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the study of cognitive aging had its

beginnings in applied science. In the late
1920s, the issue of the older worker in industry
prompted the study of age differences in sensory
and motor abilities. In the 1950s, Welford’s
work (e.g., Welford, 1958) in human skill and its
application to understanding the older worker
further contributed to awareness of the impor-
tance of understanding cognitive aging as well
as to the empirical database documenting cogni-
tive aging. The work of Birren and Botwinick in
the 1950s and 1960s {e.g., Birren & Botwinick,
1955) continued the development of knowledge
regarding perception and speed of processing
in cognitive aging. Then came Canestrari,
Eisdorfer, Arenberg, Hulicka, Talland, Craik,
and Rabbitt, amornig others, and the study of cog-
nitive aging was soon growing exponentially
(see Riegel, 1977).

Given this history, it is interesting that the
executive summary of the National Research
Council’s (2000) report The Aging Mind states
that “Now [italics added] is a time of great
promise for learning more about the aging mind
and turning that knowledge to the advantage of
older people [italics added]” (p. 1). Thus the
emphasis is on obtaining information and then
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translating that information into useful prescrip-
tions for maintaining and improving quality of
life among older adults. Indeed, the report goes
on to vrge the National Institute on Aging o
develop “the knowledge needed to design effec-
tive technologies ... to support adaptivity i
older people” (p. 3). In this chapter, we address
the guestion of how the study of attentional abil=
ity in aging can contribute to this goal as well
as outline some more general approaches of
measurement that are likely to become increa
ingly important in the future of cognitive agin
research.

ATTENTION AND FUNCTIONAL STATUS

Attention, or control of attention as regulated vi
executive function, is increasingly recogniz
as an important factor in the functional siatus:
of older adults. This association has been
observed in both clinical and nursing home pop
lations (Rochester et al., 2004; Royall, Mahurin
& Gray, 1992; Swanberg, Tractenberg, Moh
Thal, & Commings, 2004) and generally health
community-dwelling older adults (e.g., Carlso
et al., 1999; Grigsby, Kaye, Baxier, Shetterly, {
Hamman, 1998; Royall, Palmer, Chiodo, & Polk




(04). For example, an association between atten-
jonal functioning and fumctional status was
_ported by Carlson et al. (1999), They assessed
funetional ability and what they called “executive
ttention” in a large sample of women from the
Women’s Health in Aging Study I Their func-
ional assessment included both activities of daily
- fiving (walking speed, dressing) and instrumental
" aetivities of daily living (dial a phone; using a key
in a deadbolt lock). Executive attention measures
included the Hopkins Attention Screening
Test, “measuring temporal sequencing ability”
{Carlson et al., 1999, p. §264), which uses a series
of lights and tomes in a task similar to the
children’s game Simon Says; the Trail Making
_Test (A and B); and the Brief Test of Attention,
which requires monitoring and counting letters or
fiumbers in an auditory sequence. They found
that “executive tests of planning, organization,
and flexibility were selectively associated with
the performance of IADLs in a physically high-
functioning, cognitively intact, community-
dwelling sample of older women” (Carlson et al.,
1999, p. 5268). They further found that the Trail
Making Test B accounted for the greatest propor-
‘tion of variance among the cognitive tests. They
concluded that “mental flexibility, rather than fine
motor agility, is the attentional component critical
to efficiently completing many complex, every-
day activities” (Carlson et al., 1999, p. S268).
The same sort of association has been
observed in clinical populations, such as people
with Alzheimer’s or Parkinson’s disease. For
example, Swanberg et al. (2004) assessed aften-
"tion in patients with Alzheimer’s disease using a
gancellation task to test “the subject’s ability to
goncentrate and use ‘appropriate search strate-
gies” and a maze task to test “impulse resistance,
planning, reasoning, and foresight” {p. 557).
They then split their sample of patients with
Alzheimer’s disease into two groups: (1) those
with attention deficits (defined as scores 1.5 SD
or more below the mean scores of a healthy com-
parison group) and (2} those without deficits,
and compared their functional status using
the Alzheifner’s Disease Cooperative Study
Activities of Daily Living Inventory, which
assesses both basic and instrumental activities.
They found that the group with attention deficits
had significanily worse functional scores than
those without attention deficits and concluded
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that the patients with attention impairments “had
poorer everyday and community function”
(Swanberg et al., 2004, p. 559). Rochester et al.
(2004) examined the role of attention in walking
performance of people with Parkinson’s disease;
they concluded that impaired attentional func-
tion increases walking difficulty for people with
Parkinson’s disease.

