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Abstract
Objective—To test the effects of cognitive training on subsequent motor vehicle collision
(MVC) involvement of older drivers.
Design—Randomized controlled multi-site single-blind clinical trial.
Setting—Community-dwelling seniors across four U.S. sites: Birmingham, AL; Baltimore, MD;
Indianapolis, IN and State College, PA.
Participants—908 older drivers (mean age 73.1 years; 18.6% African American) who were
randomized to either one of three cognitive interventions or a control condition.
Interventions—Up to 10-sessions of cognitive training for memory, reasoning, or speed of
processing.
Measurements—State-recorded MVC involvement up to 6-years following study enrollment.
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Results—Speed of processing and reasoning training resulted in reduced at-fault collision
involvement over the subsequent approximately 6-year period relative to controls. After adjusting
for age, gender, race, education, mental status, health, vision, depressive symptoms and testing
site, those randomized to the speed of processing and reasoning interventions had an
approximately 50% lower rate (per person mile) of at-fault MVCs compared to the control group
(rate ratio [RR]=0.57, 95% confidence interval [CI] 0.34–0.96 for speed of processing), and
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(RR=0.50, 95% CI 0.27-0.92 for reasoning). There was no significant reduction observed for the
memory group.
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Conclusion—Relative to controls, cognitive speed of processing and reasoning training
transferred to decreased at-fault MVC rate among older drivers. Considering the importance of
driving mobility, the costs of crashes, and the benefits of cognitive training, these interventions
have great potential to sustain independence and quality of life of older adults. More research is
needed to understand the effects of different types and quantities of training.
Keywords
older drivers; interventions; cognitive training transfer; motor vehicle collisions

INTRODUCTION
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The number of licensed U.S. drivers over age 65 increased by 17% during the 1990s, such
that in 2004 there were over 28 million drivers aged 65 and older (1). Due to population
trends, the number of older drivers will continue to increase substantially. Over the past 30
years, rates of motor vehicle collision (MVC) involvement for U.S. drivers 70 years of age
and older have increased 13% (2). Older drivers are more likely to be determined at-fault
when involved in MVCs (3) and are more susceptible to injuries and fatalities from such
incidents (4).
Many studies have examined the risk factors for MVC involvement among older drivers.
Such investigations have identified several risk factors for increased MVC involvement
among older drivers such as older age, male gender (5), poor vision (6), decreased speed of
processing as measured by the Useful Field of View (UFOV® Test) (5,6), dementia-related
cognitive impairments (7), declines in physical abilities (8,9) and the functional impact of
diseases such as diabetes or cardiovascular disease, as well as contraindications of
medications used to treat various disorders (8,10-12). Declines in cognitive abilities, speed
of processing in particular, often demonstrate the strongest associations with MVC
involvement among older drivers (5,13). Similarly, declines in speed of processing,
reasoning and memory have also been associated with increased rates of driving cessation
(14,15).
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Cognitive training techniques can enhance the cognitive performance of older adults (16). In
the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) clinical trial,
cognitive reasoning training was found to result in less difficulty on instrumental activities
of daily living (IADL) as indicated by self-ratings five years after training (17). In ACTIVE,
memory, reasoning, and speed of processing training also positively affected self-reported
health-related quality of life (21). In two different studies, relative to controls, speed of
processing training was associated with immediate improvements in performance of IADL
(18,19) as measured by the Timed IADL Test, a performance-based assessment that
measures speed and accuracy across four IADL domains (20).
Of particular interest is research showing that speed of processing training results in
improved UFOV® test performance (16,17), which has a well established relationship with
MVC involvement (5). For example, Roenker and colleagues (22) demonstrated that among
older drivers with significantly slower speed of processing, cognitive speed of processing
training not only enhanced UFOV® test performance, but also resulted in improved on-road
driving safety. Specifically, older drivers randomized to speed of processing training
experienced a significant reduction in the number of dangerous on-road maneuvers (an
action requiring the front-seat driving instructor to take control of the vehicle to avoid a
crash or an action that led to another driver altering the course of their vehicle to avoid a
J Am Geriatr Soc. Author manuscript; available in PMC 2011 November 1.
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crash) immediately after training; an improvement that endured 18-months later. The speed
trained older drivers made significantly fewer dangerous maneuvers both immediately and
18-months post-training as compared to baseline; and made significantly fewer dangerous
manuevers than a control group of older drivers who received traditional driver education/
simulator training 18- months after training. However, whether speed of processing training,
or any other cognitive intervention, reduces MVC involvement among older drivers has
never been evaluated.
The analyses presented here examine the impact of three cognitive interventions on the
subsequent at-fault MVC involvement of older drivers using data from ACTIVE clinical
trial. ACTIVE is the first multi-site, randomized controlled trial to examine the long-term
effects of cognitive training on the everyday abilities of relatively-healthy older adults (23),
and the first clinical trial to examine the impact of cognitive training on state-recorded MVC
records.
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Based upon the strong relationship of speed of processing and MVCs among older adults
(5,13), as well as prior results that speed training enhances on-road driving safety (22), it
was hypothesized that cognitive speed of processing training would result in decreased rate
of MVC involvement among older drivers. Considering that some driving outcomes have
also been related to cognitive reasoning and memory performance, it was possible that
memory and reasoning training might also positively impact the rate of MVC involvement,
especially considering the association of these abilities with everyday functioning (22,24).

