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Abstract

Background: Age-related sensory and cognitive impair-
ments have been related to functional performance in
older adults. With regard to cognitive abilities, process-
ing speed in particular may be strongly related to older
adults’ abilities to perform everyday tasks. ldentifying
and comparing cognitive correlates of functional perfor-
mance is particularly important in order to design inter-
ventions to promote independence and prevent func-
tional disability. Objective: The present study examined
the relative importance of cognitive (specifically, speed-
ed and nonspeeded) and sensory factors in relation to
older adults’ functional abilities. Functional abilities in-
cluded measures of mobility and performance of every-
day activities. Methods: A cross-sectional study design
was employed. Five hundred and thirty adults between
the ages of 62 and 94 completed measures of sensory,
cognitive (including processing speed, attention, mem-
ory, intelligence) and functional abilities. Results: Over-
all, functional performance was most strongly associat-
ed with cognitive speed performance, but nonspeeded
cognitive and sensory abilities also accounted for sig-
nificant amounts of variance in functional performance.
Age explained a small but statistically significant amount
of additional variance in some functional abilities, but no
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additional variance in self-reported mobility measures.
Conclusion: These findings point to the potential impact
of multifaceted training programs, targeting both sen-
sory and cognitive abilities for maintaining functional
abilities.
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According to projections by the United States Census
Bureau, by the year 2050, up to 20% of the total United
States population will be aged 65 and older [1]. While
many people experience healthy aging without significant
impairments, a number of sensory, cognitive and func-
tional declines can occur with age, threatening indepen-
dence. In cases of extreme sensory or cognitive loss, the
capacity to perform activities of daily living (ADLs; e.g.,
toileting, eating, bathing and very basic aspects of mobil-
ity) can be compromised [2, 3]. However, older adults can
experience less visible but equally damaging losses in the
ability to perform instrumental activities of daily living
(IADLs; e.g., balancing a checkbook, grocery shopping,
medication management and driving) [4, 5]. Considering
the population trends and the changes that occur with ag-
ing, there is increasing concern that as the percentage of
older adults in the general population rises, there will be
a growing number of older adults who cannot function
independently. There are high economic costs, both di-
rect (e.g., subsidizing nursing home care, medical treat-
ment costs of preventable accidents such as falls or
crashes) and indirect (e.g., lost productivity of family
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caregivers), when older adults can no longer live indepen-
dently [6]. Therefore, the identification of cognitive and
sensory risk factors that jeopardize functional capacities
is a pertinent topic for aging research.

The purpose of the present paper is to identify and
compare factors that are strongly associated with func-
tional performance difficulties, which can account for the
wide variability in function among older adults, and
could be targeted for intervention. Specifically, the rela-
tion of cognitive abilities, speed of processing in particu-
lar, and sensory function to functional performance and
self-reported mobility will be examined.

Everyday Functional Performance and Aging

As people age and experience changes in sensory and
cognitive abilities, they may also tend to experience de-
clines in the ability to carry out everyday activities re-
quired to remain independent and healthy [7-11]. Mobil-
ity is a particularly important functional ability that can
be impaired with age [12, 13] and encompasses a range
of abilities, from simply being able to move one’s body,
to the extent of one’s life-space and driving-space, to the
avoidance of negative outcomes such as falls and auto-
mobile crashes [12, 14, 15]. For example, many older
drivers reduce their driving in order to avoid potentially
dangerous or bothersome driving situations such as driv-
ing at night, in the rain or during rush hour [16~18]. Such
changes in driving habits, in particular driving cessation,
are a threat to maintaining independence and also may
lead to adverse consequences such as depression and less
access to resources such as healthcare [12, 19, 20]. Nega-
tive mobility outcomes, as measured by rates of traffic
convictions, crashes and fatalities per mile driven, are
also higher among older drivers than any other age group
[14].

Sensory Status and Functional Performance

Sensory abilities have been related to a number of as-
pects of functional performance. For example, West et al.
[21] found that many measures of visual ability were as-
sociated with decreased physical functioning. Ball et al.
[16] found that visual function correlated with increased
driving avoidance behaviors. Similarly, drivers with cat-
aract have been found to be more likely than older adult
drivers without cataract to drive slowly, be advised to
stop driving, prefer that someone else drive, and limit
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their own driving exposure [22]. In a population-based
study, contrast sensitivity was found to be significantly
correlated with all, and far visual acuity to be significant-
ly correlated with most of the study’s performance-based
measures of functional abilities [23]. Visual acuity and
contrast sensitivity also have been related to performance
of IADLs [24]. In a one-year longitudinal study of over
2,000 community-dwelling older adults, Wallhagen et al.
[25] found that both impaired vision and impaired hear-
ing were related to poorer performance of ADLs and
IADLs. Along the same lines, among older adults in the
Berlin Aging Study, both vision and hearing predicted
measures of Basic Competence and Expanded Compe-
tence, which are similar to ADLs and IADLs [26].

