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Abstract

Intraindividual variability of physical status and affébeliefs as well as their relations with cognition were

examined in 3 groups of older adults: healthy elderly, individuals with a nonneurological health-related disturbance
(arthritis) and people with neurological compromise (dementia). The findings showed that greater inconsistency

in physical performance was observed in groups characterized by central nervous system dysfunction. By
contrast, fluctuations in affect appeared to reflect other more transient sources, such as pain. In general,
increased inconsistency in non-cognitive domains was associated with poorer cognitive function. There were
cross-domain links between inconsistency in physical functioning and fluctuations in cognitive performance,
although the nature of the links depended largely upon the neurological status of the individuals. Considered
together, the result indicated that measures of cognitive as well as physical variability are important behavioral
markers of neurological integrityJ(NS 2002,8, 893-906.)

Keywords: Intraindividual variability, Inconsistency, Dementia, Physical variability, Cognitive variability,
Cognition, Physiological function, Affect, Memory beliefs

INTRODUCTION (RT) tasks increases with age (Anstey, 1999; Fozard et al.,
1994; Salthouse, 1993; West et al., in press). Hultsch et al.
fn press) have recently reported that this age-related in-
rease in inconsistency is independent of age group differ-
nces in overall slowing and is uniquely predictive of

erformance on other cognitive tasks. In addition to incon-
\fgtency across trials within a session, intraindividual vari-

ability may be observed across multiple testing sessions

As early as 1926, Henry Head proposed that “aninconsiste
response is one of the most striking results produced by
lesion of the cerebral cortex.” Anumber of investigators (e.g.e
Benton & Blackburn, 1957; Goldstein, 1942) considered thi
phenomenon in subsequentyears. However, researchers hj's)
only recently begun to explore more systematically the pos

silbility tha_t inconfsistt(:]nt perforral?czwi.thiq a tZSk on ali.ml'administered over relatively short intervals. Li et al. (2001)
gie occasion, orforn€ same task administered on multip', » mineq intraindividual variability for a set of memory
occasnons_overashortmterval, representsabghaworal m_arkghd physical (gait) variables across 13 biweekly sessions in
of underlying central nervous system dysfunction (Hendrlck-a sample of 24 older adults aged 64 to 86 years. They found

so_rll,hl982;.|L|béfc I_I!;\de?berger, 19?[9)t.h ti dintrai d,that variability was positively correlated with age for most
_heavanable literature suggests a“ mc_rea}’se Intraindlas e physical measures and one of the memory measures.
vidual variability is observed in some “at-risk” groups, at

West et al. (in press) found an age-related increase in vari-
Vz‘;ﬂBiIity in response latency both within and across four test
occasions, but only on tasks requiring recruitment of exec-
utive control processes.