METHODS
Participants
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The ACTIVE sample consisted of older adults living independently who were recruited
across six field-sites from healthcare clinics, senior housing sites, senior centers, senior
citizen organizations, local churches, community centers, wellness and service programs,
and state driver registration lists (23). Participants were interviewed by phone to confirm
eligibility. In addition to being available throughout the study period, inclusion criteria
included age > 65 years; no evidence of substantial functional (< 2 ADL disabilities) or
cognitive decline (MMSE score > 23) (25), and no self-reported diagnosis of Alzheimer’s
disease or any other health conditions with potential concomitant functional decline or
increased mortality risk. Individuals with severe losses in vision (acuity worse than 20/50)
or hearing (self-report), or communicative difficulties (based on the interviewer’s perception
that participant could understand and be understood by others) that would interfere with
study participation were excluded. None of the participants reported recently participating in
any cognitive training studies. Participants were paid for their participation at each testing
visit.
Information pertaining to motor vehicle collision (MVC) involvement, the primary outcome
of interest, was only available from four of the six testing sites: Alabama, Indiana, Maryland
and Pennsylvania. Only participants from these four sites who reported that they were
currently driving at baseline, drove at least 1,000 miles per year, and did not complete
booster training (additional training sessions intended to increase the durability of the
intervention) are included in these analyses (N=908). The booster training sessions were
about 90 minutes in length, involved more practice of the same tasks used in training, and
were administered one and three years following the initial intervention. Participants who
completed booster training were excluded from analyses for several reasons. First, given the
design of the ACTIVE study, only participants who completed eight of the ten initial
training sessions were eligible for booster training. Thus boosted participants were by
definition compliant with the intervention, and they were excluded from analyses to truly
J Am Geriatr Soc. Author manuscript; available in PMC 2011 November 1.
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ascertain the intent-to-treat effect of up to 10 sessions of each intervention. Since the booster
sessions were administered 1 and 3 years after initial training, the impact of any booster
training may possibly lag behind that of the initial training. Future work will evaluate the
impact of booster sessions over an equivalent period of time, as well as the timing of the
impact of training on driving outcomes, following the 10th annual follow-up of ACTIVE,
which is currently in progress.
A total of 908 drivers from the four sites had complete data and met the inclusion criteria.
This sub sample included 73.0% females and 18.1% African Americans and had an overall
age range of 65 to 91 years with an average of 73.1 years at baseline. Characteristics of the
sample are reported in Table 1.
Study Design
ACTIVE is a multi-site randomized, controlled, single-blind trial that involved three
treatment arms and a no-contact control group. The study protocol was approved by the
institutional review boards at all sites, and the trial was monitored by a Data Safety and
Monitoring Board. Written informed consent was obtained. Participants were randomized by
computer to one of the four conditions. Participants completed individual and group
assessments at baseline, immediately following training (or an equivalent delay for
controls), and annually at 1, 2, 3, and 5 years. Testers were blind to treatment assignment.
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Interventions
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Participants were randomized to one of four conditions: no contact control, or one of three
intervention conditions: memory training, reasoning training or speed of processing training.
Each of the three interventions was designed to target a specific cognitive ability – memory,
reasoning, or speed of processing. Interventions were led by trainers and conducted in small
groups of two to four participants at the study sites during approximately 70 minute sessions
over a period of five to six weeks. In each intervention condition, ten initial training sessions
were administered and occurred twice a week over a five week period. Memory training
involved teaching mnemonic strategies (organization, visualization, association) for
remembering verbal material (e.g., word lists, texts) (26) For example, participants were
taught how to form visual images and make mental associations to enhance word recall, and
taught strategies for organizing word lists into meaningful categories to enhance retention of
the information. Reasoning training involved teaching strategies for finding the pattern in a
letter or word series (e.g., a c e g i …) and identifying the next item in the series (27).
Exercises focused on understanding patterns in everyday life such as travel schedules. These
exercises included abstract reasoning as well as everyday problem solving. Speed of
processing training involved practice of visual attention skills and the ability to identify and
locate visual information quickly in increasingly demanding visual displays. Participants
practiced speeded visual tasks on a computer, and difficulty was increased each time a
participant achieved criterion performance on a particular task. For example participants
were asked to identify an object on a computer screen at increasingly brief exposures,
followed by dividing attention between two tasks, then performing both tasks in the
presence of distractions (with the primary modification being display speed (18,22). Each