Together, these studies indicate a significant
role for attention abilities in functional status.
Future studies could work toward identifying the
specific attentional processes that are responsible
for the association and in that way be able to
inform intervention and care planning strategies.
McDowd, Filion, Pohl, Richards, and Stiers
(2003) did some initial work along these lines in
the area of stroke recovery. Their project was
motivated both by the literature on stroke that
was increasingly documenting cognitive deficits
and their role in recovery, as well as a series of
focus groups conducted with stroke survivors. In
those focus groups, the issue of attention and
memory problems was raised repeatedly as a sig-
nificant concern affecting stroke survivors in
their everyday lives. In light of this, McDowd
et al. designed a project to test a group of stroke
survivors who were at least 6 months poststroke,
along with a group of older adults without stroke,
on a series of experimental tests of atiention:
divided attention, switching attention, and sus-
tained attention. In addition, they used a stroke-
specific measure of everyday function, the Stroke
Impact Scale (Duncan et al., 1999), to assess the
relation between the cognitive measures and
functional statas among these individuals.

The findings indicated that, relative to individ-
uals without stroke, stroke survivors were less
able to maintain the simultaneous performance of
two tasks (divided atfention), were more slowed
by the requirement to switch attention between
stimulus features, and were less able to sustain
attention across time. To assess the relevance of
these differences observed in the laboratory,
McDowd et al. (2003) estimated correlations
between the aftention measures and the five
subscales of the SIS: (1) Physical Functioning,
{2) Emotional Control, (3) Communication,
{(4) Memory, and (5} Social Participation. They
observed several moderate associations. Stroke
survivors’ performance on the memory task
under divided-attention conditions was correlated
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with the Physical Functioning, Memory, and
Social Participation subscales. Performance on
the alternating-attention task was correlated with
the Social Participation subscale, and perfor-
mance on the sustained-attention task was corre-
lated with scores on the Physical Functioning
subscale and the Social Participalion subscale.
These findings indicate that the level of ability
measured in the laboratory was related to
people’s perceptions of their own everyday abili-
ties. The promise of these data is that measures of
attentional ability may be useful in predicting
outcome following stroke and may contribute to
the planning for accommodations necessary to
maximize independence and quality of life. Part
of this may involve tailoring rehabilitation inter-
ventions to match the needs and abilities of the
person receiving services. In addition, these data
raise the question of whether attention training
might have a positive influence on outcome fol-
lowing stroke. This would seem to be an interest-
ing and important avenue for future research.
Another domain in which attention has been
studied relates to the attentional requirements of
gait and balance. Investigators interested in bal-
ance -and gait have frequently used dual-task
methodology to understand group differences.
In these studies, a secondary task is used to
assess the attentional requirements of gait or
balance under various conditions. The sec-
ondary task typically is of little interest except
as a consumier of attention. The primary interest
is in what happens to-gait or balance under
divided-attention conditions. The tables are eas-
ily tarned, however; Kemper, McDowd, Pohl,
Herman, and Jackson (2006) carried out a study
of “walking and talking” in which they used the
motor task as an attention consumer instead of
as a primary task, because they were most inter-
ested in language function in the presence of
other attentional demands. The participants
were a group of 10 stroke survivors who were
Jjudged to be highly recovered based on a set of
standard assessments including both motor and
cognitive items. In particular, none of the partic-
ipants was deemed aphasic on the basis of
their performance on the Aphasia Diagnostic
Profile (Goodglass, Kaplan, & Barresi, 2000).
However, Kemper et al’s hypothesis was that
dual-task conditions would reveal the presence
of significant residual cognitive deficits that

