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Abstract

The Useful Field of View Test (UFOV?) has been used to examine age-related changes in visual
processing and cognition and as an indicator of everyday performance outcomes, particularly
driving, for over 20 years. How UFQOV performance changes with age and what may impact such
changes have not previously been investigated longitudinally. Predictors of change in UFOV
performance over a five-year period among control-group participants (n = 690) from the
Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study were examined.
Random effects models were estimated with four-subtest total UFOV as the outcome and baseline
age, education, gender, race, visual acuity, depressive symptoms, mental status, and self-rated
health, as well as attrition, as predictors. UFOV performance generally followed a curvilinear
pattern, improving and then declining over time. Only increased age was consistently related to
greater declines in UFOV performance over time. UFOV and WAIS-R Digit Symbol Substitution
(DSS), a standard measure of cognitive speed, had similar trajectories of change. The implications
of these results are discussed.
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The “functional” or “occupational” visual field was introduced by Sanders (1970) and later
defined by Verriest and colleagues (1985) as the visual area over which people perceive
information within a brief glance. The Useful Field of View Test (UFOV) was originally
developed to examine age-related changes in the functional visual field that were
undetectable by standard ophthalmic measures (Bergen & Julesz, 1983; Plude & Hoyer,
1981; Rabbhitt, 1965a, 1965b; Scialfa, Kline, & Lyman, 1987; R. Sekuler & Ball, 1986).
Further research indicated that although UFOV performance is impacted by visual
capacities, the eccentricity of peripheral targets was not an important factor in age-related
performance difficulties (Seiple, Szlyk, Yang, & Holopigian, 1996; A. B. Sekuler, Bennett,
& Mamelak, 2000). Other researchers concluded that the UFOV would best be
conceptualized as efficiency in processing (Ball, Owsley, & Beard, 1990; Owsley, Ball, &
Keeton, 1995; A. B. Sekuler, Bennett, & Mamelak, 2000). The current PC-version of the
UFOV measures speed of information processing across four tasks (Edwards et al., 2006;
Edwards et al., 2005). Performance is more strongly related to measures of cognition than
vision, and may tap speed of processing in particular (Ball, Owsley, Sloane, Roenker, &
Bruni, 1993; Edwards et al., 2005; Goode et al., 1998).

Utility of the UFOV

The UFOV is of interest because it not only captures age-related cognitive decline, but has
ecological validity in predicting everyday outcomes. For example, UFOV performance has
been related to performance of instrumental activities of daily living (Owsley, Sloane,
McGwin Jr., & Ball, 2002; K. M. Wood et al., 2005) and indices of mobility such as life
space, functional reach, and ambulatory abilities (Broman et al., 2004; Owsley & McGwin
Jr, 2004; Riolo, 2003; Sims, McGwin, Pulley, & Roseman, 2001; Stalvey, Owsley, Sloane,
& Ball, 1999). The test consistently predicts a variety of driving outcomes among older
adults such as on-road driving (Myers, Ball, Kalina, Roth, & Goode, 2000; Roenker, Cissell,
Ball, Wadley, & Edwards, 2003; J. M. Wood & Troutbeck, 1995), driving-simulator
performance (Hoffman, McDowd, Atchley, & Dubinsky, 2005; Rizzo, Reinach, McGehee,
& Dawson, 1997) and at-fault crash involvement (Ball & Owsley, 1993; Ball et al., 2006;
Owsley et al., 1998; Owsley, Ball, Sloane, Roenker, & Bruni, 1991; Owsley, McGwin, &
Ball, 1998). Today the UFOV is commonly used in medical, occupational, and rehabilitation
settings, not only with older adults, but also with clinical populations at risk for cognitive
impairment, including patients with Alzheimer's disease (Duchek, Hunt, Ball, Buckles, &
Morris, 1998; Rizzo, Reinach, McGehee, & Dawson, 1997), stroke (Fisk, Owsley, &
Mennemeier, 2002; Marshall et al., 2007), traumatic brain injury (Fisk, Novack,
Mennemeier, & Roenker, 2002; Novack et al., 2006), multiple sclerosis (Shawaryn,
Schultheis, Garay, & Deluca, 2002), and Parkinson's disease (Uc et al., 2006).

