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Recognizing the importance of driving and the potential negative impact of driving 

cessation, the present study sought to understand the effectiveness of interventions aimed at 

maintaining older driver safety. Driving rehabilitation specialists (DRSs) are trained 

professionals, typically occupational therapists, who conduct assessments of older drivers. DRSs 

frequently provide recommendations to older drivers, but the impact of these recommendations 

on older drivers’ performance is unknown. This study evaluated common and recalled driving 

rehabilitation specialists’ recommendations for older drivers in order to determine best practices 

for DRS and delineate important components of driving performance and older drivers’ safety. 

Common driving recommendations were examined for a sample of 118 older adults who 

had a clinical and road test driving assessment. Overall, 22% of drivers (n=26) had 

recommendations to avoid driving conditions (i.e., night, high traffic); 78% (n=92) had driving 

behavior recommendations such as increasing the following distance, scanning, or signaling; 

22.9% (n=27) had recommendations to take a driving course or read a driver’s handbook, and 

11.9% (n=14) had recommendations to take behind-the-wheel training. The results showed 

different patterns of recommendations for unsafe and safe drivers. After 2.5 years, 65 

participants completed a telephone interview and approximately 80% recalled driving 



 

15 

recommendations provided to them by the DRS, with recall of recommendations mainly related 

to driving behaviors and avoidance of conditions. Driving recommendations are described in 

light of the Selective Optimization with Compensation (SOC) model of successful aging. At 

follow-up, driving habits of participants did not differ by driving performance classification 

(unsafe, safe with recommendations, and safe). Over time, older adults reduced the days driven 

per week, but were making more trips, going more places, and driving more miles, suggesting 

the value and preference for the car as the main means of transportation. 
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CHAPTER 1 
INTRODUCTION 

This section describes the meaning of driving in the American culture and how driving 

recommendations from a Driving Rehabilitation Specialist (DRS) may help prolong safe driving 

among older adults. This section also reviews driving behavior models that explain “driving” and 

its components, and help guide driving recommendations provided by the DRS. The section ends 

with the objectives of the current research. 

Driving provides independence, community mobility, a sense of well-being, and is an 

important component for maintaining quality of life. Driving is an “enabler” (Ralston et al., 

2001), pg. 64) allowing us to engage in other important life activities. As more adults continue to 

drive into their later years, at a time of life with increased prevalence of physical and cognitive 

impairments, traffic safety relative to older drivers is becoming a public health concern (Foley, 

Heimovitz, Guralnik, & Brock, 2002). To help older drivers maintain driving safety as well as 

independence, the American Occupational Therapy Association (AOTA) and the National 

Highway Transportation Safety Administration (NHTSA), following an older driver’s consensus 

conference in 2002, have worked to increase the number of well trained professionals, such as 

driving rehabilitation specialists (DRSs) for older driver assessment and intervention (AOTA, 

2002). Most DRS are occupational therapists, who offer clinical and road test assessments and 

provide interventions to improve, maintain, and/or prolong safe driving ability (Finn, 2004). 

Following a driving assessment, occupational therapists frequently provide recommendations to 

older drivers. However, the impact of these recommendations on older drivers’ performance is 

unknown.  
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Driving and Older Adults 

In the United States, the car is the preferred, often necessary, mode of transportation. 

Therefore, limitations in driving can impact elder independence and quality of life (Collia, Sharp, 

& Giesbrecht, 2003). Some authors have suggested that “driving is a major rite of passage in 

American society” (Ralston et al., 2001), pg. 69). As a societal value, driving implies freedom 

(Ralston et al., 2001), independence (Bonnel, 1999; Peel, Westmoreland, & Steinberg, 2002; 

Ralston et al., 2001), a ‘way of life’ (Bonnel, 1999; Peel et al., 2002), a sense of identity (Peel et 

al., 2002), competence and responsibility (Johnson, 1998), and the ability to maintain roles and 

occupations (Ralston et al., 2001). Driving is a component of many daily activities such as 

shopping (Johnson, 1998). When the ability to drive is reduced by a sensory, cognitive, or motor 

impairment, many individuals participate less in activities, and this can lead to depression and 

isolation (Marottoli et al., 2000; Marottoli et al., 1997; Reuben, Silliman, & Traines, 1988).  

Driving Recommendations  

 Recognizing the importance of driving and the potential negative impact of driving 

cessation, the present study seeks to understand the effectiveness of interventions aimed at 

maintaining older driver safety. One of the important interventions of DRSs is to provide 

recommendations such as (1) increasing following distance with other cars, (2) avoiding drifting, 

and (3) signaling more frequently. Some recommendations involve restricting driving, such as: 

(1) not driving at night, (2) avoiding heavy traffic, and (3) driving only in close proximity to 

home. This study will evaluate common recommendations provided by a DRS and the recall of 

these recommendations 1.5 to 3 years following the recommendations. If older drivers do not 

remember these recommendations, then we need to modify the process of providing 

recommendations in some way, such as with follow up reminders. If older drivers recall driving 

recommendations, then this study can serve as a basis to study adoption of driving 
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recommendations and study whether or not following these recommendations results in safer 

driving as measured by crashes, and/or driving errors.  

Theoretical Models of Driving Behavior and Aging 

 Examining different models of driving behavior can help in understanding how DRSs 

make decisions for providing driving recommendations and how older drivers’ behavior may 

improve by following these recommendations. Several models of driving behavior are described 

in the traffic safety literature. Michon (1985) classified driving models as taxonomic and 

functional, and each of these can be further categorized as behavioral or psychological (Table 1-

1). Taxonomic models provide mainly descriptions of the driving task or driving components 

while functional models describe the interaction among components of driving. Taxonomic 

models of the behavioral type describe the tasks and subtasks for driving; and taxonomic models 

of the psychological type list aspects of the individual that are involved in driving but do not give 

a detailed explanation of the interaction among the person’s abilities and the driving task. In 

contrast, functional models of the behavioral type delineate person, vehicle, and environmental 

factors that relate to driving, but ignore the internal motives or information processing of the 

driver. Lastly, functional models of the psychological type take into account the individual’s 

motives and reasons that affect driving, such as the driver’s perception and avoidance of risks, 

and the driver’s goals of a trip.  

In this section, several models of driving behavior are described, and a table is provided at 

the end to describe the conceptual contributions of the models to our study (Table 1-2). This 

study primarily draws on the theoretical contributions of a cognitive model of driving behavior-

Michon’s Hierarchical Model that, in conjunction with the Selective Optimization with 

Compensation model of successful aging, help explain and categorize DRS driving 

recommendations. 
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Taxonomic Models of Driving Behavior 

Task analyses 

McKnight and Adams’ task analysis (McKnight and Adams, 1970 as cited in Michon, 

1985) is a taxonomic and behavioral approach that classifies driving into 45 tasks and more than 

1700 components of tasks (Michon, 1985). This task analysis model is an extensive description 

of driving behaviors that can help describe in detail the specific components of driving 

maneuvers (Michon, 1985). For example, some parts of task 42.0: “Negotiating On-Ramps and 

Off-Ramps” are: 

“Task 42-123   Observes a general on-ramp/main roadway configuration 

42-1231   Looks to see if on-ramp feeds into right side of main roadway or left side (speed 
lane) of main roadway 

42-1232   Looks to see if acceleration lane is provided at end of on-ramp 

42-1233   Looks for exit off-ramps or deceleration lanes which cross over or share       
continuing portions of the entrance ramp 

42-1234   Evaluates effects of on-ramp/main roadway configuration on available merging 
distance and probable merging pattern.” 

The McKnight and Adams task analysis model neglects the fact that driving is a complex task, 

requiring continuous interaction of the driver’s cognitive, sensory, and neuro-motor systems, as 

well as interaction with the vehicle, and the environment in which the vehicle is traveling (Eby, 

Trombley, Molnar, & Shope, 1998; Wang & Carr, 2004). A model that simply describes task 

components fails to account for many situations that can affect driving behavior. For example, 

unexpected inclement weather conditions during highway driving put higher demands on 

attention, affect control of the vehicle, and may increase the risk for crashes.  

Trait models 

The second class of taxonomic models is psychological, and includes (1) Fleishman’s 

Taxonomy of Human Performance and (2) McKenna’s Accident Proneness and Involvement. 
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Michon labeled these models as Trait Models, since they describe aspects of the individual that 

affect driving behavior. Although Fleishman did not classify the individual’s characteristics 

specific to the task of driving, his studies were among the first attempts to describe human 

performance with a classification of tasks (Fleishman, 1967, 1975). After conducting several 

studies of more than 200 human tasks, Fleishman and colleagues identified 11 psychomotor and 

9 physical abilities common to individuals’ performance. These abilities included reaction time, 

multilimb coordination, aiming, finger and manual dexterity; and physical aspects such as 

strength, coordination, and equilibrium. Other studies by Fleishman (1967) described the 

characteristics of tasks such as level of difficulty and duration, and how these interact with 

human abilities. Fleishman’s work provided empirical evidence of the interaction between 

external and internal aspects of human performance in tasks, and concluded that a combination 

of task elements and abilities could best describe human performance. This interaction of 

elements also can describe the task of driving, since driving in different environments entails 

varied levels of difficulty; and the person’s abilities such as attention or reaction time can vary 

depending on the difficulty of the driving environment. For example, driving straight on a road 

with low levels of traffic requires lower levels of attention than approaching and crossing an 

intersection. 

The last example of taxonomical models is the Accident Proneness and Involvement Model 

(McKenna, 1982). This model is based on counts of crash frequencies but does not address 

internal or psychological factors that could impact driving, and does not fit well under Michon’s 

classification of psychological models. Crash research evolved from quantifying crashes to the 

inclusion of predictors of crash involvement (McKenna, 1982). Although some authors have 

found that measures of visual attention are strong predictors of crashes in retrospective studies 
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(Ball, Owsley, Sloane, Roenker, & Bruni, 1993; Owsley, Ball, Sloane, Roenker, & Bruni, 1991), 

using crashes as an outcome measure of driving ability is problematic for several reasons. First, 

crashes are rare (McKenna, 1982; Ranney, 1994), and researchers need large sample sizes to 

make reliable comparisons and predictions (De Raedt & Ponjaert-Kristoffersen, 2000a; Owsley 

et al., 1991). Second, self-reports of crashes do not correlate highly with state records (Owsley et 

al., 1991). This may be due to older adults’ inaccurately self-reporting their crashes or biases in 

the state records.  

Traffic researchers use state records to determine ‘at-fault’ crashes and then examine the 

causes and types of crashes. Using at-fault crashes is problematic because researchers have to 

assume that other drivers on the road are a constant and representative sample of drivers 

(Hakamies-Blomqvist, 1998). Crashes have multiple-causes and it is often difficult to isolate a 

single cause or to determine who is at-fault. Reports of crashes are based on self-report of the 

parties involved and in some cases witnesses, but the authorities may be biased in assigning fault 

more often to older and younger drivers than is actually the case (Langford, Koppel, Andrea, & 

Fildes, 2006). 

Another factor to consider when studying crashes is how crash risk is measured. Crash risk 

is a ratio of the total number of crashes to a measure of driving exposure. Researchers use 

different ways to measure driving exposure, such as total annual miles. Research suggests that 

older drivers had higher crash risk than all other age groups except young drivers. However,   

recent studies showed that despite the drivers’ age, those who drive fewer annual mileage are at 

higher risk of crashing than those who drive more miles (Langford & Koppel, 2006; Langford, 

Methorst, & Hakamies-Blomqvist, 2006). Accurate comparisons of crashes among segments of 
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the population need to be based on similar measures of driving exposure, but this is rarely the 

case. 

Studies have used the total number of licenses to determine the number of active drivers. 

This measure can be problematic since states have different driving renewal policies (Hakamies-

Blomqvist, 1998; Tay, 2006) and age based policies of license restriction may encourage older 

adults to cease driving prematurely not necessarily due to higher risk but because they prefer not 

to renew their license (Hakamies-Blomqvist, Johansson, & Lundberg, 1995).  Finally, crash 

databases may overrepresent older drivers since these databases record crashes that result in 

fatalities and older drivers frailty makes them more likely to experience injury and fatality in 

crashes (Hakamies-Blomqvist, 1998; Li, Braver, & Chen, 2003).  

Functional Models of Driving Behavior 

Like taxonomical models, functional models are either behavioral or psychological. 

Behavioral and functional models describe driving in terms of the interaction of the vehicle with 

the traffic or the interaction of the vehicle and the driver’s maneuvering to react to road 

conditions. Michon classified these models as Mechanistic and Adaptive Control in nature.  

Mechanistic models 

Mechanistic models are mathematical explanations of the flow of traffic (Greenberg, 1959) 

and car following (Herman, Montroll, Potts, & Rothery, 1959). These mathematical approaches 

to study driving behavior limit the understanding of the driving task, since driving is not always 

a stable task and many driving situations are spontaneous. For example, assuming that the flow 

of traffic is stable does not take into account such factors as inclement weather or accidents that 

slow or stop traffic flow. Similarly, these mechanistic models neglect the motives of the driver, 

such as following too close due to aggressive driving behavior. 
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Adaptive control models 

The second category of behavioral and functional models, Adaptive Control, includes the 

Driver/Vehicle Control and Information Flow Control models. The Driver/Vehicle Control 

model addresses the interaction of the driver, the vehicle, and the roadway environment for 

steering control in driving maneuvers such as turns, merges, lane changes, and passing (McRuer, 

Allen, Weir, & Klein, 1977; Weir & McRuer, 1968). According to this model, the driver 

establishes and maintains control of the car when steering. First, the driver receives input from 

other vehicles and the roadway design to determine where he is heading. Next, the driver 

controls the car using learned responses or by anticipating a response after seeing the road and 

compensating for errors. Once the driver makes the steering maneuver, the vehicle motion can be 

affected by the road surface or winds and the driver has to adjust for these changes. This model 

provides a basis for improving roadway design such as angles and markings (Weir & McRuer, 

1968). However, in this model the driver compensates for lateral control of the vehicle based on 

roadway information only. The model does not address all the physical and cognitive aspects that 

could influence steering the vehicle such as tremors due to Parkinson’s disease or lack of 

attention to the road. 

An example of Information Flow Control models is the Driver-Vehicle Effectiveness 

Model (DRIVEM). DRIVEM is actually a driver simulation program for predicting crashes. This 

model was developed in 1978 for the National Highway Traffic Safety Administration (NHTSA) 

and represents early attempts to use simulated driving to study vehicle crashes. As in simulated 

driving scenarios, the DRIVEM involves programming of input and output computer responses 

based on the driver’s actions for each maneuver, such as following, avoiding an obstacle, or 

merging (Wolf & Barrett, 1978). Although modern simulators let the driver ‘immerse’ into 

driving scenarios, using simulators to evaluate driving behavior can be problematic for several 
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reasons: (1) high-quality simulated scenarios are costly, (2) data collection can be frequently 

hindered by participants’ simulator sickness or computer technical problems, and (3) simulators 

cannot always replicate the multi-tasking nature of driving. Although simulators can provide 

unexpected events such as pedestrians crossing the street or a car honking behind, these events 

are more complex in real driving due to interactions between the weather, the traffic flow of a 

street, the varied responses of other drivers, road conditions, and time of day. 

Motivational models 

Motivational and cognitive processing models are functional models based on 

psychological rather than behavioral aspects of driving. Examples of motivational models 

include Risk Homeostasis, Zero-Risk, and Threat Avoidance. The Risk Homeostasis Theory 

(Wilde, 1982, 1988; Wilde & Murdoch, 1982) poses that individuals’ risks while driving are 

based on four motivators: the expected advantages and costs of risky driving behaviors, and the 

benefits and costs of cautious driving. For example, if a person believes that the benefit of 

wearing a seat belt does not exceed the benefit or advantage of not wearing a seat belt (e.g., 

because it is uncomfortable), then the driver will more likely continue to perceive using a 

seatbelt as an unnecessary behavior. The Risk Homeostasis Theory states that interventions to 

increase safe driving behavior, such as traffic regulations (e.g., speed limits, seatbelt use), 

educational interventions, training in driving skills, improved vehicle designs or highways do not 

impact the crash rates of a population; and that such measures only have a temporary effect on an 

individual’s perception of risk, but driving behavior is ultimately determined by the person’s 

willingness to be safe by adopting or not adopting risky behaviors. Although this theory 

acknowledges the motivations of a driver, it rules out evidence showing the effectiveness of 

educational and physical exercise interventions, and the effectiveness of highway design or 

traffic regulations (e.g., seat belt use) that can improve driving behaviors and help reduce crash 
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rates (Classen et al., 2006; Kua, Korner-Bitensky, Desrosiers, Man-Son-Hing, & Marshall, 2007; 

Marottoli, Van Ness et al., 2007; McKenna, 1988; Stalvey & Owsley, 2003); and it assumes that 

the use of assistive devices or car adaptations, such as extended handles for signaling, manual 

driving controls, and steering knobs, are ineffective (e.g., ineffective for a person with stroke or 

arthritis, since these devices would not help reduce the individual’s crashes and risky driving). 

This seems unlikely since manual controls and steering knobs can help drivers with decreased 

proprioception, strength, and decreased hand dexterity maintain their safety on the road. Other 

reasons not addressed by Wilde’s theory could be reduced driving due to retirement (Raitanen, 

Tormakangas, Mollenkopf, & Marcellini, 2003), not driving to reduce driving-related expenses 

(Hakamies-Blomqvist & Siren, 2003; Hakamies-Blomqvist & Wahlstrom, 1998), or ceasing 

driving after a family member or doctor makes a recommendation to stop driving due to 

cognitive or visual impairment.  

 The Zero-Risk Model is another motivational model under the functional and 

psychological classification (Naatanen & Summala, 1974; Summala, 1988). This model 

considers driving as a primarily automatic task in which individuals perceive no subjective risk. 

Proponents of this model state that novice drivers initially fear driving situations that they 

progressively learn to control. The main concern of drivers is maintaining a safety margin which 

the authors illustrate as driving behaviors including ‘car following, passing a car, accelerating, 

lane keeping, curve negotiation, gap acceptance, and overtaking’ (Naatanen & Summala, 1974). 

For example, drivers will gradually adjust their speed levels to match their perceived safety 

margins. Although this model outlines some behaviors that affect safe driving, a subjective 

perception of risk is not the only component of driving behavior. Naatanen and Summala (1974) 

used only physiological responses as outcome measures of subjective risk, but many other 
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factors can affect the subjective experience of driving, such as pleasure of driving, concern with 

violating traffic laws, concern with the expense of driving (Naatanen & Summala, 1974; 

Rothengatter, 1988), or visual indicators in the vehicle signaling low gas or battery problems. 

The Threat Avoidance Model combines the concepts of the two previous models. The 

driving task is considered in relation to the person’s avoidance or non-avoidance of an aversive 

stimulus that could lead to accidents (Fuller, 1984). Thus, if the driver is in a high traffic 

situation, they may or may not reduce the speed anticipating a crash. The problem with this 

model is that it describes stimulus and avoidance responses in a simplistic stimulus-response 

fashion, and it fails to account for the multi-tasking and problem solving required in driving 

(Michon, 1989), such as dealing with two or more threats or stimulus at a time (i.e., a detour 

ahead, keeping a safe following distance, and becoming distracted by a pedestrian). Limitations 

of this model include the absence of research to support the propositions of motivational models 

(Ranney, 1994), failure to address the multi-faceted nature of the driving-environment 

interaction (Wang & Carr, 2004), as well as ignoring the information processing that takes place 

while driving.  

Cognitive (process) models 

Cognitive models are functional models of driving behavior that take into account the 

cognitive (i.e., problem solving) and executive functions necessary for safely planning a trip and 

maneuvering on the road (Rizzo, 2004). Examples include Rizzo’s information-processing model 

of driving errors (Rizzo, 2004) and Michon’s hierarchical model of driving performance 

(Michon, 1985). 

The information-processing model (Rizzo, 2004) incorporates cognitive processes such as 

perception, attention, and memory to illustrate how a driver perceives, processes information, 

and executes a response (Figure 1-1). Unlike the motivational models described above, the 
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information-processing model does not narrow the definition of driving behavior as risk 

perception or avoidance. Rather, this model considers the perception of diverse stimuli and the 

selection of a proper response from a driving situation or from experience. Although this model 

describes the cognitive processing of a driver after making a driving error, it does not account for 

how driving behavior would change or be improved after the driver perceives and processes the 

errors. This information processing model also neglects the environment and the motivations of 

the driver, which are addressed in Michon’s Hierarchical Model. 

Michon’s Hierarchical Model: Michon’s Model (Michon, 1985) delineates three levels of 

driving performance: strategical, tactical, and operational (Figure 1-2). The strategical level is at 

the top of the hierarchy, and includes trip planning (setting goals, planning route, estimating 

costs, and exploring risks). The tactical level involves maneuvering the vehicle through turns, 

overtaking, avoiding obstacles, and all other traffic conditions. The third level, operational, 

includes automatic actions to control the vehicle under changing situations, such as braking and 

steering. To illustrate, a driver’s plan to go to the grocery store followed by a stop to pick up a 

prescription medicine at the pharmacy represents strategical levels of driving since it involves 

the goals and the plan for getting to these places. The maneuvers to get to the store and the 

pharmacy, such as left turns, right turns, or straight driving are the tactical components; and the 

actions that control the car, such as accelerating or steering the wheel, are at the operational 

level.  

Michon’s model acknowledges the environmental input and dynamic interaction among 

the hierarchical levels to explain driving behaviors. This means that unexpected occurrences on 

the road can alter the tactical and operational control of the car, such as suddenly breaking for a 

pedestrian crossing the street. In contrast to the other models of driving behavior, Michon’s 
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Hierarchical Model gives purpose to the driving task in the form of strategical planning. This 

model includes the drivers planning their trip, the reason for their trip, and their choice of route. 

This broadens the idea of driving from an input-output task to a task that involves the drivers’ 

cognitive processing of their needs and their interaction with the road. Michon’s tactical level of 

driving behavior acknowledges all the possible maneuvers that a driver can make while driving a 

vehicle, such as turning or passing a car. Finally, the operational level helps explain the physical 

movements to control the vehicle, such as steering. Overall, the Hierarchical Model expands the 

concepts of previous driving models and includes a holistic approach to driving that does not 

simply look at the task, or the road-vehicle interactions, or the perceived risks as unique goals of 

driving behavior. Rather, the Hierarchical Model integrates all these components in a theory of 

person-environment control of driving. The limitation of Michon’s Model is that the drivers’ 

motivations such as confidence or stress are not explicitly described in the model. 

Although cognitive models of driving behavior are criticized for ignoring motivational or 

emotional components of driving (Ranney, 1994), recent traffic safety research has incorporated 

a model of successful aging, the Selective Optimization with Compensation (SOC) with 

Michon’s Hierarchical Model conceptualizing driving behavior with both cognitive and 

motivational components (De Raedt & Ponjaert-Kristoffersen, 2000a). The SOC Model is 

described below. Successful aging is the process of maximizing gains or desired outcomes and 

minimizing losses or undesired outcomes (Freund & Baltes, 1998; Marsiske, Lang, Baltes, & 

Baltes, 1995). This definition provides for flexibility among individuals, contexts, and cultures. 

Selective optimization with compensation (SOC), a leading model of successful aging, has been 

described as a “metamodel” to study the process of successful aging across functions, domains, 

and person-context interactions (Marsiske et al., 1995). 
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Selective Optimization and Compensation Model of Successful Aging  

The three components of SOC are: (1) Selection, (2) Optimization, and (3) Compensation. 

Selection is the process of adding, deleting, or revising one’s goals. Individuals select their goals 

based on choices that are time and space constrained, or based on loss of resources (Freund & 

Baltes, 1998). Physical, motor, and cognitive declines that occur with age, as well as reductions 

in environmental resources, can set forth limitations in the selection process (Baltes & 

Carstensen, 1996; Marsiske et al., 1995). In relation to driving, a DRS may give older adults 

recommendations to revise the places they drive and avoid driving in limited situations such as 

driving only during daylight hours. The second component, optimization, is using internal or 

external resources to improve or maintain existing means of obtaining goals and outcomes. It 

includes, for example, practicing skills or modeling others (Freund & Baltes, 1998). Adopting 

driving recommendations from a DRS to improve driving, such as increasing the following 

distance between cars, avoiding drifting, and making complete stops are examples of strategies 

to optimize driving. The third component of SOC is compensation. Compensation is closely 

related to optimization and refers to alternative ways of dealing with functional limitations 

(Baltes & Carstensen, 1996; Marsiske et al., 1995). Compensation strategies include therapeutic 

interventions, use of external aids, and substitution of means (Freund & Baltes, 1998). For 

example, older drivers might have to stop driving and start using alternative ways of 

transportation or implement assistive devices in their vehicles such as wheel-knobs to 

compensate for decreased dexterity due to arthritis. 

DeRaedt and Ponjaert-Kristoffersen (2000) used the models of Selective Optimization with 

Compensation and Michon’s Hierarchical Model to study older adults’ use of compensation 

strategies based on the frequency of crashes and levels of driving performance. Their research 

suggested that older adults with lower scores on driving performance used more strategical 
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compensation, such as avoiding driving in the dark or in the rain, than drivers with scores of 

average and good driving abilities. But drivers with low levels of performance used less tactical 

compensation, such as increasing the following distance with the car in front or adjusting their 

speed, than drivers with higher levels of performance. The results of a study using crashes as the 

outcome measure showed that drivers with low levels of driving performance and no self-

reported crashes used more strategical and tactical compensation than drivers with low levels of 

performance and self-reports of crashes. This study was a first attempt to classify drivers’ 

performance based on levels of compensation according to the SOC and Michon’s models, but it 

used self-report of crashes as an outcome measure and tactical compensation was based on 

observation of only four driving behaviors (De Raedt & Ponjaert-Kristoffersen, 2000a).  

Summary 

 Eleven models of driving behavior have been reviewed and described. These models 

have focused on: (1) describing the tasks and components involved in driving, (2) the interaction 

of stimulus and responses among the vehicle, the road, and the driver, (3) driver motivation, and 

(4) the cognitive mechanisms associated with the interactions among driver-vehicle-

environment. Table 1-2 summarizes these models of driving behavior. Although each model has 

useful components, the combination of Michon’s Hierarchical Model and the SOC Model is the 

best fit for this study of DRS driving recommendations. Driving recommendations constitute 

information that would ultimately be processed and ideally integrated into driver behavior at the 

strategical, tactical, and operational levels. These three levels of cognitive processing are 

complemented by older adults’ choices of selecting where to drive, optimizing their driving 

behaviors, avoiding some driving situations, or compensating for functional declines.  
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Driving and the International Classification of Functioning, Disability, and Mental Health 
Model (ICF) 

The International Classification of Functioning, Disability, and Health Model (ICF)   

provides a broader perspective for explaining the interaction among biological, psychological, 

and social components that influence the task of driving among older adults. The ICF also is the 

model promoted by the University of Florida Rehabilitation Science Doctoral Program. Thus, it 

is important to show its relationship to driving and to the present study. The ICF model, 

published in 2001, provides a universal language of disability and a biopsychosocial perspective 

of functioning, disability, and health (Schneidert, Hurst, Millers, & Ustun, 2003; Ustun, 

Chatterji, Bickenback, Kostanjsek, & Schneider, 2003). This model was revised to include a 

positive description of functioning and health rather than a negative view on ‘consequences of 

diseases’ (WHO, 2001). The ICF model applies to “all people” (WHO, 2001), and is not limited 

to any sub-population with disabilities (Schneidert et al., 2003; WHO, 2001).  

The ICF model is divided into parts and components that are in continuous interaction, can 

occur in any direction, and provide positive or negative aspects of functionality (WHO, 2001). 

The parts of the model include body functions and body structures, activities and participation 

(Figure 1-3). These parts have components of functioning and disability. Contextual factors, 

which include environmental and personal factors also interact with the parts and components. 

Disability occurs when there is impairment, limitation in activity, or a restriction in participation. 

Impairments are defined as “problems in body function or structure such as significant deviation 

or loss”; activity “is the execution of a task or action by an individual”; and participation is 

“involvement in a life situation” (WHO, 2001)  

Severely impaired body functions can impede driving activity, leading to limitations in the 

individual’s capacity to participate in social, community, or other daily events. Studies have 
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reported older adults’ significant reductions in participation in social activities after driving 

cessation including shopping or going to the mall to pass time, playing cards, bingo or games, 

traveling, going to a restaurant, movie, or sporting event, volunteer or paid work, and religious 

activities, and visiting family (Bonnel, 1999; Marottoli et al., 2000). Giving up driving implies 

loss of freedom and independence (Ralston et al., 2001). Driving cessation can be stigmatizing, 

signaling old age and dependency (Taylor & Tripodes, 2001). Driving cessation also has been 

associated with increased levels of depression among community-dwelling older adults, after 

controlling for health and demographic factors (Fonda, Wallace, & Herzog, 2001; Marottoli et 

al., 1997; Ragland, Satariano, & MacLeod, 2005). Driving cessation also can cause anxiety, 

decreased morale (Johnson, 1998), frustration, anger, and stress (Peel et al., 2002).  

Recommendations of a DRS are in part based on clinical observations and assessments of 

body functions relevant to driving ability, and focus on specific aspects of the driving activity 

that need to be improved, adapted, or compensated. The goal of DRS recommendations is to 

improve driving performance and help drivers maintain their driving independence for as long as 

possible. Besides the interactions among body functions, activity, participation, and health 

conditions, the ICF model also describes contextual factors that affect all of these aspects. 

Contextual factors are divided into personal and environmental factors. Personal factors are not 

specifically delineated in the ICF model because they are largely variable across cultures and 

societies (Schneidert et al., 2003; WHO, 2001). Some of the personal factors are age, race, 

gender, lifestyle, habits, coping styles, education, and character style (WHO, 2001). Personal 

factors such as age, gender, confidence in driving ability, and lifestyle can influence older adults 

exposure to driving situations, for example by avoiding driving conditions (i.e., rain, night, etc.) 

or driving less (Anstey & Smith, 2003; Bauer, Adler, Kuskowski, & Rottunda, 2003; Charlton et 
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al., 2006; Hakamies-Blomqvist & Siren, 2003; Marottoli & Richardson, 1998; Vance et al., 

2006).  

The last component of the ICF Model relates to environmental factors. This includes 

products and technology, the natural environment and changes made to the environment, support 

and relationships; attitudes, and services, and systems and policies (Schneidert et al., 2003). In 

the context of this study, “Promoting Older Driver Safety: Impact of Driving Rehabilitation 

Specialist Recommendations on Older Adults’ Driving Performance,” driving recommendations 

from a DRS fall under the environmental factors, specifically as services that are provided to 

improve driver safety. The DRS services also are embedded in a larger system, also an 

environmental factor, of public safety policy. Currently, licenses and renewal policies are not 

consistent among states, not all restrictions are accepted by older drivers, and some parameters 

used to renew licenses such as age, are biased measures of fitness to drive and may lead to 

premature driving cessation (Freund & Colgrove, 2008; Hakamies-Blomqvist, Johansson, & 

Lundberg, 1996; Parker, McDonald, Rabbitt, & Sutcliffe, 2003; Reuben et al., 1988; Waller, 

1991). The present study will determine what driver recommendations, including modifications 

to driving behavior or driving restrictions are provided to and recalled by older drivers.  

 Since little is known about how older drivers may or may not benefit from DRS driving 

recommendations, this study will be the first to examine recommendations given by a DRS. The 

goals of this study are to: 

(1) Identify the most common types of driving recommendations that a DRS provides 
to older drivers.  

(2) Examine what combination of cognitive, motor, and sensory clinical tests help 
predict the DRS decision to determine whether an older driver is: (1) unsafe, (2) unsafe but 
remediable, (3) safe with recommendations, or (4) safe to drive.  

(3) Longitudinally evaluate whether or not older drivers remember driving 
recommendations made by a DRS, with and without cueing.  
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(4) Determine if driving performance (unsafe, unsafe but remediable, safe with 
recommendations, or safe) predict older adults’ driving habits. 
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Table 1-1.  Driving behavior models  
Types Taxonomic Functional 
Behavioral 
(Input-Output) 

Task Analyses 
 

Mechanistic Models 
Adaptive Control Models 
   Driver/Vehicle Control 
   Information Flow Control 

Psychological 
(Internal State) 

Trait Models 
   Fleishman’s Taxonomy of Human     
Performance 
   Accident Proneness and Involvement 

Motivational Models 
   Risk Homeostasis Theory 
   Zero-Risk Model 
   Threat Avoidance 
Cognitive (Process) Models 
   Information Processing Model 
   Hierarchical Model 

Note: Modified and adapted from (Michon, 1985) 
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Figure 1-1.  Rizzo’s information-processing model for understanding driver error 

 

 
Figure 1-2.  Michon’s Hierarchical model of driving behavior  
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Table 1-2.  Description of the models of driving behavior  
Models of 
driving 
behavior 

Description 

Task analysis  Helps identify the steps involved in the task of driving. These steps can help 
delineate the development of road tests to evaluate the driver’s ability in 
different segments of the driving task, such as merging, lane changing, and 
turning. 

Fleishman’s 
taxonomy of  
human 
behavior  

Stresses the importance of the driver’s cognitive and physical characteristics, and 
the characteristics of tasks such as duration and difficulty that affect driving 
ability. These elements contribute to the understanding of clinical predictors of 
driving ability such as attention and speed of processing. It also helps delineate 
the guidelines of road tests. For example, the road test used in our study was 
graded by difficulty levels of driving from neighborhood and residential areas to 
highway driving.  

Accident 
proneness  

Determines human factors that correlate or predict accident occurrences.  

Mechanistic Helps engineers explain the mathematical relationships between traffic flow and 
vehicles.  

Driver/ 
Vehicle  
Control 

Helps identify changes in highway design that can improve driving ability. This 
model considers the process of steering taking into account the vehicle-road 
interactions. The model recognizes vehicle deviations due to wind forces or road 
geometry that influence the driving behavior of steering.  

Information  
flow control 

Provides an example of simulated driving using a series of consistent maneuvers. 

Risk  
homeostasis 

Explains driving by motivations based on the costs and benefits of risky or 
cautious driving behaviors.  

Zero-risk  Reflects an early attempt in the identification of safe driving behaviors that the 
authors described under the term safety margins. However, these driving 
behaviors are dependent on perceived levels of risk.  

Threat 
avoidance 

Highlights the importance of driving experience since practice helps a driver 
produce more anticipatory responses to threats or dangers on the road.  

Information  
processing  
model 

Delineates the cognitive components that influence driving behavior such as 
perception, attention, and memory. These cognitive processes can change and 
vary depending on the stimulus and whether the driver has previous experience 
with the driving situations. 

Hierarchical 
model  

Explains driving behavior in terms of a cognitive hierarchy or actions and 
information processing that enables safely navigating on the roads. It can also be 
complemented with the motivations of the driver such as goals for the trip.  

Hierarchical 
model  
and SOC 

Delineates different actions that an individual chooses for successful aging, such 
as selecting what is desirable, optimizing driving behavior, and compensating for 
age-related declines. Along with the cognitive hierarchy of strategical, tactical, 
and operational levels of driving behavior, these merged model helps explain 
where older drivers choose to go, how they decide to get to their destinations 
(e.g., choice of route), the driver behaviors they adopt or how they choose to 
optimize them, and their ways for compensating for functional declines. 
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Figure 1-3.  Driving and the International Classification of Functioning, Disability, and Mental 

Health Model (ICF)  
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CHAPTER 2 
LITERATURE REVIEW 

Road Tests and Driving Behavior 

Understanding the task of driving requires a distinction between driving performance and 

driving behavior. Driving performance can be thought of as the driver’s ability to drive in a 

specific environment or condition. For example, researchers can measure how drivers perform 

when it is raining, in a closed or fixed road course, at a certain time of day, or when having many 

distractions in the car. In their review of driving models, Ranney et al., (1994) highlight the 

distinction between driving performance and driving behavior, saying that “performance refers to 

what drivers are capable of doing, while behavior refers to what drivers actually do on the road” 

(Ranney, 1994, p. 740). This distinction has implications for the choice of outcome measure. 

Although identifying predictors of crashes has been a main focus of traffic research, a deeper 

understanding of what happens during driving and the specificity of the task-environment 

influence on driving has made researchers voice a need to focus on the study of driving 

behaviors (Brown, 1990). Driving behaviors include the driver’s actions when interacting with 

other drivers and the road environment, as well as actions to control the vehicle. Some examples 

of driving behaviors are lane maintenance, signaling, and speed regulation. Observation and 

scoring of driving behaviors on a road course, including maneuvers such as right or left turns, 

lane changes, and intersections, can help determine a driving performance score (Fox, Bowden, 

& Smith, 1998).  

Traffic researchers have used road tests as the standard method to measure driving 

performance (Fox et al., 1998; Hunt et al., 1997; Odenheimer et al., 1994), and road tests are a 

requirement to obtain and sometimes renew a driving license (Galski, Ehle, McDonald, & 

Mackevich, 2000). Road tests are known by different names among DRSs and driving 
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instructors: behind-the-wheel, on-road, in-car, and road tests all refer to assessments of driving 

performance using a car (Finn, 2004). Road tests often are critiqued for being costly and having 

many liability issues in cases of unsafe drivers (Lloyd et al., 2001). However, DRSs use 

specialized vehicles to conduct road tests. These vehicles usually have dual-control brakes, an 

auxiliary rear view mirror on the evaluator’s side, and they carry signs or labels on the outside 

signaling that the vehicle is a driver’s training or learning vehicle. Road tests provide a real 

driving environment to measure driving behaviors. These tests can vary in length, route, 

maneuvers included, ways of scoring driving performance, and inclusion of driving behaviors.  

Mallon and Wood (2004) tested older and younger adults in a road test that included 

driving instructions from the evaluator and driving to a destination without the evaluator’s 

instructions. Driving without instruction resulted in significantly more errors for older drivers 

compared to younger drivers. Although road tests may be more challenging when driving is 

performed in situations of daily driving without fixed maneuvers or instructions, standardized 

road tests with different levels of complexity and of sufficient length (40 to 60 minutes) to test 

the drivers in different maneuvers repeated over time (e.g., lane changes in different roads, right 

or left turns in different intersections) are the best approach for road evaluations (Fox et al., 

1998). Researchers agree that road tests should be reliable and valid, have levels of difficulty that 

can differentiate between driving performance of older adults with and without cognitive 

impairments (Di Stefano & McDonald, 2003; Dobbs, Heller, & Schopflocher, 1998; Hunt et al., 

1997; Justiss, Mann, Stav, & Velozo, 2006; Mallon & Wood, 2004; Odenheimer et al., 1994), 

and that a qualitative component of errors is critical to understand safe driving behaviors among 

older drivers (Di Stefano & McDonald, 2003; Dobbs et al., 1998; Hunt et al., 1997).  
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Driving behaviors have inter and intra-individual variability (Brehmer, 1990; Rumar, 

1990). Considering the differences of driving errors between older drivers with and without 

impairments can help explain older adults’ driving behaviors aside from driving errors due to 

cognitive or sensory impairment. For example, some studies agree that driving errors that require 

intervention from the evaluator are good predictors of road test failure and cognitive impairment. 

Overall, cognitively impaired drivers are overcautious, have worse lane control, more difficulty 

at intersections and turns, and poor judgment and awareness (Dobbs et al., 1998; Hunt et al., 

1997).  

Variability in driving errors among older adults also can be subject to cohort effects. A 

group of older drivers with similar characteristics such as the time they were born, educational, 

or other similar environmental experiences may have more similarity in their driving errors when 

compared to other drivers. For example, Carr et al. (1992) reported that among older drivers, 

errors of not using the turn signal and driving at slower speeds could be due to cohort effects 

since older drivers may have grown up driving when speed limits were lower and without 

signaling their intentions. Hunt et al. (1997) reported signaling errors were prevalent in 40% of a 

control group of older adults, and Dobbs et al. (1998) found that making rolled stops and speed 

errors was common among all groups in a sample of young drivers and older drivers with and 

without cognitive impairment. Carr et al. (1992) reported significant differences in speeding 

errors between older and younger drivers. However, this study was conducted on a university 

campus, which can bias the study of speeding behaviors since speed limits on campuses are 

usually low (20 miles per hour or less). 

Di Stefano and McDonald (2003) reported, on retrospective review of older adults’ road 

tests (n=533), that prevalent errors at intersections included: (a) failures to check mirrors (69%), 
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(b) use signals (49%), (c) poor gap judgment (45%), (d) poor position on road when turning 

(39%), and (e) failure to obey sign or signal (30%). Other errors included failures to turn head 

during lane changes (62%); lane keeping errors (34%), driving too slowly (31%), following 

distance errors (4%), and poor control of the vehicle (steering errors, 12%) (Di Stefano & 

McDonald, 2003). These driving behaviors were specific to intersections and they need to be 

compared across age groups to determine what behaviors signal age-related declines in driving 

competence. 

Studies have classified driving behaviors in different ways. Table 2-1 provides an 

overview of some of the studies using standardized behind-the-wheel assessments and driving 

behaviors of healthy older adults or a control sample of older adults. The studies agree in some 

respects such as the inclusion of behaviors related to scanning or checking the driving 

environment (e.g., to turn, change lanes, etc), the lateral position of the vehicle (e.g., staying in 

the lane), the anterior/posterior position of the vehicle (e.g., following or stopping distance with 

other vehicles), speed regulation (e.g. drive too fast or slow), and signaling. The studies’ were 

prospective but the samples used differed since some studies compared driving behaviors across 

ages and others included dementia patients. The studies’ different labeling of driving behaviors 

makes comparing these studies difficult. For instance, speeding errors in Dobbs et al. (1998) 

included driving over the posted limit, while in the Carr et al. (1992) study, the speed category 

included: (1) going too fast for the conditions, (2) in excess of marked limits, and (3) too slow 

for conditions, which Dobbs et al. (1998) classified as ‘overcautiousness’. 

Another line of research on driving behaviors has examined self-reported aberrant driving 

behavior (Lajunen, Parker, & Summala, 2004; Ozkan, Lajunen, & Summala, 2006; Parker, 

McDonald, Rabbitt, & Sutcliffe, 2000; Parker, Reason, Manstead, & Stradling, 1995; Reason, 
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Manstead, Stradling, Baxter, & Campbell, 1990; Rimmo, 2002). This research has consistently 

identified three different human behaviors while driving: (1) lapses, (2) errors, and (3) violations. 

Lapses affect the driver but tend to maintain the safety of others; these include for example, 

forgetting where the car is parked, switching one control instead of other (e.g., headlights instead 

of wipers), and hitting something that was never seen when reversing. Errors are more likely to 

affect other drivers and include, for example, failure to check rearview mirror when changing 

lanes, failure to check side mirrors, underestimating the speed of oncoming vehicles when 

passing, and braking too quickly on slippery roads. Last, violations include an intentional 

engagement in riskier driving such as disregarding the speed limit, tailgating as a signal for 

others to go faster, and passing cars from the wrong side. The results of this research show that 

violations decrease with age (Reason et al., 1990), and that older drivers report having more 

lapses than errors or violations (Parker et al., 2000). Since many research studies on healthy 

older adults are based on self-reported crashes or violations, differentiating the types of errors, 

lapses, and violations is helpful to understand the motivations and cognitive processing 

difficulties (such as lapses) that can influence these outcomes. However, self-report has 

limitations, since it is subject to bias and inaccuracy, especially when questions relate to 

personal, sensitive, and/or controversial topics (Parker et al., 2000; Portney & Watkins, 2000) 

such as driving. Subjects may respond in socially desirable ways and thus, some driving studies 

have considered social desirability as a limitation of self-reported driving ability and confidence 

(Baldock, Mathias, McLean, & Berndt, 2006; Owsley, McGwin, Phillips, McNeal, & Stalvey, 

2004; Ozkan et al., 2006), or have measured social desirability to control for its effects on self-

report of driving patterns (Owsley et al., 2004). 
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Functional Abilities and Driving Performance 

As older individuals select when and where to drive, they can optimize and compensate for 

decrements in driving ability by employing driving strategies such as increasing speed when 

merging on a highway (optimizing) or increasing visual scanning (compensating). Motor, visual, 

and cognitive abilities are constantly influencing their driving. For example, while driving, a 

person has to simultaneously control the car by braking or accelerating, and these operations are 

influenced by motor abilities such as strength and proprioception. The person also has to 

maneuver the vehicle through turns and intersections that require visual attention, motor 

coordination, and concentration; and the person needs a strategic plan for driving that involves 

memory of the route to get to places, and decision making abilities to resolve changes in traffic 

signals, traffic, weather, etc. This section delineates the visual, motor, and cognitive abilities that 

decline with age or age-related diseases and reviews how these declines can affect driving 

outcomes (e.g., performance in a simulator or road test, crashes or adverse events). 

Age-Related Visual Changes and Driving 

Visual performance is key for driving ability since we get more than 90% of information 

while driving through vision (Hills, 1980). Changes in vision with age include decreased acuity 

or ability to focus, deficits in contrast sensitivity, decreased glare recovery that affects the ability 

to see objects in the presence of glare, impairments in depth perception, and reduced peripheral 

vision that affects the ability to see objects on the sides of the road. These visual abilities allow 

the driver, for example, to recognize fine details for night and day driving (acuity); recognize the 

sides of the road, the road marks, pedestrians or objects under similar backgrounds or dark 

conditions (contrast sensitivity); drive in early morning and late afternoon when the sun is lower, 

or driving with other cars’ headlights facing us (glare); and detecting road signs, pedestrians or 

objects on the side of the road (peripheral vision) (West et al., 2003). When some of these visual 
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aspects start to decline, DRSs can offer recommendations to help drivers increase their safety on 

the road. Driving recommendations related to vision might include, for example, (a) scanning the 

environment or looking around more often, (b) using the mirrors more often, (c) increasing the 

following or stopping distance, or (d) referrals to an eye care specialist for an assessment of 

visual functioning. 

