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Intact executive functioning is believed to be required for performance on tasks requiring cognitive
task. The authors conclude that AD patients display deficits in working memory, semantic memory, and
executive function, which are required for adequate CET performance.
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executive functioning, and whether patients with AD displayeddrome (Brand et al., 2003; Kopelman, 1991) as well as other
impaired performance compared with normal elderly controlspatients with brain damage (Goldstein et al., 1996; Mendez, Doss,
(NECs). We also wanted to examine whether the CET could& Cherrier, 1998).

adequately detect early impairments in patients who have MCI, In the Gillespie et al. study (2002) CET performance in NECs
thereby differentiating them from NECs. Patients with MCI often was dependent on semantic abilities related to verbal intelligence.
have mild memory impairments that closely resemble the impairGoldstein et al. (1996) examined the performance of AD patients
ments associated with AD, but are of a lesser severity (Chertkonand NECs using a version of the CET that required participants to
2002). A final aim of this study was to determine whether CET Provide both qualitative and quantitative responses. They found
performance relied on executive functioning or whether otherthat AD patients produced more extreme responses on the CET
domains such as semantic ability were involved. This approacifompared with NECs. They concluded that this impairment was
acknowledges the argument that any putative executive functiofot related to word-finding deficits. Instead, they found that the

task must, by definition, involve the coordination of other cogni- .tafSk rectqlwre(_jrr::ognltlve é)rt(r)]cet:sscfiss reliated th accessing semanyc
tive processes (e.g., Miyake, Emerson, & Friedman, 2000). Previy rormation. they argued that adequate periormance on a cogni-
- : S tive estimation test requires intact semantic memory to retrieve
ous studies suggest that the CET involves cognitive processes ) . .
iated with calculation (Axelrod & Millis. 1994 manti nowledge, facts, and rules associated with the questions and
assoclate cajcutatio .( etro . S ), semantics recommended that further tests involving cognitive estimation
(Kopelman, 1991), executive functioning (Spreen & Strauss

L o “'performance in AD patients should be compared with tasks in-
1998), and general intelligence abilities (Axelrod & Millis, 1994; volving semantic measures. In a manner, Mendez et al. (1998)

Goldstein et al., 1996) insofar as these processes can be assesggthnared performance on a different cognitive estimation test
using standard neuropsychological tests. On the basis of the littetween AD patients and patients with frontotemporal dementia
ature outlined below, we hypothesized that semantic memoryFTD). They found that AD patients, who typically display marked
would be an important supra-ordinate domain to examine. impairments in episodic and semantic memory (Albert et al.,
The CET was originally designed by Shallice and Evans (1978p001), performed worse than FTD patients, who typically display
to examine estimating abilities in patients with frontal lobe damagemarked impairments on tasks involving executive functioning
compared with patients with lesions outside frontal regions. TheifHodges et al., 1999; Perry & Hodges, 2000a). Mendez et al.
15-item assessment was a relatively simple test that was admini$1998) therefore suggested that cognitive estimation encompasses
tered to patients. They were required to estimate answers to quesemantic as well as executive functioning components.
tions that had either a quantitative response (e.g., a numerical Thus, previous research involving cognitive estimation has im-
answer such as “45 mph” to the question: “How fast do race horseBlied that several cognitive processes are necessary for adequate
gallop?”) or a qualitative or nominative response (e.g., “couch” toperformance on this task. The cognitive profile of AD is initially
the question: “What is the largest object normally found in acharacterized by an amnestic syndrome particularly involving ep-
house?”). The authors calculated patients’ scores on the basis ofigPdic and semantic memory (Chertkow, 1999; Lines et al., 1991;

4-point scale that was devised according to the responses given gé‘jerne_y,_Szalai,_ Dunn, Geslani, & McDowell, 2000). However,
the control group wirhin the normal range, quite extreme, ex-  (NETe is increasing awareness that AD patients can present with a

treme, andvery extreme). Shallice and Evans found that patients heterogeneous profile of cognitive deficits, with some cases pre-

with frontal lobe damage gave significantly more extreme answerg.entlng with predomlngnt nonmemory |mpa|rment (eg. visual
sturbances, language impairment; for a brief review see Perry &

. . . . . . i

(r)en itgﬁscigsrﬁ(lilvtiéo S?t'eendtstk\g :ThlgizgfiiciTZiiég gaggt?ﬁ{odges, 1999). Re!evant to our purposes, ava_ilable gv_idence in-

9 . ey gu p_ xecu Yfzates that AD patients exhibit executive function deficits as the
functioning capacm(_es. Although researche_rs have s_lnce _repl'cat_egisease moves beyond the early amnestic phase (Perry & Hodges,
the results of S.halllce. and Evans? regarding CET |mpa|rm§nt 'n1999) and that some patients manifest impaired executive func-
frontal lobe lesion patients (Shallice & Burgess, 1991; Smith &joning abilities even at early stages of the disease (Albert et al.,
Milner, 1984), others such as Taylor and O’Carroll (1995) failed t02001; Binetti et al., 1996: Collette et al., 1999). From a clinical
replicate the original findings. Taylor and O’Carroll compared perspective, cognitive estimation might be a useful bedside mea-
CET performance in a wide range of patients with different formssyre to differentiate between NECs and those with very mild
of dementia and brain damage. They concluded that patients withemory impairment or the early stages of AD. MCI patients
alcoholic Korsakoff's syndrome performed significantly worse perform worse than healthy NECs on neuropsychological tests of
than patients with frontal lobe lesions, as well as patients withmemory but do not meet the National Institute of Neurological and
closed head injuries. These authors did not suggest that any orf@ommunications Disorders and Stroke—Alzheimer’s Disease and
specific cognitive function was associated with performance on th&elated Disorders (NINCDS—-ADRDA) criteria for AD (Chertkow,
CET. Rather, they suggested that future patient groups should002; Flicker, Ferris, & Reisberg, 1991; Petersen, 2000). By
consist of participants with more localized brain damage. Nonedefinition, MCI patients display minimal impaired performance
theless, these results compelled researchers to question whether twmpared with NECs when tested on other cognitive domains
CET encompasses executive functioning components alone dFlicker et al., 1991; Petersen, 2000; Petersen et al., 2001, 1999).
whether other cognitive domains such as semantic memory abiliHowever, given the evidence suggesting early executive function
ties are involved in task performance. Since the Taylor anddeficits in AD, we also wanted to determine whether CET perfor-
O’'Carroll study, the CET has been modified and used as a task tmance in MCI patients would be impaired in comparison with NECs.
detect cognitive deficits in elderly participants (Gillespie, Evans, We also examined the relationship between CET performance
Gardener, & Bowen, 2002) and patients with Korsakoff's syn-and neuropsychological test scores to determine which cognitive
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processes were most associated with the CET. We predicted thately normal for their age group. For each question, participants were