. Greater intraindividual variability has also been associ-
Reprint requests to: Esther Strauss, Ph.D., Department of Psychol- d with . " logical diti = |
ogy, University of Victoria, Victoria, BC V8W 3P5, Canada. E-mail: ated with a variety of neurological conditions. For examp _e’
estrauss@uvic.ca Benton and Blackburn (1957) reported that a group of brain-
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that intraindividual variability across trials on reaction time
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damaged individuals, most with vascular disease or neccognitive performance compared to healthy individuals.
plasm, showed a significant increase in intraindividualMoreover, we would expect positive relationships among
variability in simple, but not choice, RT with continued measures of inconsistency across these two domains and
practice in comparison to patient controls. Bruhn and Parthat variability in one domain (e.g., physical function) would
sons (1977) also found greater intraindividual variability be related to level of performance in another (e.g., cognition).
across RT trials in people with epilepsy and individuals There are some hints that this is the case. For instance,
suffering from unspecified types of brain damage in com-Ferrandez et al. (1996) reported that older adults showed
parison to controls. More recently, several studies by Stusgreater intraindividual variability in gait than younger indi-
and his colleagues (Hetherington et al., 1996; Stuss et alviduals, even when walking slowly. Similarly, Nakamura
1994, 1989) have noted increased intraindividual variabil-et al. (1996), studying individuals diagnosed with probable
ity in persons with traumatic brain injury (TBI), at least for AD, found that variability in gait (stride length) increased
some reaction-time tasks and at some points in the recovenyith severity of dementia and was related to reduction of
process. Collins and Long (1996) reported increased intraregional cerebral blood flow in the frontal lobe and basal
individual variability across trials in simple and choice RT ganglia as the disease progressed. Goldstein et al. (1998)
tasks in people who had suffered a TBI, even though theyeported that elevated blood pressure (BP) level and vari-
were not impaired in their standard neuropsychological tesability in particular, were associated with difficulties in at-
performance (as assessed by the Impairment Index of thiention and short-terfworking memory in healthy elderly
Halstead-Reitan Neuropsychological Test Battery). Simiindividuals. Goldstein et al. (1998) also found greater BP
larly, Bleiberg et al. (1997) used a computerized assessrariability during waking in individuals with increased white
ment battery and found individuals with TBI to be more matter hyperintensities of the brain. Recently, Li et al. (2001)
erratic in their across-day performance. found that intraindividual fluctuation in sensorimotor per-
Increased intraindividual variability also appears to beformance (gait) over occasions was a relatively stable
characteristic of persons diagnosed with dementia. For exattribute of persons. In addition, such inconsistency was
ample, Knotek et al. (1990) examined mildly and moder-correlated positively with age and negatively with memory
ately impaired patients with probable Alzheimer’s diseasdor spatial locations and stories in their older adult sample.
(AD) as well as healthy individuals on a picture-naming They suggested that this combination of results is consis-
task. Each individual was tested twice with a 7-day intertestent with the view that there is a common cause contribut-
interval. They found that the AD patients responded lessng to the disturbances in both cognitive and non-cognitive
consistently to the items than did the normal participantsdomains (e.g., Baltes & Lindenberger, 1997).
Moreover, the moderately impaired AD patients had a higher In addition to the link between variability in physical
rate of response inconsistency than the mildly impaired ADperformance and cognitive functioning, it is also possible
individuals. Recent findings from our own laboratory alsothat there may be other cross-domain connections, particu-
suggest greater intraindividual variability in patients diag-larly in at-risk populations. For example, Montgomery (1995)
nosed with mild dementia, most with a clinical diagnosis ofsuggested that performance inconsistency associated with
probable AD (Hultsch et al., 2000). We contrasted thesdrain injury may be a function of both endogenous and
individuals with healthy controls and with neurologically exogenous factors. Thus, intraindividual variability may only
intact individuals who were suffering significant somatic partly be a reflection of internal neurobiological mecha-
disturbance (arthritis) on a number of reaction time andnisms such as damage to neural structures or disruptions
episodic memory tests. Individuals with dementia showedn neurotransmitter systems. Fluctuations in cognitive per-
increased intraindividual variability in latency both within formance may also be associated with shifts in affect,
and across four weekly test sessions relative to the aduligerceived competence, stress, fatigue, pain or other states
who were neurologically intact, regardless of their healththat are perhaps more dependent on external environmen-
status. Further, intraindividual variability was related to leveltal conditions than on internal biologically based mecha-
of performance on other cognitive tasks and was uniquelyisms. Moreover, Montgomery (1995) noted that cognitive,
predictive of neurological status independent of level ofphysical, and emotional mechanisms may interact with one
performance. The implication is that short-term intraindi- another. For example, poor or inconsistent cognitive perfor-
vidual variability in cognitive performance is a stable trait mance may elicit affective responses which then further
of individuals, evident both within and across test sessioniterfere with cognitive functioning.
and reflects primarily a central nervous system phenom- Our previous research (Hultsch et al., 2000) pointed to
enon rather than general health-related conditions. the importance of neurological status rather than presence
To date, most of the modest number of studies examiningf somatic disturbance as predictive of intraindividual vari-
intraindividual variability have focused on the cognitive ability in cognitive performance. Individuals diagnosed with
domain. To the extent that inconsistency represents a benild dementia showed greater inconsistency on cognitive
havioral marker of neurobiological functioning (e.g., Bruhn tasks relative to neurologically intact adults, regardless of
& Parsons, 1977; Jensen, 1992; Li et al., 2001; Li & Lin- whether they were healthy or experiencing significant pain
denberger, 1999), at-risk populations should exhibit greateassociated with arthritis. The current study examines the
intraindividual variability in physical functioning as well as same individuals, but focuses on cross-domain linkages be-
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tween intraindividual variability in physical performance or major medical ilinesses (e.g., Parkinson’s disease, heart
and self-perceived affect and beliefs on the one hand andisease, cancer), severe sensory impairment, extensive drug
cognitive performance on the other. Examination of multi-or alcohol abuse, inpatient psychiatric treatment, or a Mini
ple cross-domain linkages simultaneously will help to shedMental Status Examination (MMSE; Folstein et al., 1975)
light on the hypothesis that measures of intraindividual vari-score less than 18 (dementia group) or 26 (arthritic and
ability are unique indicators of central nervous system comhealthy groups). All participants resided in the community.
promise. To the extent that inconsistency in cognitiveParticipants diagnosed with mild dementia were recruited
performance is a function of brain-based endogenous meclirom neurological and geriatric services. The healthy adults
anisms, it should be more strongly associated with variabiland individuals with arthritis were recruited through news-
ity in physical performance than with variability in more paper and radio advertisements.
situationally determined affective states or beliefs. Participants provided demographic and self-reported
The present study sought to answer the following fivehealth information during an initial intake interview. In ad-
questions. First, are there group differences in intraindidition, several benchmark cognitive measures were ob-
vidual variability on measures of physical performancetained during this session including the MMSE, the Wechsler
and self-perceived affect and beliefs? More specifically,Adult Intelligence Scale—Ill (WAIS—III) Block Design and
are individuals diagnosed with a neurological disturbanceé/ocabulary subtests (Psychological Corporation, 1997), and
(dementia) more variable across a variety of measurethe North American Adult Reading Test (NAART,; Blair &
of physical status (e.g., gait, blood pressure, manual abilSpreen, 1989). We also computed estimates of age-adjusted
ity, cardiovascular fitness) and affective stégelf-beliefs  Full-Scale 1Q (FSIQ) based on the Block Design and Vo-
(e.g., mood, perceived competence and control)? Secondabulary subtests (Sattler & Ryan, 1999), and premorbid 1Q
what are the relations between fluctuations in one do-based on the NAART (Blair & Spreen, 1989).
main (e.g., physical status or mood state) and mean level Table 1 shows the age, education, self-reported health, and
of performance in another domain (e.g., speed and accuenchmark cognitive status of the participants as a function
racy on cognitive tasks)? Recent findings (e.g., Goldsteirof group. Significant overall differencep(< .05) among
et al., 1998; Li et al., 2001) lead us to expect that incon-the groups were observed for all of the variables except age
sistency in noncognitive domains (physical function in par-and illness episodes: educatidf(2,42 = 4.21,9° = .17];
ticular) signifies cognitive impairment. Third, are there chronicillnes§F (2,42 =6.09,7° = .23]; pain[F(2,42 =
significant relationships between variability in one domain6.78,n2 = .24]; MMSE[F (2,42 = 22.68,n> = .52]; Block
(e.g., cognitive performance) and variability in anotherDesignF(2,42 =19.11,2 = .48]; VocabularyF(2,42) =
domain (e.g., physical abilities) as others have suggeste?5.67,n> = .55]; estimated FSIQF (2,42 = 42.28,p2 =
(e.g., Li et al., 2001)? Is such a relation specific to neuro-67]; NAART and estimated NAART IQF (2,42 = 6.33,
logical compromise or is this a more general phenom=? =.23].Post-hoaontrasts using Tukey’s HSIp(< .05)
enon? Fourth, is cognitive performance predicted betteindicated that the effect for education was the result of a sig-
by fluctuations in physical or affe¢belief variables? Fi- nificant difference between the healthy and dementia groups.
nally, do measures of noncognitive variability provide in- The arthritic group reported more chronic illnesses than the
formation that uniquely differentiates neurologically intact dementia group and more pain than both the healthy and de-
from impaired individuals? mentia groups which did not differ. For the cognitive bench-
mark variables, all of the significant effects were the result
of the poorer performance of the dementia group compared
to the arthritic and healthy groups which did not differ. The
differences among the groups in chronic illness, pain, and
cognitive status are to be expected given their composition.
The participants consisted of 45 adults (27 women and 18 owever, the lower level of education of the participants in
men) ranging in age from 57 to 87 years of age who werdghe dementia group is potentially problematic to the extent
divided into three groups on the basis of health status. Théhat education is correlated with our measures of interest. We
first group consisted of 13 individuals diagnosed by theiraddress this issue further in the Results section.
physician as having mild dementia. Ten of these partici-
pants met NINCDS-ADRDA diagnostic criteria for possi-
ble or probable Alzheimer’s disease (McKhann et al., 1984}3"00edure
and the remaining three participants were diagnosed witlFollowing the intake interview, the primary data collection
vascular dementia. The second group consisted of 17 neureccurred over four separate sessions. Participants were tested
logically normal individuals who reported experiencing os-
teoarthritis and accompanying levels of pain that interfered Blair and Spreen’s (1989) formula for estimating premorbid intellec-
with their daily activity. Finally, the third group consisted tual ability using the NAART is NAART o= 127.8— .78 (NAART 010

of 15 healthy adults. Exclusionary criteria for all groups This formulais based on the WAIS—R, whereas our estimate of current 1Q is
based onthe WAIS—-IIl which is somewhat more difficult. Thus, the discrep-

mcludedla history of significant head !nJury (defined as lo_ssancy between the NAART estimate and the WAIS-III estimate will, if any-
of consciousness for more than 5 min), other neurologicaihing, slightly overestimate cognitive decline.

