normal group, two predictors explained 20.2% of the
variance (R? = .202, F(6,129) = 5.453, p < .001, f>=.253). The mixed/dysexecutive MCI
group had significantly lower serial-order sequencing difficulty scores on trial 21 than the
cognitively normal group (b = -22.74, p < .001, ny?= .114), and education was found to
positively correlate with sequencing difficulty (b = 2.407, p = .004, ny*= .053). When
utilizing dummy codes to compare groups to the subtle cognitive impairment group, two
predictors explained 19.9% of the variance (R? = .199, F(5,130) = 6.473, p <.001, f2=

.248), The mixed/dysexecutive MCI group had significantly lower serial-order
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sequencing difficulty scores on trial 21 than the subtle cognitive impairment group (b = -
21.6, p <.001, np?>= .114), and education was found to positively correlate with
sequencing difficulty (b = 2.419, p = .004, np?>= .053). When utilizing dummy codes to
compare groups to the amnestic MCI group, two predictors explained 19.6% of the
variance (R? = .196, F(4,131) = 7.977, p < .001, f2 = .244). The mixed/dysexecutive MCI
group had significantly lower serial-order sequencing difficulty scores on trial 21 than the
amnestic MCI group (b = -22.781, p < .001, np?= .141), and education was found to
positively correlate with sequencing difficulty (b = 2.316, p = .005, n,?= .051).

As a post-hoc analysis, to statistically assess for potential temporal derailment
over trials or a recency effect in serial-order sequencing difficulty within groups, a series
of paired samples t-tests were conducted. Insufficient power was found when examining
the subtle cognitive impairment group and amnestic MCI group, .52 and .75 respectively.
Analyses revealed sufficient statistical power when examining the cognitively normal
group and mixed/dysexecutive MCI group (.81 and .95, respectively). No significant
differences were observed in serial-order sequencing difficulty across trials for the
cognitively normal group and mixed/dysexecutive MCI group. For the subtle cognitive
impairment group, there was a significant difference between trial 15 serial-order
sequencing difficulty (M =90, SD = 17.15) and trial 16 serial-order sequencing difficulty
(M =77.78, SD = 21.57); t(17) = 2.17, p = .045, d = .51. For the amnestic MCI group,
there was a significant difference between trial 20 serial-order sequencing difficulty (M =
72, SD = 27.59) and trial 21 serial-order sequencing difficulty (M = 84.67, SD = 20.8);

t(29) = -2.43, p = .021, d = .44.
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4.2.3 Power Analyses for Any-Order Sequencing Difficulty. The effect sizes
(f?) for regressions were calculated by hand by dividing their explained variance (R?)
over the total unexplained model variance (i.e., 1 — R?) (Selya et al., 2012). A post-hoc
power analysis was conducted using G*Power (Version 3.1) (Erdfelder et al., 1996).
Post-hoc power analyses for regressions examining trial 15 any-order sequencing
difficulty revealed high statistical power, yielding power estimates of .90 when
comparing the cognitively normal and amnestic MCI groups to the other groups. In
analyzing trial 15 any-order sequencing difficulty, when comparing the groups to the
subtle cognitive impairment group, high statistical power was found (.89). For trial 16
any-order sequencing difficulty, insufficient statistical power was found when comparing
groups to the cognitively normal group (.71), subtle cognitive impairment group (.69),
and amnestic MCI group (.65). For trial 17 any-order sequencing difficulty, high
statistical power was found (.83) when comparing the cognitively normal group to the
other groups. High statistical power was found (.85) when comparing the subtle cognitive
impairment group to the other groups on trial 17 any-order sequencing difficulty. High
statistical power was found (.81) when comparing the amnestic MCI group to the other
groups on trial 17 any-order sequencing difficulty. Insufficient statistical power was
found for trials 18, 19, 20, and 21 any-order sequencing difficulty when comparing
groups to the cognitively normal group (.60, .28, .47, .42), subtle cognitive impairment
group (.63, .27, .34, .44), and amnestic MCI group (.64, .28, .38, .42).

4.2.4 Primary Analyses Findings for Any-Order Sequencing Difficulty. For
trials 16, 18, 19, 20, and 21 any-order sequencing difficulty, there was not a significant

amount of variance explained by demographic variables or clinical groups (p’s > .05).
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The mixed/dysexecutive MCI group had significantly lower any-order sequencing
difficulty on trials 15 and 17 than the other clinical subgroups (Figure 3). For trial 15
any-order sequencing difficulty, there was a significant amount of variance explained by
clinical groups. When utilizing dummy codes to compare groups to the cognitively
normal group, one predictor explained 11.9% of the variance (R? = .119, F(6,129) =
2.897, p =.021, f2=.135). The mixed/dysexecutive MCI group had significantly lower
any-order sequencing difficulty scores on trial 15 than the cognitively normal group (b =
-5.224, p = .016, np?= .041). When utilizing dummy codes to compare groups to the
subtle cognitive impairment group, one predictor explained 11% of the variance (R? =
.110, F(5,130) = 3.200, p = .015, f2=.124). The mixed/dysexecutive MCI group had
significantly lower any-order sequencing difficulty scores on trial 15 than the subtle
cognitive impairment group (b = -5.993, p = .004, n,?>= .060). When utilizing dummy
codes to compare groups to the amnestic MCI group, one predictor explained 10.5% of
the variance (R? = .105, F(4,131) = 3.843, p = .005, f>=.117). The mixed/dysexecutive
MCI group had significantly lower any-order sequencing difficulty scores on trial 15 than
the amnestic MCI group (b = -5.474, p = .005, ny%= .055).