The UFOV is also of interest because evidence suggests that age-related declines in
performance can be reversed through cognitive speed of processing training (Ball, Beard,
Roenker, Miller, & Griggs, 1988; Ball et al., 2002; R. Sekuler & Ball, 1986; Willis et al.,
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2006). Such training not only improves UFOV performance, but also transfers to enhanced
IADL performance (Edwards et al., 2002; Edwards, Wadley, Vance, Roenker, & Ball,
2005), maintained health-related quality of life (Wolinsky, Unverzagt, Smith, Jones,
Stoddard et al., 2006; Wolinsky, Unverzagt, Smith, Jones, Wright et al., 2006), and
improved on-road driving performance (Roenker, Cissell, Ball, Wadley, & Edwards, 2003).

Although cross-sectional research clearly indicates age-related differences in UFOV
performance (Edwards et al., 2006; A. B. Sekuler, Bennett, & Mamelak, 2000), how UFOV
performance changes with age has not been longitudinally examined. Thus, the present
study will determine average trajectories of change, inter-individual differences in change,
and predictors of change on the UFOV over a five-year period. There are several reasons
why it is important to evaluate such data. First, different sources of variance may underlie
the initial level of performance and rate of change (MacDonald, Hultsch, Strauss, & Dixon,
2003). Demographic and health-related factors other than age may prove to be influential.
Second, determining longitudinal trajectories of UFOV performance among older adults will
be helpful for guiding cognitive training interventions, as well as for comparing normal age-
related decline to that observed in clinical populations. Third, there has been debate among
cognitive aging researchers regarding whether or not the UFQV is primarily a speed of
processing measure (Ball, Edwards, & Ross, 2007). Others have emphasized the role of
visual attention in tasks somewhat similar to the UFOV (Scalf et al., 2007). This question
will be addressed by comparing UFOV performance over time to a standard measure of
processing speed, the WAIS-R Digit Symbol Substitution Test (DSS, Wechsler, 1981).

Processing speed is a leading indicator of cognitive aging, especially for memory and spatial
ability (e.g., Finkel, Reynolds, McArdle, & Pedersen, 2007; Lemke & Zimprich, 2005). Age
strongly predicts performance on cognitive speed measures like the DSS (Hoyer, Stawski,
Wasylyshyn, & Verhaeghen, 2004). Moreover, rates of age changes have not been found to
vary as a function of demographic or physical health variables (Anstey, Hofer, & Luszcz,
2003; Hoyer, Stawski, Wasylyshyn, & Verhaeghen, 2004; MacDonald, Hultsch, Strauss, &
Dixon, 2003; Salthouse, 1992). Variables like education, gender, self-rated health, medical
conditions, and depressive symptoms predict level of cognitive speed performance, but not
rate of change (Anstey, Hofer, & Luszcz, 2003; MacDonald, Hultsch, Strauss, & Dixon,
2003).

Hypotheses

Based on the research described above, the following hypotheses were generated regarding
longitudinal changes in UFOV performance among older adults. First, age was expected to
predict both level of performance and rate of change, with older individuals performing less
well initially, and declining faster, than relatively younger individuals. Second, we expected
demographic and health variables to predict level of UFOV performance, but not rate of
change. Third, we expected trajectories of change for UFOV and DSS to show similar
patterns. Finally, we expected that changes in DSS would be associated with changes in
UFOV, indicating that the two measures tap a similar construct. To test our hypotheses, we
used data from the Advanced Cognitive Training for Independent and Vital Elderly
(ACTIVE) study. The ACTIVE study evaluated the impact of three cognitive training
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interventions for community-dwelling older adults over a five-year period (see Jobe et al.,
2001, for details). Random effects models were specified with total UFOV and DSS scores
as criterion variables. Demographic and health variables known to correlate with UFOV
and/or DSS performance (Edwards et al., 2006; MacDonald, Hultsch, Strauss, & Dixon,
2003) were chosen as predictors.

Method

Participants

ACTIVE participants were required to be at least 65 years old and meet health and
functional criteria. Exclusionary criteria were: a) significant functional impairment; b)
diagnosis of dementia or Mini-Mental State Examination score less than 23; ¢) any medical
condition with a high probability of death or functional decline; d) far visual acuity worse
than 20/50; e) difficulties with language and communication; or f) inability to participate in
testing or training sessions. Data from control group participants only (N = 698) were
examined. Four participants were excluded because they did not provide information for two
of the predictors (self-rated health and depressive symptoms) at baseline or any of the
follow-up sessions. An additional four participants were excluded because they did not
provide baseline UFOV data and failed to complete the UFOV at more than one follow-up
session. The final sample (N = 690) included 181 males and 509 females who were 65 to 94
years of age (M = 73.95, SD = 5.95). Most participants were either Caucasian (71.9%) or
African American (26.8%). Years of education ranged from sixth grade to doctoral level,
with an average level of 13.38 years, corresponding to “some college or vocational
training.”

