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Abstract

Normal ageing is associated with decline in visaagnitive, and physical functioning, with
concurrent increases in the incidence of chroniclioa¢ conditions, including cognitive
disorders. Determining when age-related changee hdversely affected a person’s ability
to drive safely is a complex task, particularly wiomgnitive disorders such as mild cognitive

impairment and dementia are present.

The aim of this research was to assess the ublita number of off-road measures in
predicting Pass and Fail outcomes for older drivers blinded on-road driving assessment
with a driving specialist occupational therapistl @adriving instructor, which is considered
the ‘gold standard’ measure of driving ability. To#-road measures included standardized
cognitive tests, computerized sensory-motor & ctgmitests, medical conditions, and

personality measures. The research project coatptisee studies.

In Study 1 (Healthy Older Drivers study), 60 drvevith no diagnosed cognitive disorder
(‘cognitively-unimpaired’), aged 70-84 years (meage 76.7, 50% male), completed
standard cognitive tests, computerized sensory4nastd cognitive testsSMCTests™)and
measures of personality. Results were used to folassification models for on-road
assessment Pass and Fail outcome. Sixteen pantEif@led the on-road assessment. A
backwards stepwise binary logistic regression magkdected a measure of executive
function and a computerized measure of visuomokanrpng and coordination as the best
predictors. Following leave-one-out cross-validatithis model was estimated to correctly
predict 60% of an independent group of cognitivetympaired older drivers into on-road

Pass and Fail groups.

In Study 2 (Healthy Driver Follow-up study), 56 peipants from the Healthy Older Drivers
study were followed for 24 months using annual gletée interviews to assess driving
behaviour, driving attitudes, medical conditionsd dhe occurrence of crashes and receipt of
traffic offences. Official data regarding crashesl &raffic offences were also obtained. The
aim was to determine whether either the on-roads/Pa8 classification or the off-road
measures could predict subsequent crashes anatestelRailing the on-road assessment was
not associated with higher crash or offence ratesthere were only two baseline measures
that predicted crashes or offences (i.e., distaineen at baseline testing and, paradoxically,

a lower error score on a measure of visuomotomptenand coordination). However, drivers



who reported more distress associated with thewlicaé condition(s) were more likely to
have had a crash or offence at 24 months. The mats®f the Healthy Older Drivers and
Healthy Driver Follow-up studies suggest that therdittle value in off-road or on-road
assessment of cognitively-unimpaired older drivare to the weak relationship with future
negative driving outcomes. However, distress aasediwith medical conditions may be a

useful measure.

Study 3 (Dementia and Driving study) recruited engle of 60 driving assessment centre
referrals with mild cognitive impairment or Alzheams dementia. These participants, aged
58-92 years (mean age 77.9, 60% male), perfornwrguterized battery of sensory-motor
and cognitive tests and a formal blinded on-roadiry assessment. A backwards stepwise
binary logistic regression model selected measof@saction time and movement speed of
the upper limbs, visuomotor planning and coordorgtiand sustained attention. Following
leave-one-out cross-validation, this model wasnesed to correctly predict 68% of an
independent group of drivers with mild cognitiveparment and Alzheimer’s dementia into
on-road Pass and Fail groups. A subsample of 3itipants completed additional standard
cognitive tests and provided information on medmatditions. A binary logistic regression
model in this subsample was formed which selectedsures of verbal fluency, the presence
of heart disease, and a comprehensive cognitiveescrFollowing leave-one-out cross-
validation, this model would be expected to cotyeclassify 75% of an independent group
of drivers with mild cognitive impairment and Alaheer's dementia into on-road Pass and
Fail groups. The three measures in this model cbalgerformed in around 35-50 min in a

primary health setting.

It is concluded that off-road and on-road assessmknlder drivers with no diagnosis of
cognitive or neurological disorder is an inaccurae inefficient use of driving assessment
resources, both for the prediction of on-road dgvperformance and for predicting future
crashes and traffic offences. The Dementia andilmyistudy found a model comprising
three measures that could be performed in a primeajth setting with reasonable accuracy
for correctly classifying people with mild cogniévimpairment and Alzheimer’'s dementia

who go on to Pass and Fail an on-road driving asseist.



At 12:51pm on Tuesday the"3®f February, while | was in the in the final stagef
preparing this thesis, the city of Christchurch @odn of Lyttelton were struck by a
devastating earthquake. While myself and my colieagscaped from the Van der Veer
Institute building unharmed, scores of people m¢kntral city were killed and many more
seriously injured. Large parts of our beautifultoisc central city and Lyttelton have been

destroyed.

This thesis is dedicated to the people of Chrigihand Lyttelton. We are resilient, our city

will be rebuilt, and we will endure.
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CHAPTER 1 -

Introduction and Statement of the Problem

1.1 Driving and Older Adults

Driving is important to maintain access to one’svimmment and resources such as
supermarkets, shopping malls, banking, and headite. cDriving also facilitates social

interactions including family and social eventseMalue of driving does not diminish as we
age. In fact, as physical limitations increasemiay become more important. Factors
associated with an increased rate of driving cessatithin an older adult population include
older age (as people age they become more likebe&se driving) (Ragland et al., 2005;
Ackerman et al., 2008; Edwards, Bart et al., 20@@prer physical health (Ragland et al.,
2005; Sims et al., 2007), poorer cognitive healtbkerman et al., 2008; Mezuk & Rebok,
2008; Edwards, Bart et al., 2009), lower leveledfication (Ragland et al., 2005; Mezuk &
Rebok, 2008), and not being married (Ragland e2@05; Mezuk & Rebok, 2008).

Compared to older people who continue to driveeojoeople who cease driving are more
likely to have decreases in physical functioningWrds, Lunsman et al., 2009), increases in
depressive symptoms (Ragland et al., 2005), dezsesout-of-home and social activity

participation (Marottoli et al., 2000; Mezuk & Réh@008; Edwards, Lunsman et al., 2009),
increases in the likelihood of entry into long-tecare facilities (Freeman et al., 2006), and
even increases in mortality (Edwards, Perkins.e809). Older people are more at risk than
middle-aged people of being killed and injured,tipatarly as pedestrians (Evans, 2000;
Ministry of Transport, 2008a). For many older peoplkcessing alternative transportation
may not be possible due to their location, expeosajobility problems, or unavailability of

friends or family members to provide transportation

Given the increase in negative outcomes for oldé&vets who cease driving and the
difficulties associated with attaining acceptaldteraative transportation, it is of the utmost

importance that older people continue to drive asylas they can. From a public policy
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perspective cessation should only be requiredeifethis evidence to believe that the person is
putting themselves and/or other road users atus#yiancreased risk.

1.2 The Need for Prediction of On-Road Driving Ability

On-road driving assessment is a widely acceptett ‘gtandard’ in determining on-road
driving ability. However, there are inherent risks driving assessors and the public in
allowing people with physical or cognitive probletosbe assessed on public roads. On-road
driving assessment is a limited and expensive resoln most areas of New Zealand, on-
road assessments are performed at the privateofdste individual. With the expected
increase in older adults in the coming decadesdsgtion for Economic Co-operation and
Development, 2001), the issue of detecting potiytiansafe older drivers has become a
pressing issue. Accurate prediction of driving ipilising off-road testing will lead to more
efficient use of limited assessment resources aadept unnecessary evaluation of drivers

whose risk of an adverse driving event is low.

In New Zealand, mandatory on-road driving testsdiiwers aged 80 and over was abolished
in December 2006 and were replaced by compulsogntie renewal ages of 75, 80, and
every two years thereafter. This change was dularge part to pressure by older adult
organizations who claimed the policy was ageis¢ Sallivan, 2004 for a response to Grey
Power's criticism of Land Transport New Zealanthsigtics that showed older adults were at
increased risk of being injured and killed on tbad). The abolition of compulsory testing
raised inquiry as to whether at-risk older drivecalld be identified using off-road testing.
An accurate screening test for potential drivinghpems would be particularly valuable at

licence renewals.

In a related context, a New Zealand study deterthanelassification model to detect those
people with brain disorders who were likely to ligeea fail score on an on-road driving
assessment (Innes et al., 2007). This model wastrcmted using 50 participants and is
currently used in several occupational therapytpres in New Zealand as part of the formal
driving assessment process. However, a follow-udysbf 200 drivers with brain disorders
or suspected dementia found that classificatioRaxfs and Fail was more accurate when the
dementia group was considered separately from then lisordered group, rather than
assessing all participants as one sample (Innegs,J®alrymple-Alford et al., 2009). This

suggests that a selection of measures could bmiaptl for drivers with suspected dementia
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to provide better prediction of driving ability cpared to the model constructed using a

brain disordered sample.

1.3 Objectives
This research project addressed the following dbjes:

Review the effects of normal ageing on driving perfance.
Review how mild cognitive impairment and demenffa& driving performance.

1

2

3. Review how driving ability is currently assessed.

4. Assess the accuracy of measures currently usesséss driving ability.
5

Determine measures that predict on-road drivingfoperance in a group of older
cognitively-unimpaired drivers.

6. Follow cognitively-unimpaired older drivers to detene if drivers who fail an on-road
driving assessment are more likely to experiense@e@ driving events than drivers who

pass the assessment.

7. Determine measures the predict on-road drivinggoerance in a group of drivers with

mild cognitive impairment and dementia.
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CHAPTER 2 -
Effects of Ageing, Mild Cognitive Impairment, and Dementia on

Driving Performance

2.1 Objectives

The objectives of this chapter are to investightedffects of normal ageing, mild cognitive
impairment and dementia on driving performance.oBeinvestigating how mild cognitive
impairment, and dementia affect driving, it is firsecessary to define how they are
diagnosed. Following this, the current driver lisgig requirements in New Zealand will be

reviewed, particularly for older drivers.

2.2 Normal Ageing

There are a number of changes associated with gadkat can be grouped broadly into
visual, cognitive, and physical domains (Janke,41%taplin et al., 1998; Anstey et al.,
2005). Visual factors include physical changeshimdensory mechanisms of the eye, such as
the development of cataracts, which interfere withctional mechanisms and lead to
reduced visual acuity, reduced contrast sensitiwityual field loss, deficits in depth and
motion perception, increased glare sensitivity, padrer vision in low light. Physical factors
include decreased muscle strength and endurarmeerskeaction and movement times of
limbs, and reduced physical mobility, particulanhy the trunk, neck and head. Cognitive
factors include decrements in processing speed,amefanction, planning, and decision-
making, visual scanning, focused attention on emvirental stimuli, and dividing attention

between multiple tasks.

With ageing also comes an increase in the incidehcaronic disease of which vascular risk
factors have been associated with impaired cogngiocesses (Raz et al., 2007).
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2.3 Dementia and Mild Cognitive Impairment

2.3.1 Dementia

Dementias are characterized by the development witipie cognitive deficits which
generally include memory deficits. The common detmasrare progressively degenerative in
nature but all must be associated with signifidgamtairment in social and/or occupational
functioning in order to meet diagnostic criteriavariably, personality and behaviour become
altered to varying degrees. There are two commoséy diagnostic criteria for the diagnosis
of dementia. A general one is found in the coggitiNsorders chapter of the Diagnostic and
Statistical Manual of Mental Disorders™ 4dition (DSM-IV-TR) (American Psychiatric
Association, 2000). The second was proposed by#tmnal Institute of Neurological and
Communicative Disorders and Stroke and the AlzhesnBisease and Related Disorders
Association (NINCDS-ADRDA) (McKhann et al., 1984)d is specific to the diagnosis of

Alzheimer’'s dementia.

Dementias in the DSM-IV-TR are subclassified intagthoses of dementia of the
Alzheimer’s type, vascular dementia, dementia duether general medical conditions (e.g.,
HIV infection, head injury, Huntington's diseaseewy-body dementia, frontotemporal
dementia, multiple sclerosis), substance-inducetsigiglg dementia, dementia due to
multiple aetiologies, and dementia not otherwisecgfed. All dementias in the DSM-IV-TR
share a common symptom list with individual subtypifferentiated on the basis of their
aetiology. Diagnostic criteria for dementia of thieheimer’s type are reproduced below:

A. The development of multiple cognitive deficitemfested by both:

Memory impairment (impaired ability to learn neimformation or to recall

previously learned information)
2. One (or more) of the following cognitive distarites:

€)) aphasia (language disturbance)

(b) apraxia (impaired ability to carry out motortigities despite intact motor
function)

(© agnosia (failure to recognize or identify olgeadespite intact sensory
function)

(d) disturbance in executive functioning (i.e.ampling, organizing, sequencing,

abstracting)
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B. The cognitive deficits in criteria A1 and A2 d@acause significant impairment in
social or occupational functioning and represesigaificant decline from a previous

level of functioning.
C. The course is characterized by gradual ongktantinuing cognitive decline.
The cognitive deficits in Criteria A1 and A2arot due to any of the following:

(1) other central nervous system conditions thasegrogressive deficits in memory
and cognition (e.g., cerebrovascular disease, ®sokis disease, Huntington's

disease, subdural hematoma, normal-pressure hyahaltss, brain tumor)

(2) systemic conditions that are known to cause aidi@ (e.g., hypothyroidism,
vitamin B or folic acid deficiency, niacin deficieyyw hypercalcemia, neurosyphilis,
HIV infection)

(3) substance-induced conditions
E. The deficits do not occur exclusively during ttourse of a delirium.

Alzheimer’'s dementia is the most common form of datia, accounting for half to two-
thirds of all cases (Lau & Brodney, 2008). Surve¥all dementias have reported prevalence
rates of approximately 1% for ages 60 to 70, 7%vbeen ages 70 and 79, 14% for ages 80 to
84, 43% for ages 85 and 89, and 31% to 65% fortlaged 90 and above (Ritchie & Kildea,
1995; De Ronchi et al., 2005; Plassman et al., RO rate and sequence of progression is
unpredictable at an individual level, although palages of degeneration in Alzheimer’s
occur in cortical and hippocampal medial tempoel areas with cell loss generally
spreading rostrally to prefrontal and parietal argaezak et al., 2001). Alzheimer’'s dementia
is a diagnosis that can be given once there isatipg evidence (history or early memory
decline, formal cognitive testing, and/or neuroimgy and when alternative aetiologies are
deemed unlikely. One important differential diageas primary vascular dementia which is
due to cerebrovascular insult most commonly cabseepeated ischaemic strokes. Medical
conditions such as Multiple Sclerosis, dementiahwliewy bodies and Frontotemporal
dementia must also be ruled out, as well as o#®s common dementias (e.g., substance
abuse, or caused by HIV infection). Additional spers available in the diagnosis of
Alzheimer’s in the DSM-IV-TR include whether behawral disturbance is present (e.g.,
wandering, agitation) and whether the disease &dg er late onset (early onset is for those

aged 65 years or below when symptoms became ajpparen
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The NINCDS-ADRDA criteria are widely used in resgafor the diagnosis of Alzheimer’'s
dementia. These criteria differ from the DSM-IV-TR that they have three levels with
which Alzheimer's can be diagnosed. The ‘Possilkvel requires that criteria for
Alzheimer’s are met, but with the presence of oftussible influences. The ‘Probable’ level
requires that criteria for Alzheimer's are met witto other apparent influences for
impairment. The ‘Definite’ level requires that lpathologic evidence of Alzheimer’s is
obtained from biopsy or autopsy. Simplified crigefor ‘Probable’ Alzheimer’'s dementia are

reproduced below (McKhann et al., 1984):

Dementia established by clinical examination anafiomed by neuropsychological tests.
Progressive worsening of memory.

Deficits in two or more areas of cognition.