Visual abilities while driving are used at all levels of Michon’s model. At the strategical 

level, visual information about the road and traffic conditions influences the decisions of where 

to go and how to get places. For example, a driver uses visual acuity and peripheral vision to see 

road signs, understand maps, and locate streets leading to a destination. At the tactical level of 

Michon’s model, the driver uses visual information to maneuver the vehicle through directions 

(e.g., turns, intersections). The driver’s ability to see contrasts of shades and forms, perceive 

motion and depth, attend to changes on the road, and see objects on the periphery help the driver 

perceive and adapt to vehicles, objects, and pedestrians while driving straight, turning, changing 

lanes, or crossing an intersection. The driver also uses vision at the operational level of Michon’s 

model to see when they are faced with obstacles that require braking or steering. 

Visual acuity, contrast sensitivity, peripheral fields, and driving performance  

Visual acuity alone is not enough to predict driving performance. Visual acuity measures 

levels of high contrast and does not address the driver’s ability to detect low levels of contrast, 

for example to recognize persons or road marks when driving at night (Wood & Owens, 2005).   

In a study of tests to determine fitness to drive among drivers renewing their drivers license, 

measures of visual were a poor predictor of driving outcome (Janke & Eberhard, 1998). Rather, a 

combination of visual measures or visual and cognitive measures is a better approach to predict 

driving ability (Ball et al., 1993; Janke & Eberhard, 1998; Owsley et al., 1991; Wood & Owens, 

2005). Although the majority of states require tests of visual acuity and peripheral fields as visual 
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requirements to receive or renew a driver’s license, the minimum acuity or peripheral vision 

requirements vary across states and little is known about the effectiveness of these visual 

requirements (Wang, Kosinski, Schwartzberg, & Shanklin, 2003). 

Declines in visual acuity seem to be more related to driving avoidance or driving 

retirement than a predictor of crashes or road test performance. In a population-based study, 

older drivers with visual impairment, measured as visual acuity less than 6/12 (US equivalent of 

20/40), were more likely to stop driving, avoid driving at night, or drive in the city or in rush 

hour, but were not more likely to report crashes than drivers without impairments in visual acuity 

(Keeffe, Jin, Weih, McCarthy, & Taylor, 2002). In a retrospective cohort study of 125 older 

adults, those with near visual near acuity less than 20/40 were almost 12 times more likely to 

self-report crashes, moving violations, or being stopped by the police (Marottoli et al., 1998). 

The investigators acknowledged that near visual acuity is not usually tested to renew a driver’s 

license, and argued that participants with poor near visual acuity were more likely to have poor 

distance acuity and contrast sensitivity, which are important components of driving. However, 

other studies that reported similar relationships among visual abilities related to driving found no 

association between visual functions and citations or state reported crashes (Owsley et al., 1991), 

or small associations between visual functions and crashes (Ball et al., 1993). A combination of 

visual acuity and contrast sensitivity measures may be better predictors of driving performance. 

In a sample of 24 young and older adults who drove in a closed-course under day and night 

conditions (with four levels of varying luminance), visual acuity and contrast sensitivity 

measures explained 52% of the road performance variance under the lowest levels of luminance 

(Wood & Owens, 2005). 
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Contrast sensitivity: Unlike measures of visual acuity that focus on perceiving small and 

fine detail high contrast targets, measures of contrast sensitivity evaluate the lowest contrast at 

which individuals can see at various degrees of contrast and in different levels of spatial 

frequencies, which determine the level of detail of the objects (Greene & Madden, 1987). 

Measures of contrast sensitivity assess greater ranges of visual function than acuity measures and 

can help determine ocular pathologies (Decina, Staplin, Spiegel, & Knoebel, 1991; Owsley & 

Sloane, 1987). Older adults have more difficulties with higher levels of spatial frequency when 

contrasts are harder to discriminate (e.g., less contrast of shades and reduced spacing and 

orientation of lines within a circle) (Greene & Madden, 1987; Owsley & Sloane, 1987; Wood & 

Owens, 2005). Along with measures of visual acuity and stereopsis (depth perception), contrast 

sensitivity was the only predictor of visual decline in a sample comparing young and old adults 

(Greene & Madden, 1987). Contrast sensitivity can help explain some of the visual functions 

required for safe driving performance, since levels of contrast in colors and light can vary greatly 

while driving. For example, drivers need to recognize cars, roads, and obstacles during bright 

light and glare in sunny days, during foggy or rainy weather, or at night. Drivers also need to 

recognize road markings that may or may not have high levels of contrast with the road, and 

delineate the lanes of a road, crossing walks or stops, and turning lanes at turns, intersections, or 

merges. 

In a computerized test, contrast sensitivity and age explained 30 and 40% of the variance in 

road sign identification and detection, respectively, as well as 28 and 40% of object detection 

and identification (Owsley & Sloane, 1987). When used to measure driving performance in 

closed courses, contrast sensitivity predicted 40% of driving performance with low levels of 

luminance that simulated night driving and was highly correlated with older adults overall 
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driving performance (r=0.71) (Wood & Owens, 2005; Wood & Troutbeck, 1995). Recently, 

contrast sensitivity was correlated with real world driving performance (r=0.4-0.5) and was part 

of a multivariate model that explained 44% of the driving performance rating variance among 

older adults (Stav, Justiss, McCarthy, Mann, & Lanford, 2008). In a sample of 12,400 drivers, 

Decina et al., (1991) compared a visual screen consisting of visual acuity and horizontal fields 

with a combination of these two tests and contrast sensitivity testing. Adding contrast sensitivity 

to the visual screening had a significant impact on the identification of older drivers with 

impaired vision and in predicting crash frequency the past 3 years (Decina et al., 1991). 

Contrast sensitivity measures are related to driving less miles or avoiding driving 

situations. For example, two studies reported higher odds of having reduced contrast sensitivity 

among older adults who drove less than 3,000 miles per year (Freeman, Munoz, Turano, & West, 

2006; Stutts, 1998). One of these studies (Freeman et al., 2006) followed a sample of 1605 older 

adults, and after two years, drivers with poor contrast sensitivity were 2 times more likely to 

reduce their annual miles driven. Stutts (1998) reported that among 3238 older drivers, those 

with reduced contrast sensitivity were 1.3 times more likely to reduce their annual mileage 

driven. Contrast sensitivity also was associated with driving restrictions among older adults 

(West 2003), night driving avoidance after two years (Freeman et al., 2006), and night driving 

avoidance among males (Brabyn, Schneck, Lott, & Haegerstrom-Portnoy, 2005). Although there 

is evidence of the impact of contrast sensitivity on driving, few studies have evaluated the 

predictive value of contrast sensitivity for driving performance using a road test. 

Peripheral fields: A person’s visual field typically extends to 180 degrees beyond central 

vision. Visual field functions are important in detecting timing and movement of objects around 

us (Rizzo & Kellison, 2004). As with visual acuity, minimum legal requirements of binocular 
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visual field vary widely across the United States. For example, some states require 105° of 

horizontal fields in both eyes (e.g., North Dakota, Minnesota), while others require 110° (e.g., 

Alabama, Kansas), 120° (e.g., Indiana, Massachusetts), 130° (e.g., Florida, District of 

Columbia), and 140° (e.g., Georgia, Iowa). Oklahoma requires only 70° of binocular fields 

(Wang et al., 2003). This variability reflects the need for scientific evidence to show what level 

of visual field impairment leads to increased crash risk or unsafe driving performance. 

After evaluating 17,534 eyes (n=8767), Johnson & Keltner (1983) reported those with 

binocular field loss had more crashes and convictions than those without visual filed loss 

(Johnson & Keltner, 1983), and older adults had 10% higher incidence of visual field loss than 

drivers 16-60 years old (3% incidence). Wood et al., reported increased difficulty with reversing 

and peripheral reaction time when subjects wore goggles simulating binocular field restriction in 

a closed course (Wood & Troutbeck, 1995). 

Like contrast sensitivity, visual fields are correlated with driving performance and driving 

restrictions. Older adults with peripheral visual field loss were more likely to avoid driving at 

night after two years (Freeman et al., 2006), and in a cross-sectional study, those with peripheral 

field loss were 1.83 times more likely to avoid more than three driving situations (Stutts, 1998). 

Although visual fields are related to driving, the visual fields function is intrinsically related to 

processing speed and the ability to divide the attention between the road ahead and the stimuli 

around the car and on the sides of the road. In the traffic safety literature, processing speed and 

attention have been widely studied as a function known as visual attention. 

Visual attention and driving performance  

Driving involves sustaining attention on the road, selecting relevant stimuli and avoiding 

distractions, and dividing attention to control the car and observing other cars, signals, and 

stimuli while driving (Parasuraman & Nestor, 1993). Visual attention was correlated with driving 
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performance and several driving behaviors such as scanning, responding to vehicles and 

pedestrians, speed regulation, signaling, merging, yielding to traffic, changing lanes, making 

turns, following distances, and making decisions and judgments while driving (Richardson & 

Marottoli, 2003). However, older drivers do not tend to perceive or self-report difficulties with 

visual attention (West et al., 2003). Thus, recommendations from a driving rehabilitation 

specialist (DRS) can help older drivers be aware of visual changes and implement driving 

strategies to optimize or compensate for visual decline. 

Safety literature on visual attention has mostly referred to performance of older adults in a 

computerized test implemented by Ball and colleagues-the Useful Field of View (UFOV) (Ball 

et al., 1993; Ball et al., 1998; Owsley et al., 1991). The UFOV is a computer-based test that 

includes three subtests: (1) speed of processing, (2) divided attention, and (3) selective attention; 

it has good test-retest reliability and validity (Edwards et al., 2005), and normative data for older 

adults was recently published (Edwards et al., 2006). The predictive value of UFOV for driving 

performance has mostly been evaluated using crash records as the outcome measure instead of 

road test performance. For example, among a small sample of older drivers (n=53), those who 

failed the UFOV were 4.2 times more likely to have crashes and 15.6 times more likely to have 

crashes in intersections (Owsley et al, 1991). In a study with a larger sample of older drivers 

(n=294) followed over three years Ball, Owsley, Sloane et al., (1993) found those with 40% 

reduction in the useful field had two times more crash risk than drivers with more than 40% 

useful field of view (Ball et al., 1993; Owsley et al., 1998). More recently, subtest 2 of the 

UFOV, divided attention, was reported as a significant predictor of crashes after two years, and 

was related to participants being twice more likely to have future crashes (Ball et al., 2006; 

Staplin, Gish, & Wagner, 2003)  
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Although Owsley, Ball and colleagues have described a comprehensive approach and the 

need to evaluate visual and cognitive aspects when predicting older adults driving ability (Ball et 

al., 1993; Owsley et al., 1991), this group’s research used crash data as the main outcome 

measure of driving performance. While they undertook a prospective study and acknowledged 

the limitations of their use of crash data (Owsley et al., 1991), their research was based on 

samples recruited from vision clinics or oversampled for crash occurrences. Thus, results are not 

generalizable to all older adults. In one study of non-visually impaired older drivers, UFOV 

subtest of divided attention explained 34% of variance in crash frequencies (Hoffman, Atchley, 

McDowd, & Dubinsky, 2005).  

Factors that predict crashes or simulated crashes might be unrelated to real world driving 

performance (Keeffe et al., 2002). However, very few studies have used the UFOV to predict 

older drivers’ performance in a road test. Older drivers with reductions in the useful field of view 

had increasing probabilities of failing a road test. For example, with 40%, 60%, or more than 

70% reduction on the UFOV a person was 44%, 71%, or 80% more likely to fail the road test, 

respectively (Myers, Ball, Kalina, Roth, & Goode, 2000). These results, however, were based on 

a small sample and more than half of the participants had cerebrovascular accident (CVA) (n=27 

out of 43), Parkinson’s disease or traumatic brain injury, so results are not generalizable to all 

older drivers. Only one study was found that used the UFOV to predict driving performance 

among healthy older adults (Stav et al., 2008). This study used a standardized road test too assess 

123 older adults; UFOV composite scores correlated with the road test and UFOV was a 

significant predictor in a regression model predicting 44% of the road test performance (Stav et 

al., 2008).  
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Visual diseases and driving 

Although prevalence can vary among ethnicity, cataracts, age-related macular 

degeneration, glaucoma, and diabetic retinopathy lead to low-vision and blindness. Among these 

diseases, cataracts are the main cause of low-vision impairment in Americans (Congdon et al., 

2004). It is difficult to estimate the relationship of specific low-vision impairments and driving 

outcomes such as crashes, since large samples are needed to establish a relationship (Ball et al., 

1993). Older drivers with vision impairments are also likely to compensate for their visual 

deficits (Ball et al., 1993; Ball et al., 1998; Coeckelbergh, Brouwer, Cornelissen, Wolffelaar, & 

Kooijman, 2002; Szlyk, Seiple, & Viana, 1995). 

Cataracts are mainly opacities in the lens of the eyes, and are related to impairments in 

visual acuity, contrast sensitivity, depth perception, and difficulties with glare (Owsley et al., 

1991; Owsley, Stalvey, Wells, & Sloane, 1999). Although cataracts can be removed, a high 

proportion of older drivers continue to drive with cataracts and they have a high risk for crashes 

(Keffe et al 2002, Wood and Mallon, 2001). The “Impact of Cataracts on Mobility Project” 

(ICOM), a prospective cohort study of older drivers recruited from ophthalmology clinics in 

Alabama (n=377) showed that drivers with cataracts were four times more likely than drivers 

without cataracts to limit their driving, 2.5 times more likely to have crashes over the past 5 

years, and those who had crashes were 6 times more likely to have impaired contrast sensitivity 

(Owsley et al., 1999; Owsley, Stalvey, Wells, Sloane, & McGwin, 2001). Glaucoma affects 

peripheral vision and has also been related to poor scores on driving performance and elevated 

numbers of crashes (Bowers, Peli, Elgin, McGwin Jr, & Owsley, 2005; Hu, Trumble, Foley, 

Eberhard, & Wallace, 1998; Szlyk, Mahler, Seiple, Edward, & Wilensky, 2005). In road test 

performance of drivers with glaucoma, horizontal visual fields loss was correlated with 

difficulties adjusting the speed when changing lanes, lane position, lane maintenance, and 



 

53 

following distance during curves (Bowers et al., 2005). Szlyk et al (2005) reported increased 

number of crashes in a simulator (Szlyk et al., 2005).  

Hearing and Driving  

Few studies have explored the relationship between hearing impairment and driving 

performance, and results are mixed. For example, one study showed higher risk of crashes 

among adults with a hearing impairment in the right ear than those without hearing impairment 

(Ivers, Mitchell, & Cumming, 1999), while others showed no relationship of hearing impairment 

and crashes (Gresset & Meyer, 1994). Other studies have suggested a possible relationship 

between the use of hearing aids and crash outcomes claiming that they can cause distraction and 

lead to crashes (McCloskey et al.,1994 as cited in (Dobbs, 2005). However, more recent studies 

have shown no relationship between the use of hearing devices and crashes, reduced driving or 

driving difficulties (Lyman, McGwin Jr, & Sims, 2001; Ragland, Satariano, & MacLeod, 2004; 

Sims, Ahmed, Sawyer, & Allman, 2007). Although it is possible that increased levels of noise 

from conversation in the car distract a driver, distractions can be due to lack of attention and not 

necessarily hearing impairment  

Age-Related Motor Changes and Driving  

Motor abilities that can decline with age are simultaneously and continuously used while 

driving. A driver operates the vehicle using the legs and the arms, which requires coordination, 

strength, range of motion, force production, proprioception and postural stability (Marottoli & 

Drickamer, 1993; Stelmach & Nahom, 1992). All levels of Michon’s hierarchical model are 

applied when using motor abilities to drive, although these are mostly used at the tactical and 

operational levels. The strategical level is applied when the driver has to detour or change the 

route and therefore, adapt to making new maneuvers to get to the destination. The operational 

and tactical levels apply when sudden changes in the environment require the driver to react to 
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emergency situations and brake or steer. At the tactical and operational level, coordination is 

important for synchronized driving movements such as steering and accelerating (Stressel, 

2000). Some driving maneuvers require more coordination of legs and arms, such as making a 

left turn instead of driving straight (Stelmach & Nahom, 1992). 

Vehicle control and motor abilities 

Control of the steering wheel can also be influenced by grip strength and the positioning 

of the hands on the wheel. Grip strength has been shown to be a good predictor of driving 

cessation (Carr, Flood, Steger-May, Schechtman, & Binder, 2006) and associated with self-

report of driving frequencies among older drivers (Anstey & Smith, 2003). Evidence on the 

effect of grip strength on driving is equivocal. Kantor et al. (2004), reported that drivers with 

better scores on grip strength were those who failed a road test. Stav et al. (2008), reported a 

positive correlation of grip strength and higher levels of driving performance. Other authors 

found no relationship between grip strength and crashes (Margolis et al., 2002; Sims, McGwin 

Jr, Allman, Ball, & Owsley, 2000). A firm grip on the wheel may prevent drifting to the side or 

making turns too wide (not staying in the lane) when making turns, but this has not been studied. 

Positioning of the hands on the steering wheel is described in terms of numbers on the 

face of a clock. Positioning the hands at 10 and 2 o’clock was suggested as a safety measure in 

New Zealand (Walton & Thomas, 2005). In an observational study of drivers’ hands position on 

the steering wheel in 8 sites over five days, Walton and Thomas (2005) suggested that half of the 

drivers in a sample of 4804 drove with only one hand on the top of the wheel (Walton & 

Thomas, 2005). Since there were sites at which the drivers held the steering wheel with two 

hands, the authors speculated that holding the steering wheel may be influenced by the traffic 

complexity. For older adults, holding the steering wheel at 10 and 2 o’clock may be difficult if 

they have range of motion or strength impairments. A driving rehabilitation specialist can 



 

55 

recommend moving the hands apart or using both hands while driving for more control of the 

vehicle. 

There is an international consensus among driving experts that measures of range of 

motion, leg strength, gross mobility, and balance are important motor components that should be 

used in assessing older adults driving ability (Stephens et al., 2005). Range of motion of the 

neck, arms, hips, and ankles are used to safely operate and maneuver the vehicle. Impairments in 

neck rotation affect the ability to bring peripheral stimuli to central vision and limit the ability to 

scan the environment at intersections, changing lanes, merging, and backing up (Anstey, Wood, 

Lord, & Walker, 2005; Isler, Parsonson, & Hansson, 1997; Stelmach & Nahom, 1992; Stressel, 

2000). In one study, range of motion was correlated with overall driving performance in a road 

test (McCarthy & Mann, 2006). Isler et al. (1997), measured head movement among young and 

old drivers and found that older drivers had 19 to 27 degrees more of head rotation than older 

adults. In a regression analysis of a prospective cohort, drivers with limited neck rotation were 

more likely to self-report adverse events such as crashes or being stopped by the police 

(Marottoli et al., 1998). In another study, limited neck rotation remained a good predictor of 

crashes over two years (Staplin, Gish et al., 2003).  

 Strength and range of motion of the shoulders, hips, and feet are also important in driving 

to maintain the arms up in holding and turning the steering wheel, operating the pedals such as 

switching from the brake to the accelerator, and maintaining a constant force on the accelerator. 

Operating the pedals is also affected by reaction time. Age-related changes in reaction time 

include slower decision processing when there are multiple choices and slower reaction time 

when faced with uncertainty or high levels of complexity. This decline in reaction time affects 

the ability to judge and react to traffic situations, and respond to changing driving environments 
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by accelerating, braking, and manipulating the steering wheel and gear shift (Marottoli & 

Drickamer, 1993; Stelmach & Nahom, 1992). Taking longer to tap 10 times with the dominant 

foot, or pressing a pad (with the lower extremities) after a light turned on, were predictive of 

crashes in one study (Margolis et al., 2002). However, in a prospective cohort study, Ball et al 

did not find differences in a foot tap test between drivers who had crashes and those who did not 

crash over 4 to 5 years (Ball et al., 2006). 

Postural stability and proprioception affect movement coordination and adequate placing 

of hands and feet to control the vehicle (Stelmach & Nahom, 1992; Stressel, 2000). Coordination 

in finding the brake and accelerator requires proprioception, which is the ability to detect body 

parts. Difficulties operating the brake pedals may be related to slow reaction times, difficulties 

with range of motion, or foot abnormalities. In a prospective cohort study (Marottoli, Cooney, 

Wagner, Doucette, & Tinetti, 1994; Marottoli et al., 1998), Marottolli et al. (1994) found an 

association between self-report of adverse events and the number of foot abnormalities such as 

toe deformities, calluses or bunions.; this association was no longer present in follow-up of the 

participants who still drove after 4 to 5 years (Marottoli et al., 1998) More recently, Freund et al. 

(2008) suggested that older drivers’ confusion between the brake and accelerator was related to 

lower levels of cognition and executive functioning  

Some mobility difficulties such as arthritis affect range of motion and produce pain and 

rigidity that impair the ability to grip the wheel, step on the pedals, or turn the head. Assistive 

technology prescribed by a DRS such as steering knobs, longer rear view mirrors for scanning, 

or power steering can help optimize the driver’s ability to steer and scan the environment. Hand 

dexterity may also be affected in a person with arthritis and devices such as a ‘car key handle’ or 

a safety belt handle (Roberts & Roberts, 1993) can be used to facilitate driving-related tasks such 
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as opening the car door, turning the ignition on, and fastening the seatbelt. No conclusive 

evidence is known on the effect of arthritis on driving performance; one study reported an 

association with crash risk (McGwin Jr, Sims, Pulley, & Roseman, 2000) and other studies found 

no association (Koepsell et al., 1994; Margolis et al., 2002; Sims et al., 2000). Other studies have 

shown a relationship between arthritis and driving avoidance and difficulty (Charlton et al., 

2006; West et al., 2003). 

Two intervention studies reported on physical therapy exercises that improved driving 

performance (Marottoli, Allore et al., 2007; Ostrow, Shaffron, & McPherson, 1992). Participants 

in Ostrow et al. (1992) were randomized to an 8 week weekly home visit of a physical therapist 

to train and review a series of range of motion exercises including neck and truck rotation, side 

bends, chin tucks, chin flexion and extension, and bringing the shoulders back. After test-retest 

of driving performance in a road test, the experimental group improved in trunk rotation, 

shoulder flexibility, and were observed the environment around their vehicle more (Ostrow et al., 

1992). Marottoli et al. (2007) conducted a study where participants attended a 12 week physical 

conditioning program consisting of 15 minutes of exercises to improve neck and trunk rotation, 

shoulder flexion and abduction, hip flexion, ankle dorsi-flexion, and plantar flexion. After the 

three month intervention, drivers in the experimental group reduced the number of errors on a 

road test (Marottoli, Allore et al., 2007). This evidence of physical therapy interventions 

improving older drivers’ abilities supports the idea that some range of motion and motor 

difficulties that undermine safe driving behaviors such as turning the head more often, can be 

optimized with referrals to rehabilitation specialists such as physical or occupational therapists. 

Driving studies have reported a relationship between poor performance in mobility 

measures and difficulty completing activities of daily living with driving outcomes. Sims et al. 
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(2000), reported that difficulties doing yard work or housework, and opening a jar were 

associated with crashes over five years Marottoli et al. (1994) reported an association between 

self-report of adverse events and walking less than one block daily. Lyman et al. (2001), found 

associations between falls and driving difficulty. Another study found older women who had 

falls in the previous year were 50% more likely to be involved in crashes but the authors noted 

the relationship of falls and crashes may be mediated by age, or other medical conditions 

(Margolis et al., 2002).  

Another mobility measure reported in driving studies is the Rapid Pace Walk (RPW), a 

timed measure of gross mobility, endurance, and stability. The test consists of walking 10 feet in 

each direction along a line on the floor (Wang et al., 2003). The RPW was correlated with older 

adults’ driving performance on a road test (McCarthy & Mann, 2006), and was a significant 

predictor in a multivariate regression that predicted cognitive, sensory , and motor components 

of driving (Stav et al., 2008). In their prospective cohort study, Marottoli et al. (1994, 1998) 

found a correlation between RPW and self-report of adverse events when older drivers were 

assessed one year after clinical assessment but no relationship when drivers were assessed 3 to 4 

years later. An important observation of these two studies is that the RPW time cut-off scores 

used in each study were different, less than 7 seconds at baseline and more than 11 seconds at 

follow-up. Mixed evidence of RPW predictive value in driving outcomes was also reported in 

prospective studies of more than 1800 drivers from the Maryland Pilot Older Driver Study 

(MaryPODS). Using state records of crashes as outcome, the RPW predicted crash risk after two 

years in a study by Staplin et al. (2003), but the RPW was not a predictive measure of crash risk 

after 4 to 5 years in Ball et al. (2006). 
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Medical conditions and driving 

The evidence on the impact of medical conditions and driving is mixed. Most studies of 

medical conditions have looked at the associations of medical conditions and crash risk (Foley, 

Wallace, & Eberhard, 1995; Hu et al., 1998; Koepsell et al., 1994; Lyman et al., 2001; Margolis 

et al., 2002; McGwin Jr, Sims, Pulley, & Roseman, 1999, 2002). Some of the medical conditions 

that these studies reported as contributors to crash risk were arrhythmias (Gresset & Meyer, 

1994), high blood pressure (Margolis et al., 2002), back pain (Foley et al., 1995) and diabetes 

(Koepsell et al., 1994). Hu et al. (1998), argued that some limitations with associating medical 

conditions and crashes include: (1) data is not always from the same point in time and (2) not all 

studies consider the variety of risk factors that can influence driving. Thus, studying more than 

one medical condition may yield more objective results in the impact of medical illnesses and 

associated co-morbidities on driving. In a comprehensive review of the literature of medical 

conditions and driving, Dobbs (2005) delineated a series of guidelines for physicians to consider 

when driving should be restricted; after this review, the American Medical Association (AMA) 

also published medical guidelines for physicians. However, more evidence of the impact of 

medical conditions and medications on driving performance using road test performance as the 

main outcome is lacking. Among the most mentioned medications that can impair driving are 

psychoactive drugs such as benzodiazepines, cyclic antidepressants, oral opiod analgesics, and 

antihistamines. These drugs affect the central nervous system and can cause psychomotor 

impairments (Ray, Fought, & Decker, 1992; Ray, Thapa, & Shorr, 1993). Traffic safety studies 

found crash risk associations with antidepressants (Hu et al., 1998), nonsteroidal anti-

inflammatory drugs, (Foley et al., 1995; McGwin Jr et al., 2000), and hypnotic medications 

(Sims et al., 2000) but the evidence is mixed. Although more evidence is needed on the effects of 

medications in driving, guidelines have been provided on the importance of considering the 
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various effects and dosages and the effects of polypharmacy (multiple intake of medications) 

when assessing and studying the effects of medications on driving performance (Lococo & 

Staplin, 2006). 

Cognition and Driving  

Cognitive skills that can decline with age and impair driving ability include memory, 

attention, executive functions, visuo-spatial and visuo-perceptual abilities, and mental status 

(Anstey et al., 2005; Lloyd et al., 2001). Older adults with short-term memory deficits can have 

difficulty driving in unfamiliar areas, operating the vehicle, and finding the car in a parking lot 

(Lloyd et al., 2001; Stressel, 2000). Drivers need to shift attention between all the stimuli around 

them, be able to anticipate the events as they drive such as calculating distances to brake on time, 

signaling their intentions to let other drivers know where they are going, make appropriate 

adjustments to the route and control the vehicle. Like memory and attention, executive functions 

relate to Michon’s strategical level. Executive functions involve planning, organizing, 

sequencing and making judgments and decisions (Anstey et al., 2005; Freund, Colgrove, 

Petrakos, & McLeod, 2008). These abilities are critical to follow driving directions, cross 

intersections, or merge on highways safely; maintain proper distances with the car in front, 

follow rules of the road, divide the attention on the control of the car and the driving 

environment outside of the vehicle such as adjusting to speed limits, driving in different road 

types, adjust driving to signs and traffic signals. Visual-perception helps a driver recognize 

different sides of the road, identify road marks, maintain the car in the lane when turning or 

driving straight, maintain distances with the car in front, and park or reverse the car safely. 

Visual-perception involves the drivers ability to process visual information, judge space, 

direction, and recognize objects when these are embedded on a background, and discriminating 

the limits of objects (Oswanski et al., 2007; Wheatley, 2001). 
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Memory 

Memory plays an important role in driving and is a component of Michon’s strategical 

level. Drivers need to remember where they are going, how to get there, and the purpose of their 

trip. At the same time, they need to be aware of the traffic signals and recognize the signs that 

indicate how to react and maneuver the vehicle. For example, if there is a yellow sign on the side 

of the road indicating that the road ahead curves, that is an indication to slow down and be ready 

to steer the wheel. Findings of memory measures in driving studies are diverse. Delayed recall 

did not predict crash risk in Ball et al., (Ball et al., 2006), but it was related to crashes in other 

studies (Foley et al., 1995; Hu et al., 1998; Lundberg, Hakamies-Blomqvist, Almkkvist, & 

Johansson, 1998; Staplin, Gish et al., 2003). In studies of road test performance, (McKnight & 

McKnight, 1999) assessed several memory measures and reported correlations with road test 

performance. These authors used a computerized assessment of clinical measures that make their 

findings difficult to replicate. Odenheimer et al. (1994), tested drivers on the verbal and visual 

memory scales of the Wechsler Memory Test and found significant associations with road test 

performance. Recognizing traffic signs correlated with the road test performance of drivers in 

Odenheimer et al study (1994) but it did not predict driving performance in other studies 

(Kantor, Mauger, Richardson, & Unroe, 2004; Stav et al., 2008); traffic sign recognition also 

predicted crash risk in a retrospective study (Stutts, Stewart, & Martell, 1998) but was not a 

predictor of crash risk prospectively (Marottoli et al., 1998).  

Executive functions 

Other studies used several tests of executive functioning to predict driving performance 

(Daigneault, Joly, & Frigon, 2002; De Raedt & Ponjaert-Kristoffersen, 2000b, 2001a, 2001b; 

Lundberg et al., 1998; Szlyk, Myers, Zhang, Wetzel, & Shapiro, 2002). Lundberg et al. (1998), 

reported measures of visual spatial memory and visual constructive ability predicted license 
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suspensions of 23 drivers. In Marottoli et al. (1998), the only cognitive measure that predicted 

crash risk over time was number cancellation. In a small sample of drivers, Szlyk et al. (2002) 

reported correlations between neuropsychological tests of memory, visuospatial discrimination, 

mental flexibility, and information processing with driving errors on a simulator test. These 

finding were based on an Atari simulator and thus were difficult to generalize to driving 

performance on the road. 

Daigneault et al. (2002) reported a prediction and correlations of neuropsychological 

measures and crashes in the past five years in a sample of 60 drivers. The number of errors on 

the tests had higher correlations than timing of the tests. (De Raedt & Ponjaert-Kristoffersen, 

2000b, 2001a, 2001b) conducted 3 studies to predict crash risk and driving performance from 

neuropsychological measures. These researchers found that in a sample of 84 drivers referred for 

driving evaluation, tests of movement perception, visual attention, and cognitive flexibility 

predicted 64% of the scores on a road test but were related to only 19% of the variance in self-

reported crashes over the previous year (De Raedt & Ponjaert-Kristoffersen, 2000b). In two 

follow-up studies, De Raedt and Kristoffersen (2001a, 2001b) tested the predictive value of the 

same neuropsychological tests and found that neuropsychological tests predicted more crashes 

when these were specified by type. Overall, a visuospatial measure (paper folding) was the most 

predictive test of crashes. The same authors tested a small battery to predict road performances 

and found a combination of visuospatial, visual attention, and visual acuity predicted road test 

performance. Overall, the sample sizes in studies using neuropsychological test to predict driving 

performance were small, and it is difficult to compare them since the measures used were 

different. 
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Another measure of executive functioning used in driving studies is the Clock Drawing 

Test (CDT). The CDT is a measure of executive function, visual perception, and memory 

(Freund, Gravenstein, Ferris, Burke, & Shaheen, 2005; Oswanski et al., 2007). A driver has to 

draw the face of a clock, write down the numbers and draw the clock’s hands to indicate a 

specific time on the clock. Scoring 4 or more errors (out of 8) on the CDT had 64% sensitivity 

and 98% specificity differentiated drivers who committed more errors on a simulator from the 

safer drivers (Freund et al., 2005). Having 3 or more errors on the CDT yielded 70% sensitivity 

and 65% specificity identifying unsafe drivers among 232 referrals for driving assessment 

(Oswanski et al., 2007). Performance on the CDT was correlated with lower scores of road test 

performance among 50 drivers (McCarthy & Mann, 2006). More recently, Freund et al showed 

that drivers with lower scores on the CDT were 10 times more likely to confuse the brake with 

the accelerator on a simulator test (Freund et al., 2008). Other tests of executive functioning used 

in studies of driving performance are described below.  

Neuropsychologists who conduct driving assessments frequently use the Trails B as a 

measure of drivers’ executive function (Szlyk et al., 2002). Trails B is a paper and pencil test 

used to assess drivers’ visual attention and processing speed, sequencing, visual search, and 

mental flexibility (Ball et al., 2006; Kantor et al., 2004; Szlyk et al., 2002). Evidence of the 

predictive value of Trails B in driving performance is mixed. In a regression analysis, Trails B 

predicted police reported crashes of 1775 drivers who were renewing their driving license (Stutts 

et al., 1998). Ball et al reported that drivers who took 147 seconds or longer to complete the tests 

were more likely to crash 4 to 5 years after the clinical assessment (Ball et al., 2006). Other 

studies did not find significant relationships of Trails B and crash risk (Margolis et al., 2002) or 

no relationship between Trails B and pedal errors on a simulator (Freund et al., 2008). Data from 
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the Maryland Pilot Older Driver Study (MaryPODS) suggested that performance on the Trails B 

lost predictive value to determine older drivers crash risk after two years (Staplin, Gish et al., 

2003).  

Visuo-perceptual abilities and mental status 

A measure of visual perceptual abilities used in driving research is the Motor-Free Visual 

Perception Test (MVPT).  The MVPT tests the drivers’ ability to discriminate figures and their 

orientation, and scores range from 0 to 36 (higher scores indicate no errors identifying figures) 

(Oswanski et al., 2007). In a prospective cohort study of 1910 older drivers who had four or 

more errors on the visual closure subtest (11 total errors) of the MVPT, were two times more 

likely to have at fault crashes over 4 to five years (Ball et al., 2006). Staplin et al. (2003), 

reported that 5 errors on the visual closure portion of the MVPT were predictive of crashes over 

2 years (n = 1,876). In a sample of 232 drivers referred for driving evaluation, those with scores 

of 32 or less on the MVPT were more likely to fail the road test (Oswanski et al., 2007).  

Visuo-spatial measures such as the copy design subtest of the MMSE predicted adverse 

events among older drivers (Marottoli et al., 1994). Research on driving ability and cognitive 

impairment has reported significant relationships of measures of visuo-spatial skills and attention 

and driving performance (Reger et al., 2004; Rizzo, Reinach, McGehee, & Dawson, 1997; Uc, 

Rizzo, Anderson, Shi, & Dawson, 2005). Mental status, including insight and judgment, affect 

the ability to plan, make decisions, and problem solve during driving. If these abilities are 

impaired, drivers may adopt unsafe behaviors. Many measures of mental status and executive 

functioning have been used to differentiate drivers with and without cognitive impairment. A 

widely used measure is the Mini-Mental State Examination (MMSE). Kantor et al. (2004) 

reported that drivers with scores less than 23 in the MMSE were less likely to be able to take a 

road test. Odenheimer et al. (1994) reported that MMSE scores predicted global scores in a road 
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test and MMSE score was a predictor in a multivariate model of driving performance in another 

study (Stav et al., 2008). However, researchers have argued that decisions on fitness to drive 

must not be based on scores of the MMSE alone as this test does not translate to performance on 

a road test (Adler, Rottunda, & Dysken, 2005; Dobbs, 1997; Odenheimer et al., 1994). The 

methodologies and tests used to determine cognitive abilities to drive have varied vastly and the 

best approaches to assess fitness to drive remain subject of debate (Molnar, Patel, Marshall, 

Man-Son-Hing, & Wilson, 2006). 

Driving Exposure and Driving Avoidance  

Estimates of older adults who drive are difficult to calculate because many may hold valid 

driver licenses but be deceased or have stopped driving. However, older adults at age 70 have 11 

years of driving expectancy. The number of older drivers will likely double in the next decade 

(Burkhardt & McGavock, 1999; Foley et al., 2002). Understanding older adults’ driving habits, 

such as driving exposure and driving avoidance, is a complex but necessary question to examine. 

As older adults live and drive longer, they will select when and where to drive, which in turn will 

affect the driving interactions with other drivers. Driving recommendations to foster safety on 

the road are becoming increasingly important. 

Older adults drive less and avoid driving under some conditions (e.g., night, rain) than 

drivers 65 and younger (Collia et al., 2003; Freeman et al., 2006; Keeffe et al., 2002; Lyman et 

al., 2001; Marottoli & Drickamer, 1993; Raitanen et al., 2003; Stutts, 1998). Until recently, 

research strongly suggested that older drivers’ involvement in crashes was higher than other age 

groups, except younger drivers. However, older drivers’ higher crash risk is subject to a “low-

mileage bias” (Langford & Koppel, 2006; Langford, Methorst et al., 2006). Considering the 

annual miles that older adults drive per year, only older adults who drive fewer miles show age-

related increases in crash risk. Many older adults avoid driving conditions such as high traffic or 
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rush hour. They avoid driving situations or drive less to compensate for age-related declines but 

also for non-health related reasons. This section describes driving exposure patterns and 

avoidance of driving situations among older adults. 

What is Driving Exposure? 

In the traffic safety literature, driving exposure is commonly measured as the frequency of 

driving, estimated in annual or weekly miles (Collia et al., 2003; Freeman et al., 2006; Lyman et 

al., 2001; Marottoli et al., 1993; Raitanen et al., 2003; Stutts, 1998). Increasing age and disability 

are strong predictors of mileage reduction among older adults (Marottoli et al., 1993). After age 

72, older adults are more likely to drive fewer days (Bauer et al., 2003). Older drivers who had 

difficulty with functional activities such as climbing stairs, walking a quarter mile, carrying 

objects and difficulty eating were more likely to drive less than 3 per week (Lyman et al., 2001). 

Although increasing age is associated with fewer long trips (Bauer et al., 2003), a national survey 

found that older adults take longer distance trips than young and middle-aged adults (Collia et 

al., 2003).  

When and where do older adults drive? 

In 2001, Collia , Sharp, and Giesbrecht (2003) conducted a national survey of 60,000 

drivers and compared the driving patterns of adults 19 to 64 years to those 65 and older (Collia et 

al., 2003). Compared to younger drivers older drivers made less daily and long distance trips. 

Older drivers averaged 3.4 daily trips while younger drivers made 4.4 trips. Among their daily 

trips, older adults’ traveling peaked between 10am to noon, whereas younger drivers traveling 

peaked three times per day (morning, lunch, and after work). Among young and older drivers, 

long distance trips of 50 miles were mostly taken in the same state. However, older drivers were 

more likely to travel for pleasure purposes such as vacations and sightseeing excursions, trips for 

relaxation and rest, trips to visit family, and outdoor recreation; or trips for shopping, medical 
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reasons, or giving rides to others. Purposes of daily traveling among older adults also differed 

with younger drivers. Older adults’ daily trips were mostly for social and recreation purposes 

(19%) followed by shopping (18%) and family or personal purposes such as running errands 

(17.5%). Younger drivers were less likely than older drivers to drive for shopping, religious, or 

medical reasons. Other authors reported that with age, older adults decrease trips for vacationing, 

recreational shopping, going to the beauty or barber shop, and volunteering or working (Bauer et 

al., 2003). Different factors can explain why older adults reduce or avoid driving in some 

conditions. These factors may include voluntary or involuntary conditions and perceived barriers 

for reducing driving. 

Voluntary and involuntary reductions in driving 

Reduced driving can be the result of ‘compensatory’ or ‘voluntary’ decisions (Raitanen et 

al., 2003). Compensatory reductions in driving can be due to health, cognitive, or visual 

problems and are commonly reported as reasons for driving less or driving cessation among 

older adults (Brayne et al., 2000a; Dellinger, Sehgal, Sleet, & Barret-Connor, 2001; Freeman et 

al., 2006; Hakamies-Blomqvist & Wahlstrom, 1998; Lyman et al., 2001; Ragland et al., 2004; 

Stutts, 1998). Self-report and objective measures of vision impairment are strongly associated 

with restricting driving at night, driving at night when raining, driving in the rain or bad weather, 

and driving in unfamiliar places (Charlton et al., 2006; Freeman et al., 2006; Keeffe et al., 2002). 

Decreased cognitive function has been related to driving fewer miles in cross-sectional and 

longitudinal studies (Ball et al., 1998; Stutts, 1998; Vance et al., 2006). In a six-month follow-up 

of 815 older adults, cognitive functions explained 26% of the variance in driving exposure and 

driving avoidance. However, age and gender were correlated with these outcomes, so the authors 

speculated that non-health related reasons also affect driving habits over time (Vance et al., 

2006). 
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Older adults also voluntarily choose to reduce their driving. For example, older adults 

frequently report lifestyle changes or personal preference as the main reason to avoid traffic and 

rush hour (Baldock et al., 2006; Charlton et al., 2006). This is in part, due to retirement and more 

flexible schedules (Baldock et al., 2006; Ball et al., 1998; Lyman et al., 2001; Raitanen et al., 

2003). Across three European cultures, retirement was among the best predictors of driving 

reduction (Raitanen et al., 2003). Interestingly, higher percentages of reasons for reductions in 

driving among a sample of 656 community-dwelling older adults included changes in lifestyle 

(38%) and changes in employment status (34%), whereas only 17% reported health or age 

related reasons, and 6% reported lack of confidence (Charlton et al., 2006). Other reasons why 

older adults voluntarily reduce driving are: (1) ‘pressure from children’, (2) ‘bureaucratic action’ 

or licensing problems, (3) concerns about safety, liability, or being in an accident, (4) car repair 

or car expenses, (5) financing, (6) loss of confidence, (7) and not needing a car or no reason to 

drive (Bonnel, 1999; Brayne et al., 2000b; Dellinger et al., 2001; Hakamies-Blomqvist & 

Wahlstrom, 1998; Peel et al., 2002; Ragland et al., 2004).  

Recent findings suggest that older adults’ selectively choose when and where they drive 

(Baldock et al., 2006; Charlton et al., 2006). Older drivers report they feel hesitant to ask others 

to help with transportation or do not like to use alternative transportation, and these are barriers 

that influence the decisions to reduce driving or avoid driving situations (Charlton et al., 2006). 

For example, older adults who live in rural areas and need to go places on a daily basis, but lack 

access to public transportation services or live alone, may choose to drive despite driving 

recommendations to avoid driving long distances.  

Driving Avoidance 

Driving avoidance is measured with self-report of situations that older adults tend to avoid. 

The driving literature has included a variety of situations as outcome measures of older drivers’ 
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avoidance. Many of the driving situations are derived from studies by Owsley et al (Ball et al., 

1998; Owsley et al., 1999; Stalvey & Owsley, 2000) and include: (1) driving at night, (2) driving 

in the rain, (3) driving alone, (4) making left turns across oncoming traffic, (5) driving in rush 

hour, (6) driving in high traffic, (7) driving in highways or freeways, and (8) merging into 

highways or expressways. Other authors have included self-report of driving avoidance of other 

conditions such as (1) driving at night when wet, (2) lane changes, (3) driving long distances, (4) 

driving in bad weather, (5) driving in bad road conditions, (6) driving in unfamiliar places, (7) 

driving through complicated intersections, (8) driving in roundabouts, and (9) parallel parking 

(Baldock et al., 2006; Bauer et al., 2003; Brabyn et al., 2005; Charlton et al., 2006; Hakamies-

Blomqvist & Wahlstrom, 1998; Parker, McDonald, Sutcliffe, & Rabbitt, 2001; Raitanen et al., 

2003; Ruechel & Mann, 2005). 

Many older adults avoid situations such as driving at night, in the rain, in heavy traffic, on 

major highways, and making left hand turns (Baldock et al., 2006; Ball et al., 1998). However, 

older drivers’ avoidance of situations does not seem to be related to driving performance. In a 

sample of 90 older adults who self-reported avoidance in nine driving situations, only driving at 

night, in the rain, and driving at night in the rain were correlated with poor driving performance 

in a road test (Baldock et al., 2006). Another study reported bad drivers’ and ‘average’ drivers 

who had crashes in the previous year were more likely to avoid driving situations than drivers 

with no crash history; and good drivers with no history of crashes avoided more situations than 

good driver with accidents (De Raedt & Ponjaert-Kristoffersen, 2000a). 

Overall, older drivers reduce their driving exposure and avoid driving under certain 

conditions. Some conditions such as driving at night, driving in the rain, and driving at night 

when raining seem to be avoided due to visual or physical impairment, while other conditions 
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like rush hour is avoided by preference. Since driving avoidance is not always related to driving 

ability, drivers can still have a series of unsafe driving behaviors and thus, driving 

recommendations may be relevant to help older drivers to drive safely. 

Driving Recommendations for Older Adults  

Identifying common driving recommendations for older adults’ and whether they 

remember and follow these recommendations is an important area of study relative to DRS 

practice. This final section reviews the different settings where older adults can receive driving 

recommendations, including medical, educational, rehabilitation, or through self-assessment. 

Medical settings involve general practitioners offices and/or specialized medical practices such 

as geriatrics, neurology, and family physicians. Educational settings are classroom driving 

courses that can be taken online or in-person. Rehabilitation settings include driving programs in 

the private sector, hospital-based programs, or university based programs, which provide 

research and clinical services (Finn, 2004). Recommendations on driving performance can also 

derive from self-assessment driving tools or in the classroom settings. 