were not detected under single-task conditis
Thus, they were predicting that the dual-ta
assessments would be more sensitive to cogy
tive deficits than standard assessments agamsg
which stroke recovery is judged. Part1c1pan
were asked to respond to items such as “What
the most fmportant invention in the 20th eg
tury?” or “Describe a recent vacation that y
enjoyed” for 3 to 5 minutes, while also pé;
forming finger-tapping, walking, or no sg
ondary task. Language samples and motor tas
performance were recorded for off-line analysi
Motor task performance was significant]
affected by dual-task requirements; time on tas
tapping, and walking rales were each negativé
affected by concurrent talking. In the case of tag
guage performance, Kemper et al. (2006) exam
ined indexes of language fluency, complexit
and content. In each case, stroke survivors we
more negatively affected by the requirement
divide attention than was a comparison grou
of older adults withount stroke. Inn some cases thi
effect was quite dramatic, as either speech i
motor performance stopped completely whi
the participant performed the other task. Thu
although participants had normal language :
measured by the Aphasia Diagnostic Profil
they “became aphasic™ when task demands w
significantly increased. Therefore, the extent o
cognitive deficits is not always immediate
obvious. Practically speaking, these finding
suggest that rehabilitation therapies might B
administered in both optimal and suboptim:
conditions in order to mimic performance wif
real life demands. In terms of advancing theory
and knowledge about attentional sbilities i
aging, this study makes obvions that very sensi
tive measures are required to assess more subtl
deficits. Accordingly, further exploration of how.
individual differences in attention relate f
functional outcomes is likely to require new.
measurement tools that are both theoreticall
meaningful and psychometrically viable.

MEASURING ATTENTION

In our view, an important and productive avenue
for developing psychometrically and theore
cally sound measures of attention uiilizes the
collaboration of experimental and psychometric



. pproaches. In a typical experimental study of

ttention, differences between younger and older
adults in performance of carefully controlled
‘tasks are evaluated at the group level
;rs‘-ccordingly, any mdividual differences observed
within experimental studies are regarded as
é,mr_a nuisance fo be eliminated as much as
possible. However, it is just these individual dif-
ferences in attentional abilities that are likely to

and functional outcomes in aging individuals.
The removal of driving privileges, placement into
assisted-care facilities, and other similar concerns
are serious decisions that require the utmost
precision of measurement in order to minimize
misdiagnosis and mislabeling. Thus, individual
differences in attention represent an important
factor to be conceptualized, measured, and
explored in the context of both theoretical exam-
inations of cognition and in everyday life.
Therefore, in addition to experimental
approaches, the study of attention could also
be informed by employing correlational
approaches from the other side of the method-
ological spectrum. Large-scale individual-
differences studies of persons varying in age are
common within the study of cogritive aging,
often with an emphasis on the extent to which
age-related differences are common or unique
- across perceptual and cognitive abilities (e.g.,
Anstey, Hofer, & Luszcz, 2003; Anstey, Luszcz,
& Sanchez, 2001; Baltes & Lindenberger, 1997,
Salthouse & Czaja, 2000; Salthouse & Ferrer-
"Caja, 2003). In contrast to other primary abili-
ties, such as working memory or processing
speed, however, examnation of individual dif-
ferences in attentional ability is exceedingly rare
in correlational studies, The most likely reason
for this lack of attention to the conmstruct of
attention is a lack of measurement tools with
which attentional abilities can be assessed.
Investigators seeking to understand relation-
ships among individual differences in cognitive
processes often administer existing insttuments
used in neuropsychology (e.g., Wisconsin Card
Sorting Test; Heaton, 1981) or the study of intel-
ligence (e.g., the Wechsler Adult Intelligence
Scale subscales; Wechsler, 1997). Although
such measures may not be ideal, they are conve-
nient for the study of individual differences in
that they can be administered quickly and often

be relevant in evaluating many different cognitive-
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without specialized equipment. Further, because
they are commonly used, direct comparisons
can be made with findings from other studies as
well as with published nomms. In comparison,
investigators interested in relating individual
differences in attention with those of other con-
structs frequently have resorted to ad hoc mea-
sures of individoal mean response times from
study-specific attention-based experimental
tasks {e.g., I’ Aloisio & Klein, 1990; Pringle,
Kramer, & Irwin, 2004; Starkov, 1988). The use
of mean response times or response time differ-
ences as direct indicators of individual ability
may be appropriate within a single study, in
which only the raok order of participants is of
interest as 1t relates to their rank order on
another outcome. However, the direct use of
experimental tasks as psychometric instruments
falls short of many goals of measurement.
Despite their intnitive appeal, the limitations of
such approaches preclude any meaningful inter-
pretation of individual differences across sam-
ples or across time, and they offer little evidence

-of construct validity of the task as a measure of

individual differences in attentional ability. The
reasons for these limitations, as well as the solu-
tions proposed by the use of explanatory latent
trait modeling, are presented next.