Measures

Center for Epidemiological Studies — Depression Scale (CES-D)—The short form
of the CES-D is a 20-item questionnaire that assesses depressive symptoms (Radloff, 1977).
Respondents rate the frequency of their feelings over the week preceding the assessment,
from O (rarely or none of the time) to 3 (most of the time). Higher scores indicate greater
depressive symptoms.

DSS—WAIS-R DSS assesses perceptual and motor processing speed (Wechsler, 1981).
Participants receive a grid of 93 empty squares with a number (1 though 9) above each
square, as well as a key of symbols that correspond to each number. In 90 seconds,
participants must substitute as many symbols for numbers as possible. For the current
analyses, scores were the number of substitutions completed correctly.

Far visual acuity—Far visual acuity was measured by standard procedure, using any
corrective lenses normally worn by participants. An ETDRS chart was displayed by a Good-
Lite model 600A light box (Good-Lite, 2007). Using the ACTIVE scoring method, 10 points
are given for each line read correctly. Scores can range from 0 to 90 and can be converted
into Snellen or LogMAR equivalents.
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Mini-Mental State Examination (MMSE)—The MMSE contains 30 items that assess
orientation, memory, attention and language (Folstein, Folstein, & McHugh, 1975). Scores
can range from 0 to 30, with higher scores indicating better performance. Baseline MMSE
scores ranged from 24 to 30 in the current study, demonstrating the range restriction
imposed by the ACTIVE criteria.

Self-Rated Health—Participants rated their health on a scale of 1 = excellent to 5 = poor.

UFOV—The present study used the four-subtest, personal computer, touch screen version of
the UFOV with test-retest reliability of 0.74 (Edwards et al., 2005). In each subtest, targets
are displayed at durations ranging from 16.67 — 500 ms. Scores are the display durations at
which participants accurately perform each subtest 75% of the time. The first subtest
requires participants to identify a target (a silhouette of a truck or car) presented in a fixation
box in the center of the screen. The second subtest measures speed of processing for a
divided attention task, involving identification of the center target and simultaneous
localization of a peripheral target (a silhouette of a car). The third subtest is identical to the
second subtest, but also includes visual distractors (triangles of the same size and luminance
as the peripheral target). The fourth subtest is the most demanding. Two targets are
presented in the central fixation box (two cars, two trucks, or one car and one truck) and the
participant must indicate whether these targets are the same or different. Simultaneous
localization of a peripheral target embedded in distractors is also required. Participants
indicate their responses to each subtest (identifying and localizing targets) by touching the
screen. Total scores for the four-subtest UFOV can range from 66.68 to 2000 ms.

Attrition—Attrition was dummy coded so that participants without fifth annual follow-up
data were coded as dropouts, and participants who provided fifth annual data were coded as
non-dropouts.

Participants completed several measurements, including demographic information, MMSE,
and far visual acuity, during an initial in-person screening visit. Those who qualified for the
ACTIVE study returned for a baseline visit during which cognitive assessments, including
the UFOV, were administered. Follow-up assessments were conducted approximately two
months (post-test), one year (first annual), two years (second annual), three years (third
annual), and five years (fifth annual) after baseline. The MMSE, CES-D, DSS, UFQV,
visual acuity test, and self-rated health measure were administered at each annual follow-up.