intervention involved a maximum of 10 sessions. On average, participants in each of the
three training conditions completed 9 training sessions, with a range of 0 to 10 sessions.
Measures
Demographics—Several demographic factors, which could impact the rate of MVC
involvement, were included in analyses such as age, gender, race, education, depressive
symptoms, and location, as indicated by test site.
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Self-Rated Health—Participants rated their health on a scale of 1 - excellent to 5 - poor.
Prior research has demonstrated that using this single-item measure of self-rated health is
reliable and valid (28).
Vision—Far visual acuity was measured with a GoodLite Model 600A light box with the
ETDRS chart using standard procedures. Participants were tested at a distance of 10 feet
with corrective lenses (when applicable). Scores were assigned using a method described
previously (16), which provides credit for each letter correctly identified. Scores can range
from 0 to 90, with higher scores indicating better acuity.
Mental Status—The Mini Mental State Exam was used to assess mental status and to
exclude participants with probable dementia. The questions measured attention, memory,
language, orientation, and construction skills, with scores ranging from 0 (poor cognitive
function) to 30 (high cognitive function) (25). Participants were required to have a score of
23 or better for inclusion in the study.
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Mileage—The number of miles driven per week was reported by participants on the
Mobility Driving Habits Questionnaire (29) and was used to calculate the dependent
variable of interest, rate of MVCs per person mile driven. Prior work has indicated that older
adults’ self reports of mileage are reliable and valid (30) and this technique has been used in
several prior studies (5,13,31).
Depressive symptoms—The 12-item short form Center for Epidemiological Studies
Depression Scale (32) was used to quantify the frequency of depressive symptoms
experienced across the prior week. Participants rated the frequency with which they
experienced twelve symptoms such as feeling down or blue on a scale of 0 to 3, with higher
total scores reflecting more depressive symptoms.
Outcome Measures
The primary outcome of interest for this analysis was a state-recorded MVC. Information
regarding such outcomes was obtained from the Departments of Motor Vehicles in the states
of Alabama, Indiana, Maryland, and Pennsylvania. For each MVC whether the study
participant was deemed at fault was obtained from the MVC report. Determinations of fault
are made by the police officer completing the report based upon information received
regarding the circumstances of the incident and the role of the driver(s). Only those MVCs
that occurred following enrollment in ACTIVE were utilized in this analysis.
Analyses
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A Poisson regression model using generalized estimating equations (GEE) was used to
calculate crude and adjusted rate ratios (RR) and 95% confidence intervals (CI) for the
association between ACTIVE training and at-fault MVC rates per person-year and personmile of travel. GEEs were used to account for the clustering of repeated MVC events among
study subjects. Person-years was calculated for each participant as the time between the date
of randomization and the date of driving cessation, death or December 31, 2004, whichever
came first. This measure of exposure is thus based only on the number of days each
participant could have potentially driven during the follow-up period. Person-miles of travel
was calculated by multiplying each participants’ person-years by their self-reported annual
mileage during the period of follow-up. This adjustment is needed to reflect the fact that
person-time may fail to reflect differences in opportunity for a MVC. Crude and adjusted
RRs were calculated, the latter being adjusted for age at baseline, gender, education,
depressive symptoms, site location, vision, and mental status. P-values of ≤.05 (two-sided)
were considered statistically significant.
J Am Geriatr Soc. Author manuscript; available in PMC 2011 November 1.
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Drivers included in analyses (N=908) did not significantly differ from the drivers excluded
from analyses (N=828) in age at baseline, education, visual function, miles driven at
baseline, depressive symptoms, mental status or self-rated health (p’s > .05).
Table 2 presents the total number of at-fault MVCs as well as the accumulated follow-up (in
years and miles) for each of the study groups. Overall, about 85% of the sample remained
crash-free, 12% of the sample experienced 1 crash, and about 3% experienced more than
one crash, regardless of fault. For at-fault crashes, 11% of the sample experienced 1 at-fault
crash, and about 2% experienced more than 1 at-fault crash.
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Table 3 presents the unadjusted and adjusted RRs and 95% CIs for at-fault MVCs based
upon chronological time and driving exposure. Regardless of the metric used there was no
significant association for memory training. Those randomized to speed of processing
training experienced a significantly lower rate of at-fault MVCs per year of driving exposure
(RR 0.55, 95% CI, 0.33-0.92) or per person mile driven (RR 0.58, 95% CI 0.35-0.97). These
associations were largely unchanged following adjustment for age at baseline, gender, race,
education, location, visual acuity, health, depression and mental status (RR 0.52, 95% CI,
0.31–0.87 and RR 0.57, 95% CI 0.34-0.96, respectively). For those randomized to reasoning
training a significantly lower rate of at-fault MVCs per year of driving exposure (RR 0.44,
95% CI, 0.24-0.82) or person mile driven (RR 0.50, 95% CI 0.27-0.92) was obtained only
following adjustment for age at baseline, gender, race, education, location, visual acuity,
health, depression and mental status (see Table 3).

