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EXECUTIVE SUMMARY 

Canada’s population is aging and seniors represent the fastest growing population group in 
Canada. Based on population projections from Statistics Canada, Human Resources and Skills 
Development Canada reported that in 2011 there was an estimated 5 million Canadians over the 
age of 65 (2012). This population is on the rise and the number of seniors in Canada will reach 
10.4 million by 2036. Using today’s licencing rates in Canada, it can be expected that over 4.6 
million Canadians aged 65 or older will hold valid driver licences after 2021. This number will rise to 
6 million by 2031 (Robertson and Vanlaar 2008).  

Today there is no single tool that can accurately identify an unfit driver with absolute certainty. In 
light of the expected increase in elderly drivers with cognitive impairments and dementia, efficient 
and effective screening for such impairment will become more important. Therefore, it is crucial to 
establish the most appropriate methods to assess cognitive impairment among elderly drivers.  

The objective of this project is to gather and analyze information to inform the selection of a 
cognitive screening tool or tools that can be pilot-tested for use during Group Education Sessions 
(GESs) in Ontario. Ultimately, this tool can be considered for use during GESs to discriminate 
between elderly drivers who require more extensive testing (i.e., an on-road examination), from 
elderly drivers who are fit to continue driving without further examination. Currently, the GES is 
approximately three hours in length, has a vision test, an educational component, a knowledge 
test, and caters to a maximum of 15 participants. The inclusion of a cognitive screening tool can 
help Driver Improvement Counselors (DICs) to make informed decisions during the GES about 
which senior drivers should be referred to take a road test.  

In order to accomplish this objective, a meta-analysis of the literature on cognitive screening tools 
has been conducted. This report is the first of four phases. The first phase focuses solely on 
cognitive tools and the meta-analysis, the second phase focuses on the GES and best practices 
review, the third phase is a synthesis of phase one and phase two results as well as 
recommendations, and the fourth phase will be the methodology to inform the pilot testing of the 
resulting recommendations. This report contains the results of the meta-analysis, conducted in 
Phase 1.  

The first step in the meta-analysis is the review of literature, which included 446 articles related to 
the study topic. From these, particular articles were selected based on their relevance, i.e., whether 
they evaluated a cognitive tool. The number of tools selected from these evaluation studies totaled 
42. These articles and their relevant tools were coded and entered into a database. Criteria were 
developed to ensure the tools would be applicable to the parametres of the GES:  

 Duration of tool – a variable was created to select tools of different duration; we selected 
those tools that can be administered in less than 30 minutes; 

 Administration of tool – a variable was created to select between tools that are not 
limited to individual (one-on-one) administration versus tools that can only be administered 
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individually (e.g., they require the participant to recall words to the administrator or the test 
is timed); we selected those studies of tools that do not require individual administration 
and that can be administered in a group setting; 

 Feasibility of administration – a variable was created to distinguish between tools 
according to their ease of administration and scoring; we used it to select those studies of 
tools that are either easy to administer (i.e., simple instruction) or easy to score (i.e., 
minimal calculation needed to tally the score) while tools that were difficult to administer 
and difficult to score were not included; 

 Computer – a variable was created to distinguish between tools that only require pencil-
and-paper versus tools that require an expensive piece of hardware like a computer or 
simulator; only tools that do not require an expensive piece of hardware, but that can be 
administered with pencil-and-paper were included; and,  

 Expertise – a variable was created to distinguish between tools that are easily administered 
without specialized training versus tools that do require such training; only tools that do not 
require specialized training were included.  

Once applied, these criteria narrowed down the list to ten applicable tools:  

1. Maze Task;  

2. Rey-Osterrieth Complex Figure Test;  

3. Clock Drawing Test;  

4. Single Letter Cancellation Test;  

5. Double Letter Cancellation Test;  

6. Traffic Sign Recognition Test (TSRT);  

7. Charron Test;  

8. Visual Form Discrimination Test;  

9. Wechsler Digit Symbol Substitution Test; and,  

10. Eight Item Informant Questionnaire.  

The articles containing these 10 tools were analyzed in order to obtain the data points for the 
meta-analysis. Below is a flow chart describing each step in the selection process of data points: 

  



 

 
iii

 

The random-effects meta-analysis provided evidence suggesting that cognitive screening tools that 
meet MTO’s logistical requirements for GES can be used to predict driving performance. A small to 
medium-sized, significant pooled effect of 1.940 was found, meaning that on average, when 
cognitive screening tools predict a driver is unsafe, there is a 94% greater chance that this driver 
will exhibit unsafe driving behaviour, rather than safe driving behaviour (or, alternatively, if the 
cognitive screening tools predict that a driver is safe, on average, it is 94% more likely that this 
driver will exhibit safe driving behaviour, rather than unsafe driving behaviour). Note that unsafe 
driving behaviour refers to unsafe performance during a road test, a simulator driving test, or 
crashing as evidenced by state-reported crashes (it follows that safe driving behaviour refers to safe 
performance during a road test, a simulator driving test, or not crashing).  

Results from the meta-analysis can be used to rank order cognitive screening tools in an effort to 
identify better-performing tools. This exercise made clear that the results from this meta-analysis 
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alone are not sufficient for the selection of one particular tool. It is recommended meta-analysis 
results are used in combination with other information such as sensitivity, specificity, and area 
under the Receiver Operator Characteristics (ROC) curve. However, such information is not available 
for all the tools included in this meta-analysis. Partial information was available in six studies. Using 
this partial information, and depending on one’s preferences regarding concerns for the public 
versus the individual (based on information regarding sensitivity versus specificity), DSST or Clock 
Drawing can be considered as preferred cognitive screening tools. 

In sum, the meta-analysis shows there is fairly robust evidence suggesting cognitive screening tools 
have predictive value of driving behaviour. The effect is significant and low to medium-sized, and it 
differs, not only across different ways of measuring (un)safe driving behaviour, but likely also across 
cognitive screening tools themselves. It was not possible, however, to study in more detail any 
effect of the screening tools due to our small sample size (15 data points to evaluate 10 different 
screening tools). The results of this meta-analysis can be used in combination with other sources of 
knowledge to select a cognitive screening tool.  

Ultimately, this selection will depend on choices that are more of a practical nature (e.g., Can the 
tool be efficiently and practically incorporated into the GES curriculum?; Do DICs have any practical 
concerns regarding the use of a particular tool?) and political nature (e.g., What is the trade-off 
between concerns for the public versus concerns for the individual?). Based on this investigation, 
and the information at hand to date, we recommend that any of the ten tools included in this 
meta-analysis can be considered for use in a GES setting, acknowledging that not all of them are 
equally effective in predicting unsafe or safe driving behaviour according to the rank ordering 
results of this meta-analysis.
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1. INTRODUCTION 

1.1 Background 

Canada’s population is aging and seniors represent the fastest growing population group in 
Canada. Based on population projections from Statistics Canada, Human Resources and Skills 
Development Canada reported that in 2011 there was an estimated 5 million Canadians over the 
age of 65 (2012). This population is on the rise and the number of seniors in Canada will reach 
10.4 million by 2036. Using today’s licencing rates in Canada, it can be expected that over 4.6 
million Canadians aged 65 or older will hold valid driver licences after 2021. This number will rise to 
6 million by 2031 (Robertson and Vanlaar 2008).  

With an increase in this age population on the roads, it is important to understand what physical, 
cognitive, and mental issues these drivers may face. In particular, older drivers are at an increased 
risk of suffering from late-life cognitive impairment and dementia (Carr et al. 2006; Carr and Ott 
2010; Dobbs 2005). These diseases are concerning as they impair the ability to drive. In this respect, 
the number of drivers with dementia is on the rise: between 1997 and 2005, there were 210,000 
people in Ontario diagnosed with dementia, 40,000 of which held active driver licences. More 
worrisome is that 9,000 of these drivers have been in car crashes, a third of which had taken 
psychotropic drugs (Rapoport et al. 2008). It has been predicted by a Queen’s University study that 
the number of drivers in Ontario with dementia will double by 2028 and reach 100,000.  

Today there is no single tool that can accurately identify an unfit driver with absolute certainty. In 
light of the expected increase in elderly drivers with cognitive impairments and dementia, efficient 
and effective screening for such impairment will become more important. Therefore, it is crucial to 
establish the most appropriate methods to assess cognitive impairment among elderly drivers.  

Presently, the Ontario Ministry of Transportation (MTO) has a system in place to assess elderly 
drivers with the goal of differentiating drivers who may be at greater risk of causing a crash from 
those who are not. Three driving programs have been developed to meet this end. First, the 
Mandatory Medical Reporting Program requires that every person, 16 years of age or older, who 
suffers from any condition which could affect their driving is reported to the Ministry by their 
physician or optometrist. Police officers may do the same if they discover an unsafe driver through 
collision or other investigations. Second, according to the 70 and Older Collision Program, any 
driver aged 70 or older must pass a vision, knowledge, and G2 test (level two road test in the 
graduated licence program of Ontario) in order to maintain their licence if they are involved in a 
collision or convicted of a traffic offence related to a collision. Third, the 80 and Above Licence 
Renewal Program consists of a two-year renewal cycle along with the combined use of both vision 
and knowledge tests, driver record review, and a Group Education Session (GES) for all drivers aged 
80 and over. If necessary, a road test is included if the driver appears to pose a risk to road safety. 
The GESs are delivered by MTO Driver Improvement Counselors (DICs) at 200 approved locations 
across the province. Each session is approximately 90 minutes long and is designed to 
accommodate a maximum of 15 participants per session. The sessions educate the participants 
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about important issues such as high-risk driving situations for their age group, physical challenges 
related to aging, and ways to reduce collision risk. 

The challenge that MTO faces is the lack of a reliable way to assess whether a driver suffers from a 
cognitive impairment. Although the DICs may be able to identify obvious cognitive impairment, 
mild or discrete impairments are still detrimental to the senior’s ability to drive and much more 
difficult to detect. In order to address this problem, it would be helpful to incorporate an 
assessment element into the current GES framework which will accurately indicate driver 
impairments. This screening tool must be easily understood and applied by non-medical 
professionals who interact with senior drivers during GESs. It must be inexpensive and easily 
administered to a group of 15 seniors and simple for drivers to complete. In order to identify tools 
which meet these criteria and can potentially be used in a GES for drivers aged 80 and over, a 
meta-analysis review of cognitive screening tools was conducted.  

1.2 Objectives 

The objective of this project is to gather and analyze information to inform the selection of a 
cognitive screening tool that can be pilot-tested for use during the GES in Ontario. Ultimately, this 
tool can be considered for use during GESs to discriminate between elderly drivers who require 
more extensive testing (i.e., an on-road examination), from elderly drivers who are fit to continue 
driving without further examination. Such a tool can help DICs to make informed decisions about 
which senior drivers should be referred to take a road test. As Mathias and Lucas (2009) argue in 
their meta-analysis, “relicencing decisions should not be based on cognitive tests alone, but they do 
have the potential to identify individuals who require on-road testing before licencing decisions are 
made.” (p.639). In order to accomplish this objective, a new meta-analysis of the literature on 
cognitive screening tools has been conducted with a focus on tools that are feasible and easily 
administered in the license renewal setting.  

This report is the first of four phases in a project which is evaluating cognitive tools and the GES 
with the goal of developing a strategy for implementing an effective and appropriate tool into the 
current GES. The first phase focuses solely on cognitive tools and the meta-analysis, the second 
phase focuses on the GES session and best practices review, and the third phase is a synthesis of 
phase one and phase two results as well as the formulation of recommendations. In the fourth 
phase the methodology to inform the pilot testing of the resulting recommendations is developed. 

1.3 The Structure of this Phase 1 Report 

This report summarizes the findings from the meta-analysis conducted in Phase 1 of this project 
along with background information on the issue of elderly driver assessment. It includes potential 
solutions and future steps that can be incorporated into MTO’s current procedures.  

In the literature review section of this report (2. Literature Review), topics such as crash risk, crash 
type, exposure and diseases common to the older driver are explored. Included in this is the current 
debate surrounding the accuracy of the assessment process. Also, in section 3, entitled “Cognitive 
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Screening Tools,” an overview is provided of the tools that were included in this study and their 
applicability to the needs of the current GESs. A distinction is made between tools that were 
included in the meta-analysis and those that were excluded; the former are described in more 
detail.  

The methodology section (4. Methodology) describes the process that was undertaken in order to 
conduct this meta-analysis including the keyword search, extraction of appropriate articles, 
selection and rejection of articles, the coding of the studies, and the statistical analysis itself. 
Methodology is followed by the results section. This results section does not only provide an 
overview of the results from a random-effects meta-analysis and regression, but also of diagnostics 
such as tests for publication bias and a solution for multiple outcomes in the same study. This 
results section is followed by a discussion of the results, as well as limitations. 

In the conclusion section, recommendations are made with respect to which tool(s) to use in the 
pilot test.
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2. LITERATURE REVIEW  

2.1 Effects of Aging on Driving 

There is considerable debate regarding whether aged-based screening is both relevant and 
beneficial to elderly drivers and all other road users. Aging is a complex process which is different 
for each individual. Furthermore, there are several different diseases, ailments, and conditions 
experienced by the elderly, both physically and mentally, which will affect their driving. These 
factors lead to the crash rate and crash type unique to the elderly driving population. Because of 
this, it is important to explore the most effective manner for evaluating elderly drivers. In this 
section, each of these topics is discussed further with respect to the issues of elderly drivers and 
age-based screening. 

As previously discussed, the population, in Canada, as in most Western cultures, is aging and the 
elderly will represent a greater proportion of the population in the coming decades. The United 
States (U.S) is facing a similar population boost: by 2030, 70 million people in the U.S. will be older 
than 65 (twice as many as today), which translates to a representation in the driving population of 
25%, corresponding to a 14% increase (Wilson 2007). 

As life expectancy increases considerably in our modern society, it is crucial to understand the 
ramifications these changes will have on road safety. In Canada, in 2006, seniors aged 65 and older 
accounted for the second largest proportion of road deaths at 16%, meaning 462 road fatalities. 
The same group experienced 15,545 or 7.8% of road injuries (Transport Canada 2007). Canadian 
seniors have the second highest motor vehicle death rate among licenced drivers, with an average 
of 15.7 deaths per 100,000 licenced drivers, compared to 9.6 deaths for drivers aged 45-54. In 
2009, there were 494,756 Ontario licenced drivers aged 75 and older, 12,044 of which had 
collisions that year. This translates to 243 collisions per 10,000 elderly licenced drivers (ORSAR 
2009).  

There is a specific crash type that is most common for elderly drivers, which is the angled collision. 
The rate of angled collisions increases significantly after age 70, while the rate of all other crash 
types, including rear-end and head-on crashes actually decrease for this age group (Romoser and 
Fisher 2009). These crashes most commonly occur at intersections, especially when the elderly 
driver is required to make a left turn (Bryer 2000; Mayhew et al. 2006). This may be because elderly 
drivers have difficulty assessing space for entering traffic flow and experience failures in areas of 
perception and diagnosis. This means that when an elderly driver is evaluating how much space 
they need for a left turn across oncoming traffic, they are more likely to misjudge or miscalculate, 
compared to other age groups, causing a crash. Situations with an increased amount of stimuli 
(several different lanes of traffic flowing in different directions, pedestrians, traffic signals) cause 
difficulty for the elderly. In this respect, one study estimated that 19% of elderly driver crashes are 
due to their cognitive abilities being overwhelmed (Van Elslande and Fleury 2000). 
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Of course, not all elderly drivers suffer from impaired faculties behind the wheel, and often their 
gained experience makes them more careful and safer drivers than young drivers. For instance, 
when comparing the age groups of 20-40, 65-69, and 70+, Lerner (1993) found that all three 
groups needed the same amount of perception reaction time (two seconds) when coming to a stop 
at controlled intersections. This means that it does not take older drivers longer to react to traffic 
signals than younger drivers. Instead, intersection problems may be related to perception failures 
such as, dividing their attention between stimuli and comprehending traffic controls. In a similar 
study, Lerner et al. (1993) found that older drivers need longer gaps (spaces between vehicles) in 
order to perform a maneuver. For example, an older driver would estimate a longer period of time 
is needed in order to switch into another lane, whereas a younger driver would estimate less time is 
needed for this maneuver. From these studies it can be concluded that older drivers do not 
necessarily require more time to initiate movement than younger drivers but instead demand longer 
intervals of time before being willing to attempt a maneuver on the road (Lerner 1993). 

Notable declines that come with aging can impair an elderly driver, making common driving 
maneuvers that they have performed for decades, such as turning left in an intersection, much 
more challenging. For example, sight diminishes with age. The elderly driver needs eight times 
more light than a 20 year-old driver in order to see properly, making nighttime driving much more 
difficult (Lampman 2002). Similarly, loss of peripheral vision occurs with age, narrowing an elderly 
driver’s field of view, and increasing their crash rate up to 30% (Voelker 1999). Older adults also 
have a diminished capacity for processing information, especially in their periphery due to sight 
loss, compared to younger drivers. Other weaknesses due to age are decline in short-term memory 
and speed of processing – skills which are needed to efficiently survey the road and appropriately 
respond to hazards. For instance, age-related cognitive decline might lead to decreases in 
secondary looks (i.e., checking more than once for traffic or a free space for merging) and 
situational awareness (i.e., noticing pedestrians or other road users surrounding the driver), 
especially during turns (Romoser and Fisher 2009).  

