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Abstract

The present study examined dual-task performance in elders with cognitive impairments and normal controls.

The participantsll = 60; M age= 84.6) were recruited from residential facilities and the community. They were
assigned to one of three groups: (1) cognitive impairment; (2) residential facility control; (3) community control.
Two different dual-task conditions were comprised of simple tests that are presumably prodassgzhrate

perceptual modalities: 1 visual-manual and 1 auditory—verbal. The first condition consisted of a visual cancellation
test and an auditory digit span. The second condition was comprised of an alternate form of the visual cancellation
test and letter fluency. MANOVA examined the effect of cognitive status (3-level independent variable) on 3 indices
of dual-task performance (letter fluency, digit span, visual cancellation). Analyses controlled for age, education
and performance on each test when performed alone. The results revealed that the cognitive impairment group
incurred significantly greater dual-task costs compared to both control groups. Furthermore, as was evident

from discriminant function analyses, the dual-task measures were very accurate and better than the traditional
neuropsychological measures at discriminating elders with cognitive impairments from normal controls.

(JINS 2004,10, 230-238.)
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INTRODUCTION Age differences in dual-task performance have been stud-

: L . ied extensively (for review, see Hartley, 1992; McDowd &
Executive function is a term that refers to a variety of IooserShaW 2000). A number of studies have found that aging is
rglateq . hlgher-prder cogn|t|ve. processes such as planélssociatedwithincreased costsindual-task performance (e.g.,
ning, initiation, judgment, cognitive flexibility, and self-

. ' Crossley & Hiscock, 1992; Lietal., 2001; Glass et al., 2000;
perception (Lezak, 19.95’ Spreen & _Strauss, 1.998)' Th%althouse etal., 1984; Whiting & Smith, 1997) while others
assessment of executive processes is challenging both

fHiled to demonstrate this relationship (e.g., Nyberg et al.
terms of test selection and our understanding of the neur P (€.g., Nyberg ’

. . ) [997; Somberg & Salthouse, 1982; Tun & Wingfield, 1994;
anatomical substrate underlying these functions (Stuss, 199¢ g g

) . Vlickens etal., 1987). Hartley (1992) suggested several rea-
Stushs iAllexar;]der,bZOOO, Stl(sts &Levine, 2003.)' Dgal'ta;sksons why age-related costs might be noted in dual-task par-
methodology has been used to assess coordination o r(:?laigms eventhoughthese costs are not attributable to divided

source allocation to competing tasks which is considered 33ttention. These include compromised performance by the
one facet of the executive functions (Salthouse & Miles

‘elderly on the individual tasks used in the paradigm, variable

2002; Baddeley, 2001). complexity levels of the individual tasks, and use of two tasks
that target the same perceptual modality (for review of meth-

*In dedication to the treasured memory of Dick Burright: a scholar, odological issues relevant to the interpretation of dual-task
mentor, and friend whose academic work was second only tc; his gener(’)§-05ts' see Guttentag, 1989; Hartlgy’ 1992)' .Hartley and Lit-
ity and kindness. tle (1999) demonstrated that age differences in dual-task costs

Reprint requests to: Roee Holtzer, Ph.D., Cognitive Neuroscience Diyere reduced significantly when using two relatively simple
vision of the Taub Institute, Columbia University College of Physicians ks th i@ diff | daliti
and Surgeons, 630 West 168th Street, P & S Box 16, New York, Ny1@SKS that are processew ditferent perceptua moda ities.
10032. E-mail: rh2034@columbia.edu Hartley (2001) suggested that age differences in dual-task
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costs may be confined to concomitant generation and execuespectively. The participants were White, which was not
tion of two similar motor programs. surprising given the demographics of the Binghamton catch-