No disturbance of consciousness (i.e., not presaaty during the course of delirium)

Onset between ages 40 and 90, most often afte8sage

o g & w dh P

Absence of systemic disorders or brain diseasesithand of themselves, could account

for the progressive deficits in memory and cognitio

Additional supporting evidence for a diagnosis dzheimer's dementia includes impaired
activities of daily living, family history of simélr disorders, and normal results for a lumbar
puncture and EEG, or evidence of cerebral atro@iyguCT imaging with progression noted
on serial measurements. While activities of daiNynf deficits are not mentioned in the
specific criteria, general consensus (including DBMR criteria) is that activities of daily
living must be impaired for a diagnosis of Alzhemmaalementia to be given, with an absence
of deficits in this area more likely to lead to iaghosis of mild cognitive impairment (see
Section 2.3.2).

Neither the DSM-IV-TR nor the NINCDS-ADRDA criterigorovide guidelines for
determining the severity of dementia. Severity f®rm established in research using the
Clinical Dementia Rating, with a score of 0 indingtno dementia, a score of 0.5 indicating
very mild impairment (sometimes used to denote naibdjnitive impairment, which is
discussed in Section 2.3.2), a score of 1 indigatmild impairment, a score of 2 indicating
moderate impairment, and a score of 3 indicatingreimpairment. In the absence of the

CDR or other alternatives such as the DementianB&rcale (Jurica et al., 2001), the Mini-



CHAPTER 2 - Effects of Ageing, Mild Cognitive Impairment, diDementia on Driving Performance

Mental State Exam can provide rough ranges to atdicseverity, with a score &f9
indicating severe impairment, 10-20 indicating nratie impairment, 21-24 indicating mild
impairment, and 25 and above falling within thetdict’ range (Mungas, 1991). Further

discussion of the use of MMSE for detecting denaeistin Section 5.7.1.

In research studies, the diagnosis of dementiaeiserglly made following extensive
cognitive testing to document the degree of cogmitimpairment across the specific
cognitive domains mentioned in the DSM-IV-TR or NDIRS-ADRDA criteria. In addition,

enquiries are made of spouses or family membergomfirm that current everyday
functioning is a decline from previous levels ohétioning. Cognitive measures used in the

diagnosis of dementia in the Dementia and Drivinglyg are discussed in Section 8.1.3.

2.3.2 Mild Cognitive Impairment

Mild cognitive impairment (MCI) is proposed as age of cognitive impairment that lies
between the normal cognitive changes expectedemgand the pathological changes seen
in dementia (Petersen et al., 2001; Petersen, 2080d@) has increasingly gained acceptance
as a precursor state to dementia. Carefully cdattadtudies suggest that people with a
diagnosis of MCI are more likely to develop demanthan same-aged non-cognitively
impaired people, with an average rate of progressioMCI to Alzheimer's dementia of
14% per year (Petersen et al., 2001). A diagndsi©l made using more recent criteria
(Petersen, 2004) requires that a minimum of ona afeognition is affected, which does not
have to be memory, with activities of daily livimgt significantly affected. Petersen (2004)
provided a flowchart (Figure 2-1) that separates dlagnosis of MCI into four categories:
Amnestic MCI single domain where there is only gigant decline in memory processes,
and Amnestic MCI multiple domain where there isoasggnificant decline in at least one
other area of cognition. There is also a Non-AmoedClI classification for people who lack
memory impairment but have one (single domain) orerthan one (multiple domains) areas

of deficit in other cognitive processes.

Although few researchers now agree, Petersen (280ggested that specific subtypes of
MCI may be more likely to develop into specific sgges of dementia, with amnestic types
more likely to become Alzheimer's dementia and $ypdharacterized by non-memory
impairment more likely to become dementia typeshsag Dementia with Lewy Bodies or

Frontotemporal Dementia.
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As there is no universally accepted set of diagoastteria for MCI, the most widely used
criteria for Amnestic MCI (Petersen, 2004) aresimplified form:

1. Subjective memory complaint usually corroboratecgbynformant.
2. Objective memory impairment for age.

3. Essentially preserved general cognitive function.

4. Largely intact functional activities.

5. Not demented.

The criterion regarding functional activities leavample room for subjective decisions

regarding whether the level of impairment is intieaof MCI or dementia.

Mild Cognitive Impairment
Cognitive complaint

Mot normal for age
Not demented
Cognitive decline
Essentially normal functional activities

Memory impaired?

Amnestic MCI MNon-Amnestic MCI
Memory Single nonmemary
Al impairment only? cognitive domain
impaired?
Amnestic MCI Amnestic MCI MNon-Amnestic MCI | | Non-Amnestic MCI
Single Domain Multiple Domain Single Domain Multiple Domain

Figure 2-1. Proposed flowchart showing the four dfierent types of MCI and how the diagnostic decisio

is arrived upon. Adapted from Petersen (2004).

Despite the diagnosis of MCI being somewhat vagiaiross researchers at this point, the
detection of early stages of cognitive impairmengery important as the affected person and
their family need to make plans for their futurelanmay determine the administration of

any current or future treatment that may be mdsicete in the early stages of a possible

dementia.

10
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2.4 Driving with Ageing, Dementia, and Mild Cognitive Impairment

2.4.1 Normal Ageing and Driving

The visual, cognitive, and physical factors listedSection 2.2 were reviewed due to their
possible negative affects on driving (Janke, 19plin et al., 1998; Anstey et al., 2005).
Specific medical conditions have been linked toatieg driving outcomes including heart

disease (McGwin et al., 2000; Sagberg, 2006), lhiglod pressure (Anstey et al., 2005),
stroke (McGwin et al., 2000; Sims et al., 2000; #ag, 2006), and dementia (Cooper et al.,
1993; Zuin et al., 2002). Marottoli et al. (1994uhd that older drivers with a higher number
of chronic conditions were more likely to be invedyin 12-month prospective self-reported
crashes. Molnar et al. (2007) found that being lieotd a great deal by diabetes mellitus”
was associated with increased motor vehicle crashasler drivers. The authors suggest this
demonstrates that functional effects of an illnessy be a more useful correlate of crash
incidence than the simple presence of an illnekat 1B, the severity and control of a medical
condition may tell us more than simply whether pleeson has the disease.

Older adults with intact cognition may be able tompensate for age-related changes
provided they occur gradually. But this may nottbe case. Lévsund, Hedin, and Tdérnros
(1991) found that only 4 of 31 participants witlswal field deficits were able to perform as

well as a control group in detecting visual stinduring a simulated drive. It is unclear how

an older driver could compensate for the effecttirdss such as heart disease or high blood
pressure which presumably affect driving througlamend tear on the vascular system and
have been linked with impaired cognitive proceg&ez et al., 2007).

The evidence for an effect of age-related changéset visual system on driving safety is not
strong. Anstey et al. (2005) performed a reviewhef research literature from 1991 to 2002
and concluded that the effect of reduced visuaitypam the outcome of on-road assessment
or real-world crashes is inconsistent between studirhey reported weak associations
between contrast sensitivity and on-road outcomaesl no evidence for the association
between peripheral visual fields or depth percepaod on-road outcomes. Anstey et al.
(2005) suggest that visual tests used in isoladi@not strong predictors as they do not tap

into the visual and cognitive complexity of theuiing task.

11
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2.4.2 Driving with Alzheimer's Dementia

The diagnosis of dementia is not a sensitive orciipeenough measure on its own to
determine driving ability. Many people with earlgrdentia are able to pass an on-road
driving assessment with pass rates ranging from 8/%3% (Fox et al., 1997; Grace et al.,
2005; Lincoln et al., 2006). The task of decidingieh drivers with dementia are safe to
continue driving is therefore a difficult matter.rAview of several published guidelines for
assisting in the decision-making process regardihigh drivers with dementia are safe and
which are unsafe reveals several similarities. Renendations that people with moderate
and severe dementia cease driving have been madwd{@n Medical Association, 2006;
Australian and New Zealand Society for Geriatricdidse, 2010) with an accompanying
suggestion that people with mild dementia may He &bcontinue driving with appropriate
monitoring and assessment. Statements that resuliguropsychological tests cannot be
used reliably thus far to determine which driveighwvdementia are safe and unsafe on the
road have also been made (Australian and New Zeahutiety for Geriatric Medicine,
2010; Iverson et al., 2010). The American AcaderhyNeurology identified the Clinical
Dementia Rating (CDR) as the most useful measuefall cognitive decline (Ilverson et
al., 2010). They provide further recommendationtake into consideration caregiver ratings
of poor driving, the incidence of traffic offencasd crashes, and to look for changes in
driving patterns such as reduced mileage and shaltavoidance as potential risk factors.
Other literature reviews and research studies stpipe use of the CDR as a global measure
of dementia severity that can be useful in decidivttether a patient is likely to have
problems with driving (Johansson et al.,, 1996; Hantal.,, 1997; Duchek et al., 1998;
Dubinsky et al., 2000; Brown & Ott, 2004; Ott et, 2008).

The New Zealand Transport Agency guide for New Zeadl medical practitioners (New
Zealand Transport Agency, 2009) provides littlecsjiee guidance, with no endorsed tests to
detect dementia, no mention of degrees of demeeiiarity and how they relate to driving
safety, and an extreme and ill-informed statemieait tindividuals with confirmed dementia
or cognitive impairment from whatever cause shoodd drive” (p. 33). This statement
clearly goes against evidence that many people dvithnosed dementia can pass an on-road
driving assessment, and is also contrary to théecady the other professional bodies, listed
above, which provide a more detailed and objedaivaysis to testing driving ability in those

with dementia.

12
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2.4.3 Driving with Mild Cognitive Impairment

Due to the lesser severity of MCI compared to Alates’s dementia, it would be expected
that MCIl would have less effect on driving abilitfhere are few studies that have
investigated driving ability in samples of peopléhvMCI. Frittelli et al. (2009) tested a
group of 20 participants with Alzheimer's demente® with MCI, and 19 controls on a
driving simulator. The Alzheimer’s participants eded poorer scores than the control group
on the time it took to complete the drive, timectdlisions, number of off-road events, and
visual reaction times. The MCI group were pooreanticontrols only in mean time to
collision. Other studies have not classified thparticipants as MCI but rather as “very mild
dementia” with a Clinical Dementia Rating of 0.50Be drivers with a CDR score of 0.5
performed more poorly on an on-road test than aimgaired control group (Brown et al.,
2005). Duchek et al. (1998) found that on-road sesires dropped as dementia severity
increased from CDR 0 (unimpaired), to 0.5, to Irvimal curves for failing repeated on-road
tests over time were steeper for CDR 0.5 than CDBuOless steep than for people with a
CDR rating of 1, although these differences werestatistically significant (Duchek et al.,
2003). O’Connor et al. (2010) followed a group ofnitive healthy older adults and a group
with cognitive impairments suggestive of MCI ovepexiod of five years with self-ratings of
a number of driving behaviours. They found a sigarft increase in ratings of driving
difficulty over time in the non-amnestic and mukipdomain MCI types compared to the
control and amnestic MCI groups. The authors sugtes functional loss of complex
behaviours such as driving occurs in those with Miis suggests that the early detection of

cognitive impairment in older drivers is an impaittalinical objective.

More studies are needed that utilize MCI samplesrder to determine the level of risk in

this group compared to those with a dementia disigno

2.4.4 Summary

Normal ageing heralds many changes in visual, ¢cgniand physical domains as well as an
increase in the incidence of chronic iliness, cdrbty, and cognitive disorders. While older
drivers without cognitive impairment may be ableattjust to some extent to these gradual
changes over time, drivers with cognitive impairime&aused by MCI or Alzheimer’s
dementia are at a disadvantage. The task of piglidtiving ability is made more difficult
by the idiosyncratic nature of MCI and Alzheimedsmentia, with some people able to

continue driving safely with others who are seenyirgimilarly impaired having lost this
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ability. The lack of research into the effect of M&h driving ability is a concern as we can
expect a large increase in the numbers of oldeedyiwith MCI in the coming decades.

There is agreement that drivers with dementia atillsome point become unsafe drivers.
However, a reliable way to measure when this ocaursot readily forthcoming. Finding

measures that help to separate those drivers with &md Alzheimer's dementia who can
drive safely from those who cannot is necessarylémeloping ways of screening for driving

ability in a primary care setting.

2.5 Crash and Traffic Offence Risk

2.5.1 General Public

Crashes are a rare event, particularly crasheshiohwpeople are injured or killed. In New
Zealand, the Ministry of Transport keeps recordci@shes that have resulted in injury or
death within 30 days. This crash database incladgscrash that occurred on a public road
which was attributable to a motor vehicle or itado In 2009, 384 people died on New
Zealand roads as a result of a motor vehicle ceagh 14,541 were injured (Ministry of
Transport, 2010). This equates to death rates2opdr. 10,000 registered vehicles, and injury
rates of 45 per year per 10,000 registered vehicles

The majority of crashes do not result in an injorydeath and, hence, are not found in
official records. A New Zealand study of 853 drvexged 15 to 84 (mean 39.3 years) found
a rate of self-reported crashes of 38.2% over Bsyea 7.6% a year (Sullman & Baas, 2004).
An Australian study found a 12-month self-reportedsh rate of 10.8% for a group of 443
employees of an insurance company with an age rahy@ to 68 years (mean age 44 years)
(Davey et al., 2007). It is clear that self-repdrtgash rates are higher than the incidence of
police-recorded crashes that result in death ajudyinAlthough most self-reported crashes
would be considered less serious than those dffigiecorded, they could none-the-less tell

us about the on-road safety of drivers.

Traffic offences are another measure that canullabout driving safety and have the
advantage of having higher base rates than offfetatorded crashes. 17.6% of an
Australian sample of 443 drivers self-reported ngng fines and demerit points due to
traffic offences in a 12-month period (Davey ef 2007). For the 12 months ended 30 June
2008, New Zealand police issued 760,720 speedifegpads to a licensed population of just
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over 3 million drivers (New Zealand Police, 2008jnMtry of Transport, 2009). This
represents a speeding offence for 24% of drivdtispagh this is an over-estimation as the

data do not account for single drivers receivindtiple offences.

The commission of traffic offences has been astettiavith an increased likelihood of
having crashes in general population samples (Raja994; Parker et al., 1995; Cooper,
1997). People observed driving at higher speedputntic roads are more likely to have a
state-recorded history of crashes and traffic afésn over the previous seven years
(Wasielewski, 1984). The higher base rate of waffifences compared to crashes, and the
relationship between traffic offence and crash mekicates that traffic offences could be a

useful measure for detecting drivers with unsai@rmly behaviours.

2.5.2 Older Drivers

Interpretation of older driver involvement in deaihd injury causing crashes is confounded
by several factors. The most influential factothiat older drivers are more physically fragile
than younger drivers and hence more likely to tlecior injured than a younger driver in a
crash of equivalent severity (Organisation for Emoic Co-operation and Development,
2001; Li et al., 2003; Meuleners et al., 2006; T,e#008). Li, Braver, and Chen (2003)
developed a method for statistically controlling fbe influence of physical fragility for
death statistics and found substantially decreassath rates following data correction.
Statistics for New Zealand driver deaths, both uremted and corrected for fragility, are
shown in Figure 2-2. The figure clearly shows tbamtrolling for fragility reduces driver

deaths in those aged 60 and over.

Another confounder of older adult crash rates ésdhstom of representing crash data per km
driven, as in Figure 2-2, which presents risk aallifdrivers were equally exposed, i.e., all
drove the same number of km. Older drivers, on ayeer drive fewer km per year than
middle aged drivers (Evans, 2000). Two populati@sdd studies of Finnish and Dutch
drivers found that driving fewer km was associatgth increased accident involvement
across all age groups (Hakamies-Blomqvist et &022 Langford et al., 2006). But the
relationship between km driven and crashes apfedre even more complicated than this.
Drivers aged 75 and over who reported driving fethan 3,000 km a year have been shown
to have a positive age to crash risk correlatidmjendrivers of the same age who drove more

than 3,000 km a year had the lowest crash ratesllfage groups (Langford et al., 2006).
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Figure 2-2. Deaths rates of drivers involved in @shes both uncorrected and corrected for fragility.