the CET encompasses cognitive factors associated with executivequired to answer in numerical terms using units of measurement com-

functioning. However, we also predicted that neuropsychologicafortable for them.

tasks involving semantic representation would be closely related to 10 devise a scoring method, we calculated the mean and standard

CET performance. In this case, we believed that AD patients (angewatlon of the quantitative responses to each question from the normative
. 5 " group of 69 participants, with the mean representing the 50th percentile of

possibly MCI patients) would display poor performance on the

b . . ired holoa a:re normal distribution curve. All values that fell within one standard
CET, because AD patients are impaired on neuropsychologic eviation of the mean response were defined within the 16th—84th percen-

tasks involving semantic representation and impaired executiVgjes and were assigned a deviation score of 0. Responses that were less
functioning (Perry, Watson, & Hodges, 2000). than or greater than one standard deviation from the mean response were
To do this, we made several modifications to the CET. Previousiefined within the 2nd—16th percentiles and the 84th-98th percentiles and
versions included questions that required responses that wewmgere assigned a deviation score of 1. Finally, responses that were less than
nonquantitative (e.g., “What is the best paid job in England?”). Inor greater than two standard deviations above and below the mean were
our version, all questions required participants to give quantitativéjeﬁ”e‘j as gr(_eater than the _98th percentile or less than the 2nd percentile
answers, unlike those of previous versions (Goldstein et al., 199¢2"d were assigned a deviation score of 2. _
Shallice & Evans, 1978). Furthermore, because our version of the The distribution curve for each individual question was assessed for

CET is entirelv quantitative. it is easier for clinicians to score andnormality. Eight of the 23 questions did not have normal distributions and
yd ! were discarded from the final test version. The 15 questions that had

allows the use of standard deviation units to determine whether Oformal distributions and ranges were retained for the final version of the

not patients are significantly impaired when compared with aest Five of these were retained from the original test developed by
group of normal control subjects. Below, we first describe ashallice and Evans (1978; Questions 1, 2, 4, 5 and 9 in our version)
23-item pilot version of the test used to gather normative responseshereas the remaining 10 items were new to this version. The final version
and to identify which items to retain for the final version of the test.of the CET, which can be found at http://dx.doi.org/10.1037/0894-
The final 15-item version of the CET was then administered to &4105.20.1.123.supp, was administered to all participants. Table 1 lists the
new group of NEC participants and AD and MCI patients to values of responses that were gi\{en by the 69 participants who established
evaluate group differences. the normatlve_ data for the tgst. With thar_ee_ults we calculated a total score
for each subject by summing the deviation scores from each of the 15
questions. A higher deviation score corresponded to more impaired perfor-
Method mance. The mean CET score for the 69 participants who constituted the
Development and Standardization normative cohort was 5.6 = 2.8).
A _pilot vers_ion of the CET consisted of _a_ total of 23 qL_lestions from Participants
previous versions of the CET (Axelrod & Millis, 1994; Shallice & Evans,
1978) and new items generated by the authors. These items were admin-The final version of the CET was then administered to NEC, MCI, and
istered to 69 participants who had a mean age of 52 y§&rs<(23 years),  AD participants. A new sample of 25 NEC participants were recruited from
and a mean education level of 15.5 yea#® (= 4.0 years). This sample community volunteers as well as the Family Practice Clinic at the Jewish
consisted of individuals who were working at our research institute as wellGeneral Hospital in Montreal, Canada. A preliminary neuropsychological
as a subsample of elderly participants from our research cohort whdattery, clinical assessment, and neurological exam were carried out to
undergo routine neuropsychological testing to ensure that they are cognirerify that they were neurologically and cognitively unimpaired for their

Table 1
Normative Values of Answers Falling Within the Specific Percentile Ranges (Answered Metric Version) for all 15 Items on the CET
in the Normative Sample (n = 69)

Question < 2nd 2nd-16th 16th—84th 84th—98th > 98th
(unit of measurement) percentile percentile percentile percentile percentile
race horses (km/hr) <17 18-27 28-70 71-98 > 99
spine length (inches) <55 5663 64-100 101-134 > 135
oldest age (years) <104.0 105-110 111-121 122-126.0 > 127
height woman (inches) < 58 59-63 64-66 67-68 > 69
necktie length (inches) <20 20-26 26.0-48.0 48.1-59.7 > 59.7
weight elephant (Ibs) < 489 490-1000 1001-5000 5001-30480 > 30480
jet speed (km/hr) <240 241-480 481-1082 1083-2160 > 2161
temperature, Paris (°C) <-14 —14t0-3 —21to 10 11-19 > 20
TV programs <4 4-4.9 5-8.4 8.5-18.1 >18.1
marathon time (hrs) <2 2.1-2.9 3.0-8.0 8.1-15.0 >15.0
weight hammer (Ibs) <0.75 0.76-1.5 15-5.1 5.2-12.8 >12.9
shower water (L) <6 7-11.3 12-100 100-349 > 350
height giraffe (feet) <8 8-10 11-20 21-30 > 31
liquid consumption (L) <04 0.4-0.9 1.0-3.9 3.9-7.0 >7.1
pyramid age (years) < 500 501-1999 2000-5000 5001-6660 > 6660