Driving Recommendations in Medical Settings 

Physicians are often faced with deciding whether their patients are “fit to drive” (Bogner, 

Straton, Gallo, Rebok, & Keyl, 2004; Wang & Carr, 2004). However, physicians have 

difficulties addressing and evaluating older drivers’ abilities. A widely reported barrier in 

physicians’ approaches to older drivers is the decision to report an unsafe driver to the authorities 

because physicians have to break one of their medical-ethical priorities- confidentiality of the 

patient’s information (Marshall & Gilbert, 1999; Retchin & Anapolle, 1993; Reuben et al., 1988; 

Stutts & Wilkins, 2003). Physicians are also held responsible to warn the public of potential 

harmful situations (Reuben et al., 1988) and in countries like Australia, physicians can be 

involved in liability issues when older adults have accidents (Odell, 2005). Almost 60% of 516 
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physicians in Ontario reported that the patient-doctor relationship was negatively influenced 

when they had to report unsafe drivers to the licensing authorities, and 27% hesitated to report 

their patients (Marshall & Gilbert, 1999). In studies using focus groups consisting of physicians, 

common themes were concerns of being liable after screening older drivers and preference to 

refer them to the motor vehicle authorities (Bogner et al., 2004; Stutts & Wilkins, 2003). 

Physicians also report they lack training to assess older adults’ fitness to drive (Bogner et 

al., 2004; Carr, 2000). Canadian and American guidelines have been published to help 

physicians address older drivers’ abilities (Hogan, 2005; Molnar, Marshall, Byszewski, & Man-

Son-Hing, 2005), yet many physicians report the need for more education. For example, 

Marshall and Gilbert (1999) reported that more than 36.6% of their sample of 516 physicians 

was not trained to assess older drivers, and even though 39% had been taught about assessing 

older drivers in medical school, 97% would like further education. Even if physicians use some 

guidelines to assess older drivers’, these tools are not validated. Physicians need a short, and easy 

to use screening tool (Carr, 2000), but to date, the guidelines for physicians rely on experts 

opinion (Hogan, 2005) and are not known in the medical community (Odenheimer, 2006).  

Physicians Recommendations for Older Drivers 

In 2003, the AMA published the “Guidelines for Assessing and Counseling Older Drivers” 

(Wang et al., 2003). These Guidelines were intended to educate physicians in the assessment and 

counseling of older drivers. The guidelines include a short clinical assessment called the 

Assessment of Driving Related Skills (ADReS). The ADReS has seven tests that assess vision, 

cognition, and motor function including visual acuity (Snellen Chart), visual fields 

(confrontational testing), cognition (Trail-Making Test, Part B and Clock Drawing Test), Rapid 

Pace Walk, Manual test of Range of Motion, and Manual Test of Motor Strength. The Guidelines 

provide physicians with suggested recommendations based on the driver’s performance on these 
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tests. Following are the recommendations that physicians can give drivers based on the AMA 

guidelines (Wang et al., 2003). 

American Medical Association (AMA) guidelines vision recommendations 

The Guidelines suggest that for drivers with visual acuity between 20/40 to 20/70 

physicians recommend a referral to an eye care specialist, follow-up vision testing, or restricted 

driving such as avoiding rush hour, avoiding high-speeds, avoid driving in unfamiliar places, and 

avoid driving at night. For drivers with visual acuity from 20/70 and 20/100 the Guidelines 

recommend a referral for road tests administered by DRS, and for visual acuity more than 20/100 

the Guidelines state that physicians should counsel their patients on driving retirement. For 

decreased visual fields, the Guidelines recommend referrals to an eye care specialist or to DRS to 

teach the driver compensation strategies such as turning the head more often or prescribing 

assistive devices such as larger rear-view mirrors.  

AMA guidelines cognitive recommendations 

If the patients score more than 180 seconds to complete the Trails B or have any error in 

the Clock Drawing Test, the Guidelines encourage physicians to conduct further testing and 

assess metabolic or physical causes of cognitive impairment, such as anemia, vitamin 

deficiencies, or stroke. The Guidelines also recommend that physicians refer patients to 

neurologists or neuropsychiatrists, review medication intake, and refer the patient to a DRS for 

road test assessment; the Guidelines also suggest that physicians advise their patients on seeking 

alternative transportation.  

AMA guidelines motor recommendations 

 Motor related recommendations for physicians assessment of older drivers include 

medications for pain, referrals to physical or occupational therapists, recommendations to start a 

physical activity program or exercises, referral to a DRS to assess and train patients in the use of 
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assistive devices such as spinner knobs, or considering vehicles with automatic transmission, 

power brakes, and power steering.  

Restricted Licenses 

The AMA Guidelines include a chapter of licensing requirements and licensing renewal 

procedures for each state. Each state also varies in the types of restricted licenses available. 

Driving restrictions in an individual’s license can range from restricted driving in locations, time 

of day, at limited speeds, or with special equipment. As listed in the AMA Guidelines, Florida is 

one of the States with more options for restricted driving licenses. Since this study was 

conducted in Florida, the specific restrictions are listed below: 

“Drivers may be licensed to drive with the following restrictions: corrective lenses, outside 
rearview mirror, business and/or employment purposes only, daylight driving, automatic 
transmission, power steering, directional signals, grip on steering wheel, hearing aid, seat 
cushion, hand control or pedal extension, left foot accelerator, probation interlock device, 
medical alert bracelet, educational purposes, graduated license restrictions, and other 
restrictions” (Wang et al., 2003).  

The AMA guidelines provide a comprehensive review of driving issues to help increase 

physicians awareness to assess and counsel older drivers. It is to be determined whether older 

drivers to adopt and maintain driving recommendations and restrictions. If for example, an older 

adult goes to the doctor and is advised to avoid night driving, take medications for pain, and plan 

for driving retirement, and the driver implements those recommendations, we are still left with 

important questions regarding the safety of that person on the road on a daily basis.  

Driving Recommendations in Educational Settings 

Classroom Education 

The classroom educational interventions focus on instruction to boost older adults’ driving 

knowledge or to train educators. The most popular education programs for older drivers in U.S. 

are Coaching the Mature Driver (National Safety Council –NSC), Safe Driving for Mature 
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Operators (American Automobile Association –AAA), and the AARP’s Drivers Safety Program. 

Coaching the Mature Driver is a course for older adult driving trainers to learn about topics to 

include when teaching older drivers. These topics include adults learning needs, vehicle safety, 

teaching skills, among others (https://secure.nsc.org/train/course.cfm?id=88). The AAA and 

AARP courses offer 8 hours of classroom training for older drivers, and their topics include age 

related changes and their effect on driving, strategies to improve driving behaviors on the road, 

and tips on vehicle safety, among others 

(http://www.aaaexchange.com/main/Default.asp?CategoryID=3&SubCategoryID=38&ContentI

D=333&SearchString=older+drivers). The AARP course is divided in two four hour sessions 

and include a pre and post quiz, and topics related to age-related declines and how they affect 

driving, strategies to improve driving behaviors on the road, such as following distances and 

scanning techniques, avoiding distractions while driving, review of road signs and road  marks, 

vehicle safety, and preparedness to retire from driving 

(http://www.aarp.org/families/driver_safety/driver_ed/a2004-06-21-course.html).  

Bedard et al.(2004, 2008) conducted two randomized clinical trials using the AARP 

55Alive education course as an intervention. In one study (Bedard, Isherwood, Moore, Gibbons, 

& Lindstrom, 2004), the experimental group received the classroom course and was compared to 

a control group of participants in pre and post road test performance. After two months, the 

intervention group showed general improvement in road test scores but no significant effect of 

the AARP course on driving performance was reported. The second study (Bedard et al., 2008) 

was conducted in three sites in Canada. The intervention group took the AARP course and two 

30-40 minute sessions to practice driving strategies learned in the course. Participants also 

received feedback from the instructor related to their driving. Participants’ knowledge of rules of 

https://secure.nsc.org/train/course.cfm?id=88�
http://www.aaaexchange.com/main/Default.asp?CategoryID=3&SubCategoryID=38&ContentID=333&SearchString=older+drivers�
http://www.aaaexchange.com/main/Default.asp?CategoryID=3&SubCategoryID=38&ContentID=333&SearchString=older+drivers�
http://www.aarp.org/families/driver_safety/driver_ed/a2004-06-21-course.html�
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the road improved after taking the course. Road tests conducted in two sites 1 to 2 months after 

the intervention showed improved scores for the intervention group related to driving behaviors 

of lane changing and lane maintenance; and changes in behaviors related to starting, stopping, 

and backing for the intervention group in one site. Since improvements in knowledge were tested 

immediately after taking the AARP course and the intervention also consisted of feedback from a 

driving evaluator, these studies do not show direct evidence of the effectiveness of the education 

course (Bedard et al., 2008). 

Other investigators also studied a combination of classroom education with other 

interventions. Ashman et al (Ashman, Bishu, Foster, & McCoy, 1994) reported that a 

combination of physical therapy home based exercises and the 8 hour classroom session of the 

AAA Safe Driving for Mature Operators, or the classroom session and perceptual therapy self-

administered exercises, along with engineering roadway modifications (i.e., pavement signs, 

traffic signals, signs), improved older adults driving performance scores by 7.9%. However, the 

sample sizes in each intervention were very small (approximately seven). In a randomized trial, a 

group of older adults received an intervention consisting of the AAA Safe Driving for Mature 

Operators 8 hour classroom course and 2 on-the-road training sessions of 1 hour (Marottoli, Van 

Ness et al., 2007). After two months, road test scores and knowledge tests scores were higher for 

participants’ in the intervention group compared to a control group with no intervention. A 

recent systematic review of driving interventions pointed out the need for more multi-

disciplinary interventions for traffic safety (Kua et al., 2007). However, the evidence on the 

effectiveness of individual interventions is scarce and more research is needed to determine best 

approaches. Interestingly, the studies that used on-the-road training as part of the intervention 

resulted in improved driving performance over time. 
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Another study  examined the characteristics of participants who took the AARP course and 

whether they recalled the course’s information over time (Nasvadi & Vavrik, 2007). In a 

matched-pairs cohort design of 885 participants, the investigators analyzed insurance records of 

police-attended crashes and violations two years prior to attending the course. The study reported 

that older adults taking the AARP course had more crashes than older adults not taking the 

course. For the older men in the sample, the main motivation to take the course was that their 

wives suggested it. Older adults without crash records before and after taking the course or with 

no crash records after taking the course, were more likely to recall details of the course lessons 

such as road signs and strategies to optimize driving (e.g., checking the blind spot). The older 

males in the sample, who had crashes before and after taking the course recalled less detailed 

information and only made general comments such as saying the course was a ‘refresher’. 

Although this study showed that the sample of participants taking the educational course were 

more involved in accidents prior and after taking the course, the authors did not control for 

driving exposure. 

Another study (Nasvadi, 2007) evaluated older adults perceptions and recall of information 

from the AARP course (n = 367). Participants answered a telephone interview one and a half to 

four years after attending the course. The study showed that 4 to 9% of participants were 

avoiding driving situations as a result of the course. The author classified the information 

recalled from the course into seven categories: 1) need for increased vigilance (e.g., pay more 

attention), (2) road rules and signs (e.g., ‘complete stops and lane markings’), (3) visual skills 

(e.g., ‘use of mirrors’), (4) self-awareness (avoidance of situations), (5) maneuvers (e.g., 

changing lanes, merging), (6) safe speed (e.g., ‘school zone speed limits’, and (7) space margins 

(e.g., following distance). Older adults more frequently recalled information related to increased 
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vigilance and paying more attention, road rules and signs, and space margins. Compared to men, 

women recalled more maneuver techniques such as passing other cars, merging onto a highway, 

and parking. However, since the study only used recall of information, the question of whether 

the recalled information constitutes driving behaviors that are difficult for older drivers was not 

answered. As in the previous study, men were mostly referred by their spouses to take the 

course, which may have also influenced the finding that after the course, men reported obeying 

more rules and signs and driving more cautiously than women. Compared to men, women felt 

the course helped them less; 25% of the sample made only a general comment about the course 

(e.g., “it was a good refresher”) but did not mention any lessons learned. 

Although Nasvadi’s study (2007) examined the benefits of the AARP course for older 

drivers, the telephone interviews were conducted a long period after the course, and the authors 

did not mention whether the differences in time intervals for the follow-up influenced the 

perceptions of older drivers. It seems plausible that older adults’ recall of driving lessons one and 

a half to four years after attending the course would differ and thus, affect the generalization and 

results of this study. Recall of the course’s information may also have been biased by the reason 

the men took the course, and relying solely on recall does not warrant that the recalled behaviors 

are put in practice by older drivers. However, this study was one of few attempts in the literature 

to determine the effectiveness of an education driving refresher courses over time. Since these 

studies show that older adults do not always recall information from the AARP course and some 

older adults only recall broad and general comments about the course, more evidence is needed 

to show the effectiveness of classroom education courses to improve driving performance. 

Programs of driving classroom education are also critiqued since older drivers are often 

motivated to take the course for the insurance discounts they can get instead of the safety 
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benefits (Hunt, 1993; Stutts & Wilkins, 2003). In a telephone survey of 2,510 older adults, 

25.4% had participated in government sponsored driving courses, and although 43.5% said they 

took the course because “it was a good thing for them to do” (p.434), almost 40% said they 

participated to receive the insurance discount that was provided (Stutts & Wilkins, 2003). 

Educational Intervention 

Another type of educational course was developed by Stalvey and Owsley who in 2003 

published a study describing an educational intervention titled “Knowledge Enhances Your 

Safety” (KEYS), for older drivers with visual impairment (Stalvey & Owsley, 2003). 

Participants in Stalvey and Owsley’s study (2003) (n=365) were randomized to a usual eye care 

group (comprehensive optometrist evaluation) or a usual care plus education group (n=194) that 

received the optometrist’s care, two 2-hour educational sessions, and a booster session. The 

experimental and control groups were followed up with phone interviews every six months for 

two years. Older adults who received the educational intervention reported more difficulty 

driving in eight conditions (e.g. rain, night, rush hour), higher implementation of self-regulatory 

practices such as driving fewer times per week, and higher avoidance of the eight driving 

conditions. Self-regulation practices and avoidance were significantly different for both groups at 

each follow-up. However, after two years of educational intervention, the risk for being involved 

in crashes was not significantly different for the experimental and control groups (Owsley et al., 

2004). The authors suggested, from their longitudinal study, that self-regulation educational 

interventions could increase awareness of visual impairment and change the driving patterns of 

older adults (Owsley, Stalvey, & Phillips, 2003), but educational interventions did not reduce 

crash risk among older adults (Owsley et al., 2004). This evidence suggests that classroom or 

intervention based educational practices may increase drivers awareness of safety practices but 
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there is no evidence supporting whether these educational approaches predict crash risk or 

driving performance over time. 

Driving Recommendations from Self-Assessment 

Self-screening tools of driving performance are available in the form of guidelines, CD-

ROM, videos, driving diaries, and workbooks. Self-assessment guidelines published by the 

AARP, the AAA, and the USA Educational Foundation include, respectively, “Creating Mobility 

Choices: Older Driver Skill Assessment and Resource Guide,” “Drivers 55 Plus: Check Your 

Own Performance,” “Driving Safely While Aging Gracefully” (Molnar, Eby, & Miller, 2003). 

These guides provide a series of questions on driving performance and suggestions to improve 

driving performance, but lack scientific evidence of their effectiveness or use by older drivers 

(Eby, Molnar, Shope, Vivoda, & Fordyce, 2003). “The Older and Wiser Driver: A Self-

Assessment Program,” published in Canada and adapted from the American AAA, provides a 

video, handbook, and self-assessment of driving ability. One study of 93 drivers attending one of 

six educational sessions, administered three questionnaires including a demographic/driving 

history, the “Older and Wiser” booklet, and a questionnaire to rate the educational sessions. 

Older drivers reported the self-assessment tool was very useful, said it made them more aware of 

driving changes, and 74% planned to adopt changes in their driving (McGee & Tuokko, 2003). 

Another self-screening tool created by the AAA is the Roadwise Review CD-ROM, which 

is based on a validated questionnaire of functional abilities to drive (Staplin & Dinh-Zarr, 2006). 

The Roadwise Review was released in 2005, and it consists of a home computer version of tests 

including rapid pace walk, head and neck flexibility, components of the Motor-Free visual 

perception test, the UFOV, Trails B, and delayed recall. The computer provides verbal and visual 

instructions for each test, and includes option screens describing whether the driver has a 

limitation, suggestions for further assessment by a DRS, and videos to show how these 
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impairments affect the driving task. Although the screening’s goal is to provide an easy to use 

and confidential option for older drivers, the effect to which drivers who perform poorly on this 

test seek further clinical assessment needs to be studied (Staplin & Dinh-Zarr, 2006).  

Other types of self-assessment tools are driving diaries (Hutcherson, 1989; Kiernan, Cox, 

Kovatchev, Kiernan, & Giuliano, 1999) and workbooks (Eby et al., 2003). Kiernan et al (1999) 

gave driving diaries to 47 older adults who kept track of their difficulty with driving behaviors 

including maintaining speed and lane maintenance, and keeping record of miles driven on each 

trip, and the number of times they experienced dangerous events such as near collisions or abrupt 

braking. The research compared means of occurrences and difficulty with driving behaviors after 

30 days and suggested that the diaries had an impact on drivers’ performance. These results did 

not control for baseline levels of driving performance, did not use a standard road test to evaluate 

driving performance before and after completing the diaries, and although it may have helped 

driver be more aware of difficult behaviors and situations, it lacked validity. 

A more theoretically based self-assessment tool was designed by Eby et al. (2003), the 

“Driving Decisions Workbook”. The workbook is divided into 3 domains of health (conditions 

and medications), driving abilities (vision, cognition, and motor), and ‘driving experiences, 

attitudes, and behaviors’ (driving in different conditions, concerns about driving, number of 

crashes or citations). The workbook provides 4 types of feedback including ‘further evaluation, 

general knowledge, self-awareness, and compensation strategies’ (Eby et al., 2003). The 

researchers tested whether using the workbook influenced older adults’ awareness of driving 

difficulties and driving performance. After using the driving workbook, older drivers’ said it 

helped increase their awareness of driving performance, it was a ‘useful reminder’, and it was a 

good tool to help them talk about their concerns with their families. This research also found 
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some relationship between health conditions, cognitive and motor abilities, and driving 

experiences with older males’ performance on a road test. Although the workbook showed 

relationships with road test performance, more evidence is needed to show whether older adults 

driving performance is affected over time after using self-assessments tools such as the driving 

workbook. Only 24% of the sample in Eby et al. (2003) study reported they planned on changing 

their driving after completing the workbook. A major concern with this type of self-assessment 

tool is how often older drivers who have difficulties will seek further assessment and the 

influence of social desirability in older adults’ responses. 

Social desirability is the “the tendency to give answers that make the respondent look 

good” (Paulhus, 1991). This is a very common bias in self-report. In 16 focus groups with 107 

older drivers in rural and urban areas, older adults reported that they would not be very honest if 

they had to self-rate their driving performance. Although these older adults thought self-

assessment would be convenient, they would like a valid and comprehensive self-assessment, 

and thought that they would not follow-up with the results if these were unfavorable (Shope & 

Eby, 1998). In Britain, where it is mandatory to self-report declines in the ability to drive, Parker 

et al surveyed 1932 drivers to examine what types of driving safety interventions were more 

acceptable among older adults (Parker et al., 2003). Although the self-reporting system was 

unacceptable to only 17.8% of the sample, measures making the driver responsible for their 

fitness to drive, such as a self-assessment kit, or informing the driving authorities of medical 

problems were considered the least effective measure by 15-20% of older drivers. Periodic 

assessments for feedback without loosing their licenses and notification of medical conditions by 

a doctor, optician, or having a full medical exam at 60 years old were the most acceptable 

interventions. This evidence suggests that self-assessment and self-reporting of driving abilities 
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to the licensing authorities are perceived as acceptable but ineffective methods by older adults, 

while clinical assessments are well accepted. 

Driving Recommendations in Rehabilitation Settings 

Specialized driving programs exist to evaluate and train older drivers with functional 

limitations or age-related declines that can affect driving performance. These programs are not 

widely known (Hunt, 1993; Stutts & Wilkins, 2003), and marketing efforts have been delineated 

to increase the number of professional driving rehabilitation specialists (Finn, 2004). However, 

in a survey of 112 professionals, mostly occupational therapists (68%), who conducted driving 

evaluations most referrals came from physicians (Korner-Bitensky, Bitensky, Sofer, Man-Son-

Hing, & Gelinas, 2006). This suggests that DRS practices are well-known in the medical field. 

Although driving evaluation programs are not accessible in all areas and formal driving 

evaluations can be costly (Wang & Carr, 2004), rehabilitation driving programs offer several 

advantages over other driving programs. First, formal driving assessments are usually 

administered by occupational therapists, who are experienced clinicians in lifespan development, 

disabilities, adapting the environment to individuals needs, and promoting clients’ independence 

in activities of daily living (AOTA, 2002; Hunt, 1993). Second, assessment within these 

programs includes a comprehensive evaluation of cognitive, motor, sensory, and on-the-road 

driving performance. This evaluation provides clinicians with a thorough examination of abilities 

that need to be addressed to increase older driver safety and guides the goals of intervention to 

increase functionality, provide compensatory driving techniques, or train clients in the use of 

driving adaptive equipment (McCarthy, 2005).  

Unlike driver education that provides classroom courses, occupational therapists provide 

‘hands-on’ experience for older drivers’ to modify their behaviors or use driving equipment. This 

learning occurs in a therapeutic “nonthreatening, nonjudgmental environment” (Hunt, 1993) that 
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can address older adults’ social desirability by providing comprehensive and empathic 

assessments; and it is receptive to the importance that older adults give to driving and the 

mobility and independence that driving provides in our daily lives. In clinical practice, 

occupational therapists interview the clients’ about their difficulties performing activities of daily 

living. This includes mobility and driving, and any specific medical, motor, cognitive, sensory, 

or other problems affecting the task. After a clinical evaluation, older adults are tested ‘on-the-

road, using fixed road courses or the clients’ driving environment (Hunt, 1993). Following the 

road test, older adults are provided with recommendations and/or are scheduled for intervention 

and training (Wang et al., 2003). Research is needed to understand the impact of driving 

rehabilitation specialists’ recommendations on driving performance of older drivers.  

Driving safety literature has looked at different driving interventions that can include 

giving recommendations, but the recommendations of DRS have not been studied. Only one 

recent study, in the occupational therapy literature, explored occupational therapists’ decisions to 

give licensing recommendations to older drives (Unsworth, 2007). Unsworth surveyed all 

registered occupational therapists doing driving rehabilitation in the state of Victoria (Australia) 

and found that therapists mostly rely on four cues to decide whether a driver’s license should be 

canceled, suspended (until further assessment), have restrictions, or if the driver can continue 

driving. The four cues mostly used by the therapist to help guide their clinical judgment were: (a) 

having to intervene during the road test evaluation, (b) the drivers’ behaviors on the road test 

(e.g., checking the mirrors), (c) cognitive and perceptual skills such as reaction time, memory, 

and problem solving while driving, and (d) ‘vehicle handling skill’ that included braking, 

steering, changing lanes, and using the car controls (Unsworth, 2007).  
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Implications of Driving Recommendations 

An important challenge in driving related policy is finding methods that accurately identify 

safe and unsafe drivers, and how to determine re-licensing requirements. Re-licensing authorities 

usually use tests of visual acuity and knowledge for license renewal. However, age-related 

impairments including cognitive declines are not always identified with these tests (Janke & 

Eberhard, 1998; Lundberg et al., 1998). Licensing authorities need more predictive tests to 

determine license renewal and, as was stated in the introduction, re-licensing procedures vary 

across states, some of which have age-based license renewal policies. Age-based requirements 

for re-licensing do not reflect older drivers driving ability (Waller, 1991), in part because 

declines with aging affect older adults in different ways. For example, two older adults with the 

same chronological age (e.g., 75) will likely differ in their cognitive, motor, and sensory abilities 

and thus, revoking a healthy older adult’s license based on age is not a fair measure of traffic 

safety. Older adults are also reluctant to accept interventions that involve sanctions for bad 

driving, such as police referrals for re-testing, and periodic re-testing that can make them loose 

their driving privileges (Parker et al., 2003). With strict license renewal policies, older adults 

may also decide not to renew their licenses if the cost in terms of time, money, and need is 

greater than the effort to renew their license (Hakamies-Blomqvist et al., 1995). These 

deficiencies in the re-licensing system call for more comprehensive driving evaluations, which 

can be provided by DRS. 

Driving assessments conducted by specialists in rehabilitation can provide ‘elder-friendly’ 

driving restrictions and recommendations to help increase older adults’ awareness and practice of 

safe driving practices. For example, restrictions such as avoiding long distance driving or major 

highways would permit older adults to continue to drive in those places where they are able to 

safely drive – and not lose their drivers license because they cannot drive in situations they are 
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willing to avoid. Although some restrictions already exist regarding traveling distances, time of 

day, and assistive devices, the impact and effectiveness of these and other driving 

recommendations such as scanning or following techniques merits further scientific testing. 

Only recently, have there been studies started examining the acceptability and 

effectiveness of driving recommendations and restrictions for older drivers. Marshall et al. 

(2002) conducted a retrospective cohort study of all licensed drivers in a Canadian province to 

examine the impact of driving and license restrictions on crash rates. The authors only gave a 

few examples of what constituted driving or license restrictions (e.g., daytime driving only, 

limited driving distance, periodical eye and physician exams). Analysis of at-fault crashes 4 

years before and after obtaining the restrictions showed driving restrictions reduced crashes and 

licensing restrictions reduced crashes and traffic violations (Marshall, Spasoff, Nair, & van 

Walraven, 2002). Although this is one of the first studies to show evidence of the effectiveness 

of driving restrictions, the authors acknowledged they did not control for driving exposure, 

which could have influenced the crash rates (Hakamies-Blomqvist, 1998; Langford, Methorst et 

al., 2006; Tay, 2006), and the analysis did not specify which restrictions contributed to 

reductions in crash rates.  

Others have examined the acceptability of licensing restrictions in a British sample (Parker 

et al., 2003). Factor analysis of 21 restrictions showed that periodic re-testing; police referrals to 

re-testing after observations of risky driving, convictions, bans or accidents were among the least 

acceptable interventions for older drivers. More acceptable interventions for older adults 

included physicians and opticians informing the licensing authorities of the drivers’ problems, 

and having periodic assessments for feedback without the risk of loosing the driver’s license. 

However, the interventions rated as most effective were re-testing after a ban and police referrals 
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for re-testing of risky drivers. The findings of Parker et al. (2003) are a good representation of 

the complex issue of driving safety and the significant role that driving plays among older adults: 

they would accept a series of licensing restrictions, but they realize that the most effective ones 

would require some external referral, although they are reluctant to accept the measures that 

threat their driving independence. 

One study reported older adults were more likely to accept driving restrictions that did not 

limit their ability to go places and be independent (Marshall, Man-Son-Hing, Molnar, Wilson, & 

Blair, 2007). In the study by Marshall et al. (2007), 86 Canadian older adults living in urban and 

rural areas rated 11 driving restrictions using a gambling technique that asked drivers to rate the 

higher probabilities they were willing to take to loss their license or have restricted licenses. The 

driving restrictions included: (1) drive with prescribed driving lenses, (2) drive in daylight only, 

(3) avoid rush hour, (4) drive within 10 km from home, (5) drive to limited destinations, (6) 

avoid driving in some roads (e.g., four lane highways), (7) drive with special equipment, (8) 

drive in limited speed limit areas, (9) drive with another licensed driver, (10) avoid left turns, and 

(11) have regular assessments of driving ability. The most accepted restrictions were in order of 

acceptance, (1) using corrective lenses, (2) driving with specific vehicle adaptations, (3) driving 

only if having regular Ministry of Transport assessments, (4) driving during daylight hours only, 

(5) avoiding driving on major highways, and (6) avoiding driving during rush hour. Drivers were 

less willing to accept avoiding left turns, avoiding roads with speed limits higher than 60km/h, 

driving to limited destinations only, driving within 10km from home, and driving with another 

licensed driver (least accepted). This study was an initial step in the literature to show the 

acceptance of driving restriction among older drivers, and considers the importance of driving 

and mobility for drivers who have not yet ceased to drive but express strong disagreement with 
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some driving restrictions. Marshall et al. (2007) concluded that when older adults rated the 

driving restrictions, “the preferences appeared to be inversely related to the impact on the 

autonomy of the driving task and the ability to access the community: (Marshall et al., 2007), pg. 

781)”. 

More recently, Freund and Colgrove (2008), described the most common driving 

restrictions in a sample of 108 older drivers who were referred to an academic geriatrics 

department for a clinical evaluation. Participants were deemed as safe (n=35), unsafe (n=47), or 

restricted drivers (n=26) based on a simulator test. In the category of restricted drivers a total of 

29 recommendations were identified, which were then classified into 5 types: (1) 

recommendations of limited driving, (2) re-evaluation, (3) co-piloting, (4) environmental 

restrictions, and (5) retraining/equipment needs. The authors only provided a few examples of 

the driving recommendations under these five categories. Older adults’ in Freund and Colgrove’s 

study (2008) sample were more commonly restricted to limit the amount of time and driving 

distances, and to limit driving to daylight only. These authors suggested that more research on 

driving restrictions based on driving errors was needed to determine ways to help older drivers 

stay on the road longer and avoid premature driving cessation.  

This study will address driving recommendations issued to older drivers by a driving 

rehabilitation specialist (DRS) after conducting a road test assessment. Thus, the 

recommendations to be studied included a broad range of categories and number of 

recommendations that were not limited to restrictions on the drivers’ licenses and included 

recommendations to optimize driving behaviors, re-training, re-education, and referrals to health 

care specialists. In summary, given the variety of medical or self-assessment screening, 

educational interventions, license renewal limitations, and driving restrictions that older drivers 
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can get, and the lack of evidence on their effectiveness in older drivers’ safe driving practices 

and behaviors, more studies are needed in the area of interventions for older drivers. This study 

will contribute to the knowledge of the types of driving recommendations and restrictions that 

older drivers receive and which of these DRS recommendations they recall over time. This study 

examined the following research questions: 

(1) What are the most common types of driving recommendations that a DRS 
provides to older drivers? Since no previous studies have looked at DRS driving 
recommendations, the question of most frequent recommendations was an exploratory 
question.   

(2) Does a combination of cognitive, motor, and sensory clinical tests help predict the 
DRS decision to determine whether an older driver is: (1) unsafe, (2) unsafe but 
remediable, (3) safe with recommendations, or (4) safe to drive? It was expected that a 
combination of domains related to driving could predict DRS classification of drivers into 
safe or unsafe categories. 

(3) What recommendations made by DRS do older drivers recall over time? This 
question was based on the assumption that if drivers adopt driving recommendations, 
researchers first have to know if drivers recall those recommendations as given by a DRS 
or if they adopt them on their own.    

(4) Does driving performance (unsafe, unsafe but remediable, safe with 
recommendations, or safe) predict older adults’ driving habits? This question addressed 
whether older dirvers’ changes in driving habits are a function of DRS driving scores. If 
driving habits changes are predicted by driving scores, then driving recommendations 
might have an impact on driving performance. 
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Table 2-1.  Studies of standardized behind-the-wheel assessments and driving behaviors 

 

Authors/ Place Methodology Driving behaviors examined Results 
Carr et al. (1992) 
North Carolina, 
US 
 
  

Prospective 
Age: 18-19 yrs old,  
25-35, and 69-84 
Sample: n= 20 
participants in each age 
group recruited from 
university  
campus and Aging  
Center Registry    

13 subsections  
(most examples provided are 
included): 
1. Backing: e.g., backing into 
wrong lane, fails to look to rear, 
uses wrong side of road  
to turn around  
2. Intersections: fails to slow 
down, fails to look, fails to 
respond to hazardous conditions 
3. Signaling failures: e.g., fails to 
signal, fails to use mirrors, fails to 
check blind spots  
4. Turns: e.g., too short, too wide, 
fails to yield right of way 
5. Signal violations: runs amber 
light, runs red light, disobeys 
traffic officer 
6. Stopping: uses brakes 
improperly, unsafe place, rough 
stops 
7. Stop streets: stops at improper 
place, fails to come to complete 
stops, hesitates too long  
8. Steering: e.g., Improper use of 
hands, does not steer smoothly, 
uses one hand to steer 
9. Position of vehicle on roadway: 
drives in improper lane, straddles 
lanes, follows too close 
10. Speed control: too fast for 
conditions, too slow for 
conditions, in excess of marked 
limits. 
11. Passing violations: Fails to 
pass at safe place, follows too 
close, cuts back in too soon 
12. Railroad crossings: fails to 
look  
properly, fails to stop when 
necessary, stops at unsafe place 
13. Parking: e.g., improper 
distance from curb, fails to turn 
wheels properly, fails to  
set park brake 
Scoring: weighted scores for 
specific errors on each category 

Most prevalent  
errors were  
signaling, turning,  
improper stops,  
steering errors, and 
speeding 
violations.  
No significant  
difference between 
young and older  
drivers in stops 
and turn errors.  
Young groups 
made more 
speeding and  
steering errors  
(p<0.01).  
Young adults had  
more errors than  
older drivers in 
these  
subsections except  
in signaling errors 
(p = 0.03).  
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Table 2-1.  Continued 

 

Odenheimer et al. 
(1994)  
 

Prospective 
Massachusetts, US 
Age: 61-89 (M=72) 
Sample: 30 older adults:  
n=17 referred from normal 
aging studies; n=6 older 
adults with dementia; n=4  
living in the community 

5 categories (no examples provided) 
1. Scanning the environment 
2. Lateral position of the vehicle 
3. Anterior/Posterior position of the 
vehicle 
4. Speed 
5. Use of turn signals 
Scoring: pass or fail 

No data on specific  
driving behaviors 

Hunt et al. (1997) 
Missouri, US 
 

Prospective 
Age: controls mean  
age = 76.8 
Very Mild dementia=74.2  
Mild dementia=73.1  
Sample: 130 older adults: 
n=58 controls, n=36 very 
mild dementia, n=29 mild 
dementia living in the 
community and physician 
referrals 

9 categories (examples provided are  
included): 
1. Signals: e.g., does not signal with 
verbal cueing, needs verbal cuing, 
uncued/timely 
2. Needs prompting 
3. Checks traffic 
4. Stop sign observance: e.g. slows 
down but fails to stop, slight roll 
through, completes stops 
5. Traffic light observance 
6. Reacts to others 
7. Speed control 
8. Keeps lane: e.g., crosses lane line 
unintentionally, maintains vehicle in 
the lane  
9. Qualitative judgments 
Scoring: 2 or 3 point scale specific to 
each behavior 

40% of safe drivers  
did not use turn  
signal appropriately 

Dobbs et al. (1998) 
Alberta, Canada 
 

Prospective 
 Age: Young controls=35.6 
(3.2); old controls=69.4 
(6.8); patients=72.7 (9.1) 
Sample: n=30 young  
controls n=68 older adult 
controls; n=155 patients 
referred to geriatric driving  
program; Referrals and 
living in the community 

13 categories (examples provided 
included) 
1. Extreme positioning error: e.g, 
driving on the shoulder 
2. Minor positioning error: e.g. 
driving too close to lane markings 
3. Turning position error: e.g., wide 
or cut turns 
4. Stop positioning error: e.g., 
stopping too close or too far back 
5. Scanning error: e.g., no shoulder 
checks 
6. Overcautiousness: driving too 
slow 
7. Aggressive maneuver: e.g., risky 
turns 
8. Rolled stop: failing to come to a 
complete stop at a sign/signal 
9. Speed error: driving over the 
posted speed limit 
10. Vehicle control: shaky steering 
11. Poor habits: one hand steering 
12. Signal error: late/early to signal 
13. Hazardous errors: when the 
evaluator had to intervene  
Scoring: type and severity of errors 

Patients differed  
from controls in  
number of hazardous 
errors (p = .001) 
All groups differed  
in severity of  
scanning errors (p = 
0.001) 
Rolled stops and  
speed errors were  
common among all  
groups (no 
significant 
differences) 
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Table 2-1.  Continued 

 

 
 
 
 
 
 
 
 

Justiss et al. (2005) 
Florida, US 
 

Prospective 
Age: 65-89 (M=75.3) 
Sample: 95 older adults 
Referrals and living in the 
community 

8 categories of driving behaviors: 
1. Vehicle position 
(anterior/posterior)  
moving or stopped: e.g., traveling too 
closely, stopping too far back from 
markings or vehicles, inadequate 
space cushion during lane change 
2. Lane maintenance: e.g., drifting 
out of lane, wide turns, 
encroachments on perpendicular 
traffic 
3. Speed regulation: e.g., not coming 
to complete stops, traveling too 
fast/slow, inadequate merging speed 
4. Yielding  
5. Signaling (e.g., signaling too short 
until maneuver, leaving signal on, 
wrong signal for turn) 
6. Visual scanning (e.g., not checking 
mirrors or blind spot) 
7. Adjustment to stimuli/traffic signs 
(e.g., not adjusting for posted limits, 
improper  
response to traffic or pedestrian, 
choosing inappropriate lane from 
posted signage) 
8. Gap acceptance: Estimating 
distance to cross across oncoming 
traffic (when turning left) 
Scoring: Types and severity of error 

No data on specific  
driving behaviors 
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CHAPTER 3 
METHODS 

Participants 

This study included older adults who participated in two earlier (2005 and 2006) 

University of Florida National Older Driver Research and Training Center (NODRTC) studies. 

Participants were volunteers recruited via flyers posted in Gainesville, Florida or were self-

referrals or received a referral for a driving assessment from doctors, families, or other health 

professionals. Participants were included in the earlier NODRTC studies if they were (a) 65 

years or older, (b) had a valid driver’s license and (c) were seizure free in the past year.  

The sample was 123 older adults, and five were not driving at baseline. The sample 

eligible for this study was 118 older adults. Sixty-five (55%) of these participants answered a 

telephone interview 1.5 to 3 years after their road test and clinical assessments. Among non-

participants, 3 had died, 22 declined participation, 7 suspended or cancelled the telephone 

interview after being scheduled, 6 did not respond after leaving a message, 12 had their number 

disconnected, and 3 did not answer the phone. An attrition analysis is provided in the follow-up 

interview section of this chapter. 

Procedures 

At baseline, participants consented by telephone to participate in a telephone interview of 

approximately 30-40 minutes (See Appendix A). The interview included six questionnaires: (1) 

The Telephone Interview for Cognitive Status modified (TICS-m) (Welsh, Breitner, & 

Magruder-Habib, 1993), (2) Demographics and self-report of physical health, (3) Co-morbidities, 

(4) the Older Americans Resources and Services- Instrumental Activities of Daily Living 

(OARS-IADL) (Fillenbaum, 1978), (5) the Functional Independence Measure (FIM) (Hamilton, 

Granger, Sherwin, Zielezny, & Tashman, 1987) and, (6) a modified version of the Driving 
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Habits Questionnaire (DHQ) (Owsley et al., 1999) These measures are described under Clinical 

Measures, below. 

After voluntary consent, participants were scheduled for a clinical and road test 

appointment at Independence Drive— NORDTC’s driving research and clinical services facility 

at the University of Florida. Participants were asked to bring all current medications to their 

clinical appointment, where they first read and signed an informed consent of procedures and 

confidentiality of information. The DRS or a research assistant reviewed and recorded all the 

medications (See Appendix B).  

The clinical assessments used in this study included measures of cognitive, visual, and 

motor abilities administered in both studies. The clinical measures are described below (and 

listed in Table 3-1), and Appendixes C and D include the assessment forms used at baseline. 

Appendix E shows the combined clinical measures. The clinical assessment lasted approximately 

1.5 to 2 hours for study 1 and 40 minutes for study 2. In study 1, participants were given breaks 

at any time, and the order of the tests alternated between cognitive and motor tests to reduce 

participants’ fatigue. Following the clinical assessment, the DRS drove the participant to the start 

point for the road test, where the participant drove the road course and the DRS scored the 

driver’s performance. 

Clinical Measures 

Table 3-1 is an overview of the clinical measures used at baseline, which are also 

described in more detail in this section. 

Telephone Interview for Cognitive Status (TICS) 

The TICS was developed by Brandt et al (Brandt, Spencer, & Folstein, 1988) as a measure 

of cognitive function that could be administered over the telephone. This test evaluates 
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orientation to time and place, language functions, calculation, verbal memory, and verbal 

abstraction. The modified version (TICS-m) includes delayed recall, which is important to detect 

early dementia. TICS-m scores can range from 0 to 50, and a cutoff score of 30 was suggested as 

indicative of mild cognitive impairment (Welsh et al., 1993). The TICS-m had 85% sensitivity 

and 83% specificity detecting cognitive impairments that were determined by 

neuropsychological batteries in a sample of 209 older adults. The TICS-m also correlated with 

the Mini-Mental State (MMSE) and other neuropsychological measures, and showed 0.83 

reliability when measured over 15 months (Plassman, Newman, Welsh, Helms, & Breitner, 

1994; Welsh et al., 1993). Since the TICS-m could be administered over the telephone, this 

measure was selected over the MMSE to assess overall cognitive status of the sample over time. 

Items of immediate and delayed recall in the TICS-m were also recorded to control for memory 

changes that could confound the participants’ ability to recall driving recommendations. 

Useful Field of View (UFOV)® 

The UFOV® is a test of processing speed, divided and selective attention (Edwards et al., 

2006). Processing speed measures the time it takes a person to perceive, recognize, and respond 

to a stimulus; divided attention is the ability to attend to simultaneous tasks, and selective 

attention is the ability to focus on relevant stimuli in the presence of distracters. These three 

abilities are tested with the person sitting 24 inches away from a computer screen. In the speed of 

processing subtest, the silhouette of a car or a truck appears in the center of the screen. The 

number of times and the time the targets (car or truck) appear in the screen varies until the person 

correctly identifies 75% of the targets. In the second subtest of divided attention, the same 

silhouettes of a car or a truck appear in the center of the screen, and an additional silhouette of 

car or truck appears in any of 8 radial locations. The third subtest, selective attention, is similar 

to subtest 2 but the radial targets are surrounded by shapes to distract the person’s attention. In 
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subtest 2 and 3 the person needs to identify the central target and the location of the screen where 

the second silhouette appeared. The subtests are timed and range from 16.6 to 500ms. Test-retest 

reliability for the touch screen version of the test was 0.73 after 34 days, with 0.87 validity 

(Edwards et al., 2005); normative scores of UFOV® subtests for older adults were recently 

published (Edwards et al., 2006). 

Trails Making Test Part B (Trails B)  

Trails B is a measure of executive functioning, working memory, visual processing and 

visuo-spatial ability. It consists of a series of circles on a paper that are numbered 1-13 and 

circles that have letters A to L. The person is asked to connect numbers and letters in sequential 

order alternating from a number to a letter (e.g., 1 to A, A to 2, etc). The score is the time to 

complete connecting the numbers and letters. Reports of cutoff scores for driving ability suggest 

completion time of 90 seconds for high complexity and high speed roads and 120 seconds for 

low speed and low complexity driving (Staplin, Lococo, Gish, & Decina, 2003). A sample of 257 

older adults with Alzheimer’s disease or mild cognitive impairment who were diagnosed by a 

multidisciplinary team were compared to a control group of 269 older adults. The study reported 

45% sensitivity and 91% specificity of Trails B to determine cognitive impairment (mild 

cognitive impairment or Alzheimer’s disease) against controls; and normative data for the Trails 

B was provided by age and education (Ashendorf et al., 2008). 

Older Americans Resources and Services: Instrumental Activities of Daily Living (OARS-
IADL) 

The OARS was designed to evaluate older adults’ level of function and use of services. 

The IADLs questionnaire is part of the OARS personal functioning measures, and was used in 

this study to describe the sample’s functional level in instrumental activities of daily living 

(IADLs). These activities include tasks such as shopping, doing housework, taking medicine, and 
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handling money. Item scores range from 0-2 for a total score between 0-14 (higher scores 

indicate more independence in activities of daily living (Appendix A includes the IADL 

questionnaire). Reliability and validity were reported for Activities of Daily Living, including 

physical ADLs and IADLs, and included 0.83 criterion validity and 0.86 inter-rater reliability 

(Fillenbaum, 1978; Fillenbaum & Smyer, 1981). In 1994, Ottenbacher et al. (1994) reported 

agreement between raters who assessed twenty older adults with the IADLs scale over 7-10 days 

and 4-6 weeks (0.91 and 0.98, respectively). 

Functional Independence Measure (FIM) 

The FIM is a measure of an individual’s functional independence in six categories: (1) self-

care, (2) sphincter control, (3) transfers, (4) locomotion, (5) communication, (6) and social 

cognition. A total of eighteen items are scored from 1-7 depending on the individual’s level of 

dependency, ranging from total assistance needed to complete the task (score of 1) to complete 

independence (score of 7). The FIM scores range from 18-126. This test showed agreement of 

0.88 among 40 occupational therapists who rated the self-care and transfer items (Fricke, 

Unsworth, & Worrell, 1993). Total FIM scores showed 0.99 inter-rater reliability and 0.92 

stability (Ottenbacher et al., 1994); and a quantitative review of the FIM’s reliability showed 

0.95 inter-rater and test-re-test reliability for eleven studies that assessed a total of 1568 patients 

(Ottenbacher et al., 1996). 

Visual Assessment 

The Stereo Optec® 2500 vision tester was used to assess visual function. The participant 

sat down and looked through the lenses where a set of slides was used to test visual acuity, 

horizontal peripheral field, color discrimination, depth perception, vertical and lateral phorias. 

Scores for visual acuity ranged from good vision (20/20) to poor visual acuity (20/200 or more); 

horizontal fields were tested for each eye by having the subject detect a flashing light at 85, 70, 
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55 or 35 (nasal) degrees. Color discrimination was assessed by asking the person to look at a 

slide that had six circles with numbers inside them; the participants had to tell the evaluator what 

numbers if they saw inside the circles. In the depth perception test, a series of numbers from 1 to 

9 had circles that seemed to be moving (three-dimensionally) toward the person; scores were 

based on correctly identifying which of the circles at the top, bottom, left, or right of the number 

were moving toward them.  

Phorias are the ability of the eyes to work together horizontally and vertically, that can 

influence the ability to scan the environment. Although there is no literature on driving and 

phorias, scores of these tests were included in this study since phorias are often assessed with the 

vision equipment that driving rehabilitation specialists use in clinical practices. The slide to test 

lateral phorias shows a series of 15 musical notes and an arrow pointing to one of the notes; the 

person has to identify the note to which the arrow points to. Vertical phorias are tested with a 

different slide showing 7 musical notes and the person has to identify which note is crossed by a 

red line.  