Regardless of the correlation between age and age-related impairments, aging is associated with 
increasing prevalence of various medical conditions which can have a negative effect on crash risk. 
Functional impairments experienced behind the wheel are the detrimental effects of cognitive 
impairments (the most common being dementia) and physical impairments such as visual 
impairment and arthritis (Lampman 2002). Driving impairment due to disease may be discreet in 
the beginning, being caused by conditions such as “mild cognitive impairment” in which 
individuals have greater memory problems compared to others of the same age, but whose 
memory problems do not significantly affect their functioning (Howe 2007). It is more difficult to 
detect drivers with such an affliction and it may not be crucial to do so in the early stages. 
Nevertheless, a significant number of those with mild cognitive impairment will develop dementia 
within five years (Gauthier et al. 2006). Dementia affects the brain and the ability to think, 
remember, and speak. It impairs a person’s logical reasoning, memory, and their language skills. 
Anywhere from 3% to 19% of adults over the age of 65 have dementia and the disease increases 
their crash risk 2.5 times. Drivers with dementia are more likely to cause a crash due to carelessness 
or unsafe driving maneuvers such as improper turning or following too close (Cooper et al. 1993). 
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Of greater concern is that those demented drivers who have crashed continue to drive. Cooper et 
al. (1993) found that of 43 crash involved drivers who had dementia, 36 continued to drive after 
their initial crash. Of those who continued to drive, 14 had at least one more crash before ceasing 
to drive. Cognitive impairment that is not due to a traumatic event (such as a stroke) is often 
discovered by doctors in the later stages when it is more severe and therefore apparent. This means 
that drivers may still operate their vehicle for a fairly long time with impairment such as dementia 
(Cooper et al. 1993). This is concerning because the crash rate can increase on average 2-4 times 
compared to healthy controls (Carr and Ott 2010), further highlighting the need for an accurate 
screening tool to indicate these issues in drivers.  

Impairments may also come from diseases or conditions that affect the driver in other domains, for 
instance, visual impairment such as cataracts, glaucoma, or macular degeneration (Lampman 
2002). A study evaluating the impairments of elderly drivers injured in crashes found that those 
who had crashed were four times more likely to have glaucoma when compared to the control 
group which consisted of elderly drivers who had not had crashes (McGwin et al. 1997). Physical 
impairment may also result from conditions such as arthritis. Arthritis is when joints in the body 
begin to degenerate causing them to become red, swollen and painful. This pain and resulting loss 
of strength can cause the driver to become tired and distracted while driving and decreases the 
range of motion they have to properly survey the road (Lampman 2002).  

In order to manage these medical issues, the elderly are prescribed various medications, and those 
that are sedating can negatively affect their ability to drive. Older drivers generally take more 
medications than younger drivers and are more susceptible to the side effects of these medications 
on their central nervous systems (Ray 1992). Drugs such as antihistamines, antidepressants, 
benzodiazepines, and opioids are associated with increased crash risk and driving impairment such 
as drowsiness, loss of coordination, and dizziness (Wang and Carr 2004). 

2.2 Debates Regarding Elderly Drivers 

A person’s age alone cannot predict their ability to drive. Nevertheless, due to a potentially 
increased crash risk, crash types, ailments of aging and common elderly diseases, properly 
screening elderly drivers for signs of physical or cognitive impairments appears to be a logical and 
valid approach. Despite its face validity, screening of senior drivers has caused considerable debate. 
Two of the main debates regarding elderly drivers and assessment are discussed here in more 
detail: 1) what are the ethical implications of removing someone’s licence based on their potential 
for crashing? And, 2) do age-based assessments have positive benefits for road safety? The first 
debate highlights the difficulties faced by physicians in maintaining a balance between legal 
obligations and the morality of confidentiality and how licence revocation affects an elderly driver. 
The second debate explores the myths behind the perception of elderly driving and summarizes 
several studies claiming that age-based assessment does not necessarily lead to increased traffic 
safety.  

Ethical implications. Physicians can use medical examinations as an opportunity to uncover any 
potential dangers the driver may pose on the road. In theory this makes sense, because a physician 
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is highly trained and can fully determine the severity of impairment. Conversely, the patient-doctor 
relationship is one of trust and confidentiality, and reporting a potentially impaired patient to the 
licencing authority may breach such a relationship.  

In reality, most physicians are actually uncertain about their legal obligation to report unsafe drivers 
to the appropriate authorities (Carr and Ott 2010). The process of reporting is different for each 
jurisdiction, some have mandatory reporting of drivers that pose a risk and others have voluntary 
reporting (Kelly et al. 1999). For instance, in Canada, seven provinces, including Ontario, have 
mandatory physician reporting of medically unfit drivers to their Ministry of Transportation and 
three provinces have discretionary reporting (Ginzberg and Minichiello 2011).  

In order to report an unsafe driver, doctors need to involve the patient, obtain their consent, and 
complete the appropriate administrative steps. For instance, based on testimony from a Michigan 
doctor, a doctor cannot turn over an unsafe driver to the jurisdiction without obtaining the 
patient’s driver licence number. In order to obtain the licence number, the doctor must ask the 
patient for their driver’s licence, which prompts the patient to ask why the doctor needs their 
licence number. Once the doctor explains that they have to report their impairment to the 
jurisdiction resulting in their licence being revoked, the patient is much less likely to hand over their 
licence, preventing the doctor from filing the report. Administrative steps such as these make it 
next to impossible to report unsafe drivers to the jurisdiction and very few drivers are willing to 
consent to having their licence removed (Wilson 2007).  

If a driver does heed the warnings of their health professionals to cease driving, there can be a 
great benefit to road safety. A doctor’s warning to unfit drivers is an actual preventative medical 
intervention intended to reduce the trauma of motor vehicle crashes. A recent study found a 45% 
decrease in the rate of annual crashes per 1,000 patients who were given a warning by their 
doctors not to drive (Redelmeier et al. 2012). This means that, if patients were willing to hand over 
their licences once doctors warn them they are no longer safe drivers, almost half of crashes among 
this population that are due to certain illnesses and conditions could be prevented.  

However, some drivers do not voluntarily cease to drive because by doing so they give up a 
considerable amount of freedom. When told they are no longer able to drive, the elderly feel 
shocked, sad, frustrated, surprised, powerless, and devastated. Often they are frustrated that they 
are expected to continue their lifestyle without driving and most likely disagree with their doctor’s 
recommendation (Byszewski et al. 2010). Without the ability to drive, it is common to become 
isolated and depressed. Licence removal is not only a loss of mobility but can also be experienced as 
a loss of identity, independence, and status (Shapiro 1999). Of the elderly population, 88% rely on 
their own personal vehicle for transportation. If the driver’s licence is taken away, a significant 
number of people are left reliant on family or friends for transportation, soon causing the person to 
feel like a burden on the ones they love (Martinez 1995). Driving cessation has also been associated 
with a decrease in social integration (Mezuk and Rebok 2008) decreased out-of-home activities 
(Marottoli et al. 2000), an increase in depressive symptoms (Fonda et al. 2001) and an increased 
risk of nursing home placement (Freeman et al. 2006). 
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Age-based assessments. Instead of leaving the screening process solely up to health care 
professionals, it is also a possibility to screen for these impairments at the point of licence renewal 
for elderly drivers. At present, there is still debate regarding whether or not such screening is 
effective and results in increased road safety. The problem lies in the fact that is it impossible to 
estimate the individual risk of a driver. Instead, you can only assign a person to a group which is 
considered to have a higher level of risk based on statistical information about the crash likelihood 
of this group. Just because a driver is “elderly” and the driving group labelled “elderly” has a high 
crash risk does not mean this individual elderly driver will cause a crash (Meng 2010). A study 
conducted found that when “extrapolating from values in one large-scale prospective cohort study, 
the cognitive test that most strongly predicted future crashes would, if used as a screening tool, 
potentially prevent six crashes per 1000 people over 65 screened, but at the price of stopping the 
driving of 121 people who would not have had a crash” (Martin et al. 2011, p.1).  

In this regard, the European Federation of Psychologists Association (EFPA) argues that age-based 
screening does not produce any benefits and that older drivers are generally the safest group of 
drivers on the road. Although they acknowledge that the elderly are more frail, and are more likely 
to be injured or killed in crashes (Evans 2001), they do not equate this to the elderly having a 
higher crash rate – it only appears as such due to their greater likelihood of injury. Crashes are 
much more likely to be reported to police if there is a severe injury or death. Also, because crash 
statistics come from police records, and because the elderly have a higher chance of being injured 
or killed in a crash, they have a higher number of crashes represented in these statistics. Even 
though younger drivers may have the same number of crashes as the elderly, these crashes are less 
likely to make it into police records because less of them involve injury or death. Due to this 
phenomenon, EFPA argues that the crash rates of the elderly are inflated (2010). Li et al. (2003) is 
in agreement, estimating that 60-95% of increased crash risk of the elderly is due to this “frailty 
bias.” 

The low mileage bias also argues that the elderly are unfairly targeted as a higher risk driving 
population. This bias stipulates that the elderly exhibit different driving patterns after retirement, 
which in turn exposes them to situations in which they are more likely to crash. After retirement, a 
driver will be driving less and most of their driving will be in urban areas, which have higher crash 
rates due to greater volume of road users and competing stimuli. This means that their crash rates 
appear higher in comparison to younger drivers who may do more driving and less high-risk driving 
(on the highway, for example). When comparing older drivers and middle-aged drivers with the 
same yearly mileage the age difference in crash rates disappears (Langford et al. 2006). This means 
that it is the quantitative and qualitative differences in driving exposure that increases crash rates, 
not the age of the driver.  

Several studies show that age-based screening for fitness to drive does not produce any safety 
benefits. For instance, crash rates were compared across six Australian states: five with varying 
screening processes and one state without age-based screening. It was found that crash rates were 
the lowest for the state without age-based screening (Langford et al. 2004). A similar study 
conducted in Denmark found no increase in road safety after implementation of the age-based 
screening and actually found a detrimental effect. When comparing the crash rates of before and 
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after mandatory age-based screening, no statistically significant difference in the number of older 
drivers involved in fatal crashes was found. There was a significant increase in unprotected older 
road users who were killed between the two periods of observation. This could mean that the age-
based screening caused older drivers to stop using their vehicles and instead use unprotected, less 
safe modes of transportation, for example, walking (Siren and Meng 2012). However, based on a 
different interpretation of their findings, one could also argue that the true cause of an increase in 
fatalities is the lack of safe, alternative transportation modes for seniors, rather than the screening 
itself. This speaks to the importance of not implementing age-based screening in a vacuum, but 
rather as one aspect of a more holistic approach. 

While research has shown that there are biases that likely cause the crash risk of senior drivers to 
be overestimated, there may also be biases at work that cause this risk to be underestimated. 
Langford et al. (2004) explore this by making an important point with respect to the type of data 
used to analyze crash statistics. If a study’s results are based on per-population or per-driver crash 
rates, it does not take into account differences in driving activity. There may be many elderly drivers 
that hold valid driver licences but rarely, if ever, drive. The number of valid licences held by drivers 
who do not drive would likely be higher in jurisdictions that do not have mandatory age-based 
assessments. Without the assessment, there is no need for the elderly driver to submit their licence, 
allowing them to maintain the status of a valid driver. If crash statistics are calculated using valid 
licences (per-driver), it is not unlikely that those jurisdictions without assessment processes will have 
more licenced drivers due to all the inactive drivers, and this would result in lower crash rate 
calculations (Langford et al. 2004).  

It is clear that, to date, the research community has not yet reached a consensus as to whether 
age-based screening increases traffic safety in our society or not. In the absence of such a 
consensus, it may be prudent to err on the side of caution and adopt some form of screening in 
combination with other measures, such as ensuring access to safe, alternative modes of 
transportation. This makes the need for an effective and efficient screening tool pressing. 

2.3 Results from other Reviews 

Several studies have analyzed the validity of the elderly driver assessment process, some of which 
specifically explore the literature surrounding cognitive assessment tools. Mathias and Lucas (2009) 
conducted a meta-analysis of cognitive predictors of unsafe driving in older drivers. The authors 
emphasize that although the on-road driving assessment is considered the “gold-standard” for 
assessing driving competence, on-road is not always feasible on a large scale as a result of financial 
constraints and time constraints. Instead, cognitive tests should be valued for the additional useful 
information they can provide, such as the identification or indication of the presence of cognitive 
deficits that cannot be ascertained from an on-road examination alone.  

That being said, there is currently no agreement about what cognitive abilities should be assessed 
with respect to driving performance and which tests should be used to assess these abilities (Anstey 
et al. 2005). Several different assessments have been evaluated for consistency in road performance 
prediction but findings and conclusions vary. For instance, there is research available showing that a 
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number of commonly used cognitive tests, such as Trail Making and the Rey Complex Figure Task, 
are associated with on-road driving ability (De Raedt and Ponjaert-Kristoffersen 2000; Schanke and 
Sundet 2000; Whelihan et al. 2005). As well, Ball et al. (2005) developed and evaluated a battery 
of tests which was designed to assess functionality in elderly drivers with the purpose of detecting 
their crash risk. Drivers completed the battery at the time of their licence renewal and again five 
years later. The crash data between the two assessments was evaluated in order to measure the 
predictability of the cognitive measures for at-fault crashes of the participants. Results showed that 
the measures were effective predictors of crash involvement. The Useful Field of View Test (UFVT), 
Trail Making B, Delayed Recall, and the Motor Free Visual Perception Test (MFVPT) were found to 
be associated with increased crash risk (Ball et al. 2005). Similarly, the Mathias and Lucas (2009) 
meta-analysis found that the best predictors of on-road driving is the Ergovision test and the UFVT, 
as well as tests such as Paper Folding and Dot Counting. Similarly, Trail Making Tests A and B, 
Stroop Test, and the Automated Psychological Test were good predictors of driving problems 
(Mathias and Lucas 2009). 

Issues regarding cognitive assessment were brought up in the review conducted by Reger et al. 
(2004). They warn that caution must be applied when neuropsychological testing forms the basis of 
driving assessment. With respect to which area should be tested that will most effectively predict 
driving behaviour, the authors suggest that tests of visuospatial skill may be most helpful in 
identifying at-risk drivers. They found that only visuospatial skills and attention-concentration 
assessments correlate with driving. The benefits of cognitive assessments that do not include an on-
road aspect are the ability of the examiner to control any important variables and to standardize 
the procedure. An on-road test has several different variables that will alter the experience for each 
driver. For instance, the amount of traffic is different depending on the time of day, as is the 
weather. The examiner cannot control these variables in order to ensure each test taker is getting a 
standardized experience. Cognitive assessments allow for a “purer measurement of skill” important 
to driving (Reger et al. 2004). 

More research is needed in order to develop the “gold standard” of cognitive assessments. Ideally, 
the assessments would target specific skills which best reflect driving ability, resulting in prediction 
of crash risk. Until this has been accomplished in the field, researchers, policymakers, and licencing 
agencies can only assess drivers to the best of their ability within the confines of their environment 
and resource range. 
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3. COGNITIVE SCREENING TOOLS  

The following is a description of the cognitive screening tools which were analyzed for the meta-
analysis. The first list of tools (described in greater detail in the following section), contains the tools 
that were included and evaluated for the meta-analysis. The tools following these descriptions are 
the ones that were excluded from the analysis because they did not meet the necessary criteria; 
they are described more briefly. Table 1 outlines the inclusion criteria that were applied when 
selecting tools to include in the meta-analysis. Inclusion criteria will be discussed in greater detail in 
Methods. Table 2 illustrates how each tool was selected with respect to each criterion. A similar 
table can be found in Appendix C which outlines how each excluded tool does not meet the 
criteria.  

Each tool description provides an overview of the tool itself, how it is conducted and its 
composition, followed by the scoring that will be undertaken by the administrator, the duration of 
the tool (how long it takes to administer and complete), the technological requirements of the tool 
(computer, other apparatuses), and the level of expertise required to administer the tool. These 
subsections mirror the criteria that were used to code each tool. Note that where such information 
is not provided in relation to a tool, it is because this information was not available.  

It warrants mentioning that the tools discussed in this project are those for which evaluative studies 
were available. It is acknowledged that there may be other tools available which could have been 
considered for inclusion, but if an evaluation study for these tools was not available in our literature 
review, they were not included in the descriptions of either the included tools or the excluded tools.  

Table 1: Inclusion Criteria 

Criteria Description Questions considered when coding 

Duration 
The duration of the tool cannot 

exceed 30 minutes 
How long does it take to administer and 

complete the test? 

Administration The tool must be administrable to a 
group of about 15 participants 

Is it possible to administer this test to a group or 
is it meant only for one-on-one administration? 

Feasibility 
The tool must be simple to instruct 

and easy to score (i.e., calculation of 
score is not complex) 

How is the test administered (i.e., what 
instructions are given to participants)? How is it 

scored (i.e., complex calculations)? 

Computer 
The tool should not require a 

computer or any technology to 
administer 

Does this tool need a computer for 
administration? What instruments are needed to 

administer this tool? 

Expertise 
The tool should not require any 
special expertise or training to 

administer and score 

Is there any special expertise or training required 
in order to administer and score this tool? 