Adapted from Ministry of Transport (Ministry of Tra nsport, 2008a)

The authors suggest this could be due to an oypeesentation of physically and cognitively-

impaired drivers in the low-mileage oldest age g@rotihis pattern indicates that reducing
driving frequency and distance could act as afastor for negative driving outcomes. There
is likely also an affect for km driven in that tieosho drive more frequently are on the road

more often and thus exposed to the risk of a anaste than those who drive less frequently.

Presenting death or injury statistics by the numifelicensed drivers in each age group
rather than by per km travelled essentially costifor differing driving exposure between
age groups (Figure 2-3). The shape of the distohus similar to the distribution of deaths
per km driven but with a shallower rise in the sldage groups. Unfortunately the data in
Figure 2-3 is not adjusted for fragility but it wdibe expected to follow a similar reduction
for older drivers as shown in Figure 2-2 due to thikcome measure being injuries and

deaths which are mostly influenced by fragility.

Evans (2000) investigated the threat posed to otiet users by relicensing male drivers of
different ages. He found that relicensing an 80r y®@d male driver represented 26% less
threat to other road users than relicensing a 40 glel male driver. Relicensing a 20 year old
male represented a threat of 140% greater thazensling an 80 year old male(Evans, 2000).
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The lower rates of threat associated with oldeveis were due to their reduced driving

exposure compared to the younger driver groupsn&2800).

The number of drivers injured and killed on New [Aed roads in 2008 as a percentage of
licensed drivers in each age group over 60 yeatsvere 0.24% for ages 60-64, 0.23% for
aged 65-69, 0.25% for aged 70-74, 0.30% for ages97and 0.45% for ages 80 and above
(Ministry of Transport, 2009). A study of New Zeathdrivers aged 80 and over found
crashes resulting in injury and death in 0.8% af Hample over two years, which is
consistent with official crash rates reported poesly (Keall & Frith, 2004a). Self-reported
crash rates, which include those not severe entudtave been recorded officially, range
from 4% to 10% per year in older drivers (Marottetial., 1994; Sullman & Baas, 2004,
Anstey et al., 2009).
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Figure 2-3. Deaths rates of drivers involved in ashes per 10,000 drivers licences in each age range

Adapted from a Ministry of Transport report (Minist ry of Transport, 2008b)

There is no published official data relating thee-bgeakdown of traffic offences in New
Zealand and few studies have gathered informatiomsedf-reported offences. Two studies
that collected self-reported data on traffic offesidor older drivers found offence rates per
year of 2.6% and 3.0% respectively (Hoffman & MeRb 2010; Oxley et al., 2010). This
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rate is lower than the self-reported crash ratented above and may not be a satisfactory
estimate of actual traffic offence rates in oldevers.

It is easy to see how the effects of fragility dad-mileage bias lead to beliefs that older
drivers are inherently more dangerous on the rimgdeneral, older drivers pose little risk to
other road users but are at greatly increasedofisleing killed or injured themselves if they
are involved in a crash, even if they did not caiis&levertheless, regardless of whether
injury and death rates are displayed by km driveimaFigure 2-2 or by number of licensed
drivers as per Figure 2-3, drivers in the oldest @gpups show an increasing trend for death
and injury even after corrections for physical fliag are applied. Li et al. (2003) and
Meuleners et al. (2006) independently found a promuate reduction in the effects of
fragility in drivers aged 80 and over with a cond@amt rise in death and injury rates
attributable to increasing frequency of crash imeaient. This suggests that the oldest
drivers may begin to have crashes more frequefitiyincreased crash rate is likely related to
age-related changes that include the effects omabrageing, medical conditions, and

cognitive disorders.

Meuser et al. (2009) found support for the effecimmdical conditions on driving when
comparing 4,100 drivers (mean age 80 years) whadyaarted medical conditions that may
affect driving compared to 11,615 age and sex-neatcontrols. Official records of crashes
that involved death, injury, or property damagé&J&$500 and above were collected for a 14
year period, with 48.7% of the medically-impairedyp having a crash in this period versus
27.0% of the control group. Furthermore, 20.7%hef inedically-impaired group had two or
more crashes in this time versus 7.3% of the cogiaup. The medically-impaired group
consisted of people with dementia or other cogeitdisorders (45%), vision problems
(31%), musculoskeletal/neuromuscular problems (288tgorders of consciousness (not
defined, 16%), cardiac/cardiovascular problems (12%&in injury, tumour, or stroke (10%),
psychiatric problems (8%), and alcohol and drugsab(83%). This study supports the
assertion that it is older drivers with medical dions who are likely skewing the crash

statistics of older drivers.

2.5.3 Alzheimer’'s Dementia and Mild Cognitive Impairment
The biases that apply to older drivers and offioigiry and death rates also apply to drivers

with dementia and MCI as the majority of those etfel are aged 60 and above. The best
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way to control for this effect is to have a sameehgontrol group with which to compare the
frequency of crashes. Cooper, Tallman, Tuokko, Beattie (1993) found that drivers
diagnosed with dementia had almost 2.5 times asymeashes that resulted in insurance
claims versus an age-matched community control mgrduin, Ortiz, Boromei, and Lopez
(2002) found that drivers with dementia (mostly Wdémmer’s) were 10.7 times more likely to
have a crash than an age-matched control groupllfihaFont et al. (2008) followed just
under 1000 drivers with a mean age of 72.8 yeamesof whom were diagnosed with
dementia at baseline and some who were diagnosedyéars later. Those who were
diagnosed with dementia at the two-year follow-bpt (not at the baseline assessment) were
3.4 times more likely to have self-reported a crastthe 5 yeargrior to the baseline
assessment than other drivers without central nsrggstem disease (defined as a diagnosis
of Parkinson’s disease, head trauma, or strokes fdsult suggests that crash rates may
begin to rise years before criteria for a clinidelgnosis of dementia are met, which adds to
the need to examine MCI in addition to mild dementi

Drivers with dementia may have their crash riskHer raised by adverse side-effects from
prescription medications. Rapoport et al. (2008nfbthat drivers with dementia who were
prescribed antipsychotics, antidepressants, ordekazepines were 1.5 times more likely to
be involved in a crash than a control group of eédvwith dementia who were not taking
these medications. Another study, however, compturegolice-reported crash and violation
rates of 143 drivers with Alzheimer’'s to 715 agetchad controls and found no increased
rate of crashes in the Alzheimer’s group for theque1986 to 1993 (Trobe et al., 1996). The
authors suggest that this could be due to redudkzhge by the Alzheimer’'s group which
would have limited their exposure to risky drivisiguations. The higher crash rates found by
many studies have led several research groupsggest that drivers with dementia be
assessed on-road every 6 months (Fox et al., 1D9@insky et al., 2000; Duchek et al.,
2003; Adler et al., 2005; Frittelli et al., 2009).

No studies were found that compared the crash ditgeople with MCI to a control or
dementia group. It would be expected that crasgsratr this group would fall between those
for controls and dementia groups as do their scoresognitive tests. Likewise no studies
were found that reported rates of traffic offentmseither dementia or MCI groups. When
studies do investigate driving outcomes in theseaal groups, the dependent variables most
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commonly used are on-road driving performance, kitaed driving performance, and crash
rates.

2.5.4 Summary

When the effects of physical fragility and low-naifge bias are controlled for, older drivers
can be seen to be the safest drivers on the raaseVer, older drivers are at a higher risk of
serious injury and death if involved in a crash téheir greater physical fragility. It is clear
that a sub-group of older drivers are more at oiskeing involved in crashes due to medical
and cognitive disorders (e.g., dementias, delirian¢g amnestic disorders). This group
should be the prime target of initiatives that seeletect older drivers who pose undue risk

to themselves and others.

2.6 Driving Assessment in New Zealand

2.6.1 General Population

All New Zealand drivers undergo a compulsory scrggrassessment for visual acuity and
peripheral vision at 10-year licence renewals. &mvaged 75, 80, and every two years
thereafter must obtain a medical-fithess-to-drigdificate from their primary care physician
in order to renew their licence. This process l@ed in detail in Section 2.6.3.

2.6.2 Medical Conditions

A guide for medical practitioners, optometristsd arccupational therapists is produced by
the New Zealand Transport Agency to aid in assesswiemedical fitness to drive (New

Zealand Transport Agency, 2009). Drivers of any age required to be medically fit to

drive, with a range of medical conditions servisgratential contra-indicators of safe driving
for personal and commercial drivers. There areiexplisual standards that all drivers must
meet in order to obtain a licence but most othedioa conditions do not have specifically

defined criteria for licensing. It is the resporldyp of the medical practitioner to make a

decision regarding driving safety or to refer theatient to a specialist who can advise on
suitability for driving.

Assessments for medical fitness to drive can beastgd for drivers of any age and are often
requested for people who have had strokes or lbmaines to determine if and when they
may be able to return to driving. An examinatiorited ages of drivers reported for medical

conditions following the introduction of voluntargporting laws in the US state of Missouri
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in 1999 showed that 93% of reports were for drivaaged 50 and over, with 83% for drivers
aged 70 and over (Meuser et al., 2009). In a sammpE0l drivers referred for medical
driving assessments due to brain problems (tragnteiin injury, neurological conditions
including stroke and dementia) in three drivingeassnent practices in New Zealand, 64%
were aged 65 years and over (C. Innes, personamcmmgation, January 2011). It may be
safe to assume that the majority of drivers retefog medical driving assessments are in the

older age groups.

Apart from general information about the effectsddferent medical conditions on driving

presented in the Medical Aspects of Fitness to ®inandbook (New Zealand Transport
Agency, 2009), there are no references or staistipplied to indicate the effect of particular
medical conditions on driving ability. It is theoeé the decision of the primary care medical
practitioner to decide whether their patient is2hkto be a safe driver or to refer on for

additional assessment.

2.6.3 Older Drivers

The Medical Aspects of Fitness to Drive handbooktams a specific section for medical
conditions more likely to affect older drivers. Bleeconditions include early onset of fatigue,
slowed responses, visual problems, impaired cagnifunction, impaired mobility, and
dementia (New Zealand Transport Agency, 2009, p.1A@5%nedical practitioner is asked to
take special note of medical history, mental fumctivision, cardiovascular and central
nervous systems, and the locomotor system in aldeers seeking to renew their licence.
The NZTA offers a short test of road sign recogmitin the Medical Aspects of Fitness to
Drive manual to use with people who may be susgegctéhaving dementia (New Zealand
Transport Agency, 2009, p 135). The instructionsdrélf you suspect a person may be
showing signs of forgetfulness or memory loss, gham this simple test on common traffic
signs. A person who has trouble with this test&es a long time to answer may need further
assessment.” Unfortunately this test has not beesstigated for its relationship to driving
outcomes and no score is provided to determinehehé¢te person may have a problem with

driving.

There is a specific process for renewing an oldieeds licence, depicted in Figure 2-4.
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Figure 2-4. Flowchart of the older driver licencerenewal system (Adapted from NZTA information pack

for general practitioners of December 2006).

The chart depicts four decision pathways. The rdwsett options (1 and 4) are for a medical
practitioner to independently decide whether agpatis medically fit to drive or not and to
recommend this unconditionally. These options shobé utilized when the medical
practitioner is satisfied that their patient istbtdrive (Option 1), or when there is obvious
impairment such as moderate to severe dementiavels| of visual acuity that do not meet

NZTA minimum requirements (Option 4).

Option 2 has two sub-options. The first is for thedical practitioner to supply a medical-
fithess-to-drive certificate with set conditiondad to the licence, such as wearing corrective
lenses while driving, distance restrictions, ortdag only restrictions. Langford and Koppel
(2011) surveyed licence restrictions for drivered®5 and over in the Australian state of
Victoria. They found that restrictions specificdstance restrictions made up only 0.5% of
all those with restrictions, and restrictions faxytime only driving making up 0.3% of
restrictions. 96.3% of restrictions were for wegricorrective lenses while driving. They
found a trend for those with distance and daytigstrictions, as well as restrictions to drive
in specific areas only to have lower crash ratasthiiese were not statistically significant due
to the low base rate of restrictions in the samplheere is currently little evidence that driving
restrictions make drivers safer, and restrictiotteeothan for wearing corrective lenses are

not regularly used.
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The second sub-option according to Figure 2-4 istlie medical practitioner to supply a
medical-fitness-to-drive certificate subject to thatient satisfactorily undertaking an On-
road Safety Test. If the patient fails that tebts information is forwarded to NZTA who
make a decision regarding renewal of the patiditgnce. The On-road Safety Test is a 30-
min on-road assessment which assesses basic dskilig (e.g., leaving the kerb, turning
left at an intersection), hazard detection (e.ggatiating a crossroad, stopping or giving way
at Stop or Give Way signs), and more complex dgvaituations (e.g., turning right at a
crossroad in medium-to-heavy traffic in a 50 km/bneg). Scoring is based on the
performance of predetermined manoeuvres, with egores weighted and combined to give

an ultimate pass or fail score.

Option 3 is an intermediate step for when the nadpractitioner is unsure whether a
diagnosed or suspected medical illness may be taifedriving safety. In this case, the
medical practitioner can refer their patient to admal specialist (e.g., neurologist,
geriatrician, psychiatrist, optometrist), or to @tupational therapist (OT) who can perform
a medical driving assessment. On receipt of theials assessment results, the medical
practitioner follows flowchart options 1, 2, or Medical driving assessments are performed
by OTs with specialist training in driver assessméimlike the On-road Safety Test medical
driving assessments do not make use of predetedntists of errors with weighted scores,
but are considered by NZTA to be a more comprekiersssessment of driving ability. The
on-road component of an assessment averages 4briength and spans a wide range of
on-road driving situations (e.g., different speedes, single- and multi-laned roads, moving
from quieter to more busy roads). OTs assess aspgech as awareness of the road and
traffic environment, apparent insight into the drgy task and any errors that occur, and
whether patients are able to compensate for diffesuposed by their medical condition. An
OT assessment of driver safety is based on a catnan of outcomes of on-road
assessment, cognitive and physical evaluationsaagidnformation gathered from a patient
including, but not limited to, driving history arfdequency, self-imposed limitations, and

orientation to time and place.

2.6.4 Summary
While all New Zealand drivers must be medicallytditdrive in order to hold a licence, there
is no compulsory testing of this (apart from 10+yeahecks of visual acuity and peripheral

vision) until age 75. A specific process for licenenewal for older drivers is provided but
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the official Medical Aspects of Fitness to Drivenkddook (New Zealand Transport Agency,
2009) does not provide statistics on the risk specific medical conditions pose to driving,
rather leaving medical practitioners and other thealrofessionals to estimate this for
themselves. Perhaps most concerning is the laditaf provided regarding the risk dementia
poses to driving, and few guidelines to follow whasatiding when a patient diagnosed with
dementia may be in need of additional assessmett bave their licence revoked. This
information is present in the literature and hasrbeeadily used in providing more detailed
advice on the management of patients with demamtigher publications (Canadian Medical
Association, 2006; Australian and New Zealand Sgcier Geriatric Medicine, 2010;
Iverson et al., 2010).
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CHAPTER 3 -

Off-Road Assessment and Prediction of On-Road Dring

3.1 Objectives

The objectives of this chapter are to review therditure for off-road measures that have
been used to predict on-road driving. These incladgnitive measures, sensory-motor
measures, personality measures, self-reportedndriiehaviour, driving simulators, and
computerized assessment measures. The on-roadngdrigsssessment itself is then
investigated to determine its predictive validityr ffuture real-world negative driving

outcome such as crashes. Following this the hygethtor the research studies are detailed.