For trial 17 any-order sequencing difficulty, there was a significant amount of
variance explained by clinical groups. When utilizing dummy codes to compare groups to
the cognitively normal group, one predictor explained 10% of the variance (R? = .100,
F(6,129) = 2.391, p = .031, f2=.111). The mixed/dysexecutive MCI group had
significantly lower any-order sequencing difficulty scores on trial 17 than the cognitively
normal group (b = -6.776, p = .008, np>= .051). When utilizing dummy codes to compare

groups to the subtle cognitive impairment group, one predictor explained 9.9% of the
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variance (R? = .099, F(5,130) = 2.860, p = .012, f=.110). The mixed/dysexecutive MCI
group had significantly lower any-order sequencing difficulty scores on trial 17 than the
subtle cognitive impairment group (b = -7.064, p = .003, np?= .062). When utilizing
dummy codes to compare groups to the amnestic MCI group, two predictors explained
8.6% of the variance (R? = .086, F(4,131) = 3.087, p = .008, 2= .094). The
mixed/dysexecutive MCI group had significantly lower any-order sequencing difficulty
scores on trial 17 than the amnestic MCI group (b = -6.048, p = .008, n,?= .050), and
women had significantly lower any-order sequencing difficulty scores than men (b = -
4.46, p = .046, n,2= .028).

As a post-hoc analysis, to statistically assess for potential temporal derailment
over trials or a recency effect in any-order sequencing difficulty within groups, a series of
paired samples t-tests were conducted. Insufficient power was found when examining the
subtle cognitive impairment group and amnestic MCI group, .52 and .75 respectively.
Analyses revealed sufficient statistical power when examining the cognitively normal
group and mixed/dysexecutive MCI group (.81 and .95, respectively). No significant
differences were observed in any-order sequencing difficulty across trials for the
cognitively normal group, amnestic MCI group, and mixed/dysexecutive MCI group. For
the subtle cognitive impairment group, there was a significant difference between trial 15
any-order sequencing difficulty (M = 98.89, SD = 4.71) and trial 19 any-order
sequencing difficulty (M =91.11, SD = 12.31); t(17) = 2.36, p = .030, d = .55.
Additionally, within the subtle cognitive impairment group, there was a significant

difference between trial 19 any-order sequencing difficulty (M =91.11, SD = 12.31) and
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trial 20 any-order sequencing difficulty (M = 97.78, SD = 6.47); t(17) =-2.38, p = .029, d
=.56.

4.2.5 Power Analyses for Error Types. The effect sizes (f2) for regressions were
calculated by hand by dividing their explained variance (R?) over the total unexplained
model variance (i.e., 1 — R?) (Selya et al., 2012). A post-hoc power analysis was
conducted using G*Power (Version 3.1) (Erdfelder et al., 1996).

For perseverative error analyses, insufficient statistical power was found when
comparing groups to the cognitively normal group (.43), subtle cognitive impairment
group (.46), and amnestic MCI group (.50). In analyzing capture errors, when comparing
the groups to the subtle cognitive impairment and amnestic MCI group, high statistical
power was found (.99). High statistical power was found (.98) when comparing groups to
the cognitively normal group for capture error variability. Post-hoc power analyses for
regressions examining anticipation and postponement errors revealed high statistical
power, yielding power estimates of 1.00 for all comparisons.

4.3 Secondary Analyses

4.3.1 Error Types. For perseverative errors, there was not a significant amount of
variance explained by demographic variables or clinical groups (p’s > .05). For capture
errors, there was a significant amount of variance explained by education and clinical
groups. When utilizing dummy codes to compare groups to the cognitively normal group,
one predictor explained 16.5% of the variance (R? = .165, F(6,129) = 4.263, p < .001, f2=
.198). The mixed/dysexecutive MCI group had significantly more capture errors
cognitively normal group (b = 1.443, p < .001, np?= .114). When utilizing dummy codes

to compare groups to the subtle cognitive impairment group, one predictor explained
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16.2% of the variance (R? = .162, F(5,130) = 5.040, p <.001, f2=.193). The
mixed/dysexecutive MCI group had significantly more capture errors than the subtle
cognitive impairment group (b = 1.368, p < .001, np?= .114). When utilizing dummy
codes to compare groups to the amnestic MCI group, one predictor explained 15.4% of
the variance (R? = .154, F(4,131) = 5.970, p < .001, f*=.182). The mixed/dysexecutive
MCI group had significantly more capture errors than the amnestic MCI group (b =
1.254, p < .001, np?= .106), and education was found to negatively correlate with capture
error frequency (b = -.108, p = .042, n?= .027).

For anticipation errors, there was a significant amount of variance explained by
education and clinical groups. When utilizing dummy codes to compare groups to the
cognitively normal group, two predictors explained 26.5% of the variance (R? = .265,
F(6,129) = 7.764, p < .001, 2= .361). The mixed/dysexecutive MCI group had
significantly more anticipation errors cognitively normal group (b = 2.912, p <.001, ny?=
.176), and education was found to negatively correlate with anticipation error frequency
(b =-.253, p = .002, np?= .055). When utilizing dummy codes to compare groups to the
subtle cognitive impairment group, two predictors explained 26.5% of the variance (R? =
265, F(5,130) = 9.379, p <.001, f2=.361). The mixed/dysexecutive MCI group had
significantly more anticipation errors than the subtle cognitive impairment group (b =
2.881, p <.001, np?= .190), and education was found to negatively correlate with
anticipation error frequency (b = -.254, p = .002, ny>= .055). When utilizing dummy
codes to compare groups to the amnestic MCI group, two predictors explained 26.3% of
the variance (R? = .263, F(4,131) = 11.708, p < .001, f=.357). The mixed/dysexecutive

MCI group had significantly more anticipation errors than the amnestic MCI group (b =
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2.794, p <.001, np?= .198), and education was found to negatively correlate with
anticipation error frequency (b = -.261, p = .001, %= .060).

For postponement errors, there was a significant amount of variance explained by
education and clinical groups. When utilizing dummy codes to compare groups to the
cognitively normal group, two predictors explained 19.7% of the variance (R? = .197,
F(6,129) = 5.270, p < .001, 2= .245). The mixed/dysexecutive MCI group had
significantly more postponement errors cognitively normal group (b =2.119, p <.001,
np?=.151), and education was found to negatively correlate with postponement error
frequency (b = -.149, p = .028, np?>= .031). When utilizing dummy codes to compare
groups to the subtle cognitive impairment group, two predictors explained 19.6% of the
variance (R? = .196, F(5,130) = 6.329, p < .001, f>= .244). The mixed/dysexecutive MCI
group had significantly more postponement errors than the subtle cognitive impairment
group (b = 2.063, p < .001, ny?= .158), and education was found to negatively correlate
with postponement error frequency (b = -.150, p = .027, np?= .031). When utilizing
dummy codes to compare groups to the amnestic MCI group, two predictors explained
18.9% of the variance (R? = .189, F(4,131) = 7.627, p < .001, 2= .233). The
mixed/dysexecutive MCI group had significantly more postponement errors than the
amnestic MCI group (b = 1.928, p < .001, np?= .153), and education was found to
negatively correlate with postponement error frequency (b = -.162, p = .015, ny?= .037).