A series of studies examined dual-task performance iiment area. The three residential facilities utilized in the

normal aging and in Alzheimer’s disease (Baddeley et al.present study are designed to provide comprehensive and
1986, 1991, 2001). The tasks utilized in those studies condiverse medical and social services that range in duration
formed to an established dual-task model (Baddeley & Hitchand intensity.
1974), in which each single task is process@lan inde- The residential facilities’ dwellers represented a range in
pendent modalityghonological loopand thevisuo—spatial  the level of care and assistance they received for daily liv-
sketchpadl. Resource allocation to each tdgskodality is  ing. They were all long-term residents who had lived for at
presumed to occwria a third mechanism, the central exec- least 1 year in the same place. None of the residential facil-
utive. In these studies Alzheimer’s disease but not normaities’ participants were obtained from designated, and locked,
aging produced disproportionate dual-task costs (Baddelegementia units. Of the 40 residential facilities participants,
etal., 2001, 1991, 1986). Further, the dual-task costs varied9 resided in private rooms and 11 had one to three
as a function of the difficulty level of the single tasks. roommates.

In light of the significant decline in dual-task perfor-  The participants residing in the small retirement commu-
mance found in AD patients relative to normal aging innity were individuals who functioned independently and
the above studies, it was of considerable interest to exanreceived no formal assistance in any domain of their daily
ine whether elders who were determined to suffer fromlife. They resided in a small and relatively isolated neigh-
cognitive impairments but did not meet formal diagnosticborhood that consisted of independent but identical apart-
criteria for AD (American Psychiatric Association, 1994; ment units designated for elderly individuals. Of the 20
McKhann et al., 1984) incurred greater dual-task costgarticipants recruited from this community setting 13 were
compared to normal elder controls. Furthermore, we werenarried and 7 lived alone.
interested to examine whether dual-task performance indi-
ces were better predictors of cpgnitive status .in aging tharEchusior}/incIusion criteria
the traditional neuropsychological tests used in the current
study. Such findings would suggest that inclusion of dual-Compliance with the exclusigimclusion criteria of the study
task measures in the assessment of elderly individuals iwas ascertained by reviewing the medical records of poten-
important as they may provide information that is not avail-tial participants and by administering the interview and
able from other commonly used tests. Effort was made t®creening tests during the first experimental session. Indi-
take into account the methodological issues reviewed abowaduals already diagnosed with dementia of any etiology
regarding the assessment of dual-task performance. Theere excluded from the study. History or current diagnoses
two dual-task conditions in this study were comprised ofof psychosis, alcohol, drug abuse, cerebrovascular events,
relatively simple tasks that are presumably processad Huntington disease, Parkinson disease, traumatic brain in-
separate perceptual modalities: one visual-manual and onery, lead or heavy metal poisoning, seizure disorder, and
auditory—verbal. The first condition consisted of a visualmeningitis served as exclusion criteria. The participants’
cancellation task and an auditory digit span task. The secfision, audition and motor abilities (see Dependent Mea-
ond condition was comprised of an alternate form of thesures for details) were evaluated using brief screening tests
visual cancellation task and a letter fluency task. Addition-and determined adequate to complete the dual-tasks admin-
ally, the design of the study controlled for performanceistered in this study. Ten individuals who originally con-
differences on each of the single measures. Due to thsented to participate in the study did not complete the testing
prevalence and reported association of depression with cogrotocol. Of those 10 individuals, 3 did not meet the exclu-
nitive impairments in aging (King & Caine, 1996; Lam- sion criteria of the study, 2 had poor vision and 2 were
berty & Bieliauskas, 1993), the severity of depression wagletermined to be severely impaired based on their DRS test
evaluated as well as its potential effect on dual-taskscores. Three additional individuals who completed the first
performance. session refused to participate in the second session. Other
than their refusal they did not present with any idiosyncrasy
or deviation in test scores that differentiated them from
those who opted to consent and complete the testing protocol.

Atotal DRS cut-off score of 123 (Mattis, 1988) was used
to determine cognitive status. Elders who scored below the
Research Participants cut-off were assigned eognitive impairmenstatus while

those who scored above the cut-off served as normal con-
The 60 elderly participants (38 women and 22 men) werdrols. The termcognitive impairmentvas used to describe
recruited from three residential facilities and from a smallthose individuals with relatively mild level of cognitive dys-
retirement community setting designated solely for the elfunction who did not meet formal diagnostic criteria for
derly. Mean+ standard deviation age and education, indementia. The participants were assigned to one of three
years, for the entire sample were 84.6.3 and 14.2£ 2.5,  groups. The first groupcognitive impairmentcomprised