3.2 Cognitive Measures

As detailed in Section 2.4.1, normal ageing leads tslowing of a number of cognitive
processes, most notably the speed with which irdtion is processed. As detailed in
Sections 2.3.1 and 2.4.2, dementia is charactebyealprogressive loss of general cognitive
processes and is associated with an increase stimedlriving outcomes such as crashes.
Cognitive testing shows that even older drivers wleonot meet diagnostic criteria for a
cognitive disorder and who perform poorly on oneralaiving assessments have, on average,
poorer scores on cognitive testing (e.g., Wooal.e2008). However, these measures are not
accurate in discriminating which individual oldeivers are likely to have problems on the
road. Drivers who are not cognitively-impaired andlikely to be referred for a driving
assessment. Naturally, far more research has igaesd driving ability in people with

cognitive impairment.

Probably because of its brevity, the Mini MentatStExamination (MMSE) (Folstein et al.,
1975) was the most commonly used measure in a amellgsis of 27 studies that used
cognitive testing to predict driving ability in &grs with dementia (12 out of 27 studies)
(Reger et al., 2004). Korner-Bitensky et al. (208&)orted that 27% of their occupational
therapist sample used the MMSE as part of thetinggprocedure. Unfortunately, the MMSE

is not a robust predictor of driving ability, witbsults too variable between studies to decide
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on useful cut scores for defining safety (Molnaiakt 2006). This is likely due to the poor
sensitivity of the MMSE in detecting the presendenuld cognitive impairment or mild

dementia, where many drivers who are unsafe wiliesin the ‘intact’ range on this measure
(Nasreddine et al., 2005; Smith et al., 2007). @fwee, global measures of cognitive
impairment such as the MMSE are likely not speaimmough to yield useful prediction of

unsafe driving in individuals with dementia.

In the Reger et al. (2004) meta-analysis, the neodt commonly used test after the MMSE
was the Trail Making Test B (9 studies). Trail MadiA was the third most common (6
studies). The majority of cognitive tests invediighin the meta-analysis were used in a
single study, making the averaging of effect singgossible for many measures. The meta-
analysis included studies that had used a varietfependent outcomes measures: on-road
tests, off-road tests (driving simulators or tedtdriving knowledge), or caregiver’s report of
driving ability. When scores on cognitive tests &eompared between control and dementia,
cognitive tests were significantly different betwegroups. However, when control groups
were excluded, and only those with dementia wempaoed between driving outcomes,
many significant relationships disappeared, buiste$ visuospatial function and executive
function remained significant outcomes to differatet safe from unsafe drivers. It is
unfortunate that Reger et al.’s meta-analysis ohetustudies with non-on-road measures of
driving ability as the dependent measure. The siclu of studies that used outcome on
driving simulators or driving knowledge tests totedeine driving ability would not be
considered gold-standard measures of driving gbMNevertheless, a recent narrative review
of the dementia and driving literature (Silva et, &009) mirrors Reger et al.’'s (2004)
recommendation that visual attention and execuiinetion tests appear to have the best
relationship with driving in people with dementidnfortunately the Silva et al. (2009) study
also included studies where the dependent outcom@sumne was simulated driving and
informant self-reports of the participant’s drivirapility rather than on-road assessment
outcome. Studies using cognitive tests should amsfecus on finding tests that discriminate
between drivers with dementia (and do not includetrol participants) who pass or fail an
on-road assessment, or who meet some other cnit¢hiat relates to real-world driving

ability such as the incidence of crashes or traffiences.

With the increasing emphasis on the detection fafen driving due to the increase in

number of older adults over the coming decadesetli®ralso a need to investigate the
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usefulness of cognitive tests in older adults withdiagnosed cognitive impairment to
determine whether a subset of tests could be usedprimary practice setting to identify
older drivers who are at increased risk of negatitreing outcomes. As cognitive disorders
are prevalent in the older adult population, asulsed in Section 2.3, the detection of at-risk
older drivers will increasingly become the task @Ps, and early detection of potential
cognitive problems would be useful for the plannaigdriving changes and possible future
cessation of driving. For countries such as Newlatehwhere GPs are obliged to make a
decision about driving safety for their patiente@gr5 and over, the availability of an
objective and validated screen for the detectionabfisk older drivers would be an

invaluable resource.

3.2.1 DriveSafe and DriveAware

DriveSafe and DriveAware are commercially availaddeessment tools for driving specialist
occupational therapists which, when used togethdrjn the prediction of on-road driving

assessment outcome in drivers referred to drivitgalilitation centres for a variety of

medical conditions (http://www.pearsonpsychcorp.@productdetails/374).

The first assessment component, DriveSafe, cordistseries of 13 images of a roundabout
with pedestrians and vehicles projected onto aesc(Kay et al., 2009c). The positions and
numbers of pedestrians and vehicles vary amongstlthimages. Examinees view each
image for 3 seconds and then report details alb@uposition and direction of travel of the
pedestrians and vehicles for each image. The sethe number of items correctly described
(maximum of 140 points). Although Kay et al. (20p8take no claims as to which cognitive
processes DriveSafe is measuring, it would appearé attention, visual scanning,
processing speed, and memory.

The second assessment component, DriveAware, wadopged as a measure of driving
awareness, again for driving rehabilitation cengterrals (Kay et al., 2009a; Kay et al.,
2009b). DriveAware consists of eight questions .(ewhy have you been referred for a
driving assessment? How would you rate your driypegformance now compared with 10
years ago?). Examinees rate each question on anBgumale (1 = very aware to 3 = very
unaware) and the assessor also rates each ansyeer da their judgment of the examinees
awareness (1 = client has poor performance or keuhyd to 2 = client has good performance

for knowledge). A total difference score betweea dpinions of the examinee and examiner
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is used to determine whether the examinee hastinfmrtial, or absent awareness.
DriveAware is not a cognitive measure per se, Isuperformed in combination with

DriveSafe to classify on-road assessment outcome.

One study has examined the ability of a combinatioDriveSafe and DriveAware to predict
on-road driving outcome (Kay et al., 2009c). Thetipgpants were 115 referrals to two
driving rehabilitation centres with an age rangd 6o 95 years (mean age 62.2, 79% male).
Around one third had a neurological diagnosis sagla stroke or Parkinson’s disease, 26%
had dementia including mild cognitive impairmemM%2 had orthopaedic or spinal injuries,
6% had acquired brain injury and 10% had miscetiaseother disorders. Both DriveAware
and DriveSafe were performed and then each examioegpleted an on-road driving
assessment where each was rated as pass, corldpassa intervention, and fail. For the
study the pass and conditional pass groups werdioeh to represent the pass group. Cut
points were used for both DriveAware and DriveSafetrichotomizing on-road outcome.
39% of the sample passed, 31% failed, and 30%wvedein ‘intervention’ score. The authors
investigated an upper and lower cut point for deteing pass and fail scores with the
middle group recommended for an on-road drivingess®ent. 50% of participants were
predicted as outright pass and fail, and this tesak 90% accurate, meaning that for the
entire sample the off-road assessment model ctyrrdassified 45% of on-road pass and fail
outcomes. Kay et al. (2009c) state that the purpdsheir assessment was to reduce the
number of drivers who completed on-road drivingeasments, so their results are not
comparable to studies that predict a binary outcéeng., pass/fail). The authors provide a
flow diagram for with cut points for both DriveSad@d DriveAware in order to predict the
trichotomous outcome. The authors also mentionttieabn-road assessors were not blinded

to off-road assessment results.

3.3 Sensory-Motor Measures

As discussed in Section 2.4.1, normal ageing briagsumber of changes in physical
processes such as decreased muscle strength amdrerel slower reaction and movement
times of limbs, and reduced physical mobility, gatarly in the trunk, neck and head. The
research literature on driving has tended to foenscognitive changes associated with
decreased driving ability, with less attention ptdhe effects of sensory-motor changes. A

narrative review by Stelmach and Nahom (1992) itigated sensory-motor decline in older
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adults and their link with possible changes in idigvability and suggested that motor control

is of prime importance in situations where emergemanoeuvres are required, with older

drivers likely to find it more difficult to plan @hexecute these tasks than younger drivers.
The authors split their review into two broad smus$i of reaction time and movement time.

Reaction time measures include the cognitive tasfigired to plan and initiate a movement

(i.e., response preparation, response selectisppnse programming, etc.), with movement
time referring to the actual process of motor aistii.e., acceleration and deceleration,

coordination, and joint flexibility). The reviewvestigated cross-sectional laboratory studies
that quantified the differences between young adaittd older adults and found increasing

difficulties with these tasks as age increased.

In terms of sensory-motor measures, Wood et aD§p@bund that postural sway, which had
previously been found to be related to the riskatdiing in older people, was a significant
predictor of on-road driving score in a sample ajratively-unimpaired drivers aged 70 and
over. Innes et al. (2007) found that a computerimedsure of tracking a moving line target
with a steering wheel and reaction time for turnengteering wheel following presentation of
a visual stimulus were predictors of on-road dgvability in a group of drivers with brain
disorders (mostly stroke). Stav et al. (2008) fodimak the motor measure with the largest
correlation with on-road assessment outcome forx@angroup of impaired and unimpaired
drivers aged 65 and over was the time to walk &=t &nd to turn around and walk back
again. This measure was also retained in theit fimadel for classifying on-road outcome
alongside cognitive tests.

Sensory-motor measures appear to have a relatpishiriving ability in both cognitively-
impaired and unimpaired older drivers. Hence thesasures could add predictive power
over and above that afforded by cognitive tests andld be particularly useful in
cognitively-unimpaired older drivers who are nohe-tess subject to the process of normal

ageing of the body.

3.4 Personality Measures

Relatively little research has questioned whethersgnality variables influence driving
safety, and this research has primarily focusegtanmg adult samples. A study with a mean
sample age of 39 years found emotional stabilitycepted level of risk, and social

responsibility to be significant classifiers of orad driving assessment outcome (Sommer et
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al., 2008). In college students, low scores onpdesonality construct of conscientiousness
and high scores on sensation-seeking have beeniatssbwith higher rates of both self-
reported and simulated risky driving behaviour (8ebel et al., 2006). Schwebel et al.
(2007) later examined drivers aged 75 and overfandd that higher scores on sensation-
seeking were correlated with self-reports of highembers of driving violations and tickets
(correlations ranging in size from .24 to .30). dmdinately, no sensation-seeking scales
specifically constructed for, or validated agaimdtier adult samples could be found, which
brings into question whether scales constructed/éoinger adults are valid to use in older

adult samples.

The propensity to become angry whilst driving i©taer personality trait that may affect
driving safety. The Driving Anger Scale (DAS) is self-report scale developed by
Deffenbacher, Oetting, and Lynch (1994). Highesres on the 14-item short form of the
DAS have been associated with increased self-regppaitky driving behaviour in young
adult samples (Deffenbacher et al., 2002; Deffenbaet al., 2003; Dahlen & White, 2006).
However, the relationship between DAS scores armghthee driving outcomes in older
drivers has not been investigated.

3.5 Self-Reports of Driving Behaviour

Reason et al. (1990) developed the Driver Behaviguestionnaire (DBQ) to investigate
whether reporting specific instances of mistakesraad rule violations on the road was able
to identify drivers at higher risk for adverse dany events. This questionnaire asks about the
frequency of occurrence of 24 driving behavioursrothe previous 12 months. The
behaviours fall into three subscales of lapsesttehtion, errors, and deliberate violation of
road rules. Several studies have used this scalea gsedictor of on-road driving.
Endorsement of a greater number of items of th&atiram subscale has been associated with
increased crash involvement in young adult sam(fegker et al., 1995; Sullman et al.,
2002). However, older drivers report fewer violagothan younger drivers (Davey et al.,
2007). Parker et al. (2000) found a positive asgmr between increased lapses and errors
and a higher crash rate in drivers aged 50 and dvexse authors suggest the scale may be
useful in detecting declining cognition which leaddapses in concentration indicative of a

decline in driving safety, although further studye@quired to replicate this finding.
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3.6 Driving Simulators

Driving simulators seek to simulate a realistic dade-valid driving environment. The
driving simulator environment has advantages ogalworld driving in that specific driving
situations can be presented that would be impassiblan on-road assessment, such as
programming pedestrians or other vehicles to dtosgpath of the driver, or pre-determining
the traffic density encountered during a drive. Ajon obstacle with the use of simulators is
determining the extent of the relationship betweemrs performed on the simulation and
errors performed in real-world driving situationBhis is often not investigated yet is
essential knowledge if simulators are to be usedaaproxy for real-world driving
assessments. Simulators can also be very expetosparchase, with a 2004 New Zealand
report (Bowens, 2004) stating the price for thet&ysTechnology Inc. (USA) STISIM
Drive™ three-monitor driving simulator at US$59,00ricing is thus a restriction for the
widespread use of advanced driving simulators agim® measures of driving ability.
Feelings of dizziness or ‘simulator sickness’ ds®a concern, with 9% of one older adult
sample experiencing feelings of dizziness followoanpletion of a simulated drive (Lee,
Lee, & Cameron, 2003). Another study reported sataul sickness in 17% of participants,
with older drivers more often affected than youBgopks et al., 2010). This section does not
purport to be detailed review of driving simulataaad presents research on three systems, as
these focused on predicting driving ability in d@ng with a neurological disorder: the
Systems Technology Inc, Simulator (STISIM Drive™)iVR™, and Virtual Reality
Driving Simulator (VR-DR).

3.6.1 STISIM Drive™

The STISIM Drive (http://www.stisimdrive.com/) sgsh consists of driving controls
including a dashboard with steering wheel and itic stalk, accelerator and brake pedals
and one or more computer screens that display lstrealriving scenario which includes
buildings, other vehicles, and pedestrians in aygaof programmable driving scenarios
(Systems Technology, 2010). The software is ablddorun in a number of different
hardware configurations including a scale-modeialettab, a simulated vehicle cab, as part
of a modular desktop arrangement, or as a portdlee using a laptop computer (Figure
3-1).
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Figure 3-1. The STISIM Drive™ Training Simulator model M400 which includes three monitors which
present a 135° driver field-of-view. Taken from htp://www.stisimdrive.com/images/stisim/

content/ downloads/m400.pdf.

The STISIM Drive has been used in a number of dgvesearch projects, mainly conducted
by Lee and colleagues at the School of Occupatididrapy at Curtin University of
Technology, Perth, Australia. Using STISIM Drivethvia single computer monitor screen,
Lee, Lee, and Cameron (2003) found a moderateiyposidrrelation ( = 0.51) between age
and reaction times in response to an on-road stisnal 129 cognitively healthy drivers aged
60-89 (mean age 72.9 years, 78% male). Using time smample, Lee, Cameron, and Lee
(2003) found that performance on STISIM explainéd786 of the variance in on-road
assessment performance. Further investigation ©f $hme sample found that several
measures recorded using the STISIM were relatexperiencing a self-reported crash over
the previous 12 months (a one point increaseanescon the working memory, decision and
judgment and speed compliance components wereiatsbevith decreased risk of a crash
of 45%, 61% and 17% respectively) (Lee, Lee, Cameitoal., 2003). Two years following
this assessment those who had received poorerssgosmulator indicator use and better
scores on the working memory component had higaesrof traffic violations over this
period (23% and 16% increases respectively) (Leke&, 2005). The authors claim that a
better score on the working memory component isgecal outcome “because drivers with
good working memory and confidence tend to drivevabthe speed limit” (Lee & Lee,
2005, p. 100). An independent pilot study of onlyp8rticipants aged 67-78 found a

significant correlationr(= -0.83) between lower error scores on the STI&H failing an
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on-road driving assessment (Freund et al.,, 2002)oti#er study reported that the
performance of many errors performed in an on-rdading assessment did not differ
significantly from those performed in a STISIM Deicourse (Shechtman et al., 2009). In
order to determine the predictive validity of thEISIM Drive, large-scale studies comparing
performance on the stimulator to real-world outcermach as crashes, traffic offences, or on-

road driving ability are required.

