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Abstract

Introduction: Perseverations have been defined as repetitions
of behaviors that are no longer congruent with task requirements.
Perseverations often reflect global neuropathology and have been
repeatedly elicited in individuals with neurodegenerative conditions
such as Alzheimer’s disease (AD). We sought to demonstrate that
subtypes of perseverations, as measured by the Graphical Sequence
Test for Dementia (GST-D), would show differential, hierarchical
relationships with tests of cognitive abilities and would discriminate
between mild cognitive impairment (MCI) and AD.

Methods: Participants were 16 patients with AD and 18 patients
with MClwho completed neuropsychological evaluations in a memory
disorders clinic. Assessment measures covered domains of verbal
memory, language, executive functions (EFs), and frontal/motor
symptoms. The GST-D was administered and perseverative errors were
qualitatively scored and synthesized into three hierarchical constructs
for analysis, with Semantic errors residing at the top of the hierarchy,
followed by Border and Motor errors respectively.

Results: Collapsing across groups, data supported the hierarchical
structure of GST-D errors such that Semantic errors tended to exhibit
negative correlations with performance on measures of EFs, while
Motor errors did not. Additionally, Border errors correlated negatively
with verbal memory performance and showed a differential sensitivity
to AD symptomatology when compared with Semantic and Motor
errors.

Conclusions: Overall, results support theoretical conceptualizations
of perseverative errors as existing both vertically, within a hierarchical
framework, and horizontally, across neurocognitive domains. Notably,
our evidence suggests that the production of Border errors may be
driven by the progression of AD and, consequently, that measurement
of perseverative error subtypes may have clinical utility in the
assessment of individuals with AD.

Introduction

Executive functions (EFs) are a heterogeneous family of top-
down cognitive abilities that are frequently studied, yet often
misunderstood [1]. Numerous tasks have been devised to measure
executive aspects of behavior. One line of research has sought to
elucidate the phenomenon of perseverative behavior (e.g., see [2]),
which represents cognitive inflexibility and was originally defined
as a repetition of a behavior that is no longer congruent with task
requirements [3]. Perseverative behavior was originally discussed
exclusively in the context of frontal lobe pathology (e.g., [4]).
However, other evidence suggests that it can result from posterior
lesions as well (e.g., [5]) and that it correlates positively with overall
extent of brain damage and may reflect global rather than localized
neuropathology [6]. A number of nosologies of perseverative
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behavior have been introduced to explain the various underlying
facets reported in the literature (see [7] for a review). Moreover,
these facets can be measured with a number of different instruments,
including verbal fluency tasks [8], the Wisconsin Card Sorting Test
[9], the California Verbal Learning Test [10] and other list learning
tasks, as well as motor tasks designed to elicit perseverative behavior

(e.g., [11]).

The literature on perseverative behavior has expanded across time
to include various neurological populations, including schizophrenia
[12], addictive disorders (e.g., [13-15]) stroke and subsequent hemi-
neglect [16-20], dementia of various etiologies [21-32], traumatic
brain injury [33], and even healthy younger and older adults
[34,35]. The reports of modest numbers of perseverative errors (i.e.,
perseverations that are determined to be incorrect responses) in these
latter studies (i.e., [34,35]) are in line with the assertion by Allison that
[36], while healthy individuals may produce some perseverations,
notable or pronounced perseverative behavior is generally indicative
of some form of neuropathology. Therefore, given that these errors
are more frequent with greater neurological impairment, progressive
neurodegenerative diseases that reduce overall brain volume and
disrupt multiple domains of cognitive functioning logically lead to
increased perseverations.

Alzheimer’s disease (AD) is the most common neurodegenerative
disorder [37] and has been repeatedly associated with perseverative
behavior. Indeed, Cabrera, Chavez, Corley, Kitto, and Butt posited a
mechanism through which the neuropathology of AD might reduce
mental flexibility using a rat model — namely [38], the degeneration
of cholinergic neurons in the nucleus basalis of Meynert. Although
AD is most frequently associated with memory impairments (e.g.,
[39-43]), a growing body of literature suggests that attentional and
executive control systems also break down early in the disease [44-
48]. Extrapolating from these findings, it could be that such deficits
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underlie the perseverative behavior seen in AD. Moreover, as
discussed by Hotz and Helm-Estabrooks [7], some researchers have
postulated that memory impairments may serve as a mechanism for
at least some types of perseverations. Therefore, taken together, the
literature suggests that both memory and executive dysfunction may
combine to underlie perseverative behavior in AD.