V. Discussion
5.1 Primary Analyses
The first goal of this study was to examine trial difficulty by Backwards Digit

Test 5-span trial across different clinical groups (i.e., cognitively normal, subtle cognitive
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impairment, amnestic MCI, and mixed/dysexecutive MCI). Support for my hypothesis
that the mixed/dysexecutive group would have lower trial accuracy scores was revealed
from the hierarchical regression analyses examining serial-order sequencing difficulty.
Mixed/dysexecutive MCI has significantly lower serial-order sequencing difficulty scores
than all the other groups across all trials (Figure 2). Lower sequencing difficulty indicates
a more difficult task, as it reflects that fewer numbers were accurately sequenced. It was
shown that the mixed/dysexecutive MCI group had significantly more difficulty
sequencing number in reverse order, denoting more difficulty with this task. Trials 18 and
21 showed the most variability in serial-order sequencing, having effect sizes ranging
from .11 to .14.

As previously mentioned, the Backwards Digit Task is rooted in Fuster’s theory
of executive attention, as this task relies on the successful operation of this system.
Executive attention is comprised of working memory, preparatory set, and inhibitory
control, and successful execution of this system requires functional subsystems.
Impairments in these domains have been well documented in those with executive
dysfunction (Chan et al., 2008; Lezak, 2012). As individuals with mixed/dysexecutive
MCI have demonstrated these deficits, one would expect impairment on a test that relies
on executive attention. Correspondingly, the mixed/dysexecutive MCI group had poorer
performance in serial-order sequencing difficulty. Furthermore, these findings support
prior research documenting individuals with mixed/dysexecutive MCI having impaired
BDT performance compared to other clinical groups, more specifically making more

errors and lower serial-order scores (Emrani et al., 2018; Emrani et al., 2021).
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Less variation was seen when utilizing any-order sequencing difficulty, as the
only significant differences were seen on trials 15 and 17, with the mixed/dysexecutive
MCI having significantly lower any-order sequencing difficulty scores than all the other
groups. The mixed/dysexecutive group only had lower any-order sequencing difficulty
scores on trials 15 and 17, and no significant differences in any-order sequencing
difficulty were found on the other trials (Figure 3). The homogeneity in scores may be
due to the simpler nature of the task, tapping into auditory span and immediate, rote
attention rather than executive attention. As these differences were seen within the first
three trials of the 5-span block, it is possible that the mixed/dysexecutive MCI took
longer to successfully comprehend the task compared to the other clinical groups.

Serial-order sequencing difficulty between trials did not significantly vary,
suggesting that there is neither temporal derailment across trials nor a recency effect in
serial-order sequencing difficulty within the cognitively normal group, amnestic MCI, or
mixed/dysexecutive MCI group. The subtle cognitive impairment group did not show
temporal derailment but showed a slight recency effect for serial-order sequencing
difficulty, with better performance on trial 15 compared to 16. The amnestic MCI group
showed variability near the end of the task, with lower serial-order sequencing on trial 20
compared to trial 21. Any-order sequencing difficulty between trials did not significantly
vary, suggesting that there is neither temporal derailment across trials nor a recency effect
in serial-order sequencing difficulty within cognitively normal group, amnestic MCI, or
mixed/dysexecutive MCI group. The subtle cognitive impairment group showed more

variation between trials, with a significantly lower any-order sequencing difficulty score



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 48

on trial 19 compared to trial 15 and 20. This finding may be a result of fatigue mid-test or
may be an artifact due to intraindividual variability within a small sample.

Of note, the analyses conducted for the subtle cognitive group and amnestic MCI
group revealed insufficient statistical power. Low statistical power can result in spurious
statistically significant results, which may be occurring in these analyses (Murphy et al.,
2014). Relatedly, multiple comparisons can result in an inflated Type | error rate, and
these findings may be false positives (Sato, 1996).

Education and gender were found to have significant effects of serial-order and
any-order sequencing difficulty, respectively. On trials 15, 20, and 21, higher levels of
education correlated with higher serial-order sequencing difficulty. Higher educational
obtainment has been shown to contribute to cognitive reserve, or how flexibly and
efficiently an individual can utilize brain resources (Stern, 2002; Bigler & Stern 2015).
Consequently, individuals with higher cognitive reserve can generally withstand more
advanced disease prior to experiencing cognitive dysfunction (Amato & Goretti, 2016).
Education has been shown to facilitate task switching, as those with higher levels of
education can more easily transition to another task, potentially granting more flexibility
in thinking and protecting against processing speed decline (Moretti et al., 2018; Li et al.,
2022). In this study, education may be acting in a similar fashion, helping participants
switch to a harder and slightly different task (i.e., from 4-span to 5-span). Furthermore,
higher levels of education have been shown to reduce cognitive fatigue (i.e., the decline
in cognitive performance during a test), which may be occurring in trials 20 and 21 of
BDT (Schwid et al., 2003; Morrow et al., 2015). Education has also been shown to relate

to attentional-executive functions, which further supports education’s positive effect on
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BDT performance (Gomez-Pérez & Ostrosky-Solis, 2017). On trial 17, women had
significantly lower any-order sequencing difficulty than men. This finding had a small
effect size and occurs in the context of conflicting literature, with men performing better
on digit span tasks in some studies, and women outperforming men in other studies
(Singh et al., 2010; Choi et al., 2014; Parsons et al., 2005). The observed differences seen
across gender in cognitive testing may be a result of different societal and cultural
experiences due to gender identity.
5.2 Secondary Analyses

The second goal of this study was to examine error frequency across the clinical
groups. Support for my hypothesis that the mixed/dysexecutive group would make more
errors was revealed from the hierarchical regression analyses examining capture,
anticipation, and postponement errors. No difference in preservation error frequency was
found across groups, but the power analyses revealed insufficient power for statistical
analyses. Prior research examining BDT errors has grouped perseverative and capture
errors together to minimize issues related to restriction of range, which may be occurring
with perseverative error analyses in this study, resulting in insufficient power (Emrani et
al., 2021). These findings support previous BDT research demonstrating higher rates of
transposition errors in individuals with mixed and dysexecutive MCI (Emrani et al.,
2018). Capture errors have been associated with dysexecutive impairment and reduced
working memory, which supports the finding of increased capture errors within the
mixed/dysexecutive MCI group (Stuss et al., 1995; Lamar et al., 1997).