Finally, all tools discussed below, included and excluded, have strictly speaking been designed for 
individual administration, and they typically are administered individually. None of these tools are 
administered in a group setting, but this does not necessarily mean they are not applicable in a GES 
setting. Tools that will be recommended for use in GESs based on this meta-analysis will have to be 
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further investigated for this reason; the pilot test methodology that will be developed in Phase 4 of 
this project will account for this. 

3.1 Cognitive screening tools included in the meta-analysis 

Rey-Osterrieth Complex Figure Test 
Overview: The Rey-Osterrieth Complex Figure Test is a neuropsychological assessment designed to 
evaluate visual perception and long-term visual memory capacities. The participants are presented 
with a standard complex figure containing a variety of visual elements. Participants are instructed to 
copy the figure. Then, after two or three minutes, participants may also be instructed to reproduce 
the figure from memory. This second drawing is referred to as the ‘immediate’ drawing. Other 
versions of this test ask the participant to reproduce the drawing a third time, after a 20-30 minute 
time delay. These versions were not included as a time delay of this length is impractical in a GES 
setting. 

Scoring: An 18-point scoring system is used, corresponding to the 18 different elements within the 
complex figure. To score either the copied figure or memory-reproduction, administrators consider 
whether each of the 18 elements has been copied or reproduced accurately. A point is awarded if 
the participant has correctly drawn an element in the figure; a point is withheld if the element is 
not drawn correctly. More specifically, administrators have the option of giving two points for each 
element if it is correct and placed properly; one point if the element is correct but placed poorly; 
one point if the element is distorted or incomplete, but recognizable, and placed properly; one-half 
point if the element is distorted or incomplete, but recognizable, and placed poorly; or zero points 
if the element is absent or not recognizable. Examples of the phrasing of elements include “cross 
attached to lower center,” “four parallel lines within quadrant two, upper left,” and “vertical 
midline.” 

Duration: There is no set time limit for either the copy or immediate recall portion of the tests. 
However, the copy and immediate versions of the test typically require fewer than ten minutes to 
complete. 

Administration: No computer is required for the completion of the Rey-Osterrieth Complex Figure 
test. Since performance on the test is based on the accuracy of the reproduction of the figure, the 
test may be given to several people simultaneously. 

Level of expertise: No expertise is required for the administration of the test. However, some 
training is required with respect to the scoring methods. In order to limit the influence of the 
subjectivity inherent to these types of tests (e.g., the Clock Drawing Test has similar subjective 
elements), administrators should have a clear idea of what counts as a correctly drawn element 
versus an incorrectly drawn element (Canham et al. 2005). In order to achieve this inter-rater 
reliability, an “answer key” can be distributed to all administrators. This key would have examples 
of what each portion of the image looks like and some examples of the correct way of drawing 
these portions. Administrators would give points for each portion of the image drawn correctly 
which could be added up for a total score.  
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Single Letter Cancellation Test - Error 
Overview: The Single Letter Cancellation Test evaluates the presence and severity of visual scanning 
deficits. The test consists of a regular-sized piece of paper with six lines of 52 letters. The 
participant is instructed to cross out the letter H whenever it appears in the rows (the letter H is 
presented 104 times).  

Duration: No time limit is given for the test, however participants typically require less than five 
minutes to complete the task. 

Scoring: There are several ways to score the test. Most easily, the score is calculated by counting 
the number of omissions (i.e., ‘H’s that were not crossed out). Scoring may also include counting 
the number of letters crossed out that were not appropriate (i.e., not ‘H’). Therefore, a lower score 
corresponds to better performance on the test.  

Administration: Administration of the Single Letter Cancellation Test is straightforward and does 
not require the use of a computer or any other technical equipment. Participants would be given 
the appropriate sheet for the test and the administrator would have to explain the test instructions. 
This test can be easily administered to several individuals simultaneously. 

Level of expertise: No expertise is required for the administration or the scoring of the single letter 
cancellation test (Canadian Stroke Network). Instructions provided to complete the test are 
straightforward; participants simply need to know which letter to cross out, and scoring consists of 
counting only, there are no calculations.  

Double Letter Cancellation Test - Error 
Overview: The Double Letter Cancellation Test is different from the single letter cancellation test 
insofar as the former requires participants to cross out two letters instead of just one. The test 
assesses visual scanning abilities. The participant is presented with a regular sized sheet of paper 
containing six lines of 52 letters. He or she is then instructed to cross out the letters ‘C’ and ‘E’ 
whenever either one appears (‘C’ and ‘E’ are presented 105 times combined). 

Duration: No time limit is given for the test, however participants typically require less than five 
minutes to complete the test.  

Scoring: There are several ways to score the test. Most easily, the score is calculated by counting 
the number of omissions (i.e., ‘C’s and ‘E’s that are not crossed out). Scoring may also include 
counting the number of letters crossed out that were not appropriate (i.e., not ‘C’ or ‘E’). 
Therefore, a lower score corresponds to better performance on the test. 

Administration: Administration of the Double Letter Cancellation Test is straightforward and does 
not require a computer or any other special piece of equipment. Like the Single Letter Cancellation 
Test, the Double Letter Cancellation Test can be administered easily to several individuals 
simultaneously. 

Level of expertise:  No expertise or special training is required to administer and score the Double 
Letter Cancellation Test (Canadian Stroke Network). As with the Single Letter Cancellation Test, 
scoring the test requires only counting and addition, there are no complex calculations.  
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Traffic Sign Recognition Test (TSRT) 
Overview: The Traffic Sign Recognition Test is thought to test the cognitive capacities involved in 
the driving task, notably memory. This test also has the added benefit of being very easy to 
incorporate into the licence renewal process. The specifics of how the Traffic Sign Recognition Test 
is administered – including whether the test is conducted one-on-one and whether completion 
time is a factor in scoring – vary substantially across licencing districts. Some Traffic Sign 
Recognition Tests are conducted individually and the participant answers orally, while other 
versions consist in a multiple choice test. Despite these differences, the fundamentals of the test are 
the same: the participant is asked to explain the meaning of a number of traffic signs. Failure to 
recognize a sign correctly counts against the participant’s overall score and may indicate the need 
for an on-road test. 

Scoring: The scoring of the Traffic Sign Recognition Test is normally based on the number of errors. 
To illustrate, the Traffic Sign Recognition Test from North Carolina cited in Stutts et al. (1996) asks 
the participant to identify twelve signs. If the participant fails to recognize three or more signs 
accurately, he or she is considered to have failed. There is no consensus on whether or how 
completion time should be factored into the overall score of the Traffic Sign Recognition Test. 

Duration: The duration of the test will vary with differences in the number of questions asked.  

Administration: The test is easy to administer, as it involves only a pencil, paper, and an answer key. 
This test is currently administered in a variety of forms as part of the licencing process, so no added 
training would be necessary to include it as part of a cognitive screen. 

Level of expertise: This test requires no specific expertise, and can be administered by licence 
examiners (Stutts et al. 1996). 

Maze Task (time) 
Overview: The Maze Task is a short, pencil-and-paper screening tool designed to test attention, 
visuoconstructional skills, planning, and foresight. Participants are presented with a maze and 
instructed to complete the maze as quickly as possible without running into dead ends or crossing 
the solid lines. In order to ensure that the task is clear, participants may be given the option to 
complete a demonstration maze first, which is not scored. 

Scoring: The Maze Task is scored by measuring the time required for the participant to complete 
the maze. If the participant requires over 60 seconds to complete the maze then he or she is 
considered to be cognitively unfit to drive. Errors like reaching dead-ends or crossing solid lines 
count only insofar as they may extend the amount of time required to properly complete the maze. 
A maze is considered properly completed if, as per the instruction, a route has been traced from 
the entrance of the maze to its exit. As such, is does not matter how many dead-ends the 
participant reaches as long as a clear, barrier-free route from entrance to exit is discernible. For 
example, if a participant submits a maze wherein the route from entrance to exit was only made 
possible via a crossed solid line, then he or she would not be considered as having passed, as the 
maze was not completed properly. Conversely, if a participant hits several dead-ends, but each time 
notices this and self-corrects by tracing the route back, and ultimately succeeds in finding the exit, 
then, given that the maze is completed in under 61 seconds, he or she will be considered as having 
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passed. The difference is that in the latter case, despite the dead-ends reached by the participant, 
self-correction allowed for a barrier-free route from entrance to exit; while in the former case, a 
barrier-free route from entrance to exit was not achieved, as the route traced by the participant 
violated one of the instructions given at the outset, namely, that no solid lines should be crossed. 

Duration: The Maze Task takes approximately one minute to complete and score. 

Administration: The Maze Task does not require a computer. Administration of the screening tool is 
simple and requires little instruction. There are specific instructions that administrators are 
encouraged to use when presenting the Maze Task to participants: the administrator presents the 
maze in the correct orientation in front of the subject. He or she then instructs the participants to 
find the route, from the start to the exit of the maze. The administrator points out to the 
participants the location of the entrance and exit of the maze. He or she then instructs the test-
takers to avoid running into dead-ends or crossing any solid lines. The administrator shows the 
participants examples of dead-ends and solid lines to ensure that these conditions are understood 
(Snellgrove 2006). 

The administrator could time the class as a whole. If a cut-off of 61 seconds is used, and 
completion time is the only variable included in the scoring method, then there should not be any 
difficulties in administering the task to a group. The administrator could then go over the submitted 
maze and evaluate the number of errors (dead ends or crossing of solid lines) for each participant.  

Level of expertise: The level of expertise required to administer and score the Maze Task is minimal. 
No special training is required, and scoring benchmarks are clearly delineated and easily interpreted 
(Snellgrove 2010). 

Charron Test - Error 
Overview: The Charron Test is designed to evaluate visual attention processing. The test consists of 
a piece of paper containing 19 pairs of objects and 37 pairs of numbers. The participant is 
instructed to place a checkmark next to all the non-identical pairs, as quickly as possible.   

Scoring: Performance on the Charron Test is determined by counting the total number of errors. An 
error is defined as a non-identical pair that is not checked, or an identical pair that is checked. 

Duration: The Charron Test does not have an official time limit. Certain methods of scoring of the 
Charron Test take into account the amount of time in seconds required for the participant to 
complete the test, however the ‘error’ version does not require this piece of information. Typically, 
participants finish the test in approximately five minutes.  

Administration: Administration of the Charron Test is straightforward and does not require the use 
of computers or other technical devices. Since the score on this version of the test is determined 
solely by the number of errors and omissions, the Charron Test could be administered to several 
participants simultaneously. 

Level of expertise: No expertise is required to administer or score the Charron Test (Mazer et al. 
1998). 
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Wechsler Digit Symbol Substitution Test (DSST) 
Overview: The Wechsler Digit Symbol Substitution Test is designed to measure working memory 
and psychomotor performance. This test, largely unmodified since its development, is one of 
several intelligence tests developed by David Weschler in 1939. The participant is presented with a 
list of numbers 1-9, with a unique symbol under each number. Organized into rows underneath are 
several dozen numbers overtop blank boxes. The task of the participant is to insert as many of the 
unique symbols associated with each of the numbers in the rows as possible within a 90-second 
timeframe. The participant is instructed to fill in the boxes in the order that they appear, and not to 
skip ahead.  

Scoring: When the time limit passes, the test administrator counts the number of correctly filled-in 
boxes. This number represents the score. High scores are associated with normal to very mild 
cognitive impairment, while low scores indicate more severe cognitive impairment. Any boxes 
correctly filled in after two or more consecutive blank boxes are not counted in the score. 
According to Lafont et al. (2009), setting the benchmark for cognitive impairment at 29 yields the 
best compromise of sensitivity (91.7%) and specificity (81.2%). 

Duration: The test can be completed and scored in less than five minutes. 

Administration: The administration of the test is straightforward and does not require a computer. 
The test can be administered to several individuals simultaneously. 

Level of expertise: The level of expertise required to administer the DSST is minimal (Lafont et al. 
2010; Bettcher et al. 2013) because it is simple to instruct (“fill in the correct number with the 
corresponding symbol”) and easy to score with simple addition being the only necessary 
calculation. 

Visual Form Discrimination Test 
Overview: The Visual Form Discrimination Test is a brief, multiple choice test designed to measure 
the ability to make fine visual distinctions. The test consists of two sample questions, and 16 test 
questions. Each question has the following format: a simple design (referred to as the ‘target’) is 
positioned above five answer options (referred to as ‘stimuli’). One of the four stimuli matches the 
target exactly, and this is the correct answer. The remaining three stimuli contain minor variations, 
including rotation of peripheral elements or distortions of a major shape. The participant must 
indicate, for each of the 16 test items, which stimulus corresponds to each target. 

Scoring: The scoring is based on a points system, with a higher score indicating better performance 
on the test. Two points are awarded for a correct match, one point is awarded for an incorrect 
match involving an error of a peripheral shape, and no points are awarded for an incorrect match 
involving a major shape error. The highest possible total score is 32 points.  

Duration: There is no official time limit for the test. Typically, healthy older adults require less than 
thirty seconds to complete each question. Thus, a test that lasts longer than eight minutes may 
indicate some level of cognitive impairment.  

Administration: Administration of the visual form discrimination test is straightforward and requires 
no computer or other technical devices. Since performance on the test is determined by the 
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answers to the multiple choice questions, the Visual Form Discrimination Test can be administered 
to a group. 

Level of expertise: No special expertise is required in order to administer or score the Visual Form 
Discrimination Test (Caplan and Scultheis 1998). An answer key is provided to administrators to 
allow for simple scoring.  

Clock Drawing Test 
Overview: The Clock Drawing Test measures cognitive capacity and executive functioning. 
Particularly, the test investigates visuoconstructional skills, working memory, and planning. The 
participant is given a blank piece of paper with a large circle drawn on it. The administrator 
indicates the top of the page to the participant. He or she is then instructed to draw numbers on 
the circle to make it look like the face of a clock, and then to draw the hands of the clock to read 
“ten after eleven.” Participants are given an unlimited amount of time to produce the clock.   

Scoring: There are a number of valid scoring methods for the test. The score is determined by 
several factors including the order and spacing of the numbers; whether the numbers are inside the 
clock face or not; the presence of clock hands and accuracy of the time drawn; and the presence of 
any markings unrelated to the task of drawing the clock (e.g., words, names, extra circles, 
underlines, or pictures). Since the clock-drawing test has two overall challenges – drawing the clock 
and drawing the time – scoring tends to reflect the participant’s performance on both of these 
aspects individually. 

An example of a simple scoring system from Shau-Haim et al. (1996) suggests awarding one point 
for correct aspects: approximate drawing of the clock face, numbers in sequence, correct spatial 
arrangement between numbers, presence of clock hands, hands showing the approximate time, 
and hands showing the exact time. According to this scoring system, a perfect score would be 6.  

Other scoring systems add points for errors made. For example, Shulman et al. (1993) allocates a 
score of 1 to a perfectly drawn clock; 2 for a clock displaying minor visuospatial errors (e.g., mildly 
impaired spacing, lines drawn outside the circle); 3 for an inaccurate representation of the time 
when visuospatial orientation is perfect or shows only minor errors; 4 for moderate visuospatial 
errors that are severe enough to make the depiction of the correct time impossible; 5 for severe 
visuospatial errors  that make drawing the time impossible (e.g., very poor spacing, numbers 
omitted, numbers that continue past 12, severe dysgraphia1); and 6 if the drawing bears no 
resemblance to a clock, or if the participant made no attempt to draw one. In contrast to the 
previous example, this scoring system counts a 1 as a perfect score. 

Duration: There is no set time limit for the test, however completion normally requires less than 
two minutes. 

Administration: A computer is not necessary for the Clock Drawing Test. Since there is no time limit 
and since scores are calculated based on the number of errors recorded, the administrator is not 
required to pay individual attention to the participant. This test can therefore, be administered to 
several individuals simultaneously. 
                                                 
1 Dysgraphia is a deficiency in the ability to write primarily in terms of handwriting. 
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Level of expertise: The administrator must be familiar with the scoring system used in his or her 
location, and the specific criteria at the foundation of that system. More specifically, it must be 
clear to test administrators what counts as, for example, “moderate spacing errors” versus “severe 
spacing errors.” To this extent, some level of expertise is required in order to score the Clock 
Drawing Test. However, no special training is required for the administration of the test (Shulman 
et al. 1993; Shua-Haim et al. 1996.) 

Eight Item Informant Interview 
Overview: The purpose of the Eight Item Informant Interview is to detect the presence and severity 
of dementia. The interview consists of eight questions, presented to the person responding to the 
questions to complete him or herself. While it is preferable for an informant (e.g., family member 
or caregiver) as opposed to the participant to complete the questionnaire, the interview may be 
administered to the participant directly.  

Scoring: The questionnaire is scored by adding up the number of questions answered in the 
affirmative. Hence, a higher score indicates a greater likelihood that the participant is cognitively 
impaired to some degree. A score of zero or one denotes normal cognition, while a score greater 
than two indicates the likely presence of impairment. 

Duration: There is no official time limit for completion of the questionnaire, however taking too 
long to complete it may indicate some level of cognitive impairment. 

Administration: Administration of the interview is straightforward and requires no computer or 
other technical equipment. The questionnaire could easily be administered to several individuals 
simultaneously. 

Level of expertise: No expertise is necessary for the administration or scoring of the Eight Item 
Informant Interview (Alzheimer’s Association 2012).  
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3.2 Cognitive screening tools not included in the meta-analysis 

The following are tools that were reviewed for the meta-analysis but excluded because they did not 
meet MTO requirements. These criteria are described further in the Methods section. 