As reviewed above, several investigators have sought to
operationalize subtypes of perseverations that are elicited by various
neuropsychological instruments. Goldberg and Tucker introduced

Table 1: Demographic and Neuropsychological Data for MCI and AD patients.

the Graphical Sequence Task (GST) [49], which has been used in
several neurological populations and been shown to reliably elicit
perseverations (e.g., [12,50]). Instruments such as the GST, specifically
designed to elicit perseverations on visual-motor tasks, are valuable
because 1) similar tasks have been shown to elicit more perseverations
than standard neuropsychological tests in patients with brain injuries
[33] and 2) less complex visual-motor tasks such as line cancellation
have been shown to produce few perseverative responses in AD and
may therefore be insensitive to the neurodegeneration in this disease
[19].

MCI (n=18) AD (n=16)
Mean (SD) Mean (SD) p
Demographics
Age (years) 71.3 (10.8) 72.8 (11.3) ns
Education (years) 13.7 (3.4) 13.7 2.7) ns
Female (%) 56 -- 69 --
Right-Handed (%) 100 - 100 -
Cognitive Functioning
Boston Naming Test 50.1 11.8 51.7 5.7 ns
Semantic Fluency (Animals) 14.8 4.8 12.9 5.1 ns
Digit Span Forward (WAIS-III) 6.0 1.0 5.8 14 ns
Digit Span Backward (WAIS-III) 4.4 15 4.1 1.0 ns
Trails A (sec) 46.4 19.3 62.4 27.5 ns
Trails B (sec) 131.9 61.8 207.8 90.7 <.05
Trails B — A (sec) 87.7 54.3 149.1 84.6 <.05
COWA (FAS) 36.1 11.3 30.6 14.4 ns
Luria Letter Alternation 28.4 14.0 37.8 16.2 ns
Fist — Edge — Palm 0.7 1.0 1.9 1.2 <.01
Clock Drawing (errors) 1.2 1.2 2.2 1.8 ns
LMI (WMS-I11) 30.1 9.8 18.8 10.2 <.01
LMII (WMS-I11) 13.2 7.9 4.7 7.3 <.01
LM Recognition 15.7 3.1 10.1 4.6 <.001
GST Perseverations
Activities 1.2 2.0 1.3 2.0 ns
Elements 25 2.0 2.8 3.2 ns
Hybrids 24 2.2 2.0 1.6 ns
Interminable 24 5.5 29 7.1 ns
Hyperkinetic 0.3 0.8 0.3 0.5 ns
Interminable-Hyperkinetic 2.7 55 3.2 7.3 ns
Features 0.0 0.0 0.3 1.0 ns
Captured 1.3 2.2 3.9 5.8 ns
Semantic 3.7 2.7 4.1 4.8 ns
Border 1.3 2.2 4.2 5.9 ns
Motor 5.1 55 5.2 7.3 ns
Total 9.4 7.3 13.4 10.6 ns

WAIS-III: Wechsler Adult Intelligence Scale, Third Edition; COWA: Controlled Auditory Word Association Test; LM: Logical Memory; WMS-III: Wechsler Memory

Scale, Third Edition.
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Table 2: Composite perseveration types and the correspond subtypes.

Semantic Motor

Border

Activities: perseverating across
mode of output (e.g., writing when

instructed to draw) a triangular top and a circular bottom)

Hybrid: merging previously produced geometric figures into a
shape representing a combination of both (e.g., a shape with

Features: perseverating with respect to geometric aspects of
previously drawn figures when instructed to draw new figures
(e.g., producing a cross with rounded edges after drawing
circles)

Elements: producing an incorrect
item (e.g., a square) when
instructed to draw a different item
(e.g., a triangle) within the same
mode of output

instruction to discontinue)

Interminable-hyperkinetic: perseverating within a single
item and failing to cease production of the item upon its
completion (e.g., drawing a “3” with an extra “hump” or
continuing to draw or write any item following examiner

Captured: within a single item, substituting letters (e.qg., “O”) for
figures (e.g., a square) or vice versa