Benefits of Explanatory Latent Trait
Methods in the Measurement of Attention

The scoring of many popular cognitive tests
has its roots in classical test theory (i.e., true
score theory; Gulliksen, 1950}, in which the same
group of functionally identical items or trials are
typically administered to each person, and an
aggregate score across items {e.g., percentage
correct, mean across items) is thought to provide
the best of estimate of each person’s true ability.
The core assumption in aggregating across itemns
i that the items are equivalent to each other in
terms of their difficulty, or in their location along
the latent contimuum of ability to be measured,
and in terms of their discrimination, or in the
strength of their relation to the vnderlying ability
measured by the test. Item aggregation has two
undesirable consequences. First, because the
overall score depends on the exact set of items
administered, scores from different forms of the
mstrurnent (i.e., with items added or removed)
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cannot be directly compared. Second, the indi-
vidual scores have meaning only in relation to the
other scores from the sample. The same aggre-
gate score could place a given person in the 90th
or 40th percentile depending on the scores of the
persons to whorn he or she was being referenced.
Iarge norming samples are thus needed to inter-
pret the score of a given person, but such norm-
based scores are still somewhat arbitrary in that
they have little direct relation to what a given
person can actually do (ie., how he or she is
likely to answer a given item).

A fundamentally different perspective is
taken within latent trait theory (i.e., item
response and Rasch models; De Boeck &
Wilson, 2004: Embretson & Reise, 2000). For
ease of exposition, we consider models in which
accuracy is the response. The measurement
model for a latent trait includes differences in the
abilities of the persons being measured as well as
differences in the difficulty of the items being
answered. This separation of persons and items
(within Rasch models in particular) is called spe-
cific objectivity: Person ability estimates do not
depend on the particular items administered, and
item difficulty estimates do not depend on the
particular persons responding to the items.
Person abilities and item difficulties are located
on a common underlying or latent continvum. A
person’s ability is the latent trait level that is
most likely to have given rise to the observed
responses and is the item difficulty location at
which he or she has a 50% probability of a cor-
rect response. A latent trait estimate 1s directly
informative as to the most likely response 1o an
item of any given difficulty. It is important to
note that because latent trait estimates are inter-
preted relative to the items rather than to the
sample, they are directly comparable across dif-
ferent combinations of items (i.e., test versions).

An additional issue concerns the measurement
properties of ability scores within each frame-
work. Latent trait estimates of ability have inter-
val measurement properties; in other words, the
latent trait metric is continuous, with unfimited
points, and differences in latent abilities have the
same meaning across the latent metric. On the
other hand, because aggregate observed scores
from classical test theory are likely to be com-
pressed at the extreme ability levels, they are
likely to be nonlinearly related to the underlying

latent trait and thus ordinal rather than interval
(Maxwell & Delaney, 1983). Although common,
the use of ordinal outcomes in statistical analyses
that assume interval measurement has been
shown to result in greater bias and Type I error
rates for estimates of group mean differences,
group interactions, and regression coefficients
than when analyzing interval-level latent ability
outcomes. These problems worsen with a greater
mismatch between the distributions of person
ability and item difficulty, as is probable when
groups that differ widely on ability are adminis-
tered the same test (i.e., younger vs. older adults;
Embretson, 1996; Kang & Waller, 2005).
Although the extent of this mismatch can be eval-
ated within latent trait models, there is no basis
for its evaluation within classical test theory.

The two frameworks also differ in terms of
assessing reliability of measurement (see Smith,
2001). Reliability in classical test theory is
assumed to be a static property that applies
equally across all persons in the sample. Yet
because items are often selected in order to be
maximally sensitive at the mid-range of ability
(i.e., a proportion passing of 50%), the range over
which ability can be measured reliably is likely to
be compressed. As a result, the obtained estimate
of reliability may not be applicable for persons of
extreme abilities, for whom many items may be
too easy or too difficult and thus for whom little
information is available with which to measure
their abilities. In evaluating persons with atten-
tional impairments, this lack of sensitivity at
extreme ability levels can be problematic.