METHODS
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20 residential facilities dwellers whose DRS scores werdalitory digit span and the second was comprised of an alter-
below the cut-off score. The second groupdidential fa- nate form of the visual cancellation test and letter fluency.
cility control) comprised 20 residential facilities dwellers

whose DRS scores were above the cut-off score. The thirel Visual cancellation taskThe visual cancellation task re-
group community contrdl consisted of 20 community res-  quired the individual to scan rows of visual stimuli from
idents who scored above the DRS cut-off score. This last left to right and cross out the randomly interspersed des-
group served as a control condition for both cognitive sta- ignated target stimulus. The symbols (target and non-
tus and the residential facility living environment. target) were not letters or numbers. They were thought to
be non-verbal to the extent that they did not correspond
to or were intuitively related to real words. Three alter-

Dependent Measures nate forms were available for this visual cancellation task

Screening tests (single and two dual-task conditions). The target stimulus
was identical in all three forms but the locations of the
e The Wepman’s Auditory Discrimination Te$this mea- target and non-target stimuli were changed randomly. Each

sure was administered to assess auditory acuity. This testalternate form consisted of four pages with a total of 116
requires subjects to determine whether pairs of single syl- and 15 non-target and target stimuli in each page, respec-
lable words (read by the tester) are differegeér—beaj tively. This timed test (two minutes) was designed to min-
or the samelgall-ball). imize verbal demand and maximize visual processing.

« Visual acuity The participants were required to read ae* Efficiency ratia The number of identified target stimuli
sentence written at a font size of 26, Times New Roman total number of target stimuli scanned within the 2-min

(letter’s width and length ranged froga of an inch), time interval was calculated for the alone and two dual-
which was much smaller than the 36-font size stimuli task conditions. The efficiency ratios of the two dual-task
(stimulus width and length ranged frofa; of an inch) conditions were averaged to create one dual-task effi-
used in the visual cancellation task. ciency ratio index.

Motor: The participants were required to write the alpha-« Verbal tasks The Controlled Oral Word Association
bet within a 2-min time interval. Inability to perform this  (COWA; see Lezak, 1995) test served as one verbal task.
task constituted an exclusion criterion. One letter trial was administered as a concomitant task

- Dementia Rating Scale (DRS; Mattis, 1988he DRS is with the yigual cancellation test. T_he second letter trial
a widely used scale that examines five areas (Attention, Was a@dministered alone to establish performance crite-
Initiation and Perseveration, Construction, Conceptuali- 110N for éach participant. The lettesandF were chosen
zation, Memory) that are sensitive to the cognitive changes Pecause they have been reported in the literature to have
associated with dementia of the Alzheimer’s type. The equal associative frequencies (Lezak, 1995). Norms for
maximal total score in the DRS is 144 and the suggested Veral fluency (Lezak, 1995; Spreen & Strauss, 1998) are
cut-off score is 123. Test—retest reliability for the DRS is available for 1-min time intervals only. Consequently, the
high (r = .97). The DRS total score correlations with number of words generated during the dual-task condi-

measures of functional competence ranged from .56 to 0N was recorded at both the 1 and 2-min marks. The
76. letter fluency trial that was administered alone was con-

_ ) tinued for 2 min as well.
e The Geriatric Depression scale (GDS; Yesavage et al.,

1983) The GDS is a self-report measure of depressiorf 1he Digit Span Forward Test (Wechsler, 1991his mea-

that was designed specifically for the elderly population. SUre served as the other independent concomitant verbal
It is a 30-item (rue or false) measure that is free of so-  (@sk. This test was first administered alone to establish

matic items. GDS score of 0—10 is normal: 11-20 indi- the optimal performance of each participant (i.e., t_he cor-
cates mild depression; 21-30 indicates moderate to severef€ct recall of two consecutive and equally long strings of
depression. The GDS has excellent internal consistency 9i9its). In the dual-task condition, strings of digits equal
with an alpha of .94 and split-half reliability of .94. The ~ In length to the individual's optimal performance were
GDS also has excellent stability with a 1-week test—retest @dministered as a concomitant task with the visual can-
correlation of .85. It has been cross-validated in older cellation task. The percentage of strings recalled inaccu-
samples against structured clinical interviews using the rately in the dual-task served as the dependent measure.
Revised third edition of the Diagnostic and Statistical
M.anual o'f Mepta! Disorders (DSM—III—R) and Research pygcedure
Diagnostic Criteria (RDC; Spitzer et al., 1978).