DISCUSSION
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The ACTIVE study is the first large-scale, randomized trial to show that cognitive training
improves cognitive function of older adults for up to 5 years. This was true for speed of
processing, reasoning and memory training, and the enduring cognitive benefits are rather
remarkable given the very modest amount of training received (16,17,21,33,34). The results
of these analyses, as well as previously published findings (17,22), provide evidence that
improvements in cognitive function translate to enhanced everyday functioning for older
adults. Specifically, reasoning training has been found to protect against decline in selfreported IADL, and additional booster training (after the 10 initial sessions) resulted in a
significant improvement on the performance-based functional measure of everyday speed
for the speed of processing trained group. Prior research has indicated that cognitive training
is also protective against declines in health-related quality of life (for memory, reasoning,
and speed training) (21) and speed of processing training enhances the efficiency and
accuracy of performance of tasks instrumental to independence (18). Although speed of
processing in particular has been previously related to crash involvement, all three of the
cognitive abilities trained in ACTIVE have been associated with everyday functioning
(23,24). Similarly, Anstey and colleagues found that cognitive reasoning impacted later
driving behaviors of older adults (14). Furthermore, maintained driving over time was
related to reasoning performance in prior analyses of the ACTIVE data (35).
Analyses presented here indicate that speed of processing training reduced at-fault MVC
risk (both unadjusted and adjusted models), consistent with past results demonstrating
improved driving performance following training as indicated by on the road driving safety
(22). Analyses also show that reasoning training reduced at-fault MVC risk when adjusting
for relevant covariates. Paired with prior results (17,21,33,34), the present results indicate
that there are numerous potential benefits of cognitive speed of processing and reasoning
training as interventions for older adults.
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The results presented in Table 3 indicate that RRs for MVC involvement are lower for all
intervention groups relative to the control group, but only significantly so for the speed
training group for at-fault MVC involvement (both unadjusted and adjusted models), and the
reasoning training group for at-fault MVC in adjusted models. Associations are typically
weaker for “any MVC” due to the fact that many of these incidents may have nothing to do
with the functional capabilities of the participant driver. That is, they include a substantial
number of collisions that can be partly or wholly attributed to the actions of other drivers. If
an association exists, it is more likely to be observed when outcomes are limited to at-fault
MVCs.
For reasoning training, a similar pattern is observed. However, at-fault MVC are statistically
significant in only the adjusted models. A follow-up analysis revealed that participants
randomized to reasoning training reported significantly higher depression scores (F=3.04,
df=3,904, P<0.05), and also reported less exposure (both person-time and person-miles) than
the other three groups. Once depression was added as an additional covariate to the adjusted
models, the relationships between reasoning training and MVC became statistically
significant.
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In addition, results are consistent with the degree of cognitive training gain found in
ACTIVE. Effect sizes at immediate post test indicated a gain of .26 standard deviations in
memory for memory trained participants relative to controls, .48 standard deviations in
reasoning for reasoning trained participants relative to controls, and 1.46 standard deviations
in speed for speed of processing trained participants relative to controls. This suggests that
cognitive improvement is a mediating factor in the MVC reduction results. However,
mediation analyses would be necessary to confirm this. It is possible that if greater training
gains could be achieved, possibly through more initial training, or continued booster
training, that more transfer would be observed to everyday tasks such as driving.
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Initial reports from the ACTIVE trial (16,17) indicated that evidence for transfer of the
effects of cognitive training to everyday function was modest, and was not observed until
the five year follow-up. Two reasons were postulated for these findings. First, prior research
has demonstrated that there is typically a lag between cognitive decline and decline in
everyday function (36,37). Thus if cognitive ability can be maintained through training, this
might delay or protect participants against difficulties in performing everyday tasks.
Furthermore, with respect to the ACTIVE trial, participants with suspected cognitive and/or
ADL decline were excluded from enrollment. Thus the more advantaged nature of the
ACTIVE sample no doubt delayed the onset of functional ability decline in the control
group. Since the ACTIVE participants as a group were not already experiencing everyday
functional limitations, training may have served a protective effect, maintaining driving
competence relative to a delayed decline in the control group. Our results indicate that
overall, older drivers randomized to speed of processing or reasoning training experienced
reduced rates of at-fault crashes across a six-year period. Further research with a larger
sample is needed to determine at what point in time training significantly impacts crash rates
as well as the durability of training.
Although many physicians, scientists, and policy makers focus efforts on the identification
of unsafe older drivers, the ACTIVE results presented here raise the issue as to whether or
not all older drivers might benefit from cognitive training. Scarce resources to identify “high
risk” drivers might be better spent in providing interventions to postpone cognitive decline
to begin with (38). Physicians and other healthcare providers may want to consider the
potential benefit of speed of processing training for older drivers, which include prolonged
driving mobility, decreased risk of driving cessation, and improved driving safety
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(22,39,40). The potential benefits of reasoning training for improving driving outcomes
warrant further investigation.