Useful Field of View Test (UFOV) 
Overview: The UFOV is an online evaluation of “useful field of view” which measures the brain’s 
ability to take in and react to information at a single glance. The test includes three subtests in 
which measures are taken of an applicant's processing speed, processing speed during a divided 
attention task, and processing speed during a selected attention task.  

Scoring: The three subtests are scored by a range of 0-500. These scores are combined to calculate 
five categories of risk ranging from Category Level 1 (lowest risk) to Category Level 5 (very high 
risk). 

Duration: The test takes 15 minutes to complete. 

Administration: Computers are required for participants to complete the test. They are also 
required for the administrators to score the test results. 

Level of expertise: Training for those administering the test is included in the software (UFOV User’s 
Guide 2002). 

Assessment of Driving-Related Skills (ADReS) 
Overview: The ADReS is a tool used for a driving specific evaluation of older drivers using a test 
battery of tests. Elements tested are a participant’s vision, cognition, and motor function. A 
participant’s vision is evaluated for visual acuity and visual fields. Cognitive skills that are tested are 
1) memory, 2) visual perception, visual processing, and visuospatial skills, 3) selective and divided 
attention, and 4) executive skills. Also, motor function, muscle strength and endurance, range of 
motion of the extremities, trunk, and neck, and proprioception2 are appraised. Tests such as the 
Snellen E Chart (visual), Trail Making B, Clock Drawing Test (cognitive), Range of Motion, and Rapid 
Pace Walk (physical) are all included. 

Scoring: Each test in the ADReS has its own method of scoring. Physical tests are scored based on 
participant’s muscle strength, their balance, or visual ability. Cognitive tests are timed or scored 
based on task performance. Results from all tests are summarized on the ADReS score sheet. 

Duration: The test takes 15 minutes to complete. 

Administration: A computer is not required. What is needed is a Snellen Chart, tape to mark 
distances on the floor, a stopwatch, and a pencil. There are two paper-and-pencil tests in ADReS, 
one of which requires a pre-printed form. The administrator works directly with the participant in 
order to assess their abilities in each area. This involves activities such as the administrator sitting 
across from the participant and holding up a certain number of fingers, while the participant closes 
one eye and has to inform the administrator of how many fingers they are holding up. Another 

                                                 

2 Proprioception is the perception of movement and spacial orientation.  
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example is the Rapid Pace Walk where the participant is instructed to walk a 10-foot path, turn 
around, and walk back to the starting point as quickly as possible while the administrator times 
them with a stop watch. 

Level of expertise:  A driver rehabilitation specialist is required to administer the test (Mevius 2013). 

Performance Analysis of Driving Ability (P-Drive) 
Overview: The P-Drive is a list of 27 items which assess the quality of a participant’s driving 
performance, commonly in a driving simulator. When used, P-Drive allows an administrator to 
record and analyze all relevant driver and vehicle data objectively. It is used to improve the 
participant´s driving ability for all kinds of target groups. The test is sorted into four subgroups: 
manoeuvring, orientating, obeying and responding to traffic rules, and paying attention. 

Scoring: Each item is scored on a scale from 1 to 4, where 4 equals ‘competent driving ability,’ 3 
equals ‘questionable driving ability,’ 2 equals ‘problematic driving ability,’ and 1 equals 
‘incompetent driving ability.’  

Duration: The test takes 40-60 minutes to complete. 

Administration: A computer and a driving simulator are needed. The administrator will supervise 
the participant while they take a pre-determined course presented in a driving simulator. The 
administrator assesses the participant’s performance in the simulator using the 27 items in the P-
Drive. 

Level of expertise: An occupational therapist with a history of performing driver evaluations is 
needed to conduct the test and evaluate a participant’s performance (Selander et al. 2011). 

Nordic Stroke Drive Screening Assessment (NorSDSA) 
Overview: The NorSDSA is a set of cognitive tests originally developed to evaluate fitness-to-drive in 
stroke clients. More recently, NorSDSA has been used for non-stroke clients who suffer from 
cognitive deficits or dementia. 

Scoring: Four subtests providing six subscores: Dot Cancellation which measures in seconds to 
completion (maximum of 15 minutes) and number of errors, Directions which yields a maximum of 
32 points, Compass which also yields a maximum of 32 points, and Road Sign Recognition which is 
scored 0-12 after three to five minutes. Higher scores on Directions, Compass, and Road Sign 
Recognition are representative of a better score on the test. 

Duration: The test takes 28 minutes to complete (Selander et al. 2011). 

Administration: Individual administration is necessary for the NorSDSA because the administrator is 
required to time the participant. Completion time is used for scoring. 

Level of expertise: The NorSDSA is relatively simple to administer, with calculation of timing being 
the main requirement, but scoring may be more time consuming, because more than one score is 
weighted and combined to develop the overall score. 

Visual Selective Attention Test (VSAT) 
Overview: The VSAT serves to quickly measure attentional processes that are commonly disrupted 
in acute and chronic brain damage or disease. Participants respond to 24 visual stimuli presented 



 

 
25

on a computer screen, such as numbers or letters, using the computer keyboard. These stimuli are 
shown for two seconds and then the participant is given another two seconds to respond to what 
he or she witnessed. 

Scoring: A scoring manual is provided with the software. The test takes 15 minutes to score. 

Duration: The test takes six minutes to complete. 

Administration: A computer is required to use VSAT (Trenerry et al. 2012). This test would require 
individual administration. 

Level of expertise: Low because the test and scoring is done on the computer. 

DriveABLE Cognitive Driving Assessment (DCAT) 
Overview: The DCAT is a computer presented scientifically validated driving assessment tool for 
evaluating medically at-risk drivers. Memory, attention, reaction time, and judgment are assessed 
using a touchscreen and push button response. 

Scoring: Scoring and report generation are automated.  

Duration: The test takes 30-60 minutes to complete. 

Administration: A computer is needed for this test.  

Level of expertise: The test is administered by healthcare professionals and certified evaluators that 
have been specially trained by DriveABLE (Mevius 2013). 

Drive Aware 
Overview: The Drive Aware test is comprised of eight questions that measure awareness of a 
participant’s driving ability. For example, retrospective self-evaluation of driving performance, right 
of way rules, and participant reaction to vehicles or pedestrians that “appear out of nowhere.” 

Scoring: A participant's response for each question is scored on a defined scale from 1 (very aware) 
to 3 (very unaware). Using information provided in referrals and the participant's performance on 
clinical tests, clinicians award scores by using a scale from 1 (participant has poor performance or 
knowledge) to 3 (participant has good performance or knowledge). For each item, a discrepancy 
score is calculated by subtracting the clinician's score from the participant's score. This results in a 
total discrepancy score. The participant's awareness of driving ability is rated according to the 
following criteria: discrepancy score of 1 or less (intact awareness), discrepancy score of 2 to 4 
(partial awareness), and discrepancy score of 5 to 10 (absent awareness). 

Duration: Unknown. 

Administration: Individual administration is needed because both the participant and clinician must 
complete the questions and the clinician is required to calculate the score. Scoring would require a 
high degree of subjectivity in so far as the clinician awards scores based on information provided by 
referrals.  

Level of expertise: A clinician is needed to administer this test (Kay et al. 2009). 
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Drive Safe 
Overview: Drive Safe measures a participant’s awareness of the driving environment. Thirteen 
images that simulate the view through a windshield of the same roundabout are projected on a 
screen. The number and positioning of pedestrians and vehicles vary from one image to the next. 
Participants observe each image for 3 seconds, then once the image has been removed from the 
screen, report details about the position and direction of travel of each pedestrian and vehicle in 
that image. The images vary in complexity, requiring participants to report from 4 to 16 elements.  

Scoring: The participants complete three practice images to ensure that they understand the 
instructions. Performance is recorded as a score out of 140. Verbal responses or hand gestures are 
recorded by the evaluator. The test is administered according to the standard instructions included 
with the standard scoring sheet. 

Duration: The test takes 20 minutes to complete. 

Administration: A computer or projector is required.  

Level of expertise: The test is administered by a clinician.   

Visual Recognition Slide Test (VRST-Usyd) 
Overview: The VRST-Usyd tests a participant’s awareness of the driving environment. He or she is 
shown 15 images of the same roundabout, through a windshield, where the number of 
pedestrians and vehicles vary in each image. Participants have 3 seconds to observe the images. The 
images are then removed from the screen and the participants must report details about the 
position and direction of travel of each pedestrian and vehicle in the slide. 

Scoring: The participants complete the practice images to ensure that they understand the 
instructions. Performance is recorded as a score out of 164. Verbal responses are preferred if 
participants can provide them. The test is scored using the standard scoring sheet. 

Duration: The test takes 20 minutes to complete. 

Administration: A computer or projector is required.  

Level of expertise: The test is administered by a clinician (Kay et al. 2008).   

Gross Impairment Screening Battery (GRIMPS) 
Overview: The GRIMPS assesses performance-based physical and cognitive abilities likely to affect 
driving performance. It includes both physical measures (e.g., rapid walk, arm reach, foot-tap test, 
vision tests) and cognitive measures (e.g., cued and delayed recall, symbol scan, Trail Making, 
MVPT).  

Scoring: Each portion of the battery is scored differently. 

Duration: The test takes 11 minutes to complete.  

Administration: In order for tests and results to be sufficiently executed and recorded, the 
administrator must work individually with the participant. For example, the cued recall portion of 
the exam requires the administrator to sit across from the participant at a table, recite three words 
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and ask the participant to repeat those same words in the same order. The administrator then 
documents if the task was completed successfully.  

Level of expertise: The test is administered by motor vehicle administration staff (Ball et al. 2006). 

Safe Driving Behaviour Measure (SDBM) 
Overview: The SDBM is a 68-item self-report or proxy measure to assess safe driving behaviours.  

Scoring: The measure score represents the reported level of difficulty for the items given the 
participant's ability level. Difficulty with the driving task is rated via a 5-point adjectival scale 
ranging from 1 (cannot do) to 5 (not difficult).  

Duration: The test takes over 30 minutes to complete. 

Administration: The questionnaire can be self-administered or completed by a family member or 
caregiver.  

Level of expertise: The test is administered by driving evaluators (Classen et al. 2012). 

Mini-Mental State Examination (MMSE) 
Overview: The MMSE is a 30-point questionnaire used to screen adults for psychiatric, neurological, 
and general medical conditions. The exam tests the participant’s skill in areas such as time and 
space orientation, attention and calculation, recall, and language. For example, the participant is 
asked to draw two pentagons interlocking with one another.  

Scoring: Scores range from 0 to 30, with scores of 25 or higher considered normal. Scores less than 
10 indicate severe impairment, while scores between 10 and 19 indicate moderate dementia. 
People with mild Alzheimer's disease tend to score in the 19 to 24 range. 

Duration: The test takes 10 minutes to complete. 

Administration: This exam requires the participant to verbally recall words for the administrator, 
meaning the administrator must be present with the individual in order to administer the exam.  

Level of expertise: This test is administered by an occupational therapist (Mevius 2013). 

Driving Health Inventory 
Overview: The Driving Health Inventory is a battery of computer-based performance tasks that 
include measures of visual acuity, leg strength and stamina, head and neck flexibility, short-term 
and working memory, visualization of missing information, visual search with divided attention, and 
visual information processing speed. It is administered as a 1st tier screening for fitness to drive. 

Scoring: Performance feedback indicating level of impairment is produced by the computer. 

Duration: Unknown. 

Administration: A computer is required.  

Level of expertise: The test is administered by an occupational therapist (Mevius 2013).   
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Addenbrooke’s Cognition Examination Revised (ACE-R) 
Overview: The ACE-R is a brief cognitive test that was developed to detect mild cognitive 
impairment and dementia. It includes tests of visuospatial capabilities, fluency, and memory. The 
structure of the test requires the administrator to lead the participant through several different 
exercises. For example, participants must verbally calculate subtracting 7 from 100, then 7 from 93, 
then 7 from 86 and so on. Or, to test their language, they have to write down the phrase “Happy 
Birthday.” 

Scoring: The maximum score is 100 and the proportion of the score is divided as follows: 
orientation (10), attention (8), memory (35), verbal fluency (14), language (28), and visuospatial 
ability (5). 

Duration: The test takes 15-20 minutes to complete (Ferreira et al. 2012).  

Administration: The test relies heavily on the interaction between the administrator and the 
participant. The administrator guides the participant through the various activities and is 
responsible for recording their responses and results.  

Level of expertise: The test is commonly administered by a healthcare professional. 

Sensory Motor Cognitive Tests (SMC Tests) 
Overview: The SMC Tests are a battery of computerized sensory-motor and cognitive tests used to 
quantify dysfunction in both areas. The sensory-motor tests comprise tests of visuoperception, 
ballistic movements, and visuomotor tracking. The cognitive tests include newly developed 
measures of complex attention, visual search, decision-making, impulse control, planning, and 
divided attention. For example, the “Footbrake Reaction Time” tests the reaction and movement 
time a participant needs to respond to a signal. The “Complex Attention” test assesses the 
participant’s ability to sustain attention over an extended period of time.  

Scoring: Scoring is computed by the simulator which records elements such as reaction time and 
maintenance of attention.  

Duration: The test takes 45 minutes to complete.  

Administration: A driving simulator is required (Innes et al. 2007).  

Level of expertise: The administrator of these tests would need working knowledge of the 
examinations used by the computer and the computer simulator.  

Screening Tool for the Identification of Cognitively Impaired Medically At-Risk Drivers: A 
Modification of the DemTect (SIMARD-MD) 
Overview: The SIMARD-MD is a screening tool that makes use of select tests from the longer 
DemTect. The SIMARD consists of four pencil-and-paper tasks designed to challenge the cognitive 
skills that have been found to be predictive of driver performance: two tasks that measure the 
ability to remember words, one task involving converting numbers to words, and one task where 
the participant names objects that can be purchased at a supermarket within a one-minute time 
frame.  
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Scoring: Each task is scored differently, using a point system for accuracy. The scores are 
interpreted using the following key: a score of 30 or less indicates a high probability of failing a 
driving test, a score of 31-70 indicates that a referral for a driving assessment is appropriate, and a 
score greater than 70 indicate a low probability of failing a driving test. 

Duration: The test takes seven minutes to complete.  

Administration: This test requires the participant to name objects out loud, meaning the 
administrator needs to be present with each participant in order to listen to and record their 
responses (Dobbs and Schopflocher 2010).   

Level of expertise: The test is often administered by a clinician.  

Trail Making A 
Overview: The Trail Making Test A measures visuospatial capabilities, planning, and motor function. 
The screen consists of 25 circles distributed over a sheet of paper. Each circle contains a number 
from 1 to 25. Participants are instructed to connect the numbers in ascending order as quickly as 
they can, without lifting the pencil from the sheet of paper. Performance on the test is based on 
the time it takes to complete the task.  

Scoring: The administrator calculates the amount of time the participant requires to complete the 
trail. If an error is made (e.g., a number is skipped), the administrator points it out immediately and 
allows the participant to correct it. Errors like this have no effect on the overall score except that 
the time spent correcting the error is included in the completion time.  

Duration: The test takes under five minutes to complete. 

Administration: The administrator must make use of some timing device, and must sit individually 
with the participant so the timing can be precise and so that any errors can be pointed out 
immediately (Strauss et al. 2006) 

Level of expertise: The level of expertise required for administering Trail Making A is low because it 
only requires the administrator to use a stop watch. 

Trail Making B 
Overview: The Trail Making Test B consists of 25 circles distributed across a sheet of paper. The 
circles contain either a number (1-12) or a letter (A-K). Participants are instructed to connect the 
circles in an ascending pattern, alternating between numbers and letters (i.e., 1-A-2-B-3-C, etc.), as 
quickly as possible without lifting the pen or pencil from the paper. Performance on the task is 
based primarily on the time it takes for the participant to complete the trail.  

Scoring: The administrator calculates the time required for the participant to complete the trail. If 
an error is made, the administrator points it out immediately and the participant corrects the error. 
Errors like this have no effect on the overall score except to the extent that the time required to 
correct the error is included in the total completion time.  

Duration: The test takes under five minutes to complete. 
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Administration: The administrator must make use of some timing device, and must sit individually 
with the participant so the timing can be precise and so that any errors can be pointed out 
immediately (Strauss et al. 2006). 

Level of expertise: The level of expertise required for administering Trail Making B is low because it 
only requires the administrator to use a stop watch. 

Colour Trails 1 
Overview: The Colour Trails Test 1 consists of a sheet of paper with 25 encircled numbers, from 1 
to 25. The circles are also coloured: odd numbers are pink and even numbers are yellow. The 
participant is instructed to connect the circles in ascending order as quickly as possible without 
lifting the pencil or pen from the paper. Performance on the test is based primarily on the time it 
takes to complete the task.  

Scoring: The Colour Trails Test 1 is scored according to the length of time required for the 
participant to complete the trail, which is recorded for each individual participant by the 
administrator.   

Duration: The test takes five minutes to complete. 

Administration: This test requires the administrator to time the length needed to complete the test, 
meaning it is administered individually (Dugbartey et al 2000, Konstantopoulos et al. 2013). 

Level of expertise: The level of expertise required for administering the Colour Trails Test 1 is low 
because it only requires the administrator to use a stop watch. 