Participant selection

Experimental dual-task measures In the residential facilities, designated care providers re-

Two different dual-task conditions were designed. The firstviewed the medical records of individuals who appeared to
condition consisted of a visual cancellation test and an aube appropriate candidates for the study. Following this ini-
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tial chart review, each of the potential candidates was apinterval was recorded as well, we chose to use the number
proached individually and asked to consent to participate irof words produced only during the first minute to be con-
the present investigation. Once an individual consented tsistent with the standard administration time of letter flu-
participate hefhis first session was scheduled. Addition- ency. For digit span, the percent of digit strings recalled
ally, the individual’'s chart was reviewed again to assureinaccurately (strings recalled incorregitgtal number of
compliance with the study’s exclusion and inclusion criteria.strings administered) was used as the performance index.
Letters explaining the nature of the study were sent td~or the visual cancellation test, the efficiency ratios of the
residents in the small retirement community and consentwo dual-task conditions were averaged to provide one per-
was obtained from those individuals who agreed to particiformance index.
pate in the study. All the community participants were tested Analyses controlled for age, education and performance

in their private residence. on letter fluency, digit span (forward condition) and the
visual cancellation test when administered alone.
Test order Consistent with suggested statistical procedures that should

follow a significant MANOVA (Durate Silva & Stam, 1996)

The interview, GDS, DRS, visual, motor, and auditory ;. . . . .
L ; ! ; discriminant function analysis was performed to examine how
screens were all administered in the first experimental ses- .
) accurately dual-task performance predicted group member-
sion. The dual-task measures and standard letter fluen

and digit span were administered during the second experg-,hlp na two-ISveI (?ogmtlve status C”tenfn' (1) cognitive
. . : S Impairment o = 20); (2) normal controlrf = 40). Partici-
imental session which was scheduled within a week follow-

. . ' : : ., pants from the community and residential facility control
ing the completion of the first session. The order in which . "

. S roups were collapsed into one normal control condition.
the single and dual-tasks were administered was count

o hree different discriminant functions were executed. In the
balanced across task conditions. For letter fluency, the let: .
) irst, the three dual-task measures served as predictors. The
tersB andF were randomly used in the dual-task and alone

. . T second discriminant function analysis used the standard let-
conditions depending on the test order administered. Tapg L o .
. . : ter fluency, digit span (forward condition), and the effi-
recorders were used during the administration of the dual-: ; . X
- , . ciency ratio of visual cancellation when performed alone as
tasks to assure that the participants’ verbal responses (i.€., : .
. predictors. This was done to examine whether the dual-tasks
letter fluency and digit span) were recorded accurately. : : L
measures provided incremental prediction of group member-
ship beyond that available from the single measures. Finally,
although the MANOVA controlled for group differences in
To minimize the effect of fatigue and the “sun down” phe- age and education, it was of interest to remove the effect of
nomenon, testing was scheduled during the morning or earlthese two demographic variables in the context of the dis-
afternoon. No sessions were scheduled later than 2:00 PMriminant function. To accomplish this goal, the three dual-
Within these parameters, sessions were scheduled based taisk measures were orthogonalized with respect to age and
the participants’ preference. education. Then, the orthogonalized dual-task measures were
used to predict group membership in the two-level cognitive

status criterion.