Statistical Analyses

Pearson correlations were calculated between baseline four-subtest total UFOV, DSS
number correct, CES-D scores, MMSE scores, far visual acuity, self-rated health, age, and
years of education. Then, we examined attrition effects using a MANOVA with attrition
status as the independent variable, to see whether participants who dropped out before the
last assessment had different characteristics than participants who remained. Dependent
variables were the following, measured at baseline: CES-D, MMSE, four-subtest total
UFOV, far visual acuity, DSS number correct, self-rated health, age, and years of education.
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Next, total UFOV and DSS scores from each assessment period were re-scaled to z-scores
based upon performance at baseline. It should be emphasized that the scales for DSS and
UFOV had opposite signs; that is, higher DSS scores, but lower UFOV scores, indicated
better performance. A series of random effects models were used to examine associations
between age, attrition status, race, education, visual acuity, self-rated health, MMSE, CES-
D, and five-year changes in UFOV and DSS performance. In each model, time was centered
at baseline. Model fit was evaluated using -2 Log Likelihood (-2LL), and changes in -2LL
from one model to another were evaluated using y2, where df = the difference in model
parameters. Pseudo-R? values for each model were calculated based on the proportion
reduction in random variance components above and beyond the model immediately
preceding it. For example, residual pseudo-R? values were calculated for the unconditional
growth models via the following equation: (residual estimate for unconditional means model
— residual estimate for unconditional growth model)/residual estimate for unconditional
means model.

We first examined an unconditional means model and three baseline unconditional growth
models for UFOV: a fixed and random linear time model; a fixed quadratic time (time2) and
random linear time model; and a random quadratic time model. Quadratic time was
considered because plots of the means for UFOV suggested a curvilinear pattern over the
five time points. The unconditional growth model that yielded the smallest -2LL statistic
was used in subsequent conditional models.

Next, we added age, which was centered at the sample mean, and attrition status (coded as 0
= non-dropout and 1 = dropout) to the model as fixed-effect predictors. Linear time effects
were assessed via predictor*time interactions (e.g., age*time). Third, we incorporated
quadratic time effects for age and attrition (e.g., age*time?) into the model. A fourth model
then built upon the third model, controlling for age and attrition while examining other
baseline demographic and health predictors. These predictors were: race (coded 0 = white
and 1 = other), gender (0 = male and 1 = female), years of education, self-rated health,
MMSE, CES-D, and visual acuity. Continuous variables were centered at their sample
means. For seven individuals, CES-D and/or self-rated health scores were substituted from
later waves due to missing baseline data. The fourth model did not include interaction terms
for the additional demographic and health predictors; linear time effects for these predictors
were tested in a fifth model, and quadratic time effects were tested in a sixth model.

Then, we ran each of the above models with DSS as the outcome instead of UFOV; the DSS
models were kept identical to the UFOV models for easier comparisons. We estimated
random effects correlations for DSS and UFQV from the best-fitting models, using a two-
stage procedure available in SAS Proc Mixed for outputting Bayesian intercepts and slopes.
Finally, because some studies have examined UFOV subtest 2 as a separate outcome, or
have calculated composite scores using only the latter three subtests (Edwards et al., 2006;
Hoffman, McDowd, Atchley, & Dubinsky, 2005), we estimated each random effects model
with both three-subtest total UFOV and just subtest 2 as outcomes.
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Correlations and Attrition Analyses

Correlations between continuous measures at baseline are shown in Table 1. Participants
completed an average of 5 follow-up sessions, with a mean follow-up length of 3.53 years
(SD = 1.75). In all, 452 participants (101 men and 351 women) provided data at the fifth
annual follow-up visit, and the other 238 individuals were coded as dropouts. Dropouts
completed an average of 3.36 follow-up sessions, with a mean follow-up length of 1.46
years (SD = 1.19). Table 2 shows the number of individuals who dropped out at each
assessment due to death or participant, family, or study staff decisions. Participants most
commonly reported not continuing participation due to lack of interest (26%), being too
busy (22%), being ill (16%), or being caregiver for a family member (7%). Study staff
decactivated participants most commonly due to being unable to reach the participant (79%),
the participant repeatedly missing study visits (9%), or passive refusal by the participant
(6%). Family decisions indicate that a relative would not allow the participant to speak to
study staff for interviewing or scheduling.

A MANOVA revealed that dropouts were significantly older, less educated, and more
depressed at baseline than non-dropouts; dropouts also had significantly lower MMSE
scores, UFOV scores, and self-rated health (Table 3). A second MANOVA with gender as a
between-subjects factor revealed no significant interaction between gender and attrition.