Furthermore, when considering Fuster’s theory of executive attention, these errors

may originate from dysfunction in one or more of the three integrated systems of working
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memory, preparatory set, or inhibitory control. For example, failure in working memory
may result in number displacement. Preparatory set is a goal-directed process and is
attention to a future task, utilizing information from working memory. If this information
is incorrect or the goal-directed behavior is not properly executed, an error may occur.
Lastly, inhibitory control suppresses any internal or external influences that may interfere
with task(s) at hand, and failure in this domain may result in unwanted and incorrect
information being integrated into the final response. As this test was designed with
positioning to elicit these errors, this may also illustrate failure in the inhibitory control
system, as these error primes are not being properly ignored. Conversely, these errors
may reflect activations of still intact systems. Prior research with the Deese-Roediger-
McDermott Task suggests that related intrusions reflect activation of semantic memory
networks in the brain, and arguably represent an adaptive process (Pardilla-Delgado &
Payne, 2017). These errors may demonstrate activation of intact networks, which would
bode well in the context of a neurodegenerative process.

With performance on cognitive tests, it is also crucial to consider intraindividual
variability, or short-term variations in behavior that are not reflective of systemic or
durable changes (Costa et al., 2019). This variance can occur over time (referred to as
inconsistency) or across domains at one given time (referred to as dispersion) (Costa et
al., 2019). Variable performance on cognitive testing may be a normative response to test
conditions or exposure such as fatigue or practice effects, which may contribute to
variability in this study’s data. Alternatively, research has suggested that intraindividual
variability may be sensitive to subtle changes and signal a neurodegenerative process,

which may also be occurring in these data (Costa et al., 2019; Hultsch et al., 2000). An
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individual with a prodromal neurodegenerative process may obtain the same score on
evaluations from yearly assessments but have qualitatively different performances that
are not captured by traditional achievement scores. For example, an individual could
obtain the same score on a task with dichotomously scored items (i.e., O for incorrect
responses, 1 for correct responses), but vary greatly in the errors they make, or how far or
close they were from the correct answer. Capturing the subtle variability in an
individual’s performance through process approach data collection can increase
diagnostic sensitivity and specificity.
5.3 Limitations

In the context of these significant findings, it is imperative to consider the
limitations. Firstly, there are no base rates of performance or error frequencies for the
BDT in normal aging individuals. It has been demonstrated that neurologically normal
individuals show abnormal performance on neuropsychological testing, and the
percentage of abnormal scores is contingent on external variables (i.e., cutoff scores, how
many tests are included in the battery) (Schretlen et al., 2008). For the Backwards Digit
Task, it is unknown how healthy adults with no subjective cognitive complaints perform
on this test. Consequently, there is no normal sample to compare against our clinical
groups. The analyses for some subgroups in this current investigation (i.e., cognitively
normal, subtle cognitive impairment, and amnestic mild cognitive impairment) may or
may not be significant when compared to an independent sample of healthy adults.
Furthermore, there are several limitations related to this investigation’s sample and data.
The sample utilized in this study is well-educated (14.74 + 2.65), and predominately

female (72.1%) and White, as is the case for most cognitive aging study samples.
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Although there were no differences in education and gender across clinical groups, the
homogeneity of my sample limits the generalizability of my findings, as these results
occur in the context of my sample’s demographics. Additionally, the source for these data
were from a medical clinic. That is, this sample is comprised of individuals who sought
medical care for subjective cognitive complaints. By definition, these individuals had the
support and resources to access health care services, and therefore are more likely to be in
better health and from a higher socioeconomic class (Beatty et al., 2003; Larson &
Halfon, 2010).

In this study, comprehensive Jak/Bondi criteria was used for MCI classification
and Edmonds criteria was used for subtle cognitive impairment (Edmonds et al., 2015;
Jak et al., 2009). Due to small sample sizes, mixed MCI and dysexecutive MCI had to be
combined to form one subgroup. Although these groups have demonstrated similar
performances on testing, this combined subgroup introduces a new source of variability
to the data and may be more heterogenous than prior research suggests. It is possible that
the significant findings found in this group were being driven by individuals with mixed
MCI or dysexecutive MCI. The mixed MCI subgroup is arguably more impaired than the
dysexecutive MCI group, due to the multi-domain nature of their impairment.
Furthermore, the other clinical groups may not be as homogenous as assumed.
Individuals within the amnestic MCI group show impairment in memory, but the degree
to which they demonstrate this deficit may significantly vary within the group.
Additionally, (aside from exclusion criteria) information regarding medical conditions

and comorbidities was not collected. Participants may have health conditions such as
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hypertension or sleep apnea that can contribute to cognitive dysfunction (Birns & Kalra,
2008; Gagnon et al., 2014).

Central limit theorem states that a sample mean distribution will assume a normal
distribution if the sample size is large enough (i.e., equal to or greater than 30) (Kwak &
Kim, 2017). As previously mentioned, one of the assumptions of OLS is that the
residuals are normally distributed. OLS is generally robust to this assumption if central
limit theorem is met (Castano et al., 1981). The subtle cognitive impairment group was
small (i.e., below 30), which may have resulted in low statistical power. This group may
have had significant differences in comparison to the other clinical groups that were not
identified in this study due to low statistical power.

Lastly, there are limitations associated with the data collected for this study. As
previously discussed, scores on neuropsychological tests can vary over time and across
domains. Additionally, various exogenous factors can impact performance on cognitive
testing, such as fatigue (Schultz et al., 2018). These data reflect performance on one task
at one time within a 2 to 3 minute period. Consequently, these data may not capture
normal variability seen in testing and within/across an individual’s scores. Furthermore,
they may be an underrepresentation of an individual’s ability. The data used in this
investigation was from a retrospective data sample, and therefore the procedures and
collected variables were unalterable.