METHODS

Research Participants
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Table 1. Demographic and performance characteristics as a function of group

Group

Healthy Arthritic Dementia
Variable M (SD) M (SD) M (SD)
Age 75.00 (5.01) 76.00 (6.44) 76.15 (7.48)
Years of education 15.00 (2.73) 14.35 (2.47) 12.15 (2.94)
Chronic illness 3.60 (2.61) 5.29 (1.96) 2.62 (1.71)
Pain 4.02 (4.28) 8.13 (2.95) 4.13 (3.47)
lliness episodes 7.27 (7.64) 10.65 (7.01) 7.31(5.14)
MMSE 28.93 (1.03) 29.00 (1.22) 25.00 (2.83)
Letter fluency 15.93 (2.94) 14.65 (5.02) 8.62 (3.93)
WAIS Digit Symbol 39.13 (9.93) 35.76 (7.85) 16.92 (9.01)
WAIS Block Design 37.73 (8.86) 34.00 (7.01) 20.23 (7.55)
WAIS Vocabulary 55.87 (6.28) 54.65 (8.12) 33.15(13.18)
Estimated WAIS FSIQ 122.13 (8.80) 118.18 (7.68) 90.38 (13.16)
NAART 14.07 (6.35) 15.82 (7.18) 27.31 (16.68)

Estimated NAART 1Q 116.83 (4.95) 115.46 (5.60) 106.50 (13.01)

Note Chronic illness consists of self-reported presence of up to 16 chronic conditions during the past
year. Pain represents self-reported level of pain experienced during the past week on a scale of zero to 20.
lliness episodes consists of the number of self-reported visits to a physician during the past year.

weekly on a battery of cognitive tasks and indicators ofsented with a warning stimulus followed by a signal stimulus
physical and emotional functioning. Most participants werein the middle of the screen. Participants were instructed to
tested in their own homes, but a few individuals were testegbress a key with their preferred hand as quickly as possible
at the university. Because of scheduling conflicts and holiwhen the signal stimulus appeared. A total of 10 practice
days, 5 weeks were required to obtain the four measuretials followed by 50 test trials were administered. Ten ran-
ments. Rather than being separated by exactly 1 week, atomly arranged trials were presented at each of five inter-
effort was made to distribute the testing sessions acrosgls separating the warning and signal stimuli (500, 625,
days of the week and time of day (mornjfadternoon). 750, 875, and 1000 ms). The measures used were the mean
Sessions were scheduled no closer than 2 days and no fuetencies of the 50 test trials (no accuracy score is avail-
ther than 9 days apart. Within these constraints, the time adible). Estimated reliability for this task based on the intra-
testing was distributed across possible ddiypses to the class correlation was .81.
extent permitted by the individual’s schedule. Participants For CRT, participants received a warning signal consist-
within all groups were tested at irregular intervals in ordering of two crosses presented to the left and right of the
to avoid any systematic effects associated with particulacenter of the screen. After a delay of 1000 ms, one of the
days and time. crosses changed into a square. The location of the square
was randomly equalized across trials. Participants were in-
. structed to press a key corresponding to the location of the
Cognitive Measures square as quickly as possible. A total of 10 practice trials

The cognitive measures consisted of four tasks: two basifollowed by 50 test trials were administered. The measures
reaction time tasks and two more complex recognition memysed were the mean latencies and percent correct for the 50

ory tasks. All of the tasks were administered on a IaptopteSt trials. Estimated reliabilities for this task based on the
computer, and measures of both latency (in ms) and accuntraclass correlation were .79 (latency) and .71 (accuracy).

racy (% correct) were obtained. Four alternate versions of
each memory task were developed to minimize specific pracEpisodic memory

tice effects across occasions. Tasks were administered in a

constant order across the four sessions. A traditional meal/ord and story recognition tasks were used. The instruc-
sure of trait reliability was obtained by calculating the in- tions for these tasks emphasized accuracy. The word recog-

traclass correlation for each measure across the four sessiofiion task was based on prior exposure to an uncategorized
list of 12 English words. Approximately 15 min after hear-

ing and recalling the 12-word list, participants were pre-
sented with a list of 24 words consisting of the 12 previously
Simple reaction time (SRT) and two-choice reaction timepresented words and 12 new words. The words were pre-
(CRT) tasks were administered. The instructions emphasented one at a time on the computer screen, and partici-
sized speed of performance. In SRT, participants were prepants were asked to press one of two keys to indicate whether

Reaction time
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the word was old (on the previously presented list) or newPeak expiratory flow

(not on the previously presented list). Four lists with equiv—_l_h . ked 10 bl hard ible |
alent word characteristics and connectivity were devel- e participant was asked to blow as hard as possible into

oped. Words varied in length from four to nine letters andthe mouthpiece of a peak flow meter. The volumes of three

all were above average in rated concreteness and imageﬁyccesswe attempts were averaged and used as the measure.

(Pavio et al., 1968). The measures used consisted of the

mean latency for the trials and the number of items corSelf-Perceived Affect and Beliefs

rectly completed. Estimated reliabilities for this task based N ) .

on the intraclass correlation were .85 (latency) and g Measures of positive and negative affect and self-perceived

(accuracy). competence and control were administered at each of the
Story recognition was based on four narrative stories sefour occasions. These measures were administered prior to

lected from a set of 25 structurally equivalent texts develth€ cognitive tasks in a constant order.

oped by Dixon et al. (1989). Each story was approximately )

300 words and 160 propositions long and related events iff0sitive and negative affect schedule (PANAS)

the life (lives) of older adults. The stories were recorded onpp;q questionnaire (Watson et al., 1988) required partici-

audio tape by a male professional actor. Immediately foly5ns 10 rate 10 positive and 10 negative affect descriptors
lowing presentation of the story, 24 statements about th

_ fe.g.,proud hostile) on a 5-point scale asking how they felt
story were presented one at a time on the computer screedjgnt now,” Internal consistency and test—retest reliability

Participants were asked to press one of two keys to indicatg, o reported to be high for each scale. The two scales (pos-

whether each statement represented an idea that was Cqflye and negative affect) are largely independent of each
tained in the story (statements presenting a correct idegiher and appear to be sensitive to fluctuations in mood
from the story), or an idea that was not contained in the(Watson et al., 1988).