In contrast, in latent trait theory reliability dif-
fers across persons, such that the precision with
which persons at a given ability level are mea-
sured depends directly on the availability of
items of comparable difficulty. Measurement
precision at each ability level can be evalnated
explicitly; to the exient that the distributions
of person ability and item difficulty are well
matched (ie., an adequate number of items for
each ability level), then reliability will be high. It
is thus desirable to include items that differ
broadly in difficulty in order to achieve good
coverage of the range of abilities in the popula-
tion to be measured. One way to achieve a broad
range of item difficulty is to design items that
differ in their levels of the features believed to
relate to the process being measured. Items can




pe designed systematically with features that
produce targeted levels of difficulty, filling in
any gaps along the ability—difficulty continuum
and thus improving measurement precision. This
advantage is significant when measuring change
in aging individuals, because floor effects can be
avoided by adding easier items at each occasion.
Yet given precalibration of the properties of the
potential pool of items, individual abilities can
still be compared across time because they are n
seference to the underlying common metric of
jtem difficulty and person ability, rather than an
aggregate score without a direct interpretation
outside the sample at hand.

In addition to providing a means with which
to improve measurement precision, decomposi-
tion of item difficulty also provides evidence for
tagk validity. Specifically, the extent to which
item difficulty relates to these item design fea-
tures provides evidence for construct represenia-
tion, or the underlying meaning of the construct
measured by the test (see Embretson, 1983,
1998). For example, what do we mean by atten-
fion? How can one observe aftentional processes,
or how can one observe their limits? It is in. this
step that the rich experimental tradition can be
most helpful. Items or tasks can be constructed to
tap theoretically motivated aspects of attentional
processing, and multiple dimensions of process-
ing can be assessed independently through
careful instrumeni design. Purthermore, as
substantive theories of atientional processing
undergo revision, 5o t0o can an instrument mea-
suring attention {e.g., by incorporating new
sources of difficulty). This represents a most
exciting possibility—that individual-differences
measures of attention (and of other processes as
well) can become not only a tool with which to
conduct research on cognitive aging but also a
continually evolving reflection of that research.

A final issue concerns how nomothetic span,
or a test’s utility in measuring individual differ-
ences, can be evaluated within each framework.
In addition to static estimates of reliability, psy-
chometric evaluations in classical test theory are
almost exclusively based on evidence of predic-
tive and concurrent validity, or the extent 10
which the scores on the iest relate to the
scores from other tests in an anticipated direc-
tion. Such relationships do not unequivocally
support construct representation, and they are
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not informative as to the sensitivity of the test
in distinguishing individuals of different ability
levels or detecting changes in ability. As dis-
cussed previously, precision of measurement
across ability levels can be explicitly evaluated
and potentially improved through the use of
latent trait modeling, and this improvement in
reliability is then likely in turn to improve the
power with which relations of individual differ-
ences across constructs can be detected.

To summarize, the decomposition of diffi-
culty within explanatory latent trait modeling
provides the basis for developing psychometric
instruments that are theoretically informed; sen-
sitive over a wide range of abilities; and, most
imoportant, that are modifiable as needed while
retaining comparability across samples or occa-
sions. These modeling techniques provide
important guidance for developing new instru-
ments with which to assess individual differences
in attention, as well as in evaluating current mea-
sures of attention.