3.6.2 DrivR™

DriVR is a PC-based system formerly marketed bygon§ystems of Vancouver, Canada.
DriVR incorporates a steering wheel, foot pedals] airtual-reality glasses (Liu et al.,
1999). A virtual environment is presented throulga glasses with a 30-degree horizontal
field of view that allows examinees to rotate thesads to scan left and right in the virtual
environment. DriVR depicts driving scenarios with namber of programmed driving
situations, such as driving down a street and mullinto a driveway. A number of
quantitative measures are taken during an assesssneh as speed of travel, position within
the lane, and avoidance of crashes. Qualitativesurea can also be taken by the examiner,
such as the number of head movements made toftlamteright during the testing session.

One study of 162 people aged from below 16 to ablbeege of 76 found that older drivers
drove more slowly than younger participants angsea at stop signs less frequently (Liu et
al., 1999). Liu et al. (1999) also compared thdgrarance of 17 people with brain injuries to
age and sex-matched controls. They found the lnganed group had significantly poorer
scores on several DriVR measures compared to th&ot®. Only one study compared
performance on the DriVR to real-world driving aseasured by an on-road driving
assessment (Wald et al., 2000). In this study, &8qggpants with brain injury with a mean
age of 40 years completed the DriVR course as agetivo on-road assessments. Wald et al.
(2000) found very small- to moderate-sized correfet (values ranged from 0.01 to 0.56)
between several DriVR scores and various on-roadndr scores in drivers aged 20-76
(mean age of 40 years). The authors did not, howepmvide p values for these
associations, so it is unknown if any of the catiehs were significant. There has been no
research published on the DriVR since 2000, andDitigR website no longer exists which

suggests that the simulator may no longer be @laila
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3.6.3 Virtual Reality Driving Simulator (VR-DR)

The VR-DR is a research driving simulator basethi Psychology Department of Drexel
University, Philadelphia, and has been used instiiely of the effects of brain injury on
driving tasks (Schultheis & Mourant, 2001). The slator consists of a head-mounted
display unit that presents a computer-generatddalireality environment through which a
participant drives using a steering wheel and fmmtals (see Figure 3-2). The head-mounted
unit displays a 60° field of view at any one timhigh updates with head tracking to present
a full 360° field of view.

Figure 3-2. The VR-DR simulator in use. Adapted fom Schultheis et al. (2007).

The simulated drive is around 30 minutes in leragit presents a variety of different driving
scenarios for the examinee to navigate as wellhalenges such as avoiding a pedestrian
who suddenly crosses the road. A study examined rasengs of the VR-DR in 33
participants with acquired brain injury (61% hadnederate to severe TBI with the
remainder having had a stroke) and 21 healthy otstall aged less than 68 years with a
mean age of 41.7 years (Schultheis et al., 200/@. Brain-injured participants provided a
lower overall rating for the ease of use of the MR- Another study looked at reactions
related to stopping at stop signs in a sample ofadslts with brain injuries (67% with
moderate to severe TBI and the remainder with s)rakd 9 healthy controls (Schultheis et

al., 2006). Both groups showed improvements in @maite stopping procedures (such as
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the distance from the sign and coming to a com@&tp), with a trend for the brain injured
group to perform slightly less well than the cofgrdNo published studies have compared the
VR-DR to real-world driving through driving recoras on-road assessment ratings, and
none have investigated its use with older driverdrivers with cognitive impairment due to

MCI or dementia.

3.7 Computerized Assessment Systems

Computerized driving assessments seek to measareirtterlying sensory-motor and/or
cognitive processes that mediate a person’s aliditgrive but, unlike driving simulators,

they do not purport to create a realistic visugkesentation of a driving environment. This
review focuses on four of the more commonly regbdéf-road computerized systems: the
Elemental Driving Simulator, the Useful Field ofé#i®, DriveABLE™, and Sensory-motor

and Cognitive Tests™.

3.7.1 Elemental Driving Simulator (EDS)

The EDS was developed by Gianutsos (1994) and @wek from its forerunner the Driving
Advisement System (Gianutsos et al., 1992). The Eig8ses on the cognitive factors that
affect driving safety in people who have experiehbeain injury. The hardware of the EDS
consists of a computer with monitor, steering whaehing indicator stalk mounted on the

steering wheel, and foot pedals (see Figure 3<fware runs in the DOS operating system.

The EDS testing protocol begins with the examingeed to self-rate how well they think
they will perform a number of driving-related tasR#is is followed by three subtests that
measure pursuit tracking with the second and ttastls adding a measure of reaction time
and then choice reaction times respectively (tllgcator stick is move up or down to select
the side of the screen where a face shaped stinsuflashed). The most recent version of the
EDS was released in 2004.

The developers of the system compared performamcehe EDS in three different
participant groups: 50 ‘normative’ drivers (meare &j. years), 1,145 older drivers from the
community (mean age 69 years), and 85 people eefdor driving rehabilitation due to
brain injury, stroke, or developmental neurologicanditions (mean age 37 years)
(Gianutsos, 1994). Unfortunately, only the samplenred for driving assessment completed

an on-road assessment, where each was rated aw fjaits
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Cat. #968.5
EDS PORTABLE
INCLUSIVE SYSTEM

Figure 3-3. The EDS Portable Inclusive System shamg computer, steering wheel with indicator stalk b
the left, and foot pedals.

Results on the EDS system are presented by therautinly in graphical format with the
‘normative’ drivers showing the best scores for thar groups. Gianutsos notes that all
members of this group completed the EDS assesdmuérthat not all members in the other
groups did, although the numbers and reasons foicompletion are not reported. Referrals
who passed the on-road test generally performeeérb@tross measures than the group who
failed, although the sample of older drivers didnheas poorly as the referral grouped who
failed the on-road assessment on all but one mea&ianutsos claims the EDS is a useful
system for detecting those with unsafe driving, thig cannot be substantiated since only the
neurological group completed an on-road drivingeassient. Also, the scores on the EDS
were very similar between the older driver groupl #me neurological disorder group who
went on to fail an on-road assessment, suggedtagthe EDS may over-report that older

drivers are unsafe.

An independent Australian and New Zealand jointgtaf driving assessment for drivers
aged 80 and over reported that 16% of their sahmpied the EDS too difficult to complete
(Monash University Accident Research Centre, 200&)ere were also no significant
associations found between the outcome measuretheofEDS and on-road driving
performance. These outcomes, as well as technitfedutties with the system, led to the
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EDS being dropped from further analysis for thedgtuOn the basis of this evidence, the
EDS would not be considered a useful screen fardehing whether an individual is likely

to pass or fail an on-road driving assessment.

3.7.2 Useful Field of View® (UFOV)

The UFOV was designed to detect the capacity aragm’s preattentive processing (Owsley
et al., 1991). Preattention processing is descradsedorking at a parallel (versus serial) level
and is designed to capture and direct a persotéatain to salient visual stimuli. The UFOV
is different from visual field as measured by daliperimetry but is dependent on the visual
field in order for stimuli to be perceived. The lamts devised three subtests to assess
different mechanisms that can each restrict a p&rsoseful field of view: slowing of
information processing, impaired ability to divid&ention, and impaired ability to ignore
visual distractors. The three subtests all reqthet the examinee fixate their vision on a
central stimulus presented on a computer screennaakke a binary decision about that
stimulus (i.e., whether two presented symbols mataot), with the first test being a simple
reaction time test that is used as a baseline medsuthe following two tests. The divided
attention subtest requires that the examinee samedtusly report the location of another
stimulus on the periphery of the screen while catipd the central task. The distractors test

further clutters the visual array with distractstgnuli while the other tasks are performed.

Lower scores on the UFOV have been associated amtmcreased likelihood of having a
crash in older drivers, both retrospective to tegeasment (Owsley et al., 1991; Ball et al.,
1993; Sims et al., 1998; Ball et al., 2006) andhia three years following it (Owsley et al.,
1998). However, two other studies did not find tHeOV useful in classifying those who had
self-reported crashes compared to those who hadD®tRaedt & Ponjaert-Kristoffersen,
2000; Hoffman & McDowd, 2010). Two studies founce thFOV a useful predictor of
prospective driving cessation in older drivers otleee years (Ackerman et al., 2008) and
ten years (Edwards, Bart et al., 2009). The UFO¥ dlao been investigated in terms of on-
road driving assessment outcome, with three stddhdsg it was a significant predictor (in
addition to other measures within the same modetjdssify those older drivers who went
on to perform more errors in an on-road assessifizmtRaedt & Ponjaert-Kristoffersen,
2000; Whelihan et al., 2005; Uc et al., 2009), and study finding it useful in classifying
on-road fails (Stav et al.,, 2008). One study, havedid not find the UFOV useful in

classifying on-road driving errors in a group oivers with Alzheimer’s dementia (Dawson
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et al., 2009), and another study did not find &fukfor predicting driving score in a sample
of healthy drivers aged 70 and over (Wood et 8082.

Duchek et al. (1998) found that people with a CahiDementia Rating of 1 (mild dementia)
had difficulty completing the UFQOV, and suggestedtta simplified version may be needed
for this population. Another problem is that Batlat. (1988) found that participants could
improve their performance on the UFOV with practiaed that the effects lasted as long as
six months. No studies have investigated whettanitrg on the UFOV corresponds with
safer driving practice.

Substantial research on the UFOV suggests it doelld useful measure for detecting people
with possible driving impairments, with several dias finding that the divided attention
subtest (subtest 2) is the most useful UFOV meaddwesley et al., 1998; Ball et al., 2006;
Edwards, Bart et al., 2009). However, its diffigulvith persons with dementia is an
impediment to its use for higher risk groups ofesldrivers who likely contain a substantial
percentage of people with cognitive disorders.

3.7.3 DriveABLE™

DriveABLE Assessment Centres Inc. is a Canadianpamy founded by Allen Dobbs
following research to develop an off- and on-roaglidg assessment protocol for medically-
impaired drivers (Dobbs, 1997). The DriveABLE assesnt consists of both off- and on-
road testing components. The off-road componentalted the DriveABLE Cognitive
Assessment Tool, which consists of a series o$ @fsthemory, attention, reaction times, and
judgment which are performed using a touch semsit@mputer screen or by pushing a
button (Dobbs, 2005DriveABLE™ 2011). Raw test results are sent electronicallyhe
DriveABLE centre in Alberta, Canada, with perforrmarscored and a predicted probability
of failing the on-road assessment sent back, alaitly a predicted trichotomous rating of
pass, fail, or indeterminate for on-road perfornear@nly those with an indeterminate rating
are recommended to complete the standardized ahtesd The results of the on-road test
are also scored according to a DriveABLE algorithmith a possible outcome of
recommended pass, borderline pass, and recommairdedg cessation returned to the
assessor. DriveABLE is currently used in 76 loaajomostly in the US and Canada, with

one assessment centre each in Australia and Nelarke@®riveABLE™ 2011).
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The algorithms for determining outcome scores vibaxged on the recruitment and testing of
a group of drivers with dementia (n=176) and twatod groups, one of drivers aged 55 and
over (n=70), and one of younger drivers (n=33) (BHL997, 2005). Errors performed on-
road were compared between groups, with the deengntiup defined a-priori as ‘unsafe’
due to the increased driving problems found in peapth dementia, and the other two
groups defined as safe. Researchers then devebofisdof errors present primarily in the
dementia group and defined these as the errorsdibtlnd on-road that would be used to
determine driving safety. While the results of thiéial and validation testing have not been
published by Dobbs, a summary can be found in a Department of Transportation report
(National Highway Traffic Safety Administration, 99). This report shows that 431 drivers
were recruited for the validation study. 67% of Hanple were assigned a rating of pass or
fail for the off-road assessment, with the remajrame third of the sample recommended for
on-road assessment (presumably the on-road assessoe blinded to off-road testing
results, but this information is not provided). Theport says that the screen was 94%
accurate in classifying pass and fail outcomesittahould be noted that since only 67% of
the sample were given a pass or fail rating thaahatlassification rate is 94% of 67%, or

63% overall accuracy of classification.

Korner-Bitensky and Sofer (2009) found that 67%ao$ample of 52 drivers referred for
medical driving assessments were correctly predlices ‘recommend cessation’,
‘indeterminate’ , and ‘no evidence of reduced cotepee’ by the DriveABLE off-road
assessment relative to blinded DriveABLE on-roaseasment scores of pass, borderline
pass, or fail. The authors then dichotomized tlodirroad results into those who had a
predicted fail, and those who had an indetermirszigre or pass recommendation, and
dichotomized their on-road results into fail, anotderline pass and pass outcomes. They
found sensitivity for detecting fails of 76% (32 42 on-road fails recommended as fails in
the off-road assessment) and a specificity of 90B& positive predictive value was 97% (of
the 33 participants for whom cessation was reconde@n32 failed the on-road test) and a
negative predictive value of 47% (of the 19 papeits who were classified as
‘indeterminate’ or ‘no evidence of reduced compeyenine passed the on-road assessment).
The authors note these positive and negative pregligalues reflect the rate of fails and

passes in the sample, and the high rates of failescin their sample (81%) would have
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affected these results. They recommended that otiepticate their study to determine the
stability of these values.

One other major study of the DriveABLE off-road giction was performed for the
Australian and New Zealand Austroads study (Monasiversity Accident Research Centre,
2004). This study did not use the DriveABLE on-raagsessment but used the predicted
probability of off-road outcome (a score betweeh &and 1.0 for each participant) relative to
pass or fail outcomes on their own on-road drivesgessment. When classifying their pass
and fail on-road outcomes and using the cut-poittt the highest average of sensitivity and
specificity, this study found a sensitivity for stafying fails of 65.3%, a specificity of
57.9%, a positive predictive value of 35.6% ancdegative predictive value of 82.4%. This
study had a much lower fail rate than the Korngesky and Sofer study (2009) (36%) and
comprised 300 cognitively-healthy older drivers &dd@® and over. These are likely two

reasons for the lower classification in this group.

DriveABLE is a difficult system with which to perim an independent study as it is reliant
on scoring by the DriveABLE company and subtestesaannot be examined for their
individual relationships to on-road outcome. Thigrbttle detailed published research by the
developer, and measures of sensitivity and spéyifitioted are inflated due to exclusion of
the results of those rated as indeterminate orothmad assessment. Perhaps the primary
limiting factor for Drive ABLE is the automatic raty of drivers with dementia in the training
data set as unsafe and the implicit acceptanchk eifrars performed by non-demented driver
as safe. This is in contrast to recruiting a migathple of drivers with and without cognitive
impairment and determination of the errors whioh r@lated to unsafe on-road performance
on the basis of on-road outcome, whether that dedwcognitively-unimpaired drivers or not.
Dobbs (2005) explicitly states that only older éry with medical conditions should be
considered for driver assessment, and has beefulctoedefine the differences in driving
errors between cognitively-impaired and unimpawkter drivers (Dobbs et al., 1998; Dobbs
et al., 2004). Essentially, the algorithm is weeghtto penalize drivers with cognitive
impairment and to pass those without. Thus, theligtien is not as useful for detecting
whichdrivers with cognitive impairment are safe andakhare not, unless the aim is to only
pass those safe drivers with cognitive impairmenhose driving behaviour is

indistinguishable from those drivers without cog@timpairment. This would effectively
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mean the removal of licences for all people extmbithe first signs of cognitive impairment
due to dementia, stroke, head injury, and othesesau

3.7.4 Sensory-motor and Cognitive Tests™ (SMCTests™)

SMCTest®" is a battery of sensory-motor and cognitive testgeloped by researchers from
Christchurch and Burwood Hospitals, the Van derrMastitute for Parkinson’s & Brain
Research, University of Otago, and University ohtégbury as a clinical research tool with
application in the assessment of patients with alegical disorders and in ageing
(Christchurch Neurotechnology Research Programi®@6;2innes, Jones, Anderson et al.,
2009). SMCTestshas been tailored into the semi-portable Cantgririving Assessment
Tool (CanDAT™ which comprises a laptop computer, a separateucacreen to display
test stimuli, a steering wheel with two indicatevérs (one on the left and one on the right),
and a set of pedals with accelerator and brake,aandptional clutch pedal. Tests include
measures of visuospatial function (Jones & Donaldsk®95), visuoperception (Jones &
Donaldson, 1995), reaction times of arms and legdlistic movement of arms, tracking
(Jones & Donaldson, 1986; Jones, 2006), decisidkingavisual search, complex attention,
impulse control, and planning (Innes et al., 20@nges, Jones, Anderson et al., 2009). The
full battery takes around an hour to complete ddpgnon the level of impairment. The
SMCTestdattery is currently used in several occupatidhetapy practices in New Zealand
as part of medical driving assessments, mostliynénform of theCanDAT, but with one

centre using the system in a modified car bodyuEag-4).