Note. An answer that fell within the 16th—84th percentile was assigned a score of 0, an answer that fell within the 84th—98th percentiles was assigned

a score of 1, and an answer that was given above the 98th percentile and below the 2nd percentile was assigned a score 0b@niEETestimations test.
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age. An additional 15 NEC participants were recruited from the Depart-Table 2

ment of Psychology at Concordia University and were screened with @emographic Results Means (SD) and MMSE Scores for NECs,
neuropsychological test battery. These latter participants were administereéCI, and AD Patients

a health-screening questionnaire to rule out the following factors: a history

or presence of a significant medical, neurological, or psychiatric conditon ~ Measure NEC MCl AD

that could influence cognitive performance; the presence of two or mor(ﬂAge (years) 741 (7.1) 74.0(7.3) 78.8 (5.9)
risk factors for artherosclerosis (i.e., diabetes, hypertension, hyper"pidEducation (vears) 13.8(3.3) 12.7 (3.4) 10.7 (2.9)
emia, or a 20 pack/yeahistory of cigarette smoking); medication use that pMSE (/30) 28.7 (1.2) 27.7 (1.9) 25.1(2.6)

could influence cognitive status; vision that was not normal or corrected to
normal; or English not being the participant’s native language. Thus, théVore. MMSE = Mini-Mental State Examination; NECs: normal el-
total sample of NECs consisted of 40 participants. derly controls; MCl= mild cognitive impairment; AD= Alzheimer’s
We also had the opportunity to examine the relationship between CE1d|sease.
scores and performance on other neuropsychological tests through a par-
allel study on problem solving (transitive inference) in 39 older adults
(Akerib & Phillips, 2002). These participants (31% men, 69% women) hadgifference on MMSE scored;(2, 125)= 30.11,p < .0001,7? = .325,
a mean age of 73.8 yearSI[¥ = 7.6) and mean education of 13.8 years across all three groups. Tukey's post hoc analyses revealed that, as ex-
(SD = 3.3) and, thus, were comparable with the NECs reported above. Thigected, the AD patients had significantly lower MMSE scores than the MCI
study included neuropsychological tests similar to those used in the Mempatients and NEC participants but that the MCls and NECs did not differ.
ory Clinic battery (i.e., CET, semantic fluency, WAIS-IIl Similarities) and  Although there were no significant correlations between education or
also examined performance on the Wisconsin Card Sorting Test (WCST)ge and performance on the CET, we adopted a conservative approach and
Because this second cohort was not specifically recruited to be a contralsed age and education as covariates for the CET and neuropsychological
group for the clinical samples reported below, we shall refer to this groupanalyses reported below.
as normal elderly (NE). These participants were not used in the between-
groups analyses of the clinical samples reported below; however, their datp,., o dure
were used to examine the relationship between CET performance and other
cognitive domains using hierarchical regression. CET administration. The CET was administered in conjunction with
The MCI group consisted of 73 participants recruited from the McGill the neuropsychological battery in participants’ homes or at the hospital or
University Memory Clinic at the Jewish General Hospital. These partici- university in a quiet environment. All of the questions were read aloud and
pants were referred to the clinic on the basis of complaints of memory losgarticipants were instructed to give their best estimate when answering
reported either by themselves or by their family members. The subjectiveeach question. Participants were explicitly told that there was no single
memory complaints were accompanied by objective evidence of memorygorrect response to the question, and they were encouraged to answer with
loss on mental status testing and usually supported by neuropsychologictieir “best guess” or their “best estimation.” If explicit units of measure-
test scores that were at least 1 standard deviation below the normativeent were not provided with the answer, participants were prompted to
values for their age (Petersen, 208QYlemory performance among the provide a unit of measurement (i.e., “would you say liters or gallons?”).
MCI patients was not impaired enough to meet the NINCDS-ADRDA  Neuropsychological assessment. A series of neuropsychological tests
criteria for probable AD (McKhann et al., 1984), and there was no evidencavas administered to determine the relationship between other cognitive
of functional impairment as determined by the clinical assessment or by thdomains and CET performance. These included the Controlled Oral Word
Lawton Scale of Instrumental Activities of Daily Living. Associate (COWA) phonemic verbal fluency test for the letférd, and
The AD sample consisted of 40 participants who met the NINCDS-S (which measured phonemic verbal fluency); semantic fluency (animals;
ADRDA (McKhann et al., 1984) criteria for the diagnosis of probable AD. Benton & Hamsher, 1989, which measured semantic fluency and language
These patients were evaluated at the McGill University—Jewish Generdiunctions); the Boston Naming Test (BNT; Kaplan, Goodglass, & Wein-
Hospital Memory Clinic, a tertiary referral center where diagnoses aretraub, 1978, which measured naming and reflected aspects of semantic
made by geriatricians and neurologists. All participants were mild tomemory); and portions of the Wechsler Memory Scale Il (WMS IlI;
moderate in dementia severity, as classified according to the Washingtowechsler, 1997b), including Logical Memory (LM) | and Il and LM
University Clinical Dementia Rating Scale and met the criteria for “1.0” on
that scale (Hughes, Berg, Danziger, Coben, & Martin, 1982). There wasno————
evidence on clinical evaluation of systemic or other neurological disease * Thatis, a history of smoking a least a pack of cigarettes per day for 20
sufficient to interfere with cognitive function. We excluded structural brain years.
disease by CT and/or MRI and did blood work including CBC, routine 2 Recent considerations have recognized that MCI is a heterogeneous
chemistry, thyroid function, serum B12, folate, and VDRL (syphilis screen).label including a range of clinical manifestations (Lopez et al., 2003;
All patients scored less tha 4 on theHachinski ischemic scale (Hachinski et Petersen et al., 2001). The subtypes most relevant to our purposes are
al., 1975). The Mini-Mental Status Exam (MMSE; Folstein, Folstein, & patients with mild impairment in learning and memory and relatively
McHugh, 1975) was carried out by the clinician as a global assessment toohormal performance in other domains (an “MCI amnestic only” subtype),
Table 2 shows the demographic descriptive features for the me&P) patients with memory impairment and mild impairments in at least one
age, education, and MMSE scores for the entire sample of elderly controlsther cognitive domain (an “MCI amnestic plus” subtype), and patients
and patients. A one-way analysis of variance (ANOVA) comparing agewith mild impairments in multiple other cognitive domains not involving
differences between the three groups (NEC, MCI, and AD) revealed anemory (an “MCI multiple domain” subtype). We explored the possibility
significant age effectt(2, 147)= 6.51,p < .002,1> = .081. A post hoc  that CET performance might vary according to these MCI subgroups.
analysis indicated that the AD group was significantly older than the NECsAccordingly, we divided our sample &f = 73 MCI participants into the
A one-way ANOVA comparing education levels between the three groupdollowing subgroups, as function of whether each participant fell 1 standard
revealed a significant effect of educatidif2, 146)= 8.48,p < .001,n> = deviation or more below neuropsychological norms in memory function
.104. Post hoc analyses indicated that the AD group had lower educatioand/or other cognitive domains: MCl amnestic= 14; MCI amnestic
levels compared with the NEC group but that NEC and MCI groups did notplus,n = 23; MCI multiple domainyz = 29; MCI no deficit,n = 7. These
differ. Finally, a one-way ANOVA revealed that there was a significant subgroup analyses are reported below.