Cognitive Abilities and Functional
Performance

Age-related declines are also well documented in sev-
eral aspects of cognitive functioning and contribute to
deterioration of abilities to carry out everyday tasks. For
example, memory difficulty is related to slower perfor-
mance of timed IADL tasks [27]. Memory, along with
intellectual functioning, is also related to performance on
the Everyday Cognition Battery, which measures the re-
lationships between cognitive abilities and real-world
functional measures [28]. Fluid reasoning is predictive of
everyday task competence [11] and is also related to per-
formance of timed IADLs [27]. Executive function has
been found to significantly predict performance of IADLs
[29]; moreover, executive function has been found to be
a better predictor of IADL performance than depression,
demographic factors or other aspects of cognition in old-
er adults [30].

Recent evidence suggests that cognitive speed in par-
ticular may be strongly related to functional abilities [31,
32]. For example, UFOV®! measure of processing speed
is significantly related to several measures of functional
abilities in older adults. UFOV significantly predicts the
ability to carry out IADLs [24, 27] and mobility outcomes
such as crash rates [8, 33], driving avoidance [16] and
limited life-space [15].

The present cross-sectional study examined a large
group of older adults with a broad range of sensory and
cognitive capacities and diverse health status, A variety
of aspects of everyday functioning were measured in or-
der to explore in concert the relationships among various

' UFOV®isa registered trademark of Visual Awareness, Inc.
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sensory, cognitive and functional abilities, and to exam-
ine the capability of sensory and cognitive abilities to ac-
count for variance in functional performance among old-
er adults. The study was designed with the goal of
measuring cognitive and sensory abilities across many
modalities, enabling the creation of constructs, which
should be more stable than specific measures in predict-
ing functional outcomes. Of particular interest was the
relative importance of sensory and cognitive abilities to
the functional performance of older adults, and the iden-
tification of which abilities are most strongly related to
specific functional tasks and therefore promising targets
for intervention. It was hypothesized that speed of pro-
cessing abilities would be most strongly associated with
functional outcomes, followed by other cognitive abilities
and sensory status. Furthermore, it was hypothesized that
age would explain very little variance in the functional
outcome measures once cognitive and sensory abilities
were accounted for, suggesting that interventions which
effectively improve these abilities may be effective for
reducing or eliminating aging-related decrements in func-
tional abilities,

Methods

Farticipants

Participants were recruited in Bowling Green, Ky., and Bir-
mingham, Ala., and surrounding areas from a variety of sources
including community-dwelling individuals who responded to a
mass-mailed information letter, were previously screened for other
university-affiliated research projects, or were referred by other re-
search participants. All participants in the present study are part of
a larger, ongoing study, ‘SKILL — Staying Keen in Later Life’. This
study aims to examine the relations among cognitive, sensory and
functional abilities in older adults, and to evaluate the impact of
cognitive training upon cognitive and functional performance for
older adults with speed of processing impairments. At the point of
data extraction, 530 adults between the ages of 62 and 94 years had
completed the baseline phase of the study. Eighty individuals who
came in for screening failed to complete the subsequent baseline
visit; 10 were ineligible and 70 refused further participation. The
participants were mostly women (60% female) and Caucasian
(90.3%; 9.4% were African American and 0.2% were of another
race). The education level of the sample ranged from 7th grade
(0.2%) to doctoral (3.6%), and the average educational attainment
was ‘some college or vocational training after high school gradua-
tion’. Seventy percent of older adults in the United States have an
education level of high school graduation or above [34], whereas
our sample is somewhat more educated, with 92% having a high
school degree or beyond. The mean Mini Mental State Exam
(MMSE) score of participants was 28.29 (SD = 1.93). Although no
potential participant was excluded on the basis of MMSE score,
only one participant reported having a diagnosis of dementia.

Factors Influencing Functional Ability

Adults 60 years of age and older were eligible for screening. A
minimum far visual acuity score of 20/80 (with the participant’s
corrective lenses when applicable) and a demonstration of literacy
at the 5th grade level were required for inclusion. These criteria
were selected as the minimum abilities needed to see and read
stimuli involved in the test battery. Inclusion criteria were kept to
a minimum in order to involve a sample with a wide range of sen-
sory, cognitive and functional capacities.

Measures

Participants completed a 1.5-hour screening visit to determine
eligibility for the study and, if eligible, a baseline assessment (2.5-
hour visit) of cognitive, sensory and functional abilities.

Functional Ability Measures

Timed Instrumental Activities of Daily Living

The timed instrumental activities of daily living (TIADL) [24,
27]) measure everyday cognition by requiring the participant to per-
form a series of timed, simulated everyday activities in the labora-
tory. The tasks included (a) looking up and reading aloud a specified
telephone number in a phone book, (b) counting out 67 cents in
change from a handful of coins, (c) locating and reading ingredients
from labels on 3 cans of food, (d) hinding 2 specified items on a
crowded grocery shelf, and (e) reading instructions from 2 prescrip-
tion medication labels. Participants are instructed to wear their
usual corrective lenses for reading, if any, during the test. Data are
collected on performance time and accuracy for each task. The vari-
able used in analyses was the sum of z-scores calculated for each
task and thus represents performance on all 5 tasks. Test-retest re-
liability of TIADL is 0.64 [27].