Colour Trails 2 
Overview: The Colour Trails Test 2 consists of 50 circles, each one containing a number from 1 to 
25. Each number is repeated one time, once in a yellow circle, and once in a pink circle. The 
participant is instructed to connect the numbers 1 to 25, alternating between the pink and yellow 
circles, as quickly as possible without lifting the pen or pencil from the page.  

Scoring: Performance on the Colour Trails Test 2 is determined by the length of time to complete 
the test along with an “interference indicator,” a function of the number of errors, near-misses, or 
prompts. The calculation of this indicator makes use of the time score for Part 1 of the Colour Trails 
Test, suggesting that the two tests cannot be conducted separately while retaining the same 
sensitivity and specificity of the Colour Trails Test 2. 

Duration: The test takes five minutes to complete. 

Administration: This test requires the administrator to time the length needed to complete the test, 
meaning it is administered individually.  

Level of Expertise: The level of expertise required for administering the Colour Trails Test 2 is low 
because it only requires the administrator to use a stop watch. However, scoring the test may 
require special training. Specifically, administrator would have to be taught how to calculate the 
interference indicator and the effect of errors on the overall score (Dugbartey et al. 2000, Strauss et 
al. 2006). 

 



 

 
31

Frostig Visual-Motor Worksheet 
Overview: The Frostig Visual-Motor Worksheet is a paper and pencil test in which subjects copy a 
pattern using a grid of dots; then they are scored and timed. 

Scoring: Participant’s score is calculated by combining the time the participant takes for 
completion, their errors of omission and their errors of commission.  

Duration: The test takes one to five minutes to complete.  

Administration: Because each participant is timed, this test would require individual administration. 

Level of expertise: The test is administered by physicians and other therapists (Johnson 2007). 

Dot Cancellation Test 
Overview: The Dot Cancellation Test is a measure of attention and concentration and is a subtest of 
the Stroke Driver Screening Assessment. Subjects are instructed to cross out all groups of four dots 
on an A4 piece of paper. 

Scoring: The number of uncrossed groups of four dots, groups of four dots other than four 
crossed, and the time spent for completion are tallied for the participant’s score. 

Duration: The test takes 15 minutes to complete. 

Administration: The test would require individual administration due to the timing component 
(administrator would need to measure the length of time the participant needed for the test). As 
well, this test would be time consuming to score, requiring the administrator to differentiate 
between the crossed and uncrossed dots.  

Level of expertise: The test is commonly administered by a psychologist (Akinwuntan et al. 2005).  

Hazard perception  
Overview: Participants must recognize potential traffic hazards in video clips of traffic scenes filmed 
from the driver’s point-of-view. Participants must press the touchscreen when they identify a 
potential hazard. 

Scoring: The software records the participant’s response time, which is then used to calculate the 
hazard perception response latency.  

Duration: Unknown. 

Administration: A computer is needed for this assessment (Wood et al. 2013). Scoring is done by 
the computer. 

Level of expertise: The level of expertise required is low because the test is administered and scored 
by the computer. 

Hazard change detection 
Overview: This test measures the participants’ ability to detect the presence of hazards independent 
of other factors. Pairs of still images of traffic scenes are displayed on a computer screen using the 
flicker paradigm. Each pair contains an original and an altered image and participants are required 
to press the screen where the image is altered. 
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Scoring: The score is calculated by the number of pairs the participant correctly differentiates. 

Duration: Unknown. 

Administration: A computer is needed for this task (Wood et al. 2013).  

Level of expertise: Scoring is calculated mainly by the computer which means that the level of 
expertise required to administer the test is low. 

Gestalt Completion 
Overview: Drawings are presented to the participant which are composed of black blotches 
representing parts of the object being portrayed. The participant then identifies to the 
administrator what the drawing portrays. Participants must identify 15 pictures during a timed 
period.  

Scoring: Unknown. 

Duration: The test takes three minutes to complete (Dumitrescu 2005). 

Administration: The administrator must work individually with the participant so that they can 
record their portrayal of the pictures and time the exercise. 

Level of expertise: Unknown. 

Snowy Pictures 

Overview: This task involves identifying an object that is obscured by irregular shaped patterns.  

Duration: The test takes three minutes for 15 pictures (Wood et al. 2013). 

(Limited information is available for this test. It is similar to Gestalt Completion) 

AARP Reaction Time 
Overview: This test is based on the reaction time test presented in the AARP Older Driver Skill 
Assessment and Resource Guide, which is similar to Trail Making A. The test consists of a photo of 
a driving scene onto which 14 numbers are overlaid; the subject must touch the numbers in order.   

Scoring: Scoring is based on the total time the participant needs to locate and touch all 14 
numbers. 

Duration: The test takes under ten minutes to complete.  

Administration: This examination has a timing component, meaning the administrator needs to 
time the participant accurately using a stop watch. The administrator must also supervise the 
examination to ensure the numbers are being touched in correct order. 

Level of expertise: Minimal expertise is needed for administration because it only requires basic 
supervision in order to ensure numbers are touched in correct order and using a stop watch. (Stutts 
et al. 1996). 
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Motor-Free Visual Perception (MFVP) 
Overview: The MFVP assesses an individual’s visual perceptual ability without any motor 
involvement needed and tests spatial relationships, visual discrimination, figure-ground, visual 
closure, and visual memory.  

Scoring: The MFVP yields a single raw score that represents the participant’s overall visual 
perceptual ability. The raw score for this test is determined by subtracting the number of errors 
made from the number of the last item attempted. 

Duration: The test takes 25 minutes to complete 

Administration: This test is administered individually by the administrator presenting the participant 
with a stimulus page for five seconds, removing this page and offering the participant the options 
page (the “answer” page) in which the participant selects their desired answer which is recorded 
by the administrator.  

Level of expertise: The test can be administered by occupational therapists, psychologists, 
optometrists, and other health professionals (McCane 2006). 

Stroop Test 
Overview: The Stroop Test consists of one page with colour words printed in black ink, a colour 
page with ‘Xs’ printed in colour, and a colour-word page with words from the first page printed in 
colours from the second page (the colour and the word do not match). The participant goes down 
each sheet reading words or naming the ink colours as quickly as possible within a time limit. 

Scoring: Scores are based on the number of items completed on each of the three stimulus sheets. 
An interference score, which is useful in determining the individual’s cognitive flexibility, creativity, 
and reaction to cognitive pressures can also be calculated. 

Duration: The test takes five minutes to complete. 

Administration: The test requires recall (i.e., reading out loud the words or colours), meaning the 
administrator must work with the participant individually.  

Level of expertise: Rehabilitation Specialists commonly administer this test (Golden 2004).  

Behind the Wheel Assessment (BTW): 
Overview: The BTW is an on-road examination for older adults. It involves a fixed route with a 
gradual progression of driving difficulty.  

Scoring: Behavioural errors are used to score driving maneuvers. Each maneuver is scored on a scale 
of 0-3 and based on behaviour errors for the given maneuver. The driver is given an outcome rating 
of safe, safe with restrictions, unsafe remediable, and unsafe not remediable.   

Duration: The test takes approximately one hour to complete.  

Administration: This on-road examination requires the administrator to be in the vehicle with the 
driver.  

Level of expertise: The assessment is performed by a driving rehabilitation specialist (Justiss et al. 
2006). 
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Probable Risk Checklist 
Overview: The Probably Risk Checklist estimates the risk of medically impaired drivers. The checklist 
is designed to record driver information which relates to their potential risk on the road. Objective 
risk factors such as the driver’s age, their driving exposure, and any previous crashes or convictions 
are recorded as well as subjective risk factors such as the driver’s overall attitude, character, and 
estimated reliability.  

Scoring: For each criterion on the checklist, the administrator indicates the presence or absence of a 
risk factor by marking ‘yes,’ ‘no,’ or ‘unknown.’ The administrator then tallies the answers and 
suggests an overall estimate of the driver’s risk using a five point scale (very high risk to very low 
risk). 

Duration: The test consists of 39 yes or no questions. It can be completed in approximately 10-15 
minutes. 

Administration: The test is administered one-on-one between the driver and the administrator. The 
administrator reads through the risk checklist, prompting the driver to answer the questions 
honestly. The administrator then records the answers (yes, no, unknown). 

Level of expertise: The test was originally designed for administration by “Driver Safety Referees” in 
a DMV setting. Driver Safety Referees are responsible for driver licencing decisions in medical cases 
and are trained in risk assessment (Helander 1986). 
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4. METHODS 

The following section describes in detail the process that was used in order to conduct the meta-
analysis. The first step discussed is the review of the literature, which involved the collection of 
various articles related to the study topic. From these, particular articles were selected based on 
their relevance, i.e., whether they evaluated a cognitive tool or not. Once the applicable tools were 
highlighted within the selected articles, the data within these articles were analyzed in order to 
develop feasible data points. Once information regarding tools, their evaluation in relation to 
driving, and data points were documented, a database was developed to conduct the meta-
analysis.   

The search for evaluation studies of cognitive screening tools for older drivers began with three 
separate researchers independently identifying articles that were relevant to the project. The search 
was conducted using the following key words, search engines, journals, proceedings, and libraries. 

Keywords: assessment; attention; cognition; cognitive; decision; decision making; disorder; 
disorders; driver assessment; driver screening; elderly drivers; executive; executive functioning; 
fitness; fitness to drive; functional abilities; geriatric assessment; memory; mental; mental ability; 
metacognition; neuropsychological; neuropsychology; older drivers; perception; performance; 
predictor; predictors; psychometrics; psychomotor; psychomotor performance; screen; screening; 
screening battery; self-report; task performance and analysis; test; testing 

Keyword Combinations: Geriatric assessment + older driver OR screening battery; Driver 
screening + cognitive + older drivers; Psychometrics + driver screening OR functional abilities + 
older drivers; Functional abilities + older drivers; Task performance and analysis + older drivers; Self-
report + driver assessment; fitness to drive OR cognitive + elderly drivers; cognitive OR mental 
ability + testing + elderly drivers; disorders + assessments + fitness to drive 

Journals: Accident Analysis and Prevention; Alzheimer’s Disease and Associated Disorders; 
American Journal of Occupational Therapy; American Journal of Public Health; British Columbia 
Medical Journal; Canadian Family Physician; Clinics in Geriatric Medicine; Cochrane Database for 
Systematic Reviews; Human Factors; Injury Prevention; International Journal of Geriatric Psychiatry; 
Journal of Gerontology; Journal of Occupational Therapy; Journal of Safety Research; Journal of the 
American Geriatrics Society; Journal of the American Medical Association; Journal of the 
International Neuropsychological Society; Neurology; Traffic Injury Prevention; Transportation 
Research; Transportation Research Record 

Proceedings: Association for the Advancement of Automotive Medicine; Fit to Drive; Traffic and 
Transport Behavior Psychology; Transportation Research Board; International Council on Alcohol, 
Drugs and Traffic Safety 

Search Engines and Online Catalogues: APA PsycNet; Factiva; Google; Hein Online; Karger; 
Medline; Proquest; PsycINFO; Pubmed; Safety Lit; Sage Journals; Scholar’s Portal; Science Direct; 
Springer Link; Wolters Kluwer 
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Libraries: TIRF Library; Austroads (Australian Department of Transportation); Canadian Association 
of Road Safety Professionals (CARSP); SWOV Institute for Road Safety Research; IMOB at University 
of Hasselt; Insurance Institute for Highway Safety (IIHS); National Highway Traffic Safety 
Administration (NHTSA); University of Michigan Transportation Research Institute (UMTRI); 
University of North Carolina Highway Safety Research Center (HSRC); University of Toronto 

Findings were cross-referenced with a few other sources including an independent search 
conducted by MTO and an independent search conducted in a TIRF project that had previously 
been conducted for the University of Hasselt. Some additional references from these independent 
sources were included (see Appendix A). Below is Figure 1 which is a flow chart describing each 
step of the methodology. 

Figure 1: Methodology Flow Chart 
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Once the literature search was completed and the researchers combined their respective findings, 
there were 446 articles listed for further analysis (see Appendix B of this report for this complete list 
of references that were initially identified). The researchers then extracted all the articles from the 
literature list, either from the TIRF library or from the Internet. Articles were sorted in three 
categories. First, an article was deemed as “unusable” if it did not discuss any type of assessment 
tool or if it was not about the topic of elderly driver assessment or elderly drivers. Second, an article 
was deemed “of some use” if it directly related to the topic at hand but did not actually evaluate a 
cognitive screening tool – these articles were still reviewed for the purposes of writing the report, 
but they were not included in the meta-analysis. The last category was for articles that evaluated 
the predictive value of a cognitive screening tool for elderly drivers. This category included 142 such 
evaluations of cognitive screening tools for elderly drivers with and/or without cognitive 
impairment; these were coded for the meta-analysis.  

Several studies included the evaluation of more than one tool. Since the unit of analysis in the 
meta-analysis is an evaluation of a tool, rather than a study per se, several studies produced more 
than one data point for inclusion in the meta-analysis. It warrants mentioning that this can cause 
problems when estimating the precision of the summary effect size in the meta-analysis, due to the 
fact that results from the same study are correlated. We account for this in the analysis. 

Two independent readers reviewed the 142 evaluation outcomes and coded them according to a 
set of variables of interest to our meta-analysis. Because MTO had specific requirements regarding 
the cognitive screening tool they will consider for use in GES, a two-tiered approach was used 
when coding the evaluations. In a first step, evaluations of tools were coded according to variables 
enabling us to select those tools that satisfy MTO’s requirements, along with some basic descriptive 
variables about the study that evaluated the tool, such as authors of the study, title of the study, 
and publication year. Once these 142 evaluation outcomes were coded using these tier-1 variables, 
a further selection was made according to MTO’s requirements and additional information was 
coded for this sub-selection using tier-2 variables.  

MTO’s requirements are related to logistical aspects of cognitive screening tools in a GES setting. 
For example, due to time constraints MTO is only interested in tools that can be administered in a 
short period of time to avoid taking too much time out of the GES for the screening. Also, it has to 
be possible to administer the tool during the GES, which is by definition a group activity with only 
one DIC per session. Thus, a cognitive tool that requires one-on-one administration is not feasible 
in this setting. More precisely, the following selection criteria were used to select a subset of 
evaluation outcomes out of the 142 data points that were identified in the literature search. Note 
that all of these conditions had to be satisfied for a tool to be included. 

 Duration of test – a variable was created to select tools of different duration; we selected 
those tools that can be administered in less than 30 minutes (note that this effectively led to 
the selection of tools that can be administered in less than 10 minutes due to the fact that 
all tools included in the meta-analysis that take less than 30 minutes actually also take less 
than 10 minutes); 

 Administration of test – a variable was created to select between tools that are not 
limited to individual (one-on-one) administration versus tools that can only be administered 
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individually (e.g., they require the participant to recall words to the administrator or the test 
is timed); we selected those studies of tools that do not require individual administration; 

 Feasibility of administration – a variable was created to distinguish between tools 
according to their ease of administration and scoring; we used it to select those studies of 
tools that are either easy to administer (i.e., simple instruction) or easy to score (i.e., 
minimal calculation needed to arrive at the score) while tools that were difficult to 
administer and difficult to score were not included; 

 Computer – a variable was created to distinguish between tools that only require pencil-
and-paper versus tools that require an expensive piece of hardware like a computer or 
simulator; only tools that do not require an expensive piece of hardware, but that can be 
administered with pencil-and-paper were included; and,  

 Expertise – a variable was created to distinguish between tools that are easily administered 
without specialized training versus tools that do require such training; only tools that do not 
require specialized training were included.  

After coding the 142 evaluation outcomes using tier-1 variables, researcher one and researcher two 
compared their coding choices. Any discrepancies were discussed. If the two researchers coded the 
variables differently, they came to an agreement about the appropriate code. Note that 
“discrepancy” is defined as an instance in which two different codes were encountered by the 
researchers and a discussion or debate was required in order to decide upon the appropriate code. 
This does not include non-matching codes which could be resolved simply by referring back to the 
original study. Instead, discrepancies needed subjective discussion over the nature of a variable in 
the article. For tier-1, the researchers encountered a discrepancy once every 33 codes (about 3% of 
the time). In summary, three discrepancies were encountered: 

 Expertise: the expertise needed to administer an assessment tool was rarely described in 
detail in the publications, meaning the researchers had to use their own personal judgment 
of the expertise needed. In order to come to agreement when codes did not match, it was 
decided to err on the conservative side, meaning the expertise needed for each tool was 
estimated as higher, rather than lower, given that the staff administering the tools for MTO 
will not necessarily have any psychological or medical training. For example, if a cognitive 
screening tool used perceptual analysis tests (in such tests participants have to explain their 
perceptions of an image far away and up close) or involved any type of physical/medical 
examination (e.g., eye exam), researchers categorized this as high expertise and, as a 
consequence, the tool would be excluded.  

 Feasibility: similar to expertise, feasibility was often not described in the publications. 
Researchers, when in disagreement, decided to once again err on the side of caution and 
estimate the difficulty of instruction to participants who are taking the test as well as the 
difficulty in scoring the test as higher, rather than lower, to ensure tools that were not 
feasible to administer would not be included in the meta-analysis. 