Lamar and colleagues adapted the GST for individuals with
dementia (the GST-D) and produced a hierarchical model [26],
modified from the original Goldberg and Tucker nosology [49]. The
authors labeled three subtypes of perseverations based on principal
components analysis factor loadings: Semantic, Motor, and Border
subtypes. Semantic perseverations represented dysregulation at the
highest level of the cognitive hierarchy and included categorical
incongruencies with respect to instruction (e.g., the examiner
instructs the participant to write the word “triangle”) and participant
output (e.g., the individual draws a triangle rather than writing the
word “triangle”). In contrast, Motor perseverations represented
lower-level errors such as fused geometric figures (e.g., the participant
draws a hybrid circle-triangle figure following separate instructions
to draw circles and triangles) or the continued production of graphic
figures or letters despite explicit instructions from the examiner to
discontinue the activity. Finally, Border perseverations included
features of both semantic and motor subtypes and were conceptualized
as representing the intermediate level of the hierarchy. Results
from Lamar et al. demonstrated negative relationships between the
semantic perseverations and performance on the Boston Naming
Test and Animal Fluency in AD and between motor perseverations
and the Finger-Tapping Test in vascular dementia [26], suggesting
that these factors were indeed measuring high-level semantic and
low-level motor skills, respectively. Moreover, the GST-D has been
utilized to explicate the relationship between these three subtypes
of perseverations and other measures of EFs [26], with these
investigators concluding that Semantic and Border perseverations
represent an inefficiency in working memory, a dimension of EFs
[51], while Motor perseverations represent preparatory set.

The current study investigated the performance of individuals
with AD, as well as Mild Cognitive Impairment (MCI; see [52]), on
the GST-D and a battery of neuropsychological instruments designed
to assess functioning in the domains of language, memory, EFs, and
motor sequencing. MCI is conceptualized as a prodromal phase of
dementia that is commonly associated with preclinical AD pathology
[53]. MCI was originally defined as subjective and objective memory
complaints, together with intact overall cognitive abilities, intact
functional capacity, and the absence of dementia [54]. More recently,
the construct has been broadened to include nonamnestic as well
as amnestic subtypes, with nonamnestic MCI often attributed to
non-AD pathologies such as vascular dementia or frontotemporal
dementia [55]. We hypothesized that 1) across groups, patients as
a whole would show relationships between perseverative errors and
other cognitive abilities in a hierarchical manner, 2) consistent with
trends in Lamar et al. [26], patients with MCI would exhibit fewer
Border errors, but not Semantic or Motor errors on the GST-D in

comparison with individuals with AD, and 3) memory performance
would be related to perseverative errors in AD.

Methods
Participants

Participants were 34 patients who consented to have their
clinical data included in a research database and were seen for
neuropsychological examination in a memory disorders clinic
within an academic medical center. Demographic characteristics are
provided in Table 1. Diagnoses were made based upon the National
Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria [56] and resulted from a consensus
conference of specialists coordinating patient care, including board
certified neurologists, neuropsychologists, and radiologists. No
attempt at disease-staging was made. Of the 16 patients in the AD
group, one was diagnosed with a mixed AD/vascular etiology, while
the remaining 15 were determined to have pure AD. Five of the 18
MCI patients were diagnosed with the nonamnestic subtype, while
the other 13 were diagnosed with amnestic MCI.

Measures

Patients were administered a neuropsychological battery that
included Logical Memory (LM) from the Wechsler Memory Scale

Perseveration Type by Group
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Figure 1: Quadratic effect of perseveration subtype by group.
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Table 3: Correlations for square-root transformed perseveration errors.

Measure 1 2 3 4 5
1. Activities ---

2. Elements .35% -

3. Features 37* .30* ---

4. Captured .23 .08 .22 -

5. Hybrid .02 .00 -.03 .25 -
6. L’;tzg:l’(';]i?i'ce -13 07 | -01 22 -14

*p < .05, **p < .01, **p < .001

Table 4: Intercorrelations for square-root transformed perseveration errors

Measure 1 2 8

1. GST - Semantic -

2. GST - Border .30*
3. GST - Motor -.03 .30*
4. GST - Total .50** .68*** .68***

*p< .05, *p < .01, **p<.001

- Third Edition [57] to assess verbal memory functioning and the
Boston Naming Test [58], as well as a semantic fluency measure, to
assess language abilities. EFs were measured with several other tests,
some of which have been quantitatively normed to yield percentile
descriptors of performance, including the Controlled Word
Association Test (COWA; [8]), the Digit Span Backward subtest
from the Wechsler Adult Intelligence Scale — Third Edition (WAIS-
IIL; [59]), Trail Making Test B (Trails B; [60]), Letter Alternation
Test (ABBA), and Clock Drawing to command [61]. In addition,
several other frontal/motor measures were administered and scored
qualitatively, including the GST-D [26] and the Fist-Edge-Palm Test
[11].