Road Sign Test

The Road Sign Test (RST) [14] is a computerized measure of
everyday cognition. It requires participants to use a mouse to react
to changes in displays of road signs. The participant is instructed
to watch the monitor screen for a sign without a slash through it
and react immediately. Required reactions involve moving the
mouse to the left (in response to a left turn sign) or right (in response
to a right turn sign), or clicking a button on the mouse (in response
to a bicycle sign or pedestrian sign). No reaction to signs with a red
slash through them is required. Multiple road signs (either 3 or 6
at a time) appear on the screen simultaneously. As the participant
watches, the signs disappear and then reappear at different loca-
tions on the monitor screen. At first, all the signs have slashes
through them. Eventually, one of the signs in the display appears
without a red slash through it, requiring a response from the par-
ticipant. The time from the presentation of a stimulus to the per-
formance of the correct reaction by the participant is measured. In
this study, the RST score used in analyses was the average of the
participant’s reaction time in the 3- and 6-sign conditions, Test-
retest reliability of RST is 0.56 {35].

Mobility Questionnaire

The Mobility Questionnaire (MQ) [15, 22] is a survey of many
aspects of participants’ mobility, including indices of (a) life-space,
(b) driving-space and (c) driving exposure. In the present study,
scores were calculated in the following manner. Life-space was de-
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rived from 9 questions about where the participant had been over
the last 7 days or 2 months (ranging from beyond the bedroom to
beyond this region of the United States). The number of positive
responses was summed to create a life-space score, representing the
spatial boundaries of the participant’s activities. Participants were
also asked 6 questions about where they had personally driven dur-
ing the same time span. The positive responses were summed to
create a driving-space score, representing the participant’s range of
driving, One additional MQ item was included as a measure of ev-
eryday functioning in this study: how many days the participant
drives in an average week (driving exposure). Test-retest reliability
is 0.80 for life-space [15], 0.86 for driving-space and 0.83 for driv-
ing exposure [22].

Sensory Measures

Far Visual Acuity

Far visual acuity was measured using the ETDRS Chart with a
Good-Lite model 600A light box. Distance vision was tested bin-
ocularly in a darkened room at a distance of 10 ft, first without cor-
rection and then with correction, if corrective lenses were usually
worn. Participants read the letters from left to right on 9 lines that
become progressively smaller by the line, The ACTIVE scoring sys-
tem was used [35]. According to this scoring method, each line is
worth a total of 10 points, and scores may range from 0 (if no let-
ters were correctly identified, approximately equivalent to a Snellen
score of 20/125) to 90 (if all letters were correctly identified, ap-
proximately equivalent to a Snellen score of 20/1 6). The value used
in analyses was the better score for corrected/uncorrected vision.

Near Visual Acuity

Near visual acuity was measured using the Lighthouse Near
Visual Acuity Modified ETDRS chart. Near vision was tested bin-
ocularly, first without any correction and then with correction, if
any. The chart was held 40 cm from the participant’s eyes, unless
the participant could not identify any letters at this distance, in
which case a distance of 20 cm was used (testing distance was in-
corporated into the scoring system). Log Minimum Angle Resolv-
able scores were used. In this method, possible scores range from
1.30 (equivalent to a Snellen score of 20/400) to - 0.10 (equivalent
to a Snellen score of 20/16), with lower values representing better
performance. The value used in analyses was the better score for
corrected/uncorrected vision.

Contrast Sensitivity

Contrast sensitivity was assessed binocularly (with distance cor-
rection, if corrective lenses were usually worn) at a distance of
40 in. using the Pelli-Robson Contrast Sensitivity Chart [36]. This
chart consists of 8 rows of letters with 2 sets of 3 letters on each
row. The contrast of the letters against the white background of the
chart gradually decreases across letters as the participant reads from
left to right and top to bottom. Possible scores range from 0.00
(poorest performance) to 2.25 logyo (best possible performance). In
this study, the participant received the log contrast sensitivity score
associated with the last set in which 2 of the 3 letters were correct-
ly identified.

Hearing

Pure tone threshold hearing was measured with a GSI 17 (Gray-
son Stadler, Inc.) audiometer at 500, 1,000 and 2,000 Hz in the
right and left ears individually. Headphones were placed over both
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ears of the participant, who was seated facing away from the audi-
ometer and instructed to raise his or her hand when a tone was
detected. Standard procedures for obtaining pure tone thresholds
were followed. The score used in these analyses was calculated by
averaging the 6 thresholds obtained.

Balance

Balance was measured with the Turn 360 test [13]. Participants
were asked to assume a starting position and make | complete 360 °
turn. The number of steps required to make the turn was recorded,
as was the use of any assistive device. The procedure was repeated
for a second turn. Fewer steps represent better performance. The
score used in these analyses was the average number of steps across
both turns.

Cognitive Measures

Mental Status -~ Mini Mental State Exam

The Mini Mental State Exam (MMSE) [37] measures orienta-
tion, attention, memory. language and construction skills, and has
been widely used to determine mental status and screen for demen-
tia. Scores range from 0 to 30, with higher scores indicating better
cognitive function.