 Age range: not every publication was specific in mentioning the age range of the 
participants tested, but instead would use terms such as “older drivers” or “elderly”. 
Therefore, age was described using a variety of different formats, i.e., age range, minimum 
age or mean. 
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After using these tier-1 variables to select evaluations of tools that satisfy MTO’s requirements, 27 
evaluation outcomes remained (coming from 15 different studies). The same two independent 
researchers used the same coding process as previously discussed for tier-2 variables. When 
comparing notes between both researchers, there were very few discrepancies this time. The 
researchers encountered a discrepancy once every 65 codes (about 1.5% of the time). Tier-2 
variables included more detailed information, most notably the outcome measures of the original 
studies.  

The 27 evaluation outcomes of tools selected for inclusion are identified in the table below. Note 
that their identification number used throughout this report is listed in the second column. 

Table 3: Overview of evaluation outcomes selected for inclusion in the meta-analysis and 
their identification number 
           +------------------------------------------------------------+ 

           |                            cognitive screening tool     id | 

           |------------------------------------------------------------| 

           |           Rey-Osterrieth Complex Figure Test - Copy     2c | 

           |      Rey-Osterrieth Complex Figure Test - Immediate     2d | 

           |                                  Clock Drawing test     8b | 

           |                      Digit Symbol Substitution Test    32c | 

           |                     Visual Form Discrimination Test    32d | 

           |                                    Maze Task - time     33 | 

           |                                    Maze Task - time    38c | 

           |             Single Letter Cancellation Test - Error    38e | 

           |       Visual Form Discrimination Test - total score    38f | 

           | Visual Form Discrimination Test - peripheral errors    38g | 

           |                             Probable Risk Checklist     43 | 

           |                      Digit Symbol Substitution Test     62 | 

           |           Rey-Osterrieth Complex Figure Test - Copy    69a | 

           |                     Visual Form Discrimination Test    69d | 

           |                      Digit Symbol Substitution Test    69e | 

           |                                    Maze Task - time    78a | 

           |                                  Clock Drawing test    78b | 

           |                      Eight item informant interview    78e | 

           |                           Self-Report Questionnaire     94 | 

           |                                  Clock Drawing test     96 | 

           |                                  Clock Drawing test   103a | 

           |                       Traffic Sign Recognition Test    107 | 

           |                                Charron Test - Error   108b | 

           |                  Single Letter Cancellation - Error   108g | 

           |             Double Letter Cancellation Test - Error   108i | 

           |                                  AARP Reaction Time   113c | 

           |                       Traffic Sign Recognition Test   113d | 

           +------------------------------------------------------------+ 
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The 15 studies from which these evaluation outcomes were obtained are: 

 Goode, K.T., Ball, K.K.,Sloane, M., Roenker, D.L., Roth, D.L., Myers, R.S., Owsley, C. (1998). 
Useful field of view and other neurocognitive indicators of crash risk in older adults. Journal 
of Clinical Psychology in Medical Settings, 5(4): 425-440. (ID=2c, 2d) 

 McCarthy, D.P. (2005). Outcomes Evaluation of the Assessment of Driving Related Skills 
(ADReS). Gainesville, FL.: University of Florida. (ID=8b) 

 Szlyk, J.P., Myers, L., Zhang, Y., Wetzel, L., Shapiro, R. (2002). Development and 
assessment of a neuropsychological battery to air in predicting driving performance. Journal 
of Rehabilitation Research and Development, 39(4): 483-496. (ID=32c, 32d) 

 Snellgrove, C.A. (2005). Cognitive Screening for the Safe Driving Competence of Older 
People with Mild Cognitive Impairment or Early Dementia. Civic Square, Australian Capital 
Territory: Australian Transport Safety Bureau. (ID=33) 

 Whelihan, W.M., DiCarlo, M.A., Paul, R.H. (2005). The relationship of neuropsychological 
functioning to driving competence in older persons with early cognitive decline. Archives of 
Clinical Neuropsychology, 20: 217-228. (ID=38c, 38e, 38f, 38g) 

 Helander, C.J. (1986). Development and Evaluation of a Risk Assessment Strategy for 
Medically Impaired Drivers. Volume 8 of an Evaluation of the California Drunk Driving 
Countermeasure System. Sacramento, CA.: California Office of Traffic Safety. (ID=43) 

 Lafont, S., Marin-Lamellet, C., Paire-Ficout, L., Thomas-Anterion, C., Laurent, B., Fabrigoule, 
C. (2010). The Wechsler Digit Symbol Substitution Test as the Best Indicator of the Risk of 
Impaired Driving in Alzheimer Disease and Normal Aging. Dementia and Geriatric Cognitive 
Disorders, 29(2): 154-163. (ID=62) 

 Bliokas, W., Taylor, J.E., Leung, J., Deane, F.P. (2011). Neuropsychological assessment of 
fitness to drive following acquired cognitive impairment. Brain Injury, 25(5): 471-487. 
(ID=69a, 69d, 69e)  

 Carr, D.B., Barco, P.P., Wallendorf, M.J., Snellgrove, C.A., and Ott, B.R. (2011). Predicting 
road test performance in drivers with dementia. Journal of the American Geriatrics Society, 
59(11): 2112-2117. (ID=78a, 78b, 78e) 

 Eby, D.W., and Molnar, L.J. (2001). Older drivers: A comparison of self-reported driving-
related decisions with observed driving problems. In: Proceedings of the 45th Annual 
Conference of the Association for the Advancement of Automotive Medicine, pp. 413-415. 
Barrington, IL.: Association for the Advancement of Automotive Medicine. (ID=94) 

 Freund, B., Gravenstein, S., Ferris, R., Burke, B.L., and Shaheen, E. (2005). Drawing clocks 
and driving cars: Use of brief tests of cognition to screen driving competency in older 
adults. Journal of General Internal Medicine, 20(3): 240-244. (ID=96) 

 Oswanski, M.F., Sharma, O.P., Raj, S.S., Vassar, L.A., Woods, K.L., Sargent, W.M., and 
Pitock, R.J. (2007). Evaluation of two assessment tools in predicting driving ability of senior 
drivers. American Journal of Physical Medicine and Rehabilitation, 86(3): 190-199. 
(ID=103a) 

 MacGregor, J.M., Freeman, D.H., Jr., and Zhang, D. (2001). A traffic sign recognition test 
can discriminate between older drivers who have and have not had a motor vehicle crash. 
Journal of the American Geriatrics Society, 49(4): 466-469. (ID=107) 
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 Mazer, B.L., Korner-Bitensky, N.A., and Sofer, S. (1998). Predicting ability to drive after 
stroke. Archives of Physical Medicine and Rehabilitation, 79(7): 743-750. (ID=108b, 108g, 
108i) 

 Stutts, J.C., Stewart, J.R., and Martell, C. (1998). Cognitive test performance and crash risk 
in an older driver population. Accident Analysis and Prevention, 30(3): 337-346. (ID=113c, 
113d)  

Not all of these studies provided enough of the information regarding their outcome measures that 
was required to conduct the meta-analysis. More precisely, the following studies did not provide 
information such as standard errors, confidence intervals (CI), or standard deviations: 

 McCarthy, D.P. (2005). Outcomes Evaluation of the Assessment of Driving Related Skills 
(ADReS). Gainesville, FL.: University of Florida. (ID=8b) 

 Szlyk, J.P., Myers, L., Zhang, Y., Wetzel, L., Shapiro, R. (2002). Development and 
assessment of a neuropsychological battery to air in predicting driving performance. Journal 
of Rehabilitation Research and Development, 39(4): 483-496. (ID=32c, 32d) 

 Whelihan, W.M., DiCarlo, M.A., Paul, R.H. (2005). The relationship of neuropsychological 
functioning to driving competence in older persons with early cognitive decline. Archives of 
Clinical Neuropsychology, 20: 217-228. (ID=38c, 38e, 38f, 38g) 

 Helander, C.J. (1986). Development and Evaluation of a Risk Assessment Strategy for 
Medically Impaired Drivers. Volume 8 of an Evaluation of the California Drunk Driving 
Countermeasure System. Sacramento, CA.: California Office of Traffic Safety. (ID=43) 

 Eby, D.W., and Molnar, L.J. (2001). Older drivers: A comparison of self-reported driving-
related decisions with observed driving problems. In: Proceedings of the 45th Annual 
Conference of the Association for the Advancement of Automotive Medicine, pp. 413-415. 
Barrington, IL.: Association for the Advancement of Automotive Medicine. (ID=94) 

 Stutts, J.C., Stewart, J.R., and Martell, C. (1998). Cognitive test performance and crash risk 
in an older driver population. Accident Analysis and Prevention, 30(3): 337-346. (ID=113c, 
113d)  

The final set of nine remaining studies and their evaluation outcomes of tools that satisfied the 
inclusion criteria were included in the meta-analysis. These nine studies (listed below) collectively 
produced 15 evaluation outcomes (or data points; also listed below). Note that “published in a 
peer-reviewed journal” has not been used as an inclusion/exclusion criterion in this review. Instead, 
the nine remaining studies were assessed individually and no critical flaws were identified that 
would warrant their exclusion. As such, the already small dataset of nine studies did not become 
smaller still, which would make the meta-analysis more challenging, if not problematic – one study 
included in our final selection of studies (id 33) has not been published in a peer-reviewed journal. 

 Goode, K.T., Ball, K.K.,Sloane, M., Roenker, D.L., Roth, D.L., Myers, R.S., Owsley, C. (1998). 
Useful field of view and other neurocognitive indicators of crash risk in older adults. Journal 
of Clinical Psychology in Medical Settings, 5(4): 425-440. (ID=2c, 2d) 

 Snellgrove, C.A. (2005). Cognitive Screening for the Safe Driving Competence of Older 
People with Mild Cognitive Impairment or Early Dementia. Civic Square, Australian Capital 
Territory: Australian Transport Safety Bureau. (ID=33) 
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 Lafont, S., Marin-Lamellet, C., Paire-Ficout, L., Thomas-Anterion, C., Laurent, B., Fabrigoule, 
C. (2010). The Wechsler Digit Symbol Substitution Test as the Best Indicator of the Risk of 
Impaired Driving in Alzheimer Disease and Normal Aging. Dementia and Geriatric Cognitive 
Disorders, 29(2): 154-163. (ID=62) 

 Bliokas, W., Taylor, J.E., Leung, J., Deane, F.P. (2011). Neuropsychological assessment of 
fitness to drive following acquired cognitive impairment. Brain Injury, 25(5): 471-487. 
(ID=69a, 69d)  

 Carr, D.B., Barco, P.P., Wallendorf, M.J., Snellgrove, C.A., and Ott, B.R. (2011). Predicting 
road test performance in drivers with dementia. Journal of the American Geriatrics Society, 
59(11): 2112-2117. (ID=78a, 78e) 

 Freund, B., Gravenstein, S., Ferris, R., Burke, B.L., and Shaheen, E. (2005). Drawing clocks 
and driving cars: Use of brief tests of cognition to screen driving competency in older 
adults. Journal of General Internal Medicine, 20(3): 240-244. (ID=96) 

 Oswanski, M.F., Sharma, O.P., Raj, S.S., Vassar, L.A., Woods, K.L., Sargent, W.M., and 
Pitock, R.J. (2007). Evaluation of two assessment tools in predicting driving ability of senior 
drivers. American Journal of Physical Medicine and Rehabilitation, 86(3): 190-199. 
(ID=103a) 

 MacGregor, J.M., Freeman, D.H., Jr., and Zhang, D. (2001). A traffic sign recognition test 
can discriminate between older drivers who have and have not had a motor vehicle crash. 
Journal of the American Geriatrics Society, 49(4): 466-469. (ID=107) 

 Mazer, B.L., Korner-Bitensky, N.A., and Sofer, S. (1998). Predicting ability to drive after 
stroke. Archives of Physical Medicine and Rehabilitation, 79(7): 743-750 (ID=108b, 108g, 
108i) 

The final dataset of 15 data points (see below) combined evaluated 10 different cognitive screening 
tools that satisfy each of MTO’s previously specified inclusion criteria. Note that some of them were 
administered or scored in different ways (e.g., 2c and 2d are really the same tool but they are 
administered differently). 
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Table 4: Final dataset of 15 data points for the meta-analysis 

           +-------------------------------------------------------+ 

           |   id                         cognitive screening tool | 

           |-------------------------------------------------------| 

           |   33                                 Maze Task - time | 

           |  69d                  Visual Form Discrimination Test | 

           |  107                    Traffic Sign Recognition Test | 

           |  69a        Rey-Osterrieth Complex Figure Test - Copy | 

           | 108i          Double Letter Cancellation Test - Error | 

           |   2d   Rey-Osterrieth Complex Figure Test - Immediate | 

           | 108b                             Charron Test - Error | 

           |   2c        Rey-Osterrieth Complex Figure Test - Copy | 

           | 108g               Single Letter Cancellation - Error | 

           |  78a                                 Maze Task - time | 

           | 103a                               Clock Drawing test | 

           |   62                   Digit Symbol Substitution Test | 

           |  78b                               Clock Drawing test | 

           |  78e                   Eight item informant interview | 

           |   96                               Clock Drawing test | 

           +-------------------------------------------------------+ 
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5. RESULTS 

The results section will identify the outcome of each step of the statistical analyses. To begin, the 
outcome measures of each included study are highlighted, which is then followed with the 
conversion process that was conducted for each outcome variable, converting all measures to the 
same scale. Once all outcomes are comparable, it is possible to analyze their effectiveness in 
predicting driving. This is done using the forest plot (see Figure 2) and the meta-regression analysis. 
Issues relevant to a meta-analysis are discussed such as variance due to type of outcome measure 
and the methodology of each study. The tools are then ranked based on their predictive abilities of 
driving according to the meta-analysis. 

Table 5 contains an overview of the outcome measures as reported in the original studies. As can 
be seen, the studies included in the meta-analysis used four different approaches to reporting 
outcomes: log-odds ratios (id=33); odds ratio (id=107, 62, 69a, 69d); means data (id=2c, 2d, 108b, 
108g, 108i, 78a, 78b, 78e, 103a); and, correlational data (id 96). 

Table 5: Overview of outcome measures as reported in the original studies included in the 
meta-analysis 

id Model Outcome measure Outcome Interpretation 

2c Means  
Means (s.d.; N) Crashers 28.07 (7.7; 124) Higher score on Rey-O Copy is associated with fewer 

crashes as measured by state-reported  crashes Means (s.d.; N) Non-crashers 30.57 (6.27; 115) 

2d Means 
Means (s.d; N.) Crashers  8.25 (7.22; 124) Higher score on Rey-O Immediate is associated with 

fewer crashes as measured by state-reported crashes Means (s.d.; N) Fail 10.79 (7.94; 115) 

108b Means  
Means (s.d.; N) Pass 3.9 (4.3; 33) Failing the driving assessment is associated with more 

errors on the Charron Test Means (s.d.; N) Fail 5.4 (5.9; 51) 

108g Means  
Means (s.d.; N) Pass 2.5 (5.1; 33) Failing a driving assessment is associated with more 

errors on the single digit cancellation test Means (s.d.; N) Fail 6.6 (13.0; 51) 

108i Means  
Means (s.d.; N) Pass 5.1 (5.5; 33) Failing a driving test is associated with more errors on 

the double letter cancellation test Means (s.d.; N) Fail 6.2 (7.9; 51) 

107 Logistic regression 
model  Odds ratio (95%-CI) 0.88 (0.77-1.00)  Increase on TSRT corresponds to a decreased crash 

risk as measured by state-reported crashes 

33 Logistic regression 
model  Log odds ratio (s.e.) -0.02 (0.01)  

More time required to complete Maze Task 
corresponds to smaller chance of passing driving 
assessment 

96 Correlation Correlation (95%-CI) 0.68 (0.57-0.77) Driving errors during same-day driving assessment 
correlates with CDT scoring scale 
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id Model Outcome measure Outcome Interpretation 

62 Logistic regression 
model  Odds ratio (95%-CI)  6.5 (2.1-20.1)  

Low performance on WDSST (-5.8 correct) 
corresponds to increased risk of unsafe driving 
according to composite driving indicator 

69a Logistic regression 
model Odds ratio (95%-CI) 0.882 (0.782-

0.994)  
Higher score on Rey-O Complex Figure Test 
corresponds to smaller chance of failing road test 

69d Logistic regression 
model Odds ratio (95%-CI) 0.964 (0.843-

1.103) 
Higher score on Visual Form Discrimination 
corresponds to smaller chance of failing a road test 

78a Means 
Means (s.d.; N) Pass 35.2 (12.3; 35) Failing a  test is associated with requiring more than 

60 seconds to complete the Maze Test - time Means (s.d.; N) Fail 62.5 (43.9; 65) 

78b Means 
Means (s.d.;N) Pass 6.2 (1.2; 35) A higher score on the Clock Drawing Test corresponds 

to a higher chance of passing a road test Means (s.d.;N) Fail 4.2 (2.5; 65) 

78e Means 
Means (s.d.; N) Pass 4.3 (1.5; 35) Failing a driving test is associated with a higher score 

on the Eight Item Information Interview Means (s.d.; N) Fail 5.8 (1.6; 65) 

103a Means 
Means (s.d.; N) Capable 3.5 (0.843; 131) A higher score on the Clock Drawing Test corresponds 

to a higher chance of being a capable driver Means (s.d.; N) Incapable 2.77 (1.159; 101) 

Table 6 contains a description of the dataset used in the meta-analysis after conversion of the 
outcome measures onto the same scale, i.e., log-odds ratio. Also, from Table 5 it is apparent that 
the direction of the original outcome measure was not the same in every study, i.e., a higher score 
on some cognitive tools may be indicative of unsafe driving behaviour, while other cognitive tools 
may indicate such unsafe behaviour by assigning lower scores. Therefore, the direction of each 
outcome measure was also made comparable by reversing it when necessary.  