Time of testing

Statistical Analysis

Descriptive statisticsNl, SD) for demographic informa- RESULTS
tion, GDS total score and DRS total and scale scores were
provided for each group. ANOVAs (chi-square for genderDemographic information, mean GDS total score and mean
distribution) were performed to examine whether group dif-DRS total and scale scores, per group, are presented in
ferences on these variables were significant and to deteifable 1. As expected, Table 1 shows that group differences
mine which of the demographic variables should be used ai& DRS total and scale scores were statistically significant.
covariates in subsequent analyses. Descriptive statidfics ( The participants in the cognitive impairment group ob-
SD) for the visual cancellation, digit span and letter fluencytained a mean DRS total score of 118.3 placing them, on
tasks were provided, per group, for the alone and dual-tas&verage, in the 86.4th percentile of the DRS demented nor-
conditions. mative sample which suggested that the level of cognitive
One-way multivariate analysis of variance (MANOVA) impairment in this group was relatively mild. The partici-
was performed to examine whether cognitive status had apants in the residential facility and community control groups
effect on dual-task performance. The three groups (cogniscored well within the normal range and above the DRS
tive impairment, residential facility control, and commu- cut-off scorePost-hoccomparisons revealed significant dif-
nity control) served as the three-level independent variableferences between the cognitive impairment group and both
Dependent measures were letter fluency, digit span and vihe residential facility and community control groups on
sual cancellation in the dual-task conditions. For letter flu-the Initiatior/ Perseverationt[38) = —5.569,p < .000;
ency, the number of words produced in the first one minuté(38) = —7.474,p < .000], Conceptualizationt(38) =
of the dual-task condition served as the performance index-4.671,p < .000;t(38)= —7.007,p < .000] and Memaory
While the number of words produced during the entire 2-mint(38) = —3.874,p < .001;t(38) = —4.151,p < .000]
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Table 1. Demographic characteristics, GDS total score and DRS total and scale scores for each of the three groups

Cognitive impairments  Residential facility control ~ Community control

(n=20) (n=20) (n=20)
M (SD) M (SD) M (SD) p

Age (years) 85.1 (6.3) 86.5 4.3) 82.4 (4.3) .038
Education (years) 12.7 (2.2) 15 (1.9) 14.7 (2.4) .003
Sex

Female 13 12 13 931

Male 7 8 7
GDS: Total score 8.4 4.7) 7.9 (5.7) 6.0 (4.4) .294
DRS: Total score 118.3 (3.9) 131.9 (5.7) 136.9 (5.5) .000
DRS: Attention 35.4 1.4) 35.7 (1.1) 36 1.2) .293
DRS: I/P 27.8 (4.0) 335 (3.2) 35.5 (2.2) .000
DRS: Construction 5.2 (1.0) 5.5 (1.1) 5.5 (0.9) .023
DRS: Conceptualization 315 3.1) 35.3 (2.5) 37.0 (2.0) .000
DRS: Memory 18.5 (3.4) 22.0 (2.0) 22.2 (3.0) .000

scales. On the Construction scale group differences wenetio found in each group, differences in gender distribution
significant only between the Cognitive Impairment and Com-were not significant.
munity control groupst|(38) = —2.793,p < .05]. Group Descriptive statistical, SD) for letter fluency, digit span,
differences on the Attention scale were not significant. Dif-and the cancellation test in the alone and dual-task condi-
ferences between the two control groups were not signifitions are presented, per group, in Table 2. Inspection of
cant on any of the DRS scales. Table 2 suggests that group differences on letter fluency
As shown in Table 1 group differences in age were staand digit span in the alone conditions were rather small.
tistically significant.Post-hoccomparisons revealed signif- However, group differences on these two verbal tasks ap-
icant differences only between the residential facility andpeared to have increased substantially in the dual-task con-
community control groupst(38) = 2.586,p < .05]. Group  ditions. With respect to digit span, the mean number of total
differences in education were also statistically significant.digit strings administered during the dual-task condition
Post-hoccomparisons revealed that the cognitive impair-was comparable among the three groups. All three groups
ment group had lower education compared to both the conperformed almost at optimal level on the visual cancella-
munity control t(38) = —3.302,p < .005] and residential tion task in the alone condition. While the two control groups
facility control [t(38) = —2.872,p < .05] groups. The dif- maintained close to optimal performance in the dual-task
ference in education between the two control groups wasonditions, a slight decrease on this task was observed in
not statistically significant. Group differences in depres-the Cognitive Impairment group.
sion were not statistically significant. Furthermore, the mean One-way MANOVA was run with group as the three-
GDS score of each group was below the depression cut-ofevel independent variable and letter fluency, digit span and
score. Consistent with the approximate 2:1 female-to-male&isual cancellation in the dual-task conditions serving as