Literacy - The Adult Dyslexia Test

A portion of the Adult Dyslexia test [38] was used as a gross
screen of literacy. In this study, participants were asked to read
seven Sth-grade level words. At least 4 of the words had to be cor-
rectly read to meet the literacy requirement. As described above,
this measure was used as an inclusion filter, and scores were not
included in analyses.

Processing Speed

UFOV. The UFOV [33] is a computerized test of cognitive pro-
cessing speed that assesses the minimum display duration neces-
sary for a participant to attend to multiple visual stimuli. The test
includes 4 increasingly complex subtests. The 1st subtest requires
the participant to identify a car or truck flashed briefly inside a
fixation box. The 2nd subtest requires the participant to identify
the central target and simultaneously notice where a car appears in
the periphery. The 3rd subtest is identical to the 2nd subtest except
for the addition of distractors, which makes locating the peripheral
target more difficult. The 4th subtest requires the participant to
determine whether 2 objects presented simultaneously at central
fixation are the same (2 cars or 2 trucks) or different (1 car and |
truck) and at the same time locate the peripheral car surrounded
by distractors. For each subtest of the UFOV, the participant views
the presentation of stimuli and then answers questions by touching
a response choice from 2 alternatives for the central task and 8 al-
ternatives for the peripheral task, using a touch-sensitive computer
monitor. A processing speed threshold is established for each par-
ticipant via a double staircase method; for each subtest, this thresh-
old represents the display duration at which the participant cor-
rectly responds on 75% of trials. These durations can range from
16 to 500 ms on each subtest. In these analyses, the score used was
the sum of the thresholds for all 4 subtests. The PC version of the
UFOV test used in this study has a test-retest reliability of 0.81
[39].

Letter Comparison [adapted from ref. 40]. Participants were
presented with a sheet containing 2 columns of paired letter sets
and were required to determine whether or not each pair of letter
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sets was identical. Three different letter set sizes (3, 6 and 9 letters)
were used. For each set size, participants were required to complete
as many comparisons as possible in the time allotted (20 s for each
of 3 sections). The score used in these analyses was the sum of cor-
rectly completed comparisons across all 3 sections.

FPattern Comparison. Pattern Comparison [adapted from ref,
40] is similar to Letter Comparison, except that line segments are
used as the stimulus element rather than letters. In this study, the
complexity of the patterns was varied (either 3, 6 or 9 line seg-
ments). As in the Letter Comparison task, participants were re-
quired to determine if a pair of line segments was identical. The
number of comparisons correctly completed in the time allotted
(20 s for each of 6 sections) was determined. The values were
summed across the 6 sections.

Digit Symbol Substitution and Digit Symbol Copy. WAIS-R
Digit Symbol Substitution [41] requires participants to fill in a grid
of empty squares with symbols, by associating the number appear-
ing above each square with the symbol paired with that number in
a key at the top of the page. Participants must complete as many
substitutions as possible in 90 s. In this study, the average number
of seconds required to substitute | item was calculated for each
participant.

Digit Symboal Copy [42] requires participants to fill in a grid of
empty squares with symbols, by simply copying the symbol located
above each square. There is no time limit: however, the test is timed
and participants are instructed to work as quickly as possible. In
this study, the average number of seconds required to copy 1 item
was calculated for each participant. The Digit Symbol Copy score
was then used to adjust the Digit Symbol Substitution score, there-
by correcting for the time required to write each symbol (this cor-
rection factor controls for motor speed and allows a purer measure
of the cognitive processing time required for making the substitu-
tion). Corrected scores were used in analyses.

Autention Switching

Shape Color Size

Shape Color Size (SCS) [adapted from ref. 43] requires the par-
ticipant to use a computer mouse to make same/different judg-
ments about the shape, size or color of 2 objects presented on the
monitor screen. Participants choose whether they would like to use
the right or left button on the mouse to indicate that 2 objects are
the same (the other button is used to indicate ‘different’). For each
trial, the word ‘shape,” ‘color’ or ‘size’ (the dimension to be com-
pared) appears first in the center of the screen. Then 2 objects are
presented. The participant is required to decide whether the objects
are the same or different on the dimension indicated and to react
as quickly as possible by clicking the corresponding button on the
mouse.

In the present study, the test was given in 4 sections. In 2 of the
sections, the property to be compared was random at each presen-
tation. In the other 2 sections, the trials were blocked, so that ques-
tions about color, shape and size were each grouped together, Par-
ticipants were informed prior to the start of each section whether
the trials would occur randomly or in blocks. The time from the
presentation of a stimulus to the reaction by the participant was
measured, as well as response accuracy. The score used in these
analyses was the mean reaction time for all correct resSponses across
both conditions (SCS RT).

Factors Influencing Functional Ability

Lexical Decisions

Lexical decisions [Lex Dec; adapted from ref. 44] require the
participant to use the buttons on a computer mouse to indicate
whether a string of letters spells a real word. In the Lex Dec task.
each trial begins with a cursor blinking in the center of the screen.
The cursor is followed by a word in white capital letters that serves
as a prime. Following the prime, the target appears in green letters
with either normal spacing (for example, ‘target’), blank spaces be-
tween each letter (‘t a r g e ') or asterisks between each letter
(‘txaxrxgrext’). The participant is instructed to ignore the blank
spaces or asterisks and quickly decide whether the green letters spell
a real word or not. The time from the presentation of the test stim-
ulus to the reaction by the participant is measured, as well as re-
sponse accuracy. The score used in these analyses was the mean
reaction time for all correct responses to real words presented across
all 3 conditions (Lex Dec RT).