NIH-PA Author Manuscript

Physicians should also know that there are other potential benefits of speed of processing
and reasoning training as well. Speed of processing and reasoning training have both been
associated with maintained health-related-quality-of-life relative to controls (21). In addition
to improving speed and accuracy of IADL performance (18,19), speed training has also been
protective against depressive symptoms (33), may potentially decrease healthcare costs (34),
and is associated with enhanced locus of control relative to a control group (41). These
results paired with the present findings provide evidence that cognitive training can transfer
beyond the ability trained. Further research is needed to understand not only the mechanisms
of effective cognitive training techniques, but also the complex interrelationships of the
cognitive, well-being, and everyday functional benefits that may be associated with
cognitive training gains.
There are some limitations of the study that should be noted. Our health measures were
somewhat limited. We did not have access to a quantitative health rating scale, or any
indices of cumulative illness. However, prior research has consistently indicated that
cognitive performance is more strongly associated with MVC involvement than either
medical conditions (13) or physical functioning (5).
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CONCLUSIONS
Data from the ACTIVE study have demonstrated that cognitive speed of processing and
reasoning training result in a decreased rate of at-fault MVC involvement among older
drivers across a six-year period. Older drivers as a group have higher MVC rates per mile
driven (42) and are more likely to be injured or killed from such MVCs relative to drivers of
other ages (43). Thus, as the proportion of older drivers in the U.S. population increases over
the next 25 years, there is some concern that there will be increases in traffic fatalities (44).
The cost of MVC for older persons is not only represented in property damage, but is
significantly more costly than those of younger individuals due to higher rates of injuries
and fatalities as well as health care costs (45) in the older population. Thus, effective
methods of reducing MVC involvement among this increasingly large segment of the
driving population will not only ensure a safer future for all drivers on the road, but has the
potential to improve public health overall.
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Taking into account these results, the best policy for dealing with older drivers is to offer
effective interventions. Considering the importance of driving mobility (46-48), the costs of
MVC involvement, and the many potential benefits of cognitive training, evidence-based
cognitive training programs have great potential to sustain independence and positively
impact quality of life of older adults.

Acknowledgments
Sponsor’s Role: Representatives of the National Institute on Aging and the National Institute for Nursing Research
were directly involved in the design of the ACTIVE study, interpretation of the data, and review and approval of
the manuscript. These representatives also monitored the conduct of the study, collection, management, and
analysis of the data.
We would like to acknowledge and thank the entire ACTIVE team. The ACTIVE investigators included: Hebrew
Senior Life - John N. Morris Ph.D. (PI), Richard N. Jones Sc.D.; Indiana University School of Medicine - Frederick
W. Unverzagt, Ph.D.; Johns Hopkins University - George W. Rebok, Ph.D.; New England Research Institutes (Data
Coordinating Center) - Sharon L. Tennstedt, Ph.D.; Pennsylvania State University – Sherry L. Willis Ph.D.;
University of Alabama at Birmingham - Karlene Ball Ph.D.; University of Florida / Wayne State University Michael Marsiske, Ph.D.; National Institutes of Health - Kathy Mann Koepke, Ph.D., National Institute of Nursing
Research and Jonathan King, Ph.D., National Institute on Aging. .

J Am Geriatr Soc. Author manuscript; available in PMC 2011 November 1.

Ball et al.