More precisely, the following conversions were adopted: 

 Studies reporting log-odds and standard errors: 95%-CIs were calculated (point estimate 
plus/minus 1.96 X s.e.); 

 Studies reporting odds ratios and 95%-CIs: odds ratios were transformed into log-odds 
point estimates and log-odds of the 95%-CI. This was then used to calculate standard 
errors; 

 Studies reporting means data: the Stata command -metan- was used to calculate Cohen’s d 
point estimates and their 95%-CIs. These Cohen’s d results were then converted into log-
odds using the formula Log-odds=(Cohen’s d) X (pi/sqrt(3)). The result was then used to 
calculate standard errors;  

 Studies reporting correlations: The point estimate and its 95%-CI were transformed into 
Cohen’s d using the formula Cohen’s d=(2 X correlation)/sqrt(1-(correlation X correlation)). 
These Cohen’s d results were then transformed into log-odds using the formula mentioned 
previously (see previous bullet). Standard errors were calculated from there. Note that 
converting the correlation and its 95%-CI into Cohen’s d and then into log-odds did not 
yield a symmetric confidence interval around the resulting log-odds point estimate, so when 
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calculating the standard error the average of the result with the lower bound on the one 
hand and the upper bound on the other was used. 

After adopting these conversion rules, the effect size used during the analyses can be defined as 
the log-odds ratio of predicting unsafe driving behaviour; in the exponential form effect sizes 
greater than one in our study indicate that when cognitive screening tools predict unsafe driving 
behaviour, it is more likely that the driver will indeed exhibit unsafe driving behaviour. Conversely, 
effect sizes smaller than one would indicate that when cognitive screening tools predict unsafe 
driving behaviour, it would be more likely that the driver would exhibit safe driving behaviour. 

Table 6 contains the following variables: id (an indication of which study the data come from; refer 
to the list of studies mentioned previously for a complete reference); age (age of subjects in study 
as reported in the original paper or report: a number followed by a plus-sign represents a minimum 
age; two numbers separated by a hyphen represent an age range; a number represents a mean 
age); N (the number of subjects in each study); cognitive screen (an indication of which cognitive 
screening tool is evaluated); log-odds (the log of the odds ratio after transformation of the original 
outcome measure; refer to Table 5 for a description of the original outcome measure per study); 
and, se (standard error of the log-odds). Note that information regarding education was not always 
available. Regarding gender, all studies used a mix of males and females. 

Table 6: Age, sample size, log-odds ratios, and their standard errors used to evaluate the 
predictive value of ten cognitive screening tools 

           +-----------------------------------------------------------------------+ 

           |   id       cognitive screen      age          N    log-odds         se | 

           |-----------------------------------------------------------------------| 

           | 103a     Clock Drawing Test      55+        232   1.333639   .2480941 | 

           |  107                   TSRT    65-91        120      .1278   .0653316 | 

           | 108b     Charron Test-error       61         84     .51016   .4071622 | 

           | 108g              SLC-error       61         84   .6989591   .4088679 | 

           | 108i              DLC-error       61         84   .2825575    .405809 | 

           |   2c              ROCF-Copy      55+        239    .643332    .236664 | 

           |   2d         ROCF-Immediate      55+        239   .6082014    .236468 | 

           |   33         Maze Task-time      65+        115        .02        .01 | 

           |   62                   DSST    65-85         76     1.8718   .5762244 | 

           |  69a              ROCF-copy       61        104      .1256    .061199 | 

           |  69d       VFDT-total score       61        104      .0367   .0685714 | 

           |  78a         Maze Task-time     74.2         96   1.367534   .3926136 | 

           |  78b     Clock Drawing Test     74.2         98   1.694839    .399073 | 

           |  78e   Eight Item Interview     74.2         99   1.737323    .400004 | 

           |   96     Clock Drawing Test      60+        119    3.36433    .474811 | 

           +-----------------------------------------------------------------------+           

Figure 2 contains a forest plot of a random-effects meta-analysis of the effectiveness of cognitive 
screening tools in predicting driving performance of elderly drivers. Note that a random-effects 
model is justified, not only because we are pooling information from different studies published in 
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the literature using different methodologies, but also because we are pooling information from 
different cognitive screening tools. It is, therefore, reasonable to assume that the effect sizes would 
truly differ across studies and tools. Consequently, a model that acknowledges this (like the 
random-effects model), rather than one that assumes there is only one true effect size (like the 
fixed-effect model) is the preferred one. 

It can be seen that the pooled effect size, which represents the mean of the true effect sizes, is 
1.940 in the exponential form, meaning that, on average, when cognitive screening tools predict a 
driver is unsafe, there is an increased chance of 94% ((1.940-1)X100) that this driver will exhibit 
unsafe driving behaviour, rather than safe driving behaviour (or, alternatively, if the cognitive 
screening tools predict that a driver is safe, on average, there is an increase of 94% in the 
likelihood that this driver will exhibit safe driving behaviour).  

Note that “unsafe driving behaviour” in this instance refers to failing an on-road driving test, or a 
simulator driving test, or crashing, as the studies that are pooled in our meta-analysis used one of 
these three measures to assess the predictive value of a cognitive screening tool (conversely, “safe 
driving behaviour” refers to passing an on-road driving test, simulator driving test, or not crashing).  

This pooled effect size is significant (Z=6.32, p=0.000). The 95% Confidence Interval (95%-CI) for 
this pooled effect size is 1.58-2.38. When transforming this result into Cohen’s d, this yields 0.37, 
which is between a small effect (d=0.2) and a medium effect (d=0.5), although it is somewhat 
closer to a medium effect. 

The forest plot further shows that 91.1% of the variation in the summary effect is due to 
heterogeneity and that the test for heterogeneity is significant (p=0.000). This suggests – not 
surprisingly – that the between-study variance is not just the result of random variation but also of 
true differences in effect sizes. 
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Figure 2: Forest plot of the random-effects model 

In an effort to help explain this heterogeneity, a meta-regression analysis has been conducted. It 
was hypothesized that five variables could potentially explain, at least partially, the heterogeneity. 
These variables were used as covariates in the meta-regression, i.e., they were included as 
independent variables in a random-effects model using Residual Maximum Likelihood (REML) 
estimation of effects. These variables are: 

 Typom (type of outcome measure): 1 for studies that correlated performance on the 
cognitive screening tool to performance on a simulated driving test; 2 for studies that 
correlated performance on the cognitive screening tool to performance on an on-road 
driving test; and, 3 for studies that correlated this with state-reported crashes; 

 Blind (blind assessment): 1 means the study includes a blind assessment whereby the 
driving evaluator does not know how the subject performed on the cognitive screening 
tool; and, 2 means there was no such blind assessment; 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 91.1%, p = 0.000)

78b

78a

69d

103a

2d

96

2c

107

108g

62

69a

108i

78e

33

ID#

108b

2011

2011

2011

2007

1998

2005

Publication

1998

2001

1998

2010

2011

1998

2011

2005

Year

1998

Clock Drawing Test

Maze Test - Time

Visual Form Discrimination Test

Clock Drawing Test

Rey-Osterrieth Complex Figure Test - Immediate

Clock Drawing Test

Cognitive

Rey-Osterrieth Complex Figure Test - Copy

TSRT

Single Letter Cancellation Test - Errors

WDSST

Rey-Osterrieth Complex Figure

Double Letter Cancellation Test - Errors

Eight Item informant interview

Maze Task Time

Test/Tool

Charron Test - Errors

1.94 (1.58, 2.38)

5.45 (2.49, 11.91)

3.93 (1.82, 8.47)

1.04 (0.91, 1.19)

3.79 (2.33, 6.17)

1.84 (1.16, 2.92)

28.91 (11.40, 73.33)

1.90 (1.20, 3.03)

1.14 (1.00, 1.29)

2.01 (0.90, 4.48)

6.50 (2.10, 20.11)

1.13 (1.01, 1.28)

1.33 (0.60, 2.94)

5.68 (2.59, 12.45)

1.02 (1.00, 1.04)

ES (95% CI)

1.67 (0.75, 3.70)

100.00

4.37

4.46

11.32

7.14

7.41

3.46

%

7.41

11.37

4.24

2.59

11.43

4.28

4.36

11.88

Weight

4.26

1.94 (1.58, 2.38)

5.45 (2.49, 11.91)

3.93 (1.82, 8.47)

1.04 (0.91, 1.19)

3.79 (2.33, 6.17)

1.84 (1.16, 2.92)

28.91 (11.40, 73.33)

1.90 (1.20, 3.03)

1.14 (1.00, 1.29)

2.01 (0.90, 4.48)

6.50 (2.10, 20.11)

1.13 (1.01, 1.28)

1.33 (0.60, 2.94)

5.68 (2.59, 12.45)

1.02 (1.00, 1.04)

ES (95% CI)

1.67 (0.75, 3.70)

100.00

4.37

4.46

11.32

7.14

7.41

3.46

%

7.41

11.37

4.24

2.59

11.43

4.28

4.36

11.88

Weight

4.26

  
1.0136 1 73.3



 

 
50 

 Outcome (how outcome has been measured): 1 for studies that used a model directly 
calculating odds ratio; and, 2 for studies that did not use such a model but rather produced 
an outcome measure that had to be transformed into an odds ratio like a correlation or 
means data using one of the before-mentioned formulas; 

 Interval: 1 for studies where the driving assessment is conducted prior to the cognitive 
assessment; 2 for studies where the driving assessment is conducted within 30 days 
following the cognitive assessment; and, 3 for studies where the driving assessment 
involves monitoring the driver’s performance over a period of at least six months; 

 Control: 1 for studies where no control group was used; and, 2 for studies where a safe or 
healthy group was compared to an unsafe or unhealthy group. 

Table 7 provides an overview of the distribution of each covariates across studies. Periods in this 
table mean the data were missing (e.g., for study 96 the value of the variable interval is not 
known). 

Table 7: Distribution of five covariates across studies included in the meta-analysis 

           +-----------------------------------------------------+ 

           |   id   typom   blind   outcome   interval   control | 

           |-----------------------------------------------------| 

           |   33       2       1         1          2         1 | 

           |  69d       2       2         1          2         1 | 

           |  107       3       2         1          3         2 | 

           |  69a       2       2         1          2         1 | 

           | 108i       2       1         2          2         1 | 

           |   2d       3       1         2          3         1 | 

           | 108b       2       1         2          2         1 | 

           |   2c       3       1         2          3         1 | 

           | 108g       2       1         2          2         1 | 

           |  78a       2       1         2          2         1 | 

           | 103a       2       .         .          2         1 | 

           |   62       2       1         1          2         2 | 

           |  78b       2       1         .          2         1 | 

           |  78e       2       1         2          2         1 | 

           |   96       1       2         2          .         1 | 

           +-----------------------------------------------------+    

One covariates in particular (typom) was found to explain a rather large proportion of the variance 
(approximately 47%; see below). Other models competing with this model did not explain the 
variance as well (note that the variable outcome did explain approximately 22% of the 
heterogeneity). Models with more than one covariates were also less satisfactory (diagnostics of the 
model with typom and outcome suggest the data do not fit the model as well). Given the low 
number of data points in our sample (15), including more than one covariate becomes problematic 
anyway – indeed, when including more than one independent variable, often at least one category 
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of one of the variables was dropped due to co-linearity. Results of the model with typom are 
shown in Figure 3. 

As can be seen, according to this model 88.08% of the variance is due to heterogeneity and the 
remaining 12% is due to within-study sampling variability. The proportion of between-study 
variance explained by this model is 47%. In other words, by introducing typom in the model the 
relative reduction in between-study variance is 47%, or, typom explains 47% of the between-study 
variance. The model is significant according to the joint test for all covariates (Model F=6.10, 
p=0.0149). Both dummy variables representing the variable outcome are also significant (p=0.007 
and p=0.005, respectively). As such, the model suggests there is evidence for an association 
between the dummy variables and the outcome variable. 

Figure 3: Results from a random-effects meta-regression with one covariate (typom; 
modeled as two dummies comparing their effect to the reference category= studies using 
a simulated driving test) 

         Meta-regression                                       Number of obs  =      15 
      REML estimate of between-study variance               tau2           =   .3572 

      % residual variation due to heterogeneity             I-squared_res  =  88.08% 

      Proportion of between-study variance explained        Adj R-squared  =  47.04% 

      Joint test for all covariates                         Model F(2,12)  =    6.10 

      With Knapp-Hartung modification                       Prob > F       =  0.0149 

      ------------------------------------------------------------------------------ 

           log-odds |     exp(b)   Std. Err.      t    P>|t|     [95% Conf. Interval] 

      -------------+---------------------------------------------------------------- 

         _Itypom_2 |   .0756377    .059788    -3.27   0.007     .0135138    .4233509 

         _Itypom_3 |   .0539522   .0455932    -3.45   0.005     .0085579    .3401342 

      ------------------------------------------------------------------------------ 

The Normal probability plot of the standardized shrunken residuals of this model, shown in Figure 
4, suggests that the assumption of normal random-effects is adequate, and there are no notable 
outliers (i.e., no standardized shrunken residuals greater than two). 
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Figure 4: Normal probability plot of the random-effects model with one covariate (typom) 

 

Results from this meta-regression analysis suggest that a large portion of the variation between 
studies, i.e., heterogeneity, is due to the fact that we have combined studies that used a different 
methodology to study the predictive value of cognitive screening tools on the driving performance 
of elderly drivers. In other words, there is evidence to suggest that there is no one effect size for 
the predictive value of the screening tools in our meta-analysis, but there are different effect sizes, 
and the effect size depends on whether on-road driving assessments, simulator driving 
assessments, or crash records are used in the evaluation.  

Note that not all the between-study variance is explained by this covariate, which means there are 
other, unknown reasons why effect sizes differ. One other – logical – reason for heterogeneity 
would be the actual difference between the screening tools. Indeed, given the differences between 
these tools in terms of theory and implementation aspects, one would expect variation between 
their effect sizes. However, this hypothesis cannot be tested due to a small sample size (there are 
15 data points in our sample and 10 different screening tools, which is not sufficient to use 
‘screening tool’ as a covariate). Finally, other methodological differences between the 15 evaluation 
outcomes included in our meta-analysis can also help explain heterogeneity, but it was not possible 
to demonstrate this with our sample. 

To better illustrate the effect of the covariate typom on the effect size, a subgroup analysis has 
been conducted representing the effect sizes for each category of typom. The results are shown in 
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Figure 5 and are included for illustrative purposes only (a more accurate estimate of effect size by 
category of typom is provided below). 

Figure 5: Subgroup random-effects analysis by categories of typom (1=studies using 
simulators; 2=studies using on-road driving tests; 3=studies using state-reported crashes) 

                 Study     |     ES    [95% Conf. Interval]     % Weight 

      ---------------------+--------------------------------------------------- 

           2 

      Clock Drawing Test   |    3.795     2.334     6.171          7.14 

      Charron Test - Error |    1.666     0.750     3.700          4.26 

      Single Letter Cancel |    2.012     0.903     4.483          4.24 

      Double Letter Cancel |    1.327     0.599     2.939          4.28 

      Maze Task Time (2005 |    1.020     1.000     1.040         11.88 

      WDSST (2010)         |    6.500     2.101    20.110          2.59 

      Rey-Osterrieth Compl |    1.134     1.006     1.278         11.43 

      Visual Form Discrimi |    1.037     0.907     1.187         11.32 

      Maze Test - Time (20 |    3.926     1.818     8.474          4.46 

      Clock Drawing Test   |    5.446     2.491    11.906          4.37 

      Eight Item informant |    5.682     2.594    12.445          4.36 

       Sub-total           | 

        D+L pooled ES      |    1.824     1.444     2.304         70.34 

      ---------------------+--------------------------------------------------- 

           3 

      TSRT (2001)          |    1.136     1.000     1.292         11.37 

      Rey-Osterrieth Compl |    1.903     1.197     3.026          7.41 

      Rey-Osterrieth Compl |    1.837     1.156     2.920          7.41 

       Sub-total           | 

        D+L pooled ES      |    1.503     1.013     2.232         26.19 

      ---------------------+--------------------------------------------------- 

           1 

      Clock Drawing Test   |   28.914    11.401    73.329          3.46 

       Sub-total           | 

        D+L pooled ES      |   28.914    11.401    73.329          3.46 

      ---------------------+--------------------------------------------------- 

      Overall              |            

        D+L pooled ES      |    1.940     1.580     2.383        100.00 

      ---------------------+--------------------------------------------------- 

      Significance test(s) of ES=1 

       

      2                     z=  5.04     p = 0.000 

      3                     z=  2.02     p = 0.043 

      1                     z=  7.09     p = 0.000 

      Overall               z=  6.32     p = 0.000 

      ------------------------------------------------------------------------- 
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Note that the effect size according to Figure 5 is smallest for tools that were evaluated using state-
reported crashes (1.503), followed by tools evaluated in studies using on-road driving tests (1.824). 
The largest effect is for studies using simulated driving tests (28.914). Also, it is noteworthy that 
each of the three effect sizes is significant as can be seen both from the 95%-CI as well as the 
significance tests at the bottom of the Figure.  