Working Memory

WMSHIII Spatial Span

Spatial Span [45] measures spatial memory by requiring the
participant to observe and then imitate the tester by touching a
specific series of blocks in the same order that the tester has touched
them. The number of blocks in the series increases, which heightens
the demand on working memory, until the participant either fails
enough trials to trigger a cut-off point or completes the most diffi-
cult series. The score used in analyses was the number of series cor-
rectly replicated.

WMS-IIT Digit Span

Digit Span [45] requires the participant to listen and then ver-
bally repeat a series of digits read by the tester. Each pair of series
gets longer, until the participant either fails enough trials to trigger
a cut-off point or completes the most difficult series. The score used
in analyses was the number of series correctly repeated.

Hopkins Verbal Learning Test

The Hopkins Verbal Learning Test (HVLT) [46] requires the
participant to memorize a list of 12 words read to them by the
tester. Three memorization trials are given, and after each trial
participants are asked to recall all of the words from the list. Fol-
lowing these 3 trials, participants listen to a list of 12 target and 24
distractor words and indicate whether or not the words were in the
memorization list. This recognition trial is scored by a discrimina-
tion index, which is created by subtracting the number of false
positives from the number of true positives. The average number
of words recalled across the 3 memorization trials (HVLT avg) and
the discrimination index (HVLT DI) were used in these analyses.

Intellectual Functioning

WASI Vocabulary

The Vocabulary subtest of the WASI [47] measures verbal intel-
ligence by having participants define words. This measure taps crys-
tallized intelligence, which is known to be relatively stable across
the life span [10]. The raw score was converted to a t-score, which
was used in these analyses.

WASI Matrix Reasoning

Matrix Reasoning [47] measures nonverbal intelligence by ask-
ing participants to solve a series of picture puzzles in which part of
each picture is missing. Participants select the piece that would best
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complete the picture from 5 choices at the bottom of each page.
This measure taps fluid intelligence, which is subject to decline with
age [48]. The raw score was converted to a t-score, which was used
in these analyses.

Executive Function

Trails A and Trails B

Trails A and B [49, 50] require participants to navigate a series
of numbers (Trails A) and of alternating numbers and letters (Trails
B) and connect them in sequential (A) or alternating sequential (B)
order. If the participant makes a mistake, he or she is redirected to
the last correct response and told to continue. The time required to
complete cach task is recorded. In this study, a time limit of 480 s
was imposed for Trails B.

Stroop

Stroop [51-53] is a computerized adaptation of the original task
that measures the time it takes for participants to (a) read a series
of words that name colors (red, blue, green and yellow), (b) name
the color of color blocks (also red, blue, green and yellow), and (c)
name the ink color in which a series of color words appear rather
than reading the words themselves (the ink color is discordant with
the color words; e.g., ‘red’ printed in blue ink requires a response
of ‘blue’). In all 3 tasks, participants are instructed to correct any
mistakes they make and then move on. The time it takes to com-
plete each task is measured, as are the number of uncorrected mis-
takes made in the 3rd task. For the present analyses, a score was
derived from the difference between the time required to complete
the 3rd (ink color naming) task and the 2nd (color block naming)
task, adjusted with a time penalty for the number of uncorrected
mistakes made during the 3rd task.

Resuits
Data Treatment

Missing Data

Most participants had valid scores for all measure-
ments (less than 1% of the data were missing). There was
a small amount of missing data for some measures due to
refusals, participant’s inability to perform, or equipment
or administrator errors. In no case was any measure miss-
ing more than 3% of the cases. When sensory and cogni-
tive data were missing at random, imputation of data was
done with maximum likelihood procedures [54]. If data
were not missing at random, but rather represented a par-
ticipant’s inability to perform a task, the data point was
replaced with a minimum score. A minimum score was
either a predetermined limit for that measure (480 s for
Trails B, for example) or a value of 3 standard deviations
from the mean for that measure, in the direction of poor-
er performance. In no instance did an assigned score of 3
standard deviations from the mean exceed the range of
obtained scores on that measure.

Gerontology 2005;51:131-141

Outliers

Because of the wide range of abilities among partici-
pants, some outlying scores were obtained; the vast ma-
Jority of these were in the direction of poorer perfor-
mance. Outliers for the cognitive and sensory variables
were constrained to a minimum or maximum score
equivalent to * 3 standard deviations from the mean.
For most measures very few, if any, outliers were found
(1~4 cases); HVLT DI had the most outliers with 13 cas-
es. Functional performance and mobility measures were
not constrained.

Standardization

Prior to conducting correlations, regressions and fac-
tor analyses, scores on all measures except age were con-
verted to z-scores, and then measures on which a smaller
scorerepresented better performance were reverse-scored,
so that higher scores represent better performance across
measures. Means and standard deviations for all mea-
sures are presented in their original metric (prior to stan-
dardization) in table 1.