Page 9

NIH-PA Author Manuscript

Funding Sources and Related Paper Presentations: ACTIVE is supported by grants from the National Institute on
Aging and the National Institute of Nursing Research to Hebrew Senior Life (U01 NR04507), Indiana University
School of Medicine (U01 NR04508), Johns Hopkins University (U01AG14260), New England Research Institutes
(U01 AG14282), Pennsylvania State University (U01 AG14263), University of Alabama at Birmingham (U01
AG14289), University of Florida (U01AG14276). Funds to obtain the accident reports and support the analysis of
mobility outcomes were provided by a grant from the National Institute on Aging (R03 AG023078).

REFERENCES

NIH-PA Author Manuscript
NIH-PA Author Manuscript

1. Center for Disease Control and Prevention. Older Adult Drivers: Fact Sheet. [Accessed September
30, 2007]. 2006 http://www.cdc.gov/ncipc/factsheets/older.htm
2. Insurance Institute for Highway Safety. Fatality facts 2008: older people. [Accessed January 27,
2010]. 2008 http://www.iihs.org/research/fatality_facts_2008/olderpeople.html
3. McGwin G, Brown DB. Characteristics of traffic crashes among young, middle-aged, and older
drivers. Accid. Anal. Prev 1999;31:181–198. [PubMed: 10196595]
4. Meuleners LB, Harding A, Lee AH, Legge M. Fragility and crash over-representation among older
drivers in Western Australia. Accid. Anal. Prev 2006;38:1006–1010. [PubMed: 16713982]
5. Ball KK, Roenker D, McGwin G, et al. Can high-risk older drivers be identified through
performance-based measures in a Department of Motor Vehicles setting? J. Am. Geriatr. Soc
2006;54:77–84. [PubMed: 16420201]
6. Rubin GS, Ng ES, Bandeen-Roche K, Keyl PM, Freeman EE, West SK. A prospective, populationbased study of the role of visual impairment in motor vehicle crashes among older drivers: The SEE
study. Invest. Ophthalmol. Vis. Sci 2007;48(4):1483–1491. [PubMed: 17389475]
7. Lundberg C, Hakamies-Blomqvist L, Almkvist O, Johansson K. Impairments of some cognitive
functions are common in crash-involved older drivers. Accid. Anal. Prev 1998;30(3):371–377.
[PubMed: 9663296]
8. Marottoli RA, Cooney LM, Wagner DR, Doucetter J, Tinetti ME. Predictors of automobile crashes
and moving violations among elderly drivers. Ann. Intern. Med 1994;121:842–846. [PubMed:
7978696]
9. Marottoli RA, Richardson ED, Stowe MH, et al. Development of a test battery to identify older
drivers at risk for self-reported adverse driving events. J. Am. Geriatr. Soc 1998;46:562–568.
[PubMed: 9588368]
10. McGwin G Jr. Sims RV, Pulley JM, Roseman JM. Diabetes and automobile crashes in the elderly.
A population-based case-control study. Diabetes Care 1999;22:220–227. [PubMed: 10333937]
11. Koepsell TD, Wolf ME, McCloskey L, et al. Medical conditions and motor vehicle collision
injuries in older adults. J. Am. Geriatr. Soc 1994;42:695–700. [PubMed: 8014341]
12. Foley DJ, Wallace RB, Eberhard J. Risk factors for motor vehicle crashes among older drivers in a
rural community. J. Am. Geriatr. Soc 1995;43:776–781. [PubMed: 7602030]
13. Owsley C, Ball K, McGwin G, et al. Visual processing impairment and risk of motor vehicle crash
among older adults. JAMA 1998;279(14):1083–1088. [PubMed: 9546567]
14. Anstey KJ, Windsor TD, Luszcz MA, Andrews GA. Predicting driving cessation over 5 years in
older adults: Psychological well-being and cognitive competence are stronger predictors than
physical health. J. Am. Geriatr. Soc 2006;54:121–126. [PubMed: 16420208]
15. Edwards JD, Ross LA, Ackerman ML, et al. Longitudinal predictors of driving cessation among
older adults from the ACTIVE clinical trial. J. Gerontol. B. Psychol. Sci. Soc. Sci 2008;63:P6–
P12. [PubMed: 18332196]
16. Ball KK, Berch DB, Helmers KF, et al. Effects of cognitive training interventions with older
adults. A randomized controlled trial. JAMA 2002;288:2271–2281. [PubMed: 12425704]
17. Willis SL, Tennstedt S, Marsiske M, et al. Long-term effects of cognitive training on everyday
functional outcomes in older adults. JAMA 2006;296(23):2805–2814. [PubMed: 17179457]
18. Edwards JD, Wadley VG, Vance DE, Roenker DL, Ball KK. The impact of speed of processing
training on cognitive and everyday performance. Aging & Mental Health 2005;9:262–271.
[PubMed: 16019280]

J Am Geriatr Soc. Author manuscript; available in PMC 2011 November 1.

Ball et al.