COGNITIVE ESTIMATION IN ALZHEIMER'S DISEASE 127

Table 3
Mean (SD) and Statistics for all Neuropsychological Tests Administered

Tests NEC MCI AD F Ratid® 7
CET 6.9 (2.9) 7.9(3.7) 13.2:°(4.2) 23.87* .249
BNT 56.1° (4.8) 47.99(8.1) 38.69(9.2) 25.20* .287
Phonemic Fluency 46°%(11.7) 335 9(11.6) 26.39(11.9) 19.63* 217
Semantic Fluency 18°7°(4.1) 13.89(3.8) 8.6-9(3.9) 41.87* .369
LM | 14.37°(3.2) 10.3>9(5.0) 4.89(3.1) 30.67* .305
LM 1l 12.7¢(3.9) 6.9 9(5.3) 1.449(2.1) 43.24* .382
LM Retained 87.%¢(20.6) 57.5° (36.6) 40.8 (94.9) 5.05* .069
Digit Symbol 53.9:¢(12.5) 43.4-9(12.2) 31.39(14.6) 11.24* .145
Similarities 22.%:¢(6.1) 18.19(6.3) 13.39(6.6) 9.60* 124
Block Design 30.9 (11.3) 24.9 (9.0) 18.2 (8.8) 3.03 .050
Digit Span Forward 6.0 (1.2) 5.8(1.1) 5.4 (1.5) 0.30 .010
Digit Span Backward 4.9 (1.3) 3.8(1.3) 3.6 (1.3) 1.64 .072
LNS 9.7 ¢(3.4) 7.59 (2.4) 6.17 (2.7) 6.84* 126
Spatial Span Forward 23(0.6) 4.1°(0.8) 4.0° (0.9) 6.43* .130
Spatial Span Backward ££(0.7) 3.6>9(1.0) 3.009(0.9) 5.86* 121

Note. An asterisk indicates that the univarididest was significant gt =< .05. CET= Cognitive Estimation

Test; BNT = Boston Naming Test; LM &= WMS-III Logical Memory immediate recall; LMIl= WMS-III

Logical Memory delayed recall; LNS Letter-Number Sequencing.

2 F values corresponding to the analysis of covariance comparing group differences (with the covariates being
age and education) are reported. However, to evaluate the actual differences as a function of group, we report
the effect size?) of the group main effect and the unadjusted group méafsiGroup means sharing the same

letter superscript differed significantly at the< .05 level.

Retention scores (which measured the percentage of information retainegalues of the one-way ANCOVAs evaluating group differences.
from immediate to delayed recall, which measured immediate and delaye@there were significant group differences on a number of neuro-
episodic memory) and Spatial Span Forwards and Backwards (whictysychological tasks. As noted in Table 3, the three groups differed

measured general attentional abilities and working memory). We als%ignificamly from each other, with AD patients performing more

included several subtests of the Wechsler Adult Intelligence Scale (WAIS- . .
; . . . ~poorly than MCI patients who, in turn, performed more poorl
IIl; Wechsler, 1997a), including Block Design (which measured fluid P y P P poorly

intelligence, perceptual organization, and visual constructional ability),than the NECs on the following tests: the BNT, Phonemic Fluency,

Digit Span Forwards and Backwards (which measured general attentionéemfant'c Fluency, LM I and I, Digit Symbol, Similarities, and
abilities and immediate and working memory), Letter—Number Sequencing>Patial Span Backwards.
(which measured processing and storage in working memory), Similarites AD and MCI patients performed significantly worse than NECs
(which measured abstract verbal reasoning), and Digit Symbol (whichon the LM percent retained score, Letter—Number Sequencing, and
measured psychomotor control and general speed of processing). THepatial Span Forwards, but the performance of the former two
MMSE (Folstein et al., 1975) was also administered to all participants agyroups did not differ significantly from one another.
a measure of global cognitive functioning. Table 3 lists all meansP)
scores for NECs, MCls, and ADs on these neuropsychological tests.