Analyses

Factor Analysis

Factor analysis was performed in order to test our con-
ceptualization of the measures (including speed of pro-
cessing, other cognitive abilities and sensory) as well as
to reduce the variables to a small number of factors to be
examined with respect to impact on functional perfor-
mance. After using the principal components extraction
method, an examination of the scree plot suggested the
existence of 3 factors. A Varimax rotation with Kaiser
normalization was performed, resulting in 3 factors that
together accounted for 50.92% of the total variance. Or-
thogonal rotation was chosen rather than oblique rotation
in order to produce factors that were as distinct as pos-
sible [55].

Factor loadings are reported in table 2. Factor 1 ac-
counted for 36.22% of the variance among all the vari-
ables and was correlated with measures that contained a
strong cognitive speed component. Measures that loaded
most strongly on factor 1 (0.55 or better) [55] included:
Letter and Pattern Comparison, Lex Dec RT, SCS RT,
Trails A, and Digit Symbol Substitution and Digit Sym-
bol Copy. This factor is interpreted to represent cognitive
speed ability. The 2nd factor, which accounted for 8.57%
of the variance, included high loadings for measures that
encompass a variety of cognitive abilities (HVLT Aver-
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Table 1. Descriptive statistics for study variables (n = 530)

Mean (SD)
Cognitive measures
Pattern Comparison 27.57 (6.28)
Lex Dec RT 1,416.67 (286.04)
Letter Comparison 40.11 (9.29)

SCSRT

Trails A

DS substitution-copy
UFOV

HVLT avg

HVLT DI

MMSE

WASI Vocabulary
WASI Matrix Reasoning
Trails B

Stroop score

Digit Span

Spatial Span

1,394.73 (250.47)
43.90 (18.89)
1.22 (0.60)
865.70 (289.86)
7.77(1.75)
11.03 (1.21)
28.35 (1.71)
56.69 (8.44)
53.64 (11.64)
137.52 (103.44)
34.73 (21.87)
9.69 (2.11)
7.41(1.68)

Sensory measures
Far visual acuity

7171 (11.52)

Near visual acuity 0.06 (0.13)
Contrast sensitivity 1.69(0.15)
Hearing 25.83 (11.66)
Balance 7.10 (1.60)
Measures of function

TIADL 0.00 (0.60)
RST 1.96 (0.75)
Life-space 7.26 (1.16)
Driving-space 343 (1.50)
Driving exposure 5.43 (2.06)

Table 2. Presentation of factor loadin gs in rotated component ma-
trix after varimax rotation

Sensory and cognitive variables Factor | ~ Factor 2 Factor 3

Pattern Comparison 0.759 0.301 0.193

Lex Dec RT 0.759 0.067 0.092
Letter Comparison 0.748 0.286 0.189
SCSRT 0.738 0.224 0.115
Trails A 0.578 0.389 0.311
DS substitution-copy 0.558 0.478 0.201
UFOV 0.504 0.377 0.443
HVLT avg 0.141 0.742 0.150
HVLT DI -0.031 0.653 0.194
MMSE 0.178 0.653 0.164
WASI Vocabulary 0.353 0.609  -0.109
WASI Matrix Reasoning 0.263 0.601 -0.088
Trails B 0.476 0.596 0.196
Stroop score 0.441 0.559 0.212
Digit Span 0.281 0.415 0.022
Spatial Span 0.252 0.380 0.167
Far visual acuity 0.164 0.093 0.762
Near visual acuity 0.036 -0.008 0.750
Contrast sensitivity 0.192 0.061 0.667
Hearing 0.028 0.293 0.448
Balance 0.291 0.070 0.414

SCS RT = Shape Color Size average reaction time: Lex Dec
RT = Lexical decisions average reaction time; DS substitution-
copy = Digit Symbol Substitution time corrected by Copy time;
UFOV = Useful Field of View: HVLT avg = Hopkins Verbal Learn-
ing Test average recall; HVLT DI = Hopkins Verbal Learning Test
Discrimination Index; MMSE = Mini Mental Status Exam.

SCS RT = Shape Color Size average reaction time; Lex Dec
RT = Lexical decisions average reaction time: DS substitution-
copy = Digit Symbol Substitution time corrected by Copy time;
UFOV = Useful Field of View; HVLT avg = Hopkins Verbal Learn-
ing Test average recall; HVLT DI = Hopkins Verbal Learning Test
Discrimination Index; MMSE = Mini Mental Status Exam.

age Recall and Discrimination Index, MMSE, WASI Vo-
cabulary and Matrix Reasoning, Trails B, Stroop), but do
not feature a strong processing speed component. Thus,
Factor 2 is judged to represent nonspeeded cognitive abil-
ities. The 3rd factor, which accounted for 6.12% of the
variance, clearly consists of sensory measures {(contrast
sensitivity, far and near visual acuity) and is therefore
considered to represent sensory ability. Uncorrelated fac-
tor scores derived from the factor analysis by the regres-
sion method were subsequently used as independent vari-
ables in regression analyses. Correlations among cognitive
and sensory factors, age and functional measures are pre-
sented in table 3.