Contrast sensitivity: Additional slides included the Functional Acuity Contrast Test 

(F.A.C.T.) (Ginsburg, 1984) to assess contrast sensitivity. As stated in chapter 2, contrast 

sensitivity evaluates the lowest contrast at which individuals can see at various degrees of 

contrast and in different levels of spatial frequencies. The F.A.C.T. measures contrast sensitivity 

at five spatial frequencies (1.5, 3, 6, 12, and 18 cycles/degree). Scores per frequency range from 

0 to 9 and impairments per frequency are determined as vision below the normal curve. Normal 

scores for frequencies of 1.5, 3, and 6cycles/degree range from 6 to 8; from 4 to 8 for 12 

cycles/degrees, and 2 to 8 for the highest frequency (see Appendixes C and D for scoring forms). 

Test-re-test reliability of 0.77 for the Optec vision screener and the F.A.C.T. have been reported 
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(Hitchcock et al., 2004; Horberry et al., 1997). Compared against a vision assessment by an 

optometrist, the Optec® 2500 had 76.2% sensitivity and 100% specificity determining 

participants who had failed the optometrist’s assessment in a sample of 23 adults (Horberry et 

al., 1997).  

Rapid Pace Walk (RPW) 

The RPW measures physical endurance, balance, and strength (Wang et al., 2003). The 

person is asked to walk back and forth over a 10 foot mark on the floor. The score is timed and 

less than 9 seconds suggests poor driving performance (Wang et al., 2003). Staplin et al (2003) 

described the RPW as a sensitive measure of physical frailty over time (Staplin, Gish et al., 

2003). 

Range of Motion and Strength 

These tests were based on the driving rehabilitation specialist judgment. The person is 

asked to perform head, arm and leg movements such as trunk rotation, shoulder flexion, ankle 

dorsiflexion, plantar flexion, and hip flexion. Scores for range of motion were recorded as within 

or not within functional limits. Scores for strength were also consider within functional limits if 

the score was 4 or 5 on a range from 0 to 5, which is clinically determined by a person’s ability 

to sustain the evaluator’s resistance.  

Demographics and Self-Report of Physical Health Questions 

These questions addressed age, gender, level of education, race and ethnicity; and self-

report of hearing impairment, falls in the previous year, presence or absence of periods of 

drowsiness, and co-morbidities. A checklist of co-morbidities was used to identify common 

impairments and illnesses of participants. The table of co-morbidities is included in Appendix A 

(Telephone Interview). The categories used to describe the sample were: (1) Heart disease, (2) 

respiratory disease, (3) musculoskeletal disorders, (4) arthritis, (5) urinary disease, (6) diseases 
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affecting vision, (7) glandular disorders, (8) stomach or intestinal disorders, (9) sleep disorders, 

(10) depression, (11) hearing or speech impairments, (12) dementia or cerebro-vascular accident, 

(13) other neurologic conditions) and, (14) other disorders. A score of co-morbidities was 

obtained summing the number of illnesses for each participant. 

Modified Version of the Driving Habits Questionnaire (DHQ) 

The purpose of the DHQ, developed by Owsley et al, was to assess driving habits among 

older drivers with vision impairment (Owsley et al., 1999). The DHQ along with conditions of 

driving avoidance reported by the same authors (Ball et al., 1998) were used in this study. The 

measures of interest were: (a) Driving space, (b) driving exposure, (c) driving difficulty, (d) 

driving avoidance, and (e) self-report of driving in different conditions. Driving space refers to 

distances to which older adults drove. It included driving out of the southeast region of the 

country, out of state, out of the county, out of the city, and driving beyond or in the 

neighborhood. Driving exposure includes measures of total places that a person drives per week, 

number of trips per week, number of days per week when the person drives, and total weekly 

mileage. Self-report of driving conditions, driving difficulty, and driving avoidance were 

recorded for eight conditions. (See Appendix A for driving habits questions included in this 

study). Reliability for driving space driving exposure, and driving difficulty were 0.86, 0.83, and 

0.60, respectively. 

Road Test 

The studies used a road test consisting of a fixed course of approximately one hour 

duration. The road test started in a parking lot, and progressed to increasingly complex driving 

environments, including a merge to an interstate highway. All participants drove a 2005 Buick 

Century for the road test. This vehicle was equipped with an auxiliary brake that was used by the 

DRS when she needed to intervene in the participants’ driving. The vehicle was also equipped 



 

 100

with an extra rear view mirror on the passenger side to let the evaluator see the vehicles and the 

road behind, and a mirror placed on the front window to help the DRS track the participants’ 

scanning behaviors. During the road test, the DRS made observations of driving behaviors and 

subsequently gave driving recommendations to participants who she felt would benefit from 

them. The DRS recommendations were given in a verbal or verbal and written format. If the 

DRS wrote the recommendations, they were either in a recommendations form or written at the 

end of the road test. Appendixes F to H provide examples of the recommendation forms used in 

the studies. When a participant failed a road test, the DRS filled out a report form and mailed it 

to the State of Florida’s Department of Highway Safety and Motor Vehicles. Medical reporting 

of unsafe drivers is provided for in the Florida Statutes section 322.126 (2), (3). An example of 

the reporting form is provided in Appendix I.  

Road Test Scoring 

The road test was scored with a Global Rating Scale (GRS) and a Behavioral Score. The 

road test was previously validated in a NODRTC study that showed 0.95 test-retest reliability 

(n=10), 0.94 interrater reliability (n=33), and internal consistency of the items (Cronbach α, 0.94, 

n=95) (Justiss et al., 2006). The Behavioral Score ranged from 0 to 273 based on scores of 0 to 3 

for 91 road test maneuvers. The maneuvers included right turns, left turns, straight driving, lane 

changes, and merging onto a highway. The scoring for each maneuver was based on the number 

of behavioral errors (listed below), such as lane maintenance and speed regulation. A maneuver 

score of 0 indicated that the DRS had to intervene (e.g., press dual brake, hold the steering 

wheel); a maneuver score of 1 indicated that the DRS had to use verbal cues to avoid an unsafe 

situation (e.g. “you are at a stop sign”); a maneuver score of 2 was used when the participant 

made any driving behavioral error, and a maneuver score of 3 indicated safe driving performance 
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for that maneuver. Appendixes J and K are examples of road tests with global rating scales of 0 

and 3. 

Driving Behaviors in the Road Test  

 The driving behaviors that were scored in the road test are described below, including the 

definitions of the behavior and examples of driving errors (Justiss et al., 2006). 

1. Lane maintenance: “Lateral (side to side) positioning of the vehicle during driving maneuvers 
(turns, straight driving, lane changes, etc) and while stopped. Lane maintenance refers to 
the ability to maintain steering control. Examples of errors: Drifting out of lane, 
encroachments on perpendicular traffic or wide turns, parking outside designated space 
markings” (Justiss et al, 2006, pg. 122).  

2. Vehicle positioning (moving or stopped): “Anterior and posterior positioning of the vehicle in 
relation to other vehicles and/or objects and pavement markings. Examples of errors: 
Traveling too closely, inadequate space for merges or lane changes, stopping across a 
crosswalk or too far back from pavements marking or vehicles” (Justiss et al, 2006, pg. 
122). 

3. Speed regulation: “Ability to follow and maintain speed related to posted limits and having 
adequate control of acceleration and braking features of the vehicle. Examples of errors: 
Not coming to complete stops, traveling too fast/too slow, abrupt or inappropriate braking 
or acceleration” (Justiss et al, 2006, pg. 122). 

4. Signaling: “Proper use of turn signals. Errors include: Not using the turn signal when turning, 
signaling too short before a maneuver, or leaving the turn signal on” (Justiss et al, 2006, 
pg. 123). 

5. Visual scanning: “Looking around to scan the driving environment. Examples of errors: Not 
checking blind spot, not looking through rearview or side mirrors during lane changes, not 
looking right or left before going through intersections.” (Justiss et al, 2006, pg. 123). 

6. Yield: “Giving right of way following rules of the road at stop signs, right turns on red, and 
merges.” (Justiss et al, 2006, pg. 123). Example of errors: Ignoring a yield sign and not 
giving the right of way to vehicles when turning right on a busy road , not following the 
rules of right of way in a four stop sign (e.g., letting drivers cross the intersection if they 
arrived first and are at the driver’s right hand side). 

7. Adjustment to stimuli/traffic signs: “Adjust appropriately to changing road sign information, 
other vehicle movements, pedestrian movements, and ability to recognize potential 
harzards. Example of errors: not following proper directions given by evaluator, choosing 
improper lane from posted signage” (Justiss et al, 2006, pg. 123). 
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8. Gap Acceptance: Appropriate timing to make unprotected left turns. Example of errors: 
Unsafe calculation of time to turn left when approaching vehicles are in close proximity, 
being over-cautious and waiting too long to turn left when is safe to turn. 

Global Rating Scale 

The Global Rating Scale (GRS) was used as an evaluation of overall driving performance 

during the road test. The GRS was scored in a 4-point scale from 0-3, where 0 indicates unsafe 

driving. Previous research from the NODRTC showed high inter-rater reliability for the GRS 

(ICC=0.98, n=33). The 4-point GRS had a stronger correlation with driving performance 

(r=0.84, p<0.001) than a dichotomous score of pass or fail (r=0.75, p<.001) (Justiss et al., 2006). 

The scores were determined as follows:  

(1) A GRS score of 0 indicated that the person failed the road test and they were unsafe drivers. 

(2) A GRS score of 1 indicated the person was an unsafe driver but remediable. In this case, the 
driving rehabilitation specialist recommended an intervention such as taking behind-the-
wheel training, seeing an eye specialist or neurologist. 

(3) A GRS score of 2 indicated the person was a safe driver, but the specialist gave 
recommendations for improving driving performance. For example, the participant was 
told to avoid drifting to the left, avoid following vehicles too closely, or to scan the 
environment more often. 

(4) A GRS score of 3 was given when the DRS considered the person was a safe driver, and in 
some cases, participants were given recommendations as reminders of safe driving. 

Follow-up Telephone Interview  

The purpose of the follow-up telephone interview was to: (a) explore whether or not older 

drivers remembered the recommendations made by a DRS, and (b) determine if older adults’ 

driving habits changed over time, and if these changes were predicted by levels of driving 

performance. An attrition prediction of 30% was expected, based on longitudinal studies of older 

adults that looked at 1-3 year follow up of older adults’ cognitive (Hanninen et al, 1995) and 

physical status (McGwin et al, 2006). These studies reported approximately 77% response rates 

at follow-up. Participants with global rating scores of zero and one were expected to have higher 
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attrition rates since we expected these drivers to be older and have lower scores in cognitive 

measures that could influence their participation in the follow-up telephone interview. Table 3-2 

describes sample size predictions by Global Rating Scale group and table 3-3 describes 

demographic and clinical characteristics of follow-up responders and non-responders. 

Continuous variables were tested with ANOVAs and categorical variables were tested with chi-

square to determine differences between responders and non-responders. Analyses were not 

performed when cell sizes were less than 5. Follow-up responders and non-responders did not 

differ in age, gender, race, education, visual, cognitive and health status variables. The only 

difference between responders and non-responders was that responders had fallen more than 

non-responders in the six months prior to the clinical and road test assessments (p < .05). 

Telephone Interview Components and Rationale 

The follow-up telephone interview (Appendix L) had five sections: (1) General health 

questions, (2) Telephone Interview of Cognitive Status (TICS), (3) Driving Recommendations, 

(4) Marlowe-Crowne Social Desirability Scale, and (5) Driving Habits Questionnaire. The 

general health questions asked if the person was still driving, if their health condition had 

changed since their baseline clinical and driving assessments, self-report of vision and hearing, 

and self-report of falls in the last six months. The questions on general health helped control for 

functional changes that could affect the participants’ self-report of driving performance 1.5 to 2 

years after baseline. The TICS was used at follow-up to control for cognitive changes that could 

influence the participants’ recall of recommendations. The Driving Habits Questionnaire (DHQ), 

described earlier, was administered at baseline and follow-up, and was used to determine 

longitudinal changes in driving habits by recommendation group.  

Since driving performance is a sensitive topic for older adults, self-report of 

recommendations were expected to be influenced by social desirability. Social desirability is the 
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tendency to respond in a culturally appropriate way. Measures of social desirability help control 

for response bias. Thus, the Marlowe-Crowne Social Desirability Scale (MCSD) (Crowne & 

Marlowe, 1960) was used in this study. The MCSD had internal consistency of 0.88 and test-

retest reliability of 0.89 in a sample of 76 college students. The scores can range from 0 to 33 

where higher scores indicate higher social desirability Validity and reliability tested among 

varied samples of students showed average  means ranged from 12-16 for different studies and 

reliability coefficients ranged from 0.73-0.88 across samples (Barger, 2002; Paulhus, 1991). 

Each item is answered as true or false (See measure in Appendix L). Some examples of the items 

are: (a) I never hesitate to go out of my way to help someone in trouble, (b) I like to gossip at 

times, and (c) I never make a long trip without checking the safety of my car. 

Driving Recommendations 

Recommendations from the DRS included recommendations given in one of two ways: (1) 

recommendations that the DRS check marked on either of the two studies’ recommendation 

forms (Appendices D and E), (2) recommendations that the DRS wrote at the end of the road test 

either on the comments section or next to the Global Rating Scale. Since the DRS used the 

written comments at the end of the road test to help determine driving recommendations; and 

these comments closely resembled the recommendations from written formats, as shown in the 

examples below, the comments at the end of the road test were considered as driving 

recommendations. Figures 3-1 to 3-4 provide a visual representation of DRS recommendations 

in the different formats. 

Categories of Recommendations  

 The recommendations used in the follow-up interview were obtained as follows: (1) A 

combined list of recommendations was created after reviewing recommendations from both 

recommendation forms; (2) recommendations from thirty participants from baseline, who had 
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recommendations written in the comments section of the road test, were tabulated in excel to 

compare them to the recommendation forms that the DRS check marked (Appendices D and E); 

(3) the tabulated comparisons were reviewed by two of this dissertation’s committee members 

and agreed that comments at the end of the road test closely reflected recommendations from the 

recommendation forms. At follow-up, participants were first asked “Do you recall any driving 

recommendations provided to you from the driver evaluator at the Independence Drive driving 

program”. The recommendations recalled were written down. The participants were then read a 

list of recommendations and asked participants to say whether they remembered being told that 

recommendation or not. For example, participants were asked if they were told or if the DRS 

recommended coming to complete stops. In some cases, the interviewer clarified that 

recommendations referred to the comments or feedback that the DRS had at the end of the road 

test. Recommendations in the follow-up interview fell under 11 categories (Table 3-4). 

Driving Recommendations and SOC Model 

The 11 categories of driving recommendations were explained using the Selective 

Optimization with Compensation (SOC) model, as described in the introduction. Figure 3-5 is a 

visual representation of the proposed relationships of driving recommendations using the SOC 

framework. In the proposed relationships, all driving recommendations interact with each other. 

For example, a driver who receives recommendation suggesting selection such as avoiding night 

driving, may also receive recommendations related to driving behaviors such as paying more 

attention to road marks, and the DRS may suggest BTW training; or suggest that the person drive 

with assistive devices. In the visual representation (Figure 3-5) the three components of the SOC 

model of successful aging are used to classify recommendations suggesting selection, 

optimization, and compensation. The recommendations are described in boxes under each SOC 
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component using bolded lines to indicate direct associations and dashed lines to indicate the 

inter-relationships of recommendations.  

Recommendations that suggest driving selection include recommendations to avoid driving 

situations such as avoid left turns, avoid night driving, or avoid driving long distances. These are 

considered selection because although it is not the driver who is selecting to avoid these 

situations, reduced traveling can be a way for older adults to avoid difficult driving situations 

when visual or cognitive declines occur. For example, slow reaction time, impaired ability to see 

at night, or difficulties concentrating for long periods of time may affect the driver’s ability to 

judge when to safely turn left, perceive vehicles and objects when driving at night, and drive to 

long distance locations, respectively. Drivers can select to avoid situations in which visual, 

cognitive, or motor declines can affect driving; or also select not to drive because they prefer to 

avoid rush hour and high traffic and their lifestyle (e.g., retirement) allows them to choose the 

times when they drive. Recommendations suggesting selection can also include planning for 

driving retirement or stop driving, in which case the driver would use compensation strategies 

such as using other means of transportation besides driving a vehicle or having someone else 

drive.    

Recommendations that suggest specific driving optimization are recommendations to 

improve the existing abilities to drive. This includes recommendations to improve driving 

behaviors or behind-the-wheel training to optimize driving. Driving behaviors include 

operational and tactical levels of driving as explained in Michon’s model. For example, coming 

to complete stops requires an operation to control the car that helps the person to complete a 

tactical maneuver of stopping the car. Avoid drifting requires a firm grasp on the steering wheel 

with hands moved apart to tactically maneuver the car through lane changes, straight driving, and 
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turns. Using the mirrors more often and paying more attention to the roadway markings help the 

driver make safe lane changes, stay in his lane, and use the proper times and spaces to for 

example move into a turning lane, or merge into a highway. These examples illustrate how the 

application of safer driving behaviors may optimize the driver’s ability to respect the right of 

way and scan the environment to maneuver through stops and intersections; help the driver 

maintain control of the car (e.g., speed, steering, staying in the lane); and using strategies such as 

shoulder checks or mirror checks to make safer lane changes, merges, or driving in high traffic. 

Thus, since the driving specific recommendations are based on driving behaviors, they are 

conceptualized as optimizing behaviors for driving. The specific optimization recommendations 

include: (1) scanning behaviors, (2) scanning for road markings, (3) speed, (4) stop, (5) distance, 

(6) signaling, (7) merging, (8) attention, and, (9) hands positioning.  

Drivers can also optimize their driving ability through practice or training. In BTW 

training, the DRS teaches the driver how to improve their driving behaviors over a number of 

practice sessions. In these sessions, for example, the driver can be taught strategies to 

compensate for decreased peripheral vision such as turning the head more often to check blind 

spots, leaving more space in following cars to compensate for decreases in depth perception, or 

practicing lane changes leaving appropriate distances with the cars and signaling the intentions to 

exit and enter a lane. Practice recommendations can include taking driving lessons or BTW 

training. Driving lessons in this study refer to practice driving lessons (behind-the-wheel) 

provided by driving instructors; BTW training refers to training provided by driving 

rehabilitation specialists who have a broader knowledge background on age-related declines, 

rehabilitation, and training and use of assistive technology.  
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When age-related vision, motor or cognitive declines can no longer be improved with 

practice of driving behaviors or BTW training, drivers may be taught to drive using 

compensation strategies such as driving with assistive technology. For example, drivers can  use 

a left foot accelerator to compensate for a right-side hemiplegia caused by a stroke or use sterring 

knobs to compensate for declines in hand dexterity.   

Other type of optimization recommendations are more global driving recommendations. 

These recommendations are also targeted at optimizing or improving driver’s ability. In the 

proposed relationships of recommendations to the SOC model, global recommendations differ 

from specific driving recommendations because global recommendations are applied outside the 

driving environment. As such, these recommendations involve actions where the individual does 

not directly operate or maneuver the vehicle; but include actions that help optimize driving 

performance by reviewing knowledge related to rules of the road or seeing specialists to improve 

eyesight, range of motion, or other physical or medical conditions. The recommendations that 

fall under this category include: (1) taking the AARP driving refresher course, (2) re-reading the 

FL Driver's Handbook, and (3) referrals to see a physician, doctor, eye care specialist, 

rehabilitation practitioners, neurologist, or other specialist. After seeing these specialists, the 

driver may be prescribed medications, glasses, physical strengthening or range of motion 

exercises, or cognitive exercises to optimize driving ability. Some training can be provided to 

help compensate for decreased physical or cognitive function, which can be referred to as 

compensation strategies for driving performance. Table 3-5 lists the aims of the study and the 

expected trends based on the categories of driving recommendations. 
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Recommendations Recall 

At follow-up, participants were first asked uncued whether they recalled any driving 

recommendations provided by the DRS at the driving evaluation at Independence Drive. Then, in 

a second cued step, the investigator read the list of driving recommendations and let the 

participant say whether those recommendations (cued) were given to them. The terms cued and 

uncued are used to describe whether the participants recalled driving recommendations before 

the interviewer read the list of driving recommendations (uncued recall) or if the participants 

recalled the driving recommendations while the interviewer read the list of driving 

recommendations (cued recall).  

The recommendations form used in the telephone interview also included a category of 

safe driving, which referred to DRS feedback to drivers telling them they were good, safe 

drivers. This category of comments on safe driving was not included in the SOC driving 

recommendations because it referred to a positive remark to participants and does not involve 

recommendations to change behavior or performance as is the case with the rest of DRS 

recommendations. However, comments about safe driving were expected to be more prevalent 

for drivers who scored 3 in the road test global rating scale. Recall of comments about safe 

driving was also used as a measure of social desirability. We tested the correlation between 

social desirability scores and the number of recommendations that drivers recalled when the 

interviewer read the list of recommendations. The author expected higher levels of social 

desirability to correlate with higher numbers of recalled recommendations and/or comments of 

safe driving.  
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Table 3-1.  Clinical measures  
Domain Tests Reliability Source 

Cognitive/ 

Executive 
functions 

TICS-m    

UFOV®  

Trail making test part B 

0.83  

0.73 

0.83  

(Welsh et al., 1993) 

(Edwards et al., 2005) 

(Ashendorf et al., 2008) 

Functional OARS-IADLs  

FIM 

0.91-0.98 

0.95 

(Ottenbacher et al., 1994) 

(Ottenbacher, Hsu, Granger, & 
Fiedler, 1996) 

Vision  

 

Stereo Optec® 2500 
including           

F.A.C.T. slides for 
contrast sensitivity 

0.77   

(Hitchcock, Dick, & F., 2004; 
Horberry, Gale, & Taylor, 1997) 

Motor Rapid Pace Walk (RPW) 

ROM and strength 

NA 

NA 

(Wang et al., 2003) 

Physical 

 

Self-report of co-
morbidities, physical 
health, medications 

NA NA 

Driving habits Modified Driving Habits 
Questionnaire (DHQ) 

0.60-0.86  

 

(Owsley et al., 1999) 

Note.  TICS = Telephone Interview for Cognitive Status; UFOV® = Useful Field of View; 
OARS-IADLs = Older Americans Resources and Services- Instrumental Activities of Daily 
Living; FIM = Functional Independence Measure; F.A.C.T. = Functional Acuity Contrast Test; 
ROM = Range of motion. NA = Not applicable.  
 
 
Table 3-2.  Follow-up response prediction 

Baseline participants(n=118) 

GRS                                Total 

Follow-up expected 
response (n=80) 

Percentage    Total 

Follow-up response rates (n = 65) 

Percentage       Total 

Unsafe (0)   4 50%   2 25%   1 

Unsafe remediable (1) 13 50%   7 50%   7 

Safe with 
recommendations (2) 68 70% 48 53% 36 

Safe (3) 33 70% 23 61% 20 
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Table 3-3.  Characteristics of follow-up responders and non-responders 
Variable Total sample 

 
(n = 118) 

Follow-up  
Responders 
(n = 65) 

Non-responders 
 
(n = 53) 

p-value 

Agea 
          M 
        (SD) 

 
74.40 
 (6.3) 

 
75.25c 
 (6.2) 

 
73.35d 
(6.3) 

.10 

Gender 
     Male 
          N  (%) 
     Female 
          N  (%) 

 
 
  59 (50) 
 
  59 (50) 

 
 
 30 (25.4) 
 
 35 (29.7) 

 
 
29 (24.6) 
 
24 (20.3) 

.23 

Raceb  
     White 
           N (%) 
     Non-white 
           N (%) 

 
 
108 (92.3) 
 
    9   (7.7) 
 
    

 
 
 60 (51.3) 
 
   4  (3.4) 
 
   

 
 
48 (41) 
 
  5  (4.3) 

 
 
.38 

Education yearsa 
          M 
        (SD) 

 
16.09 
 (2.9) 

 
16.15 
 (2.6) 

 
16.00e 
 (3.2) 

.77 

Total medications 
          M 
        (SD) 

 
 7.58 
(4.8) 

 
 7.89 
(4.7) 

 
  7.19 
 (4.8) 

.43 

Total  
co-morbiditiesb 
          M 
        (SD) 

 
  
3.92 
(2.6) 

 
  
4.03 
(2.5) 

 
   
3.79d 
 (2.8) 

 
.62 

 
IADLSb 
          M 
        (SD) 

 
13.90 
   (.40) 

 
13.91 
  (.34) 

 
13.88 d 
   (.47) 

 
.75 

 
TICSb 
          M 
        (SD) 

 
35.58 
 (4.5) 

 
36.09 
 (3.8) 

 
34.94d 
 (5.2) 

 
.17 

TICS Immediate  
Recallb 
          M 
        (SD) 

 
 
 4.64 
(1.6) 

 
  
4.78 
(1.4) 

 
   
4.46d 
 (1.9) 

.30 

TICS Delayed  
Recallb 
          M 
        (SD) 

 
  
3.19 
(1.7) 

 
  
3.35 
(1.8) 

 
   
2.98d 
 (1.7) 

.26 

Note. M = Mean; SD = Standard Deviation; FIM Motor = Functional Independence Measure Motor subscale; IADL 
= Instrumental Activities of Daily Living; TICS = Telephone Interview of Cognitive Status; MMSE = Mini-Mental 
Status Exam; Visual Acuity = Snellen denominator for both eyes. GRS = Global Rating Scale; Unsafe-R = Unsafe 
remediable; Safe-R = Safe with recommendations.  
a n = 116. bn = 117. cn = 64. dn = 52. en = 51. fn=106. gn = 115  
*Significance p < .05
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Figure 3-1.  Example recommendation form 1 

 
 
Figure 3-2.  Example recommendation form 2 

Start braking earlier, look for visual cues when stopping (brake lights of cars in front of 
you), look for bottom of tires when stopped, slow down (look for posted speed limits), 
behind the wheel training with driving rehab specialist, do not drive in high traffic 
roadway. Referral to ophthalmologist/optometrist as needed
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Figure 3-3.  Example of recommendations on the comments section of the road test  

 

 
Figure 3-4.  Example of recommendations next to driving performance score  

 
 
 

Come to complete stops always 
Increase following distance while 
driving and at stops 

Kept talking (even after 
several verbal cues);  
tailgates often;  
drives too slow often 
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Table 3-4.  Driving recommendations categories 
Category  Recommendations 

Reduced traveling 
recommendations 

(a) avoid rush hour 

(b) avoid high traffic 

(c) avoid highways 

(d) avoid night driving 

(e) avoid long distance driving 

(f) avoid driving to new locations or unfamiliar places 

(g) avoid unprotected lefts 

(h) plan for driving retirement 

(i) do not drive or retire from driving 

Scanning for road markings 

 

(a) pay more attention to roadway markings 

(b) avoid drifting right 

(c) avoid drifting left 

(d) watch lane maintenance 

(e) stay in your lane when turning (encroaches/too wide) 

Speed recommendations 

 

(a) do not drive too slow 

(b) do not drive too fast 

(c) watch speed related to posted limit 

(d) reduce aggressive acceleration and/brake earlier 

Stop recommendations (a) come to complete stops 

(b) stop behind the white lines/don't stop in intersection 

Distance recommendations 

 

(a) increase following distance 

(b) increase stopping distance 

Signal recommendations 

 

(a) always use turn signals 

(b) don't use turn signals too early 

(c) turn off signal 

Merging recommendations 

 

(a) increase speed when merging or driving on highway 

(b) use merging lane, do not cross solid lines 

Attention 

 

(a) limit noise and conversation in the vehicle; and/or pay 
more attention to driving environment 
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Table 3-4.  Continued 
Hands positioning 

 

(a) change positioning of hands on steering wheel 

(b) move apart or use both hands on driving wheel. 

Education or training 
recommendations 

 

(a) take AARP driving refresher course 

(b) re-read FL Driver's Handbook 

(c) take driving lessons 

(d) take Behind-the-Wheel Training (BTW with or without 
adaptive equipment) 

Referral recommendations (a) referral to physician 

(b) referral to neurologist 

(c) referral to eye care specialist 

(d) referral to physical or occupational therapist 

(e) referral to driver re-evaluation 
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 Figure 3-5.  SOC Driving Recommendations conceptual model. 

Alternative 
transportation/ 
Assistive Devices

Driving Recommendations 

Selection  
Driving  
Recommendations 

Compensation 
Driving  
Recommendations 

Optimization  
Driving  
Recommendations 

Driving avoidance 
recommendations 
Plan driving retirement 
or stop driving 

Visual Scanning 
Scanning road markings 
Speed  
Stops 
Distances 
Signaling 
Merging 
Hands position 
Attention 

Optimization 
Specific 

Behind-the-
wheel training 

Optimization  
Global 

Driving 
Education 
Referrals 
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Table 3-5.  Expected trends based on the categories of driving recommendations 
Aims Hypotheses Analyses 
Identify the most 
common types of 
driving 
recommendations that 
a DRS provides to 
older drivers 

Selection recommendations:  
a. Older adults with global rating 
scores of 0 will have more 
recommendations to stop driving or 
plan for driving retirement than 
drivers with scores of 1, 2, and 3. 
b. Older adults with scores of 1 and 2 
will have more recommendations to 
reduce travel than groups with scores 
of 0 and 3. 
Optimization specific 
recommendations: 
a. Older adults with scores of 1 and 2 
will have more driving behavior 
errors, and will have more specific 
optimization recommendations than 
groups with global rating scores of 0 
and 3. 
Optimization global 
recommendations: 
a. Older adults with global rating 
scores of 1 will have more 
recommendations for education and 
training than all other groups 
b. Older adults with global rating 
scores of 1 will have more referrals 
than older adults with scores of 2 and 
3. 

Frequencies of 
recommendations  

Examine what 
combination of 
cognitive, motor, and 
sensory clinical tests 
help predict the DRS 
decision to determine 
whether an older driver 
is: (1) unsafe, (2) 
unsafe but remediable, 
(3) safe with 
recommendations, or 
(4) safe driver. 

Expected a combination of motor, 
sensory, and cognitive tests to predict 
specific optimization 
recommendations and selection 
recommendations based on the DRS 
road test assessment.   

Discriminant 
function analysis  
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Table 3-5.  Continued 
Longitudinally evaluate 
whether or not older 
drivers remember 
driving 
recommendations made 
by a DRS, with and 
without cueing. 

a. On a 1.5 to 3 year post driving 
assessment follow-up, older adults 
would recall general safety 
recommendations, but give less detail 
on the specific recommendations they 
obtained.  
b. A mismatch of recommendations 
was expected between 
recommendations given at baseline 
and recommendations recalled in the 
follow-up telephone interview.  
 

Frequencies of 
recalled 
recommendations 
with and without 
cues 

Determine if older 
adults’ driving habits, 
measured as driving 
exposure and 
avoidance of 
problematic driving 
situations, change over 
time and are predicted 
by driving performance 
determined as (1) 
unsafe, (2) unsafe but 
remediable, (3) safe 
with recommendations, 
or (4) safe driver.  

Trends in selection of places driven: 
a. Older adults with lower driving 
performance scores will significantly 
differ in the self-selection of places 
driven compared to older drivers with 
higher driving scores.  
b. All drivers will have reduced the 
places driven; times they drive per 
week, and miles driven, and have 
higher levels of driving avoidance. 
 

Univariate 
ANOVAs of 
time*driving 
habit*driving 
performance 
group  
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CHAPTER 4 
RESULTS 

Overview 

This section is divided into five subsections and by aims of the study. The first part 

describes the sample at baseline and follow-up. The next section describes frequencies of 

common recommendations given by the DRS at baseline, considering the classification of 

recommendations by type, as described in the methods chapter. Third is a discriminant function 

analysis to determine what clinical measures at baseline predicted classification of participants’ 

as safe, safe with recommendations, or unsafe drivers. Then, recall of follow-up 

recommendations is described. Finally, older adults’ driving habits at time 2 are predicted as a 

function of global rating scores of driving performance at baseline. 

Sample 

At baseline, 118 older adults were administered clinical assessments and drove through a 

road test. Participants age was 63-89 years old (M=74.40, SD=6.3); 50% of the sample was 

male. At follow-up, mean age of participants was 75.25 (6.2); 25.4% were males and 29.7% 

were females. Participants were mostly white and highly educated. Table 4-1 shows descriptives 

of baseline and follow-up samples. Response rate at follow-up was 55% (n = 65), which were 15 

participants less than expected. 

Cognitive status scores at baseline, measured by the Telephone Interview for Cognitive 

Status modified (TICS-m), ranged from 14-49 (M = 35.58, SD = 4.5). As stated in the methods 

chapter, it was expected that older adults with lower levels of driving performance would be 

older and have lower scores on mental status. A MANOVA using global rating scale scores as 

the independent variable and age and total TICS score as dependent variables showed significant 

differences among groups (F (3, 116) = 4.781, p < .0001, η2 = .114). Follow-up univariate 
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analysis of variance showed a linear trend of increased age and lower global rating scores F (1, 

112) = 18.118, p < .0001, η2 = .46 (polynomial trend was not significant); Bonferroni post hoc 

analysis showed that significant differences originated between safe drivers (GRS of 3) and each 

of the other groups (GRS of 0, p = .001; GRS of 1, p < .0001; GRS of 2, p = .003). Safe drivers 

had the highest scores in TICS-m total score but the results of the univariate test were not 

significant (p =.08). Figure 4-1 shows the age by global rating groups.  

From this point on, the groups of drivers are referred to as driving performance groups of 

Safe (for drivers with GRS 3); Safe-R (for drivers with GRS 2); Unsafe-R (for drivers with GRS 

of 1); and Unsafe (drivers with GRS of 0). 

Aim 1: Driving Recommendations 

To identify the most common types of driving recommendations that a DRS provided to 

older drivers, baseline recommendations were classified using the SOC driving 

recommendations conceptual model explained in the methods section (Figure 3-5). As a 

reminder, selection recommendations included recommendations to reduce traveling such as 

avoid driving at night, in long distances, or at rush hour. Specific Optimization recommendations 

included recommendations to change driving behaviors such as increase following distance, 

come to complete stops, or scan the environment more often. Global Optimization 

recommendations included recommendations to take an education refresher course or referrals to 

health care professionals, and compensation recommendations included behind-the-wheel 

training with the rehabilitation specialist or taking driving lessons. 

Frequencies of driving recommendations are divided based on the Selection, Optimization 

(specific and global), and Compensation (SOC) types explained in the methods chapter. From 

this point on, the groups of drivers are referred to as driving performance groups of Safe (for 

drivers with GRS 3); Safe-R (for drivers with GRS 2); Unsafe-R (for drivers with GRS of 1); and 
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Unsafe (drivers with GRS of 0).The next section describes the percentages of drivers who had 

recommendations in the total sample and for each driving group, for each SOC type. At the end 

of this section, tables with frequencies for all subcategories of recommendations and by SOC 

type are also provided (Tables 4-3 to 4-5). 

Overall, 78.8% of the sample (n=93) received recommendations; 22% of drivers (n=26) 

had selection driving recommendations, 78% (n=92) had specific optimization recommendations, 

22.9% (n=27) had global optimization recommendations, and 11.9% (n=14) had compensation 

recommendations; Figure 4-2 shows the percentage of drivers who had driving recommendations 

for each driving performance group and dived by SOC types. The majority of drivers were given 

recommendations to improve their driving behaviors (specific optimization recommendations). 

Table 4-2 provides means and ranges of recommendations by SOC categories. Overall, drivers 

had a mean of 2 driving behavior recommendations, an average of 3 total recommendations, and 

less than 1 selection, driving performance, and compensation recommendations. 

Recommendations Suggesting Selection  

Frequencies analyses of selection driving recommendations showed that none of the safe 

drivers received selection recommendations, 21% (n = 14) of safe-R drivers, 77% (n = 10) of 

unsafe-R drivers, and 50% (n = 2) of unsafe drivers received recommendations suggesting 

selection. Figure 4-3 shows the percentage of drivers within each driving category who had 

recommendations suggesting selection. As was expected, unsafe-R and safe-R drivers had more 

recommendations to reduce travel than unsafe and safe drivers. Unsafe drivers only received 

selection recommendations to stop driving and safe drivers did not receive selection driving 

recommendations. Contrary to the expected trends, unsafe drivers did not receive 

recommendations to plan for driving retirement; and four safe-R drivers (6%), who had between 

9 to 12 recommendations, were advised to plan for driving retirement. 
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Selection recommendations for unsafe-r and safe-r drivers: Excepting the 

recommendation to retire from driving, the relative frequency of recommendations was about 4 

to 5 times higher for the unsafe-R group than the safe-R group of drivers (Figure 4-3). In order of 

prevalence, the unsafe-R drivers had recommendations to avoid high traffic (69%), avoid 

highways (54%), avoid driving in unfamiliar places (39%), avoid night driving (31%), avoid rush 

hour (23%), avoid long distances or plan for driving retirement (15%). Avoiding unprotected left 

turns (8%) was only recommended for unsafe-R drivers. For safe-R drivers, the most common 

recommendations were to avoid highways (9%), avoid rush hour or plan for driving retirement 

(6%); the rest of recommendations were given to less than five percent of drivers and included 

avoiding night driving or driving in unfamiliar places (4%), and avoiding high traffic (2%). 

Recommendations Suggesting Specific Optimization 

All the groups received driving behavior recommendations. Specifically, 75% (n = 3) of 

unsafe drivers, 100% (n = 13) of unsafe-R drivers, 90% (n = 61) of safe-R drivers, and 46% (n 

=15) of safe drivers had recommendations suggesting specific optimization. The most common 

recommendations were related to stops, speed, lane maintenance, and signaling. As was 

expected, older adults in the unsafe-R and safe-R groups had the highest number of driving 

behavior recommendations. The unsafe group did not have any lane maintenance, stops, 

distance, merging, or hand positioning recommendations; safe drivers did not have speed, 

attention or hands positioning recommendations. Figure 4-4 shows the percent of drivers within 

each driving performance group who had specific optimization recommendations. 

Specific optimization for unsafe and unsafe-r drivers: Most unsafe drivers (75%) had 

recommendations in the speed category that referred to better controlling the vehicle and the 

speed (e.g., avoid braking, accelerating abruptly or inconsistently); half of the unsafe drivers also 

had recommendations to increase visual scanning and pay more attention to the driving 
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environment. Among unsafe-R drivers, 70% had lane maintenance recommendations that 

included avoid drifting left, watching lane maintenance, or staying in the lane when turning 

(avoiding making turns too wide or encroaching). After lane maintenance recommendations, 

unsafe-R drivers’ most common recommendations were speed recommendations (for 62% of 

drivers) of not driving too slowly, watching the speed limit, or controlling the vehicle and the 

speed. More than half of unsafe-R drivers (54%) had recommendations to increase following or 

stopping distances; Thirty-nine percent (39%) of unsafe-R drivers also had recommendations to 

complete stops, stop behind the white lines, always use the turn signal, and pay more attention to 

driving. Other recommendations for unsafe-R drivers were scanning recommendations for 31% 

of drivers in this group, 15% had recommendations to modify the hand positioning or use both 

hands while driving, and 7.7% had merging recommendations. 

Specific optimization recommendations for safe-r and safe drivers: Specific 

optimization recommendations for safe-R drivers were mostly stop recommendations (53%), 

predominantly to come to complete stops (n = 33). Stop recommendations were followed by 

speed recommendations (32%), specifically to avoid driving slow (n = 16); 31% of safe-R 

drivers had lane maintenance recommendations; mainly avoid drifting left and watching lane 

maintenance. Signaling recommendations were given to 28% of safe-R drivers, 15% had 

merging or distance recommendations, 10% had scanning recommendations, and 7% had 

attention or hand positioning recommendations. The most frequent recommendation for safe 

drivers was to always use the turn signal (27% of safe drivers). Next were recommendations to 

come to complete stops (12%), scanning recommendations and distance recommendations (9%), 

lane maintenance (6%), and merging (3%). 
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Recommendations Suggesting Global Optimization  

As expected, within driving performance categories, more unsafe-R drivers (77%, n =10) 

than safe-R drivers (22%, n = 15) had recommendations suggesting global optimization of 

driving. Only one unsafe and one safe driver had referral recommendations; and only one safe 

driver had recommendations to take the AARP course and re-read the Florida (FL) Driver’s 

Handbook. The unsafe driver was referred to the physician and neurologist, and the safe driver 

was advised to maintain the follow-up visits to the physician. Figure 4-5 shows the percent of 

drivers within each driving performance group who had global optimization recommendations. 

Global optimization for unsafe-r and safe-r drivers: Among the unsafe-R group, 

recommendations to take the AARP driving refresher course were the most common (46% of 

drivers), followed by a referral to be re-tested for driving performance (6-12 months after the 

assessment) (31%), and re-reading the FL Driver’s Handbook or referrals to a neurologist (23%). 

Besides referrals to the neurologist, unsafe-R drivers were referred to other health care 

practitioners including referrals to an eye care specialist (15%), and referrals to a physician, to 

physical or occupational therapy, and other referrals such as follow-up appointments with a 

physician or seeing an audiologist (8%). The safe-R drivers’ most common recommendations 

were referrals to see an eye care specialist (12%) and referrals to take the AARP course or other 

referrals (7%), and driving-reevaluations (6%); and less than 5% had recommendations to re-

read the FL driver’s handbook or see a neurologist (3%), referrals to a physician or rehabilitation 

specialists (1.5%). Education suggestions such as taking the AARP course or re-reading the Fl 

Driver’s Handbook were never suggested for unsafe drivers and rarely suggested for safe-R and 

safe drivers (less than 8% of drivers in these categories).  
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Compensation Driving Recommendations 

Unsafe and safe drivers did not receive compensation recommendations. Seventy-seven 

percent of unsafe-R drivers and only 6% of safe-R drivers had compensation recommendations. 

Figure 4-6 show the percent of drivers within each driving performance group who had 

compensation recommendations. As expected, drivers with lower level of performance (unsafe-

R) were more frequently recommended to take BTW training (69%) or driving lessons (23%); 

only one unsafe-R driver was advised to take BTW with assistive devices because the participant 

had hemiparesis caused by a stroke. Among safe-R drivers, 4% had BTW recommendations and 

1.5% had recommendations to take driving lessons. Tables 4-3-and 4-4 below provide the 

detailed frequencies for selection, specific optimization, global optimization, and compensation 

recommendations. 

Aim 2: Prediction of Driving Performance 

The second aim was to examine what combination of cognitive, motor, and sensory 

clinical tests might undergird the DRS decision to determine whether an older driver is: (1) 

unsafe or unsafe-R (unsafe remediable); Unsafe and unsafe-R drivers were combined in one 

group, since sample sizes were small (n = 4 in unsafe group and n = 13 in unsafe-R group, (2) 

safe-R (safe with recommendations), or (3) safe. A discriminant function was used to determine 

what clinical measures predicted participants’ classification under the three categories of unsafe 

driving performance (n = 17), safe with recommendations (n = 68), and safe (n = 33). Table 4-6 

lists the domains, tests, scores, and source of clinical measures used for the discriminant function 

analysis. 

Exploring the Discriminant Function Variables 

Inspection of normality distribution of the variables to use in the discriminant function 

showed significant deviations from normality for all groups in total peripheral vision and total 
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ROM (p<.0001); the unsafe group also deviated from normality in contrast sensitivity, total 

number of medications, and rapid pace walk. The distributions for the safe-R group were group, 

scores deviated from normality for the trails B, visual acuity, other vision, co-morbidities, and 

strength. Total TICS, contrast sensitivity, peripheral vision, other vision, ROM, and strength 

variables were negatively skewed. Table 4-7 lists the variables, values of skewness, kurtosis, and 

Levene’s test of homogeneity of variances.  

Levene’s test for homogeneity of variance showed significant differences among groups 

for trails B (F (2, 96) = 7.071, p = .001), rapid pace walk (F (2, 96) = 3.323, p = .04), and ROM 

(F (2, 96) =4.830, p = .01). Discriminant function analysis is often thought to be fairly robust to 

violations of normality and homogeneity of variance (Meyers, Gamst, & Guarino, 2006). Since 

this analysis was exploratory, the discriminant function was conducted for inferential purposes 

regarding driving performance groups’ separation. The implications of this violation are 

considered in the limitations section of the discussion chapter. 

Table 4-8 shows the means and standard deviations of available variables by driving 

performance group. The cognitive domain variables show lower levels of performance for the 

unsafe group in all variables. Specifically, the unsafe group took longer to complete the Trails B 

(F (2, 96) = 6.9, p = .002, η2 = .12) and UFOV tests (F (2, 96) = 12.532, p = .000, η2  = .20). For 

the vision variables, all groups differed in contrast sensitivity scores (F (2, 96) = 20.714, p = 

.000, η2 = .30). Contrast sensitivity was the only clinical tests that showed differences between 

the safe and safe-R groups. Differences in physical and motor variables among groups were 

mainly reflected in rapid pace walk scores where the unsafe group took two seconds more than 

the other groups (F (2, 96) = 12.760, p = .000, η2 = .21).  
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Discriminant Function 

The discriminant function analysis yielded only one significant discriminant function Λ = 

.564, X2 (4, 99) = 43.410, p< .0001. A second trivial function was extracted, but it was not 

significant and produced no interpretable group separations. The significant function had a 

canonical correlation of .595 that explained 35.4% of the variance in the dependent variables 

(driving performance groups). Not all covariates entered in the discriminant function analysis 

met the homogeneity of variance assumption (Box M = 24.342, p = .001) as expected, based on 

significant Levene’s tests explained in the section above.   

The discriminant function, using a stepwise method, retained only the variables of contrast 

sensitivity and rapid pace walk as unique predictors of group membership. Standardized 

coefficients, that represent the independent contribution of each variable, were .756 for total 

contrast sensitivity score and -.485 for rapid pace walk. Thus, the strongest predictor of the 

function was contrast sensitivity; higher scores on contrast sensitivity and lower scores in rapid 

pace walk differentiated safe and safe-R drivers from unsafe drivers. Figure 4-7 is a visual 

representation of groups classification; it shows the centroids or mean variate scores for each 

group. 