Correlations and Regression Analyses for CET and

Statistical Analysis Neuropsychological Measures

Performance on neuropsychological tests was assessed with a one-wayPearson’s product-moment correlations were computed sepa-
analysis of covariance (ANCOVA) to examine group differences for all rately for each group to determine the relationship between neu-
tasks, including the CET, with age and education used as covariates. Wh%psychological test performance and CET performance. The num-
significant group differences were present, Tukey's post hoc analyses weliger of participants contributing to each correlation differed from
conducted. measure to measure because not all neuropsychological tests were

Results -
3 For this analysis and subsequent neuropsychological test score analy
CET Performance ses, theF values corresponding to the ANCOVA comparing group differ-
ences (with the covariates age and education) are reported. However, in

There was a significant group effe@(4, 144) = 18.46,p < . )
000172 = 2492 indicating that the AD ¢ dsi order to evaluate the actual differences as a function of group, we report the
AR  Indicating that the group performed Sig oot gjze ©?) of the group main effect and the unadjusted group means
nificantly worse than NECs and MCls but there were no group;, tapie 3.

differences between MCI patients and NECs (see Tabfe 3). 4 None of our MCI subgroups differed from the NECs on CET perfor
mance with the exception of the “MCI amnestic plus” subgroup, which had
Neuropsychological Test Performance a moderately elevated mean CET score of 8.98 & 4.2). However,

] ) because this score fell well within 199 of the performance of the NECs,
Table 3 lists the unadjusted mean a$id for each group for  we consider this to be relatively weak evidence for the existence of a
each neuropsychological task, as well as the corrected nmfodel meaningful impairment in this subgroup.
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Table 4
Correlation Matrix for AD, MCI, and NECs for all Neuropsychological Tasks
LM
Task CET MMSE BNT Flu-P Flu-S LM1 LM2 Ret DSYM SIMI BDES DSF DSB LNS SPAF SPAB
AD
CET —
MMSE -.211 —
BNT —.338* —.054 —

Flu-P  —.179 .043 .269 —

Flu-s —.267 .055 .545*  .565* —

LM | —.085 A467* —.199 —.080 122 —

LM1 —.208 141 —.319* —.292* —.148 272 —

LM Ret —.218 .049 —.170 —.148 —.042 —.243 617 —

DSYM -.136 .099 .383* 275 .305* .183-.369* —.340* —

SIMI —.113 .206 A34* 741F .543* 114%.412*% —.323* 430 —

BDES -.215 .093 —.082 .233 129 224 —.119* 114 .294*  300* —

DSF —.334 .260 .054 .552* .345 .162 .055 .026 .281 513* 244 —

DSB —.085 239 —.141 .489* .256 .205 112 —.039 .063 .513* 169 .560* —

LNS —.292 A17* 269 572* .356* .278 —.302 —.287 .296 .653* 211 .501 430 —

SPAF —.251 .149 —.108 —-.083 —.089 301 .222 —.020 .253 132 409*  .209 .289 .073 —
SPAB —.395* .161 272 223 .215 .219-.034 —.157 .342*  .386* .303* .268 517 450 311 —

MCI
CET — -=-.317 -.177 -.159 -.111 -—-.134 -.128 -.181 -.121 -—-.128 -—.126 -.137 —.035 -.165 .069 .015
MMSE — .238* .068 .240* A62* 457 501 317 244 162 144 .613* .176-.051 .073
BNT — .307* A3T* .145 .150 .138 .219*  .232* .356* .101 .375-.158 —.248* .037
Flu-P — .341* —.036 —.150 -.168 333 .110 .241*  593* 353 .040 217 .095
Flu-S — .231*  .313* .221* .292* .315* .211* .105 .003 .162 .111-.038
LM | — .798*  .548* .204* 446 .258* .056 .146 134 —.118 .070
LM 1l — .874* .079 .340* .168 —.080 .388* .163 —.282* .045
LM Ret — —.048 .235*  .028 —.083 A24* 137 —.421 —.197
DSYM — .241* 491 107 122 .042 .082 173
SIMI — .524* .021 —.006 131 —.032 -.170
BDES — .020 A424* .004 .109 151
DS F — .633* —.122 —.259 .391*
DS B — .083 —.381 A4T7*
LNS — .343 —.004
SPAF — .343*
SPA B —
NEC
LM
CET MMSE BNT FAS ANIMAL LM1 LM2 Ret DSYM SIMI BDES DSF DSB LNS SPAF SPAB
CET —
MMSE -.146 —
BNT —.609* .355 —

Flu-Pp —.025 .217 —.080 —

Flu-s —.326* .209 .048 A23* —

LM I .063 .100 -.010 -.166 .219 —

LM -.178 176 .037 —.072 .354* 820  —

LM Ret —.322* .110 —.033 .070 .338* .315%  .766* —

DSYM -.109 214 —.014 -.094 .150 .550* .581 414 —

SIMI —.491* .130 .242 .203 A47* .196 .327%  .361* 244 —

BDES -—.236 717* —.045 .033 .382 .514* 588* .461* .530* .534* —

DSF -.310 572* 187 .158 .306 .549*  .590* .450* .390 .258 .382 —

DSB —.383 418 .235 .168 151 .512* .503 .079 .301 .281 499 677 —

LNS —.451* .088 .352 .044 .240 .336* .438 .270 .358* .559* .812* .529 677* —

SPAF —.355 .395 116 —.251 118 .236 467 501 .007 410 .280 .362 .294 .639* —
SPAB —.285 450 —.066 .168 414 —.013 175 .388 —.028 496 .356 —.241 —.004 .234 .399 —