story (statements presenting an incorrect idea from the story,
and idea; consistent with the .theme of the story that Werg o caived competence and control
not mentioned). There were eight statements of each type.
The measures used consisted of the mean latency for tHgcales of perceived competence (individual’s perception of
trials and the number of items correctly completed. Esti-his or her ability to perform actions necessary to achieve
mated reliabilities for this task based on the intraclass cordesired outcomes) and locus of control (individual’s beliefs
relation were .86 (latency) and .75 (accuracy). about whether outcomes are contingent on his or her ac-
tions rather than chance, fate, or powerful others) from Ei-
) zenman et al. (1997) were used. Participants were asked to
Physical Measures respond to eight items (four for competence and four for

. control) on a 7-point adjective-anchored rating scale (from
Physical performance was assessed by measures of bAIanc_Le_7) according to how they felt now. Higher scores indi-

gait, fine motor dexterity, blood pressure, and reSpiratorycated greater perceived competence and control. Eizenman

function. These measures were administered prior to the ; .
o - ) t al. have reported the items show good test—retest relia-
cognitive tasks. Order of administration was held constant . . . . . :

ility. Confirmatory factor analysis showed invariance of

across the four test sessions. . )
the two-factor model across multiple occasions of measure-

ment spanning 25 weeks.
Turn 360 task

This measure of balang¢gait evaluated the number of steps RESULTS

required to turn 360and return to the starting position. . .
Our earlier study (Hultsch et al., 2000) considered average

level and intraindividual variability in cognitive perfor-
mance in three groups of older adults (healthy, arthritic,

Fine motor dexterity was tested separately for each hand b§emented). In the current study, we focus on the relations
having the person touch each of the fingers to their thumipetween cognitive performance (both level and variability)
beginning with the little finger. The time to complete three on the one hand and physical performance and affect
entire sequences was recorded for each hand. belief status on the other. The results are presented in five
main parts corresponding to our questions raised earlier.
First, we compared average level of performance for each
of the measures of physical status and of affect and beliefs
Systolic and diastolic blood pressure were measured usingcross groups and occasions. The second set of analyses
an electronic, automatic monitor (Omron). The measure$ocused on the issue of group differences in intraindividual
were taken once each session from above the elbow of theariability across the four occasions for the measures of
right arm with the individual seated. Participants had beerphysical and affectivébelief status. Third, we computed
seated for about 10 min when these measures were obtainezhrrelations examining relations among measures of intra-

Finger dexterity (dominant and nondominant)

Blood pressure
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Table 2. Mean affect, physical, and cognitive performance as a function of group

Group
Healthy Arthritic Dementia
Variables M (SD) M (SD) M (SD)
Physical
Systolic BP 134.85 (14.94) 136.83 (15.14) 135.48 (14.71)
Diastolic BP 78.94 (13.68) 79.39 (9.54) 82.60 (18.80)
Turn 360 5.71(1.09) 6.59(.76) 6.59(1.27)
Finger dexterity (dominant) 442.41 (91.10) 473.29 (119.21) 524.66 (110.91)
Finger dexterity (nondominant) 413.74(52.77) 448.80(124.55 572.64(206.17
Peak expiratory flow 375.88 (120.93) 300.76 (115.08) 292.49 (119.69)
Affect/beliefs
Positive affect 3.70(.58) 3.10(.70) 3.10(.55)
Negative affect 1.20 (.23) 1.21 (.26) 1.13 (.14)
Locus of control 5.85(.99) 5.11(.89) 5.17(.67)
Efficacy 5.88(.74) 5.10(.98) 5.45(.65)
Cognitive
SRT latency 360.14(31.63 440.96(97.2) 480.72(129.89
CRT latency 483.20(69.79 518.23(94.30 664.73(176.79
Word latency 1522.41(193.10 1556.46(280.1) 3115.21(989.29
Story latency 4033.75(709.32)  4098.40(754.7) 7567.52(1437.29
CRT accuracy 49.85 (.17) 49.38 (1.66) 48.39 (3.84)
Word accuracy 19.00(1.73 18.92(2.16) 14.50(2.08)
Story accuracy 20.54(1.949) 20.41(1.98 15.74(3.12

Note Values in italics indicates significant group differences.

individual variability and among measures of intraindivid- over, group differences in performance or self-report must
ual variability and level of cognitive performance (latency also be removed statistically in order to insure that group
as well as accuracy). Fourth, we used partial set correlatiodifferences in intraindividual variability are not simply an
(Cohen, 1982) to evaluate whether level of cognitive per-artifact of average differences in ability or affect and beliefs.
formance is predicted better by fluctuations in physical or For the initial analyses, we examined the raw scores for
affect/belief variables. Finally, we used discriminant func- each of the physical and affettelief variables. Separate
tion analysis to address the question of whether measur&sroup X Occasion ANOVAs, with group as a between-
of noncognitive variability provide information that uniquely subjects factor and occasion varying within subjects, were
differentiates neurologically intact from impaired individ- performed on each of the measures. The mean scores for
uals. For all tests of statistical significance, we usgo<a  the three groups are shown in Tablé 2.
.05 alpha criterion. The analyses of the physical scores indicated that there
were significant main effects associated with group, occa-
. . sion and Groupx Occasion for some of the measures. Group
Group leferences in Level of Performance differences emerged on the nondominant finger-dexterity
Across Occasion$ task[F(2,41) = 4.85,7% = .19]. Participants with demen-
tia were considerably slower than healthy and arthritic in-
dividuals who did not differ. The occasidi-(3,123 =
5.92,n% = .13] and Groupx Occasion effectpF (6,123 =

We began with an examination of overall level of physical
performance and affedbelief. If differences in physical
performance anbr affecy/beliefs emerge as a function of 3.68, 7% = .15] were also significant and indicated that

group, occasion .and possibly their interactiqn, then it isbetween—group differences emerged on this task on all but
necessary 0 pu.rlfy't'he data of any systematlc eﬁgct; Infhe last test occasion. There was also a significant group
traindividual variability refers to within-person variation

— 2 _
that is independent of relatively durable changes (e.g., prace':ﬁec.t for the Turn taskF (2,31 3'61’7 . 15]. Healthy
. : : .Individuals took fewer steps than participants with demen-
tice effects) over time. Because we are not interested in . .
. : ; tia or arthritis. Occasion effects also emerged on the Turn
these systematic changes, any effects associated with occa-

sions must be removed statistically prior to analysis. More-

3Table 2 also shows the mean raw latency and accuracy scores for the
cognitive tasks. Analyses of these scores were provided in Hultsch et al.