Factors Influencing Functional Ability

Stepwise Multiple Regression

To compare the relative influence of the cognitive
speed factor to that of the sensory and nonspeeded cogni-
tive factors on functional performance, stepwise multiple
regressions were conducted. The stepwise method was
used to empirically determine the best combination of the
sensory, cognitive speed and nonspeeded cognitive fac-
tors to account for variance in each measure of function-
al ability. Results are presented in tables 4 and 5.

Overall, stepwise regression analyses revealed that the
cognitive speed factor accounted for the most variance in
functional performance for RST, driving-space, driving
exposure and life-space. However, in every instance non-
speeded cognitive and sensory abilities added to the vari-
ance accounted for over and above that of the speed fac-
tor alone. One exception was TIADL performance for
which the nonspeeded cognitive factor accounted for the
most variance. In this instance, both the speed and sen-
sory factor added to the amount of variance explained.
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Table 3. Correlations between factor
scores of sensory, cognitive speed and
nonspeeded cognitive factors, age, and

measures of functional ability

TIADL -~ RST" . Life Driving- -+ Driving
space space exposure
Cognitive speed factor 0.383%* 0.464%*  (0.182%* 0.24** 0.233%x
Nonspeeded cognitive factor 0.417*%* 0.456%*  0.171** 0.169** 0.127**
Sensory factor 0.336%* 0.201**  0.097* 0.160** 0.128**
Age =0.369**  _0.318** _(.135** _0.183** _Q.] 33**

*p < 0.05; ** p < 0.01; TIADL = Timed Instrumental Activities of Daily Living;
RST = Road Sign Test.

Table 4. Summary of stepwise multiple regression analyses for fac-
tor scores accounting for objective functional performance

Table 5. Summary of stepwise multiple regression analyses for fac-
tor scores accounting for self-reported functional performance

B SEB' 'df :p B SEB.. df  p
TIADL: Variable? Life-space: Variable?
Step 1 Step 1
Nonspeeded cognitive factor 0.252  0.024 528 <0.001 Cognitive speed factor 0.182 0.043 3528 <0.001
Step 2 Step 2
Nonspeeded cognitive factor 0.252  0.022 527  <0.001 Cognitive speed factor 0.182 0.042 527 <0.001
Cognitive speed factor 0231  0.022 527  <0.001 Nonspeeded cognitive factor 0.171  0.042 527 <0.001
Step 3 Step 3
Nonspeeded cognitive factor 0252 0.020 526 <0.001 Cognitive speed factor 0.182  0.042 526 <0.001
Cognitive speed factor 0.231 0.020 526 <0.001 Nonspeeded cognitive factor 0.171  0.042 526 <0.001
Sensory factor 0.203 0.020 526 <0.001 Sensory factor 0.097 0.042 526 0.022
RST: Variable® Driving-space: Variable®
Step 1 Step 1
Cognitive speed factor 0.464 0.039 528 <0.001 Cognitive speed factor 0.241 0.042 528  <0.001
Step 2 Step 2
Cognitive speed factor 0.464 0.033 527 <0.001 Cognitive speed factor 0.241 0.042 527  <0.001
Nonspeeded cognitive factor 0.456  0.033 527  <0.001 Nonspeeded cognitive factor 0.169 0.042 527 <0.001
Step 3 Step 3
Cognitive speed factor 0.464 0.032 526 <0.001 Cognitive speed factor 0241 0.041 326 <0.001
Nonspeeded cognitive factor 0.456 0.032 526 <0.001 Nonspeeded cognitive factor 0.169 0.041 526 <0.001
Sensory factor 0.201 0.032 526 <0.001 Sensory factor 0.160 0.041 526 <0.001
*R?=0.174 for step 1 (p < 0.001); AR? = 0.147 for step 2 (p < Driving exposure: Variable®
0.001); AR? = 0.113 for step 3 (p < 0.001). Step 1
®R2=0.215 for step 1 (p < 0.001); AR? = 0.208 for step 2 (p < Cognitive speed factor 0.233  0.042 528 <0.001
0.001); AR? = 0.040 for step 3 (p < 0.001). Step 2. )
Cognitive speed factor 0.233  0.042 527  <0.001
Sensory factor 0.128 0.042 527 0.002
Step 3
Cognitive speed factor 0.233 0.042 526 <0.001
Speeded and nonspeeded cognitive and sensory abili-  Sensory factor 0.128 0.042 526 0.002
ties accounted for TIADL and RST performance fairly ~Nonspeeded cognitive factor  0.127  0.042 526 0.002

well, explaining 43.4 and 46.3% of the variance, respec-
tively. Although speeded and nonspeeded cognitive and
sensory factors accounted for a significant amount of vari-
ance in life-space, driving-space and driving exposure,
the amount of variance accounted for by these factors was
not substantial (7.1, 11.2 and 8.6%).
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*R%=0.033 for step | (p < 0.001); AR? = 0.029 for step 2 (p <
0.001); AR? = 0.009 for step 3 (p = 0.022).