Note. AD = Alzheimer’s disease; MCE mild cognitive impairment; NECs= normal elderly controls; CEF cognitive estimations test; MMSE
Mini-Mental Status Examination; BN¥F Boston Naming Test; Flu-B Phonemic Fluency; Flu-S Semantic Fluency; LM k= Logical Memory |; LM

Il = Logical Memory Il; LM Ret= Logical Memory Retention; DSYM= Digit Symbol; SIMI = Similarities; BDES= Block Design; DS F= Digit
Span Forwards; DS B- Digit Span Backwards; LNS- Letter-Number Sequencing; SPA-F Spatial Span Forwards; SPASB Spatial Span Backwards;
FAS = verbal fluency for letters (f, a, s); ANIMAL= verbal fluency for semantic category (animals).

* Correlation is significant at .05 (one-tailed).
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administered to every participant during their clinical assessmentorrelations §?), and R and R? on the final step after all the
A negative correlation between CET performance and a giverindependent variables were entered into the equation. For testing
neuropsychological test score was expected, as a high CET scotiee significance of the regression componeftsor each variable
denotes impaired performance. Table 4 lists thealues for  was based on the changeRA (i.e., s/%), the multipleR? after all
Pearson’s product-moment correlations between CET performanGgriables were entered, and the residual degrees of freedom from
and each neuropsychological test. the ANOVA table for the final stepif = 12 for NECs andif = 30
When significant correlations emerged, a hierarchical regressiog,; Aps: see Tabachnick & Fidell, 2001, p. 144).
analysis was performed separately for each subject group to de-
termine the predictive power of these neuropsychological tasks on
CET performance. We chose to use hierarchical multiple regresNormal Elderly Controls
sion over stepwise regression because, in the former, the order of o . )
variable entry is based on theoretical and logical reasoning rather /S indicated in Table 4, CET performance in the NEC group
than being solely determined by statistical criteria (Tabachnick &correlated significantly with BNT, Semantic Fluency, LM Reten-
Fidell, 2001). The entry order for each independent variable wadion scores, Similarities, and Letter-Number Sequencing. The vari-
based on the assumed proximity between the cognitive domaigbles were entered into the regression analysis in the following
tapped by the neuropsycho|ogica| task and the CET. That is, W@rder: LM Retention, BNT, Semantic Fluency, and Similarities. A
hypothesized that adequate performance on the CET was depestatistically significant model that included all of these variables,
dent on intact executive functioning (most proximal), followed by R = .76,F(4, 12)= 3.98,p < .028, was obtained, and it indicated
semantic representations. Therefore, neuropsychological tasks dfat the BNT significantly accounted for 38% of the variance
sociated with these domains were entered into the analysis last amgsociated with CET performance € .05). LM Retention scores,
second to last, respectively, and were preceded by tasks that w&emantic Fluency, and Similarities were no longer significant
hypothesized to be less closely associated with CET performangeredictors of CET performance when all predictors were tested on
(e.g., episodic memory). This strategy allowed us to evaluate théhe final step (see Table 5).
contribution of predictors we thought would be closely linked to  With regard to the second cohort of NE participants, we found
cognitive estimation, having controlled for the effects of cognitive that Semantic Fluency, Similarities, and WCST perseverative er-
domains that we believed to be less central. We evaluated theors correlated significantly with CET performance (see Table 5).
model that included all eligible predictors for significance and thenSimilar to our approach for the clinical groups analyses, we ex-
evaluated each individual predictor as to whether it contributedamined these relationships in a hierarchical regression analysis.
significantly to the model on the final step. The final model including these variables was signific&nt; .66,
Table 5 shows the results of the regression analysis, including’(3, 35) = 8.90,p < .001, and indicated that Semantic Fluency,
the results from the significant bivariate correlations between CETSimilarities, and WCST perseverative errors each explained a
performance and the independent variables for each group, th&gnificant and unique amount of variance of CET performance
unstandardized regression coefficier8y (he squared semipartial (see Table 5).

Table 5

Hierarchical Regression on CET Performance in Normal Elderly Control (NEC) and
Alzheimer’s Disease (AD) Participants and the Second Cohort of Normal

Elderly (NE) Participants

Group Step Variable R with CET B B sr?

Intercept= 30.88,R? = .57, adjustedk?® = .43,R = .76

NEC 1 LM Retention -.27 .004 .036 .07
2 BNT —.61 -.331 —.523 .38*
3 Animal fluency -.34 -.115 —.156 .06
4 Similarities -.57 —.174 —-.367 .06
Intercept= 21.63,R? = .21, adjusteck® = .16,R = .46
AD 1 Spatial Span backwards —-.40 -1.43 -.33 .16*
2 BNT —-.34 —.107 —.25 .06
Intercept= 16.96,R*> = .43, adjustedk® = .38,R = .66
NE? 1 Animal fluency —.49 -0.27 -.29 .24*
2 Similarities —.52 —0.44 —.30 12*
3 WCST % errors .46 .10 .29 .07*

Note. CET = cognitive estimations test; LM= logical memory; BNT= Boston Naming Test; WCSF
Wisconsin Card Sorting Test.
2NE here refers to the second cohort of normal elderly participants 89) reported.
*
p < .05
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Mild Cognitive Impairment analysis, the BNT did not emerge as a significant predictor of CET