Co-variates that had strong associations with the second function were only rapid pace 

walk (.729) and total contrast sensitivity (.468). Although the second function was not 

significant, it showed that the same visual and motor variables as in function 1 are unique 

predictors of differences in performance among safe drivers. 

Table 4-9 shows the correlation coefficients of all variables initially offered to the stepwise 

function as predictors of group membership. Although most variables did not emerge as unique 

predictors, the association between these covariates and the discriminant function are useful for 

interpreting the discriminant function. Correlations of .30 are important to determine group 
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differences (Meyers et al., 2006). In function 1, safe and safe-R drivers were differentiated from 

unsafe drivers by higher scores in contrast sensitivity, less time to complete the rapid pace walk, 

higher scores in other visual functions, less time to complete the trails B, less time to complete 

the UFOV, lower scores of visual acuity, higher scores on range of motion, higher scores on 

peripheral vision, taking less medications, having less co-morbidities, and higher cores on 

cognitive function.  The strong association of these co-variates with groups’ classification 

indicates that although cognitive tests were not unique predictors of group classification in this 

sample, measures of visual attention and executive function were strongly associated with 

driving performance. Visual predictors were highly predictive of groups’ separation as all 

measures of visual function, excluding peripheral vision, had association of .30 or higher. Range 

of motion had an association of .28 with the discriminant function, which was close to the .30 

and suggests a fair contribution to groups’ separation. The rest of co-variates ranged in 

associations from .24 to .10, and were in order of contribution to the function, peripheral vision, 

cognitive status (TICS), total number of co-morbidities, total strength, and number of 

medications.  

The discriminant function correctly classified 51% of unsafe, safe-R, and safe drivers (n = 

114). Cross-validation was used to verify the classification analysis and this resulted in 49% of 

drivers correctly classified by the discriminant function Table 4-10 shows the classification 

results of the discriminant function. To rule out the possibility that demographic variables were 

strong predictors of group classification beyond the contribution of the performance based tests 

used in the previous discriminant function, a second discriminant function adding demographic 

variables is described below.  
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Exploring Discriminant Functions with Clinical and Demographic Variables  

The discriminant function analysis yielded only one significant discriminant function Λ = 

.510, X2 (2, 108) = 71.402, p< .0001. The second function was not significant. The discriminant 

function included five predictors: (1) total contrast sensitivity score, (2) rapid pace walk score, 

(3) age, (4) gender, and (5) education. This function had a canonical correlation of .675 that 

explained 45.5% of the variance. Compared with the previous discriminant function, adding 

demographic variables to the analysis helped explained 10% more of the variance in driving 

performance. As in the first discriminant function, not all covariate s met the assumption of 

homogeneity of variance and this resulted in a significant Box M test (73.964, p = < .0001). 

The standardized coefficients, that represent the independent contribution of each variable, were 

.641 for total years of education, -.576 for contrast sensitivity, .569 for rapid pace walk, .279 for 

age, and .175 for gender. This suggests that non-performance measures helped explained the 

group’s separation in this sample of drivers. The strongest associations between the co-variates 

and the function continued to be rapid pace walk (.636) and contrast sensitivity (-.619), followed 

by age (.488), education (.217), and gender (.03). Following the association cut-off score of .30, 

only age seemed to add predictive value in the groups ‘differences. Higher scores on rapid pace 

walk and age were associated with lower levels of driving performance, and higher scores on 

contrast sensitivity were associated with safe driving. The same finding was reported in the 

ANOVA results in aim1suggesting age differences in the driving performance groups. When 

adding demographic variables, the model correctly classified 58.6% of the sample. Cross-

validation to verify the classification showed that 54.1% of the sample was correctly classified. 

This classification was slightly higher than the first function with 49%. In this sample, clinical 
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performance and demographic variables were not strong predictors of the participants driving 

performance scores.  

Aim 3: Recall of Driving Recommendations 

Aim 3, to longitudinally evaluate whether or not older drivers remembered driving 

recommendations made by a DRS, was based on analysis of frequencies of recalled 

recommendations for the follow-up sample of 65 participants. In the follow-up interview, one 

participant who had Alzheimer’s disease was unable to complete all the questions and therefore, 

recall of recommendations is based on a sample of 64 drivers. Seven of the 65 drivers were not 

driving at follow-up, including the person with Alzheimer’s disease (who had a driving score of 

2 at baseline), 1 safe driver who had a score of 3 at baseline, 4 drivers who had scores of 1 at 

baseline, and 1 driver who had a score of 0. For this drivers (except the person with dementia), 

the follow-up telephone interview was administered excluding the questions about driving habits. 

As stated in the methods chapter, participants were first asked uncued whether they 

recalled any driving recommendations provided by the DRS at the driving evaluation at 

Independence Drive. In a second cued step, the investigator read the list of driving 

recommendations and let the participant say whether those recommendations (cued) were given 

to them. Responses were divided into cued and uncued recall, and by recommendations correctly 

or falsely recalled; six possible outcomes of recommendations recall were recorded: 

1. Recommendation not given at baseline and not reported at follow-up (no 
recommendations) 

2. Recommendation given at baseline and reported at follow-up without cues (uncued 
recall) 

3. Recommendation at baseline and reported with cues (cued recall) 
4. Recommendation not given at baseline yet stated at follow-up (false uncued recall) 
5. Recommendation not given at baseline yet stated following cues (false cued recall) 
6. Recommendation given at baseline and not reported after cues (no cued recall) 
 



 

 131

Frequencies of driving recommendations recalled at follow-up are divided based on 

Selection, Optimization (specific and global), and Compensation (SOC) as in aim 1; and also 

divided by correct (cued and uncued) and false recall (cued and uncued), as listed above. At the 

end of this section, tables with frequencies for all subcategories of recommendations and by SOC 

type are also provided (Tables 4-14 to 4-24). 

Overview of Recalled Recommendations 

Total number of recommendations given to the follow-up sample was 221; from this total 

number of recommendations, 56 were correctly recalled and 17 were incorrectly recalled. Table 

4-11 provides total number of recommendations given, number of recommendations correctly 

and incorrectly recalled for each type of recommendation category and table 4-12 provides the 

means of recalled recommendations for each driving performance group. On average, 64 drivers 

at follow-up correctly recalled .87 (SD = .96) recommendations and incorrectly recalled .26 (SD 

= .51) recommendations. Differences in total recommendations were not significant for 

incorrectly recalled recommendations (p = .860); and there was a significant difference in 

correctly recalled recommendations (F (3, 60) = 4.786, p = 0.005).  

The most common recommendations given to drivers were related to stops, lane 

maintenance, speed, and signaling. Table 4-13 shows the number of recommendations given to 

drivers at follow-up, and the number of recommendations correctly and incorrectly recalled. In 

general, drivers recalled more recommendations related to driving behaviors than 

recommendations suggesting driving selection. None of the global optimization and 

compensation recommendations were recalled.   

For purposes of testing the differences in recall of recommendations among drivers, 

ANOVAS were conducted for cued and uncued recall of recommendations suggesting selection, 

specific optimization, global optimization, and compensation. For this analysis, unsafe and 
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unsafe-R drivers were grouped in one category since ANOVAs could not be conducted with a 

sample of just one driver in the unsafe group. To determine if social desirability was related to 

false recall of recommendations, correlations between total social desirability scores and false 

recall of recommendations were tested. The mean score of social desirability was 23.53 (SD = 

4.8) and the scores were not significantly correlated with false cued and uncued recall (Appendix 

N provides a correlational table). 

False Recall of Recommendations Suggesting Selection 

Falsely recalled recommendations were the instances when (a) a recommendation not 

given at baseline was stated at follow-up, and is here labeled as uncued false recall, or (b) a 

recommendation not given at baseline was stated at follow-up after the participant heard the cues 

(the recommendations read in the telephone interview) and is here labeled as cued false recall. 

Uncued false recall:  Unsafe and unsafe-R drivers did not falsely recall any selection 

recommendations without cues. One safe-R and one safe driver reported a recommendation to 

avoid driving at night. Uncued recall of selection recommendations was not significant among 

groups (p = .785). 

Cued false recall:  False cued recall of selection recommendations was more prevalent for 

unsafe-R drivers, although differences in cued recall among groups were not significant (p = 

.295). The unsafe driver did not falsely recall any selection recommendations after cues. One 

unsafe-R driver (out of 2), falsely recalled selection recommendations to avoid rush hour, avoid 

night driving, and avoid left turns. Among safe-R drivers, 11% (n =4) reported the DRS gave a 

recommendation to avoid night driving, and 8.3% (n =3) falsely recalled recommendations to 

avoid rush hour, high traffic, and highways, after being cued. One safe driver had a false cued 

recall of avoiding rush hour. Figure 4-9 shows the percentage of drivers in each driving 

performance group that falsely recalled selection recommendations before and after cues. 
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False Recall of Recommendations Suggesting Specific Optimization 

Uncued false recall:  No significant differences among groups were found for false 

uncued recall of recommendations suggesting specific optimization (p = .789). One unsafe-R 

driver falsely recalled a recommendation to stop behind the white lines; and two safe drivers 

falsely recalled a recommendation to make complete stops. One safe driver also incorrectly 

recalled recommendations to watch lane maintenance, not drive too fast, and increase the 

stopping distance with the car in front. Among safe-R drivers, 2 falsely reported 

recommendations related to lane maintenance, and one driver falsely recalled recommendations 

of scanning, using the turn signal, increasing stopping distance, and not driving too slow. 

Cued false recall:  The unsafe driver falsely recalled driving recommendations suggesting 

specific optimization for all driving behaviors except attention and hands positioning. Unsafe-R 

drivers incorrectly reported recommendations to merge (n = 3), scan the environment (n = 2), 

coming to complete stops, increase stopping distance, and watching the speed (n = 1). Safe-R 

drivers incorrectly recalled recommendations for all driving behaviors except signaling. 

Specifically, safe-R drivers incorrectly recalled scanning recommendations (n = 7), followed by 

merging and distance recommendations (n = 6); five safe-R drivers recalled stops 

recommendations of not leaving too much space with the car in front or stopping behind the 

white lines, 3 drivers recalled hands positioning recommendations and two recalled attention and 

speed recommendations. Safe drivers also falsely recalled recommendations for all behaviors 

after cued, except attention recommendations. Most of the safe drivers’ false recall was for 

recommendations to complete stops, signaling, lane maintenance, followed by increase speed 

when merging, increase stopping distance and scanning (n = 2); and hands positioning and speed 

(n = 1). No significant differences in false cued recall were found (p = .332). Figure 4-10 shows 
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the percentage of drivers in each driving performance group that falsely recalled specific 

optimization recommendations before and after cues. 

False Recall of Recommendations Suggesting Global Optimization and Compensation 

Uncued false recall:  None of the drivers in any of the performance groups had false 

recalls of global optimization or compensation recommendations. 

Cued false recall:  Only one safe-R driver reported a recommendation to take the AARP 

course after being cued. All other drivers did not falsely recall any recommendations suggesting 

global optimization such as referrals to health care specialists or driving education; and there 

were no compensation recommendations falsely recalled.  

No Cued Recall of Recommendations Suggesting Selection 

No cued recall recommendations constituted the cases when drivers were given 

recommendations at baseline but did not recall them at follow-up even after the list of 

recommendations was read and the drivers were asked, one by one, whether the 

recommendations were provided to them. This section reviews the recommendations that were 

not recalled and the recalled recommendations are addressed in the next section. Figure 4-11 

shows the percentage of drivers in each driving performance group that did not recall given 

selection recommendations after getting cues. Table 4-15 shows the number of drivers in each 

group that had recommendations suggesting selection. 

Results showed significant differences among groups (F (1, 63) = 6.557, p = 0.01). Upon 

Bonferroni post-hoc test differences were between unsafe and safe-R (p<.0001), and unsafe and 

safe groups (p<.0001). Two unsafe-R drivers had recommendations to avoid rush hour, night, 

and long distances and did not recall them. Two of five unsafe-R drivers forgot the 

recommendation to avoid highways, 2 of 3 forgot the recommendation to avoid high traffic; and 

one unsafe-R driver forgot a recommendation to avoid driving long distances and plan for 
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driving retirement. Two of three safe-R drivers did not recall recommendations to avoid 

highways and avoid high traffic; 50% (1 of 2) did not recall avoiding rush hour. Safe drivers did 

not have selection recommendations. 

No Cued Recall of Recommendations Suggesting Specific Optimization 

 Significant differences were also found for drivers’ no cued recall of specific 

optimization recommendations (F (1, 63) = 6.557, p = .01). Bonferroni post-hoc tests showed 

significant differences between safe and unsafe (p<.0001), and safe-R and unsafe groups 

(p<.0001). Figure 4-12 shows the percentage of drivers within each category that did not recall 

specific optimization recommendations after cues. Table 4-16 shows the number of drivers who 

had specific optimization recommendations. 

Unsafe drivers: The unsafe driver did not recall a recommendation of vehicle control, 

although this driver followed the main recommendation and stopped driving after the 

assessment. Seventy five percent (75 %) of unsafe-R drivers did not recall signaling 

recommendations and speed related recommendations; 66% (2 of 3) did not recall scanning 

recommendations; sixty percent (60%) forgot lane maintenance recommendations such as 

avoiding drifting left, watching their lane maintenance, or staying in their lane when turning; 

50% forgot recommendations to increase the following distance and recommendations to pay 

more attention. None of three unsafe-R drivers recalled recommendations to make complete 

stops and one did not recall the recommendation to change the hand positioning on the steering 

wheel.  

Safe drivers:  The safe-R drivers forgot recommendations to use the turn signal (54%), 

watch the speed (46%), change the positioning of the hands (40%), make complete stops and 

watch the lane maintenance (36%), pay more attention or scan the environment more often 

(33%), and increase speed when merging on a highways (25%). Among safe drivers, 83% did 
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not recall the recommendation to signal, 50% (1 of 2) drivers forgot a recommendation to scan 

more the environment, and one driver did not recall the lane maintenance and stops 

recommendations.  

No Cued Recall of Recommendations Suggesting Global Optimization 

 No cued recall differed between safe and unsafe (p =.004) and safe-R and unsafe groups 

(p =.0001), (F (1, 63) = 4.693, p = .034). Figure 4-13 shows the percentage of drivers within each 

category that did not recall global optimization recommendations after cues. Table 4-17 has the 

number of drivers that were given global optimization recommendations. In this category, all the 

unsafe-R drivers that were given recommendations to see the neurologist (n = 3), be re-evaluated 

(n = 2), see an eye care specialist (n = 1), see a physician (n = 1), and see a physical or 

occupational therapist (n = 1) did not recall these recommendations; and 3 of 4 drivers forgot the 

recommendation to take the AARP course. 

All safe-R drivers (n = 5) who had referrals to see an eye care specialist did not recall this 

recommendation; one safe-R driver did not recall referral to re-evaluation and 

physical/occupational therapy. And 1 of 2 drivers did not recall other referrals. One safe driver 

did not recall any of the global recommendations.  

No Cued Recall of Recommendations Suggesting Compensation 

None of the safe-R drivers (n = 3) and 75% of unsafe-R drivers (3 of 4) did not recall the 

recommendation to take BTW training. One unsafe-R driver did not recall the recommendations 

to take driving lessons and BTW with assistive devices. Unsafe and safe drivers did not have 

compensation recommendations. Bonferroni post-hoc showed differences in recall were 

significant between unsafe and safe-R, and unsafe and safe drivers (p<.0001), (F (1, 63) = 6.760, 

p =.01, quadratic trend). Figure 4-14 shows the percentage of drivers within each category that 



 

 137

did not recall compensation recommendations after cues. Table 4-17 shows the number of 

drivers who had compensation recommendations. 

Recall of Recommendations Suggesting Selection 

Recalled recommendations are divided into two categories: (1) recommendations given at 

baseline and reported at follow-up without cues, which are here labeled as uncued recall, and (2) 

recommendations given at baseline and recalled after cues, referred to as cued recall. Figure 4- 

15 shows the uncued and cued recall selection recommendations. 

Uncued recall:  Significant differences in uncued recall among groups were observed 

between the unsafe and safe groups (F (2,63) = 3.250, p = .046, Bonferroni post hoc p = .04). 

The unsafe driver recalled the only selection recommendation to stop driving. One of three 

unsafe-R drivers recalled the commendation to avoid high traffic without being cued. One of 3 

safe-R driver recalled recommendations to avoid high traffic and highways.  Safe drivers did not 

have any selection recommendations at baseline. 

Cued recall:  After cued, 3 of 5 unsafe-R drivers recalled the recommendation to avoid 

highways, 1 of 3 recalled the recommendation to avoid high traffic, 1 of 2 recalled the 

recommendation to avoid night driving, and one driver recalled the recommendation to avoid 

driving in unfamiliar places. Among safe-R drivers, 1 of 2 safe-R drivers recalled a 

recommendation to avoid high traffic (after cues); 1 of 2 recalled a recommendation to avoid 

rush hour; 2 of 2 recalled a recommendation to plan for driving retirement, and one recalled the 

recommendation to avoid night driving. Differences in cued recall were significant for the safe 

and unsafe group (p = .002) and the unsafe and safe-R group (p =.01), F (2, 63) = 6.375, p = 

.003. 
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Recall of Recommendations Suggesting Specific Optimization 

Uncued recall: Significant differences were observed between the safe and safe-R groups (p 

= .002), F (2, 63) = 6.345, p = .003. Figure 4-16 shows the uncued and cued recall specific 

optimization recommendations. Without cues, 2 of 5 unsafe-R drivers recalled lane maintenance 

recommendations, and 50% recalled speed recommendations. Half of the unsafe-R drivers with 

distance recommendations (n = 1) and signaling recommendations (n = 2) recalled these without 

cues.  

More than 50% of safe-R drivers recalled recommendations of distance (75%), attention 

(66%), stops (60%), and lane maintenance (54%) without cues. This was followed by uncued 

recall of hand positioning (40%), signaling (36%), merging (25%), and speed (23%) 

recommendations. One safe driver recalled the recommendations to scan more, watch the lane 

maintenance, and signal without cues; and 2 of 3 safe drivers recalled distance recommendations. 

Cued recall: Significant differences between safe and safe-R groups, F (2. 63) = 3.730, p = 

.003. After cues, the unsafe driver recalled the scanning and attention recommendations. Two of 

five unsafe-R drivers recalled lane maintenance recommendations after cues; and 2 of 3 recalled 

attention recommendations after cues. One unsafe-R driver needed cues to recall scanning 

recommendations. Among safe-R drivers, cues helped 66% recall distance recommendations, 

62% recalled merging recommendations, 45% recalled lane maintenance recommendations, and 

32% of drivers recall stop recommendations; 20% recalled recommendations to change the hand 

positioning and 10% recalled signaling recommendations with cues. With cues, one safe driver 

recalled recommendations related to distance and lane maintenance.  

Recall of Recommendations Suggesting Global Optimization 

Uncued recall: None of the participants recalled global optimization recommendations 

without cues.  
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Cued recall: After cues, one of three safe-R driver recalled the recommendations to take 

the AARP course. One safe-R driver recalled the recommendation to read the FL drivers 

handbook, and a referral recommendation. One of four unsafe-R drivers recalled the AARP 

course recommendation after cues, and one driver recalled the recommendation to read the FL 

driver’s handbook.  

Recall of Recommendations Suggesting Compensation 

Uncued recall:  None of the participants’ recall fell in this category.  

Cued recall: Cued recall showed significant differences between unsafe and safe-R drivers 

(p = .002), and safe and unsafe drivers (p = .004), F (2, 63) = 3.813, p = .028. With cues, only 

one of four unsafe-R drivers who had recommendations to take BTW training recalled this 

recommendation.  

AIM 4: Driving Habits Changes 

The last aim was to determine if older adults’ driving habits, measured as driving exposure 

and avoidance of problematic driving situations, change over time and are predicted by driving 

performance determined as (1) unsafe, (2) unsafe but remediable (unsafe-R), (3) safe with 

recommendations (safe-R), or (4) safe driver. Driving habits data were available for 116 

participants at baseline and for 58 participants at follow-up. At follow-up, 7 older adults were not 

driving, so data on driving habits were not collected; of these 7 participants, 1 scored 0 at 

baseline and stopped driving after the DRS recommendation to stop; 4 scored 1 at baseline, 1 

scored 2, and 1 scored 3 at baseline.  

Six repeated measures ANOVAS were conducted to evaluate whether global rating scores 

(GRS) at baseline predicted changes in driving habits over time. Table 4-25 provides the means 

and standard deviations of the driving exposure and driving avoidance variables for the total 

sample at baseline, the follow-up sample at baseline and follow-up, and p-values of ANOVA 
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main effects of time and time by GRS. Significant main effects of time were found for days 

driven per week (F(1, 55) = 8.425, p = .005, η2 = .133) and number of places driven per week 

(F(1, 54) = 4.746, p = .034, η2 = .081). The time by group interactions were not significant for 

any of the driving exposure and avoidance variables.  

Driving Exposure  

At follow-up, all drivers reduced the number of days they drove by approximately one day. 

Unsafe-R drivers were driving an average of 6 days per week and reduced driving to 5 days per 

week; safe-R and safe drivers reduced driving from 5 to 4 days. Although this sample was 

driving fewer days at follow-up, they were making more trips, going to more places, and driving 

more miles on a weekly basis at follow-up. On average, unsafe-R drivers were making 2 more 

trips at follow-up (M = 6 at baseline vs. M = 8 at follow-up), safe-R drivers made 1 more trip at 

follow-up (M = 6 and M = 7 at follow-up); and safe drivers maintained an average of 8 trips at 

follow-up. Table 4-26 provides descriptive statistics of driving exposure and avoidance variables 

by driving performance group. Figures 4-17 to 4-22 are visual representations of changes in 

driving exposure by time and group. All drivers were driving more miles at follow-up. Even 

though these differences were not significant, unsafe-R and safe drivers were driving 

approximately 37 and 32 miles more per week at follow-up, respectively; and safe-R drivers 

drove approximately 11 miles more per week. Drivers in each group were going to 1 more place 

at follow-up; the unsafe-R group drove to 3 places, the safe-R group drove o 4 places, and the 

safe group drove to 5 places. Overall, the places that older adults went more frequently included 

going to the store and running errands, work or volunteer, out to eat, and church. Table 4-27 

shows frequencies and percentages of places driven at baseline and follow-up.   
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Driving Avoidance 

On average, drivers were avoiding the same number of conditions at baseline and follow-

up. Specifically, unsafe-R drivers avoided an average of 2.33 conditions at follow-up, safe-R 

drivers avoided a mean of 1.81, and safe drivers avoided 1.26 conditions. However, frequencies 

of drivers who avoided conditions showed that among the follow-up sample, higher percentages 

of drivers were avoiding rush hour, high traffic, left turns across oncoming traffic, and driving in 

the rain. Frequency of drivers who avoid driving alone did not change from baseline to follow-

up, and fewer drivers were avoiding merging on a highway. Table 4-28 shows frequencies of 

avoidance of driving conditions for the follow-up sample at baseline and follow up. 
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Table 4-1.  Sample descriptives 
Variable Baseline Follow-upc p-value 

Agea 

   M (SD) 

 

 74.40 (6.3)  

 

75.25  (6.2)c 

 

.10 

Gender   N (%) 

     Male 

     Female 

 

 59    (50)  

 59    (50)  

 

30     (46)  

35     (54) 

.23 

 

Raceb       N (%) 

     White 

     Non-White 

 

 

108  (91.5)  

    9  

 

 

61     (51.7) 

 4         (.0) 

 

.38 

Educationa   M (SD)  

  

16.0 (2.9) 16.15 (2.6) .77 

a n = 116. bn = 117. cn = 65. 

  

Figure 4-1.  Global rating score and age at baseline 
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Figure 4-2.  Total percent of drivers with recommendations 

Table 4-2.  Mean number of recommendations for older drivers 
Recommendations Mean (Range) 

Selection    .55  (0-5) 

Optimization Specific  
Optimization Global  

2.20  (0-8)   

  .47  (0-5) 

Compensation    .14  (0-2) 

TOTAL 3.37  (0-13)  
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Figure 4-3.  Percent of drivers in driving performance groups with selection recommendations 
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Figure 4-4.  Percent of drivers in driving performance groups with specific optimization 
recommendations 
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Figure 4-5.  Percent of drivers in driving performance groups with global optimization 

recommendations 
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Figure 4-6.  Percent of drivers in driving performance groups with compensation 

recommendations 
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Table 4-3.  Selection Driving Recommendations 

aPercentages and frequencies are based on the total sample (n = 118). b Percentages are for number of drivers within each category. 

 

Selection 
Driving Recommendations 

Total Samplea 
N                 % 

Unsafeb (n = 4) 
N              % 

Unsafe-Rb (n = 13) 
N              % 

Safe-Rb (n = 68) 
N             % 

Safeb (n = 33) 
N             % 

 
Avoid rush hour  
Avoid high traffic  
Avoid highways 
Avoid night driving  
Avoid long distance 
driving 
Avoid unfamiliar places 
Avoid unprotected lefts  
Plan for driving retirement  
Do not drive  

 
7 
17 
13 
7 
4 
8 
1 
6 
2 

 
5.9 
14.4 
11.0 
5.9 
3.4 
6.8 
.8 
5.1 
1.7 

 
0 
0 
0 
0 
0 
0 
0 
0 
2 

 
0 
0 
0 
0 
0 
0 
0 
0 
50 

 
3 
9 
7 
4 
2 
5 
1 
2 
0 

 
23.1 
69.2 
53.8 
30.8 
15.4 
38.5 
7.7 
15.4 
0 

 
4 
8 
6 
3 
2 
3 
0 
4 
0 

 
5.9 
1.8 
8.8 
4.4 
2.9 
4.4 
0 
5.9 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total  
(% of total sample) 

26 22.0 2                 50      
         1.7       

10             76.9 
       8.5 

14           20.6 
    11.9    

0                0 
      0 
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Table 4-4.  Specific Optimization Recommendations 
Optimization Specific 
Recommendationsa,b 

Total Sample 
N                %         

Unsafe (n = 4)       

N             % 
Unsafe-R (n =13) 

N             %  
Safe-R (n = 68) 

N             % 
Safe (n = 33) 

N             % 
Scanninga  N (%) 
Turn head more often  
Use mirrors more often 
Increase visual scanning 

16   
  1       
  1     
15   

13.6 
    .8 
    .8 
12.7 

2  
0 
0 
2  

1.7 
0 
0 
50 

4  
0 
0 
4  

3.4 
0 
0 
30.8 

7  
0 
1  
7  

5.9 
0 
1.5 
10.3 

3  
1  
0 
2  

2.5 
3.0 
0 
6.1 

 
Lane maintenancea N (%) 
Attention to roadway 
markings 
Avoid drifting right 
Avoid drifting left 
Watch lane maintenance 
Turns too wide/encroaches 

 
32  
  6     
  1     
13   
14   
  9     

 
27.1 
5.1 
.8 
11.0 
11.9 
7.6 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
9  
0 
0 
5  
4  
4  

 
7.6 
0 
0 
38.5 
30.8 
30.8 

 
21  
6  
1    
7  
8  
4  

 
17.8 
8.8 
1.5 
10.3 
11.8 
5.9 

 
20 
0 
1 
2  
1 

 
1.7 
0 
0 
3.0 
6.1 
3.0 

 
Speeda  N (%) 
Drives too slow 
Drives too fast 
Watch speed (posted limit) 
Speed control 
acceleration/break  

 
33  
15  
6  
7  
13  

 
28.00 
12.7 
5.1 
5.9 
11.0 

 
3  
0 
0 
1  
3  

 
2.5 
0 
0 
25 
75 

 
8  
4  
1  
2  
5  

 
6.8 
30.8 
7.7 
15.4 
38.5 

 
22  
11  
5  
4  
5  

 
18.6 
16.2 
7.4 
5.9 
7.4 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
Stopsa  N (%) 
Come to complete stops 
Stop behind white lines  
Don’t stop too far behind 

 
45  
40  
21  
4  

 
38.1 
33.9 
17.7 
3.4 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
5  
4  
2  
0 

 
4.2 
30.8 
15.4 
0 

 
36  
33  
19  
3 

 
30.5 
48.5 
27.9 
4.4 

 
4  
3 
0 
1 

 
3.4 
9.1 
0 
3.0 

 
Distancea  N (%) 
Increase following distance 
Increase stopping distance 

 
20  
16  
11   

 
16.9 
13.6 
9.3 

 
0 
0 
0 

 
0 
0 
0 

 
7  
5  
2  

 
5.9 
38.5 
15.4 

 
10  
10  
  7  

 
8.5 
14.7 
10.3 

 
3  
1  
2  

 
2.5 
3.0 
6.1 
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Table 4-4.  Continued 
 
Signalinga  N (%) 
Always use turn signals 
Don’t use turn signals too 
early 
Turn off signal 

 
34  
29  
  4  
  2 

 
28.8 
24.6 
  3.4 
  1.7 

 
1  
1  
0 
1  

 
    .8 
25 
  0 
25 

 
5  
4  
1    
0 

 
    4.2 
  30.8 
    7.7 
    0 

 
19  
17  
 1  
 1  

 
16.1 
25 
  1.5 
  1.5 

 
9  
7  
2  
0 

 
  7.6 
21.2 
  6.1 
  0 

 
Merginga  N (%) 
Increase speed merging on 
hgw  
Use merging lane/don’t cross 
solid lines 

 
12  
11  
  2  

 
10.2 
  9.3 
  1.7 

 
0 
0 
0 

 
  0 
  0 
  0 

 
1  
1  
0 

 
      .8 
    7.7 
    0 

 
10  
  9  
  2  

 
  8.5 
13.2 
  2.9 

 
1  
1  
0 

 
    .8 
  3.0 
  0 

Attentiona  N (%) 
                      (% within GRS) 

12 
 

10.2 2  
  

  1.7 
50 

5   
    

    4.2 
  38.5 

  5  
    

  4.2 
  7.4 

0 0 
0 

Hands positioninga  N (%) 
                      (% within GRS) 

  7  
 

  5.9 0   0 2  
   

    1.7 
  15.4 

  5  
    

  4.2 
  7.4 

0 0 
0 

Total  
                       (% within 
GRS) 

92  78.0 3    2.5 
75 

13    11.0 
100 

61  51.7 
89.7 

15 12.7 
45.5 

aNumber of persons and percentage of total sample are given for each driving behavior category. bSubcategories of behaviors show the 
number of persons and percentage within each driving performance group who received recommendations. 
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Table 4-5.  Optimization Global and Compensation Recommendations 
Recommendations Total Sample 

N               %      
Unsafe (n = 4) 
N                %      

Unsafe-R (n = 13) 
N                %      

Safe-R (n = 68) 
N                %      

Safe (n = 33) 
N                %      

Optimization Globala N (%) 
                (% within GRS) 
   AARP refresher courseb 
   Read FL driver’s handbookb 

27 
 
12 
6 

22.9 
 
10.2 
5.1 

1  
 
0 
0 

.8 
25 
0 
0 

10 
 
6 
3  

8.5 
76.9 
46.2 
23.1 

15  
 
5 
2 

12.7 
22.1 
7.4 
2.9 

1 
 
1 
1 

.8 
3.0 
3.0 
3.0 

 
Referralsa  N (%) 
                 (% within GRS) 
   Physicianb 
   Neurologistb 
   Eye care specialistb 
   PT/OTb 
   Otherb 
   Driver re-evaluationb 

 
21 
 
3 
5 
11 
2 
6 
8 

 
17.8 
 
2.5 
4.2 
9.3 
1.7 
5.1 
6.8 

 
1 
 
1 
0 
1 
0 
0 
0 

 
.8 
25 
25 
0 
25 
0 
0 
0 

 
7 
 
1 
3 
2 
1 
1 
4 

 
5.9 
53.8 
7.7 
23.1 
15.4 
7.7 
7.7 
30.8 

 
12 
 
1 
2 
8 
1 
5 
4 

 
10.2 
17.6 
1.5 
2.9 
11.8 
1.5 
7.4 
5.9 

 
1 
3.0 
0 
0 
0 
0 
1 
0 

 
.8 
3.0 
0 
0 
0 
0 
3.0 
0 

Compensationa N (%) 
                (% within GRS) 
   Driving lessonsb 
   BTW training (no devices)b 
         With assistive devicesb 

14 
 
4 
12 
1 

11.9 
 
3.4 
10.2 
.8 

0 
 
0 
0 
0 

0 
0 
0 
0 
0 

10 
 
3 
9 
1 

8.5 
76.9 
23.1 
69.2 
7.7 

4 
 
1 
3 
0 

3.4 
5.9 
1.5 
4.4 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Total  
(% of total) 

29 
 

24.6 1 25 
.8 

12 92.3 
10.2 

15 22.1 
12.7 

1 3.0 
.8 

aNumber of persons and percentage of total sample. bSubcategories of recommendations show the number of persons and percentage 
within each driving performance group who received recommendations. 
 
 
 
 

 



 

 150

Table 4-6.  Tests used in discriminant function  
Domain Tests Scores (Range) Source 

Cognitive 1. UFOV® 

2. Trails B 

3. TICS-m 

Composite score (48-1500ms) 

Time in minutes (varies) 

Total score (0-50) 

(Edwards et al., 2006)  

(Reitan & Wolfson, 2004) 

(Welsh et al., 1993) 

Sensory 

Vision  

 

1. Contrast 
Sensitivity  

2. Peripheral Visiona  

3. Visual Acuityb 

4. Other visionc 

Total score (0-45) 

Total range (0-170°)a 

(20/20 to 20/200 b)  

Total score (0-4)c 

(see notes below)c 

(Ginsburg, 1984) 

(www.stereooptical.com) 

(www.stereooptical.com) 

(www.stereooptical.com) 

 

Motor/ 

Physical 

1. Total ROMd 

2. Total Strengthe 

3. RPW  

4. Co-morbidities 

5. Medications 

WFL or not WFL (0-10)d 

WFL or not WFL (0-8)e 

Time in seconds (varies) 

Total number 

Total number 

Clinician judgmentf 

Clinician judgmentf 

(Wang et al., 2003)  

NA 

NA 

Notes. UFOV = Useful Field of View. TICS-m = Telephone Interview for Cognitive Status 
modified. ROM = Range of motion. RPW = Rapid Pace Walk. WFL = Within Functional Limits. 
aTotal range of peripheral vision was scored as the sum of the highest degrees for right and left; 
degrees measured were 35, 55, 70, and 85. 
bVisual acuity scores were entered in the analysis using only the denominator values of visual 
acuity (20, 30, 40, 50, 70, 100, 200).  
cOther vision included the total score for color discrimination, depth perception, lateral and 
vertical phorias; scores for these tests were impaired (0) or intact (1), higher scores indicate 
better vision.  
dTotal ROM included sum of not WFL (0) or WFL (1) scores for right and left neck rotation, 
shoulder and elbow flexion, ankle plantar flexion, and ankle dorsiflexion.  
eTotal Strength included sum of not WFL (0) or WFL (1) of right and left shoulder flexion, hip 
flexion, ankle plantar flexion, and ankle dorsiflexion.  
fGuidelines are provided in Wang et al. (2003).  
 
 
 
 
 
 

http://www.stereooptical.com/�
http://www.stereooptical.com/�
http://www.stereooptical.com/�
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Table 4-7.  Tests of normality and homogeneity of variance of discriminant function variables  
Variable by domain Skewness Skewness 

SE 
Kurtosis Kurtosis 

SE 
Levene’s 
Test  

p-value 

Kolmogorov-Smirnov 

Test p-value 

Unsafe      Safe-R     Safe  

Cognitive 

    TICS Totala  

    UFOV Composite Scorea 

    Trails Ba  

 

  -.723 

   .999 

 1.842 

 

.224  

.224 

.224 

 

  3.811 

    .506 

  4.282 

 

.444 

.444 

.444 

 

.903 

.131 

.001* 

 

.200 

.200 

.200 

 

.031* 

.010* 

.000* 

 

.200 

.200 

.000* 

Vision 

    Total Contrast Sensitivitya 

    Total Peripheral Visionc  

    Acuity Both Eyesd  

    Other Visiona  

 

  -.829 

-2.692 

 5.413 

 -.629 

 

.224 

.225 

.235 

.224 

 

  1.122 

  7.723 

38.597 

   -.415 

 

.444 

.446 

.465 

.444 

 

.265 

.272 

.187 

.227 

 

.044* 

.000* 

.080 

.200 

 

 

.001* 

.000* 

.000* 

.000* 

 

.126 

.000* 

.000* 

.000* 

Motor/Physical 

    Total Medicationsb  

    Total Co-morbiditiesa  

    RPWe  

    Total ROMb  

    Total Strengtha 

 

   .983 

   .646 

 3.197 

-4.55 

-6.080 

 

.223 

.224 

.226 

.223  

.224 

 

   1.634 

   -.397 

14.997 

25.063 

35.580 

 

.442 

.444 

.447 

.442 

.444 

 

.270 

.187 

.040* 

.010* 

.932 

 

.025* 

.200 

.007* 

.000* 

NT 

 

.200 

.000* 

.175 

.000* 

.000* 

 

.200 

.020* 

.140 

.000* 

.000* 
an = 117. bn = 118. cn = 116. dn=106. en=115. NT = Not tested, constant variable (omitted from normality test).  
*p<.005 
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Table 4-8.  Means and standard deviations by driving performance 
Variable (Range) Unsafe 

N = 16 

Safe-R 

N = 66 

Safe 

N = 32 

Total 

N = 114 

p-value Post-Hoc 

Groups, (p-value) 
Cognitive  

   TICS Total (0-50) 

 

33.7 (3.8)  

 

36.0 (4.1)  

 

36.6 (3.9)  

 

35.8 (4.0) 

 

.123 

 

NA 

   UFOV (48-1500ms) 

   Composite Score  

          Processing Speeda  

          Divided Attentiona 

          Selective Attentiona  

 

668.5 (254.2) 

48.3 (42.2)  

237.8 (149.5)  

382.2 (118.7) 

 

396.3 (208.3) 

28.0 (24.3)  

108.2 (100.1)  

260.1 (111.7) 

 

319.1 (168.6) 

21.2 (11.5)  

69.8 (72.8)  

228.1 (108.9) 

 

407.5 (226.7) 

28.5 (25.5) 

113.0 (111.2) 

265.8 (119.7) 

 

.000 

.007 

.000 

.001 

 

U-SR, U-S (.000) 

U-SR (.03); U-S (.005) 

U-SR, U-S (.000) 

U-SR (.003); U-S (.000) 

   Trails B (varies, minutes) 2.1 (1.3) 1.4 (.75) 1.1 (.5) 1.4 (.8) .002 U-SR (.001); U-S (.001) 

Vision 

   Total Contrast Sensitivityb  

            Contrast A (0-9) 

            Contrast B (0-9) 

             

            Contrast C (0-9) 

            Contrast D (0-9) 

            Contrast E (0-9) 

 

20.4 (7.9) 

6.1 (2.1)  

6.0 (2.2)  

 

4.9 (2.5)  

1.7 (1.6)  

1.5 (1.7) 

 

28.8 (5.2) 

6.8 (1.0)  

7.1 (.97)  

 

7.2 (1.1)  

4.1 (2.0)  

3.4 (1.8) 

 

32.9 (5.3) 

8.0 (.8)  

7.8 (.7)  

 

7.8 (1.0)  

5.2 (2.0)  

3.9 (2.2) 

 

28.9 (6.6) 

7.1 (1.3) 

7.2 (1.2) 

 

7.1 (1.5) 

4.1 (2.2) 

3.3 (2.0) 

 

.000 

.000 

.000 

 

.000 

.000 

.002 

 

U-SR, U-S (.000), SR-S (.006) 

U-S, SR-S (.000) 

U-SR (.01), U-S (.000),  

SR-S (.02) 

U-S, U-SR (.000) 

U-S (.000), U-SR (.001) 

U-S (.001), U-SR (.008) 

   Total Peripheral visionc 162.5 (17.5) 165.1 (11.2) 166.2 (9.6) 165.1 (11.7) .654 NA 

   Acuity Both Eyesd 36.6 (8.8) 37.2 (26.6) 28.2 (8.6) 34.6 (21.5) .177 NA 

   Other Vision (0-4) 2.5 (1.1) 2.7 (.9) 3.2 (.8) 2.8 (.9) .044 NS 
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Table 4-8.  Continued 
Motor/Physical 

   Total Medications  

 

6.2 (4.0) 

 

7.7 (4.7) 

 

7.2 (4.0) 

 

7.4 (4.4) 

 

.566 

 

NA 

   Total Co-morbidities 4.5 (3.3) 3.8 (2.6) 3.3 (2.4) 3.8 (2.6) .435 NA 

   RPW (seconds) 7.6 (2.8) 5.4 (1.3) 5.0 (1.1) 5.6 (1.6) .000 U-S, U-SR (.000) 

   ROM (0-10) 9.5 (.7) 9.4 (1.4) 9.8 (.3) 9.5 (1.2) .264 NA 

   Strength (0-8)  8 (.0) 7.9 (.1) 7.9 (.1) 7.9 (.1) .812 NA 

Note. U = Unsafe. SR = Safe with Recommendations. S = Safe. NA = Not applicable. aRange16 to 500ms for each subtest. bRange 0 
to 45. cRange 0 to 170. dScores indicate mean of denominators of visual acuity. 
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Figure 4-7.  Discriminant function 

 

Table 4-9.  Correlation coefficients by discriminant functions 

 Function 
  1 2 
Total Contrast Sensitivity   .884   .468 
Other vision    .445   .187 
Trails B Scorea  -.426   .045 
UFOV Composite Score -.403 -.003 
Visual Acuity Both Eyes  -.303 -.067 
ROM Total    .282   .039 
Peripheral vision    .243 -.081 
Total medication -.153 -.060 
Total Co-morbidities -.115   .039 
TICS total    .101   .049 
Rapid pace walk -.684   .729 
Total strength   .119 -.188 
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Table 4-10.  Classification results 
    Discriminant Predicted Group Membership Total 
      Unsafe Safe-R Safe Unsafe 
Original Count Unsafe 10 6 0 16 
    Safe-R 13 26 27 66 
    Safe 3 7 22 32 
  % Unsafe 62.5 37.5 .0 100.0 
    Safe-R 19.7 39.4 40.9 100.0 
    Safe 9.4 21.9 68.8 100.0 
Cross-validated Count Unsafe 10 6 0 16 
    Safe-R 14 25 27 66 
    Safe 3 8 21 32 
  % Unsafe 62.5 37.5 .0 100.0 
    Safe-R 21.2 37.9 40.9 100.0 
    Safe 9.4 25.0 65.6 100.0 

Note. Cross validation is done only for those cases in the analysis. In cross validation, each case 
is classified by the functions derived from all cases other than that case. 
50.9% of original grouped cases correctly classified. 
49.1% of cross-validated grouped cases correctly classified. 
 