®R?=0.058 for step 1 (p < 0.001); AR? = 0.028 for step 2 (p <
0.001); AR? = 0.026 for step 3 (p < 0.001).

¢R?=0.054 for step 1 (p < 0.001); AR” = 0.016 for step 2 (p =
0.002); AR? = 0.016 for step 3 (p = 0.002).

Wood/Edwards/Clay/Wadley/
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Hierarchical Multiple Regression

In order to determine how much residual age-related
variance in the functional measures remained unex-
plained after taking the cognitive and sensory factors into
account, hierarchical regressions then were conducted for
each functional measure. The factors found in the step-
wise regressions to significantly account for performance
on each measure were entered in Step 1 of each analysis,
and age was added in Step 2. The inclusion of age in the
2nd step accounted for a small but statistically significant
amount of additional variance in TIADL scores (1.2%)
and RST (1.1%). Age accounted for a minimal amount of
additional variance in life-space, driving-space and driv-
ing exposure that was not significantly greater than the
variance accounted for by the cognitive and sensory fac-
tors.

Discussion

The results of the factor analysis, while merely explor-
atory, are interesting. Sensory measures clearly formed
their own factor representing underlying sensorimotor
abilities. None of these sensory measures loaded signifi-
cantly on either of the cognitive factors, and only UFQV
loaded significantly (accounting for at least 10% of the
variance) on the sensory factor. It may be the complexity
of UFOV that, while it renders it a less-than-ideal candi-
date for factor analysis, makes it such a strong predictor
of mobility outcomes [8, 16, 33, 56]. These results, com-
bined with results of the regression analyses, indicate that
measures which tap both cognitive and sensory abilities
may be most strongly associated with functional out-
comes.

The stepwise multiple regression analyses revealed
that measures of functional ability were best explained by
a combination of cognitive factors and sensory status.
Even so, it is clear that cognitive abilities, particularly
speeded ones, more strongly influence everyday function-
ing than do sensory abilities, given that sensory abilities
are grossly intact. Hierarchical multiple regression analy-
ses revealed that age contributes very little to the predic-
tion of functional ability once an individual’s cognitive
and sensory status are taken into account, suggesting that
successful intervention to improve basic cognitive and
sensory abilities could reduce the age-related variance in
functional abilities.

More of the variance in TIADL and RST performance
could be accounted for by cognitive and sensory factors
than was the case with the self-reported mobility mea-

Factors Influencing Functional Ability

sures. This may be due to the less restricted range and
more normal distributions of TIADLs and RST than the
mobility measures, or these results could indicate that the
performance-based TIADL and RST measures more ac-
curately assess the abilities they represent than do the
self-report questionnaire items (resulting in greater sen-
sitivity to impairment).

Life-space, driving-space and driving exposure are
useful indicators of mobility; however, in this sample
there was not much variability in these measures. This
could be due in part to the fact that participants had to
be mobile enough to come to our offices to participate.
More variability might be found in studies that go into
the community in order to measure these aspects of mo-
bility in the home as well. Previous studies of life-space
and driving-space have found these indices to be signifi-
cantly related to cognitive speed [6, 15]. Similarly, in this
study the cognitive speed factor was the strongest influ-
ence on driving-space, driving exposure and life-space.
Nevertheless, it is clear that both cognitive and sensory
abilities are key to these mobility indices.

A major limitation of this study, and indeed of most
of the studies reviewed in this paper, is that it is cross-
sectional rather than longitudinal. To truly measure de-
cline in cognitive, sensory and functional abilities with
aging, longitudinal studies are needed. It would be inter-
esting to follow a sample to see if these same relationships
between cognitive, sensory and functional abilities per-
sist, or how they change longitudinally. Another potential
limitation of the study is that the sample was relatively
more educated (92% high school graduates) than the US
population cohort aged 65 and older (70% high school
graduates). Even so, our sample was quite diverse with
respect to cognitive and functional abilities, suggesting
that any limit on the generalizability of our findings and
conclusions is likely to be negligible.

[t is important to remember that functional difficulties
do not necessarily accompany aging, and that virtually
every measure of sensory, cognitive or functional ability
in older adults involves a high degree of individual dif-
ferences. Considering the aging of the population of the
United States and many other developed nations, and the
number of sensory, cognitive and functional declines
known to increase in prevalence with aging, identitying
correlates and predictors of functional performance is
more important than ever in order to effectively inter-
vene,

It has been suggested by multiple authors that correct-
ing underlying sensory and/or cognitive deficits which oc-
cur with aging could improve not only these basic abili-
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ties, but also the functional abilities which depend upon
them [6, 14, 21]. Many different intervention programs
have been developed, but transfer to functional outcomes
has not been widespread [35]. Some success has been
found with sensory interventions in reducing subsequent
automobile accidents [57]. Success has also been found
withspeed of processing training transferring to improved
TIADL and driving performance [58, 59]. Accordingly,
the present results highlight the strong relationship of
speeded cognitive abilities to functional performance.
Overall, however, the implications of these results are
that multifaceted training programs targeting both cogni-

tive (speeded and nonspeeded) and sensory abilities may
be most effective.
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