GST-D scoring

All patients completed the GST-D under the same administrative
and scoring procedures outlined by Lamar et al. [26]. Patients were
asked to draw geometric shapes (e.g., a triangle) and simple objects
(e.g., a house) or to write the corresponding words (e.g., “triangle”
or “house”) in response to commands read sequentially by an
examiner. The test is specifically designed to include alternating
modes of output in order to elicit perseverative behavior. Responses
on the GST were scored in a blinded fashion, such that raters had no
knowledge of patient diagnosis. The resulting errors were categorized
into six separate subtypes, which were then synthesized into the
three hierarchical constructs reported from the Lamar et al. principal
components analysis [26]. Descriptions of the composite constructs
and corresponding perseveration subtypes are presented in Table 2.

Results
Relationships among cognitive variables

In order to increase power to detect significant effects, all
correlational analyses were conducted across both patient groups
combined. In addition, perseveration type data were transformed,
using a square-root adjustment, in order to account for non-
normality. GST-D facet scores exhibited modest degrees of shared

variance, as indicated with intercorrelations, presented in Table 3.
Intercorrelations among the three GST-D indexes, along with total
perseverative errors, are shown in Table 4. These data support the
hierarchical model of error subtypes inasmuch as Semantic errors,
residing at the top of the hypothesized hierarchy of cognitive
complexity, share variance with mid-level Border errors (r = .30, p<
.05), but not low-level Motor errors, and Border and Motor errors
share variance with each other (r = .30, p< .05). This provides support
for the notion that Border errors do indeed reside at an intermediate
level of complexity between Semantic and Motor subtypes.

Table 5 shows intercorrelations among the three GST indices,
total perseverative errors, and select neuropsychological tests. Results
indicate that, contrary to Lamar et al. [26], Semantic errors did not
correlate significantly with measures of language functioning (the
BNT and Animal Fluency), but did correlate significantly with several
measures of EFs, including Digit Span Backward (r = -.38, p < .05),
Trails B - A (r = .34, p <.05), COWA - FAS (r = -.49, p< .01), Luria
Letter Alternation (r = .69, p< .001), and Clock Drawing Errors (r
= 42, p< .01). As performance on these neuropsychological tests
declined, Semantic perseverations tended to increase. Interestingly,
and consistent with our hierarchical model of perseverations, Motor
errors did not tend to correlate with these executive tasks, with the
exception of Digit Span Backward (r = -.43, p< .01). Additionally,
unlike Semantic or Motor errors, the Border error subtype correlated
with LM I (r = -.39, p< .05) and LM II (r = -.33, p <.05), suggesting a
sensitivity to memory decline across both MCI and AD patients.

Given the aforementioned evidence suggesting Border error
sensitivity to early AD, partial correlations were conducted between
Border errors and select neuropsychological tests, while initially
controlling for Semantic errors, and then controlling for Motor errors.
Results are presented in Table 6. Results suggests that, in comparison
with the zero-order correlations presented in Table 4, controlling for
Semantic errors tended to decrease the strength of the relationships
between Border errors and tests of EFs (i.e., Trails B— A and COWA),

Table 5: Correlations for square-root transformed perseveration errors and
select neuropsychological tests

Neuropsychological Test Semantic = Border | Motor Total
Boston Naming Test -.26 -.15 -.07 .09
Animal Fluency -.04 -.38* -.40* -.31*
LM I (WMS-IIl) -.27 -.39% .20 -.35*
LM Il (WMS-I11) -.18 -.33* -.16 -29
LM Recognition (WMS-I11) -.08 -.23 -13 -21
Digit Span Forward (WAIS-III) -.09 -.19 -.27 -.22
Digit Span Backward (WAIS-III) -.38* -.31* - 43* - 49**
Trails B - A .34 A3 -.09 .33*
COWA - FAS -.49* -.37* -.15 -.45%*
Luria Letter Alternation .69** .26 .16 51+
Fist — Edge — Palm .20 52** .08 40*
Clock Drawing Errors R .23 .16 A2rx