Table 4-11.  Number of drivers with recommendations at follow-up  
Number of 
recommendations 
(n=64) 

GRS 0 
(n=1) 

GRS 1 
(n=7) 

GRS 2 
(n=20) 

GRS 3 
(n=36) 

Total 
(n=64) 

Selection (number given) 
   Correctly recalled  
   Incorrectly recalled  

1 
1 
0 

19 
  1 
  0 

11 
  1 
  1 

0 
0 
1 

31 
  3 
  2 

Optimization specific 
   Correctly recalled 
   Incorrectly recalled 

3 
0 
0 

27 
  7 
  1 

102 
  41 
    9 

15 
  5 
  5 

147 
  53  
  15 

Optimization global 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

14 
  0 
  0 

17 
  0 
  0 

3 
0 
0 

34 
  0 
  0 

Compensation 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

  6 
  0 
  0 

  3 
  0 
  0 

0 
0 
0 

  9 
  0 
  0 

Total  
   Correctly recalled  
   Incorrectly recalled  

4 
1  
0  

66 
  8  
  1  

133 
  42  
  10  

18 
  5    
  6  

221 
 56  
 17  
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Table 4-12.  Number of drivers with recommendations at follow-up 
   Driving group N Mean Std. Deviation 
Total incorrect recall 0 1 .0000 . 
  1 7 .1429 .37796 
  2 36 .2778 .56625 
  3 20 .3000 .47016 
  Total 64 .2656 .51152 
Total correct recall 0 1 1.0000 . 
  1 7 1.1429 1.34519 
  2 36 1.1667 .97101 
  3 20 .2500 .44426 
  Total 64 .8750 .96773 
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Table 4-13.  Most common recommendations given and recalled 
Number of recommendations 
(n=64) 

GRS 0 GRS 1 GRS 2 GRS 3 Total 

Stops 
   Correctly recalled (Number) 
   Incorrectly recalled (Number) 

0 
0 
0 

2 
0 
1 

34 
16 
  0 

1 
0 
2 

37 
16 
  3 

Lane maintenance 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

7 
3 
0 

14 
  6 
  2 

3 
0 
1 

24 
  9 
  3 

Speed 
   Correctly recalled 
   Incorrectly recalled 

1 
0 
0 

6 
2 
0 

14 
  3 
  1 

0 
1 
1 

21 
  6 
  2 

Signaling 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

3 
1 
0 

11 
  4 
  1 

6 
1 
0 

20 
  6 
  1 

Distance 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

2 
1 
0 

  7 
  5 
  1 

3 
2 
1 

12 
  8 
  2 

Scanning (given) 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

3 
0 
0 

  4 
  0 
  2 

2 
1 
0 

10 
  1 
  2 

Merging 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

0 
0 
0 

  8 
  2 
  0 

0 
0 
0 

  8 
  2 
  0 

Attention 
   Correctly recalled 
   Incorrectly recalled 

1 
0 
0 

3 
0 
0 

  4 
  3 
  2 

0 
0 
0 

  8 
  3 
  2 

Hands position 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

1 
0 
0 

  6 
  2 
  0 

0 
0 
0 

  7 
  2 
  0 

AARP course 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

4 
0 
0 

  3 
  0 
  0 

1 
0 
0 

  8 
  0 
  0 

Referral eye care specialist 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

1 
0 
0 

  5 
  0 
  0 

0 
0 
0 

  6 
  0 
  0 

Re-read handbook 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

2 
0 
0 

  2 
  0 
  0 

1 
0 
0 

  5 
  0 
  0 

Other referral 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

0 
0 
0 

  4 
  0 
  0 

1 
0 
0 

  5 
  0 
  0 

Referral neurologist 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

3 
0 
0 

  0 
  0 
  0 

0 
0 
0 

  3 
  0 
  0 
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Table 4-13.  Continued 
Referral rehabilitation  
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

1 
0 
0 

  2 
  0 
  0 

0 
0 
0 

  3 
  0 
  0 

Drive re-evaluation 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

2 
0 
0 

  1 
  0 
  0 

0 
0 
0 

  3 
  0 
  0 

Referral physician 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

1 
0 
0 

  0 
  0 
  0 

0 
0 
0 

  1 
  0 
  0 

Avoid high traffic 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

5 
1 
0 

  3 
  0 
  0 

0 
0 
0 

  8 
  1 
  0 

Avoid highways 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

5 
0 
0 

  3 
  1 
  0 

0 
0 
0 

  8 
  1 
  0 

Avoid rush hour 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

2 
0 
0 

  2 
  0 
  0 

0 
0 
0 

  4 
  0 
  0 

Avoid night driving 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

2 
0 
0 

  1 
  0 
  1 

0 
0 
1 

  3 
  0 
  2 

Plan driving retirement 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

1 
0 
0 

  2 
  0 
  0 

0 
0 
0 

  3 
  0 
  0 

Avoid long distance driving 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

2 
0 
0 

  0 
  0 
  0 

0 
0 
0 

  2 
  0 
  0 

Avoid driving to new locations 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

2 
0 
0 

  0 
  0 
  0 

0 
0 
0 

  2 
  0 
  0 

Do not drive 
   Correctly recalled 
   Incorrectly recalled 

1 
1 
0 

0 
0 
0 

  0 
  0 
  0 

0 
0 
0 

  1 
  1 
  0 

BTW training 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

4 
0 
0 

  2 
  0 
  0 

0 
0 
0 

  6 
  0 
  0 

Driving lessons 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

1 
0 
0 

  1 
  0 
  0 

0 
0 
0 

  2 
  0 
  0 

BTW training with devices 
   Correctly recalled 
   Incorrectly recalled 

0 
0 
0 

1 
0 
0 

  0 
  0 
  0 

0 
0 
0 

  1 
  0 
  0 
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Figure 4-8.  Total recommendations of follow-up sample 

 
Table 4-14.  Number of drivers with recommendations at follow-up  
 Selection  Specific opt. Global opt. Comp. 
Unsafe (n = 1) 1 1 0 0 
Unsafe-R (n = 7) 5 7 6 5 
Safe-R (n = 36) 7 34 7 3 
Safe (n = 20) 0 10 1 0 
Notes. Opt. = optimization. Comp. = Compensation. Sample sizes for each group are in 
parenthesis. 
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Figure 4-9. Uncued and cued false recall of selection recommendations (Cued recommendations 

in solid colors and uncued recommendations in colors with patterns) 
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Figure 4-10. Uncued and cued false recall of specific optimization recommendations (Cued 

recommendations in solid colors and uncued recommendations in colors with 
patterns) 
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Figure 4-11. No cued recall of selection recommendations  

 
 
Table 4-15.  Number of drivers who had selection recommendations 

Notes. Recommendations referred to avoidance driving conditions stated in the first row. Hghw 
= Highways. Long dist. = long distance. Unfamiliar = unfamiliar places or new locations. Lefts = 
unprotected lefts. Retire = Plan for driving retirement. No drive = stop driving. 
 
 

 Rush Traffic Hghw Night 
Long  
dist Unfamiliar Lefts Retire 

No  
drive 

Unsafe  0 0 0 0 0 0 0 0 1 
Unsafe-R  2 3 5 2  2 1  0 1 0 
Safe-R  2 3 3 1 0 0 0 2 0 
Safe  0 0 0 0 0 0 0 0 0 
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Figure 4-12.  No cued recall of specific optimization recommendations 

Notes. NCR = Not cued recall. Percentage shown is for drivers within each group.   
 
 
Table 4-16.  Number of drivers who had specific optimization recommendations 

 Scan 
Lane 
Maint. Speed Stops Distance Signal Merge Hands Att. 

Unsafe  1 0 1 0 0 0 0 0 1 
Unsafe-R  3 5 4 3 2 4 0 1 4 
Safe-R  3 11 13 22 4 11 8 5 3 
Safe  2 1 1 1 3 6 0 0 0 

Notes: Lane maint. = lane maintenance. Att = Attention.  
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Figure 4-13.  No cued recall of global optimization recommendations  
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Figure 4-14.  No cued recall of compensation recommendations 

Table 4-17.  Number of drivers who had global optimization recommendations 

 AARP Handbook Physician Neurologist 
Eye  
Care 

Pt/ 
Ot 

Other  
referral 

Re-
eval 

Unsafe  0 0 0 0 0 0 0 0 
Unsafe-R  4 1 1 3 1 1 0 2 
Safe-R  3 1 0 0 5 1 2 1 
Safe  1 1 1 0 0 0 0 0 
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Table 4-18.  Number of drivers who had compensation recommendations 
 Lessons BTW BTW with AT
Unsafe (1) 0 0 0 
Unsafe-R (7) 1 4 1 
Safe-R (36) 0 3 0 
Safe (20) 0 0 0 
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Figure 4-15.  Uncued and cued recall of selection recommendations.(Cued recommendations in 
solid colors and uncued recommendations in colors with patterns) 
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Figure 4-16.  Uncued and cued recall specific optimization recommendations. 

(Cued recommendations in solid colors and uncued recommendations in colors with patterns) 
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Table 4-19.  Selection recommendations follow-up sample 
Selection 

driving recommendations 
Total sample 

(n = 64) 
N                  % 

Unsafe  
(n = 1) 

N               % 

Unsafe-R  

(n = 7) 
N              % 

Safe-R  

(n = 36) 
N             % 

Safe  

(n = 20) 
N             % 

Avoid rush hour  
Avoid high traffic  
Avoid highways 
Avoid night driving  
Avoid long distance 
driving 
Avoid unfamiliar places 
Avoid unprotected lefts  
Plan for driving retirement  
Do not drive  

4 
8 
8 
3 
2 
2 
0 
3 
1 

6.3 
12.5 
12.5 
4.7 
3.1 
3.1 
0 
4.7 
1.6 

0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
100 

2 
5 
5 
2 
2 
2 
0 
1 
0 

28.6 
71.4 
71.4 
28.6 
28.6 
28.6 
0 
14.3 
0 

2 
3 
3 
1 
0 
0 
0 
2 
0 

5.6 
8.3 
8.3 
2.8 
0 
0 
0 
5.6 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Total  
(% of total sample) 

13 20.3 1                100     
         1.6       

5               71.4 
       7.8 

7             19.4 
    10.9    

0                0 
      0 

 
Table 4-20.  Optimization specific recommendations follow-up sample 

Optimization specific 
recommendations 

Total sample 
(n = 64) 

N                % 

Unsafe 
(n = 1) 

N             % 

Unsafe-R 

(n = 7) 

N             % 

Safe-R 
(n = 36) 

N             % 

Safe 

(n = 20) 

N             % 
Scanning  N (%) 
Turn head more often 
Use mirrors more often 
Increase visual scanning 

 9 
  1       
  1     
  8  

14.1 
    1.6 
    1.6 
12.5 

1 
0 
0 
1 

1.6 
0 
0 
100 

3 
0 
0 
3 

42.9 
0 
0 
42.9 

3 
0 
1  
3 

8.3 
0 
2.8 
8.3 

2 
1  
0 
1  

10 
.3 
0 
1.6 

Lane maintenance N (%) 
Attention to roadway 
markings 
Avoid drifting right 
Avoid drifting left 
Watch lane maintenance 
Turns too wide/encroaches 

16 
  4 
  1     
  7   
  5   
  7    

25.0 
6.3 
1.6 
10.9 
  7.8 
10.9 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

4 
0 
0 
2 
2  
3 

6.3 
0 
0 
28.6 
28.6 
42.9 

11 
4  
1    
4  
2 
3 

17.2 
6.3 
1.6 
11.1 
5.6 
8.3 

1 
0 
0 
1 
1 
1 

1.6 
0 
0 
5.0 
5.0 
5.0 
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Table 4-20.  Continued 
Speed  N (%) 
Don’t drive too slow 
Don’t drive too fast 
Watch speed (posted limit) 
Reduce aggressive 
acceleration/break earlier 

17 
7  
4 
5 
5  
 

26.6 
10.9 
6.3 
7.8 
7.8 

1 
0 
0 
0  
1 
 

100 
0 
0 
0 
100 

4 
2 
0  
2  
2 
 

57.1 
28.6 
0 
28.6 
28.6 

12 
5  
4 
3 
2  
 

33.3 
13.9 
11.1 
8.3 
5.6 

0 
0 
0 
0 
0 
 

0 
0 
0 
0 
0 
 

Stops  N (%) 
Come to complete stops 
Stop behind white lines  
(not in intersection) 
Don’t stop too far behind 

 25 
22  
12  
 
3  

39.1 
34.4 
18.8 
 
4.7 

0 
0 
0 
 
0 

0 
0 
0 
 
0 

2 
2  
0 
 
0 

28.6 
28.6 
0 
 
0 

 22 
20  
12 
 
2    

61.1 
55.6 
33.3 
 
5.6 

 1 
0  
0 
 
1   

5.0 
0 
0 
 
5.0 

Distance  N (%) 
Increase following distance 
Increase stopping distance 

 9 
7  
5   

14.1 
10.9 
7.8 

0 
0 
0 

0 
0 
0 

2 
2  
0 

28.6 
28.6 
0 

4 
4  
3  

1.1 
11.1 
8.3 

3 
1  
10.0  

15.00 
5.0 
6.1 

Signaling  N (%) 
Always use turn signals 
Don’t use turn signals too 
early 
Turn off signal 

 20 
19  
 1  
0 

31.3 
29.7 
1.6 
0 

 0 
0 
0 
0 

0 
0 
0 
0 

 3 
3 
0    
0 

42.9 
42.9 
0 
0 

11 
11  
0 
0 

30.6 
30.6 
0 
0 

6 
5  
1  
0 

30 
25.0 
5.0 
0 

Merging  N (%) 
Increase speed merging on 
hgw  
Use merging lane/don’t cross 
solid lines 

7 
 6 
2  
 

10.9 
9.4 
3.1 

0 
0 
0 

0 
0 
0 

0 
0 
0 
 

0 
0 
0 

7 
6 
  2  
 

19.4 
16.7 
5.6 

0 
0 
0 
 

0 
0 
0 
 

Attention  N (%) 
               (% within GRS) 

7 
 

10.9 1  
  

1.6 
100 

3 
    

4.7 
42.9 

3 
    

4.7 
8.3 

0 0 
0 

Hands positioning  N (%) 
               (% within GRS) 

6 
 

9.4 0 0 1 
   

1.6 
14.3 

5  
    

7.8 
13.9 

0 0 
0 

Total Persons who got 
Optimization 
Recommendations 
               (% within GRS) 

52  81.3 1 1.6 
 
 
100 

7  10.9 
 
 
100 

34 53.1 
 
 
94.4 

10 15.6 
  
 
50.0 
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Table 4-21.  Optimization global follow-up sample 
Recommendations Total samplea 

(n = 64) 
N                %      

Unsafeb  
(n = 1) 

N                %      

Unsafe-Rb  

(n = 7) 
N                %      

Safe-Rb 
 (n = 36) 

N                %      

Safeb  

(n = 20) 
N                %      

Optimization Global N (%) 
                (% within GRS) 
Take AARP refresher course 
Re-read FL driver’s handbook 

14 
 
  8 
  5 

21.9 
 
12.5 
  7.8 

0 
 
0 
0 

0 
0 
0 
0 

6 
 
4 
2 

  9.4 
85.7 
57.1 
28.6 

7 
 
3 
2 

10.9 
19.4 
  8.3 
  5.6 

1 
 
1 
1 

1.6 
5.0 
5.0 
5.0 

 
Referrals  N (%) 
                 (% within GRS) 
Physician 
Neurologist 
Eye care specialist 
PT/OT 
Other 
Driver re-evaluation 

 
11 
 
  1 
  3 
  6 
  2 
  4 
  3 

 
17.2 
 
  1.6 
  4.7 
  9.4 
  3.1 
  6.3 
  4.7 

 
0 
 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
4 
 
1 
3 
1 
1 
0 
2 

 
  6.3 
57.1 
14.3 
42.9 
14.3 
14.3 
  0 
28.6 

 
6 
 
0 
0 
5 
1 
3 
1 

 
  9.4 
16.7 
0 
0 
13.9 
  2.8 
  8.3 
  2.8 

 
1 
 
0 
0 
0 
0 
1 
0 

 
1.6 
5.0 
0 
0 
0 
0 
5.0 
0 

Compensation N (%) 
                (% within GRS) 
Take driving lessons 
BTW training without devices 
             With assistive devices 

  8 
 
  2 
  6 
  1 

12.5 
 
  3.1 
  9.4 
  1.6 

0 
 
0 
0 
0 

0 
0 
0 
0 
0 

5 
 
1 
4 
1 

  7.8 
71.4 
14.2 
57.1 
14.3 

3 
 
1 
2 
0 

  4.7 
  8.3 
  2.8 
  5.6 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Total  
(% of total) 

14 
 

21.9 0 0 
0 

6   9.4 
85.7 

7 10.9 
19.4 

1 5.0 
1.6 

aNumber of persons and percentage of total sample. bSubcategories of recommendations show the number of persons and percentage 
within each driving performance group who received recommendations. 
 

 

 

 



 

 

169

Table 4-22.  Follow-up recall of selection recommendations 
Recommendations GRS                         Recall N (%) 

No            Uncued         Cued 
False Recall N (%) 
Uncued       Cued     No Cued 

          Totals (N) 
Recall         False    
                    recall 

Unsafe   1 (100) 0 0 0 0 0 0 0 
Unsafe-R   4   (57.1) 0 0 0 1 (14.3) 2 (28.6) 0 3 
Safe-R 31   (86.1) 0 1   (2.8) 0 3   (8.3) 1   (2.8) 1 4 
Safe 19   (95.0) 0 0 0 1   (5.0) 0 0 1 

Avoid rush hour  

Subtotal 55   (85.9) 0 1   (1.6) 0 5   (7.8) 3   (4.7) 1 8 
Unsafe   1 (100) 0 0  0 0 0 0 0 
Unsafe-R   3   (42.9) 1  (14.3) 1 (14.3) 0 0 2 (28.6) 2 2 
Safe-R 30   (83.3) 0 1   (2.8) 0 3   (8.3) 2   (5.6) 1 5 
Safe 20 (100) 0 0 0 0 0 0 0 

Avoid high traffic  

Subtotal 54   (84.4) 1    (1.6) 2   (3.1) 0 3   (4.7) 4   (6.3) 3 7 
Unsafe   1 (100) 0 0 0 0 0 0 0 
Unsafe-R   2   (28.6) 0 3 (42.9) 0 0 2 (28.6) 3 2 
Safe-R 30   (83.3) 1    (2.8) 0 0 3   (8.3) 2   (5.6) 1 5 
Safe 20 (100) 0 0 0 0 0 0 0 

Avoid highways 

Subtotal 53   (82.8) 1    (1.6) 3   (4.7) 0 3   (4.7) 4   (6.3) 4 7 
Unsafe   1 (100) 0 0 0 0  0 0 0 
Unsafe-R   4   (57.1) 0 1 (14.3) 0 1 (14.3) 1 (14.3) 1 2 
Safe-R 30   (83.3) 0 1   (2.8) 1 (2.8) 4 (11.1) 0 1 5 
Safe 19   (95.0) 0 0 1 (5.3) 0 0 0 1 

Avoid night driving  

Subtotal 54   (84.4) 0 2   (3.2) 2 (3.2) 5   (7.9) 1   (1.6) 2 8 
Unsafe   1 (100) 0 0 0 0 0 0 0 
Unsafe-R   5   (71.4) 0 0 0 0 2 (28.6) 0 2 
Safe-R 36 (100) 0 0 0 0 0 0 0 
Safe 20 (100) 0 0 0 0 0 0 0 

Avoid long distance 
driving 

Subtotal 62   (96.9) 0 0 0 0 2   (3.1) 0 2 
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Table 4-22.  Continued 
Unsafe   1 (100) 0 0 0 0 0 0 0 
Unsafe-R   6   (85.7) 0 1 (14.3) 0 0 0 1 0 
Safe-R 36 (100) 0 0 0 0 0 0 0 
Safe 20 (100) 0 0 0 0 0 0 0 

Avoid unfamiliar 
places 

Subtotal 63   (98.4) 0 1   (1.6) 0 0 0 1 0 
Unsafe   1 (100) 0 0 0 0 0 0  0 
Unsafe-R   6   (85.7) 0 0 0 1 (14.3) 0 0 1 
Safe-R 36 (100) 0 0 0 0 0 0 0 
Safe 20 (100) 0 0 0 0 0 0 0 

Avoid unprotected 
lefts  

Subtotal 63   (98.4) 0 0 0 1   (1.6) 0 0 1 
Unsafe   1 (100) 0 0 0 0 0 0 0 
Unsafe-R   6   (85.7) 0 0 0 0 1 (14.3) 0 1 
Safe-R 34   (94.4) 0 2   (5.6) 0 0 0 2 0 
Safe 20 (100) 0 0 0 0 0 0 0 

Plan for driving 
retirement  

Subtotal 61   (95.3) 0 2   (3.1) 0 0 1   (1.6) 2 1 
Unsafe   0 1 (100) 0 0 0 0 1 0 
Unsafe-R   7 (100)   0 0 0 0 0 0 0 
Safe-R 36 (100)   0 0 0 0 0 0 0 
Safe 20 (100)   0 0 0 0 0 0 0 

Do not drive 

Subtotal 63   (98.4)   1 (1.6) 0 0 0 0 1 0 
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Table 4-23.  Follow-up recall of optimization specific recommendations  
Recommendations  
 

GRS Matches        N (%) 
N-N               Y-Y        Y-YC 

Mismatches     N (%) 
N-Y          N-YC      Y-NC 

Totals (N) 
Matches       Mismatches   

Unsafe 0  0 0 0 1 (100) 0  0 1 
Unsafe-R 6 (85.7) 0 0 0 1 (14.3) 0  0  1 
Safe-R 30 (83.3) 0 1 (2.8) 1 (2.8) 4 (11.1) 0  1 5 
Safe 18 (90.0) 0 0 0 1 (5.0) 1 (5.0) 0 2 

Turn head more often 
               N (% of GRS) 
 
                N (% of Total) 

Subtotal 54 (84.4) 0 1 (1.6) 1 (1.6)    7 (10.9) 1 (1.6) 1 9 
Unsafe 0  0 0 0 1 (100) 0 0 1 
Unsafe-R 6 (85.7) 0 0 0 1 (14.3) 0 0 1 
Safe-R 29 (80.6) 0 0 1 (2.8) 5 (13.9) 1 (2.8) 0 7 
Safe 19 (95.0) 0 0 0 1 (5.0)  0 0 1 

Use mirrors more often 
 

Subtotal 54 (84.4) 0 0 1 (1.6) 8 (12.5) 1 (1.6) 0 10 
Unsafe 0 0 1 (100) 0 0 0 1 0 
Unsafe-R 4 (57.1) 0 1 (14.3) 0 0 2 (28.6) 1 3 
Safe-R 32 (88.9) 0 2 (5.6) 0 2 (5.6) 0 2 4 
Safe 19 (95.0) 1 (5.0) 0 0 0 0 1 1 

Scan environment more 

Subtotal 55 (85.9) 1 (1.6) 4 (6.3) 0 2 (3.1) 2 (3.1) 5 4 
Unsafe 0 0 0 0 1 (100) 0 0 1 
Unsafe-R 7 (100) 0 0 0 0 0 0 0 
Safe-R 28 (77.8) 2 (5.6) 2 (5.6) 1 (2.8) 2 (5.6) 0 4 3 
Safe 18 (90.0) 0 0 0 2 (10) 1 (2.8) 0 2 

Attention to road marks 

Subtotal 53 (82.8) 2 (3.1) 2 (3.1) 1 (1.6) 5 (7.8) 1 (1.6) 4 7 
Unsafe 1 (100) 0 0 0 0 0 0 0 
Unsafe-R 7 (100) 0 0 0 0 0 0 0 
Safe-R 34 (94.4) 1 (2.8) 0 0 1 (2.8) 0 1 1 
Safe 20 (100) 0 0 0 0 0 0 0 

Avoid drifting right 

Subtotal 62 (96.9) 1 (1.6) 0 0 1 (1.6) 0 1 1 
Unsafe 1 (100) 0 0 0 0 0 0 0 
Unsafe-R 5 (71.4) 1 (14.3) 0 0 0 1 (14.3) 1 1 
Safe-R 31 (86.1) 2 (5.6) 1 (2.8) 0 1 (2.8) 1 (2.8) 3 2 
Safe 19 (95.0) 0 1 (5.0) 0 0 0 1 0 

Avoid drifting left 

Subtotal 56 (87.5) 3 (4.7) 2 (3.1) 0 1 (1.6) 2 (3.1) 5 3 
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Table 4-23.  Continued 
Unsafe 1 (100) 0 0 0 0 0 0 0 
Unsafe-R 4 (57.1) 2 (28.6) 0 0 0 1 (14.3) 2 1 
Safe-R 32 (88.9) 0 0 1 (2.8) 1 (2.8) 2 (5.6) 0 4 
Safe 18 (90.0) 0 1 (5.0) 1 (5.0) 0 0  1 1 

Watch lane maintenance 

Subtotal 55 (85.9) 2 (3.1) 1 (1.6) 2 (3.1) 1 (1.6) 3 (4.7) 3 6 
Unsafe 1 (100) 0 0 0 0 0 0 0 
Unsafe-R 4 (57.1) 0 2 (28.6) 0 0 1 (14.3) 2 1 
Safe-R 30 (83.3) 1 (2.8) 2 (5.6) 0 3 (8.3) 0 3 3 
Safe 18 (90.0) 0 0 0 1 (5.0) 1 (5.0) 0 2 

Stay in lane (in turns) 

Subtotal 53 (82.8) 1 (1.6) 4 (6.3) 0 4 (6.3) 2 (3.1) 5 6 
Unsafe 0 0 0 0 1 (100) 0 0 1 
Unsafe-R 5 (71.4) 1 (14.3) 0 0 0  1 (14.3) 6 1 
Safe-R 28 (77.8) 0 3 (8.3) 1 (2.8) 2 (5.6) 2 (5.6) 3 5 
Safe 18 (90.0) 1 (5.0) 0 0 1 (5.0) 0 19 1 

Do not drive too slow 

Subtotal 51 (79.7) 2 (3.1) 3 (4.7) 1 (1.6) 4 (6.3) 3 (4.7) 5 8 
Unsafe 1 (100) 0 0 0 0 0 0 0 
Unsafe-R 7 (100) 0 0 0 0 0 0 0 
Safe-R 31 (86.1) 3 (8.3) 0 0 1 (2.8) 1 (2.8) 3 2 
Safe 19 (95.0) 0 0 1 (5.0) 0 0  0 1 

Do not drive too fast 

Subtotal 58 (90.6) 3 (4.7) 0 1 (1.6) 1 (1.6) 1 (1.6) 3 3 
Unsafe 1 (100) 0 0 0 0 0 0 0 
Unsafe-R 4 (57.1) 0 0 0 1 (14.3) 2 (28.6) 0 3 
Safe-R 31 (86.1) 0 1 (2.8) 0 1 (2.8) 3 (8.3) 1 4 
Safe 20 (100) 0 0 0 0 0 0 0 

Adhere to speed limit 

Subtotal 56 (87.5) 0 1 (1.6) 0 2 (3.1) 5 (7.8) 1 7 
Unsafe 0 0 0 0 0 1 (100) 0 1 
Unsafe-R 5 (71.4) 1 (14.3) 0 0 0 1 (14.3) 1 1 
Safe-R 33 (91.7) 0 1 (2.8) 0 1 (2.8) 1 (2.8) 1 2 
Safe 20 (100) 0 0 0 0 0  0 0 

Braking/acceleration 

Subtotal 58 (90.6) 1 (1.6) 1 0 1 (1.6) 3 (4.7) 2 4 
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Table 4-23.  Continued 
Unsafe 0 0 0 0 1 (100) 0 0 1 
Unsafe-R 3 (42.9) 0 0 0 1 (14.3) 3 (42.9) 0 4 
Safe-R 15 (41.7) 9 (25.0) 6 (16.7) 0 1 (2.8) 5 (13.9) 15 6 
Safe 14 (70.0) 0 0 2 (10) 4 (20) 0 0 6 

Make complete stops 

Subtotal 32 (50.0) 9 (14.1) 6 (9.4) 2 (3.1) 7 (10.9) 8 (12.5) 15 17 
Unsafe 0 0 0 0 1 (100) 0 0 1 
Unsafe-R 6 (85.7) 0 0 1 (14.3) 0 0 0 1 
Safe-R 21 (58.3) 5 (13.9) 4 (11.1) 0 3 (8.3) 3 (8.3) 9 6 
Safe 19 (95.0) 0 0 0 1 (5.0) 0 0 1 

Stop behind white lines 

Subtotal 46 (71.9) 5 (7.8) 4 (6.3) 1 (1.6) 5 (7.8) 3 (4.7) 9 9 
Unsafe 1 (100) 0 0 0 0 0 0 0 
Unsafe-R 7 (100) 0 0 0 0 0 0 0 
Safe-R 32 (88.9) 2 (5.6) 0 0 2 (5.6) 0 2 2 
Safe 19 (95.0) 0 0 0 0 1 (5.0) 0 1 

Other stop (too far back) 

Subtotal 59 (92.2) 2 (3.1) 0 0 2 (3.1) 1 (1.6) 2 3 
Unsafe 0 0 0 0 1 (100) 0 0 1 
Unsafe-R 5 (71.4) 1 (14.3) 0 0 0 1 (14.3) 1 1 
Safe-R 27 (75.0) 2 (5.6) 2 (5.6) 0 5 (13.9) 0 4 5 
Safe 19 (95.0) 0 1 (5.0) 0 0 0 1 0 

Increase following dist. 

Subtotal 51   (79.7)   3   (4.7)   3   (4.7)   0 6   (9.4) 1 (1.6) 6 7 
Unsafe   1 (100)   0   0   0 0 0 0 0 
Unsafe-R   6   (85.7)   0   0   0 1  (14.3) 0 0 1 
Safe-R 29   (80.6)   3   (8.3)   0   1   (2.8) 3   (8.3) 0 3 4 
Safe 15   (75.0)   2 (10)   0   1   (5.0)   2 (10) 0 2 3 

Increase stopping dist. 

Subtotal 51   (79.7)   5   (7.8)   0   2   (3.1) 6     (9.4) 0 5 8 
Unsafe   0   0   0   0 1 (100) 0 0 1 
Unsafe-R   3   (42.9)   1 (14.3)   0   0 0 3 (42.9) 1 3 
Safe-R 24   (66.7)   4 (11.1)   1   (2.8)   1   (2.8) 0 6 (16.7) 5 7 
Safe 11   (55.0)   1   (5.0)   0   0 4 (20.0) 4 (20.0) 1 8 

Always use signal 

Subtotal 38   (59.4)   6   (9.4)   1   (1.6)   1   (1.6) 5 (7.8) 13 (20.3) 7 19 
 
 



 

 

174

Table 4-23.  Continued 
Unsafe   1 (100)   0   0   0 0 0 1 0 
Unsafe-R   7 (100)   0   0 0 0 0 7 0 
Safe-R 36 (100)   0   0 0 0 0 36 0 
Safe 19   (95.0)   0   0 0 0 1 (5.0)  19 1 

Don’t signal too early 

Subtotal 63   (98.4)   0   0 0 0 1 (1.6) 63 1 
Unsafe   0   0   0 0 1 (100) 0 0 1 
Unsafe-R   4   (57.1)   0   0 0 3 (42.9) 0 4 3 
Safe-R 24 (66.7) 1 (2.8) 4 (11.1) 0 5 (13.9) 2 (5.6) 29 7 
Safe 18 (90.0) 0 0 0 2 (10.0) 0 18 2 

Increase speed merging 

Subtotal 46 (71.9) 1 (1.6) 4 (6.3) 0 11 (17.2) 2 (3.1) 51 13 
Unsafe 1 (100) 0 0 0 0 0 1 0 
Unsafe-R 6 (85.7) 0 0 0 1 (14.3) 0 6 1 
Safe-R 33 (91.7) 1 (2.8) 1 (2.8) 0 1 (2.8) 0 35 1 
Safe 20 (100) 0 0 0 0 0 20 0 

Use merging lane 

Subtotal 60 (93.8) 1 (1.6) 1 (1.6) 0 2 (3.1) 0 62 2 
Unsafe 1 (100) 0 0 0 0 0 1 0 
Unsafe-R 6 (85.7) 0 0 0 0 1 (14.3) 6 1 
Safe-R 28 (77.8) 2 (5.6) 1 (2.8) 0 3 (8.3) 2 (5.6) 31 5 
Safe 19 (95.0) 0 0 0 1 (5.0) 0 19 1 

Change hands position 

Subtotal 54 (84.4) 2 (3.1) 1 (1.6) 0 4 (6.3) 3 (4.7) 57 7 
Unsafe 0 0 1 (100) 0 0 0 1 0 
Unsafe-R 3 (42.9) 0 2 (28.6) 0 0 2 (28.6) 5 2 
Safe-R 29 (80.6) 2 (5.6) 0 2 (5.6) 2 (5.6) 1 (2.8) 31 5 
Safe 20 (100) 0 0 0 0 0 20 0 

Pay more attention  

Subtotal 52 (81.3) 2 (3.1) 3 (4.7) 2 (3.1) 2 (3.1) 3 (4.7) 57 7 
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Table 4-24.  Follow-up recall of optimization global and compensation recommendations  
Recommendations  
 

GRS Matches        N (%) 
N-N            Y-Y          Y-YC 

Mismatches     N (%) 
N-Y        N-YC      Y-NC 

Totals (N) 
Matches          Mismatches      

Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 3 (42.9) 0 2 (28.6) 0 0 2 (28.6)   2 2 
Safe-R 32 (88.9) 0 2 (5.6) 0 1 (2.8) 1 (2.8)   2 2 
Safe 19 (95.0) 0 0 0 0 1 (5.0)   0 1 

Take AARP course 
 

Subtotal 55 (85.9) 0 4 (6.3) 0 1 (1.6) 4 (6.3)   4 5 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 6 (85.7) 0 1 (14.3) 0 0 0   1 0 
Safe-R 35 (97.2) 0 1 (2.8) 0 0 0   1 0 
Safe 19 (95.0) 0 0 0 0 1 (5.0)   0 1 

Read driver’s handbook 

Subtotal 61 (95.3) 0 2 (3.1) 0 0 1 (1.6)   2 1 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 6 (85.7) 0 0 0 0 1 (14.3)   0 1 
Safe-R 36 (100) 0 0 0 0 0   0 0 
Safe 19 (95.0) 0 0 0 0 1 (5.0)   0 1 

Referral-Physician 

Subtotal 62 (96.9) 0 0 0 0 2 (3.1)   0 2 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 4 (57.1) 0 0 0 0 3 (42.9)   0 3 
Safe-R 36 (100) 0 0 0 0 0   0 0 
Safe 20 (100) 0 0 0 0 0   0 0 

Referral-Neurologist 

Subtotal 61 (95.3) 0 0 0 0 3 (4.7)   0 3 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 6 (85.7) 0 0 0 0 1 (14.3)   0 1 
Safe-R 31 (86.1) 0 0 0 0 5 (13.9)   0 5 
Safe 20 (100) 0 0 0 0 0   0 0 

Referral-Eye care  

Subtotal 58 (90.6) 0 0 0 0 6   (9.4)   0 6 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 6 (85.7) 0 0 0 0 1 (14.3)   0 1 
Safe-R 35 (97.2) 0 0 0 0 1   (2.8)   0 1 
Safe 20 (100) 0 0 0 0 0   0 0 

Referral-PT/OT 

Subtotal 62 (96.9) 0 0 0 0 2   (3.1)   0 2 
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Table 4-24.  Continued 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 7 (100) 0 0 0 0 0   0 0 
Safe-R 34 (94.4) 0 1   (2.8) 0 0 1   (2.8)   1 1 
Safe 20 (100) 0 0 0 0 0   0 0 

Other Referral 

Subtotal 62 (96.9) 0 1   (1.6) 0 0 1   (1.6)   2 1 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 5 (71.4) 0 0 0 0 2 (28.6)   0 2 
Safe-R 35 (97.2) 0 0 0 0 1   (2.8)   0 1 
Safe 20 (100) 0 0 0 0 0   0 0 

Driver re-evaluation 

Subtotal 61 (95.3) 0 0 0 0 3   (4.7)   0 3 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 6 (85.7) 0 0 0 0 1 (14.3)   0 1 
Safe-R 36 (100) 0 0 0 0 0   0 0 
Safe 20 (100) 0 0 0 0 0   0 0 

Take driving lessons 

Subtotal 63 (98.4) 0 0 0 0 1   (1.6)   0 1 
Unsafe 1 (100) 0 0 0 0 0   1 0 
Unsafe-R 3 (42.9) 0 1 (14.3) 0 0 3 (42.9)   1 3 
Safe-R 33 (51.6) 0 0 0 0 3   (8.3)   0 3 
Safe 20 (31.3) 0 0 0 0 0   0 0 

BTW training (no dev.) 

Subtotal 57 (89.1) 0 1   (1.6) 0 0 6   (9.4)   1 6 
Unsafe 1 (100) 0 0 0 0 0   0 0 
Unsafe-R 6 (85.7) 0 0 0 0 1 (14.3)   0 1 
Safe-R 36 (100) 0 0 0 0 0   0 0 
Safe 20 (100) 0 0 0 0 0   0 0 

BTW with devices  

Subtotal 63 (98.4) 0 0 0 0 1   (1.6)   0 1 
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Table 4-25.  Driving exposure and avoidance of follow-up sample 
Variable (Range) Total Sample 

Baseline 
n = 116 

Follow-up Sample 
Baseline 
n = 58 

Follow-up Sampled 

 
n = 58 

Follow-up Sample 
ANOVAS (pvalues) 

Time            Time*GRS 
Days per week (0-7) 
      M (SD) 

 
     5.37 (.1)a 

 
5.29 (1.)d 

 
4.74 (1.6) 

 
.005 

 
.499 

Trips per week (Varies) 
      M (SD) 

 
     7.51 (.4)b 

 
7.53 (4.5)c 

 
7.78 (4.4) 

 
.393 

 
.725 

Number of places per week (Varies) 
      M (SD) 

 
     3.71 (.1)b 

 
3.79 (1.4)c 

 
4.86 (1.8) 

 
.034 

 
.825 

Miles per week (Varies)  
      M (SD) 

 
121.12 (12.6)b 

 
109.77 (118.8)c 

 
127.25 (135.56) 

 
.295 

 
.797 

Distance driven last month (0-6) 
      M (SD) 

 
     4.95 (.1)a 

 
4.98 (1.3)d 

 
4.60 (1.4) 

 
.650 

 
.673 

Avoidance of driving (0-6) 
      M (SD) 

 
     1.91 (.1)a 

 
1.74 (1.0)d 

 
1.66 (1.3) 

 
.801 

 
.956 

an = 116. bn = 113. cn = 57. dn = 58.  

Table 4-26.  Driving exposure and avoidance  
Variable (Range) Unsafe-R 

Baseline        Follow-up 
Safe-R 

Baseline       Follow-up 
Safe 

Baseline          Follow-up 
Days per week (0-7)                                M    
                                                              (SD) 

6.33  
(1.1) 

5.00  
(1.0) 

5.17  
(1.8) 

4.61  
(1.7) 

5.37  
(1.8) 

4.95  
(1.7) 

Trips per week (Varies)                           M    
                                                              (SD) 

6.66  
(2.0) 

8.17  
(3.1) 

6.8  
(3.0) 

7.23  
(3.5) 

8.9  
(6.5) 

8.9  
(5.9) 

Number of places per week (Varies)       M    
                                                              (SD) 

2.67 
(.5) 

3.33 
(1.5) 

3.57  
(1.3) 

4.80 
(1.8) 

4.37 
(1.3) 

5.32 
(1.7) 

Miles per week (Varies)                          M    
                                                              (SD) 

61.00  
(21.5) 

98.33  
(66.3) 

85.62  
(93.1) 

96.79  
(86.1) 

159.52  
(160.4) 

192.38  
(192.5) 

Distance driven last month (0-6)             M    
                                                              (SD) 

3.00 
(1.7) 

3.33 
(1.5) 

4.92  
(1.2) 

4.44 
(1.6) 

5.42 
(1.2) 

5.11 
(.9) 

Avoidance of driving (0-6)                     M     
                                                              (SD) 

2.33  
(1.1) 

2.33  
(2.0) 

1.86  
(1.0) 

1.81  
(1.3) 

1.42  
(.9) 

1.26  
(1.1) 
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Figure 4-17.  Days per week 
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Figure 4-18.  Number of trips per week 
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Figure 4-19.  Number of places per week 
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Figure 4-20.  Average miles per week 
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Figure 4-21.   Distance driven past month 
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Figure 4-22.  Driving avoidance past month 
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Table 4-27.  Places driven  
Places driven 

N (% that went places) 

Follow-up at baseline 

N = 58 

Follow-up 

N = 58 

Store and errands 56  (96.6) 57 (98.3) 

Church 21  (35.6) 26 (44.8) 

Work/Volunteer 23  (39) 21 (36.2) 

Medical Appointments 14  (24.1) 37 (63.8) 

Other shopping 10  (16.9) 18 (31) 

Relatives House 14  (23.7) 16 (27.6) 

Friends House 17  (29.3) 26 (44.8) 

Out to Eat 23  (39.7) 18 (31) 

Gym/Exercise 10 (16.9) 14 (24.1) 

Leisure (Movies, theater, golf, crafts)   8 (13.6) 13 (22.4) 

Library   4 (6.8)   4 (6.9) 

Other places  

(Meetings, pleasure driving, others) 

17 (29.3) 24 (41.4) 

 

Table 4-28.  Driving avoidance at baseline and follow-up  
Driving avoidance 

N (% that avoided) 

Follow-up sample -baseline 

N = 58 

Follow-up sample 

N = 58 

Driving in the rain  8 (13.8) 23 (19.5) 

Driving alone 1 (1.7)  1 (1.7) 

Driving in high traffic 6 (10.3) 20 (34.5) 

Driving in rush hour 16 (27.6) 34 (58.6) 

Merging into highway/expressway 6 (10.3) 4 (6.9) 

Making left turns 7 (12.1) 14 (24.1) 

Driving at night  7 (38.9)   

(data for 18 drivers only) 

22 (37.9) 

Note: Driving at night was not included in the analysis since data of 40 older adults were missing 
at baseline.  
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CHAPTER 5 
DISCUSSION 

This chapter discusses the results of each study aim, followed by the limitations of this 

study, and suggestions for future research in this area.  

Aim 1: Driving Recommendations 

The first aim of this study was to identify the most common types of driving 

recommendations that a DRS provides to older drivers. Sample sizes differed among groups, 

which was a important limitation in studying the frequency of recommendations. 

Recommendations studied at baseline were based on 4 unsafe drivers, 13 unsafe but remediable 

drivers (unsafe-R), 68 safe drivers with recommendations (safe-R), and 33 safe drivers. It was 

therefore not surprising that the majority of recommendations were related to driving behaviors 

as the type of recommendations were somewhat driven by the larger sample in the safe-R drivers 

group. Despite this limitation, an interesting patterns of DRS recommendations emerged across 

driving performance groups as described below. 

Recommendations Suggesting Selection 

As expected, unsafe drivers only received selection recommendations to stop driving, and 

safe drivers did not receive selection driving recommendations. Safe-R drivers were mostly 

advised to avoid high traffic and highways. Driving in highways and in high traffic situations 

demand prolonged attention, control of the speed of the vehicle, leaving safe distances in 

following cars, and safe reaction time, among other driving behaviors. Since approximately 12% 

of safe-R and 69% of unsafe-R drivers had driving recommendations to avoid high traffic, the 

findings suggest that these are complex driving situations where older adults start to show 

difficulties driving. Avoiding high traffic and avoiding highways were also the most frequent 

recommendations in the unsafe-R group, but more than a third of these drivers were also advised 
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to avoid unfamiliar places and night driving. This suggests that per DRS judgments, the unsafe-R 

drivers were having more cognitive difficulties that put them at risk of getting lost, or they 

became fatigued when driving in unfamiliar places. They also had more attention and visual 

difficulties that potentially made night driving unsafe. 

Overall, the recommendations suggesting selection showed an increasing need to limit 

places to drive as a person’s driving performance declines. The data on self-report of avoidance 

of situations (at baseline) showed that more than 80% of drivers did not avoid driving in the rain, 

driving alone, making lefts, merging, or driving in high traffic. Drivers tended to avoid night 

driving (70%) and rush hour (67%), but more than half of the baseline sample reported that they 

did not avoid these situations. Recent reports of older adults and driving that suggest avoidance 

of driving situations is a self-selection process not always related to levels of driving 

performance (Baldock et al., 2006).  

Recommendations Suggesting Specific Optimization 

As drivers move along the spectrum of being safe and safe-R to unsafe-R and unsafe, 

driving behavior errors are more likely to be associated with awareness of the vehicle and the 

environment. Unsafe drivers’ recommendations were mainly to pay more attention to the driving 

environment, to scan the environment more often, and to reduce speed-related errors. When 

drivers made these type of errors, the DRS was more likely to ‘intervene’ by using the auxiliary 

brake or giving cues such as “watch the people”. This finding is in line with previous research 

(Dobbs, 1997; Dobbs et al., 1998; Hunt et al., 1997) suggesting that errors requiring evaluator’s 

intervention are predictive of road test failure or cognitive impairment. In contrast to the studies 

by Hunt et al. and Dobbs et al. mentioned above, this study did not include cognitively impaired 

participants. The cognitive measure scores for the unsafe drivers in this study (based on the 
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TICS) ranged from 26 to 36 with a mean of 31, which is above the cut-off score of 30 suggested 

by Welsh et al. (Welsh et al., 1993).  

The speed related errors included poor vehicle control by not maintaining a constant 

pace. In the DRS comments, some speed recommendations were to start breaking earlier, avoid 

braking abruptly or not accelerating too fast. In their recent study explaining confusion of the 

brake with the accelerator, Freund et al. (2008) suggested these functions were related to 

executive function impairments. Although this study did not specifically analyze errors based on 

clinical measures, it seems that the vehicle control and speed regulation are main components of 

safe driving ability. Hunt et al. (1997) and Dobbs et al. (1998) also suggested that lane 

maintenance and speed errors were common for drivers with cognitive impairments. In this 

sample, 30% of the unsafe-R drivers had recommendations related to drifting, lane maintenance, 

or not staying in the line when turning.  

Among safe-R and safe drivers there was a high number of stop and signaling errors. This 

is similar to previous studies suggesting these are errors common for older and younger drivers, 

or errors commonly seen in a population of healthy older adults and thus, not reflective of 

declines in competency to drive (Carr, Jackson, Madden, & Cohen, 1992; Dobbs et al., 1998; 

Hunt et al., 1997). Other signaling errors reflected cautious behavior. Four drivers had a 

recommendation to not turn the signal too early before the maneuver, and two persons had a 

recommendation to turn off the signal. Having the signal turned on longer than needed may be 

problematic because other drivers can be confused about the driver’s intentions and may engage 

in aggressive behaviors such as accelerating abruptly and passing the driver or honking. Not 

turning off the signal can be related to attention difficulties or hearing impairment. In this sample 
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both individuals who forgot to turn off the signal had scores that were among the lowest TICS 

scores, but reported fair hearing.   

The safe-R group accounted for most of the total percentage of recommendations related 

to stops. This finding supports Dobbs et al. results that not making complete stops (e.g., “rolling 

stops”) are common errors among young and older adults (Dobbs et al., 1998). Stop errors in this 

study also related to stopping in the middle of an intersection when waiting to turn. Three safe-R 

and one safe driver had stop errors relating to leaving too much space between them and the car 

in front, which reflects some drivers are overcautious. Dobbs et al. (1998) found that stop 

positioning errors included stopping too close or too far back from the car in front and these 

errors were not significantly different across young, older adults, and participants with dementia.   

Older adults in the unsafe-R and safe-R groups had the highest number of 

recommendations suggesting specific optimization. These recommendations relate to Michon’s 

tactical and operational levels of driving. Besides stop and signaling recommendations described 

above, most of safe-R drivers’ recommendations related to driving too slowly, lane maintenance, 

and need to increase speed while merging on a highway. In parallel to Dobbs et al. (1998) 

findings, driving slowly was labeled as ‘over-cautiousness.’ These errors did not suggest 

declined competency to drive, and did not differ among old and young drivers. In this study, 

speed-related errors that differentiated unsafe and safe drivers were related to vehicle control 

such as abruptly braking or accelerating. Most merging recommendations were given to the safe-

R drivers which relates to safe-r drivers getting recommendations to avoid highways.  

Recommendations Suggesting Global Optimization  

In this category, most recommendations were for unsafe-R drivers. Again, a different 

pattern of recommendations emerged for each group. The unsafe drivers were not given any 

recommendations to ‘remediate’ the driving performance as they were instead advised to stop 
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driving. The unsafe-R drivers however, were given varied recommendations to improve their 

driving ability. These recommendations included taking the AARP course and reading the 

Florida (FL) drivers handbook. The studies that have looked at the effectiveness of the AARP 

course have used samples of healthy, community volunteers (Bedard et al., 2004; Bedard et al., 

2008; Nasvadi, 2007; Nasvadi & Vavrik, 2007). This study suggests that if unsafe-R drivers are 

the drivers to whom driving education is mostly advised, traffic research has not answered the 

question of driving education effectiveness.  