Table 2. Means and standard deviations of letter fluency, digit span, and visual cancellation in the dual-task and alone conditions

per group

Cognitive impairment Residential facility control Community control

(n=20) (n=20) (n=20)
M (SD) M (SD) M (SD)
No. of digit strings administered in the dual task 10.2 (2.1) 10.5 (2.7) 10.7 (2.9)
Percentage of digit strings recalled inaccurately 43.3 (22.7) 22.1 (18.3) 10.6 (9.5)
in the dual task

Digit span forward alone total raw score 8.35 (1.4) 8.8 (2.2) 9.95 (2.1)
Letter fluency dual task, wordsin 3.8 (1.9) 8.9 (2.8) 10.7 (3.4)
Letter fluency alone, wordsnin 8.2 (2.4) 9.8 (2.9) 11.2 (3.8)
Visual cancellation dual-task efficiency ratio 85.5 (16.7) 96.0 (5.2) 95.7 (6.8)
Visual cancellation alone efficiency ratio 94.8 (5.2) 97.3 3.7) 98.6 (2.3)
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Table 3. Tests of between-subjects effects on the individual control groups were not significant on any of the dual-task
dual-task measures measures.

Discriminant function analysis was performed to exam-

Independent _ Univariate ine how accurately the participants were classified into a
variable Dependent variable F df p . oo .
two-level cognitive status criterion using the dual-task mea-
Group status  Letter fluency 18.713 /82 .000 sures as predictors. Because the Community and Residen-
Digit span . 12.015 %2 .000 tial Facility control groups did not differ on any of the
Visual cancellation 1.594 /B2 213 dual-task measures they were collapsed into one control

group ( = 40). The cognitive impairment groum & 20)
was the second level of the criterion. Three different dis-
criminant function analyses were carried out.
the dependent measures. Age, education, letter fluency, digit The first analysis used letter fluency, digit span and vi-
span, and visual cancellation when performed as single taslsial cancellation in the dual-task conditions as predictors.
served as statistical covariates. The histograms of both digithe histograms of both digit span and letter fluency were
span and letter fluency in the dual-task conditions werdndicative of distributions that approached normality in the
indicative of distributions that approached normality. Thecognitive impairment and control groups. The distribution
distribution of the visual cancellation efficiency ratio was of the visual cancellation test was negatively skewed due to
negatively skewed due to the ceiling effect observed on thishe ceiling effect observed on this task. Also, there was no
task in all groups. The assumption of equality of the covari-indication of non-linearity that might threaten the discrim-
ance matrices has not been satisfied based on the signifinant analysis. Pearson correlations between the predictors
cant Box’s test results. The results of the evaluation ofin the control group were: letter fluency and digit span=(
linearity and multicollinearity were satisfactory. Using the —.339,p < .05); letter fluency and visual cancellation=
Wilks’ criterion, the results revealed that group status had a109,p = ns); digit span and visual cancellatian< —.124,
significant effect on the combined three dependent meap = ns). Pearson correlations between the predictors in the
sures [Wilks'sA = .487,F(6,100)= 7.21,p < .0001,»° =  cognitive impairment group were letter fluency and digit
.302]. span ¢ = —.210,p = ns); letter fluency and visual cancel-
Summary of the results examining the effect of grouplation (r = .220,p = ns); digit span and visual cancellation
status on each of the three dual-task measures is present@gd= .129,p = ns). The discriminant function showed that
in Table 3. As shown in Table 3 performance on letter flu-the three dual-task measures were significant predictors of
ency and digit span in the dual-task conditions was signifgroup membership in the two-level cognitive status crite-
icantly affected by group status. However, group differencesion [A(3) = .404,p < .0001]. Overall, classification accu-
on visual cancellation were not significant which is likely racy was at 91.7%. Specifically, 18 of the 20 participants in
due to the ceiling effect observed on this measure. the cognitive impairment group and 37 of the 40 control
Summary of group comparisons on each of the three dualparticipants were correctly classified into their original
task dependent measures is presented in Table 4. Tablegfoups.
reveals that the cognitive impairment group performed sig- The second discriminant function used the letter fluency,
nificantly more poorly on letter fluency and digit span com- digit span and visual cancellation tests when administered
pared to both control groups. Group differences on visuahlone to predict group membership in the two-level cogni-
cancellation were not significant after controlling for mul- tive status criterion,. This second discriminant function was
tiple comparisons. In addition, differences between the twetatistically significant A(3) = .743,p < . 001]. However,