Current Appreaches
in Measuring Attention

One such measure is the Useful Field of View
Test (UFQV), developed by Ball, Owsley, and
colleagues (Ball & Owsley, 1993; Owsley, Ball,
Sloane, Roenker, & Bruni, 1991) on the basis of
carlier work (Mackworth, 1963; Sanders, 1970).
The UFOV has three subtests designed to assess
the spatial extent of the attentional window in
older adults in the context of predicting automo-
bile accident risk and is sold coramercially (by
Harcourt Assessment) for that purpose. The
Processing Speed subtest requires the discrimina-
tion of a central car or truck subtending 3° x 5°
visual angle. The Divided Attention subtest pairs
the same central discrimination task with a con-
current peripheral localization task, in which a
car is also presented on one of eight radial spokes
at a fixed eccentricity of 30°. In the Selective
Attention subtest the central discrimination and
peripheral Jocalization tasks are performed in the
presence of 47 triangles across the 30° visual
field. Thus, in both the Divided Attention and the
Selective Attention subtests, attention poust be
distributed in order to perform both tasks cor-
rectly, whereas attention must only be allocated
centrally in the Processing Speed subtest.
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Presentation time is increased after incorrect
responses and decreased after correct TeSPOnSes,
and the time needed to achieve 75% accuracy is
the ability score for each subtest. Although the
subtests have distinct attentional requirements,
their thresholds are nevertheless combined into 2
single score, interpreted as the percentage reduc-
tion in the visual field. In the PC version of the
UFOV as described, the eccentricity of the
peripheral target is fixed, and thos “shrinkage”
can be evaluated at only two levels, “pear” Or
“far” Tn the original version of the UFOV, how-
ever, the eccentricity of the peripberal target was
varied instead of presentation time. Scores
between the original and PC versions have shown
adequate cotrespondence (aitenuation-corrected
rs = .7), and each have shown adequate test-retest
reliability over short intervals (corrected 78 = .7
after < 1 year; Edwards et al., 2005). However,
psychometric evaluation of the UFOV has mostly
been limited to its utility in predicting accident
risk. The UFOV has shown good sensitivity and
specificity in predicting accident risk when par-
ticipants are heavily oversampled for visual
impairment and history of previous accidents
(Ball & Owsley, 1993; Owsley et al, 1991).
However, comparable levels of sensitivity and
specificity have not been reported when partici-
pants are not oversampled for history of previous
accidents (Brown, Greancy, & WMitchel, 1993,
cited in Harris, 1999; Hennessey, 1995, cited in
Staplin, Lococo, Stewart, & Decina, 1999,
Hoffman, McDowd, Atchley, & Dubinsky, 2005).

A second measure of attention, the Attention
Network Test (ANT; Fan, McCandliss, Sommer,
Raz, & Posner, 2002; Fan, Wu, Fossella, &
Posner, 2001; Fosselia, Posner, Tan, Swanson, &
Pfaff, 2002), was developed for use with children,
adults, or animals and is available online. The
ANT was derived on the basis of peurological
evidence for the existence of three distinct
functions of attention: (1) Alerting (achieving and
maintaining an alert state}, (2) Orienting
(selection of information from sensory input), and
(3) Executive Control (resolution of conflict
among responses). Ability estimates in each func-
tion are obtained through the subtraction of mean
response times in different conditions of a single
task, a fixed-choice discrimination of the direction
of central target (left or right arrow) flanked
by response-neutral, incompatible, or compatible

distracter arrows. Before each target is either no
cue, an alerting cue (i.e., single or double nondi-
rectional cue), or a valid spatial cue. For Alerting,
double-alerting-cue mean 1esponse time is sub-
tracted from no-cue mean response time. For
Orienting, spatial-cue mean esponse time 1s sub-
tracted from single-alerting-cue mean IESpOnse
time. For BExecutive Control, congrueni-response
tmean response time is subtracted from incongruent-
response mean response tme. Subtraction scores
were uncorrelated across functions in 40 adults ages
20 through 44, suggesting orthogonal functions of
attention, although the effect of incongruent
responses was slightly greater in the alerting-cue
condition. One-hour test-—retest correlations for
the subtraction scores ranged from S5 to
(Fan et al., 2002).

A third measure of .aftention, DriverScan,
illustrates how experimental findings can be
translated into components of difficulty within a
psychometric Instrument for measuring atien-
tional ability in aging individuals (Hoffman et al.,
2005; Hoffman, Yang, Bovaird, & Embretson,
2006). DriverScan uses a change detection task
{Rensink, O’Regan, & Clark, 1997) in which
original (A) and modified (A" digital pho-
tographs of driving scenes are presented for 280
milliseconds, while blank screens are inter-
spersed for 80 milliseconds as follows: A, blank,
A, blank, A’, blank, A’, blank . . .., for 45 seconds
or until the change is detected, whichever comes
first, With this method of presentation, search for
a change between repeated presentations of an
otherwise-identical scen¢ must be conducted
through controlled processing, given that local
luminance cues at the change location are unable
to direct attention in the presence of a global
luminance change (the blank screen). It often
takes considerably longer to notice even large,
salient changes than when such changes are pre-
sented without interruption (i.e., change blind-
ness). The primary measure of performance is a
combination of accuracy and fesponse time to
detect the change, including categories of imme-
diate response (< 8 seconds), delayed response
(845 seconds), or no response (a time out of the
trial), and a Rasch version of a graded response
model was used to estimate latent traits as an
index of attentional search ability. _

Previous research has suggested that both
endogenous (goal-directed) and exogenous