It is also questionable whether a recommendation to re-read the FL driving handbook 

would improve unsafe-R drivers’ performance. This handbook mostly targets the rules of the 

road and how to handle emergency situations, which in cognitive terms relates to declarative 

type of knowledge. In other words, learning about rules of the road helps a driver understand 

what to do in unsafe situations. Although the handbook might be a good reminder of safety on 

the road, whether a driver applies these optimization strategies would be more objectively tested 

with on-road performance (i.e., procedural type of knowledge).   

Along with recommendations of driving education, unsafe drivers were the only drivers 

referred to a neurologist. This recommendation highlights the cognitive and executive function 

difficulties that the DRS might have observed in these drivers, such as decreased attention, 

decreased reaction time, decreased memory recall, visual-perception. In this regard, recent visual 

attention and speed of processing interventions show promising benefits to older drivers safety 

(Roenker, Cissell, Ball, Wadley, & Edward, 2003). The most prevalent recommendation to 

drivers in the safe-R group was a referral to see an eye care specialist. This is not surprising 

considering the age related declines in vision and the impact of visual abilities in the driving 

task, such as keeping safe distances with cars, perceiving road marks, and scanning the 
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environment to change lanes, make turns, or merge onto a highway. It was also evident from the 

driving recommendations that the DRS considered it important to re-evaluate older drivers 

periodically. The DRS referred 31% of unsafe-R drivers for driving re-evaluations. When 

referring to driving-reevaluations the DRS noted:  

“Driving skills absolutely differ from person to person. I may evaluate a 75 year old man 

with no medical problems that drives adequately and then see a 65 year old man with cognitive 

impairments that hinder his ability to drive safely. I really look at the person as a whole and not 

just at age”.  

The DRS perception of drivers ability and performance supported evidence that age alone 

is not adequate to predict drivers ability or crash risk (Hakamies-Blomqvist et al., 1995; Janke & 

Eberhard, 1998; Langford, Fitzharris, Koppel, & Newstead, 2004; Langford, Methorst et al., 

2006) .  

Recommendations suggesting compensation  

The DRS referred 9 of 13 unsafe-R drivers for BTW training, suggesting that older adults 

may improve driving performance with training. Current evidence on the effectiveness of 

behind-the-wheel interventions for healthy older adults is very limited. Marottoli et al. (2007) 

have recently shown improvements in driving performance for drivers after a physical exercise 

intervention. The evidence on compensation strategies resulting from this study should be 

viewed with caution since the sample sizes of unsafe and unsafe-R driver were small. Why did 

some drivers’ receive driving lesson recommendations instead of BTW training? Financial 

issued could be the case why 4 of the 16 drivers who had training recommendations were advise 

to take training behind the wheel (DRS, personal communication). Driving training from a DRS 

compared to practice lessons with a Certified Driving Instructor (CDI) are more expensive. This 

raises some concern because DRS are more trained and specialized on aging declines, assistive 
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technology, and medical impairments. Yet many older adults with limited financial resources and 

specific physical, motor, visual, or cognitive declines may choose to receive non-specialized 

training. 

Aim 2: Prediction of Driving Performance 

The second aim was to examine what combination of cognitive, motor, and sensory 

clinical tests helped predict the DRS decision to determine whether an older driver was: (1) 

unsafe, (2) unsafe but remediable, (3) safe with recommendations, or (4) safe driver. A group of 

potential cognitive, sensory, and motor predictors were used in a discriminant function to 

determine what performance measures differentiated unsafe from safe-R, and safe drivers. The 

main limitation of the results in aim 2 was the violation of the assumption of homogeneity of 

variance. This violation implies that the variances among groups were not the same and 

therefore, the significant differences observed in driving performance may have been subject to 

an inflated type I error. This limitation was counteracted by a relatively large sample size (n = 

118) and the fair robustness of discriminant functions to violations of homogeneity of variance 

(Meyers et al., 2006). In this sample, levels of driving performance were predicted by scores of 

contrast sensitivity and rapid pace walk scores. Possible explanations for these findings are 

described below.  

Since visual information comprises more than 90% of the information required for 

driving (Hills, 1980) one would expect a visual measure to explain a large percentage of driving 

performance. In this sample, total scores of contrast sensitivity were the main predictor of 

driving ability. Other driving research has reported that contrast sensitivity predicted driving 

abilities at night and overall driving performance on a road test (Wood & Owens, 2005; Wood & 

Troutbeck, 1995). Most studies of driving performance have not used the test of contrast 
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sensitivity reported in this study, the Functional Acuity Contrast Test (F.A.C.T.). However, 

Decina et al. (1991) reported that adding the F.A.C.T. to measures of horizontal fields and visual 

acuity was a strong predictor of crash frequencies in a sample of 12,400 drivers. Results of this 

study replicate findings by Stav el al. that reported on a sample of 123 older adults, most of 

whom were participants in this study (Stav et al., 2008). In Stav et al. contrast sensitivity B was 

the main predictor of driving performance accounting for .26 of the variance in a multiple 

regression model.  

This study used a total score of contrast sensitivity since the main interest was on overall 

performance on clinical measures. However, reported means and standard deviations for each 

contrast sensitivity subtest (in table 4-8 of the methods chapter) show that the scores for contrast 

B were significantly different among the three groups of driving performance; all subtests of 

contrast sensitivity were significantly different between unsafe and safe-R or unsafe and safe 

drivers. An important observation is that for the higher frequencies of contrast sensitivity (C, D, 

and E), the mean score differences are higher between unsafe and safe drivers than the 

differences in the lower frequencies; and contrast sensitivity scores for all groups were lower in 

the higher frequencies. This is in line with the literature that suggests older adults have more 

difficulty identifying visual targets in the higher frequencies of contrast (Greene & Madden, 

1987; Owsley & Sloane, 1987; Wood & Owens, 2005). 

Each frequency of the F.A.C.T. represents different regions of the visual system 

(F.A.C.T. manual, Stereo Optical, Inc.): (1) Contrast A- neurologic region, (2) Contrast B and C- 

optic nerve and retina region, (3) Contrast D-.optic nerve, retina, and macula, and (4) Contrast E- 

macula. Each contrast also has equivalent scores of visual acuity and thus, this is a 

comprehensive measure of visual function. Visual acuity was not predictive of driving 
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performance, which has also been argued before as a concern for re-licensing assessment, 

suggesting that a combination of visual and cognitive measures is better to predict driving ability 

(Ball et al., 1993; Janke & Eberhard, 1998; Owsley et al., 1991; Wood & Owens, 2005). 

Surprisingly, none of the cognitive measures emerged as a significant predictor in the 

discriminant function. Some explanations of this finding are that the sample of unsafe, safe-R, 

and safe drivers in this study consisted of mostly healthy older adults and the results of predictors 

of driving performance among groups may not be reflective of unsafe and safe drivers in the 

population. When compared to UFOV normative scores by age and education (Edwards et al., 

2006), mean composite scores of this sample were lower than the mean score of the norms for 

the safe-R and safe groups. The mean composite score in the norms is 500.56 (SD = 218.54) for 

ages 75-79 (and more than 12 years of education); and 417.99 (SD = 207.24) for ages 70-74 

(more than 12 years of education). In this sample, mean scores were 688.5 (SD = 254.2) for the 

unsafe group (mean age 79.6); 396.3 (SD = 208.3) for the safe-R group (mean age 75), and 319.1 

(168.6) (mean age 70). Although the mean scores were lower than the norms, the means fell 

under the range of standard deviations in the norm scores. Thus, in this sample of young older 

adults (M = 75), declines in visual attention were not predominantly affecting drivers 

performance on the road. The correlation of UFOV with the discriminant function was -.40, a 

lower association than those recently reported in a meta-analysis of UFOV and driving 

performance (.42-.50) (Clay et al., 2005). 

An interesting finding was the predictive value of the rapid pace walk (RPW). RPW was 

recently described as a good measure of frailty over time (Staplin, Lococo et al., 2003). For 

drivers who took more than 9 seconds to complete the RPW, Staplin et al. (2003) reported an 

increase in the odds (OR 2.64 to 3.32) of at fault crashes over two years. Previous findings from 
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the National Older Driver Research Training Center (NODRTC) also reported RPW scores were 

correlated to driving performance on the road (McCarthy & Mann, 2006; Stav et al., 2008). 

Since the AMA Guidelines for physicians assessment of older drivers includes the RPW as an 

easy to administer test to evaluate fitness to drive (Wang et al., 2003), these findings support the 

use of RPW for screening older drivers in clinical settings. However, since the discriminant 

function only correctly classified approximately half of the drivers, interpretations of clinical 

predictors should be taken with caution.  

To rule out the possibility that demographic factors explained some of the unexplained 

variance in the discriminant function, a second function that included measures of age, gender, 

and education was conducted. The addition of age helped explain 10% more of the variance, but 

the percent of correctly classified drivers remained low (54%). Age alone is not a good predictor 

of driving performance (Waller, 1991). However, the salience of age as a predictor may be a 

result of a conglomeration of age-related declines or frailty; or it could reflect a bias in the DRS 

assessment since the DRS was not blinded to clinical assessments. Since older drivers tended to 

have higher scores on measures of cognitive status, these results may have affected the DRS 

decisions to score drivers.  

The clinical tests differentiated unsafe from safe-R and safe drivers. However, only the low 

frequencies of contrast sensitivity (i.e., contrast A and B) differentiated the safe-R and safe 

drivers. This finding suggests that mild differences on contrast sensitivity differentiated the safe 

drivers. The differences in visual function on contrast A and B among safe drivers differed by 1 

or 2 points only; and the scores were within 6 to 8 on a range from 0 to 9. This finding may have 

reflected the un-blinded assessment by the DRS or it could be related to the highly functional 

sample. The DRS could have intuitively considered contrast sensitivity scores when giving the 
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global rating scores for safe drivers. Another possibility is that since this sample did not 

significantly differ in measures of visual attention and speed of processing, the drivers’ abilities 

to react to stimuli, integrate information from the periphery, and divide attention was not an 

important component of safe driving in this population. This is contrast with large effect sizes 

reported between poor driving performance and performance on the useful field of view (Clay et 

al., 2005). However, studies that reported associations of driving performance and visual 

attention have used samples with visual impairments, crash data as outcome measure, or have 

included patient populations (Ball et al., 1993; Clay et al., 2005; Owsley et al., 1998), which 

could be a reason why the driving scores of the functional and independent sample were not 

predicted by visual attention. Similarly, safe-R and safe drivers speed of processing in the Trails 

B was approximately one minute, which is faster than findings suggesting that drivers who took 

147 seconds or longer to complete the tests were more likely to crash 4 to 5 years after a clinical 

assessment (Ball et al., 2006).  

Since approximately only half of the sample was correctly classified, the results on 

predictors of driving performance are a major limitation in this study. Differentiating among 

levels of safe drivers remains a challenge for future research. The differences between safe-R 

and safe drivers are relevant for clinical practice since adoption of recommendations or 

optimizing driving through recommendations can guide clinical and research interventions.  The 

choice of predictors or the violation of homogeneity of variances may have affected the ability of 

the discriminant function to separate the higher function groups. For example, some limitations 

were using the total number of medications and total number of co-morbidities since 

polypharmacy and specific medical conditions impair driving in different ways (Lococo & 

Staplin, 2006).   
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Despite the correlations of clinical tests with driving performance scores, the discriminant 

function analyses indicated that 51% of drivers were accurately classified. According to this  

results, there is not enough evidence to suggest that clinical measures that correlated with driving 

performance should help in DRS decision making about driving. A combination of clinical 

assessments may be valuable to clinical practice only when patients are correctly classified as 

safe and unsafe drivers, which was not shown in the discriminant function of this study. Future 

research is needed to find clinical measures that predict driving performance ensuring safety of 

drivers with varied levels of performance. At least in this population driving performance was 

determined by the clinical and subjective perspective of the DRS road test assessment. This is 

shown in the DRS interview (Appendix M) when answering the question: How do you think 

your evaluations and clinical approach differ from standard practice in Driving Rehab? Part of 

the DRS answer was: 

“(…)  Some programs do not do the road test if they fail the clinical. I do not agree with 
that. I think this information is the most valuable part of the driving evaluation. I give 
everyone a chance to prove themselves in the car no matter how poorly they do in the 
clinical portion. There are certain situations that I cannot perform the road test. For 
example, if the person does not meet Florida requirements for visual acuity. Aside from 
the exceptions, I always give my client the opportunity to show me his/her driving ability 
in the real world, in a real car.” 
 

Aim 3: Recall of Driving Recommendations 

 The third aim was to longitudinally evaluate whether or not older drivers recalled driving 

recommendations made by a DRS, with and without cueing. This is the first driving study of 

recall of DRS driving recommendations. The interpretations described below explore different 

hypothetical scenarios. Further study of driving recommendations is needed to fully understand 

their relationship to recall. The comparisons of driving recommendations recall among driving 

performance groups, like the recommendations described before, violated assumptions of 
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homogeneity of variance. The results should be interpreted under the assumption that the 

variance differences might have affected the analysis. 

Falsely Recalled Recommendations  

Four interpretations of why recommendations were falsely recalled follow. One possibility 

is that drivers falsely recalled recommendations because they have difficulties with specific 

driving conditions, such as night driving or driving in high traffic. Thus, drivers could have 

adopted driving restrictions on their own, such as avoiding these driving conditions. For drivers 

who recalled recommendations without cues, it is also possible that they had made changes in 

their driving but not necessarily as a result of the DRS recommendations. A third explanation is 

that the recommendations were indeed given by the DRS at baseline but the information was 

only verbally transmitted and there was no written record on either the recommendation forms or 

road tests and thus, this recommendations might have inaccurately fallen under the category of 

uncued false recall. Last, false uncued recall could have been related to social desirability. In 

other words, the drivers may have felt that the appropriate answers to the questionnaire were to 

recall driving recommendations. A social desirability scale was administered to control for this 

possibility, however zero-order correlations between false recall and not recalled 

recommendations and social desirability were not significant (Appendix N).  

Post-hoc Observation  

Post-hoc examination of the data showed that out of seven unsafe-R drivers at follow-up, 4 

had stopped driving. These 4 drivers gave the following reasons for having stopped: (1) Could 

not see at night and too old to keep driving, (2) lived in a retirement living community that 

provided all the transportation, (3) the car was too old, sold the car, and stopped driving for 

health, (4) kept only one car at home, and no need to go places. The recall of recommendations 

questionnaire was administered to all unsafe-R drivers at follow-up. For drivers who stopped 
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driving, recall of recommendations seems irrelevant. However, some observations will be 

addressed. For clarity, the three unsafe-R drivers who continued driving at follow-up will be 

referred to as unsafe-R1, unsafe-R2, and unsafe-R3; and the unsafe-R drivers who stopped 

driving will be referred to as unsafe-R stopped. From the unsafe-R stopped, one driver had a 

recommendation to retire from driving this was forgotten, suggesting the DRS recommendation 

may have not influenced the decision. Obviously, the sample sizes in this study were very small 

and observations are very specific to the participants involved in the study. Also, this study only 

tested recall of information so any assumptions about adopting DRS recommendations are only 

speculative. For each type of recommendation, specific observed responses for unsafe-R 1, 2, 

and 3 will be reported in addition to the general discussion.  

Selection 

At baseline unsafe-R1 driver reported avoiding left turns but was not avoiding any 

driving conditions at follow-up, although this person had recommendations to avoid rush hour, 

high traffic, highways, night driving, and driving in unfamiliar places. After cued, the driver 

recalled recommendations to avoid highways, night driving, and unfamiliar places. However, 

from the follow-up self-report of avoidance, it appeared that DRS recommendations were not 

adopted. The unsafe-R2 driver reported avoiding left turns and merging at baseline and was 

avoiding left turns, high traffic, and rush hour at follow-up. For this person, self-report of 

avoiding left turns at follow-up was a false recall, perhaps because this driver had already 

adopted this behavior when driving. However, for avoidance of high traffic, the unsafe-R2 driver 

reported avoiding high traffic at follow-up but forgot this was a DRS recommendation.  

In the third case, the unsafe-R3 driver was avoiding left turns and avoiding merging onto 

highways, at baseline. At follow-up the driver reported avoiding merging, night driving, rain, 

high traffic, and rush hour. The initial DRS recommendations to avoid highways and high traffic 
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were recalled after cues, but this driver falsely recalled recommendations to drive at night and 

rush hour. DRS recommendations suggesting selection did not seem to affect these drivers’ 

selection choices. These three examples of unsafe-R drivers who continued driving at follow-up, 

illustrate how individualized the avoidance behaviors were at baseline and follow-up. There is 

variance among older adults, and since the driving groups and sample sizes in this study were 

small, we can not generalize to the older adult population.  

What was falsely recalled?  Avoiding driving at night and avoiding rush hour were 

falsely recalled with cues by drivers in all groups, except the unsafe driver; and falsely recalled 

without cues in the safe-R and safe groups. Did drivers avoid rush hour and night driving 

because they had difficulties in these situations? Self-report of driving difficulties among drivers 

in the follow-up sample showed that 86% did not have difficulty driving in rush hour and 64% 

did not have difficulty driving at night. These self-reports might not reflect real difficulties that 

drivers have, which is a challenging question to test in research studies because road 

performance is typically measured in pre-determined driving courses and consistent times of day. 

Drivers may have selected to avoid rush hour for personal preference as suggested in other 

studies (Baldock et al., 2006; Charlton et al., 2006) or self-regulated their driving due to vision 

impairments (Brabyn et al., 2005; West et al., 2003).  

Specific optimization  

After cues, the unsafe driver falsely recalled almost all the specific optimization 

recommendations. It is possible that besides the discussion this driver had with the DRS to stop 

driving, these were reasons that the DRS explained as main motivators for her decision to 

recommend driving cessation. Again, the veracity of a ‘false’ recall is hard to determine. For 

those who were still driving from the unsafe-R group, the unsafe-R1 driver falsely recalled a 

recommendation to stop behind the white lines; the unsafe-R2 driver falsely recalled 
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recommendations to increase the stopping distance and increase speed when merging; and the 

unsafe-R3 driver did not have false recalls. One possibility is that these were considered difficult 

situations. But this assumption could only be tested with a follow-up road test assessment. For 

other drivers, cued false recall of scanning was prevalent among safe-R drivers, and false recall 

of stops and signaling recommendations were prevalent for safe-R drivers. This finding may be 

related to aspects that the drivers considered important. But as was mentioned before, these 

recommendations may have been mentioned by the DRS as preventive or safe behaviors.  

Global optimization and compensation  

Unsafe-R and safe-R drivers were the only groups that had global and compensation 

recommendations at baseline. None of these drivers falsely recalled recommendations and most 

forgot the recommendations. One safe driver mentioned the AARP course as a false 

recommendation after cues. This driver had not taken the course, but might have been a 

recommendation that sounded important for the driver. 

Correctly Recalled Recommendations  

This study used uncued and cued recall that allowed examination of the ‘mismatches’ or 

discrepancies between recalled information with and without cues. In this study, 73.5% of 

drivers recalled recommendations, 17.2% did not recall recommendations, and 9.3%were drivers 

who did not have recommendations (e.g., were safe drivers or no written recommendations 

appeared on the records). When participants recalled information without cues, most of the 

recommendations recalled were specific and very similar to the DRS recommendations. Some 

examples of recommendations recalled were: (a) “Too slow, go to posted limit” (safe driver), (b) 

“Keep distance with vehicle in front by being able to see tires; and not crossing the median line” 

(safe-R driver); (b) “Watch the speed limit, to drive faster, turn on signal sooner, to stay on right 

of road and out of bicycle lane” (unsafe-R driver). 
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These findings contrast with the results of Nasvadi (2007) who interviewed drivers after 

taking the AARP course. The author reported that in telephone interviews, drivers recalled 

mostly rules of the road and some strategies to change lanes, merge, or passing vehicles, and 

approximately 20% gave only general comments about the education course (Nasvadi, 2007). 

One reason to support this finding is the context in which drivers learned about 

recommendations. The driving evaluation was a real driving situation that could have facilitated 

the recall of information since recommendations were specific and individualized to each 

driver’s needs. In a meta-analysis to examine the best instructional methods for older adults’ 

training in the work setting (Callahan, Kiker, & Cross, 2003) the authors reported self-pacing, 

modeling, and active participation explained more variance of older adults learning than lectures, 

using supplementary material, and feedback. The recent evidence by Marottoli et al. (2007) on 

physical exercise interventions and driving and a recent meta-analysis of interventions in the 

driving literature, (Kua et al., 2007) suggest that studying the effectiveness of older driver 

interventions will be an important area of future driving research. 

If self-paced and active participation is the best approach to retrain older drivers, then the 

format of educational courses may have to be re-evaluated. A supplementary question in the 

follow-up interviews asked whether the drivers had taken the AARP course. Out 64 drivers, 37 

(57.8%) responded they had. Information on why they took the course was collected for 26 of 

these 37 drivers. Out of 26 drivers, 53.8% (n = 14) responded they took the course to get the 

insurance discount; 15.4% (n = 4) said they took the course for the insurance discount and 

because it was a good thing, one driver said it was a good thing, and interestingly, 26.9% (n = 7) 

participants in this study were AARP instructors. Previous research found that driving classroom 
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education programs may be taken for insurance discounts rather than the safety benefits (Hunt, 

1993; Stutts & Wilkins, 2003).  

Selection  

Recommendations recalled by the unsafe-R drivers were addressed in the false recall selection 

section. The fact that unsafe-R drivers accurately recalled recommendations after being cued is a 

promising finding since it suggests that reminding of recommendations on an individual basis 

was a successful approach to help improve drivers’ safety. DRS gave recommendations to safe-R 

drivers to start planning for driving retirement and drivers recalled this recommendation after 

cues. Giving safe-R drivers a recommendation to plan for retirement might have been more of a 

‘preventive’ measure by the DRS. This is related to the high percentage of drivers-93% in this 

follow-up sample who reported not having talked to someone about retiring from driving.  

Specific optimization 

In the unsafe-R group, unsafe-R1 driver recalled being told to be “too far out in 

intersection, too careful, and wait too long for car to clear out”; after cues, this driver recalled the 

recommendation to pay more attention. Forgotten recommendations for the unsafe-R1 driver 

were driving too slowly and hands position on the steering wheel. The unsafe-R2 driver recalled 

“Drive too close to front car; don't drive in the middle of the lane”, and with cues recalled the 

recommendation to scan the environment more and stay in the lane when turning. This driver 

forgot recommendations to signal and pay more attention. For the unsafe-R3 driver, there were 

no uncued recommendations recalled except a broad statement of “stopping”. This driver forgot 

all driving behavior related recommendations including scanning, speed, stopping distances, and 

stops. It seemed that overall, the unsafe-R drivers benefited from the cued recall like with the 

selection recommendations; but interesting pattern of forgetting emerged for the unsafe-R3 

driver. One could speculate this is the beginning of unsafe driving behaviors that may or may not 
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lead to crash risk. It also shows that unsafe driving behaviors are hard to pinpoint in a general 

sample of drivers unless one specifically studies driving errors.  

Among safe-R drivers it was noticeable that drivers recalled recommendations to improve 

their driving without cues. This suggests that this group of drivers had good insight and benefited 

from DRS recommendations. For safe drivers, recommendations were not recalled in 83% of the 

cases. This is similar to the findings reported in the recommendations section that suggest 

signaling is a habitual error among older adults, not one that indicates declining ability to drive. 

This study also shows that safe older drivers do not recall this recommendation. 

Global optimization and compensation 

In general, drivers of all groups did not recall global and compensation recommendations. 

This was striking because referral to a health care specialist can help drivers remediate or 

maintain their safe driving abilities. Yet, 3 unsafe-R drivers forgot referrals to a neurologist, 1 

unsafe-R forgot a referral to the physician, 5 safe-R and 1 unsafe-R drivers forgot referrals to an 

eye care specialist. From the unsafe-R drivers who were still driving at follow-up, unsafe-R1 did 

not have any global recommendations at baseline, unsafe-R2 recalled global recommendations 

after cues (AARP course and BTW training), and the unsafe-R3 driver forgot all global 

recommendations to see a neurologist, take BTW training, and take the AARP course. Taking 

the AARP course was the most common global recommendation followed by referrals to an eye 

care specialist. The possibility that follow-up reminders help drivers recall these referrals should 

be incorporated in future studies of driving recommendations.  

Not Recalled Recommendations  

Not recalled recommendations are those recommendations that drivers were given at 

baseline but forgot over time. Why do drivers forget recommendations? Some possibilities are 

declines in memory, irrelevance of the material given or lack of motivation. The main study 
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limitation here was the long time that elapsed between initial assessment and the follow-up 

interviews. One could argue that memory declines influenced the ability to recall 

recommendations. However, TICS score for the sample at follow-up was M = 36.09, which is 6 

points higher than the suggested cut-off score for impairment (Welsh et al., 1993). The 

longitudinal component in this study was instructive because in contrast to studies that evaluated 

what drivers recalled from education courses after taking the course (Bedard et al., 2004; Bedard 

et al., 2008), we were able to see what drivers recalled over a longer period of time.  

Another explanation for forgotten recommendations is that recall of recommendations is 

a subjective experience and drivers may have forgotten what they did not consider relevant or 

helpful. Drivers choose their goals and actions based on their motivations. This is in line with the 

SOC where drivers select their goals based on choices. For older adults, choices may be time and 

space constrained, or based on loss of resources (Freund & Baltes, 1998). Older drivers may 

therefore try to spend their energy and cognitive resources trying to achieve emotional 

satisfaction. Their motivations may continuously be drawn to positive events that reinforce their 

emotions and goals, which Carstensen et al. (Carstensen & Mikels, 2005; Carstensen, Mikels, & 

Mather, 2006) have labeled ‘the positivity effect’. If a driver does not consider DRS 

recommendations useful or applicable to their own situation, then a main component of 

motivation to modify the behavior is lacking. As reviewed in the recalled recommendations 

section, training and educational efforts have to be carefully designed considering how older 

drivers learn best and what motivates them.  

Aim 4: Driving Habits Changes 

 The last aim was to study older drivers’ exposure and avoidance as a function of driving 

performance group. The findings showed increased levels of exposure and no changes in 
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avoidance of situations. There were no significant differences in longitudinal changes in driving 

habits among driving performance groups. Explanations for these findings are suggested below. 

The first explanation is that increases in driving exposure could be related to interviewer 

biases. Specifically, at baseline and follow-up, different interviewers administered the telephone 

interview. The question about places driven in a week, number of weekly trips, and miles is 

calculated based on open-ended responses. The way interviewers asked the question such as 

giving participants response options, allowing more or less time for answers, or asking for 

clarifications can influence the outcome. Although all indices of driving exposure increased over 

time, older adults were driving fewer days per week. This question was more structured and 

perhaps showed more objective results of the changes in driving. Other research has suggested 

that drivers age 72 and older are more likely to drive fewer days (Bauer et al., 2003). Over time, 

the distant places that drivers went to remained relatively stable, which supports the Collia et al. 

(2003) findings that long distance trips of 50 miles by young and older drivers were mostly taken 

in the same state (Collia et al., 2003). On average, the furthest places that unsafe-R drivers drove 

to were to neighboring towns, safe-R drivers tended to go to more distant towns or cities, and on 

average, safe drivers went to places outside the county. In this study, drivers’ exposure was not 

significantly different over time, contrary to studies reporting that older adults decrease trips for 

vacationing, recreational shopping, going to the beauty or barber shop, and volunteering or 

working (Bauer et al., 2003). 

The results of this study were more in line with Collia et al. (2003) who suggested that 

older drivers’ travel is characterized by trips for pleasure such as vacations and sightseeing 

excursions, trips for relaxation and rest, trips to visit family, and outdoor recreation; or trips for 

shopping, medical reasons, or running errands (Collia et al., 2003). Considering the SOC and 
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Michon’s Hierachical Model, the places that older adults drove to at baseline and follow-up 

reflected the selection of places based on time and resources as suggested by the SOC model. 

With more leisure time as they aged, drivers were going to more socially related places at 

follow-up. These included more visits to friends and relatives, more leisure activities such as 

playing cards, playing golf, or going to the movies; more outings to the mall or other shopping, 

more long distance drives for pleasure, and exercising more. Drivers were also selecting more 

religious activities on a weekly basis. Other outings such as grocery shopping, work and 

volunteering, and going to the library had similar frequencies over time. As expected, drivers 

were going to more medical appointments over time. 

Contrary to other authors suggesting that drivers with lower levels of driving performance 

avoided more driving situations (De Raedt & Ponjaert-Kristoffersen, 2000a), in this study 

driving performance did not have any effect on drivers selection of places to avoid. In fact, after 

longitudinal evaluation of driving habits, drivers with different levels of driving performance did 

not differ in most driving exposure and avoidance patterns. Drivers mostly avoided driving in 

rush hour and night driving. Although data for night driving was missing at baseline, this 

avoidance pattern was still highly reported at follow-up. As in other studies (Charlton et al., 

2006; Raitanen et al., 2003), older adults often made comments of not liking to drive in rush hour 

and choosing to avoid it. Other studies reported that rush hour avoidance was related to 

retirement from work and more flexible schedules (Baldock et al., 2006; Ball et al., 1998; Lyman 

et al., 2001; Raitanen et al., 2003). This reflects the application of Michon’s strategical level and 

indicates that older adults selectively choose to avoid driving in some situations, such as rush 

hour, high traffic, and night driving. It also implies that a driving restriction on one’s driver 
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license to avoid rush hour needs to be better ‘prescribed’ since drivers may already be 

compensating for declines in that way . 

In this study we did not ask drivers why they avoided specific driving conditions. 

However, results from driving recommendations and recall of recommendations supported recent 

findings in traffic safety suggesting that driving avoidance of situations among older adults is a 

selective process (Baldock et al., 2006; Charlton et al., 2006). A second explanation for drivers 

not changing or even increasing their driving exposure over time is reflective of the need to 

drive. Perhaps in this highly functional and relatively young sample, driving exposure and 

avoidance did not change over time because all drivers want to maintain their independence, 

freedom, and quality of life. Authors have studied the impact of losing the freedom and 

independence to drive (Bonnel, 1999; Johnson, 1998; Peel et al., 2002; Ragland et al., 2005; 

Ralston et al., 2001). If “driving is a major rite of passage in American society” (Ralston et al., 

2001) and embedded as a societal value, then any intervention to maintain or even optimize 

drivers’ performance on the road should be considered an intervention to sustain the identity and 

way of life (Bonnel, 1999; Peel et al., 2002). Driving recommendations, provided we can 

transmit them in a relevant and meaningful manner to older drivers, can serve part of that 

purpose. 

Study Limitations 

Limitations of this study include the use of secondary data analysis, which is subject to 

variability in data collection and missing values. Some participants had to be excluded because 

data were missing such as the road test or telephone number. The collection of some self-report 

measures can be problematic when different evaluators interview participants.  

This study used only the perspective and clinical judgment of one driving rehabilitation 

specialist. To help explain the DRS clinical expertise, a written interview is included (Appendix 
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M). From the DRS point of view, her methods of clinical evaluation and driving ability are 

similar to others who evaluate older driver performance. Another limitation was relying on 

written driving recommendations from different forms because not all drivers received a copy of 

their recommendations those who had copies could have better recalled the recommendations. 

Since it was a secondary data analysis, the way that the DRS provided the recommendations was 

not pre-established, and drivers could have accurately recalled recommendations that were not 

kept in written records. Although using data of two baseline studies helped increase the sample 

size, all clinical tests did not overlap between studies and some potential predictors of driving 

performance were not included in the analysis. 

Driving recommendations were classified per agreement among three raters but this 

agreement was not statistically tested. Future studies can better classify driving recommendations 

among DRSs quantifying the raters’ agreement. The relationships among driving 

recommendations under the SOC framework can be more accurately classified by including 

BTW training as a practice to optimize driving and evaluate compensation strategies such as the 

use of assistive devices or alternate means of transportation.  

Follow-up interviews relied on self-report, which is subject to recall bias and inaccuracy 

of information. Follow-up interviews were given 1.5 to 3 years after the road test and many older 

adults participated in more than one driving study, which could have influenced their recall of 

driving recommendations. However, for those who recalled recommendations, the descriptions 

they used were very specific and similar to the information that the DRS commonly uses when 

counseling drivers. Follow-up interviews had attrition rates and although the follow-up sample 

did not significantly differ from baseline participants, attrition and small sample sizes were a 

limitation of this study.  
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Future Directions 

Future studies of driving recommendations for older drivers would benefit from more 

standard and systematic ways to measure recommendations. A standard questionnaire of 

recommendations can be validated to test whether older drivers adopt recommendations over 

time. These recommendations should be reviewed by a group of driving rehabilitation specialists 

and tested in more than one clinical setting and based on a larger sample of DRS clinical and 

road test assessments. This would make the driving recommendations more valid and easier to 

generalize to the population of older drivers.  

A larger scale study of older driver abilities over time is needed to examine whether 

driving recommendations are implemented as driving behaviors behind-the-wheel; or if 

recommendations to avoid driving situations or optimize driving abilities through education or 

compensation strategies are adopted. In addition to studying recall of driving recommendations, 

a future study should examine whether older drivers accept the driving recommendations and 

what specific changes in driving they report over time.  

Future studies should include larger and more balanced samples of drivers with different 

driving abilities to make more objective comparison among driving performance groups. The 

range of interventions that a DRS provides to older drivers such as behind-the-wheel or training 

in the use of assistive devices can also be tested in scientifically to compare and contrast the 

different interventions that can benefit older drivers’ safety.  

Future studies in driving can examine the way older adults put in practice the 

recommendations they select to adopt, what strategies help them optimize their driving behaviors 

behind-the-wheel, and how do they compensate for loss of resources or driving abilities over 

time. Using the SOC model of successful aging in conjunction with a driving behavior model is 

strength for future research because it allows researchers to conceptualize and help explain the 
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ways in which drivers use their abilities and maximize their potential. This is the ultimate goal of 

driving safety: maintaining driving independence, mobility, and quality of life. 
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APPENDIX A 
TELEPHONE INTERVIEW 

Demographic Information  
      Participant #CDC_______________ 
      Participant #NHTSA_____________ 
 

Date of interview___/__/___  
 

1. Driver License # ___________________________ 
 
Date of Birth:  ___/___/____ 

    mm/ dd/   yyyy 
2. Gender:   
 
  1.  M     2.  F 
 
3. Race and Ethnicity: 

 Do you consider yourself to be: 

1. White: A person having origins in any of the original peoples of Europe, the 
Middle East, or North Africa. 

2. Black or African American: A person having origins in any of the black 
racial groups of Africa.  

3. Hispanic or Latino: A person of Cuban, Mexican, Puerto Rican, South or Central 
American, or other Spanish culture or origin 

4. American Indian or Alaska Native: A person having origins in any of the original 
peoples of North, Central, or South America, and who maintains tribal affiliation 
or community attachment. 

5. Asian: A person having origins in any of the original peoples of the Far 
East, Southeast Asia, or the Indian subcontinent including, for example, 
Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine 
Islands, Thailand, and Vietnam.   

6. Native Hawaiian or Other Pacific Islander: A person having origins in any 
of the original peoples of Hawaii, Guam, Samoa, or other Pacific Islands. 
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4. Level of Completed Education: 
 
DID NOT GO TO SCHOOL                 00 

GRADE 1                                               01 

GRADE 2                                               02 

GRADE 3                                               03 

GRADE 4                                               04 

GRADE 5                                               05 

GRADE 6                                               06 

GRADE 7                                               07 

GRADE 8                                               08 

GRADE 9                                               09 

GRADE 10                                             10 

GRADE 11                                             11 

GRADE 12/GED                                   12 

VOCATIONAL/TRAINING/ 
SOME COLLEGE 
AFTER HS GRAD                                 13 
 
ASSOCIATE DEGREE                          14 
 
COLLEGE GRAD/BA-BS                     16 
 
SOME PROFESSIONAL SCHOOL 
AFTER COLLEGE GRAD                     17 
 
MASTER'S DEGREE                             18 
 
DOCTORAL DEGREE (PhD, MD, 
DVM, DDS, JD, etc.)                               20 

 

Physical Health 
5. . Do you wear (or own) a hearing aid? 
 1.  Yes  2.  No   Skip 5a 
 

5a. How is your hearing (WITH HEARING AID)? 
  1.   Excellent 
  2.   Good 
  3.   Fair 
  4.   Poor 
  5.   Totally Deaf 

 
5b. How is your hearing (WITHOUT HEARING AID)? 

  1.   Excellent 
  2.   Good 
  3.   Fair 

4. Poor 
5. Totally Deaf  

 
6. Do you ever feel periods of drowsiness?  

YES...................................................................... 1 
NO ....................................................................... 2 
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7. Have you had any falls in the last 6 months  
YES......................................................................1 
NO....................................................................... 2 

  If yes, how many_________ 
 
8. Do you use eyeglasses? 

1. Yes   2. No  
 
9. How much difficulty do you have reading ordinary print in a newspaper with your 
glasses/contacts on (if applicable)? (or difficulty reading ordinary print if they don’t read the 
paper). 

a. No difficulty 
b. A little or some difficulty 
c. Extreme difficulty or you stopped reading because of your eyesight 

      d. Unable to see/ legally blind 
 

Co-morbidity List 
Do you have any of the following conditions?  

 Yes No 
 

Comments 

Heart Disease 

Heart trouble (Including CHF, angina, cardiac arrest)     

High blood pressure/low blood pressure including syncope    

Circulation trouble in arms or legs, peripheral vascular 
disease including aneurysm 

   

Anemia    

Respiratory Disease 

Asthma    

Emphysema or Chronic Bronchitis    
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 Yes No 
 

Comments 

Tuberculosis    

Other respiratory disorder (Pneumonia, COPD)    

Musculoskeletal Disorders 

Arthritis    

Hip fracture/replacement    

Knee Replacement     

Effects of Polio    

Cerebral Palsy    

Muscular Dystrophy    

Other musculoskeletal disorder (Degenerative vertebral 
disc problems, Osteoporosis, scoliosis, fracture, shoulder 
replacement/dislocation, torn ligament) 

   

Kidney Disease    

Other urinary tract disorders (Including prostrate trouble)    

Glaucoma    

Diabetic Retinopathy    
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 Yes No 
 

Comments 

Cataracts    

Macular Degeneration    

Other vision impairment (hemorrhage, trauma, enucleation, 
retinitis, pigmentosa) 

   

Diabetes    

Thyroid or other glandular disorders    

Ulcers (of the digestive system)    

Liver disease    

Other stomach or intestinal disorders or gallbladder 
problems 

   

Neurologic Disease    

Brain Disorder (Brain tumor, “cerebral atrophy”, TIA)    

Peripheral Neuropathy    

Peripheral Nerve Disorder (Bell’s Senile Tremor, pinched 
nerve, sciatica, trigeminal neuralgia, Tic Douloureux) 

   

Dementia    

Multiple Sclerosis    
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 Yes No 
 

Comments 

Epilepsy    

Parkinson’s Disease    

Effects of Stroke or CVA, subarachnoid hemorrhage    

Other Dementia (Binswanger’s dementia, multi-infarction)    

Seizure Disorder    

Other    

Cancer or Leukemia   
     Type?     

   

Affective/anxiety disorder (anorexia-psychiatric Dx, 
Clinical depression) 

   

Skin disorders such as sores, pressure, leg ulcers, or severe 
burns 

   

Sleep disorders including narcolepsy and sleep apnea    

Hearing problem or impairments    

Speech impediment or impairment    

Foot problems (Bunions, corns, calluses, fungal infections)    

Other (gout)    
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INSTRUMENTAL ACTIVITIES OF DAILY LIVING (IADL) 
 
Now I’d like to question you about some of your daily living activities, things that we all need to 
do as part of our daily lives.  I would like to know if you can do these activities without any help 
at all, or if you need some help to do them, or if you can’t do them at all.  (BE SURE TO READ 
ALL ANSWER CHOICES IF APPLICABLE TO RESPONDENT.) 
 
1. Can you use the telephone...? 
 2 without help, including looking up numbers and dialing; 
 1 with some help (can answer phone or dial operator in an emergency, but   
 need a special phone or help in getting the number or dialing); or 
 0 are you completely unable to use the telephone? 
2. Can you get to places out of walking distance...? 
 2 without help (drive your own car, or travel alone on buses or taxis); 
 1 with some help (need someone to help you or go with you when    
 traveling); or 
 0 are you unable to travel unless emergency arrangements are made for a   
 specialized vehicle like an ambulance? 
3. Can you go shopping for groceries or clothes (ASSUMING SUBJECT HAS 

TRANSPORTATION)...? 
 2 without help (taking care of all shopping needs yourself, assuming you  had 

transportation); 

1 with some help (need someone to go with you on all shopping trips); or 
 0 are you completely unable to do any shopping? 
4. Can you prepare your own meals...? 

 2 without help (plan and cook full meals yourself); 
 1 with some help (can prepare some things but unable to cook full meals 

 yourself); or 
 0 are you completely unable to prepare any meals? 
5. Can you do your housework...? 
 2 without help (can clean floors, etc.); 
 1 with some help (can do light housework but need help with heavy work);  or 
 0 are you completely unable to do any housework? 
6. Can you take your own medicine...? 
 2 without help (in the right dose at the right time); 
 1 with some help (able to take medicine if someone prepares it for you  and/or 

reminds you to take it); 
 0 or are you completely unable to take your medicines? 
7. Can you handle your own money...? 
 2 without help (write checks, pay bills, etc.); 
 1 with some help (manage day-to-day buying but need help with managing  your 

checkbook and paying your bills); or 
 0 are you completely unable to handle money? 



 

218 

FUNCTIONAL INDEPENDENCE MEASURE – FIM 
 

Scoring Codes: 

No helper 
  7 - Complete Independence (Timely, Safely) 
  6 - Modified Independence (Device) 
 Helper 

      Modified Dependence 
  5 - Supervision 
  4 - Minimal Assist (Subject = 75%+) 
  3 - Moderate Assist (Subject = 50%+) 
      Complete Dependence 
  2 - Maximal Assist (Subject = 25%+) 
  1 - Total Assist (Subject = 0%+) 

Do you need help with… “Eating”      1.  No  Do you use any assistive devices to 
complete “task”?… 

No    score 7 
      Yes  score 6 
                                                         2.  Yes   How much of the task do you  complete yourself?  

(see helper scores above “subject does 50% of task=3)  
Self Care      

     A. Eating 

     B. Grooming 

     C. Bathing 

     D. Dressing - Upper Body 

     E. Dressing - Lower Body 

     F. Toileting 

Sphincter Control 

     G. Bladder Management 

     H. Bowel Management 
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Transfer 

     I. Bed, Chair, Wheelchair 

     J. Toilet 

     K. Tub, Shower 
        
Locomotion 

     L. (W)alk/wheel, (C)hair            W ___   C ___ 
     M. Stairs 
 
Level of assistance determined by increased time (6) or amount of prompting or cueing (1-5) 

Communication  
     N. Comprehension (Does subject understand and follow directions ?) 
     O. Expression (Does subject express ideas and needs ?) 

Social Cognition 

________P. Social Interaction (Does subject interact appropriately with 
family/friends?) 

     Q. Problem Solving (Making safe, timely decisions e.g. finances/IADLs) 

     R. Memory (Recognizing people, remembering things) 

 

     Total FIM Score 
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TELEPHONE INTERVIEW FOR COGNITIVE STATUS (TICS) 
For the next few questions, it is very important that you turn off your television or radio, so that 
you can concentrate and hear me clearly.   
Please look around you, and move all papers, newspapers, pens and pencils away from where 
you are.  I will be asking you some questions that require you to use your memory and it’s 
important that you don’t write anything down for this part. 
 
[NOTE TO SCREENERS:  SINGLE REPETITIONS ARE PERMITTED OF ALL ITEMS 
EXCEPT FOR T5 AND T8.] 
T1. “Please tell me your full name.”  
 (Do not write name down to preserve 
confidentiality) 
______________________________ 

1 point for first name,  
1 point for last name 

 
____ / 2 

T2. “What is today’s date?” 
 ______________________________ 
Prompt for missing parts (month, date, 
year, day of week, season) 

1 point for month 
1 point for date 
1 point for year 
1 point for day of week 
1  point for season 

____ / 5 

T3. “Please tell me your age  
and phone number.” 
(Do not write down information) 
____________________________ 

 1 point for age 
 1 point for phone number 

____ / 2 

T4.  “Count backwards from 20 to 1.” 
 
 ______________________________ 

 2 points if completely correct on first 
trial; 1 point if completely correct on 
second trial; 0 points for anything else 

____ / 2 

T5. “I’m going to read you a list of ten 
words.  Please listen carefully and try to 
remember them. When I am done, tell me 
as many words as you can, in any order.  
Ready?  The words are: cabin, pipe,  
elephant, chest, silk, theatre, watch, whip, 
pillow, giant.  Now tell me all the words 
you can remember.” 
 

1 point for each correct response.  No 
penalty for repetitions or intrusions. 
(cabin, pipe, elephant, chest, silk, 
theatre, watch, whip, pillow, giant) 
_________________________________ 
 
_________________________________ 
 
_________________________________ 
 
_________________________________ 
 

____ / 
10 

T6.  “One hundred minus 7 equals 
what?”_ 
“And 7 from that?” ____________ 
“Keep going”…      ____________ 
“Keep going”…      ____________ 
“Keep going”…      ____________ 
 

Stop at 5 serial subtractions. 
1 point for each correct subtraction.  (93-
86-79-72-65) Do not inform the 
participant of incorrect responses, but 
allow subtractions to be made from 
his/her last response (e.g., “93-85-78-71-
65” would get 3 points). 

___ / 5 

T7. “What do people usually use to cut 
paper?” __________________________ 

1 point for scissor or shears 
 

____ / 4 
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“How many things are in a dozen” ____ 
“What do you call the prickly green plant 
that lives in the desert?”  ____________ 
“What animal does wool come from?” 
 ______________________________ 

1 point for 12 
 
1 point for cactus 
 
1 point sheep or lamb 

T8. “Say this: ‘No ifs, ands, or buts.’” 
     