WAIS-IIl: Wechsler Adult Intelligence Scale, Third Edition; COWA: Controlled
Auditory Word Association Test; LM: Logical Memory; WMS-IIl: Wechsler
Memory Scale, Third Edition
*p< .05, **p < .01, ***p < .001
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Table 6: Partial correlations for square-root transformed border errors and
select neuropsychological tests, controlling for motor and semantic errors

Neuropsychological Test Border, Controlling = Border, Contrqlling
for Motor for Semantic
LM I (WMS-II1) - 46%* -.38*
LM Il (WMS-11T) -.36* -.27
LM Recognition (WMS-I11) =21 -.13
Digit Span Backward (WAIS-III) -.15 -.23
Trails B— A 53** .36*
COWA - FAS -.40*% -.24
Letter Alternation Ry aid .24
Fist — Edge — Palm 51** .45*%
Clock Drawing Errors eickd A2

WAIS-IIl: Wechsler Adult Intelligence Scale, Third Edition; COWA: Controlled
Auditory Word Association Test; LM: Logical Memory; WMS-III: Wechsler
Memory Scale, Third Edition

*p< .05, **p < .01, **p < .001

while controlling for Motor errors tended to increase the strength
of the relationships between Border errors and executive tasks (i.e.,
Trails B — A, Letter Alternation, and Clock Drawing Errors). These
findings provide further evidence of the executive nature of Semantic
errors such that, as Semantic error variance is controlled for, the
relationship between Border errors and executive tasks is attenuated.
In contrast, given that Motor errors lie at the lower end of complexity
in the hypothesized cognitive hierarchy, controlling for this variance
does not attenuate the strength of the relationship between Border
errors and tests of EFs.

Group by perseveration type

In order to test the hypothesis that perseverative errors would
be differentially related to progression of cognitive impairment,
we conducted a 2-group (AD and MCI) X 3-perseveration type
(Semantic errors, Border errors, and Motor errors) mixed ANOVA.
The omnibus ANOVA was significant with regard to the main effect
of perseverations, F(2, 31) = 13.82, p< .001, partial #°= .47. Follow-up
comparisons to the main effect indicated that Semantic and Motor
perseveration errors did not significantly differ across groups, but
participants committed significantly fewer Border perseverations in
comparison with both Semantic perseverations (p< .01) and Motor
perseverations (p< .001). Moreover, and in line with our prediction
of a differential relationship between progression of AD and the three
perseveration types, we conducted a 2-group X 3-perseveration type
planned polynomial comparison. The quadratic effect was significant,
F(1, 32) = 5.53, p< .05, partial #° = .15. Follow-up analyses indicated
that, although the three perseveration types did not differ from one
another in the AD group, significantly fewer Border errors were
committed in comparison with both Semantic errors (p< .01) and
Motor errors (p< .001) in the MCI group. These results suggest that
individuals with MCI produce significantly fewer Border errors in
comparison with Semantic and Motor errors, but as the underlying
disease process advances and patients convert to AD, there is an
increase in number of Border errors such that Border errors are
committed at an equivalent rate compared to Semantic and Motor
errors. This effect is presented in Figure 1.

Discussion

The purpose of this study was to investigate perseverative error
subtypes and neuropsychological test performance in AD and
MCI. We utilized the GST-D [12,26,50] and a battery of standard
neuropsychological tests. Results indicate that patients show
relationships across perseverative error subtypes and other cognitive
abilities in a hierarchical way. Specifically, intercorrelational analyses
among GST-D sub-facets demonstrated that the hypothesized second
tier of the hierarchy - Border errors — shared variance with both
Semantic and Motor errors, which were not significantly correlated
with each other. Moreover, Semantic errors, which reside at the top of
the theoretical hierarchy, correlated with multiple neuropsychological
measures of EFs, while Motor errors, at the lowest level, did not.
This finding is partially consistent with Lamar et al., [26], although
these investigators reported negative correlations between Semantic
errors and performance on measures of language functioning (i.e.,
the BNT and Animal Fluency) in AD, which were not present in our
data. Finally, partial correlations suggested that controlling Semantic
error variance weakened the relationships between Border errors and
executive tasks, while controlling Motor error variance strengthened
them.