Figure 3-4. The modified car body used to rurBMCTestspictured left. Test stimuli are projected onto

the white wall in front of the machine. The semi-pdable CanDAT apparatus is pictured right.
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A clinical study investigating driving ability in (8 people with brain disorders used
SMCTestgo correctly predict 76% of referrals as on-roa$g$’or Fail relative to a blinded
on-road driving assessment carried out at the Dgivand Vehicle Assessment Service
(DAVAS) at Burwood Hospital (Innes et al., in presSompared to the other computerized
tests described abovBMCTestgprovides on face value a more detailed accousen§ory-
motor function in examinees. While DriveABLE canamsare reaction times, it cannot assess
movement time and velocity of arm movements. Th&Eystems utilizes tracking using a
steering wheel, but also does not measure velacity movements times of the arms. The
UFOV also measures reaction times, but again doésmeasure velocity of arm or leg

movements.

3.8 On-Road Assessment and Real-World Driving Outcomes

The rationale behind on-road driving assessmemteXperienced drivers is that behaviours
observed during the assessment are indicative ieihdrbehaviours that are performed in

real-world driving. That is, a person who appearstave a lack of awareness for other road
users is assumed to have this problem when driemgheir own and that it puts them at

increased risk for negative driving outcomes. WHilis may seen face evident, there is little
evidence to substantiate this claim as drivers vidib on-road driving assessments are
usually prevented from driving and, hence, unabléd followed to determine if they have

more negative driving outcomes than drivers whe pesroad assessments.

Only one study was found that prospectively folldwée crash outcomes of a group of
ostensibly healthy older drivers followirgpth pass and fail outcomes on an on-road test. An
Australian study followed 266 older drivers fronpapulation-based sample for 12 months
following an on-road driving assessment, with ggrants providing monthly self-reports of
crashes over this period (Anstey et al., 2009). dinbors found no increase in the incidence
of self-reported crashes for drivers who had reszbia score in the Fail range of an on-road
driving assessment. However, only 6% of driversreddn the Fail range on the on-road
assessment which would have limited the powerifatifig a significant increase in crashes
for the Fail group.

A New Zealand study prospectively followed the d®ice of police-reported injury crashes
in a population sample of over 39,300 drivers agédand over following pass scores

obtained on an on-road driving test (Keall & Frif904a). The test was administered under
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driver licensing laws (now defunct) that requiretliés aged 80 and over to pass biennial on-
road driving tests. There was no limit to the numdddimes drivers could sit the test in order
to secure a passing grade which provided a rarertppty to determine whether drivers
who failed one or more on-road assessments (butewbntually passed) were more likely to
experience adverse driving events in the following years. Seventeen percent of the
sample failed the on-road test at least once befeceiving a pass grade and the risk of
involvement in a crash in the following two yeaose 33% for each time the test was re-sat.
Unfortunately, the study tells us nothing about 58 of drivers who never passed the on-
road assessment and therefore did not have tlceindes renewed. The study also had no
information about the presence of cognitive impaintnand other medical problems in the

sample.

Data provided in the Keall and Frith study was isight for a phi correlation coefficient to

be calculated to determine the effect size diffeeem rates of crashes of the on-road
assessment of the group with at least one fail evatpto the pass group. To calculate the
phi coefficient, the study data were dichotomiz&® ithose drivers who passed their on-road
test on the first administration (32,358 people)sus those who sat two or more on-road
tests before receiving a passing grade (6,943 peapth rates of serious crashes compared

between the two groups, see Table 3-1.

Table 3-1. Number of people in Keall and Frith’s 2004a) study divided into those who passed and fail

their first on-road test and those who went on to &ve a Police-recorded crash over the following 24

months
24-month police-recorded crash involvement
First on-road test No Yes Totals % who had a crash
Fail 6863 80 6943 1.2%
Pass 32135 222 32357 0.7%
Totals 38998 302 39300 0.8%

Drivers who failed one or more tests were signiftbtamore likely to have a crash in the
following 24-months than drivers who passed onfitts¢ test administration (Fisher’'s Exact
Test two-tailedp < .001). The phi coefficient, however, was veryaimtr, = 0.02. Due to

their extremely large sample size, Keall and Fwere able to find a significant, but very

small, association between failing on-road testslater crashes.
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A major problem with on-road driving assessmenthas most driving assessors do not use
standardized scoring and do not use pre-determinédscores for assigning pass or fail
ratings. Korner-Bitensky et al. (2006) surveyed theving assessment methods of 144
American and Canadian driving assessors. Ninety{ieucent of respondents routinely used
on-road assessments as part of their evaluatioronlgt24% used a standardized scoring
system and only 10% used a pre-defined cutoff simodefine driving competency. Only two
respondents reported using a standardized roadSeste standardized assessments have
been tested for inter-rater and test-retest rdiigbwith the former usually found to be
moderate to high, and the latter in the moderatgeaHagge, 1994; Fitten et al., 1995;
Romanowicz & Hagge, 1995; Hunt et al., 1997; Jaakeberhard, 1998). Investigations into
the validity of standardized road tests have fosmhe associations to real-world crashes or
infringements (Fitten et al., 1995; Romanowicz &giga, 1995; Keall & Frith, 2004a),
although due to the low base rates of crashes rticpkar, power is low for detecting
statistically significant associations. Other mekhao test on-road assessment validity have
been based on finding differences in group perfoeain expected directions, such as
differences in error scores or Pass and Fail eddtween novice and experienced drivers

(Hagge, 1994; Romanowicz & Hagge, 1995).

A major reason for not using standardized scormthe flexibility that a non-standardized
format allows an assessor in drawing on their oftensiderable clinical experience in
deciding whether a person is a safe driver. Fomgik@, a standardized route cannot be used
when an assessment is performed from a person’e lamh in their local area because they
only use their car once a week to do the grocemyppimg and to attend doctor’s
appointments. A standardized scoring system alsseasithe full range of factors influencing
the outcome of an assessment. For example, miggeanéments may indicate a memory
problem, and the impact of confusion may be a gtindicator of unsafe driving that cannot
be simply expressed in a checkbox rating. Thisliiéty may be particularly important when
assessing people with cognitive impairment or ddiaedue to the idiosyncratic way
impairments affect the abilities of individuals. Welieve, however, that it is important that
at least some standardization takes place in dahdrjudgments made between drivers and

between assessors are as equitable as possible.
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3.9 Summary

Researchers have explored a range of methods teuneethe cognitive and sensory-motor
processes that underlie driving, and to find messthat discriminate between those judged
as safe or unsafe drivers. Cognitive measures dawe not produced models strong enough
to make judgments of driving safety based on tbeicomes alone, perhaps because the
over-learned procedural task of driving does natetate well with specific measures of
cognitive domains. There are also some promising@g-motor measures, such as the rapid
pace walk, that could be assessed in future studiesre is little current evidence that
personality measures could be useful to prediatirdyiin older adults, but their ease of
inclusion in studies would recommend them as paytuseful measures for future

research.

Driving simulators have advantages over real-worldroad testing of being able to present
driving situations that cannot be performed in«&atld driving scenarios. Further research
is needed, however, to demonstrate their abilitgitferentiate between drivers who would
be considered safe and unsafe either through ahdoging assessment or through records
of crashes and traffic offences. Computerized assests require the same kind of studies
required of simulators in order to show that tleitcomes are related to real-world driving,
and both simulators and computerized assessmeetstaebe more thoroughly tested with
cognitively-impaired and unimpaired older driveosdietermine if a reasonable percentage of
examinees are able to understand and complete gbessaaments. As with all off-road
assessments, driving simulators and computerizets t&re safe as they do not involve

exposure to risk through actual on-road driving.

In order to find the best predictors of driving ldaj it is necessary to include a broad range
of possible predictors from multiple domains. luttb be that a combination of measures
from different domains provide increased predicposver over focusing on a single domain
such as cognition or personality. A combination cofgnitive measures, sensory-motor
measures, and personality factors could provideoaencomprehensive understanding of
driving than sticking to single domains, as allsinaneasures have shown some degree of

relationship to on-road outcomes.
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CHAPTER 4 -
Study Hypotheses

The primary aim of the three studies describedhia thesis was to find predictors of the
ability to Pass or Fail an on-road driving assesgrnme(1) a group of cognitively-unimpaired
older drivers and (2) a group of drivers with mddgnitive impairment or Alzheimer’s
dementia. Given that cognitively-unimpaired drivens the first study would suffer no
consequences for failing the on-road assessmemtene in the position to be able to follow
this group of drivers to determine whether theres aay relationship between measures
taken at the baseline assessment or the Pass(Radnoe of the assessment and whether

participants went on to experience negative driiaggomes over the following few years.

The hypotheses for each of the three studies asepted below and follow on from the

literature reviews in Chapter 2 and Chapter 3.

4.1 Healthy Older Drivers Study

The primary aim of the Healthy Older Drivers stwdgs to measure the association between
off-road measures of cognitive testing, persondéittors, and sensory-motor testing and on-
road assessment Pass and Fail outcomes. Follolig)grieasures most associated with Pass
and Fail outcome were to be offered to a binarystagregression model in order to find the
most parsimonious group of measures to classifyoad-outcome. The classification model
formed was then to be tested using leave-one-asseralidation to determine the stability
of the model and how likely it would be to genezalto a new sample. In addition to these

major goals of the study, specific hypotheses werestigated.

4.1.1 Hypothesis 1

Gap in the Literature: No previous study had investigated the abilitysMCTestgo aid in
the prediction of on-road driving assessment outcantognitively-unimpaired older adults.
There are also no other computerized tests ofrdyiability that encompass the breadth of

sensory-motor testing offered BMCTests
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Hypothesis: A combination of standard cognitive tests &MCTestsneasures will provide
on-road Pass and Fail accuracy statistics higlaer tinat achieved by previous studies.

Rationale: All older drivers are affected by the physical apa® which occur as part of
ageing (as described in Section 2.4.1). Most ssudieolder drivers concentrate on cognitive
changes that could predict unsafe driving, with fleswing sensory-motor measures other
than simple reaction time of the upper limb or IsmMBMCTestsncludes a variety of reaction
and movement time measures of both upper and ldwdrs, as well as measures of
maximum velocity achieved. These additional visutamocoordination, and visuospatial
sensory-motor measures in combination with standacdcomputerized cognitive measures
may provide an off-road driving assessment with ighdér accuracy for classifying
participants into on-road assessment Pass andgFaulps, particularly for older adults
without manifest cognitive impairment but who atél subject to the physical changes

associated with ageing.

Significance: Finding a combination of tests that predict driviagility in cognitively-
unimpaired older drivers would allow for more cartg in the recommendation of continued
driving currently performed by general practitianieh screen for possible impairments could
alert general practitioners to drivers who coulchddg from a comprehensive driving
assessment. This would lead to fewer unsafe oldezrd on the road.

Study design (Chapter 6):60 drivers aged 70 and over will be recruited donplete a
selection of standard cognitive tests and a sulfseMCTestsneasures. All participants will
complete an on-road driving assessment administieyed driving specialist occupational
therapist and a driving instructor, and will beigsed a Pass or Fail rating and a score on a
0-10 driving scale. A binary logistic regressiondabwill be formed to classify participants
into Pass and Fail groups, with the model theretkssing leave-one-out cross-validation to
simulate the stability and predictive power of thedel in an independent test set.

4.1.2 Hypothesis 2
Gap in the Literature: No previous studies have investigated the abditythe Driving
Anger Scale to predict on-road driving ability ingeoup of cognitively-unimpaired older

drivers.

Hypothesis: Participants with higher scores on the Driving An§eale are more likely to

Fail an on-road driving assessment.
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Rationale: Higher levels of driving anger have been associatéd increased negative
driving outcomes in younger adults (see Sectioh &ihough the scale has not been used in

a sample of older adults.

Significance: If higher scores on the Driving Anger Scale areneisdéed with poorer scores
on the on-road driving assessment then the scale e a potentially useful screening tool
for determining which cognitively-healthy older wi&rs may be at risk for negative driving

events.

Study design (Chapter 6):Same as for Healthy Older Drivers Hypothesis 1.

4.2 Healthy Driver Follow-Up Study

The primary aims of the Healthy Driver Follow-updy were to measure the association
between on-road Pass and Fail outcomes and scarésitial testing conducted for the
Healthy Older Drivers study and subsequent ratesyaghes and traffic offences. We were
also interested in changes in driving behaviourr diie two-year follow-up, and whether
aspects of medical conditions were related to @ssind offences. These goals along with

some additional hypotheses are listed below.

4.2.1 Hypothesis 3

Gap in the Literature: Only two previous studies (Keall & Frith, 2004a; #Aey et al., 2009)
have followed the real-world driving of older drige following an on-road driving
assessment as discussed in Section 3.8. Only odg @nstey et al., 2009) followed people
who had failed the assessment. In both studiedegpendent variable was crashes, which are

a low base-rate driving outcome.

Hypothesis: Drivers who fail an on-road driving assessment wdle a greater incidence of
crashes and traffic offences over the followingrgehan those who pass.

Rationale: Drivers who fail an on-road assessment have netlysdamonstrated driving
behaviours which are considered by the assesdwr ttangerous and likely to mean that the
examinee will go on to have negative driving outesnin real-world driving. We would
expect then that drivers who fail the assessmentdiMoave more negative driving outcomes

than drivers who passed.
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Significance: Due to the few studies that have been able tovotlrivers who have failed an
on-road assessment, a finding that fail scoresaaseciated with an increase in negative
driving outcomes would go some way towards validatithe use of on-road driving
assessments in cognitively-unimpaired older drivérspositive association between fail
scores and subsequent crashes and traffic infriagesmwould demonstrate that even
cognitively-unimpaired older drivers can displayivdrg behaviours indicative of future

adverse driving events.

Study design (Chapter 7):Drivers in the Healthy Older Driver study will bellbwed for
two years with annual interviews regarding theividg behaviour and self-reported history
of crashes and traffic offences over the previoisnbnths. Official records of crashes and
traffic offences will also be obtained, with setir officially-reported crashes and offences
making up the binary variable of crash or offencemcrash or offence.

4.2.2 Hypothesis 4
Gap in the Literature: Previous research has found various cognitive oreasthat are
related to driving outcomes but few studies havyieed participants prospectively over

time to see if these measures predict real-woildndy outcomes.

Hypothesis: Poorer performance on standard cognitive measuresaasociated with

increased crashes and traffic offences over thewolg years.

Rationale: Poorer performance on cognitive tests could irtdidhe presence of as yet

undetected cognitive impairment. LaFont et al. @d0und a relationship between eventual
dementia diagnosis and self-reported crashes wgevten years before the diagnosis. This
indicates that cognitive changes may impact drilaebaviour even before the impairment is
great enough to warrant diagnosis.

Significance: Finding a cognitive measure or measures that ceadigt real-world driving
outcomes over a prospective two-year period woeldiseful for inclusion in screening for
driver safety. An indicator of possible real-wortttiving outcomes coupled with an
indication of reduced likelihood of passing an oad assessment could be a powerful

indicator that more comprehensive driving assessmerquired.

Study design (Chapter 7):Same as for Healthy Driver Follow-Up Hypothesis 3.
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4.2.3 Hypothesis 5
Gap in the Literature: The ability of SMCTeststo predict real-world negative driving

outcomes is unknown.