5.4 Potential Implications and Recommendations for Future Research

The results from this study contribute to current literature examining testing

performance in different types of MCI. Furthermore, these results demonstrate the

clinical and diagnostic utility of item level and process approach data for individuals with
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mild cognitive impairment, specifically those with mixed/dysexecutive MCI. Individuals
with dysexecutive MCI have shown increased vascular comorbidities, and this population
may see more benefit from cardiovascular health recommendations (Libon et al., 2010;
Sudo et al., 2012). Traditional digit span tasks are traditionally scored dichotomously
(either 1 for a perfect sequence or 0 for any amount of error), which limits information
collected from testing. Using sequencing difficulty (also referred to as trial accuracy or
difficulty) as used in this study, can help highlight variability in performances and
potential differences between clinical groups. Additionally, looking at serial-order vs.
any-order may lend insight into overlapping but separate cognitive processes (i.e.,
auditory span and rote, immediate attention vs. executive attention).

In this study, an effect of education was seen on the first and last two trials of the
BDT 5-span block. Education may contribute to cognitive reserve and be acting as a
protective factor, helping with task switching and ameliorating the effects of cognitive
fatigue. Education, along with other factors known to contribute to cognitive reserve
(e.g., occupational exposure and leisure activities), should be examined in research to
document their potential protective effects (Stern, 2009). Likewise, modifiable factors
(such as leisure activities) that contribute to cognitive reserve should be recommended in
clinical settings given their demonstrated protective effects.

Future research should address the discussed limitations, replicating this
methodology with a larger, more representative sample, comprised of diagnostically
homogenous subgroups. Furthermore, future work should incorporate or control for
medical status and comorbidities, as these could contribute to performance on

neuropsychological measures and introduce more variability into the data. Researchers



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 55

may be interested in looking at score discrepancies between trials within participants.

This approach would afford a more nuanced examination of test performance patterns.
Additionally, the relationship between test performance and neuroanatomical markers
and biomarkers should be examined to identify potential signals of neurodegenerative

risks or processes.
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Appendix
Significant Interactions and Power Analyses

Several interactions were found between age, education, gender, and the clinical groups
across various serial-order and any-order trial accuracy scores. The effect sizes (f?) of
interactions were calculated by hand by dividing their added variance (AR?) over the total
unexplained model variance (i.e., 1 — R?) (Selya et al., 2012). A post-hoc power analysis was
conducted using G*Power (Version 3.1) (Erdfelder et al., 1996).

The relationship between age and trial 17 serial-order trial accuracy score was dependent
upon membership in subtle MCI group (AR?=.038, p = .019, f>=.049, power = .688). The
relationship between education and trial 18 serial-order trial accuracy scores was dependent
upon membership in subtle MCI group (AR?=.038, p = .016, f>= .044, power = .705). The
relationship between education and trial 19 serial-order trial accuracy scores was dependent
upon membership in mixed/dysexecutive MCI group (AR?=.041, p = .016, f>= .047, power =
.704). Additionally, there was an interaction between education, sex, age, and membership in
the mixed/dysexecutive MCI group on trial 19 serial-order trial accuracy scores (AR?=.030, p
=.039, 2= .034, power = .565). The relationship between education and trial 19 serial-order
trial accuracy scores was dependent upon membership in mixed/dysexecutive MCI group (AR?
=.039, p = .016, f2=.047, power = .707). There was an interaction between education, sex,
and age on trial 21 serial-order trial accuracy scores (AR? = .033, p = .021, f>=.043, power =
.671). The relationship between education and trial 21 serial-order trial accuracy scores was
dependent upon membership in mixed/dysexecutive MCI group (AR?=.039, p = .011, f2=

.051, power =.743).
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The relationship between age and trial 15 any-order trial accuracy scores was dependent
upon membership in mixed/dysexecutive MCI group (AR?=.039, p = .016, f>=.046, power =
.702). There was an interaction between education, sex, and age on trial 16 any-order trial
accuracy scores (AR?=.035, p = .025, f2=.039, power = .630). There was an interaction
between education, age, and membership in the mixed/dysexecutive MCI group on trial 19
any-order trial accuracy scores (AR?=.033, p = .036, f>=.035, power = .584). Additionally,
there was an interaction between education, sex, age, and membership in the
mixed/dysexecutive MCI group on trial 19 any-order trial accuracy scores (AR?=.074, p =
.001, f2=.083, power = .914). The relationship between education and trial 20 any-order trial
accuracy scores was dependent upon membership in mixed/dysexecutive MCI group (AR? =
.033, p =.034, 2= .035, power = .586). There was an interaction between education, sex, and

age on trial 21 any-order trial accuracy scores (AR?=.037, p = .024, f>=.040, power = .639).
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Table 1.

Demographic composition of mild cognitive impairment subtype groups.
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MCI Subtype Education % Female |
Cognitively Normal 53 7457 £6.82 15.08 £ 2.55 69.8%
Subtle 18 77.94 + 8.36 14.67 +2.72 61.1%
Amnestic 30 74.5+5.93 13.9+2.87 76.7%
Mixed/Dysexecutive 35 75+5.8 15+252 77.1%
Total 136 75.11 + 6.64 14.74 + 2.65 72.1%
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Table 2a.

Backwards Digit Span Error Type Definitions

Error Type

Definition

Further Classification

into the current response to
make a consecutive string of
digits.

Anticipation A number occurs earlier in the | These errors are further classified by the
sequence than it should. distance (i.e., number of positions) it was
displaced.
Postponement | A number occurs later in the
sequence than it should.
Capture A previous number is pulled Between-trial: A number from the

preceding two trials is pulled into the
current response.

Within-trial: A number from the same trial
is pulled into the current response.

Forward: The numbers provided are in
ascending order.

Backward: The numbers provided are in
descending order.

Perseveration

An inappropriate repetition of
a number.

Between-trial: A number from the
preceding two trials is pulled into the
current response.