Our hypothesis that GST-D Border errors reflect the progression
from MCI to AD was directly supported by a significant quadratic
interaction between error subtype and patient group. Our results
converge with trends from Lamar et al. [26], in which AD patients
produced only mildly reduced Border, compared to Semantic and
Motor errors, while healthy controls showed a notable trend in this
direction.

Finally, we demonstrated significant relationships between
Border errors and Logical Memory immediate and delayed
performance, which were not significantly correlated with Semantic
or Motor errors. This differential relationship may help explain
the sensitivity of Border errors to AD, given that verbal memory
measures (e.g., Logical Memory) are widely utilized for assessing the
AD symptomatology.

Broadly, perseverative behavior has been defined as a repetition
of a behavior that is no longer congruent with task requirements [3]
and has been studied in various populations using different tasks.
The GST-D appears to be a valuable instrument with which to elicit
and measure perseverations in individuals with dementia. Results
of two GST-D studies reported significant correlations between
perseverations and various executive tasks, including “out of set”
responses on the WAIS-R Similarities subtest [62], and constructional
errors on a modified Rey-Osterrieth Complex Figure [23]. This
suggests that, as a whole, GST-D errors can be conceptualized as
resulting from dysexecutive syndromes, although, as our data suggest,
some types of perseverations may be contributing to this effect more
than others. Moreover, Rusconi et al. presented differential rates of
perseverations on a simple circle cancellation task between patients
with unilateral neglect and patients with AD such that the former
produced significantly more perseverations than the latter [19]. This
suggests that, unlike findings in more complex tasks such as the
GST-D, AD symptomatology does not induce perseverations on low-
level, non-executive tasks.
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Bilder and Goldberg highlighted the importance of
conceptualizing perseverations vertically (i.e., within a neurocognitive
hierarchy) [12], as well as horizontally (i.e., across neurocognitive
domains). By utilizing a hierarchical model within a single task and
measuring cognitive performance in multiple neuropsychological
domains, the current investigation provides evidence to support
both vertical and horizontal dimensions. Although the vertical
component has not been thoroughly investigated in the literature,
several other studies (e.g., [28,29,63]) have demonstrated differential
relationships between perseveration subtypes and various outcome
measures. Ryan et al. measured graphomotor perseverations on the
Bender Gestalt task in 15 individuals with AD who were grouped into
those who displayed frequent wandering behavior and those who
did not, as reported by a primary caregiver [29]. Results indicated
that wanderers tended to show more “Type I” and “Type II”, but
not more “Type III” perseverations on the task than nonwanderers.
Although Type II perseverations do not have a clear analog to GST
perseveration subtypes, Type I errors, which were defined as a
“perseveration in which elements of a previous design are utilized in
a succeeding design when they are not present in the stimulus figure”
(p. 210), appear to overlap with GST-D perseveration of Features, a
component of Border errors. Moreover, Pekkala et al. utilized Sandson
and Albert’s model of perseverative errors and their results suggested
that error subtypes were differentially related to the various stages of
AD progression [28,64]. Finally, Lamar et al. administered the GST-D
to a sample of individuals with dementias of various etiologies and
results of a principle components analysis suggested that increased
Semantic and Border errors were related to poorer performance on
higher-level tasks [27], suggesting that these GST-D sub-facets are
both executive in nature. Taken together, evidence from these studies
can be interpreted as broadly consistent with the current findings of
1) the hierarchical nature of GST-D sub-facets and 2) the sensitivity
of the Border error subtype to AD symptomatology.

Accumulating evidence suggests that dementing pathologies that
present initially in the frontal lobes and lead to severe dysexecutive
syndromes may manifest with greater degrees of perseverative
behavior than AD (e.g., frontotemporal dementia; see [25,31]).
However, evidence shows that some early AD pathology does indeed
develop in the frontal lobes [65-68] and, furthermore, that certain
attentional and executive tasks are very sensitive to this pathology,
possibly even above and beyond standard memory measures
[44,46,48,69]. Specifically, Balota et al. and Hutchison et al. both
utilized a computerized, cued-Stroop task and conceptualized errors
on this task as representing a failure in the attentional control system
[44,48,70]. Results from both investigations showed that Stroop
errors were more sensitive to the progression of early AD pathology
than a battery of neuropsychological tests, including memory tests,
with the exception of the Selective Reminding Task [71].