Unconditional Growth Models for UFOV and DSS

Unconditional growth models with linear time, centered at baseline, showed significantly
improved fit over unconditional means models for UFOV, ¥2(3) = 31.24, p < 0.01, and DSS,
¥2(3) = 108.1, p < 0.01. Although the main effect of linear time was not significant for
UFOV (p = 0.52), linear time was significant for DSS (p < 0.001). Quadratic time was then
added to the model as a fixed effect. For UFOV, the linear and quadratic time model showed
improved fit over the linear only model, x2(1) = 109.38, p < 0.001, and quadratic and linear
time were both significant at p < 0.001. The same held true for DSS: the linear and quadratic
time model had improved fit relative to the linear model, ¥2(1) = 83.62, p < 0.01, and
random and quadratic time were significant (p < 0.01). A random quadratic unconditional
model was considered as an alternative, but this model showed worse fit than the fixed
quadratic/random linear models for both UFOV (-2LL difference = -6.83) and DSS (-2LL
difference = -21.54). Based on these results, fixed quadratic and random linear time models
formed the basis for subsequent conditional models. For models with UFOV as the outcome,
we were unable to estimate the variance component associated with the quadratic effect.
Therefore, the models have variance components for intercept and linear time, but not
quadratic time.

Conditional Growth Models for UFOV

The random effects models for UFOV are summarized in Table 4. Model 1 shows the linear
and quadratic unconditional growth model that was discussed above.
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Model 2, which included centered age and attrition as fixed predictors, showed significantly
improved fit over Model 1, y2(4) = 245.30, p < 0.01. Age, attrition, an age*time interaction,
and an attrition*time interaction were statistically significant. For each year older than the
mean age of 73.58, estimated baseline UFOV scores were higher (i.e., slower) by 0.08
standard deviations. Independent of age, study dropouts performed an estimated 0.22
standard deviations worse than non-dropouts. Figure 1 shows estimated UFOV trajectories
with and without controlling for age and attrition, suggesting that performance is
underestimated when these variables are not taken into account. This figure also illustrates
that estimated UFOV performance generally improved from baseline to second annual, then
declined.

Model 3 incorporated quadratic time effects for age and attrition. This model had
significantly better fit than Model 2, ¥4(2) = 7.34, p < 0.05, although the magnitude of the fit
improvement was relatively small. The main effects for attrition and age, as well as the
quadratic age*time? interaction, were statistically significant, indicating that the linear
age*time effect changed over time. However, age did not appear to impact the linear rate of
change instantaneous at baseline, as the linear age*time interaction was not significant in
Model 3. Model 4, which included baseline demographic and health predictors, showed
significantly improved fit over Model 3, ¥2(6) = 116.72, p < 0.01. Independent of age and
attrition, faster baseline UFOV performance was associated with being White, more years of
education, and better visual acuity, MMSE performance, and self-rated health. The main
effect for age and the age*time? interaction remained statistically significant, but the main
effect for attrition did not. Gender and CES-D were not significantly associated with UFOV
performance. No additional linear or quadratic time interactions were statistically significant
in Models 5 and 6 (not shown), and these models did not show improved fit over Model 4.
Age was the only predictor that showed consistent associations with rate of change in
UFOV.

Conditional Growth Models for DSS

The results of the random effects models for DSS are summarized in Table 5. Linear and
quadratic time effects were statistically significant in Model 1, similar to Model 1 for
UFOV. Model 2 showed significantly improved fit over Model 1, x2(4) = 151.87, p < 0.01.
Main effects and linear interactions for age and attrition were significant; older individuals
and dropouts made significantly fewer correct substitutions at baseline and also experienced
faster performance declines. None of the quadratic predictor*time interactions were
significant in Model 3. Moreover, Model 3 did not show improved fit over Model 2, ¥2(2) =
-0.83, p<0.01, in contrast to Model 3 for UFOV.

Model 4 showed significantly improved fit over Model 3, ¥2(6) = 184.03, p < 0.01. Age,
attrition, MMSE, self-rated health, CES-D, race, gender, and education significantly
predicted level of DSS performance, while visual acuity did not. Being female and White
was associated with better performance, as were lower CES-D scores and greater self-rated
health, years of education, and MMSE scores. None of the linear or quadratic interactions
for age and attrition were significant, although the age*time interaction was marginal (p =
0.06).
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Model 5 (not shown), which included linear interaction terms for the demographic and
health variables that were added in Model 4, had significantly better fit than Model 4, ¥2(7)
=39.24, p < 0.01. However, Model 6 (hot shown) did not show improved fit. The only
additional linear or quadratic interaction to reach significance in Model 5 was MMSE*time,
t =-2.28, p=0.02, indicating that individuals with lower baseline MMSE scores declined
faster on DSS. Because only one interaction was significant, and because Model 5 did not
represent an improvement for UFOV, the details of Model 5 for DSS are not reported.
Change trajectories for both UFOV and DSS were calculated using Model 4 coefficients to
maximize comparability.