Hypothesis: Poorer performance oSMCTestsmeasures are associated with increased

crashes and traffic offences over the followingrgea

Rationale: As with the rationale for Hypothesis 4, decremdantsognitive and sensory-
motor performance may be predictive of future negabn-road outcomes even before the

presence of a cognitive disorder is apparent.

Significance: As with Hypothesis 2, early detection of potentmkdictors of negative
driving outcome could form part of a screening asseent to determine whether a driver is

in need of additional assessment.
Study design (Chapter 7):Same as for Healthy Driver Follow-Up Hypothesis 1.

4.2.4 Hypothesis 6

Gap in the Literature: Only one study has investigated the relationshepvben self-
reported lapses, errors, and breaking of road ramesthe relationship to driving in older
adults (Parker et al., 2000) and the outcome vigrialas self-reported crashes in the five
years prior to the study. No study has looked atréfationship between these self-reported

driving behaviours and prospective crashes oritraffences.

Hypothesis: Drivers who report a higher number of driving lep®r errors on the Driver
Behaviour Questionnaire over the immediate yedisviing an on-road driving assessment

will be more likely to have had a crash or trafiitence.

Rationale: As discussed in Section 3.5, self-reported drivedaviours, particularly errors

and lapses, have been shown to be related toegmifted crashes in older drivers. This is in
contrast to other studies which have found viotaito be the biggest predictor of crashes in
younger drivers. As Parker et al. (2000) suggéss, could be an indication of changes in

cognition which make lapses of attention more pfablem for older drivers.

Significance: A questionnaire that aids in the prediction ofroad driving outcomes would
be useful for inclusion in screening tests for olddults. Finding an association between

errors or lapses of attention and the incidencerashes and offences could also replicate
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Parker et al.’s findings and suggest that ageiaddeo the perpetration of errors for differing
reasons than it does in younger drivers. This coeidforce the need for specific driving
assessment of older drivers that are not basectcttbn of the violation of road rules but,

rather, lapses of attention which can lead to @ssh
Study design (Chapter 7):Same as for Healthy Driver Follow-Up Hypothesis 3.

4.2.5 Hypothesis 7
Gap in the Literature: Few studies have investigated the impact of médilceess on
driving, largely due to the difficulties imposed Inydividual responses to illness and the

unpredictable effects of comorbidity.

Hypothesis: Drivers who report experiencing more distress dased with medical

conditions are more likely to have crashes origafffences over the following years.

Rationale: Molnar et al. (2007) found that older drivers wieported being bothered a great
deal by diabetes were more likely to have a crastotty. This suggests that subjective
distress caused by medical conditions may be ailupetdictor of driving ability, perhaps

beyond the simple presence of illness itself. Duéhe complex nature of how iliness and
comorbidity affect individuals, a measure of subjecdistress may work well as a measure

of the functional impact of iliness.

Significance: There is great difficulty in determining the extéotwhich medical conditions
affect driving aside from some main effects fouaddertain conditions such as the presence
of heart disease linked with driving problems (MaGwt al., 2000; Sagberg, 2006). With
little evidence available to suggest the impaamneflical illness, and none to guide decision-
making around the effects of comorbidity, an inguinto the stress related to medical

conditions would provide a useful way to determtime increased risk of an older driver.

Study design (Chapter 7):Same as for Healthy Driver Follow-Up Hypothesis 3.

4.3 Dementia and Driving Study

The Dementia and Driving study (Chapter 8) aimedirid off-road predictors of on-road
assessment Pass and Fail outcomes in a groupvefsireferred to the Driving and Vehicle
Assessment Service at Burwood Hospital due to disgm or suspected diagnoses of

dementia, cognitive impairment, or memory problerivieasures included an extended
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cognitive test battery, questions about medicaldtamns and sensory-motor testing. The
classification model formed was then to be testsithguleave-one-out cross-validation to
determine the stability of the model and estimaie hccurately it would generalize to a new
sample. In addition to these major goals of thelystihhere were several specific hypotheses

investigated.

4.3.1 Hypothesis 8

Gap in the Literature: There is no current study into the ability@¥1CTestsn combination
with standard cognitive tests to aid in the predicof on-road driving assessment outcome
in drivers with mild cognitive impairment or Alzhmeer's dementia. There are also no other
computerized tests of driving ability that encongpése breadth of sensory-motor testing
offered bySMCTests

Hypothesis: A combination of standard cognitive tests &MCTestgneasures will provide

on-road Pass and Fail accuracy statistics higlaer timat achieved by previous studies.

Rationale: Mild cognitive impairment and dementia are ideetlfi by progressive

deterioration in cognitive abilities as discussedection 2.3. As part of the normal ageing
process a number of sensory and motor skills dedlsee Section 2.2) which could have
implications for driving ability. While cognitiveinealthy older drivers may be able to adapt
their driving to the changes associated with noraggling, it is less likely that a cognitively-

impaired driver will be able to do so. Therefore may expect to see that sensory-motor
measures, such as those measures @W@Testsare useful additions to a predictive model

of on-road driving assessment performance.

Significance: All drivers with dementia will need to stop drivireg some point and there is

no general consensus regarding which cognitiveeas@y-motor processes are the most
important to aid in determining when cessation &haecur. With the expected increase in
the number of adults with cognitive impairmenthie toming decades, off-road predictors of

driving ability will become increasingly important.

Study design (Chapter 8):60 participants will be recruited from consecutigéerrals to the

Driving and Vehicle Assessment Service at Burwoastal, Christchurch. All will have
been referred with diagnosed or suspected Alzhéndementia, mild cognitive impairment,
nonspecific cognitive impairment, or memory probéerAll will complete standard off-road

testing withSMCTestsand an on-road driving assessment. A subgroupeset drivers will

53



CHAPTER 4 - Study Hypotheses

complete additional extensive cognitive testing gmdvide additional information about
their driving behaviour. This subgroup of participa will be diagnosed as MCI or
Alzheimer’s dementia on the basis of cognitiveitgsand reports of impairment in activities
of daily living by family members or close friendsleasures will be used to construct

models of Pass and Fail outcome on the on-roadthdrassessment.

4.3.2 Hypothesis 9
Gap in the Literature: No study has investigated the impact of stressted|to medical

illness on a group of driving with mild cognitiveapairment and dementia.

Hypothesis: Drivers with MCI or Alzheimer's dementia who repaxperiencing more
distress from medical conditions will be more likeb receive a fail score in the on-road

driving assessment.

Rationale: Both MCI and dementia are neurological disordemsking any additional
medical illness a candidate for the interactive atieg affects of comorbidity. Distress
related to other medical illnesses may impact ttrd) of people with MCI and dementia

who are already at increased risk of experienchogplpms with driving.

Significance: As stated in Hypothesis 8, the growing number deoldrivers with cognitive
disorders will put extra burden on the health sysite deciding which drivers are likely to be
unsafe drivers. Finding a relationship between @otaused by medical illness and unsafe
driving in this group could be a useful predictbatt could be incorporated into decisions

regarding driving assessment and cessation fop#tient group.
Study design (Chapter 8):Same as for Dementia and Driving Hypothesis 8.

4.3.3 Hypothesis 10

Gap in the Literature: In New Zealand there is no standardized on-rosg@sssnent for
determining whether a driver with cognitive impagm is safe to drive. This raises the
guestion of whether assessments are reliable bdttinwaters and between raters, and
whether there is a particular pattern of on-roadrserthat can aid in discriminating between
on-road Pass and Fail groups.

Hypothesis: An on-road error list will contain errors whichrcdiscriminate between drivers
with dementia or mild cognitive impairment who Passd Fail an on-road driving

assessment.
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Rationale: Although MCI and dementia affect individuals in @mpredictable manner, there
may be broad cognitive deficits that increase tence of certain on-road driving errors. By
examining the documented driving errors of a grof@igrivers with MCI and dementia it

may be possible to find those errors which bestriiignate between Pass and Fail groups.

Significance: Finding a list of discriminative errors could begreat use in the scoring of
on-road driving assessments for drivers with cagmiimpairment. Since most on-road
assessors do not used standardized scoring prese(Korner-Bitensky et al., 2006), a short
list of errors could allow for a more reliable assment of driving in those with cognitive

impairment, both within assessors and between smses

Study design (Chapter 8):Same as for Dementia and Driving Hypothesis 8.dudlitaon, an
on-road error list will be completed by both driginssessors on completion of each on-road

driving assessment.

4.4 Explanation of Hypotheses

The Healthy Driver Follow-up study and the Demerdiad Driving study were largely
designed following completion of the Healthy Old@nivers study. These studies benefitted
from the findings of the first study and their hyipeses reflect this. For example, both the
Older Drivers Follow-up study and the Dementia dwiving study include hypotheses
regarding the effect of distress associated witldioa¢ conditions and driving. Although
medical condition information was collected in tHealthy Older Drivers study, it was not
done so in a systematic manner that allowed fothemy but descriptive reporting, hence
there is no hypothesis regarding medical conditfonshis study. The Dementia and Driving
study includes a hypothesis regarding differencesn-road errors performed between on-
road Pass and Fail groups. The driving error sesdel in this study (and detailed in Section
5.10.1) was compiled based on errors performedoad-during the Healthy Older Drivers

study, hence, this error list was not used in tealthy Older Drivers study.
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Assessment Methods

5.1 Objectives

The objective of this chapter is to list and ddsethe measures used in this research project.

The Healthy Older Drivers study (Chapter 6) uSMCTestsand a selection of standard
cognitive tests to construct models of classifmatior passing or failing an on-road driving

assessment in a group of 60 cognitively-unimpaiieér drivers.

The Healthy Driver Follow-up (Chapter 7) followdaktparticipants from the first study for
two years with annual telephone interviews thathegetd information regarding driving

behaviours, medical conditions, and crashes affittodfences.

The Dementia and Driving study (Chapter 8) uS8dCTestdo classify on-road Pass and
Fail outcome in a group of 60 drivers referred éomedical driving assessment due to
suspected or diagnosed dementia, cognitive impairimememory problems. A subset of 32
of these participants completed additional extensiognitive testing, as well as providing
information about medical conditions, driving beilwav, and being tested on road code
knowledge. Many tests in the Dementia and Drivinglg were used to aid in the diagnosis
of participants mild cognitive impairment or proballzheimer's dementia. The tests used

for this purpose and the process of determinirgydiagnosis is given in Section 8.1.3.

5.2 Demographic Interview

5.2.1 Healthy Older Drivers Study

An interview was used to obtain information regagdiage, education, longest held
occupation, years of driving, handedness, and nmagatical conditions in the Healthy Older
Drivers Study. Participants were asked to estirhate many km they drove a year (less than
5,000, 5,000 - 10,000, 10,000 — 14,999, 15,000,9989 and 20,000 and over) and were also
asked about longer car trips they had taken inptieious year. Total km travelled was
estimated using tables of travel distances and @ddgps (http://maps.google.co.nz/). Km
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totals for additional travel were added to extraped driving log data obtained by
multiplying the km recorded in the weekly drivinggl (see Section 5.3.1) by 52 weeks to

form an estimate of km travelled over the previb@snonths.

5.2.2 Dementia and Driving Study

The interview was shorter in the Dementia and Dgvstudy, due to the expected increased
difficulty MCI and Alzheimer’'s dementia participantvould have in recalling information.
Participants were not asked to estimate their yemileage and were not asked to recall
longer car trips taken in the previous 12 monthee presence of current medical conditions
was investigated using a checklist (McGwin et 2000). Participants were asked whether
they had been diagnosed with or treated in the tpadte months for any of the following:
heart disease, cancer, stroke, Parkinson’'s disesmmgentia, high blood pressure, high
cholesterol, thyroid problems, sleep apnoea, dehetmultiple sclerosis, arthritis,
osteoporosis, cataracts, macular degenerationgtitabetinopathy, glaucoma and retinal
detachment; mental health conditions: depressiomanxiety disorders; and a number of
injuries: broken bones, surgery, falls, and headryn If any of these medical issues were
evident in the last year, they were asked two @rrtfuestions: whether they were currently
taking an associated medication (yes or no), awd tbhathered they were by their condition

on a daily basis (not at all, a little, or a gréaal).

5.3 Driving Questionnaires
Six driving related questionnaires were used tolagpwhether self-reported aspects of
driving or driving knowledge were related to suhsat Pass or Fail score on the on-road

driving assessment.

5.3.1 Driving Log (Healthy Older Drivers Study)

Participants were asked to log of their driving éabur over a one week period prior to the
first assessment appointment. Participants wereiged with a seven-day driving log where
they recorded their odometer readings before ated ahich driving trip. These data were

used to generate a measure of driving exposure.

5.3.2 Driving Anger Scale (Healthy Older Drivers Study)
The Driving Anger Scale (DAS, Deffenbacher et 4B94) was developed to assess the

propensity for people to become angry in drivirtgaions. In college students, higher scores
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on the 14-item Driving Anger Scale have been assediwith increased self-reported risky
driving behaviour (Deffenbacher et al., 2002; Deffacher et al., 2003; Dahlen & White,

2006; Schwebel et al., 2006). The original scals developed using cluster analysis with
the 14-item scale including questions for hostiésstgres, illegal driving, police presence,
slow driving, discourtesy, and traffic obstructioisee Appendix F for a copy of the scale).
Participants rated how much anger they would fleedch situation using a five-point scale
(1 = none at all, 2 = a little, 3 = some, 4 = mugh, very much). Since the DAS had not been
used before in an older adult sample, it was coregléwice by each participant: once at
home before the first appointment and again dutvegoff-road testing appointment in order

to determine test-retest reliability of the measure

5.3.3 Driver Behaviour Questionnaire (Healthy Driver Fabw-Up Study)

The 24-item Driver Behaviour Questionnaire (DBQaRen et al., 1990) was developed to
assess the frequency of occurrence of 24 self4egalriving behaviours divided into three
subscales measuring areas of lapses of attentimrseand deliberate violations of road
rules (see Appendix G for a copy of the questior)alFor each question participants were
asked how often they had performed a certain dyimmanoeuvre in the last year (e.g., “how
often have you gotten into the wrong lane when @ggting a roundabout or intersection?”).
Answers were rated using a six-point scale (0 =enely = hardly ever, 2 = occasionally, 3 =

quite often, 4 = frequently, 5 = nearly all the &)n

5.3.4 Driving Habits Questionnaire (Healthy Driver FollowJp and Dementia and

Driving Studies)
5.3.4.1 Healthy Driver Follow-up Study
The Driving Habits Questionnaire (DHQ, Owsley et 4P99) was developed to collect a
range of information about a person’s driving ie firevious twelve months. The DHQ was
modified in a number of ways from the original fidte Healthy Driver Follow-up study (see
Appendix H for the version used for this study)eBxposuresection was removed as it was
believed that information collected through theviohg log (see Section 5.3.1) and additional
questions regarding longer car journeys would mleva more accurate estimate of driving
exposure. TheDependencesection was removed as we considered the alreagsemt
guestion “Which way do you prefer to get around®uld provide adequate information on
how a participant preferred to travel (e.g., toveihemselves or be driven by others). As the

questionnaire was developed in North America, egfees to left-hand turns were changed to
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right-hand turns. Thériving Spacesection was altered by removing the sixth question
(“During the past year, have you driven to placetside the southeast region of the USA?”),
and changing the fifth question to “During the pgstr, have you driven to places outside of

the South Islandof New Zealan®”. This question included any driving performedtiseas.

A number of additional questions were added toDhK) to assess aspects of driving not
covered in the original questionnaire. These inetudisting the forms of transport a
participant used regularly (drives own car, ridgsaapassenger, uses a taxi, uses a motor
scooter/motorcycle, uses a bicycle, takes the tumadks places), whether the participant
thought they were driving the same amount, morégs® than the previous year, whether the
participant had taken driving lessons in the |l&stryand whether the participant’s doctor had
asked them any questions regarding their drivingpénlast year. Participants were also asked
whether they experienced the same list of medicatlitions described in Section 5.2.2 and
were asked to self-report involvement in crashe&bsraneipt of traffic tickets in the preceding

12 months.