Table 4. Pair-wise comparisons of the three dual-task measures

Mean
Dependent variables Group difference p
Letter fluency Cognitive impairment Residential facility control —4.2 .000
Cognitive impairment Community control =57 .000
Community control Residential facility control 1.5 .180
Digit span concomitant % Cognitive impairment Residential facility control 20.6 .005
inaccurate recall Cognitive impairment Community control 33.7 .000
Community control Residential facility control -13.0 127
Visual scan efficiency ratio Cognitive impairment Residential facility control —-8.7 .048
Cognitive impairment Community control -6.1 .321
Community control Residential facility control —2.6 1.000
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only 73.3% of the participants were correctly classified.formance was more sensitive to cognitive status in aging

Eight individuals in the cognitive impairment group and 8 than the traditional neuropsychological measures that served

controls were misclassified. as the single tasks in this study. In the third discriminant

In the third discriminant function the three dual-task mea-function the dual-task measures were orthogonalized with
sures were orthogonalized with respect to age and educaespect to age and education in order to remove the effect of
tion and then used as predictors of the two-level cognitivehese two demographic variables on the classification accu-
status criterion. This third discriminant function was statis-racy. While the discrimination of the orthogonalized dual-
tically significant [A(3) = .580,p < .0001], yielding a clas- task measures was somewhat reduced (81.7%), it was still
sification accuracy of 81.7%. In the cognitive impairment higher than either a base rate prediction or the discrimina-
group, 18 of the 20 participants were classified correctlytion accuracy of the single measures.

Of the 40 control participants 31 were correctly classified. Although the discriminant analysis was appropriate inso-
far as to demonstrate the relation between dual-task mea-
sures and cognitive status which was determined based

DISCUSSION on DRS scores, the high classification accuracy it yielded

The present study compared dual-task performance beshould be interpreted with some caution. The DRS is influ-

tween elderly individuals with cognitive impairments and enced by measures of executive functions. Hence, using

normal controls. Effort was made to ensure that methodthe dual tasks, which capture one facet of executive func-
ological issues relevant to the assessment of dual-task petions to predict cognitive status that was determined based
formance (Guttentag, 1989; Hartley, 1992) were addressedn scores of another neuropsychological test that also
in the experimental design. The two dual-task conditionsassesses facets of these higher order cognitive abilities,
were comprised of relatively simple tasks that are presumpresents an element of circularity that must be acknowl-
ably processediia separate stimulus response channelsedged. The sensitivity of dual tasks to cognitive status in
visual-manual and auditory—verbal. aging should be further assessed using a more general test

The results revealed that dual-task costs were signifiof cognitive/intellectual function that does not rely on ex-

cantly larger in elders with cognitive impairments relative ecutive functions.

to normal controls. The effect of cognitive status on dual- Dual-task costs were notable on letter fluency and digit

task performance, as evident from the multivariate analyspan but statistically insignificant on the visual cancella-

sis, was not attenuated when performance differences ation task. This variable effect may be attributed to several
each of the single tasks were controlled for statistically.reasons. The ceiling effect that was observed on visual