20ne individual in the healthy elderly group was omitted from further (2000). In general, participants with dementia were slower and less accu-
analyses because his scores were generayp8 greater than his own rate than the healthy and arthritic individuals who did not differ from one
group’s means. another.
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task[F(3,123 = 8.85,7% = .18] and the measure of peak that were uncontaminated by group differences in physical
expiratory flow[F(3,123 = 2.11,57% = .07]. With prac-  ability or affect/belief. In addition, this procedure partialed
tice, the number of steps required to turn 3@@clined, all systematic trends (e.qg., linear, quadratic, and cubic) across
whereas the mean cardiovascular output increased. occasions due to influences such as practice and learning to

The analyses of the affettielief measures indicated that learn as well as all groups by trends effects. These purified
the groups differed in terms of their rating of positive scores were then convertedTascores to permit compari-
affect [F(2,41) = 4.38,»? = .18]. Healthy individuals son of the tasks in the same metric.
rated their mood more positively than the patient groups.

In addition, the groups differed in their ratings of control

[F(2,41) = 3.24,% = .14] and efficacy{F(2,41) = 3.43,  Group Differences in Intraindividual

n? = 14]. Healthy individuals perceived themselves asVariability

having greater control and competence than individuals with

arthritis. There were no additional significant main effectsThere are many indices that may be computed to examine
or interactions. intraindividual variability (Slifkin & Newell, 1998). Per-

As noted previously, there were significant group differ- haps the simplest of these is the intraindividual standard
ences in education. However, when the entire sample wadeviation (ISD). We computed ISDs on the physical perfor-
considered, education was not correlated with the physicahance and affegbelief purified scores for each individual
or affective measures. across the four occasions. We also computed the coefficient

The significant differences revealed in the analyses obf variation (CV) in which each individual’s ISD is divided
average raw physical and aff¢bielief scores were consis- by their own mean score. This provides a measure of intra-
tent with our expectations of slower performance for indi-individual variability relative to the individual’s level of
viduals diagnosed with dementia, as well as of more positivghysical performance and aff¢ttelief status.
mood among healthy participants. In addition, there were For these analyses, we used ANOVA with follow-up con-
systematic changes across the four sessions associated witasts on group effects. Significant group effeqgis< .05)
practice. Because these systematic effects represent potemere examined by contrastp (< .05) comparing (1) the
tial confounds for the analysis of intraindividual variability, two neurologically intact groups (healthy and arthritic) with
we analyzed the residuals from the Grou@ccasion mixed- the dementia group; and (2) the healthy and arthritic groups.
model ANOVA. This procedure produced residual scoresTable 3 presents the mean ISDs for the various physical,

Table 3. Mean intraindividual variability of physical, affedbelief, and cognitive variables as a
function of group

Group
Healthy Arthritic Dementia
Variables M (SD) M (SD) M (SD)
Physical
Systolic BP 6.06 (3.89) 5.01 (2.67) 4.81 (3.09)
Diastolic BP 3.94 (3.13) 3.65(2.18) 5.57 (5.57)
Turn 360 3.60(1.33) 4.38 (2.35) 4.01 (2.21)
Finger dexterity (dominant) 6.96 (7.65) 4,57 (2.41) 6.42 (2.68)
Finger dexterity (nondominant) 2.67(1.39 3.43(1.86) 8.63(4.80)
Peak expiratory flow 2.32(1.89) 2.47 (1.75) 2.12(1.13)
Affect/beliefs
Positive affect 3.93(2.5)) 7.19(3.6)) 3.10(1.56)
Negative affect 5.96 (7.05) 6.65 (6.61) 3.78 (4.01)
Locus of control 3.94(2.63 6.10(2.72) 6.30(2.87)
Efficacy 5.90 (3.14) 6.57 (3.15) 5.46 (2.60)
Cognitive
SRT latency 1.78(.73) 2.41(1.45 4.34(2.69)
CRT latency 1.48(.64) 2.13(1.23 4.87(2.73
Word latency 1.50(.56) 1.74(.68) 4.88(2.40
Story latency 1.55(.95) 2.38(1.17) 5.53(2.52
CRT accuracy .90 (.83) 5.47 (10.10) 4.01 (4.25)
Word accuracy 5.78 (2.77) 7.56 (4.01) 7.07 (3.71)
Story accuracy 5.21(2.12) 5.23(1.70) 7.47(3.5))

Note Values in italics indicate significant group differences.
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Table 4. Correlations between cognitive performance (latency and accuracy) and variability in
physica)affective status

Mean latency Mean accuracy

SRT CRT Word Story CRT Word Story

Variability in physical status

Systolic BP -.19 -.09 .09 -.01 .05 -.07 -.02
Diastolic BP .03 .10 17 23 -.01 -.35 -.32
Turn 360 .08 A2 .03 A1 .07 -.14 -.12
Finger dexterity (dominant) .06 .22 13 .14 .01 -.12 -.25
Finger dexterity (hondominant) .33 .35 .67 .61 -.13 —.64 —.49
Peak expiratory flow -.18 -.17 —.05 —.07 .07 .08 .01
Variability in affect/beliefs
Positive affect -.14 -.29 -.33 —-.41 .01 22 .30
Negative affect —.04 -.14 -.19 -.21 —.28 .01 —-.04
Locus of control .29 .35 .35 .25 —.22 -.27 -.09
Efficacy —-.05 —.06 .04 -.10 -.03 -.02 .10

Note According to Cohen (1977), correlations of .30—.50 are considered moderate in size and those above .50 are viewed as
large. In order to protect against excessive Type 1 errors, in the context of a relatively small sample, correlations above .30
were regarded as noteworthy. In addition, all correlations with an absolute magnitude greater than .30 were significant

(two-tailedp < .05) in our study.

affect/belief and cognitive variables for each grlN- physica/mood states and, (2) relationships among the var-

OVA conducted on the ISD scores revealed significant groupous measures of intraindividual variability.

differences (i.e., group differences still existed in the vari-

ability of the residuals independent of the systematic groupntercorrelations between mean level of

differences that were purified) in nondominant finger dex-cognitive performance and variability

terity[F (2,41 = 16.41n? = .45], positive affeciF(2,41) = . .