Despite the | le si f patients. th . ,foerformance after controlling for performance on the Spatial Span
espite the large sample size of patients, there were no signifg - 1ol

icant correlations between CET performance and neuropsycholog- How might we account for the different findings between these

ical measures for the MCI Group. . .
i two groups as seen in the regression analyses? We offer the
following preliminary model for the reader to consider. First, it is
Alzheimer’s Disease logical to conclude that NECs had intact working memory, as
. ... displayed by ad t f task h as Letter—Num-
Among the AD patients, CET performance correlated Slgmﬂ_blesrp;geuen)(/:ii etg)uiaite Sp e;no::rr;z;lvr;z(: dogn(?SB;cT(l\j\?ar:: ai ders altjira:]l
cantly with the BNT and Spatial Span Backwards test. The corre- q g PIgit 5p ' P

lation between Semantic Fluency test scores and CET performancsé)an Forward and Backwards. Thus, a combination of intact

just missed conventional significance£ —0.27,p = .055). A working memory and semantic abilities should enable the NECs to
hierarchical regression model was performed with Spatial Spafferform well on the CET, because they are able to maintain
Backwards and BNT entered first and second, respectively. Theémantic information in working memory in order to estimate a
final model which included both predictors of CET performanceplaus'b|e solution to each question. For example, when required to
was statistically significan®® = .46, F(2, 30) = 4.03,p < .028. estimate the height of a giraffe, it likely is necessary to maintain
Performance on the Spatial Span Backwards task significantly€Veral pieces of semantic information in working memory (such
accounted for 16% of the variance & .05), whereas the BNT @S the size of the giraffe in relation to other tall objects, estimating

was no longer a significant predictor on the final step (see Table 5§h€ height of those other objects, generating a proportional value,
etc.). Therefore, to formulate a plausible answer using judgment

and reasoning, it is necessary to maintain relevant semantic infor-
Discussion mation in working memory. However, the AD patients in this
étudy were significantly impaired on working memory tasks (as
displayed by their poor performance levels on the Spatial Span
Forward and Backwards, and Letter—Number Sequencing tasks)

but MCls were not impaired as evidenced by the nonsignificanfancI on tests of semantic ability (as evidenced by their impaired
Performance on tasks of fluency, naming, and similarities). As

difference between MClIs and NECs on this test. A second goal Osuch, not only would the AD patients have difficulty accessing

this study was to examine which cognitive components were

involved in CET performance. We hypothesized that there WoulaSemamtlc information required for a CET question, but they would

be a relationship between CET performance and executive funcZalso have difficulty hoIdmg relevant.mfor.mauon in working mem-
ory to formulate a solution. That is, without adequate working

tioning tasks. However, previous studies have suggested that the . . -
- . : ; emory, AD patients would likely be unable to maintain any
CET also involves semantic representation (Goldstein et al., 1996). o ) . .
. . emantic information to adequately estimate plausible answers to
We found evidence to support both of these notions. We shall no . . . . ;
he solutions on the CET. If this rudimentary model is correct, it

d'S_I(_:#eszithn?ﬁcear:taé?ﬁreerztrﬁz :: tuerrr;(.)rmance between NEC and ADcautions against interpreting the CET (and many other measures)
. 9 P . as a pure executive task and suggests that the CET may be subject
patients on the CET agree with the results of Goldstein et alt the concerns reqardi ” . .
: . . garding task impurity expressed by Miyake,
(1996). These results are also consistent with recent studies thf—ﬂriedman Emerson. Witzki, & Howerter (2000). A recent review
suggest that AD patients manifest significant executive functioningoy Royalllet al. (200‘2) disti;wguished between t\'NO conceptualiza-

g%ﬂ;?;entgbci\;e; S\tliligciaggoslt'agzloct); g]ia(ﬂ:fz%eoz@gidnﬁ:%bns of executive processes, namely executive functions as they
4 ' i ’ ; ' pertain to higher order abilities such as reasoning and abstraction

et al., 1996; Brand et al,, 2003; Collette et al., 1999; Duke &(a somewhat older conceptualization) versus executive functions
Kaszniak, 2000; Goldstein et al., 1996; Perry & Hodges, 1999 . P ) .
that control the execution of other nonexecutive cognitive pro-

2000b; Perry et al., 2000). These impairments range from dysfunc- L
. . ; : . ’ cesses. In our opinion, the CET encompasses aspects of both,
tion associated with working memory performance to impairment . . .
S . where deficits in working memory undermine the control of ab-
in judgment and reasoning.

. . ._straction and r ning along with other nonex ivi iliti
With respect to the second goal of the study, we found S|gn|f-St action and reasoning along with other nonexecutive abilities

. - . uch as semantic memory).
icant negative correlations between CET performance and tasks 6? )

. . The results from our second group of normal elderly participants
working memory and semantic memory for both NECs and ADtested (the NEs) indicated that perseverative errors on the WCST

patients. Specifically, CET performance correlated significantly : . o
with BNT, Semantic Fluency, and Letter—Number Sequencing inpredlct performance on the CET, strengthening the argument that it is

. . . indeed sensitive to some aspects of executive functioning. This is
tpha?ti(’e\lnfscsl tﬁz(jin\,tv:ri:es?i’:g 3:;(: ]%Fr)itr']? S Ezng?SSgW;Ld:n'Th?%Q.II? especially notable given that perseverative errors are the metric of the

and Letter—Number Sequencing tasks were entered into the hieVyCST considered most sensitive to executive impairment (Lezak,

. . . . -1995; Milner, 1963; Mountain & Snow, 1993). Unfortunately, our
archical regression analysis, the BNT emerged as the only signif- =" . . . .
. : ) . clinical test battery was weak in tasks aimed at measuring executive
icant predictor of CET performance. At first glance, this would
suggest that adequate performance on the CET is predominantly
dependent on s_emantic representation tasks as indexed by thes correlations conducted for the MCI subgroups did not yield any
BNT. However, in the AD group, when the Spatial Span Back-significant two-tailed correlations between CET scores and performance on
wards task and BNT were entered into the hierarchical regressioather neuropsychological tests.