(stimulus—driven) orienting can be utilized to
facilitate change detection (e.g., Hollingworth
& Henderson, 2000; Scholl, 2000; Wemer &
Thies, 2000; Williams & Simons, 2000). The
DriverScan items were designed to vary along
three dimensions in order to tap into these types
of search processes, and subjective ratings for
each dimension for each item were obtamed
during test development. Stimulus-driven atten-
tional search was represented through the
dimensions of visual clutter (ie., the overall
level of congestion of the scene) and change
brightness (i.e., the overall conspicuity of the
change), whereas goal-directed attention search
was represented through change relevance, or
how important the change would be to the driver
in the scene. Bach dimension was shown to sig-
nificantly predict item difficuity, such that items
were more difficult when they included a scene
with a greater amount of visual clutter and fea-
tured a change of less brightness and less rele-
vance to driving. Thus, a deficit in any one of
these areas would be related to less efficient
search performance in the task (Hoffman et al.,
2006). Furthermore, DriverScan performance
was shown to be related to the Divided and
Selection Aftention subtests of the UFOV and
was shown to independently predict simulated
driving performance in older adults over and
above the contributions of visual functioping
“and the UFOQV subtests (Hoffman et al., 2005).

Evaluating Curren{ Approaches
to Measuring Attention

The principles of latent trait modeling can
serve as a guide for evaluating the strengths and
weaknesses of each of aforementioned mea-
sures of attention. Furthermore, these principles
can also inform the development of new mea-
sures of attention through the integration of
experimental and psychometric approaches.

The first consideration of instrument design is
the response to be modeled. In the ANT, the out-
come is the difference in mean response time
across trials that have different functional
requirements. Because only response times from
correct trials are included, to the extent that
accnyacy differs across itemis or across persons,
response time will be misleading as the sole indi-
cator of ability. The response times of persons
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with low ability may also be less reliable
because fewer trials were answered correctly to
be included in their means. Furthermore, large
response times may be obtained from persons
who lack the ability needed to solve the items of
from persons with sufficient ability but who
deliberately respond more slowly.

A different problem with the response out-
come is encounterad in the UFOYV, in which the
outcome for each subtest is the presentation
time needed to achieve 75% accuracy. In the
Divided Attention and Selective Attention sub-
tests, if the central task is performed incorrectly,
then that trial is not counted, and another trial is
administered. Thus, observers are differentially
receiving practice on these tasks, or “speed of
processing training” (e.g., Ball et al., 2002),
while being measured. As a result, persons of
lower abilities may have artificially improved
scores relative to persons who perform the cen-
tral task more accurately to begin with.

Yet another problem with the response out-
come s encountered in DriverScan. Because
response times were censored by accuracy, the
response time distribution was divided at admit-
tedly arbitrary points to approximate an ordinal
variable that best describes the combination of
speed and accuracy. This is not an ideal solu-
tion, because there is no empirical basis with
which to evaluate the quality of the cut-points.

In shorf, the problem of speed-accuracy
dependency is likely to arise whenever response
times are the primary outcome and accuracy is
not at ceiling, or when accuracy is the primary
outcome but response time is still informative as
to individual differences in the process under
study. A possible resolution lies in the conver-
sion of time to an independent variable, or as
another design feature along which items can
vary (e.g., Verhaeghen, 2000). Accuracy for a
given presentation time would then be the sole
outcome measure. The manipulation of time as
a design feature has been applied in many
experimental paradigms and in the UFOV test
and is also a natural manner in which the range
of difficulty covered in a test can be extended to
measure extreme levels of ability more reliably.

A second consideration of instrument design
is variadon in the difficulty levels of the test
iterns and the resulting precision of measurement
across ability levels. To the extent that the factors
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manipulated to produce trials of differential
difficulty have very few distinct levels, the capac-
ity of the test to reliably distinguish individuals of
different abilities will be severely limited. For
example, in the ANT, Alerting is measured by
contrasting trials with two types of precues; dif-
ferences of distractor type across trials are
ignored. Executive Control is measured by con-
trasting trials with two types of distractors; dif-
ferences of precue type across trials are ignored.
In the UFOV, although subtraction of thresholds
is not explicitly conducted as in the ANT,
Selective Attention is essentially measured by
two types of trials: with or without distractors,
and Divided Attention ability is also measured by
two types of trials: “near” or “far” targets. Even
though the incremental varying of presentation
time should help matters, just as instructors
would not expect to obtain reliable estimates of
achievemnent from a test with two questions, a
researcher cannot expect to obtain reliable esti-
mates of attentional ability from a task with lim-
ited variation in its trials. Instead, the levels of the
factors thought to relate to task difficuity should
vary more continuonsly from one another rather
than discretely. Although completely contrary to
the traditional experimental mindset, factors that
vary more continnously will be helpful in obtain-
ing the range of item difficulty necessary for pre-
cise measurement of individual differences.
However, itis important that the levels of the fac-
tors be independently verifiable and meaningful,
rather than based on subjective ratings (ie., as
was used in DriverScan).