These findings extend our knowledge with respect to theancellation when administered alone and the near optimal

association between cognitive status and dual-task perfoperformance in the dual-task conditions suggest that this

mance in aging. While previous research revealed that duatask might have been too easy. In contrast, letter fluency
task costs were larger in AD patients compared to normaand digit span are both sensitive to cognitive decline in
controls (Baddeley et al., 1986, 1991, 2001) we have demaging. While performance on these two tasks when admin-
onstrated using a conceptually similar paradigm that greatdstered alone was quite comparable among the three groups,
dual-task costs were observed in elders with cognitive imit appears that introducing the interference (concomitant
pairments who were not diagnosed with dementia comvisual cancellation task) has forced those elders with cog-
pared to normal controls. These findings suggest that thaitive impairments to perform above their “resource thresh-
ability to execute concomitantly two competing tasks mayold.” Consequently, their dual-task costs on letter fluency
be sensitive to subtle changes in cognitive status in agingand digit span were increased substantially compared to
It was of further interest to examine how accurately thethe normal controls whose threshold was not exceeded
dual-task measures discriminated between elderly individeven with the interfering task. One additional possibility is
uals with cognitive impairments and normal controls andthat the participants in the cognitive impairment group

whether they were more sensitive than traditional neuropsyhave allocated more attentional resources to the easier vi-

chological measures to cognitive status in aging. Becaussual cancellation task compared to letter fluency and digit

the community and residential facility control groups werespan in order to maximize their dual-task performance.
not statistically different in terms of their dual-task perfor- This, however, was contrary to the task instructions and
mance they were collapsed into one control group. Usingeports by the participants indicating that they have as-
the dual-task measures as predictors the discriminant funsigned equal importance to each test in the dual-tasks.

tion analysis yielded an overall classification accuracy of Limitations of this study are concerned with the demo-

91.7% in assigning the participants into the two-level cog-graphic characteristics of the participants. The effect of ed-

nitive status criterion. The sensitivity and specificity indi- ucation and ethnicity on neuropsychological test performance

ces were comparable. Furthermore, a second discriminafias been studied extensively (e.g., Heaton et al., 1996).

function that used letter fluency, digit span and visual canWhile the demographics of the present sample were repre-

cellation when administered alone as predictors, althougkentative of the area in which the study was conducted,
statistically significant, provided a lower classification ac- generalization of these findings to other samples that vary
curacy (73.3%). These findings suggest that dual-task pein terms of education and ethnicity cannot be assumed. Also,
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caution in generalization is in place given the relatively egies in young and old adult®sychology and Agingl5,
small sample size of the present study. Finally, while the 571-595.

sensitivity of dual-task measures to cognitive status in agingputtentag, R. (1989). Age differences in dual-task performance:
was superior to a few selected single measures, it should be Procedures, assumptions and resultsvelopmental Review
emphasized that the range of neuropsychological tests used 9, 146-170. _ _

in this study was constrained. Hence, further studies shoulHartllzzy’ Aﬁ' %%92)‘; Atftem.'on' 'n(;:'l'M' .CTa'k &TA. Salth_|c|>use
examine whether dual-task performance indices provide bet- Eiales,.)l\’l\]:agrlbgﬁm.o aging and cognitio(pp. 1-49). Hills-

t_er or at Ie"f‘St ac_jdltlonal_ |nf0rmat|_on with respecf[ _to COgNI"Hartey, A.A. (2001). Age differences in dual-task interference are
tive status in aging that is not available from traditional and  |5¢ajized to response-generation processsichology and
commonly used measures. Aging 16, 47-54.

In conclusion, dual-task costs were greater in elders wittHartley, A.A. & Little, D.M. (1999). Age related differences and
cognitive impairments relative to normal controls even af-  similarities in dual-task interferencéournal of Experimental
ter performance differences on the single tasks were con- Psychology: Generall28 41-449.
trolled for statistically. In the present study dual-tasks wereHeaton, R.K., Ryan, L., Grant, |., & Matthews, C.G. (1996). De-
more sensitive to cognitive status in aging compared to the mographic influence on neuropsychological test_performance.
single neuropsychological tests. We propose that dual-task N !- Grant & K.M. Adams (Eds.)Neuropsychological assess-
measures may provide additional and important informa- Ment of neuropsychiatric disorde(pp. 141-163). New York:

tion regarding cognitive status in aging that is not avail- Oxford University Press.
9 g cog ging King, D.A. & Caine, E.D. (1996). Cognitive impairments and

able from routinely used standardized neuropsychological major depression: Beyond the pseudodementia syndrome. In I.

measures. Grant & K.M. Adams (Eds.)Neuropsychological assessment
of neuropsychiatric disorder@p. 200-217). New York: Ox-
ford University Press.
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