9.27,m% = .31], and locus of contrglF (2,41) = 3.25,p% = The intercorrelations were computed between level of cog-

.14]. Participants with dementia were more variable wheritive performance indicated by the average across occa-

required to rapidly produce a finger sequence with theirSion latency and accuracy scores and tht_a across-occasion

nondominant hand whereas individuals with arthritis were! SPS for each of the physical and aff¢belief variables.

more variable in their ratings of positive mood. AnalysesTNese correlations are shown in Table 4.

using the CV and covarying education yielded the same Individuals who were less accurate on word and story

results. With regard to perceived control, healthy individu_recognl_tlo_n tasks varied more in their diastolic blood pres-

als were less variable than patients but the effect disapsure- Similarly, people who made more errors on the word

peared when education was used as a covariate or CV wadd story recognition tests fluctuated more in their nondom-

used as the index of intraindividual variability. ?nant fingerFapping speed. .In addition_, Fhose who were slower
In short, the results only partially conformed to expecta-in résponding on the various cognitive tasks (SRT, CRT,

tion. Inconsistency appears not to be a uniform phenom¥Vord, Story) varied more in nondominant fingertapping

enon. Although fluctuations in physical function appearSPeed- o . -

suggestive of central nervous system compromise, shifts in 'ncreased variability in ratings of positive affect was

affect, at least of positive mood, seem to reflect other mechlinked to slowed (Word, Story) but more accurate (Story)
anisms such as the experience of pain. memory performance. Individuals who were slower in re-

sponding on various cognitive tasks (CRT, Word) fluctu-
ated more in their sense of control. Finally, poor cognitive
performance was also related to variability in ratings of
negative affect although the precise pattern of cross-
domain relations depended upon the group examined. Thus,

We next performed a series of correlational analyses tgidnificant interactions with group emerged on the word

examine (1) relationships between mean level of speefcognition F(2,38)= 3.67] and CRT F(2,38)= 29.80]

and accuracy in cognitive performance and variability in{@Sks. As Table 5 shows, healthy people who were slow to

respond on the word recognition task tended to be more

B - , inconsistent in their ratings of negative affeq € .10).
Analyses of the cognitive measures are reported in Hultsch et al .. . ;

(2000). Participants with dementia were more variable than healthy anfparticipants with demem'a_ who _Were le_SS acgurate on the

arthritic individuals who did not differ from one another. CRT task fluctuated more in their negative ratings.

Correlational Analyses Between Cognition
and Physical/Affective Status
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Table 5. Correlations between variability in negative affect and
level of cognitive performance as a function of group

Group
Variables Healthy Arthritic Dementia
Word recognition RT
Negative affect A7 A1 —.42
CRT accuracy
Negative affect -.14 -.16 -.90

Thus, increased fluctuation in one domain was gener
ally associated with a lower level of performance in an-
other domain. Individuals who were slower and less accurat
on measures of memory also varied more in their physic

performance from week to week. Those with better mem-
ory fluctuated less physically. Further, people who were

slower and more inaccurate on cognitive tasks shifted thei
self-perception (in particular, their perceived control and
feelings of negative affect) more from week to week al
though the precise pattern of these cross-domain relatio
varied somewhat depending upon the health status of th
individuals.

Cross-domain correlations between measures
of intraindividual variability

al

n

901

sponse latencies on the word and story recognition tasks.
Similarly, individuals who were more variable in their gait
were also more inconsistent in their speed of response on
the word and story recognition tests. However, the relations
between the measures of physical and cognitive variability
were qualified by group membership. Thus, with respect to
latency of response on the word recognition task, relations
with systolic [F(2,38)= 7.48] and diastolic blood pressure
[F(2,38)= 5.04], as well as gaitH(2,38)= 9.20], varied

as a function of group status. Similarly, group differences
emerged in the pattern of cross-domain relations between
latency of response on the story recognition task and dia-
stolic blood pressureH(2,38)=4.17], and gaitlF(2,38)=
5.00]. Correlation coefficients presented in Table 7 show
g“nat intraindividual fluctuations in physical and cognitive
ariables were correlated highly but only for participants
iagnosed with dementia.

Shifts in affecybeliefs were also related to variability in
?ognitive performance although the pattern of the cross-
domain links was less uniform and tended to depend on the
health status of the participants. As shown in Table 6, in-
c‘Sonsistency in ratings of positive mood was associated with

ariability in response speed on the word recognition task.

roup differences emerged in the pattern of cross-domain
links between SRT latency and perceived contkql], 38)=
5.25], and efficacy [F(2,38) = 4.15]. As Table 7 shows,
increased inconsistency in SRT latency was associated with

d

greater shifting in beliefs about self-control and efficacy,
The cross-domain relations between the measures of incofrut only among the participants with dementia. Group dif-
sistency are shown in Table 6. Increased variability on thderences were found between latency on the word recogni-

nondominant finger-tapping task was linked to increasedion task and perceived contrd#(2,38)= 6.61] and efficacy
inconsistency in latency on the various cognitive tasks (SRT,F(2,38)= 9.88]. On this task, increased inconsistency in

Word, Story).

beliefs was linked to reduced variability in cognition, but

Individuals who fluctuated more in their diastolic blood only for healthy and demented participants. Finally, the re-
pressure were also more variable with regard to their relation between word recognition accuracy and perceived

Table 6. Correlations between variability in cognition and physjedfiective status

Variability in latency Variability in accuracy
SRT CRT Word Story CRT Word Story
Variability in physical status
Systolic BP .01 .01 A2 -.01 -.04 —-.16 .05
Diastolic BP .02 .15 .50 .40 .04 .01 .09
Turn 360 -.07 —.04 .33 .32 —-.05 17 -.10
Finger dexterity (dominant) A1 .09 .04 —.06 -.10 —.06 .23
Finger dexterity (nondominant) .48 .27 43 .39 .04 —.01 .18
Peak expiratory flow -.16 .02 -.11 -.12 .07 —.09 .02
Variability in affect/beliefs
Positive affect -.18 -.21 -.32 -.28 .21 .09 .03
Negative affect —.06 —.09 -.23 —.24 .19 -.10 -.18
Locus of control 42 .21 -.03 .01 .29 .40 -.18
Efficacy 14 .04 -.23 —.24 .13 .35 -.11

Note According to Cohen (1977), correlations of .30—-.50 are considered moderate in size and those above .50 are viewed as large. In

order to protect against excessive Type 1 errors, in the context
noteworthy. In addition, all correlations with an absolute magnitu
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Table 7. Cross-domain correlations between measures of

variability as a function of group

Group

Variables Healthy  Arthritic  Dementia
Story recognition RT

Diastolic BP -.02 .01 71

Turn 360 .13 .35 .75
Word recognition RT

Systolic BP -.11 .04 .63

Diastolic BP -.02 .01 71

Turn 360 .13 .35 .75
Simple reaction time

Locus of control .16 .06 .68

Efficacy .27 -.10 .56
Word recognition RT

Locus of control —.56 42 —.58

Efficacy -.10 .40 —.65
Word recognition accuracy

Locus of control -.32 .69 42

Note Values in italics indicate significant relationp & .05).

control also differed as a function of group([2,38) =
4.93]. As shown in Table 7, increased variability in per-
ceived control was related to increased variability in mem
ory performance, but only among individuals with arthritis.
In short, the findings confirm that significant cross-
domain relations exist with regard to variability. However,
the nature of the relations depends upon the particular d
mains assessed, the measures used, and the health statua 0
the individuals. Inconsistency in physical performance wa
linked to fluctuations in cognitive performance, but only

most prominent among individuals with central nervous sy
tem dysfunction. Individuals with dementia who varied more
in their beliefs about their own abilities were also more
variable in their simple reaction time; however, the rela-
tions between fluctuations on the word recognition task an

beliefs were more complex.