Page 10

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

19. Edwards JD, Wadley VG, Myers R, Roenker DL, Cissell GM, Ball KK. Transfer of a speed of
processing intervention to near and far cognitive functions. Gerontology 2002;48:329–340.
[PubMed: 12169801]
20. Owsley C, Sloane M, McGwin G Jr. Ball K. Timed instrumental activities of daily living tasks:
Relationship to cognitive function and everyday performance assessments in older adults.
Gerontology 2002;48:254–265. [PubMed: 12053117]
21. Wolinsky FD, Unverzagt FW, Smith DM, Jones R, Stoddard A, Tennstetdt SL. The ACTIVE
cognitive training trial and health-related quality of life: Protection that lasts for 5 years. J.
Gerontol. A. Biol. Sci. Med. Sci 2006;61:1324–1329. [PubMed: 17234829]
22. Roenker DL, Cissell GM, Ball KK, Wadley VG, Edwards JD. Speed-of-processing and driving
simulator training result in improved driving performance. Hum. Factors 2003;45(2):218–233.
[PubMed: 14529195]
23. Jobe JB, Smith DM, Ball KK, et al. ACTIVE: A cognitive intervention trial to promote
independence in older adults. Control. Clin. Trials 2001;22(4):453–479. [PubMed: 11514044]
24. Allaire JC, Marsiske M. Well- and ill-defined measures of everyday cognition: relationship to
older adults’ intellectual ability and functional status. Psychol. Aging 2002;17(1):101–115.
[PubMed: 11931279]
25. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: A practical method for grading the
cognitive state of patients for the clinician. J. Psychiatr. Res 1975;12(3):189–198. [PubMed:
1202204]
26. Rebok G, Balcerak LJ. Memory self-efficacy and performance differences in young and old adults:
The effect of mnemonic training. Dev. Psychol 1989;25(5):714–721.
27. Willis, SL. Cognitive training and everyday competence. In: Schaie, KW., editor. Annual Review
of Gerontology and Geriatrics. Vol. Vol 7. Springer; New York: 1987.
28. DeSalvo KB, Fisher WP, Tran K, Bloser N, Merrill W, Peabody J. Assessing measurement
properties of two single-item general health measures. Qual. Life Res 2006;15:191–201. [PubMed:
16468076]
29. Owsley C, Stalvey B, Wells J, Sloane ME. Older drivers and cataract: Driving habits and crash
risk. J. Gerontol. A. Biol. Sci. Med. Sci 1999;54A(4):M203–M211. [PubMed: 10219012]
30. Murakami, E.; Wagner, DP. Comparison between computer-assisted self-interviewing using GPS
with retrospective trip reporting using telephone interviews. Washington D.C.: U.S. Department of
Transportation, Federal Highway Adminstration; 1997.
31. McGwin G Jr, Mays A, Joiner W, DeCarlo DK, McNeal SF, Owsley C. Is glaucoma associated
with motor vehicle collision involvement and driving avoidance? Invest. Ophthalmol. Vis. Sci
2004;45:3934–3939. [PubMed: 15505039]
32. Radloff L. The CES-D scale: A self-report depression scale for research in the general population.
Applied Psychological Measurement 1977;1:385–401.
33. Wolinsky FD, Unverzagt FW, Smith DM, Jones R, Wright E, Tennstetdt SL. The effects of the
ACTIVE cognitive training trial on clinically relevant declines in health-related quality of life. J.
Gerontol. A. Biol. Sci. Med. Sci 2006;61B(5):S281–S287.
34. Wolinsky FD, Mahncke HW, Kosinski M, et al. The ACTIVE cognitive training trial and predicted
medical expenditures. BMC Health Services Research 2009;9:109. [PubMed: 19558724]
35. Ackerman ML, Edwards JD, Ball KK, Ross LA, Lunsman M. Cognitive and everyday
performance as indicators of risk for driving cessation across three-years among older adults from
the ACTIVE study. The Gerontologist 2008;48:802–810. [PubMed: 19139253]
36. Stuck AE, Walthert JM, Nikolaus T, Bula CJ, Hohmann C, Beck JC. Risk factors for functional
status decline in community-living elderly people: A systematic literature review. Soc. Sci. Med
1999;48(4):445–469. [PubMed: 10075171]
37. Wolinsky FD, Callahan CM, Fitzgerald JF, Johnson RJ. Changes in functional status and the risks
of subsequent nursing home placement and death. J. Gerontol. B. Psychol. Sci. Soc. Sci
1993;48(3):S94–S101.
38. Viamonte SM, Ball KK, Kilgore M. A cost-benefit analysis of risk reduction strategies targeted at
older drivers. Traffic Injury Prevention 2006;7(4):352–359. [PubMed: 17114092]

J Am Geriatr Soc. Author manuscript; available in PMC 2011 November 1.