“Say this: Methodist Episcopal.’”  
 

1 point for complete repetition on the 
first trial.  Repeat only if poorly 
presented. 

____ / 2 

T9. “What is the full name of the 
President of the United States right now?” 
 ______________________________ 
    “What is the full name of the Vice 
President? 
 ______________________________ 

1 point for correct first and last name. 
(George W. Bush in 2002/2003) 
1 point for correct first and last name. 
(Richard Cheney in 2002/2003) 

____ / 4 

T10. “With your fingernail, tap 5 times on 
the part of the phone you speak into.” 
 

2 points if 5 taps are heard 
1 point if participant taps more or less 
than 5 times 

____ / 2 

T11. “I’m going to give you a word and I 
want you to give me its opposite.  For 
example, the opposite of hot is cold.  
“What is the opposite of ‘west’;” 
 ______________________________ 
“What is the opposite of ‘generous’?’ 
_______________________________ 

 1 point for east. 
 1 point for selfish, greedy, stingy, tight, 
cheap, mean, meager, skimpy, or other 
good antonym. 

____ / 2 

T12.  “Please tell me all the words you 
remember from the list I gave you 
before.” 
_________________________________ 
 
_________________________________ 
 
_________________________________ 
 
_________________________________ 
 
_________________________________ 
 
 

1 point for each correct response.  No 
penalty for repetitions or intrusions. 
(cabin, pipe, elephant, chest, silk, 
theatre, watch, whip, pillow, giant) 

____ / 
10 

TOTAL TICS SCORE  ____/ 50 
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MOBILITY/DRIVING HABITS FOR CURRENT DRIVERS 

 
1. How long have you been driving (years)? 

Currently Driving?     YES         NO  
 
2. Which way do you prefer to get around?  

Drive yourself      1 
Have someone else drive you    2 
Drive with someone else in the car with you  3 
 

3. During the past month, have you driven to places outside the southeast region of the country? 
 

1. Yes  go to #10 2. No  
 

4. During the past month, have you driven to places outside the state? 
 

1. Yes  go to #10 2. No  
 
5. During the past month, have you driven to places outside the county? 
(e.g. G’ville/Ocala/Orlando/Jax areas, respectively) 
 

1. Yes  go to #10 2. No 
 
6. During the past month, have you driven to more distant towns or cities? 
 

1. Yes  go to #10 2. No  
 
7. During the past month, have you driven to neighboring towns?  
 

1. Yes  go to #10 2. No  
 
8. During the past month, have you driven to places beyond your neighborhood? 
 

1. Yes  go to #10 2. No  
 
9. During the past month, have you driven in your immediate neighborhood? 
 

1. Yes  go to #10 2. No  
 

10. How fast do you usually drive compared to the general flow of traffic? Would you say  
Much faster .......................................................... 5 
Somewhat faster................................................... 4 
About the same .................................................... 3 
Somewhat slower................................................. 2 
Much slower ........................................................ 1 
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11. How would you rate the quality of your own driving? Would you say it is . . . 

Excellent...............................................................5 
Good.....................................................................4 
Average ................................................................3 
Fair .......................................................................2 
Poor ......................................................................1 

 
12. In an average week, how many days do you normally drive? 

1  2  3  4  5  6  7 
 
13. Consider all of the places that you drive in a typical week. Check the appropriate options 
(note one-way distance from home) 

 
Place How many 

 times a week 
or month 

Estimate Miles 

from home 
 (one-way) 

times/week* miles*2 = 
Total Miles 

 
_____Store 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____Church 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____Work/Volunteer 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____Relative’s  House 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____Friend’s House 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____Out to eat 

 
_____X  W/M 

 
____________ = 

 
____________ 

Appointments 
_____(e.g., doctor, hair) 

 
 
_____X  W/M 

 
 
____________ = 

 
 
____________ 

 
_____Gym/ Exercise 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____Other (golf, theater, 
social) What _________ 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____ Other What________ 

 
_____X  W/M 

 
____________ = 

 
____________ 

 
_____ Other What________ 

 
_____X  W/M 

 
____________ = 

 
____________ 

TOTAL MILES DRIVEN     
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14. During the last two months, have you driven when it is raining? 

YES.......................................................................1 
NO........................................................................2 

 
15. Would you say that you drive in the rain with 

No difficulty at all .............................................1 
A little difficulty.................................................2 
Moderate difficulty.............................................3 
Extreme difficulty ..............................................4 
Don’t drive in the rain……………….………....5 

 
16. Do you avoid driving in the rain? 

YES....................................................................1 
NO......................................................................2 

 
17. During the last two months, have you driven alone? 

YES...................................................................... 1 
NO....................................................................... 2 

 
18. Would you say that you drive alone with 

No difficulty at all……………………………..1 
A little difficulty……………………………….2 
Moderate difficulty…………………………….3 
Extreme difficulty...............................................4 
Don’t drive alone………………….……………5 

 
19. Do you avoid driving alone? 

YES.................................................................... 1 
NO ..................................................................... 2 

 
20. Do you have difficulty reading road signs? 

YES.................................................................... 1 
NO ..................................................................... 2 

 
21. During the last two months, have you made left-hand turns across oncoming traffic? (This is 
where you are waiting for traffic to clear before making a left-hand turn.)  

YES...................................................................... 1 
NO....................................................................... 2 

 
22. Would you say that you make left-handed turns across oncoming traffic with 

No difficulty at all.....................................………………..........1 
A little difficulty………………………………………………..2 
Moderate difficulty……………………………………………..3 
Extreme difficulty............................................…………………4 
Don’t make left-handed turns across oncoming traffic……..….5 
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23. Do you avoid making left-hand turns across oncoming traffic? 

YES.................................................................... 1 
NO ..................................................................... 2 

 
24. During the last two months, have you merged into traffic while entering a highway or 
expressway? 

YES......................................................................1 
NO........................................................................2 

 
25. Would you say that you merge into traffic while entering a highway or expressway with 

No difficulty at all……………………………………..…..1 
A little difficulty………………………………….………..2 
Moderate difficulty…………………………….…………..3 
Extreme difficulty ...........................…………….................4 
Don’t merge into traffic while entering a highway………...5 

 
26. Do you avoid merging into traffic while entering a highway or expressway? 

YES....................................................................1 
NO......................................................................2 

 
27. During the last two months, have you driven on high-traffic roads? 

YES......................................................................1 
NO........................................................................2 

 
28. Would you say that you drive on high-traffic roads with 

No difficulty at all……………………………...1 
A little difficulty………………………………..2 
Moderate difficulty……………………………..3 
Extreme difficulty ...............................................4 
Don’t drive on high-traffic roads……………….5 

 
29. Do you avoid driving on high traffic roads? 

YES....................................................................1 
NO......................................................................2 

 
30. During the last two months, have you driven in rush-hour traffic? 

YES.......................................................................1 
NO........................................................................2 

 
31. Would you say that you drive in rush-hour traffic with 

No difficulty at all……………………………..1 
A little difficulty……………………………….2 
Moderate difficulty…………………………….3 
Extreme Difficulty ..............................................4 
Don’t drive in rush-hour traffic…………………5 
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32. Do you avoid driving in rush-hour traffic? 
YES.................................................................... 1 
NO...................................................................... 2 

 
33. During the last two months, have you driven at night? 

YES...................................................................... 1 
NO....................................................................... 2 
 

34. Would you say that you drive at night with 
No difficulty at all……………………………..1 
A little difficulty……………………………….2 
Moderate difficulty…………………………….3 
Extreme difficulty...............................................4 
Don’t drive at night…………………….………5 

 
35. Do you avoid driving at night? 

YES.......................................................................1 
NO........................................................................2 

 
36. Would you say that you make lane changes while driving with 

No difficulty at all……………………………..1  
A little difficulty……………………………….2  
Moderate difficulty…………………………….3  
Extreme difficulty ..............................................4 

 

The remaining questions ask about things that might have happened to you in the last twelve 
months. 

37. Do you have any concerns about your own driving?   YES        NO 

______________________________________________________________________________ 
 
38. Has anyone suggested to you in the last twelve months that you limit your driving or 
suggested that you stop driving? (PROMPT: Has anyone like your spouse, children, doctor, or a 
friend suggested that you not drive anymore or drive less?)  

YES......................................................................1 
NO........................................................................2  
 

39. Who made the suggestion to limit or stop your driving? List all that apply 
YES=1 
NO=2 
1) SPOUSE.........................................................…. 1----2 
2) SON OR DAUGHTER...................................… 1----2 
3) FRIEND........................................................….. 1----2 
4) YOUR DOCTOR, OR OTHER MEDICAL …. 1----2 
5) EYE DOCTOR ……………………………….. 1----2 
6) OTHER .........................................................… 1----2 
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40. How many accidents or crashes have you been involved in over the last twelve months when 
you were the driver?  
Please indicate the number of accidents, whether or not you were at fault. __ __ __ 

1=hitting the curb 
2= hitting the garage door 
3= hitting objects such as the garbage can 
4= fender bender 
5=accident less than $500.00 in damage 
6= accidents leading to tow away 
7=accidents where you were injured 
8=accidents where others were injured 
9=accidents were someone died 

 
41. Have you considered planning for the use of other mobility options? (e.g. use of public 
transportation) 

1.  Yes 
2.  No 

What options (Para transit, senior, bus, etc): 
___________________________________________________________________________
_______________________________________________________________ 
 
42. Have you considered talking to someone about retirement from driving? 

1.  Yes 
2.  No 

 
Name of Interviewer________________________________ 

 
Signature_________________________________ 
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APPENDIX B 
MEDICATIONS FORM 
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Participant #_______________Date:______________         MEDICATIONS 
INSTRUCTIONS: Copy the name of ALL medications, the strength (dose) and unit (mg, drop, insulin units), route of 
administration, frequency, and whether drug is to be taken as needed (prn) or regularly.  Include pills, dermal patches, eye & ear 
drops, injections, creams and salves.  
PLEASE PRINT CLEARLY. Record whether drug was prescribed or over the counter. 
 

Medication 
(Print name clearly) 

 

Generic Brand 

Dose Units Prescription 
or OTC 

Route 
(Oral, Patch, Injection, 
Inhalation, Eye Drops, 

Suppository) 

Freq. As 
Needed
(PRN)

Comments 

1.      P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

2.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

3.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

4.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

5.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

6.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

7.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

8.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  

9.     P     OTC O    P     I     Inh     E    
S 

D  W  M Y    N  

10.     P     OTC O     P     I     Inh     E    
S 

D  W  M Y    N  
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APPENDIX C 
CDC STUDY CLINICAL ASSESSMENT FORM 

University of Florida 
 
 
Participant ID #: ______________________________Date____________ 

 
Vision:  
OPTEC 2500 
Peripheral Field: R= 85  70  55  Nasal 35 L= 85  70  55  Nasal 35  
 
Static Acuity: Corrective Lenses:  Y  /  N 
 Both Right Left 
1 

ZN
RO HK RO HK 

ZN
RO 20/200 

2 RKS HNC ZOD HNC ZOD RKS HNC 20/100 
3 HCDV SKZO RNDS SKZO RNDS HCDV SKZO 20/70 
4 ZROD NSCH VZKN NSCH VZKN ZROD NSCH 20/50 
5 KHSC OZNR DNVC OZNR DNVC KHSC OZNR 20/40 
6 ONRZV DKHCS KDSON DKHCS KDSON ONRZV DKHCS 20/30 
7 SDCHN VRZKO HSNRD VRZKO HSNRD SDCHN VRZKO 20/20 

Both __________   Right __________  Left ___________ 
 
 

VISUAL PERCEPTION 
Intact Impaired Comment 

Color Discrimination 
    12 5 26 6 16 __  

   

Depth Perception 
    1-B  2-L  3-B   4-T  5-T 
    6-L  7-R  8-L   9-R 

   

Contrast Sensitivity (see below)     
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VISUAL PERCEPTION 
Intact Impaired Comment 

Lateral Phoria 
Note # _____ (4-13) 

   

Vertical Phoria 
Note # _____ (3-5) 

   

 
Cognition: 
MMSE: Total Score____/_30___   
 
Subtests: 
Orientation (time)___           _/_5___ 
Orientation (place)____         /_5__ 
Orientation total __________/10 
Registration____                   /_3 
Attention and calculation____/_5___ 
Recall____                             /_3___ 
 

 
Name                  __   /_2 
Repeat          ______/_1___ 
Command     ______/_3___ 
Obey             ______/_1___ 
Language total _____/7____ 
Write                 ____/_1___ 
Copy                    ___/_1___ 

 
Visual-Perceptual-Motor: 
 
 
 
 
 
 

 

MVPT:       VC (#22-34 & #56-60):  __   /18              SO (#46-50):   __   /5  
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Physical: 
 
 
 
 
 
 
 
Cognition: Digit Span 
Digits Forward Total Score __________    Digit Backward Total Score______ 
 
Total Score: (forward + backward)_________(max =30) 
 
Cognition: 
 
UFOV Rating ___________ Test 1 ______  Test 2 ______ Test 3 ______ 
 
 
Physical 

 
Proprioception: 
 
 
 
 
 
Cognition: 
Trails B Time (mm:ss:ms) 

 ______________ 
Symbol Digit:  #correct________ / #attempted________ 

Letter Cancellation time:   Trial 1 ________  # omissions______ #commissions_______   

      (mm:ss:ms)                  Trial 2 _________  # omissions_____ #commissions_______   

 
Physical:  Pain:  Y / N   Where________________  Level 1-10______________ 

Coordination            
R 

Time         Errors 

L 

Time             Errors 

Comments 

Finger to Nose ( mm:ss:ms)         

Toe Tap  (mm:ss:ms)                  

Ambulation:  Independent     Assistive Device     Unsteady      Dependent 

Transfer mobility:  Independent      Assistance     Dependent  

Rapid Pace Walk (mm:ss: ms): _______________ 

Upper Extremities:    Intact    Impaired    Absent    Comments: ________________________ 

Lower Extremities:    Intact    Impaired    Absent    Comments: ________________________ 
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BODY PART     ROM                                     Comments 

WFL   Imp.      
Trunk/Neck Rotation 

L 
   

Trunk/Neck Rotation 

R 
   

ROM Strength Comments 

 R 
WFL   
Imp. 

      L          
WFL   
Imp  

        R 
 WFL   
Imp 

       L 
WFL   
Imp 

 

Upper Extremity 

     Sh flexion 
         

     Sh Int Rot          

     Sh Ext Rot          

     Elbow flexion          

     Elbow ext          

Hand (alternate L / R)     
 R           /            / 

Avg: 

L             /           / 

Avg: 

Lower Extremity  

     Hip flexion 
         

     Hip abd          

     Hip add          

     Knee flexion          

     Knee ext          

     Ankle plantar          

     Ankle dorsiflex          
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Cognition: 
Number Recall 
5 4 
1 6 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

9 1 
4 7 

Trial Score 
____ 
Trial Score 
____ 

Item Score 
   0   1   2 

3 7 2 
8 1 3 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

3 8 2 
6 1 5 

Trial Score 
____ 
Trial Score 
____ 

Item Score 
   0   1   2 

6 4 9 7 
4 1 5 8 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

4 9 7 3 
8 5 3 1 

Trial Score 
____ 
Trial Score 
____ 

Item Score 
   0   1   2 

2 8 6 3 5 
9 4 7 8 3 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

9 2 6 8 4 
1 8 2 6 9 

Trial Score 
____ 
Trial Score 
____ 

Item Score 
   0   1   2 

1 2 9 6 5 3 
9 4 2 5 7 1 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

8 6 9 5 7 3 
7 5 9 8 6 2 

Trial Score 
____ 
Trial Score 
____ 

Item Score 
   0   1   2 

2 8 5 3 1 7 9 
2 5 1 3 6 8 4 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

4 8 1 6 9 5 3 
7 4 9 3 5 2 6 

 Item Score 
   0   1   2 

7 3 6 2 8 5 9 4 
3 2 6 7 9 1 4 8 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

5 2 9 4 8 6 3 1 
9 7 5 8 4 1 6 3 

 Item Score 
   0   1   2 

2 5 3 9 1 4 6 8 7 
2 5 1 3 6 8 4 7 9 

Trial Score ____ 
Trial Score ____ 

Item Score 
   0   1   2 

  Item Score 
   0   1   2 

Forward Total Score__________ Backward Total Score _________ 
Total Score (forward + backward)__________ 
 
Reaction Time:  Print and Attach SRT & PRT 
 
Knowledge: 
Rules of The Road Test: _____/20                                     Signs Test: _____/20 
 
Road Test:  
Global Rating Scale__________ 
 
Reported (Yes or No) ________________________________________________________ 
 
Comments_________________________________________________________________ 

Therapist signature ________________________________ Date: _______________ 
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APPENDIX D 
NHTSA STUDY ADRES AND CLINICAL ASSESSMENT FORM 

University of Florida 
 
Date:   _____________ 
            mm/ dd/ yy 
 
      Participant ID: NHTSA ____________________ 
   
 

1. Visual fields  
 
 
 Right    Left 
  

 
 

2. Visual Acuity (Snellen Chart) 
Was the patient wearing corrective eyeglasses?      Yes      No 
 
Both eyes (OU)   _______  Right eye  _________ Left eye _________  

 
3. Rapid pace Walk: ___  ___ :  ___  ____SEC 

 
Was this performed with a walker or cane? If yes, please specify:  
 
___________________________________________________________ 
 

 
4. Range of Motion (Not WNL or WNL) 

 
 Right Left Comments (If Not WNL, Why?) 
Neck Rotation    

 
Finger Curl    

 
Shoulder and elbow flexion    

 
Ankle plantar flexion    

 
Ankle dorsiflexion    
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5. Motor Strength 

 
(0-5) Right Left Comments 

Shoulder adduction 
 

  

Shoulder abduction 
 

  

Shoulder flexion 
 

  

Wrist flexion 
 

  

Wrist extension 
 

  

Hand grip 
 

  

Hip flexion 
 

  

Hip extension 
 

  

Ankle dorsiflexion 
 

  

Ankle plantar 
flexion 

  

 

 
 
6. Trails B: ___  ___ : ___  ___ :  ___  ___ 

    MIN             SEC              1/100 S 
 

7. Clock drawing test 

 
 
 
 

 
Yes No 

All 12 hours are placed in correct numeric order, starting with 12 at the top   
Only the numbers 1-12 are included (no duplicates, omissions, or foreign 
marks) 

  

The numbers are drawn inside the clock circle   
The  numbers are spaced equally or nearly equally from each other   
The numbers are spaced equally or nearly equally from the edge of the circle   
One clock hand correctly points to two o’clock   
The other hand correctly points to eleven o’clock   
There are only two clock hands   
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8. OPTEC 2500 

 
Peripheral Field:   R= 85  70  55  Nasal 35          L= 85  70  55  Nasal 35  
 
Static Acuity:  Corrective Lenses:  Y  /  N 
 Both Right Left 
1 

ZN
RO HK RO HK 

ZN
RO 20/200 

2 RKS HNC ZOD HNC ZOD RKS HNC 20/100 
3 HCDV SKZO RNDS SKZO RNDS HCDV SKZO 20/70 
4 ZROD NSCH VZKN NSCH VZKN ZROD NSCH 20/50 
5 KHSC OZNR DNVC OZNR DNVC KHSC OZNR 20/40 
6 ONRZV DKHCS KDSON DKHCS KDSON ONRZV DKHCS 20/30 
7 SDCHN VRZKO HSNRD VRZKO HSNRD SDCHN VRZKO 20/20 
Both __________                           Right __________          Left ___________ 
 

 
 

 

 

 

 

 

 
 
 
 
 
 

VISUAL PERCEPTION 
Intact Impaired Comment 

Color Discrimination 
    12 5 26 6 16 __  

   

Depth Perception 
    1-B  2-L  3-B   4-T  5-T 
    6-L  7-R  8-L   9-R 

   

Contrast Sensitivity (see below)     
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 Intact Impaired  

Lateral Phoria 
Note # _____ (4-13) 

   

Vertical Phoria 
Note # _____ (3-5) 

   

 
9. UFOV  
  

 
UFOV Rating ___________ Test 1 ______  Test 2 ______ Test 3 ______ 
 
 

10. MMSE Total _____________________ 
        
      11. Reported  
   Yes ________    No _________ 
 
        
       12. Global rating _______________________________ 
 
       13.  Behavioral score (%) _________________________ 
 

14. Driving Recommendations  
Yes ________    No _________ 

 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 

 
EVALUATOR’S SIGNATURE ________________________________ 

 
PRINT NAME         ________________________________ 
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APPENDIX E 
LIST OF COMBINED CLINICAL MEASURES 

Table E-1. List of combined clinical measures 

Notes. UFOV = Useful Field of View. MMSE = Mini-Mental Status Examination. TICS = 
Telephone Interview for Cognitive Status.  
*Only range of motion and strength tests that overlapped between both studies are considered. 
** NHTSA study scores for strength were numerical and CDC scores were categorical. A 
strength score of 4-5 will be considered within functional limits to be comparable to the 
categorical scoring. 

Cognitive and visuo-
perceptual 

Visual Motor/Physical 

 UFOV1 
 Trails Test Part B (sec) 
 MMSE2  
 TICS3  

 

OPTEC (vision screener):  

Visual acuity 

Peripheral fields (total degrees 
for both eyes) 

Color discrimination  

Depth perception  

Contrast sensitivity 

Vertical and lateral phorias 

 Rapid Pace Walk (sec) 
 Range of Motion* 

- Neck rotation 
- Shoulder and elbow flexion 
- Ankle Plantar Flexion 
- Ankle dorsiflexion 
 Strength** 

- Shoulder flexion 
- Hip flexion  
- Ankle plantar flexion 
- Ankle dorsiflexion   
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APPENDIX F 
RECOMMENDATION FORM FOR GRS OF 1 
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APPENDIX G 
RECOMMENDATION FORM-1 FOR GRS OF 2 
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244 

APPENDIX H 
RECOMMENDATION FORM-2  FOR GRS OF 2 
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APPENDIX I 
MEDICAL REPORTING FORM 
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APPENDIX J 
ROAD TEST GRS 0 
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253 
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258 
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APPENDIX K 
ROAD TEST GRS 3 

 



 

262 
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APPENDIX L 
FOLLOW-UP INTERVIEW  

 

   NHTSA/ CDC ID ___________                   Follow-up Date ___________ 

   Clinical and road test date_______________  Total years and months after clinical__________ 

 
1. Are you currently driving? 

   
               Yes   /    No  

  
If no, when did you stop driving? _____________________________________  

 
Why did you stop driving? ___________________________________________ 

 
 

2. Has your medical condition changed since you visited the “Independence Drive” driving 
program from the University of Florida?  (circle yes/no) 

 
Yes   /    No  

 
If yes, what? (disease, hospital stay, fall, surgery, etc)  __________________________ 
______________________________________________________________________________
__________________________________________________________________ 

 
3. Do you recall any driving recommendations provided to you from the driver evaluation at the 

Independence Drive driving program?  

 
Yes   /    No  

 

If yes, what driving recommendations do you recall? (Fill table below) 
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Recommendation Recommendation given? 

(Yes/No) 
Recommendation Recalled 

(Yes/No)  

Comments 

Scanning (to reverse, change lanes, and at intersections)  

1. Turn head more often   

2. Increase visual scanning 

3. Scan the environment more often (look around) 

4. Use mirrors more often 

   

Scanning for road  markings 

1. Pay more attention to roadway markings  

    a. Drifts right, drifts left 

2. Stay within road way lines/watch lane maintenance 

   

Speeding 

1. Adhere or Watch speed limit (too slow, too fast/reduce speed 
limit, watch speed related to posted limit) 

2. Reduce aggressive acceleration/do not accelerate fast 

3. Start breaking earlier 

   

Following and stopping distance 

1. Increase following distance  

2. Stopping distance (Look for bottom of tires when 
stopped/leave cushion/not  too much space with car in front) 

   

Signaling 

1. Always use turn signals (throughout turns and lane changes) 

2. Don’t use turn signals too early  

3. Make sure turn signal is off 
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Turns 

1.Stay in your lane when turning (Too wide, encroaches) 

   

Merging 

1.Increase speed when merging on the highway 

2.Use merging lane, do not cross solid lines 

   

Hand Positioning 

1.Change positioning of hands on steering wheel 

    a. Use two hands, move hands apart 

   

Attention 

1.Limit noise and conversation in the vehicle 

2. Pay more attention to driving environment/avoid ditractions 

   

Reduced Traveling 

1. Avoid rush hour 

2. Avoid high traffic 

3. Avoid driving to new locations 

4. Avoid highways 

5. No long distance driving 

6. Limit to local/ neighborhood driving 

7. Avoid or reduce driving at night 

8. Avoid unprotected lefts 

9. Plan for driving retirement 

10. Do not drive or retire from driving 
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Education/Training 

1. Take AARP Refresher course 

2. Re-read Florida Driver’s Handbook 

3. Driving lessons 

4. Take BTW training 

Assessments/Referrals  

1. Driving Re-evaluation 

2. See neurologist 

3. See physician 

4. See eye care specialist 

5.  See Physical or Occupational Therapist 

6. Other 

   

Overall good driver/ safe    
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Marlowe-Crowne Social Desirability Scale 

D. P. Crowne and D. Marlowe 
 
Listed below are a number of statements concerning personal attitudes and traits.  Read each 
item and decide whether the statement is true or false as it pertains to you. 

 
T F  1.  Before voting I thoroughly investigate the qualifications of all the conditions. 

 
T F  2.  I never hesitate to go out of my way to help someone in trouble. 
 
T F  3.  It is sometimes hard for me to go on with my work if I am not encouraged. 
 
T F  4.  I have never intensely disliked anyone. 
 
T F  5.  On occasion I have had doubts about my ability to succeed in life. 
 
T F  6.  I sometimes feel resentful when I don’t get my way. 
 
T F  7.  I am always careful about my manner of dress. 
 
T F  8.  My table manners at home are as good as when I eat out in a restaurant. 
 
   9.  If I could get into a movie without paying and be sure I was not seen, I would 
 T F       probably do it. 

 
  10. On a few occasions, I have given up doing something because I thought too 
T F                little of my ability. 
 
T F 11. I like to gossip at times. 
 
  12. There have been times when I felt like rebelling against people in authority 
T F                even though I knew they were right. 
 
T F 13. No matter whom I’m talking to, I’m always a good listener. 
 
T F 14. I can remember “playing sick” to get out of something. 
 
T F 15. There have been occasions when I took advantage of someone. 
 
T F 16. I’m always willing to admit when I make a mistake. 
 
T F 17. I always try to practice when I preach. 
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  18. I don’t find it particularly difficult to get along with loud-mouthed, obnoxious 
T F                people. 
 
T F 19.  I sometimes try to get even, rather than forgive and forget. 
 
T F 20. When I don’t know something I don’t at all mind admitting it. 
 
T F 21. I am always courteous, even to people who are disagreeable. 
 
T F 22. At times I have really insisted on having things my own way. 
 
T F 23. There have been occasions when I felt like smashing things. 
 
T F 24. I would never think of letting someone else be punished for my wrongdoings. 
 
T F 25. I never resent being asked to return a favor. 
 
  26. I have never been irked when people expressed ideas very different from my 
T F                own. 
 
T F 27. I never make a long trip without checking the safety of my car. 
 
T F 28. There have been times when I was quite jealous of the good fortune of others. 
 
T F 29. I have almost never felt the urge to tell someone off. 
 
T F 30. I am sometimes irritated by people who ask favors of me. 
 
T F 31. I have never felt that I was punished without cause. 
 
  32. I sometimes think when people have a misfortune they only got what they  
T F               deserved. 
 
T F 33. I have never deliberately said something that hurt someone’s feelings. 
 
 
 
 
 
 
 
 
 
 
 
© D. P. Crowne and D. Marlowe 
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4. During the past month, have you driven to places outside the southeast region of the 
country?  

 
 Yes  go to #14 2. No   
 

5. During the past month, have you driven to places outside the state?  
 

6. 1. Yes  go to #14      2. No  
 

     9.   During the past month, have you driven to places outside the county? 
           (e.g. G’ville/Ocala/Orlando/Jax areas, respectively) 
 

1. Yes  go to #14      2. No  
 10.  During the past month, have you driven to more distant towns or cities? 
 

1. Yes  go to #14      2. No  
 

11.  During the past month, have you driven to neighboring towns?  
 

1. Yes  go to #14      2. No  
 

12.  During the past month, have you driven to places beyond your neighborhood?   
              

1. Yes  go to #14      2. No  
 

13.  During the past month, have you driven in your immediate neighborhood?  
 
1. Yes  go to #14      2. No  
 

14.  How fast do you usually drive compared to the general flow of traffic? Would you say  
Much faster .......................................................... 5 
Somewhat faster................................................... 4 
About the same .................................................... 3 
Somewhat slower.................................................  2 
Much slower ........................................................  1 

 
15.  How would you rate the quality of your own driving? Would you say it is . . . 

Excellent............................................................... 5 
Good..................................................................... 4 
Average ............................................................... 3 
Fair .......................................................................2 
Poor ......................................................................1 

 
16. In an average week, how many days do you normally drive? 

 1  2  3  4  5  6  7 
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17. Consider all of the places that you drive in a typical week.  Check the appropriate options 
(note one-way distance from home) 

0.25 if only once a month, 0.50 twice a month, 0.75 if three times a month 
Place How many 

 times a week 
  

Estimate Miles 
from home 
 (one-way) 

Total Miles 
(one way miles * 2) 

 
_____Store 

 
_____X  W 

 
_______ 

 
____________ 

 
_____Church 

 
_____X  W 

 
_______ 

 
____________ 

 
_____Work/Volunteer 

 
_____X  W 

 
_______ 

 
____________ 

 
_____Relative’s  House 

 
_____X  W 

 
_______ 

 
____________ 

 
_____Friend’s House 

 
_____X  W 

 
_______ 

 
____________ 

 
_____Out to eat 

 
_____X  W 

 
_______ 

 
____________ 

           
           Appointments 
_____(e.g., doctor, hair) 

 
 
_____X  W 

 
 

_______ 

 
 
____________ 

 
_____ Other  

 
_____X  W 

 
_______ 

 
____________ 

 
_____ Other  

 
_____X  W 

 
_______ 

 
____________ 

 
_____ Other  

 
_____X  W 

 
_______ 

 
____________ 

 
18.  During the last two months, have you driven when it is raining? 

YES......................................................................1 
NO........................................................................2  

 
19.  Would you say that you drive in the rain with . . . 

No difficulty at all ............................................. 1  
A little difficulty................................................. 2  
Moderate difficulty.............................................3  
Extreme difficulty ..............................................4  

 Don’t drive in the rain……………….………...    5 
 
20.  Do you avoid driving in the rain? 

YES....................................................................1 
NO......................................................................2 

 
21.  During the last two months, have you driven alone? 

YES...................................................................... 1 
NO.......................................................................  2  
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22.  Would you say that you drive alone with . . . 
No difficulty at all……………………………..1  
A little difficulty………………………………. 2  
Moderate difficulty…………………………….3  
Extreme difficulty..........................................4  
Don’t drive alone………………….…………..5 

 
23.  Do you avoid driving alone?  

YES.................................................................... 1 
NO ..................................................................... 2 

 
24.  Do you have difficulty reading road signs? 

YES.................................................................... 1 
NO ..................................................................... 2 

 
 25.  During the last two months, have you made left-hand turns across oncoming traffic? (This is 
where you are waiting for traffic to clear before making a left-hand turn.)  

YES...................................................................... 1 
NO.......................................................................  2  

 
26.  Would you say that you make left-handed turns across oncoming traffic with… 

No difficulty at all.....................................………………..........1  
A little difficulty………………………………………………. …..2  
Moderate difficulty………………………………………………. 3  
Extreme difficulty............................................…………………4 
Don’t make left-handed turns across oncoming traffic……..…5 

 
27.  Do you avoid making left-hand turns across oncoming traffic?  

YES.................................................................... 1 
NO ..................................................................... 2 

 
28.  During the last two months, have you merged into traffic while entering a highway or 
expressway? 

YES......................................................................1 
NO........................................................................2 

 
29.  Would you say that you merge into traffic while entering a highway or expressway with... 

No difficulty at all……………………………………..…...1  
A little difficulty………………………………….……….   2  
Moderate difficulty…………………………….…………. 3  
Extreme difficulty ...........................…………….............4  
Don’t merge into traffic while entering a highway……5 

 
30.  Do you avoid merging into traffic while entering a highway or expressway? 

YES....................................................................1 
NO......................................................................2 
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31.  During the last two months, have you driven on high-traffic roads? 

YES......................................................................1 
NO........................................................................2  

 
32.  Would you say that you drive on high-traffic roads with . . . 

No difficulty at all……………………………...1  
A little difficulty……………………………….  2 
Moderate difficulty……………………………. 3 
Extreme difficulty ...........................................4  
Don’t drive on high-traffic roads………………5 

 
33.  Do you avoid driving on high traffic roads?  

YES....................................................................1 
NO......................................................................2 

 
34.  During the last two months, have you driven in rush-hour traffic? 

YES...................................................................... 1 
NO....................................................................... 2  

 
35.  Would you say that you drive in rush-hour traffic with. . . 

No difficulty at all……………………………..1  
A little difficulty………………………………. 2  
Moderate difficulty…………………………….3  
Extreme Difficulty ........................................ 4  
Don’t drive in rush-hour traffic…………….    5 

 
36.  Do you avoid driving in rush-hour traffic? 

YES.................................................................... 1 
NO ..................................................................... 2 

 
37.  During the last two months, have you driven at night? 

YES...................................................................... 1 
NO....................................................................... 2 
 

38.  Would you say that you drive at night with… 
No difficulty at all……………………………..1  
A little difficulty……………………………….2  
Moderate difficulty…………………………   3  
Extreme difficulty.........................................4  
Don’t drive at night…………………….…..   5 

 
39.  Do you avoid driving at night? 
 YES……………………………………….1 
 NO………………………………………..2 
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40.  Would you say that you make lane changes while driving with . . . 
No difficulty at all…………………………….. 1  
A little difficulty……………………………….  2  
Moderate difficulty…………………………….3  
Extreme difficulty .........................................4 

 

The remaining questions ask about things that might have happened to you since you had the 
driving evaluation in (say name of driving program)…. 

 

41.  Do you have any concerns about your own driving?  YES /  NO 

 
42.  Has anyone suggested to you that you limit your driving or suggested that you stop driving? 
(PROMPT: Has anyone like your spouse, children, doctor, or a friend suggested that you not 
drive anymore or drive less?)  

YES......................................................................1 
NO........................................................................2  
 

43.  Who made the suggestion to limit or stop your driving? List all that apply 
YES=1 
NO=2 
1) SPOUSE.........................................................…. 1----2 
2) SON OR DAUGHTER...................................… 1----2 
3) FRIEND........................................................….. 1----2 
4) YOUR DOCTOR, OR OTHER MEDICAL …. 1----2 
5) EYE DOCTOR ……………………………….. 1----2 
6) OTHER .........................................................… 1----2 
SPECIFY: _____________________________ 

 
44.  How many accidents or crashes have you been involved in over the last twelve months 
when you were the driver? Please indicate the number of accidents, whether or not you were at 
fault. __ __ __ 

   1=hitting the curb 
                           2= hitting the garage door 
                           3= hitting objects such as the garbage can 
                           4= fender bender 

5=accident less than $500.00 in damage 
6= accidents leading to tow away 
7=accidents where you were injured 
8=accidents where others were injured 
9=accidents were someone died 
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45. Have you considered planning for the use of other mobility options? (e.g. use of public 
transportation) 

1.  Yes 
2.  No 

What options (Para transit, senior, bus, etc): 
______________________________________________________________________________ 

 
46. Have you considered talking to someone about retirement from driving? 

1.  Yes 
2.  No 

 
Name of Interviewer_________________________ 
Signature_________________________________       Date __________________________ 
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APPENDIX M 
DRIVING REHABILITATION SPECIALIST INTERVIEW 

June 2007 
 
 

1a. How do you conduct the driving evaluations? (typical process) 
 
DRS: I usually begin the process with a telephone interview.  I get the initial information 
including all the medical and driving history.  We set up an appointment for the person to 
come into the office.  During the evaluation I conduct vision, cognition and physical 
assessments.  That may take about one hour to one and a half hours.  Following the 
clinical assessments, I conduct the behind the wheel road test using our (the program’s) 
car.  We begin in a parking lot to get the person familiar with the car.  Then we travel 
through a residential area and progress into busier roadways with higher speeds. The road 
test lasts approximately one hour.  When the road test is completed we return to the office 
where I review the person’s performance on the clinical and road assessments.  I give 
feedback and recommendations based on the results of all the tests.  
 
1b. What happens when someone fails the road test?  
 
DRS: If someone fails I first let that person know that I feel that he/she is unsafe to drive.  
I review the reasons why and then talk about mobility choices.  I offer mobility 
counseling but I have noticed that most never follow up with me. 
I then report my findings to the Medical Review Board in Tallahassee.  I complete a 
Reporting Form and fax it to them.  I do not have the authority to revoke someone’s 
license but I have an obligation to report in Florida. 
 
2. What are the difficulties of conducting driving evaluations? 
 
DRS: Difficulties occur when clients have difficulties trying to complete the tests. 
Usually it is because they have cognitive impairments that hinder them from 
comprehending and/or recalling instructions and simply have problems because the 
assessments are too complex for them.  Sometimes the assessments are too difficult for 
them to complete at all. 
 
Other difficulties occur when clients become angry or over emotional.  Sometimes I have 
to take time out to talk clients to help them overcome their frustrations, fears, and anger.  
Sometimes it works and sometimes it does not.   Many times, clients do not have the 
insight to recognize their impairments.  These people are most difficult to deal with/talk 
to. 
 
Other barriers I face are when the family members or caregivers are not supportive and 
do not help me reinforce my recommendations.   It may include getting someone to retire 
from driving or restrict to neighborhood driving.  
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3. How do you think your evaluations and clinical approach differ from standard 
practice in Driving Rehab? 

 
DRS: I do not think my approach differs too much from the typical driving rehab practice 
except for the research component.  Most driving rehab programs do not offer a research 
component to their clients.  Fortunately, here I can offer my clients the opportunity to 
participate in research if they meet the inclusion criteria.  It’s been a positive experience 
for both me and my clients.  It makes our program unique and different from other 
driving rehab programs.  
 
Also, some other programs did not conduct the behind the wheel road tests at all.  Some 
programs do not do the road test if they fail the clinical.  I do not agree with that.  I think 
this information is the most valuable part of the driving evaluation.  I give everyone a 
chance to prove themselves in the car no matter how poorly they do in the clinical 
portion.  There are certain situations that I cannot perform the road test.  For example, if 
the person does not meet Florida requirements for visual acuity.  Aside from the 
exceptions, I always give my client the opportunity to show me his/her driving ability in 
the real world, in a real car.   

 
4a. How much variance do you see from person to person? 
 
DRS: Sometimes I see a big variance from person to person.  I have clients from all 
ranges of ages and diagnoses.  As long as they have a permit or driver’s license I can see 
them for services.  I tend to see a lot more older adults because of the older driver 
research. But I also have young clients that are new drivers.  I’ve seen individuals with 
amputations, brain injury, Cerebral Palsy, Attention Deficit Disorder, Multiple Sclerosis, 
Alzheimer’s, and Parkinson’s Disease to name some. 
 
4b. Do you see a lot of variance among older adults? Have you recognized a ‘pattern’ of 
driving errors among older adults? Or, do you think older adults driving errors are 
continuously changing and different from person to person?  

 
DRS: Yes, I do see quite a lot of variance among older adults.  However, there are some 
general normal aging changes that affect older drivers.  For instance, older drivers have 
problems with contrast sensitivity.  They tend to recognize this on their own and self-
regulate by not driving during the evening hours. A lot of older drivers have slowed 
reaction time but compensate by decreasing driving speed and increasing following 
distance.  In addition they may not drive on interstates, highways and busy roadways 
because they experience cognitive overload (they get overwhelmed easily).   I do believe 
that they experience age related driving errors.  Most are able to adapt their driving habits 
according to the changes.  It is those that do not recognize the changes that are unsafe 
drivers.   

 
I do think driving errors for older adults continuously change.  A lot depends on their 
medical status.  A progressive disease could change the older person’s driving skills over 
time (e.g.-dementia/ Parkinson’s disease).  That is why I recommend periodic driving 



 

 292

evaluations to check if driving skills have changed over time.  Driving skills absolutely 
differ from person to person.  I may evaluate a 75 year old man with no medical problems 
that drives adequately and then see a 65 year old man with cognitive impairments that 
hinders his ability to drive safely.  I really look at the person as a whole and not just at 
age.   
 
5. Do you consider your clients to be representative of clients seen in other driving 

rehab settings? Why or why not?  
 
DRS: I do not tend see as much variance as some other programs do.  I do not see very 
involved people such as spinal cord injuries and such.   I do not have the capacity to see 
the lower functioning clients because I do not have an adaptive van and cannot train 
individuals to use one.  These vans are used to train people that use wheelchairs to 
become independent drivers.   I think it is because this is not a hospital based program.  
Hospital based driving programs generally have more medically involved, lower 
functioning clients.  Not all programs have vans.   
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APPENDIX N 
CORRELATIONS OF SOCIAL DESIRABILITY, FALSE RECALL AND NO RECALL
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Table N-1. Correlations of social desirability, false recall and no recall  
Correlations                 
  Safe, good driver driver   FalseUncSpecific  FalseUncSelect  FalseCuedSpecific  
  Pearson Correlation Sig.  Pearson Corr Sig.  Pearson Corr Sig.  Pearson Corr Sig. 
safe, good driver 1.000  -0.059 0.321 0.085 0.252 -0.122 0.168 
FalseUncuedSpecifi -0.059 0.321 1.000  -0.083 0.257 0.040 0.376 
FalseUncuedSelection 0.085 0.252 -0.083 0.257 1.000  -0.125 0.162 
FalseUncuedGlobal .(a) . .(a) . .(a) . .(a) . 
FalseUncuedComp. .(a) . .(a) . .(a) . .(a) . 
FalseCuedSpecific -0.122 0.168 0.040 0.376 -0.125 0.162 1.000  
FalseCuedSelection -0.103 0.210 -0.070 0.290 -0.065 0.305 0.073 0.282 
FalseCuedGlobal 0.091 0.236 -0.058 0.324 -0.023 0.430 0.073 0.284 
FalseCuedComp. .(a) . .(a) . .(a) . .(a) . 
nocuedrecallSpecific -0.429 0.000 -0.033 0.397 0.099 0.219 -0.147 0.123 
nocuedrecallSelection -0.142 0.131 -0.050 0.347 -0.057 0.329 -0.126 0.161 
nocuedrecallGlobal -0.183 0.074 -0.191 0.066 -0.074 0.280 0.047 0.356 
nocuedrecallComp. -0.179 0.079 -0.154 0.112 -0.060 0.319 0.060 0.319 
Social Desirability Scale 0.066 0.304 0.092 0.236 -0.279 0.013 -0.037 0.388 
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Table N-1. Continued 
  FalseCuedSelection  FalseCuedGlobal  nocuedrecallSpecific  nocuedrecallSelection  
 Pearson Corr Sig.  Pearson Corr Sig.  Pearson Corr Sig.  Pearson Corr Sig.  
safe, good driver -0.103 0.210 0.091 0.236 -0.429 0.000 -0.142 0.131 
FalseUncuedSpecifi -0.070 0.290 -0.058 0.324 -0.033 0.397 -0.050 0.347 
FalseUncuedSelection -0.065 0.305 -0.023 0.430 0.099 0.219 -0.057 0.329 
FalseUncuedGlobal .(a) . .(a) . .(a) . .(a) . 
FalseUncuedComp. .(a) . .(a) . .(a) . .(a) . 
FalseCuedSpecific 0.073 0.282 0.073 0.284 -0.147 0.123 -0.126 0.161 
FalseCuedSelection 1.000  -0.046 0.360 0.007 0.479 -0.057 0.328 
FalseCuedGlobal -0.046 0.360 1.000  0.009 0.471 -0.040 0.378 
FalseCuedComp. .(a) . .(a) . .(a) . .(a) . 
nocuedrecallSpecific 0.007 0.479 0.009 0.471 1.000  0.323 0.005 
nocuedrecallSelection -0.057 0.328 -0.040 0.378 0.323 0.005 1.000  
nocuedrecallGlobal 0.183 0.074 -0.052 0.342 0.352 0.002 0.223 0.038 
nocuedrecallComp. -0.121 0.171 -0.042 0.371 0.223 0.038 0.287 0.011 
Social Desirability 
Scale -0.067 0.301 0.016 0.452 0.087 0.249 0.048 0.356 

a = cannot be computed because at least one of the variables is constant. 
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Table N-1. Continued 
Correlations             
  nocuedrecallGlobal  nocuedrecallComp.  Social Desirability  

  
Pearson 
Correlation Sig.  

Pearson 
Correlation Sig.  

Pearson 
Correlation Sig.  

safe, good driver -0.183 0.074 -0.179 0.079 0.066 0.304
FalseUncuedSpecifi -0.191 0.066 -0.154 0.112 0.092 0.236
FalseUncuedSelection -0.074 0.280 -0.060 0.319 -0.279 0.013
FalseUncuedGlobal .(a) . .(a) . .(a) . 
FalseUncuedComp. .(a) . .(a) . .(a) . 
FalseCuedSpecific 0.047 0.356 0.060 0.319 -0.037 0.388
FalseCuedSelection 0.183 0.074 -0.121 0.171 -0.067 0.301
FalseCuedGlobal -0.052 0.342 -0.042 0.371 0.016 0.452
FalseCuedComp. .(a) . .(a) . .(a) . 
nocuedrecallSpecific 0.352 0.002 0.223 0.038 0.087 0.249
nocuedrecallSelection 0.223 0.038 0.287 0.011 0.048 0.356
nocuedrecallGlobal 1.000  0.463 0.000 0.260 0.020
nocuedrecallComp. 0.463 0.000 1.000  0.094 0.233
Social Desirability Scale 0.260 0.020 0.094 0.233 1.000   
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