Finally, one might express concern about the very large effect of studies using simulated driving 
tests, especially because this result is based on one study only. However, this effect size has a very 
wide 95%-CI and this lack of precision is taken into account in the meta-analysis when weighing 
the results from each individual study. As can be seen, a smaller weight has been assigned to this 
study (3.46%; see also Figure 2).  

The table below (Table 8) provides an overview of the effect sizes by category of typom based on 
the predicted values from the meta-regression and their predicted standard errors. The predicted 
value is presented in the exponential form (fitval) along with its 95%-CI (Lower and Upper). This 
provides a more accurate estimate of the group effects. The results have been sorted from smaller 
predicted values to larger predicted values. 

Table 8: Predicted values in exponential form based on the meta-regression with typom 
as covariate 

                  +----------------------------------------------------------------------+ 
           |   id       cognitive screen   typom     fitval      Lower      Upper | 

           |----------------------------------------------------------------------| 

           |  107                   TSRT       3   1.559978   .7664511   3.175065 | 

           |   2d         ROCF-Immediate       3   1.559978   .7664511   3.175065 | 

           |   2c              ROCF-Copy       3   1.559978   .7664511   3.175065 | 

           |  78a         Maze Task-time       2   2.186997   1.462549   3.270288 | 

           |  69d       VFDT-total score       2   2.186997   1.462549   3.270288 | 

           |   33         Maze Task-time       2   2.186997   1.462549   3.270288 | 

           | 108i              DLC-error       2   2.186997   1.462549   3.270288 | 

           | 108g              SLC-error       2   2.186997   1.462549   3.270288 | 

           |  78e   Eight Item Interview       2   2.186997   1.462549   3.270288 | 

           |  69a              ROCF-copy       2   2.186997   1.462549   3.270288 | 

           |  78b     Clock Drawing Test       2   2.186997   1.462549   3.270288 | 

           |   62                   DSST       2   2.186997   1.462549   3.270288 | 

           | 108b     Charron Test-error       2   2.186997   1.462549   3.270288 | 

           | 103a     Clock Drawing Test       2   2.186997   1.462549   3.270288 | 

           |   96     Clock Drawing Test       1   28.91411   6.476635   129.0833 | 

           +----------------------------------------------------------------------+                 

As can be seen in Table 8, the lowest value is again for studies using crashes to evaluate the 
predictive value of cognitive screening tools (typom=3). This value is now 1.559 instead of 1.503 as 
reported in Figure 5. However, the 95%-CI is wider in Table 8 and includes values smaller than one, 
suggesting that findings from these studies are not significant according to the regression model. 
For studies using an on-road driving test (typom=2), the result is now 2.187 rather than 1.824. The 
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confidence interval does not contain one in Table 8, nor did it contain one in Figure 5 (meaning the 
result is significant according to both approaches). Finally, the result for studies using simulators 
(typom=1) is the same as in Figure 5, but the confidence interval is much wider in Table 8. 

A comparable approach can be used to rank order tools, based on the prediction including 
random-effects, also known as the empirical Bayes estimates of the effects for each study. Table 9 
provides an overview of these predictions. Studies have been sorted in ascending order and are 
presented in exponential form (empbayes), along with their 95%-CI (Lower, Upper). The rank 
ordering is fairly consistent with the results from the forest plot in Figure 2, although there are 
differences regarding the 95%-CI and some of the rankings (e.g., 69a and 107 are reversed, and so 
is 108b and 2d). 

Table 9: Empirical Bayes estimates in exponential form based on the meta-regression with 
typom as covariate 

           +----------------------------------------------------------------------+ 

           |   id       cognitive screen   typom   empbayes      Lower      Upper | 

           |----------------------------------------------------------------------| 

           |   33         Maze Task-time       2   1.020419   .3162805   3.292189 | 

           |  69d       VFDT-total score       2   1.047482   .3265297   3.360244 | 

           |  107                   TSRT       3   1.140585   .3541389   3.673514 | 

           |  69a              ROCF-copy       2   1.141583   .3554437   3.666437 | 

           | 108i              DLC-error       2   1.553199    .564237   4.275554 | 

           |   2d         ROCF-Immediate       3    1.79691    .571066   5.654137 | 

           | 108b     Charron Test-error       2   1.815742   .6601525    4.99418 | 

           |   2c              ROCF-Copy       3   1.852259    .588681   5.828051 | 

           | 108g              SLC-error       2   2.065971   .7519042   5.676569 | 

           |  78a         Maze Task-time       2   3.291008   1.186053   9.131742 | 

           | 103a     Clock Drawing Test       2   3.499566   1.162411   10.53583 | 

           |   62                   DSST       2   3.846148   1.546854   9.563189 | 

           |  78b     Clock Drawing Test       2   4.110431   1.487148    11.3611 | 

           |  78e   Eight Item Interview       2   4.228985   1.530901   11.68221 | 

           |   96     Clock Drawing Test       1   28.91411   6.476635   129.0833 | 

           +----------------------------------------------------------------------+            

It is clear that the results from this meta-analysis alone are not sufficient to unambiguously select a 
cognitive screening tool as the best-performing one. For example, the lower bound of the Clock 
Drawing Test’s 95%-CI (id=96) are below the upper bound of other cognitive screening tools, 
suggesting they may not be significantly different. However, this rank ordering can be augmented 
with other relevant information such as sensitivity, specificity, positive and negative predictive value, 
and area under the Receiver Operator Characteristic (ROC) curve. Table 10 contains such 
information whenever it was available in the studies included in the meta-analysis. 
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Table 10: Sensitivity, specificity, positive predictive value, negative predictive value and 
area under ROC curve 

 

When combining information from Tables 9 and 10, one may consider choosing DSST or the Clock 
Drawing Test as possible candidates. These two tests are in the top four performing tests according 
to Table 9. If public safety is considered more important, implying fewer false negative predictions 
of unsafe driving behaviour are preferable (rather than fewer false positives), DSST would be the 
tool of choice, given its high sensitivity (91.7%). If, however, concerns regarding the individual 
senior driver are considered a priority, implying fewer false positive predictions of unsafe driving 
behaviour are preferable, a better choice would be the Clock Drawing Test, given its high specificity 
(97.7%), at least according to the results from study 96. 

Concerns regarding bias, notably publication bias are addressed based on the following figure. 
Figure 6 contains a contour-enhanced funnel plot. This is a classic funnel plot to test for bias, but it 
is enhanced by adding contours of statistical significance to aid in the interpretation of the plot. “If 
studies appear to be missing in areas of low statistical significance, then it is possible that the 
asymmetry is due to publication bias. If studies appear to be missing in areas of high statistical 
significance, then publication bias is a less likely cause of the funnel asymmetry” (Palmer et al. 
2008: p. 242).  

It is clear from Figure 6 that studies are missing from the left-hand side of the plot, suggesting a 
strong asymmetry. Note that the centre of the plot is very close to a log-odds ratio of zero (or odds 
ratio of one). This is because the effect with the greatest weight is very close to zero (study id=33; 
odds ratio=1.020; weight=11.88%). Studies on the left-hand side of the plot would suggest 
cognitive screening tools have no predictive value or, worse, that they would significantly predict 
the opposite, i.e., prediction of safe driving performance according to the screening tool would 
correlate with unsafe driving behaviour. 

  

ID # Cognitive Screening Tool Sensitivity Specificity Positive Predictive Value Negative Predictive Value ROC (AUC)

33 Maze Task ‐ time 77.8 82.4 NA NA NA

62 DSST 91.7 81.2 NA NA NA

96 Clock Drawing Test 64.2 97.7 NA NA 0.9

103a Clock Drawing Test 70 65 NA NA NA

107 Traffic Sign Recognition Test 60 63 NA NA 0.636

108b Charron Test NA NA 72.4 45.5 NA

108g SLC NA NA 78.9 44.6 NA

108i DLC NA NA 64.9 42.6 NA
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Figure 6: Contour-enhanced funnel plot 

 

Upon closer inspection it can be seen that the area where studies are missing in Figure 6 includes 
both regions of high and low statistical significance on the left-hand side. On the right-hand side, 
there are studies in all regions of significance levels, although the majority is in the region of 
statistical significance. This means there is likely publication bias in our dataset but that publication 
bias alone cannot explain the asymmetry (publication bias refers to the fact that studies with non-
significant findings have a smaller chance of publication than studies with significant findings).  

A formal test for small-study effects using Egger’s test is available in Figure 7. This test also 
confirms that there is bias (bias coefficient=3.07, t=5.87, p=0.000). 
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Figure 7: Egger’s test for small-study effects 

      Egger's test for small-study effects: 

      Regress standard normal deviate of intervention 

      effect estimate against its standard error 

       

      Number of studies =  15                                Root MSE      =   1.819 

      ------------------------------------------------------------------------------ 

           Std_Eff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

      -------------+---------------------------------------------------------------- 

             slope |  -.0157056   .0194851    -0.81   0.435    -.0578004    .0263893 

              bias |   3.070871   .5230928     5.87   0.000     1.940797    4.200944 

      ------------------------------------------------------------------------------ 

       

      Test of H0: no small-study effects          P = 0.000 

Further interpretation of findings regarding bias appears to coincide with expectations regarding 
publication of studies in this field. First, it is not surprising that there would be publication bias, as 
only cognitive screening tools with significant predictive value would be perceived to be of interest 
to the field and, as a consequence, have a higher chance of publication. This likely explains why 
most of the data points on the right-hand side are in the significant regions.  

Second, it is perhaps even less surprising that studies that would have found a result indicating that 
the cognitive tool predicts the opposite would never have been published, especially when such a 
result would be significant. In this regard, findings about the predictive value of cognitive screening 
tools are perhaps different from findings about many other treatments in that any significant 
finding about most treatments, good or bad, would be relevant to public health, and, as a 
consequence relevant to publish, whereas significant findings regarding tools that are opposite to 
expectations are not relevant as they are likely indicative of the tool’s flawed design. 

Another way to obtain a clearer perspective is to calculate the number of studies with a small, non-
significant finding that would have to be conducted before the current finding would become 
insignificant. This is called a Fail Safe N. When applying Orwin’s formula for Fail Safe N (N=15*(( 
ln(1.940)*(sqrt(3)/pi))-0.2))/0.2), this number is 12.40, meaning that 12 studies with a small effect 
would have to be conducted before our finding (i.e., a significant, small to medium-sized pooled 
effect size of 1.940 on the odds ratio scale) would become insignificant. 

In summary, it certainly appears that our database is biased according to these tests. This bias is the 
result not only from publication bias, but also other sources of bias, notably the inherently 
asymmetric distribution of performance of cognitive screening tools around the null-value. It is 
possible that after correcting for publication bias the summary effect would no longer be 
significant. This further confirms that the meta-analysis alone will not be sufficient to provide the 
evidence supporting the selection of one single tool. Such a choice will have to be further bolstered 
with other information about individual tests such as sensitivity, specificity, and area under the ROC 
curve (see Table 10). 



 

 
59

As previously mentioned, another concern with this meta-analysis relates to the fact that several 
evaluation outcomes came from the same study (e.g., 69a and 69d come from study 69; 2c and 2d 
come from study 2). These findings are not independent of one another and may have affected 
results regarding precision of the summary effect (if the outcomes in these studies are positively 
correlated, precision may have been overestimated, meaning that our summary significant effect 
may not be significant after all). To further investigate the effect of correlation between data points 
from the same study, a multilevel model has been fitted using the MLwiN software package. In this 
model, level 1 has been defined as the level of outcome measures, which are nested in level 2, the 
studies in which these outcome measures are published (for example, study outcome measures 69a 
and 69b are nested in study 69). The results from this model are shown below. 

Figure 8: A multilevel model 

 

According to this model, the effect size if typom is equal to 1 (for studies using simulators) is 3.364, 
or, in exponential form 28.90, which is almost exactly the same as the result obtained in our meta-
regression analysis in Table 8. According to this multilevel model, this result is also significant, as it 
is at least twice as large as its standard error (value following the coefficient in between brackets). 
This model further shows that the summary effect when typom is equal to 2 is 3.364-2.487 or, in 
exponential form, 2.41 compared to 2.19 in Table 8. Finally, the effect in exponential form for 
typom equal to 3 is 1.46, compared to 1.56 in Table 8. 

In other words, the results from the multilevel model, i.e., the model that accounts for the fact that 
several of our data points come from the same studies, are very consistent with the results from our 
model that does not account for this.
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6. DISCUSSION 

6.1 Overview of the Results 

The random-effects meta-analysis provided evidence suggesting that cognitive screening tools that 
meet MTO’s logistical requirements for GES can be used to predict driving performance. A small to 
medium-sized, significant pooled effect of 1.940 was found, meaning that on average, when 
cognitive screening tools predict a driver is unsafe, there is a 94% greater chance that this driver 
will exhibit unsafe driving behaviour, rather than safe driving behaviour (or, alternatively, if the 
cognitive screening tools predict that a driver is safe, on average, it is 94% more likely that this 
driver will exhibit safe driving behaviour, rather than unsafe driving behaviour). Note that unsafe 
driving behaviour refers to unsafe performance during a road test, a simulator driving test, or 
crashing as evidenced by state-reported crashes (it follows that safe driving behaviour refers to safe 
performance during a road test, a simulator driving test, or not crashing).  

Strong evidence for heterogeneity was found in our sample of studies, confirming that our choice 
for a random-effects model rather than a fixed-effects model is appropriate. Given that different 
studies from the literature have been summarized in this meta-analysis, that these studies used 
different methodologies, and that the cognitive screening tools themselves are also different, it is 
not surprising that there is heterogeneity. As such, our pooled effect size represents an average of 
the different true effect sizes, rather than one true effect size.  

When using the information regarding how unsafe driving behaviour was measured across studies 
(i.e., using on-road driving tests, simulator driving tests or state-reported crashes) as a covariate in a 
random-effects meta-regression analysis, this covariate explained much of the observed between-
study variance. Results from this meta-regression can be used to rank order cognitive screening 
tools using empirical Bayes estimates in an effort to identify better-performing tools. This exercise 
made clear that the results from this meta-analysis alone cannot be used for this purpose. It is 
recommended it is used in combination with other information such as sensitivity, specificity, and 
area under the ROC curve. However, such information is not available for all the tools included in 
this meta-analysis. Partial information was available in eight studies. Using this partial information, 
and depending on one’s preferences regarding concerns for the public versus the individual, DSST 
or Clock Drawing can be considered as preferred cognitive screening tools. 

Regardless of results based on the rank ordering of tools, one also has to consider the fact that 
other tools may be preferred depending on practical considerations. While all tools included in this 
study were selected based on a rigorous assessment using MTO’s criteria for the use of such tools 
in a GES setting, it is clear that some of the included tools will fit better in a GES setting than 
others. This is investigated in more detail in Phase 2 of this project. As such, it has to be 
emphasized that all ten tools included in this meta-analysis passed the test using MTO criteria, and 
therefore, all ten of them could be considered for inclusion within the existing GES framework. The 
trade-off when using tools with a lower rank-order is that, while they may fit better from a 
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practical point of view, they may be less effective in predicting unsafe or safe driving behaviour 
according to the results from this meta-analysis. 

6.2 Limitations 

Different sources of bias exist in our sample of studies. It is not surprising evidence for publication 
bias was found, and perhaps even less surprising that evidence for other sources of bias were 
found, given the asymmetric nature of performance of cognitive screening tools. An investigation 
of how this bias may have affected our findings suggests that our results are fairly robust. For 
example, our dataset did not exclusively consist of significant findings but did include some 
published results that were not significant, suggesting publication bias may be less pronounced. 
Also, the Fail Safe N, i.e., the number of studies with non-significant findings needed to overturn 
our significant finding is 12. While this number is not overly large, it means that a number of 
studies with non-significant findings almost equal to the number of studies conducted to date is 
required to overturn our significant finding. 

Finally, one particular concern in our sample of evaluation outcomes is that several of these 
outcomes come from the same studies. Because such studies use the same sample of subjects to 
test the different cognitive screening tools, results about these tools are correlated, which can bias 
estimates of precision of the summary effect. A multilevel regression model was run, comparable to 
the one-level meta-regression and the results were consistent, suggesting that we can have 
confidence in the results from the meta-analysis.
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7. CONCLUSION 

In sum, the meta-analysis shows there is fairly robust evidence to suggest that cognitive screening 
tools have value in predicting driving behaviour. The effect is significant and low to medium-sized, 
and it differs, not only across different ways of measuring (un)safe driving behaviour, but likely also 
across cognitive screening tools themselves. It was not possible, however, to study in more detail 
any effect of the screening tools due to our small sample size. The results of this meta-analysis can 
be used in combination with other sources of knowledge to select a cognitive screening tool.  

Ultimately, this selection will depend on choices that are more of a practical nature (e.g., Can the 
tool be efficiently and practically be incorporated into the GES framework?; Do DICs have any 
practical concerns regarding the use of a particular tool?) and political nature (e.g., What is the 
trade-off between concerns for the public versus concerns for the individual?). Based on this 
investigation, and the information at hand to date, we recommend that any of the ten tools 
identified in this meta-analysis can be considered for use in a GES setting, acknowledging that not 
all of them are equally effective in predicting unsafe or safe driving behaviour. 
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