Finally, the process of instrument design must
consider the generalizability of performance in
experimental tasks to real world abilities.
Research on attention has primarily relied on
tightly controlled and thus necessarily contrived
experimental tasks, yet accurate, responsible
assessment of attentional fonciioning requires
that we move beyond artificial laboratory manip-
ulations into a more realistic and ultimately
applicable depiction of what the result of atten-
tional declines may be for an older person.
Because attention is thought to support higher-
order cognitive processing, it is essential to
assess attentional abilities in the contexts in
which they operate. Previous research has
demonstrated that older adults are able to make
use of environmental supports to guide attention,

yet neither the UFOV nor the ANT include a real
world context in which to perform their tasks.
Thus, the extent to which any deficits observed
in these tasks would be evidenced in more
contextually driven and ecologically valid tasks
is an open question, one with significant impli-
cations for real world decisions. Kramer and
Kray (2006) also noted the “relatively sparse
literature” comparing performance under labora-
tory and “real-world” situations (pp. 65-66),
observing that such compatisons will be an
important part of future research,

Although DriverScan does feature a real
world context (ie., of driving), the use of real
world scenes directly as test iterns presenis a new
problem, in that the items cannot be meaning-
fully readministered at later points in time {i.e.,
becanse they are likely to be recognized). One
solution for this problem within longitudinal
studies is to create an itemn bank of natural scenes
and manipulated scene changes and administer
only some of the items at a given occasion. This
solution may not be practically feasible, how-
ever, given that natural scenes will vary in multi-
ple unknown dimensions and thus would not be
directly comparable, even after controlling for
key design features. A better solution would be
to make use of the identified sources of difficulty
to computer-generate new itermns as needed
online. As discussed earlier, these design fea-
tures could then provide the structure for ap
infinite number of items that vary along the - :
dimensions that underlie item difficulty,

Concrusion

Although the studies described here have opera-
tionalized attentional performance in different
ways, they are by no means exhaustive. Indeed,
one of the thorniest problems researchers inter-
ested in studying and measuring attention must
face is the multifaceted nature of the construct.
"The iniegral nature of attention in cognitive pro-
cessing makes it difficult to construct what is oti-
mately needed: an independent definition and
conceptualization of attention that could be the
basis of one or more psychometric instruments,
Continued development of measures and meth-
ods for examining individual differences in atten-
tion is critical to the future success of theoretical
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investigations of cognitive aging as well as reai
world assessments of ability and disability.

Research on attention thus far has been largely
based on experimental designs, with very little
emphasis on individual differences. Yet the mea-
surement of attention and other cognitive
processes could be well informed by traditions
comunon in the educational testing fields, namely,
the use of model-based measurement procedures.
Specifically, we believe a latent trait approach as
presented here shows great promise for develop-
ing and evaluating meaningful and reliable psy-
chometric instruments with which to assess
ability and change in abiiity. Indeed, by carefully
considering the properties of both items and
persons, we catt construct measures that are most
efficient and most accurate and yet retain the pos-
sibility of comparing across samples or time
points within an individual. Furthermore, as sub-
stantive theories of attentional processing in
aging are continually refined, through an under-
standing of the origing of item difficulty, so too
can measures of individual differences.

The study of attentional processes in older
age has had a rich history, a tradition that will no
doubt continue, But the time has come to ask
more of our research in order to answer the chal-
lenges of the world outside the laboratory.
Meecting these challenges will likely require
research teams who bring varjed methodologi-
cal and disciplinary expertise to the problem of
understanding attention in aging and age-related
neurological disease. This “problem” is an
important one, having implications for cognitive
aging theory as well as laying the groundwork
for translating empirical findings into assess-
ment tools that can be used to maximize quality
of life among older adults.
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