One purpose of this study was to examine whether we coul
distinguish between patients with dementia and NECs using th
CET. AD patients performed significantly more poorly than MCls,
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functioning. Whereas tasks such as Spatial Span Forwards and Bagbatients) to evaluate their performance on the CET compared with
wards, Digit Span Forwards and Backwards, Letter—Number Senormal controls. For example, one would assume that if the CET
quencing, and Verbal Fluency were included in the clinical testwere a sensitive measure of executive functioning, then FTD
battery, these tests are best conceptualized as working memory megatients with frontal signs would perform poorly on the CET.
sures (with the exception of verbal fluency). Other measures such ddowever, in the study conducted by Mendez et al. (1998), AD
the WCST, the Tower of Hanoi Task, the Stroop Task, and the Traipatients performed more poorly than FTD patients. In that study,
Making Test, Part B, are more typically considered measures ofhe AD patients had lower MMSE values than the FTD patients,
executive functioning but were not included in our clinical neuropsy-which suggests that their more severe dementia could have ac-
chological dementia test battery because these tasks can be difficaunted for impaired CET performance as opposed to specific
and fatiguing to perform for impaired patients. Consequently, wesemantic or executive functioning impairments.
must be cautious in our interpretations. With regard to lesion patients, the findings are inconclusive.
As a group, the MCI participants did not differ significantly Shallice and Evans (1978) originally tested CET performance in
from the NEC participants on CET performance, indicating that,focal lesion patients. They suggested that patients with frontal lobe
with few exceptions, they performed within normal limits on this lesions performed significantly worse than patients with parietal
task. However, in contrast to the results for the NECs and despitéobe lesions on the CET. However, Taylor and O’Carroll (1995)
our large sample size, we failed to find any significant correlationsshowed discrepant results. Therefore, to refine the relationship
between CET performance and neuropsychological test scord¥etween CET and neuropsychological task performance, further
within the MCI group. There are several possibilities to account forresearch should be conducted using these specific patient groups
this unexpected null result. First, it is possible that our large groupand with more pure measures of specific cognitive constructs.
of MCI participants constituted a heterogeneous cohort. As suchThese studies would resolve the discrepant findings and further
some of these patients will either progress to develop AD, therebydd to the theoretical and clinical research on executive function-
manifesting cognitive impairments that are within similar rangesing impairments in patients with FTD, as well as patients with
of AD patients, and some will remain as nonprogressors, withlocalized lesions.
cognitive impairment that neither improves nor worsens. Second, In conclusion, our data indicate that cognitive estimation is
the range and nature of cognitive profiles and impairments withiimpaired in AD but is intact in patients with MCI. On the basis of
this group may have varied so widely as to preclude correlationghe pattern of results from our two groups of healthy elderly
between the CET and other tasks. We explored this possibility byarticipants and patients with AD, we conclude that although the
dividing our patients into MCI subgroups and still no significant CET is sensitive to aspects of executive function (as per the
effects were observed. MCI patients are usually distinguished fronielationship with WCST perseverative errors), it is not a pure
ADs and NECs on the basis of episodic memory task performanceeasure. The performance of our NEC and AD participants high-
(Chertkow, 2002; Collie & Maruff, 2000; Flicker et al., 1991; light the importance of semantic memory and working memory
Petersen, 2000; Petersen et al., 2001, 1999), which we observed gentributions to cognitive estimation performance.
this study as well. However, our MCI patients were also impaired
on semantic memory tasks (e.g., BNT, Semantic Fluency, and References
Similarities) at least a_ccc_)rding to thg group means. Other StUdi_eﬁkerib, V., & Philips, N. A. (2002, April). Age differences in problem
have also reported mild impairment in MCI patients on semantic solving using a transitive inference task. Presented at the Ninth Biennial
tasks such as the BNT (e.g., Petersen et al., 1999) and Semanticcognitive Aging Conference, Atlanta, GA.
Fluency (e.g., Phillips, Chertkow, LeBlanc, Pim, & Murtha, 2004). Albert, M. S., Moss, M. B., Tanzi, R., & Jones, K. (2001). Preclinical
As well, executive functioning impairments have been noted in prediction of AD using neuropsychological testeurnal of the Inter-
MCI patients (e.g., Haninen et al., 1997; Tierney et al., 1996).  national Neuropsychological Society, 7, 631-639.
Perhaps, because the MCI sample showed only mild deficits ifixelrod, B. N., & Millis, S. R. (1994). Preliminary standardization of the
episodic, semantic, and working memory (as a group), these fac- cognitive estimation testissessment, 1, 269-274.

tors were not powerful enough to predict their CET performance.Baddeley' A.D., Bad‘.jeley’ H. A, Buc.ks’ R. S'_’ & Wilcock, G. K. (2001).
Attentional control in Alzheimer’s diseasBrain, 124, 1492-1508.

TO. mvesngat?. further the hypothesis that semantic memoryBanta, D. A., & Faust, M. E. (2002). Attention in Alzheimer's disease. In
contributes significantly to CET performance, we also tested two - 501 ¢ s Cappa (Eds.)Handbook of neuropsychology: Vol. 6
patients with semantic dementia. These two patients, aged 72 4,0 und dementia (2nd ed., pp. 51-80). Amsterdam: Elsevier Science.

and 75 (MMSE scores of 24 and 23, respectively), both showegsenton, A. L., & Hamsher, K. (1989 ultilingual aphasia examination.
marked anomia and loss of semantic knowledge on various tasks, lowa City, IA: lowa AJA Associates.
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