Predicting Cognitive Performance

E. Strauss et al.

individual variability in physical performance and affgct
belief status as predictors of cognition. Separate analyses
were conducted for sets of latency (SRT, CRT, Word, and
Story) and accuracy (CRT, Word, and Story) dependent mea-
sures. Given the large number of potential independent mea-
sures, the two best exemplars of intraindividual variability
from physical performance (nondominant finger dexterity
and Turn 360) and affect (locus of control and positive
affect) were selected as predictors. Variance for both cog-
nitive latency and accuracy was partitioned into that uniquely
predicted by variability in physical function, variability in
affect/belief status, as well as variability shared between
these predictors. To derive these estimates, three set corre-
lations were computed: regression of cognitive measures
onto measures of variability without partialing any vari-
ables, regression of cognitive measures onto physical vari-
ability partialing affecybelief variability, and regression of
cognitive measures onto aff¢ttelief variability partialing
physical variability.

Latency

As a group, performance latency in SRT, CRT, word, and
story was significantly predicted by variability in both phys-
ical performance and affecF[16,110.67 = 2.66, multi-
variate R? = .441]. Table 8 outlines the amount of total

variance in latency performance that is uniquely accounted
for by variability in physical function and affect, as well as
the variance shared between these predictors. Partial set
correlation findings indicated that variability in physical
un]ction significantly predicted cognitive performance in-
ependent of variability in affe¢gbelief status F(8,72)=

52.44], adjusted multivariate partigf = .236, but that vari-

ability in affect/beliefs did not significantly predict cogni-

Tive latency after partialing variability in physical function.
Of the total variance accounted for by intraindividual vari-

ability in physical and affe¢tbelief status, 53.5% was ac-
counted for by variability in physical function, 22.0% was
ccounted for by variability in affect, with the remaining
4.5% of this variance shared between these two types of
variability.

Accuracy

In previous research (Hultsch et al., 2000), we demonAccuracy in cognitive performance (CRT, Word, and Story)
strated that intraindividual variability in cognitive perfor- was also significantly predicted by variability in both phys-
mance uniquely accounted for a significant proportion ofical performance and affecE[12,98.2)= 2.73, multivar-
variance in cognition over and above mean-level influ-iate R? = .367]. This variance predicted in accuracy was
ences. Having demonstrated the potential utility of intra-further partitioned into that uniquely accounted for by vari-
individual variability as an independent marker of cognitive ability in physical function, variability in affect, and shared
function, a logical next step is to examine relative influ- variance between these predictors (see Table 8). Consistent
ences for distinct types of variability. Of particular interest with the latency findings, variability in physical function

in the present investigation is whether mean cognitive persignificantly predicted accuracy in cognitive performance
formance (both latency and accuracy) is better predicted bindependent of variability in affe¢belief status F (6, 74)=

fluctuations in physical performance or affébelief sta-
tus. We used partial set correlation (covarying for group

S|t is possible and even common for set correlation to produce error

status) to examine unique and shared influences of intradegrees of freedom that include decimals.
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Table 8. Relative contribution of intraindividual variability in physical and affdotlief status as predictors of
cognitive performance

Multivariate R? Multivariate partialR? Multivariate partialR? Multivariate partialR?
(total) (shared variance) (unique physical) (unique affect)
Latency 441 .108 (24.5) 236 (53.5) .097 (22.0)
Accuracy 367 064 (17.4) 303 (82.6) .000 (0.0)

Note Values in parentheses represent percentage of total multivifadecounted for.

3.63, adjusted multivariate partiBf = .303]. Also consis-  analysis included measures of physical variability (nondom-
tent with latency findings, variability in affe¢beliefs failed  inant finger dexterity and Turn 360) and variability in affect
to significantly predict cognitive latency holding variabil- (locus of control and positive affect).
ity in physical function constant. Whereas variability in phys-  The results for the SRT variability model showed that the
ical function accounted for more than twice as much varianceombined cognitive, physical, and affect variability infor-
in latency performance relative to variability in affect, the mation differentiated the dementia from the nondementia
unique influence of physical variability was even more pro-groups F(5,38)= 7.79, Wilks’s Lambda= .494], correctly
nounced for cognitive accuracy uniquely accounting forclassifying 94% of the nondementia participants, 77% of
82.6% of the total variance attributed to variability mea-the dementia participants, and 89% overall (see Table 9).
sures. The remaining 17.4% of the variance was share@nly variability in nondominant finger dexterity uniquely
between variability in physical function and affébeliefs  contributed to predicting group membershif38)= 3.60],
with absolutely no variance being uniquely attributed toalthough the unique contribution of SRT variability was in
variability in affect. the expected directionp(= .06). The set of variables for
the CRT variability model also combined to differentiate
o ) the groups F(5,38)= 15.80, Wilks’s Lambda= .325], cor-
Discriminating Neurologically Intact and rectly classifying 97% of the nondementia participants and
Dementia Groups 85% of the dementia participants (93% overall classifica-

Previous analyses (Hultsch et al., 2000) indicated that thgon). Both nondominant finger dexterift(38) = 4.84],

dementia and neurologically intact groups could be reliablyanOI variability in CRT latencyt(38) = 5.04], made signif-

differentiated on the basis of both mean performance angant Independent contributions to predicting group mem-

variability information. Of particular interest was the find- er_shi_p_. Groups were also differ_entiated for the Word
. : L T " variability model [F (5, 38)= 22.04, Wilks’s Lambdas .257],
ing that intraindividual variability in cognitive perfor-

mance made an independent contribution to predicting grouW'th. anSS|f|cat|oon accuracy of 97.% for .th_e nondementlg
membership. The present investigation permitted a morgartmlpants, 77% for the dementia participants, and 91%
detailed assessment of the unique contributions of variabil-

ity to predicting group membership. Specifically, we exam-

ined three different types of intraindividual variability Table 9. Prediction accuracy (%) comparing measures of mean