Within-trial: A number within the same
trial is repeated.
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Table 2b.

Backwards Digit Span Error Type Examples. The examples provided are samples for an

individual responding to item number 3.

BDT Items Correct Response

1.) 8-2-3-1-6 1.) 6-1-3-2-8

2.) 4-8-7-9-1 2.) 1-9-7-8-4

3.) 2-5-4-6-9 3.) 9-6-4-5-2

Error Type Example Explanation

Anticipation 9-5-6-4-2 | The number occurs earlier in the sequence than
it should. These errors are further classified by
the distance (i.e., number of positions) it was
displaced. It is in position 2 when it should be in
position 4. It was displaced 2 spots, making this
an anticipation -2 error.

Postponement 9-6-4-2-5 | The number occurs later in the sequence than it
should. These errors are further classified by the
distance (i.e., number of positions) it was
displaced. It is in position 5 when it should be in
position 4. It was displaced 1 spot, making this a
postponement -1 error.

Between-trial 9-3-4-5-2 | The number 3 is pulled from trial 1 (making it a

Forward Capture between-trial error) into the current trial to
create a consecutive set of numbers (highlighted
in gray, making it a capture error). The numbers
are in ascending order, making it a forward
error.

Within-trial 9-6-5-4-2 | The number 4 is repositioned within the trial

Backward Capture (making it a within-trial error) to create a
consecutive set of numbers (highlighted in gray,
making it a capture error). The numbers are in
descending order, making it a backward error.

Between-trial 9-8-6-4-2 | Anumber (i.e., 8) from the preceding two trials

Perseveration is pulled into the current response.

Within-trial 9-6-5-5-2 | Anumber (i.e., 5) within the same trial is

Perseveration

repeated.
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Table 3.

Backwards Digit Span Error Type Descriptive Statistics Across Groups.
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Error Type Cognitively ~ Subtle Amnestic Mixed/

Normal Dysexecutive
Anticipation | 2.64 (2.06) |2.78 (2.16) | 3.30 (2.51) | 5.60(3.12) | 3.57 (2.74)
Postponement | 1.83 (1.44) | 2.11 (1.57) | 253 (2.24) | 3.97 (2.61) 2.57 (2.16)
Capture 1.66 (1.40) |2.00 (1.53) | 2.27 (1.84) | 3.14(1.67) | 2.22(1.68)
Perseveration | 1.09 (1.13) | 1.06 (1.30) | 1.20 (.96) 1.54 (1.50) 1.23 (1.23)
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Table 4a

Regression Predicting Trial 15 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .076* .076*
Age (Centered) 0.33 0.01
Education (Centered) 2.29* 0.06
Gender® -4.66 0.01
Step 2 187* JA11*
Age (Centered) 0.23 0.00
Education (Centered) 2.31* 0.06
Gender® -2.69 0.00
D1f 7.66 0.01
D2f -4.68 0.01
D3f -16.28* 0.07

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI

62
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Table 4b

Regression Predicting Trial 15 Serial-Order Sequencing Difficulty from Demographic
Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .076* .076*
Age (Centered) 0.33 0.01
Education (Centered) 2.29* 0.06
Gender® -4.66 0.01
Step 2 177 101*
Age (Centered) 0.29 0.01
Education (Centered) 2.29* 0.06
Gender' -3.10 0.00
D5f -6.55 0.01
D6' -18.16* 0.10

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI
D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT 64

Table 4c

Regression Predicting Trial 15 Serial-Order Sequencing Difficulty from Demographic
Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .076* .076*
Age (Centered) 0.33 0.01
Education (Centered) 2.29* 0.06
Gender® -4.66 0.01
Step 2 .165* .090*
Age (Centered) 0.33 0.01
Education (Centered) 2.46* 0.07
Gender® -3.48 0.00
D9f -16.24* 0.09

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 5a

Regression Predicting Trial 16 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 014 014
Age (Centered) 0.02 0.00
Education (Centered) 1.04 0.01
Gender® -2.19 0.00
Step 2 112* .098*
Age (Centered) 0.02 0.00
Education (Centered) 1.09 0.01
Gender® -0.91 0.00
D1f -4.57 0.00
D2f -5.97 0.01
D3f 5.28* 0.10

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 5b

Regression Predicting Trial 16 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 014 014
Age (Centered) 0.02 0.00
Education (Centered) 1.04 0.01
Gender® -2.19 0.00
Step 2 .109* .094*
Age (Centered) -0.01 0.00
Education (Centered) 1.10 0.01
Gender' -0.66 0.00
D5f -4.85 0.01
D6' -18.53* 0.09

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 5¢

Regression Predicting Trial 16 Serial-Order Sequencing Difficulty from Demographic
Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 014 014
Age (Centered) 0.02 0.00
Education (Centered) 1.04 0.01
Gender® -2.19 0.00
Step 2 .103* .089*
Age (Centered) 0.02 0.00
Education (Centered) 1.22 0.02
Gender' -0.95 0.00
D9f -17.10* 0.09

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 6a

Regression Predicting Trial 17 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 029 .029
Age (Centered) 0.20 0.00
Education (Centered) 0.85 0.01
Gender® -7.52 0.02
Step 2 115* .086*
Age (Centered) 0.16 0.00
Education (Centered) 1.05 0.01
Gender' -6.05 0.01
D1f 6.08 0.01
D2f 1.92 0.00
D3f -14.42* 0.05

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 6b

Regression Predicting Trial 17 Serial-Order Sequencing Difficulty from Demographic
Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 029 .029
Age (Centered) 0.20 0.00
Education (Centered) 0.85 0.01
Gender® -7.52 0.02
Step 2 .109* .080*
Age (Centered) 0.20 0.00
Education (Centered) 1.03 0.01
Gender' -6.38 0.01
D5f 0.43 0.00
D6’ -15.91* 0.07

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI
D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 6¢

Regression Predicting Trial 17 Serial-Order Sequencing Difficulty from Demographic
Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 029 .029
Age (Centered) 0.20 0.00
Education (Centered) 0.85 0.01
Gender® -7.52 0.02
Step 2 .109* .080*
Age (Centered) 0.20 0.00
Education (Centered) 1.02 0.01
Gender' -6.35 0.01
D9f -16.04* 0.08