Figure 2 compares these change trajectories for UFOV and DSS performance by age.
Despite some differences between the models in terms of predictors and significance levels,
the trajectories are similar in shape and position. As with UFOV, significant residual and
intercept variance remained unexplained for each DSS model (p's < 0.01). Individual
differences in intercept and linear change were generated from Model 4 for UFOV and DSS.
Individual differences at intercept were significantly correlated (r = -0.37, p < 0.01), as were
the individual differences in linear change (r = -0.28, p < 0.01). In both cases, poorer
performance at intercept or linear declines in functioning for the UFOV and DSS were
correlated.

Three-Subtest Total UFOV and Subtest 2

All random effects models for UFOV were re-run using the three-subtest total and only
subtest 2 as outcomes. For the three-subtest total and subtest 2, the best-fitting unconditional
growth model was again the linear and quadratic time model that was chosen for the 4-
subtest total. Linear time was not significant in the linear time-only model for the three-
subtest composite (p = 0.55), but was significant for subtest 2 (p < 0.02). Quadratic time was
significant for both outcomes (p's < 0.001). For all conditional models, the results were very
similar to the findings for the four-subtest composite. Main effects for age, race, education,
visual acuity, MMSE, and self-rated health, as well as the age*time? interaction, were
significantly associated with the three-subtest composite and subtest 2; gender, CES-D, and
other linear and quadratic interactions were not significant.

Discussion

We examined trajectories of change in four subtest-total UFOV scores over a five-year
period. Average UFOV performance changed in a curvilinear fashion, improving and then
declining (Figure 2). Our first hypothesis that increased age would be associated with lower
baseline UFOV performance and with greater declines over time, independent of the
covariates, was supported. Demographic and health variables like MMSE scores, race,
education, vision, and self-rated health were associated with level of UFOV performance,
but were not related to rate of change, supporting our second hypothesis. These findings are
consistent with studies of other speed of processing measures.

We also found some support for our third hypothesis that speed of processing would be a
primary component of the UFOV. Trajectories of change for UFOV and DSS showed
similar overall patterns (Figure 2). Moreover, random effects for DSS were significantly
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correlated with random effects for UFOV, which suggests that both measures reflect the
same cognitive domain. However, there were significant individual differences in the rate of
change in UFOV and DSS performance, as evidenced by the significant random slope (i.e.,
time) variance in the models. Schaie (1989) found similar variability in Finding A's and
Identical Pictures tests, which also measure speed of processing.

Many of the variables that predicted UFOV performance also predicted DSS performance.
However, visual acuity was significantly associated with UFOV, but not DSS. This finding
is intuitive, as UFQV involves more visual processing than DSS. CES-D, gender, and
MMSE*time were associated with DSS, but not UFOV; some of these differences may have
occurred because DSS involves motor coordination, while UFOV is strictly perceptual. The
current findings were in line with Edwards et al.(2006), who found that age, vision, MMSE,
and self-rated health, but not gender, were associated with UFOV performance. Age has
consistently emerged as a strong predictor of between and within-person declines on
cognitive speed measures (MacDonald, Hultsch, Strauss, & Dixon, 2003). Moreover, other
studies have found that cross-sectional covariates like education, gender, self-rated health,
depressive symptoms, and memory influence level of cognitive performance, but not rate of
change (Anstey, Hofer, & Luszcz, 2003; MacDonald, Hultsch, Strauss, & Dixon, 2003).

The presence of a significant age*time? interaction for UFOV indicates that the linear
age*time effect changes over time, suggesting that age-related changes in UFOV
performance are quadratic in nature rather than linear. Research aimed at establishing norms
for longitudinal UFOV performance in older adults should factor in the curvilinear nature of
these changes, especially given that similar results were obtained for UFOV subtest 2 and
the three-subtest total. However, it should be emphasized that the results for the
predictor*time interactions, as well as the correlations between intercepts and slopes, depend
largely on the centering of time (in this case, at baseline). Further research is needed to fine-
tune the estimates of age-related changes in UFOV and DSS performance.