(cognitive, physical, and affect) as a means of differentiatievel of cognitive performance and cognitive variability, and

ing neurologically-intact and dementia groups as well assariability (cognitive, physical, affegbeliefs) alone

whether certain types of variability exerted independent

predictive influences. Discriminant function analysis was Dementia  Nondementia
used to estimate the extent to which dementia and nonde- (sensitivity)  (specificity) ~ Total
mentia groups (combined) could be differentiated, as welgrTt
as to evaluate the unique contribution of different types of Mean and variability 77 91 87
variability® Separate analyses were run for each measure of Variability 77 94 89
cognitive variability (i.e., four separate analyses were rurCRT
considering the predictive influence of variability in SRT, Mean and variability 70 100 91
CRT, word, and story latency separately). In addition to Variability 85 97 93
variability in cognitive latency, each discriminant function Word o
Mean and variability 92 100 98
Variability 77 97 91

SAn alternative method for this analysis is logistic regression. In the Story
two-group case, discriminant function analysis is exactly comparable to -
regrgssinpg a dichotomous criterion variableyon a set of predict(F))rs. As our Me‘_’:m fr’l_nd variability 100 100 100
discriminant function software did not permit evaluations of the indepen-  Variability 85 100 95
dent contributions of predictors, we simply regresseddtoaip variable
on all predictors simultaneously to obtain a test of the unique contributionNote Sensitivity and specificity values for mean and variability combined
of each individual predictor. were derived from Hultsch et al. (2000).
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overall. Significant independent contributions to predictingformance, accounting uniquely for between 53.5% (laten-
group membership were made by nondominant finger dexey) and 82.6% (accuracy) of variance in cognitive function.
terity [t(38) = 2.59], the Turn 360 taskt(38) = —2.44], In fact, intraindividual variability in affectbeliefs did not
and variability in word latencyt(38) = 6.50], with vari-  make a significant independent contribution to prediction.
ability in locus of control approaching the accepted level ofFinally, inconsistency in physical performance (blood pres-
significance[t(38) = 1.85,p = .07]. Finally, the set of sure, gait, nondominant finger-tapping speed) was related
variables for the Story variability model combined to dif- to variability in cognitive function (see also Li et al., 2001).
ferentiate the groupsH(5, 38)= 18.80, Wilks’s Lambda= However, except for the SRT and the finger dexterity tasks,
.288], with classification accuracy of 100% for the nonde-this cross-domain relation was observed only for the par-
mentia participants, 85% for the dementia participants, anticipants with dementia. This is what one would expect to
95% overall classification. Measures of variability making find if there is some general or system-specific neurologi-
unique contributions to predicting group membership in-cal compromise contributing to disturbances in both domains.
cluded nondominant finger dexterify(38) = 3.10], and As indicated above, we observed group differences in the
variability in Story latencyt(38) = 5.79]. Overall, the most pattern of correlations between physical and cognitive mea-
consistently important variability domain for differentiat- sures of variability. When variability in cognition was as-
ing group membership was variability in physical perfor- sessed with more demanding memory tasks (latency of word
mance. Variability in cognitive performance also madeor story recognition), positive correlations with fluctuations
consistent unique contributions (only variability in SRT failed in physical function (blood pressure, gait, nondominant fin-
to make an independent contribution). Variability in affect ger tapping speed) were evident, but typically only for par-

had the fewest significant independent effects. ticipants with dementia. Interestingly, when processing
demands were simpler (SRT), correlations with inconsis-
DISCUSSION tency in physical function (nondominantfinger tapping speed)

emerged regardless of group. This link between inconsis-

We extended the study of intraindividual variability into the tency on simple measures of processing and motor speed may
domains of physical status and affgoeliefs by investigat- be the behavioral manifestation of an aging brain in our sam-
ing their relations with cognitive function in three groups of ple of older adults. Declinesin elementary cognitive and phys-
older adults: healthy elderly, individuals with nonneurologi- ical functioning are ubiquitous in aging (Craik & Salthouse,
cal health-related disturbance (arthritis) and people witiL992) and connections between these domains have been
neurological compromise (dementia). Participants with arshown to strengthen with advancing age (Baltes & Linden-
thritis were included to help determine whether intraindi-berger, 1997; Lindenberger & Baltes, 1994). It must also be
vidual variability is primarily a central nervous system acknowledged, however, that the finger tapping task is not a
phenomenon or is driven by other health-related phenompure measure of physical function but also taps cognitive pro-
ena, such as the stress associated with suffering from @esses. That is, in addition to fine motor control, there are
chronic disorder. Our findings indicate that inconsistency isrequirements of attention, speed, and pacing. This might be
not a single or unitary process. Increased variability in physparticularly the case for the nondominant compared to the
ical function appears to reflect central nervous system dysdominant hand. It would be a mistake, however, to conclude
function, but marked inconsistency in affébeliefs appears that the cross-domain links that we observed are due only to
due to other mechanisms. Individuals diagnosed with mildhe cognitive components of the physical tasks. Cross-domain
dementia fluctuated more in their physical performance whelinks were also observed for aspects of physical function
compared to neurologically intact individuals. By contrast, (blood pressure) with little cognitive demand.
the stresses experienced by the participants with arthritis One other issue deserves mention in this context. Com-
appeared to contribute to their increased fluctuations in afmon cause accounts of aging (e.g., Baltes & Lindenberger,
fective report, perhaps not a surprising finding given thel997; Lindenberger & Baltes, 1994) would predict correla-
ups and downs of their pain condition. tions across domains (e.g., between physical and cognitive

The involvement of neurobiological mechanisms in pro-domains) for the healthy older adults. However, the corre-
ducing inconsistency in physical function is also suggestedations observed between our measures of physical and cog-
by the pattern of cross-domain correlations. The analysesitive function (both for mean and variability indices) were
indicated consistent patterns of correlations with both (1yelatively low in these individuals. In contrast, these corre-
level and (2) variability in cognitive function. That is, in lations were impressively high for the dementia group. Thus,
agreement with reports of others (Goldstein et al., 1998; Lthese data offer little evidence of cross-domain linkages
etal., 2001), we found that individuals who fluctuated moreamong healthy and arthritic individuals, but strong evi-
physically (in terms of diastolic blood pressure and non-dence of such a linkage in dementia patients. In this regard,
dominant finger-tapping speed) performed worse on meathe present study does not support common cause aging
sures of memory. People who were more stable physicallpccounts. The observation that these cross-domain linkages
had better memory. Further, our analyses indicated that inare present in the dementia cases and less evident in the
traindividual variability in physical performance was an other groups suggests that there may be specific pathophys-
important independent predictor of level of cognitive per-iological mechanisms involved in these associations.
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Finally, the clinical significance of the measures of intra-ever, we did not consider whether change in one domain
individual variability deserves mention. Interestingly, phys-covaries with change in another domain over time. An
ical variability proved the most consistent predictor of important topic for future research concerns the extent and
neurological status. The measure of nondominant finger dexqature of this interdependency.
terity uniquely identified central nervous system impair-
ment for each of the four discriminant function analyses.
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