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 7a

Regression Predicting Trial 18 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 021 021
Age (Centered) -0.14 0.00
Education (Centered) 0.89 0.01
Gender' -5.15 0.01
Step 2 146* 125*
Age (Centered) -0.15 0.00
Education (Centered) 0.95 0.01
Gender' -3.50 0.00
D1f -3.55 0.00
D2f -6.80 0.01
D3f -23.19* 0.12

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 7b

Regression Predicting Trial 18 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 021 021
Age (Centered) -0.14 0.00
Education (Centered) 0.89 0.01
Gender' -5.15 0.01
Step 2 144* 124*
Age (Centered) -0.18 0.00
Education (Centered) 0.96 0.01
Gender® -3.31 0.00
D5f -5.94 0.01
D6' -22.31* 0.12

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 7c

Regression Predicting Trial 18 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 021 021
Age (Centered) -0.14 0.00
Education (Centered) 0.89 0.01
Gender' -5.15 0.01
Step 2 137* 116*
Age (Centered) -0.15 0.00
Education (Centered) 1.11 0.01
Gender' -3.66 0.00
D9f -20.58* 0.12

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 8a

Regression Predicting Trial 19 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .018 .018
Age (Centered) 0.08 0.00
Education (Centered) 1.34 0.02
Gender® 1.60 0.00
Step 2 .079* .060*
Age (Centered) 0.10 0.00
Education (Centered) 1.35 0.02
Gender® 2.48 0.00
D1f -6.34 0.01
D2f -6.24 0.01
D3f -16.07* 0.06

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 8b

Regression Predicting Trial 19 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .018 .018
Age (Centered) 0.08 0.00
Education (Centered) 1.34 0.02
Gender® 1.60 0.00
Step 2 .073* .054*
Age (Centered) 0.05 0.00
Education (Centered) 1.37 0.02
Gender® 2.82 0.00
D5f -4.69 0.00
D6’ -14.52* 0.05

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 8c

Regression Predicting Trial 19 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .018 .018
Age (Centered) 0.08 0.00
Education (Centered) 1.34 0.02
Gender® 1.60 0.00
Step 2 .068* .050*
Age (Centered) 0.08 0.00
Education (Centered) 1.49 0.02
Gender® 2.55 0.00
D9f -13.14* 0.05

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI

76



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT

Table 9a

Regression Predicting Trial 20 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .048 .048
Age (Centered) 0.04 0.00
Education (Centered) 1.73* 0.03
Gender® -6.17 0.01
Step 2 .128* .080*
Age (Centered) -0.02 0.00
Education (Centered) 1.77* 0.03
Gender® -4.52 0.01
D1f 3.37 0.00
D2f -4.86 0.00
D3f -16.49* 0.06

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 9b

Regression Predicting Trial 20 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .048 .048
Age (Centered) 0.04 0.00
Education (Centered) 1.73* 0.03
Gender® -6.17 0.01
Step 2 126* .079*
Age (Centered) 0.01 0.00
Education (Centered) 1.76* 0.03
Gender® -4.71 0.01
D5f -5.68 0.01
D6' -17.31* 0.08

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 9c

Regression Predicting Trial 20 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .048 .048
Age (Centered) 0.04 0.00
Education (Centered) 1.73* 0.03
Gender® -6.17 0.01
Step 2 119* 071*
Age (Centered) 0.04 0.00
Education (Centered) 1.91* 0.04
Gender' -5.04 0.01
D9f -15.65* 0.07

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 10a

Regression Predicting Trial 21 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .055 .055
Age (Centered) 0.05 0.00
Education (Centered) 2.07* 0.04
Gender® -5.47 0.01
Step 2 .202* .148*
Age (Centered) 0.11 0.00
Education (Centered) 2.41* 0.05
Gender® -4.30 0.01
D1f -4.65 0.00
D2f 2.89 0.00
D3f -22.74* 0.11

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI

80



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT

Table 10b

Regression Predicting Trial 21 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .055 .055
Age (Centered) 0.05 0.00
Education (Centered) 2.07* 0.04
Gender® -5.47 0.01
Step 2 .199* 145*
Age (Centered) 0.07 0.00
Education (Centered) 2.42* 0.05
Gender® -4.05 0.00
D5f 4.03 0.00
D6' -21.60* 0.11

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 10c

Regression Predicting Trial 21 Serial-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .055 .055
Age (Centered) 0.05 0.00
Education (Centered) 2.07* 0.04
Gender® -5.47 0.01
Step 2 .196* 141*
Age (Centered) 0.05 0.00
Education (Centered) 2.32* 0.05
Gender® -3.81 0.00
D9f -22.78* 0.14

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 11a

Regression Predicting Trial 15 Any-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .050 .050
Age (Centered) 0.22 0.02
Education (Centered) 0.45 0.01
Gender® -3.39 0.02
Step 2 119* .069*
Age (Centered) 0.18 0.01
Education (Centered) 0.47 0.01
Gender® -2.72 0.01
D1f 3.14 0.01
D2f -1.01 0.00
D3f -5.22* 0.04

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI

83



RUNNING HEAD: WORKING MEMORY IN COGNITIVE IMPAIRMENT

Table 11b

Regression Predicting Trial 15 Any-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .050 .050
Age (Centered) 0.22 0.02
Education (Centered) 0.45 0.01
Gender® -3.39 0.02
Step 2 110* .060*
Age (Centered) 0.21 0.02
Education (Centered) 0.47 0.01
Gender® -2.89 0.02
D5f -1.77 0.00
D6' -5.99* 0.06

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 11c

Regression Predicting Trial 15 Any-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .050 .050
Age (Centered) 0.22 0.02
Education (Centered) 0.45 0.01
Gender® -3.39 0.02
Step 2 .105* .055*
Age (Centered) 0.22 0.02
Education (Centered) 0.51 0.02
Gender® -2.99 0.02
D9f -5.47* 0.06

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 12a

Regression Predicting Trial 17 Any-Order Sequencing Difficulty from Demographic

Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .036 .036
Age (Centered) 0.04 0.00
Education (Centered) 0.10 0.00
Gender® -4.90* 0.03
Step 2 .100* .064*
Age (Centered) 0.01 0.00
Education (Centered) 0.08 0.00
Gender' -4.19 0.02
D1f 1.18 0.00
D2f -3.18 0.01
D3f -6.78* 0.05