Our results were limited by selection criteria for participation in the ACTIVE study, which
included relatively high physical and cognitive functioning. ACTIVE participants were
predominantly female and predominantly white, so the race and gender effects we found
may not be reliable. In addition, data were not missing at random. Over a third of the
original participants dropped out of the study, and dropouts had poorer baseline functioning
than non-dropouts. Non-dropouts tended to remain healthy throughout the study period; for
example, 84.5% of non-dropouts rated their health as good or better at baseline, and 81.6%
did so again at fifth annual. Therefore, adjusting the models for attrition was important.

Another study limitation was that the maximum follow-up interval of the ACTIVE trial was
5 years (M = 3.53 years, SD = 1.75). This may not be long enough to accurately estimate
change trajectories or fully eliminate practice effects. Because UFOV performance has not
previously been studied longitudinally, the optimal follow-up length for longitudinal
research is unknown. Practice effects may have contributed to the initial improvements seen
in UFOV and DSS performance. Rabbitt, Diggle, Holland, and Mclnnes (2004) examined
practice effects on tests of intelligence, vocabulary, and verbal memory over a 17-year
period and found that practice effects attenuated performance declines for 3-5 years and
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remained significant for up to 7 years. Training gains for older adults on the DSS have long
been documented (Beres & Baron, 1981; Hinton-Bayre & Geffen, 2005), and UFOV
performance also improves with practice (Richards, Bennett, & Sekuler, 2006). We added a
practice effect variable—total number of follow-up assessments for each person, as an
indicator of exposure to the tests—to the random effects models for UFOV and DSS, but
none of the results changed appreciably. The quadratic time variable may have provided a
sufficient adjustment for practice effects. Rabbitt and colleagues (2004) found that, after
adjustments for practice and drop-out, performance declined with age, other demographic
variables were not related to decline, and variability between individuals increased with age.
All of these observations were seen in the current study for UFOV, and the former two
observations were seen with DSS.

While the current study focused on normative UFOV changes across time, prior analyses
have examined the impact of speed of processing training on longitudinal UFOV
performance relative to the control group. Wolinsky and colleagues (2006) found that the
effect sizes for speed of processing training, measured in standard deviations of
improvement between the trained group and the control group, was 1.46 at post-test, 1.21 at
first annual, 0.87 at second annual, and 0.76 at fifth annual. Ball, Ross, Roth, and Edwards
(under review) found that the number of training sessions completed, as well as the
completion of booster sessions, had an additive effect on attenuating declines in UFOV
performance relative to the control group. Increased age, however, was associated with
smaller training gains. These findings along with our results suggest that the UFOV is
sensitive to speed of processing declines that occur with normal aging, and that speed of
processing training may attenuate these declines.

Future studies should compare longitudinal UFOV changes to longitudinal changes in other
speed of processing measures besides the DSS. Our analyses should be replicated with other
samples and populations, including different racial and ethnic groups and people with
different health conditions. Considering that the UFOV has been used to evaluate the driving
capacity of neurologically impaired populations, including adults with Alzheimer's disease
(Duchek, Hunt, Ball, Buckles, & Morris, 1998; Rizzo, Reinach, McGehee, & Dawson,
1997) and stroke (Fisk, Owsley, & Mennemeier, 2002; Marshall et al., 2007), trajectories of
decline should be examined in impaired populations as well. It would be of interest to
evaluate how sensitive the UFOV is to terminal cognitive decline. Additionally, neuro-
imaging studies would be informative for elucidating the neural correlates of UFOV
performance to see if there are similarities to correlates of the functional field of view task
outlined by Scalf and colleagues (2007).

In conclusion, our results indicate that the UFOV is primarily a measure of speed of
processing and that age may be an important predictor of change in UFOV performance
even when attrition, baseline physical and mental health, visual acuity, education, race, and
gender are taken into account. Current versions of the UFOV can be administered by
personal computer, which is practical for clinical and research settings (Edwards et al.,
2005). The UFOV can identify people who might benefit from speed of processing training,
which enhances everyday functioning and health-related quality of life (Ball, Edwards, &
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Ross, 2007; Roenker, Cissell, Ball, Wadley, & Edwards, 2003; Wolinsky, Unverzagt, Smith,
Jones, Wright et al., 2006).
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Figure 1.
Estimated standardized Useful Field of View Test (UFOV) performance over time without

covariates (Model 1), controlling for age and attrition (Model 3), and controlling for age,
attrition, and demographic and health variables (Model 4).
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Figure2.

Estimated standardized Useful Field of View Test (UFOV) and WAIS-R Digit Symbol
Substitution (DSS) performance over time by age, using Model 4 equations.
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