Sensitivity of Border errors to progression of AD in the current
study reflects overlap between the cognitive underpinnings of GST-D
Border errors and Stroop intrusion errors. Specifically, Border errors
reflect either a bleed-over effect from previous figure drawings to new
drawings (perseveration of Features) or an incongruency between
instructions and behavior such that patients produce alphabetic letters
when directed to draw geometric figures (Captured perseveration;
see [26]). These errors reflect a breakdown in attentional control

inasmuch as this construct has been posited to reflect a higher-
order cognitive system that mediates flexibility and ingenuity and
the deterioration of which leads to an inability to filter out context-
inappropriate information [72], ostensibly leading to dysexecutive
behavior. Indeed, evidence from Sebastian et al. suggested that
perseverations by AD patients on the Brown-Peterson task [30,73,74]
reflected a deficiency in the central executive [75], a construct that
is closely related to attentional control. Although it could be argued
that the Semantic error subtype could also reflect breakdowns in
attentional control, our results suggest that Border errors may be
more directly mediated by this system. If this is the case, this overlap
in variance between the cognitive substrates of Border errors and the
attentional control system may have driven the original principle
components analysis from Lamar et al. in a population of demented
individuals [26].

Beyond theoretical explanation for the present results, it is
important to address the clinical implications of such findings.
Perseverations do occur in healthy younger and older adults, but at
a significantly reduced rate when compared to individuals with brain
dysfunction of various etiologies [34]. Moreover, perseverations in
individuals with neurodegenerative conditions have been shown to
discriminate the degree of white matter alteration in patients with
vascular dementia or AD [21] and to discriminate wanderers from
nonwanderersin AD [29], thereby demonstrating sensitivity to both
neural changes associated with disease progression and behavioral
manifestations of these changes. Equally significant is evidence
suggesting that even those with early stages of dementia tend to be
unaware of their perseverations, making error correction impossible,
and ostensibly creating significant functional impairments in these
individuals [24]. Although no studies to our knowledge have directly
measured the relationship between GST-D perseverative errors and
functional outcomes, Belanger et al. [76] utilized the Behavioral
Dyscontrol Scale (BDS; [77]), an instrument with significant task
overlap in relation to the GST-D, and demonstrated that the BDS
not only discriminates between AD and MCI, but it also predicts
performance of activities of daily living (ADLs) above and beyond
HVLT-R scores. Moreover, Cahn-Weiner, Boyle, and Malloy utilized
standard measures of EFs (i.e., Trails B and the Controlled Oral Word
Association Test) to predict both performance-based and caregiver-
rated ADLs [78]. Taken together, these studies suggest that scores
from executive measures of behavior, such as the GST-D, are sensitive
to the progression of AD pathology and have inherent utility in the
prediction of clinically relevant functional outcomes.

There are several limitations to this report. First, we did not have
access to healthy older adults from which to create a matched control
group. Although this would have allowed us to stage the progression
of AD pathology in a more complete manner with respect to GST-D
errors, evidence suggests that healthy older adults tend to perseverate
at very low rates [34], thereby decreasing the utility of assessing error
subtypes in this population. Second, our sample size was relatively
small, reducing our power to detect group differences. Finally, our
MCI sample was relatively heterogeneous such that it included
nonamnestic as well as amnestic subtypes. Consequently, we cannot
definitively rule out contributions from non-AD pathologies to our
GST-D and neuropsychological data.
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We believe that our results contribute to the literature on the

cognitive assessment of progressive AD symptomatology, as well as
that on the theoretical hierarchical distribution of perseverative errors
in individuals with dementing conditions. Future investigations
should examine the relationship between GST-D Border errors and
the progression of other dementing illnesses. In addition, GST-D
error subtypes should be utilized in the prediction of functional
outcomes in AD and other neurodegenerative conditions and these
perseverations should be measured on a longitudinal, rather than a
cross-sectional, basis, in order to more fully elucidate their sensitivity
to disease progression.
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