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 12b

Regression Predicting Trial 17 Any-Order Sequencing Difficulty from Demographic
Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .036 .036
Age (Centered) 0.04 0.00
Education (Centered) 0.10 0.00
Gender® -4.90* 0.03
Step 2 .099* .064*
Age (Centered) 0.02 0.00
Education (Centered) 0.08 0.00
Gender® -4.26 0.03
D5f -3.47 0.01
D6' -7.06* 0.06

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI
D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 12¢

Regression Predicting Trial 17 Any-Order Sequencing Difficulty from Demographic
Variables and Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .036 .036
Age (Centered) 0.04 0.00
Education (Centered) 0.10 0.00
Gender® -4.90* 0.03
Step 2 .086* .050*
Age (Centered) 0.04 0.00
Education (Centered) 0.16 0.00
Gender® -4.46%* 0.03
D9f -6.05* 0.05

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 13a

Regression Predicting Capture Error Frequency from Demographic Variables and

Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .048 .048
Age (Centered) 0.01 0.00
Education (Centered) -0.09 0.02
Gender' 0.49 0.02
Step 2 .165* A117*
Age (Centered) 0.01 0.00
Education (Centered) -0.10 0.02
Gender' 0.39 0.01
D1f 0.30 0.00
D2f 0.47 0.01
D3f 1.44* 0.11

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 13b

Regression Predicting Capture Error Frequency from Demographic Variables and

Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .048 .048
Age (Centered) 0.01 0.00
Education (Centered) -0.09 0.02
Gender' 0.49 0.02
Step 2 .162* 114*
Age (Centered) 0.01 0.00
Education (Centered) -0.10 0.02
Gender' 0.37 0.01
D5f 0.39 0.01
D6’ 1.37* 0.11

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males

D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 13c

Regression Predicting Capture Error Frequency from Demographic Variables and
Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .048 .048
Age (Centered) 0.01 0.00
Education (Centered) -0.09 0.02
Gender' 0.49 0.02
Step 2 .154* .106*
Age (Centered) 0.01 0.00
Education (Centered) -0.11 0.03
Gender' 0.40 0.01
D9f 1.25* 0.11

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 14a

Regression Predicting Anticipation Error Frequency from Demographic Variables and

Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .065* .065*
Age (Centered) -0.02 0.00
Education (Centered) -0.23* 0.05
Gender' 0.68 0.01
Step 2 .265* .200*
Age (Centered) -0.02 0.00
Education (Centered) -0.25* 0.05
Gender® 0.47 0.01
D1f 0.13 0.00
D2f 0.33 0.00
D3f 2.91* 0.18

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 14b

Regression Predicting Anticipation Error Frequency from Demographic Variables and

Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .065* .065*
Age (Centered) -0.02 0.00
Education (Centered) -0.23* 0.05
Gender' 0.68 0.01
Step 2 .265* .200*
Age (Centered) -0.02 0.00
Education (Centered) -0.25* 0.05
Gender' 0.46 0.01
D5f 0.30 0.00
D6' 2.88* 0.19

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 14c

Regression Predicting Anticipation Error Frequency from Demographic Variables and
Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .065* .065*
Age (Centered) -0.02 0.00
Education (Centered) -0.23* 0.05
Gender' 0.68 0.01
Step 2 .263* .198*
Age (Centered) -0.02 0.00
Education (Centered) -0.26* 0.06
Gender' 0.48 0.01
D9f 2.79* 0.20

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Table 15a
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Regression Predicting Postponement Error Frequency from Demographic Variables and

Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .036 .036
Age (Centered) 0.00 0.00
Education (Centered) -0.14 0.03
Gender® 0.30 0.00
Step 2 197+ 161*
Age (Centered) 0.00 0.00
Education (Centered) -0.15* 0.03
Gender® 0.14 0.00
D1f 0.23 0.00
D2f 0.52 0.01
D3f 2.12* 0.15

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D1: Comparing cognitively normal to subtle cognitive impairment
D2: Comparing cognitively normal to amnestic MCI
D3: Comparing cognitively normal to mixed/dysexecutive MCI
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Table 15b
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Regression Predicting Postponement Error Frequency from Demographic Variables and

Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .036 .036
Age (Centered) 0.00 0.00
Education (Centered) -0.14 0.03
Gender® 0.30 0.00
Step 2 .196* .159*
Age (Centered) 0.00 0.00
Education (Centered) -0.15* 0.03
Gender® 0.13 0.00
D5f 0.46 0.01
D6' 2.06* 0.16

*p < .05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D5: Comparing subtle cognitive impairment to amnestic MCI

D6: Comparing subtle cognitive impairment to mixed/dysexecutive MCI
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Table 15¢

Regression Predicting Postponement Error Frequency from Demographic Variables and
Clinical Group Membership

Step and
Predictor Variable R? AR? b sr?
Step 1 .036 .036
Age (Centered) 0.00 0.00
Education (Centered) -0.14 0.03
Gender® 0.30 0.00
Step 2 .189* 153*
Age (Centered) 0.00 0.00
Education (Centered) -0.16* 0.04
Gender® 0.16 0.00
D9f 1.93* 0.15

*p <.05. (2-tailed)
TDummy coded variables:
Gender: Comparing to males
D9: Comparing amnestic MCI to mixed/dysexecutive MCI
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Figure 1.

Figure from Sperling et al., 2011 delineating cognitive decline trajectories in individuals
experiencing healthy aging, mild cognitive decline, and dementia.
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Figure 2.

Serial-order accuracy by BDT 5-span trials across clinical groups.
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Note. The mixed/dysexecutive MCI group had significantly lower serial-order accuracy

than all the other groups on all trials. An effect of education was found on trials 15, 20,
and 21, positively correlating with serial-order accuracy.
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Figure 3.

Any-order accuracy by BDT 5-span trials across clinical groups.
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Note. The mixed/dysexecutive MCI group had significantly lower serial-order accuracy

than all the other groups on trial 15 and 17. An effect of gender was found on trial 17,
with men having higher scores than women.
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