Ball et al.

Page 11

NIH-PA Author Manuscript
NIH-PA Author Manuscript

39. Edwards JD, Delahunt PB, Mahncke HW. Cognitive speed of processing training delays driving
cessation. J. Gerontol. A. Biol. Sci. Med. Sci 2009;64:1262–1267. [PubMed: 19726665]
40. Edwards JD, Myers C, Ross LA, et al. The longitudinal impact of speed of processing training
upon subsequent mobility of older drivers. The Gerontologist 2009;49:485–494. [PubMed:
19491362]
41. Wolinsky FD, Vander Weg MW, Martin R, et al. The effect of speed-of-processing training on
depressive symptoms in ACTIVE. J. Gerontol. A. Biol. Sci. Med. Sci 2009;65A:468–472.
[PubMed: 19181719]
42. Evans L. Older driver involvement in fatal and severe traffic crashes. J. Gerontol 1988;43:S186–
193. [PubMed: 3183316]
43. Evans L. Risk of fatality from physical trauma versus sex and age. J. Trauma 1988;28:326–327.
44. Burkhardt, J.; Berger, A.; Creedon, M.; McGavock, A. Mobility and independence: Changes and
challenges for older drivers. Ecosometrics, Inc. for the Coordinating Council on Mobility and
Access. The U.S. Department of Human Services and Traffic Safety Administration; 1998.
45. Sartorelli KH, Rogers FB, Osler TM, Shackford SR, Cohen M, Vane DW. Financial aspects of
providing trauma care at the extremes of life. J. Trauma 1999;46(3):483–487. [PubMed:
10088856]
46. Edwards JD, Perkins M, Lunsman M, Rebok G, Roth DL. Driving cessation and health trajectories
in older adults. J. Gerontol. A. Biol. Sci. Med. Sci 2009;64:M1290–M1295.
47. Edwards JD, Perkins M, Ross LA, Reynolds SL. Driving status and three-year mortality among
community-dwelling older adults. J. Gerontol. A. Biol. Sci. Med. Sci 2009;64A:300–305.
[PubMed: 19181711]
48. Freeman EE, Gange SJ, Munoz B, West SK. Driving status and risk of entry into long-term care in
older adults. Am. J. Public Health 2006;96(7):1254–1259. [PubMed: 16735633]

NIH-PA Author Manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2011 November 1.

NIH-PA Author Manuscript
335
73.0
13.3
2.6
73.5
9.57
27.4
5483

Race, % Caucasians

Age (years)

Education (years)

Self-Rated Health (1 to 5)*

Visual Acuity (0 to 90)†

Depression (CESD)*

Mini-Mental State Exam
Score (23 to 30)†

Miles Driven Per Year

Higher scores reflect better performance

†
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2.6

13.5

73.3
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Mean
(or N)
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2.7

5.9

81.7

76.0

(SD)
(or %)
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Training
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9.44
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2.7
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(or N)
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3.44
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2.6

5.7

80.0

71.0

(SD)
(or %)
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Table 2

Total and at-fault collisions and person-time and person-miles by group
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Total collisions
At-fault collisions
Person-time (in years)
Person-miles

Control
N=409

Memory Training
N=175

Reasoning Training
N=145

Speed of Processing
Training
N=179

92

31

24

35

75

28

18

18

2,135.3

929.1

767.9

929.8

11,943,285.8

4,770,414.7

3,868,571.5

4,966,644.0

At-fault crashes/year

.035

.030

.023

.019

At-fault crashes/mile

.00000628

.00000587

.00000465

.00000362
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Reference

Reference

0.93 (0.61-1.44)

0.86 (0.56-1.32)

RR (95% CI)

0.93 (0.60-1.45)

0.82 (0.53-1.27)

RR (95% CI)*

Memory Training

0.74 (0.44-1.24)

0.67 (0.40-1.12)

RR (95% CI)

0.50 (0.27-0.92)

0.44 (0.24-0.82)

RR (95% CI)*

Reasoning Training

0.58 (0.35-0.97)

0.55 (0.33-0.92)

RR (95% CI)

0.57 (0.34-0.96)

0.52 (0.31-0.87)

RR (95% CI)*

Speed of Processing Training

Adjusted for age, gender, race, education, Mini-Mental State Exam score, self-rated health status, vision, depression and site.

*

At-fault MVC

Person-miles

At-fault MVC

Person-time

Control

Rate ratios (RRs) and 95% confidence intervals (CIs) for the association between intervention groups and motor vehicle collision (MVC) involvement.
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