5.3.4.2 Dementia and Driving Study

Participants in The Dementia and Driving study ctetgal a pared-down version of the
Driving Habits Questionnaire used in The Healthydédl Drivers study. The DHQ was
shortened in order to reduce administration tinrepf@rticipants, and also due to problems
expected with requiring people with Alzheimer’s deria and MCI to provide accurate self-
reported information. From tHeurrent Drivingsection only questions 4, 5 and 6 were asked
(Do you wear glasses or contact lenses when yme2iiDo you wear a seatbelt when you
drive? How would you rate the quality of your dngP). Theself-reportedCrashes and
CitationsandDriving Spacesections were removed due to expected inaccurecieporting

in a sample with memory and other cognitive proldeRarticipants were asked about forms
of transport they were using regularly and whettinery experienced the list of medical
conditions described in Section 5.2.2. Often anrmiant was present during the completion
of the DHQ and was able to provide clarificationrdormation left out by the participant.

Since the DHQ was altered substantially for botke thealthy Driver Follow-up and
Dementia and Driving studies, its results should Ib@ considered a test of the DHQ'’s
validity for use with the participants representthgse populations. Also, composite scores

were not computed for some of the sections as itbescby the authors (Owsley et al., 1999).
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The DHQ was chosen due to the inclusion of spesiictions considered to be relevant to
the current studies which otherwise would have tade constructed by the primary

researcher.

5.4 Driving Knowledge Tests

4.4.1 Road Sign Test (Healthy Older Drivers Study)

The Road Sign Test is printed in the docunMedical Aspects of Fitness to Driyslew
Zealand Transport Agency, 2009). The Road Sign iBestcompanied with the instructions:
“If you suspect a person may be showing signs gjdtfulness or memory loss, give them
this simple test on common traffic signs. A persdro has trouble with this test or takes a
long time to answer may need further assessmgnt35). A patient is shown pictures of a
series of six road signs and asked what the siggnmand what action a driver should take

on seeing such a sign (see Figure 5-1 for adapgdtimuli).

O

Figure 5-1 Adapted Road Sign Test stimuli in fromMedical Aspects of Fitness to DriveNew Zealand
Transport Agency, 2009) as used in the Healthy Oldé®rivers study.
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Appropriate responses are provided but no cutaifesis offered for determining whether a
patient has experienced difficulty with the tedteTRoad Sign Test was used in the Healthy
Older Drivers study to see whether scores on ttentere related to Pass or Fail outcome on

the on-road assessment.

The test was presented to participants in The Hga&tder Drivers study using full colour
stimuli of each sign presented individually on aAd size sheet of paper. Each item was
scored a maximum of two points (one point for carrieentification of the sign and one
point for correctly stating what action the driv&nould take) and a summed total score

calculated.

4.4.2 Road Rules Test (Dementia and Driving Study)

Under New Zealand's graduated driver licensing esystlearner drivers are required to
complete a road rules theory test consisting ofa8lom questions from the New Zealand
Road Code consisting of 25 questions about roask rahd road hazards and 10 questions
about safety practices that relate to the typeeatficte licence the person is applying for.
Thirty-two out of 35 questions (91.4%) must be agi®a correctly in order to pass the test.
There is no additional assessment of road ruleswvlauge for drivers once they have
achieved their learner licence. During the on-rdading assessments for The Healthy Older
Drivers study it became clear from on-road drivasgessment reports that many people were
committing road rule violations. A selection of fjbestions from the road code test was
chosen to form a brief road code knowledge test Aggpendix I). We were interested to see
whether the number of road code questions correatigwered would relate to whether
people passed or failed their on-road assessmdittarDementia and Driving study. Having
data on how a cohort of people with dementia wdaitd on the road code questions could be

useful for any future planning of changes to thensing system.

5.5 Visual Acuity (Healthy Older Drivers Study)

The visual acuity of participants in the Healthydéd Drivers study was assessed using a
half-size Snellen eye chart from a distance of &@se Participants read the chart with each
eye individually and then with both eyes togett&soring was recorded in metric with the
number recorded for analysis being the denominatthe fraction, e.g., 6/6 acuity would be
recorded as ‘6’ and is equivalent to 6/6 visioB atetres and 20/20 vision at 20 feet.
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5.6 Sensory-Motor and Cognitive Tests$MCTest3V) (Healthy Older Drivers

and Dementia and Driving Studies)
5.6.1 Apparatus
Two different sets of apparatus were used to complee SMCTestsassessment for the
Healthy Older Drivers and Dementia and Driving g#sd The Healthy Older Drivers study
was performed on a portable system named the @amyerDriving Assessment Tool
(CanDAT™). Participants were seated on a non-swivel dnafront of a desk upon which
sat a 19” inch LCD computer monitor for stimulusplay, and under which sat a set of foot
pedals (accelerator, clutch and brake). Attachatiedront of the desk was a steering wheel
which included turning signal indicators (see Fegbr2). A separate laptop was used to run
the SMCTestsoftware which displayed test stimuli on the m#pant’'s screen and allowed
the assessor to enter biographical details, adtami®sts, store/retrieve raw data, and

analyze test performance.

Figure 5-2. The CanDAT hardware running SMCTestssoftware used for The Healthy Older Drivers
study.

For The Dementia and Driving study tl8MCTestssoftware was administered using a
modified car body apparatus (Figure 5-3). In theside the steering wheel, indicator stick,
and foot pedals (accelerator and brake) were mxted to the A/D board of a Pentium PC.
Using the PC’s first graphics board, a data projedisplayed 1024 x 768 pixel (80 x 60 cm)
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images of the test stimuli on to a plain wall diea front of the participant with an eye-to-
screen distance of approximately 180 cm. A montonnected to the second graphics board
on the PC, allowed the assessor to runSNECTestsoftware as described for The Healthy

Older Drivers study above.

Figure 5-3. The modified car body hardware runningSMCTestssoftware used for The Dementia and

Driving study. During testing room lights are switched off and test stimuli are projected onto the walin

front of the apparatus.

5.6.2 Tests

A subset from theSMCTestsbattery was used during the Healthy Older Drivarsl
Dementia and Driving studies. The Healthy OldervBrs study used three sensory-motor
tests (Footbrake and Clutch, Ballistic MovementheSand Random Tracking), and five
cognitive tests (Arrows Perception, Divided Attenti Visual Search, Complex Attention
and Planning). For the Dementia and Driving stutlg, Footbrake and Clutch and Visual
Search were omitted from this list. The tests ascdbed below and in more detail in the

User Manual Christchurch Neurotechnology Research Program20@6).
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5.6.2.1 Sensory-motor function tests

Footbrake and Clutch- This test assessed a participant’s ability spoad quickly to a
visual stimulus. Participants were presented witinaic light display with green and red
lights. Participants were required to depress iteelarator pedal to illuminate the green
light. After a random interval (2—6 s) the greaghtiturned off concurrently with the red light
turning on. Participants must then respond bynliftitheir foot off the accelerator and
depressing the brake and clutch pedals simultahedtiming of the movement requires that
both brake and clutch pedals be fully depressed, timing is not complete until both the
accelerator and clutch pedal have reached theidépression, thus requiring strength in both
legs. There were ten trials. The lowest two reactime and movement time scores were
automatically excluded in order to control for ¢er$, and the remaining eight reaction and
movement times were averaged to give mean reaetimh movement times. Times are

recorded in ms.

Ballistic Movement This test assessed reaction time, movement &ine peak velocity for
arm movements in response to a non-target stimBlaticipants were required to move an
on-screen arrow out of a box and across a linespanse to a random 3-7 s latency stimulus
(the line colour changes from red to green whicls e signal for the participant to move
the arrow across the line as fast as possible)ctReatime (time to respond to the stimulus
change in ms) and movement time (time to crosditieestimulus in ms) were recorded in
each arm separately. There were 16 trials, foue&mh arm in both left and right directions:
the participant moved the steering wheel to thatngith right arm, then left with left arm,
then right with left arm and right with left arm.eén reaction time, movement time, and total
time scores were calculated using times from theribs. Speed of movement wsa also
recorded in mm/s. Placement of participants’ hamushe steering wheel was standardized,
with each participant directed to centre the armowhe centre of the screen and grasp the top

centre of the steering wheel.

Sine Tracking- This test assessed participants’ ability to kee@rrow point on a sinusoidal

wave which descended from the top of the screeh ant8.0 s preview before reaching the
arrow point. The vertical position of the arrow thie screen was fixed, with participants able
to move it left and right to track the curve of tthescending line. Participants were asked to
use both hands at ‘ten o’clock’ and ‘two o’cloclogitions on the steering wheel. The task

required smooth movements over a 1@Mige of the steering wheel. The average absolute
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horizontal distances of the point of the arrowte line were sampled at 60 Hz over the 70 s

duration of the test and recorded in mm.

Random Tracking This test is similar to Sine Tracking but the targe a randomly
generated waveform. Again, participants were askekkep an arrow point as close to the
line as they could, with error averaged in mm awer 70 s test duration (in Figure 5-4 the
random line stimulus can be seen in the centree&treen). The Sine and Random Tracking
tests were performed twice each and alternated wth another: Sine Tracking trial 1,

Random Tracking trial 1, Sine Tracking trial 2, Ham Tracking trial 2.

Figure 5-4. Example of theDivided Attentiontest. The participant has to follow the yellow radom line

target with their vertical arrow using the steering wheel while also verbally indicating whether the dur
horizontal arrows are pointing in the ‘same’ or ‘different’ directions. In this example the arrows are

pointing in different directions.

5.6.2.2 Higher cognitive function tests
Arrows Perception- This test required participants to decide whetbar simultaneously

presented arrows were pointing in the same dine¢ad pointing left or all pointing right) or
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whether one or more arrows were pointing in différdirections (e.g., one arrow left and
three right, two arrows left and two right, et@he participant was directed to say “Same” if
all arrows were pointing in the same direction abdferent” if one or more arrows were
pointing in different directions (in Figure 5-4 therow stimuli can be seen at the edges of the
screen). The assessor recorded the same or difféeersion by pressing ‘s’ or ‘d’ on the
keyboard respectively. The computer recorded the tin seconds for each response, and
whether the response was correct or incorredhelfparticipant did not respond within 4.8 s a
‘no response’ was recorded for that trial. Each afefour arrows was displayed for a
maximum of 4.8 s (otherwise a ‘no response’ triaswecorded), with a 1.0 s delay between
each set. There were twelve trials in the test.

Divided Attention— This test combines simultaneous Arrows Percepaaod Random
Tracking tests (see Figure 5-4).

Visual Search—Visual search, including left-right or centralipderal vision bias was
examined using 20 trials (see Figure 5-5). A bothattop of the screen contained the target
stimuli of a left turn and right turn arrow. Therpapant was instructed to search father

of these arrows in the maintain stimulus area belve steering wheel was to be turned in
the direction that the arrow was pointing. For eglanFigure 5-5 the target arrow in the
array of symbols is a left turn arrow (located jabbve the horizontal midline on the right
side of the screen). Therefore, the participanukhturn the steering wheel left. Each screen

was displayed for a maximum of 10.0 s.

There was an interval of approximately 2 s betwesch trial in which time the participant
was asked to again centre their steering wheele&oh trial the response time was recorded
as well as whether each steering wheel turn wathencorrect or incorrect direction or
whether it was not moved at all (designated a m@paonse trial). The mean average response

time (minus any non-response trials) was reported.

Complex Attention- This test assessed participants’ ability to ma@mnattention on a task
despite visual distracters. The test began witraow at the bottom of the screen (see
Figure 5-6). A box at the top right of the screentained a green light and below this was a
smaller grey box at the same level as the arrovthAttop of the left side of the screen was
an empty box identical to the top right hand box Wwithout a green light stimulus. Below
and to the right of the empty box was a solid gieen
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Figure 5-5. Example screen from the Visual Searctest. The target stimuli are shown in the top boxA

‘turn left arrow’ is shown in the middle right side of the main box amongst 69 distracter stimuli.

Participants were asked to move the arrow intosthall box on the right side of the screen
and to remain under the green light until it movedhe grey box on the other side of the
screen. At this point participants were asked towertheir arrow until it was again under the
green light. The top green light changed sideg afturation of between 3 and 5 s regardless
of where the participant’s arrow was located. Tlenputer recorded the time from the
changing light stimulus to when the participant mthe arrow out of the box as reaction
time, and the time it took to move over the graghtlas movement time. If the participant
was not within the small box at the time that tlgatlchanges or within 180 ms of the change
the trial is recorded as ‘invalid’, and if the peiptant failed to move the arrow past the green
line within 3.0 s of the changed stimulus the twals recorded as a ‘lapse’. The test consisted

of 21 trials that took 2 min 27 s to complete.
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Figure 5-6. Example of on-screen presentation ofdnplex Attention. The participant is asked to keep

their arrow under the green light.

Scores were tabulated to provide the mean reaatidnrmovement times across trials as well
as the standard deviation measure of each. The togdriime and the number of lapses and

invalid trials were also recorded.

Planning — This test assessed the ability to use accuiraiagt and judgment to complete
multi-step behavioural tasks. Participants weresgméed with a streedcene in plan view,
that consisted of a two-lane road boarded by ergmen spaces (‘grass’) and a small blue
car situated in the left lane. Participants wergructed to ‘drive’ the car on the road by
pressing the accelerator. When the acceleratordepsessed the road diagram moved down
the screen at 29 mm/s, after a constant accelerpéinod of 1500 ms. The actual position of
the blue car remained stationary on the screen.rd&e was usually straight except for one

section of curved road. Participants were told titasome stage a hazard (puddle of spilt
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paint) or intersection would appear in the roadwhgad of their car (see Figure 5-7 for the

car approaching an intersection).

Participants were instructed to ‘overtake’ the tspidint hazard by selecting the right
indicator (mounted on the right side of the stegnwheel in theCanDAT setup for the

Healthy Older Drivers study and in a single statktbe right of the steering wheel in the
modified car body setup for the Dementia and Dgvatudy), moving onto the right side of
the road, straightening the car, selecting theifeficator and moving back to the left lane
once past the hazard. As there were cars comingrtswvthem in the right-hand lane
participants needed to determine at each hazarthehthey could perform this manoeuver
without stopping, or whether they needed to stdpreehe paint and wait for a gap in traffic

to complete the passing manoeuvre.

A range of measures from Planning were utilizeterld road position error (mm) where the
standard deviation from the participant’s ‘X’ comae position was measured during driving
on straight road sections without hazards; duratioposition errors (s) where the length of
time spent with any part of the blue car crossedrtad was recorded; intersection safety
margin (mm) where the mean distance from other edre crossing intersections was
recorded; number of hazards hit; number of craskiéls other cars; and total distance

travelled (m) during the test.
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Figure 5-7. Example of on-screen presentation ofl&ning. In the example the participant’s blue caris

approaching an intersection where the participant mist use the brake pedal to stop behind the yellow
lines and must then choose a safe time to press thecelerator to cross the intersection.

5.7 Standard Cognitive Function Tests

A battery of standard cognitive function tests wehmsen for the Healthy Older Drivers

study and Dementia and Driving study. As the Hgaldtder Drivers study consisted of older

drivers with no diagnosed cognitive impairment, tluenber of cognitive tests was kept to a
minimum, with those selected chosen to highlight aaticeable cognitive decline that may

have been present in individuals. For the Demeantid Driving study the tests served two

purposes. First, diagnoses of MCI and Alzheimegmadntia were informed by assessment
results. Secondly, additional tests were addedtaliiypotheses about the kinds of cognitive
difficulties that might be associated with the #ypilo drive safely.

Cognitive function tests for the Healthy Older Rrig study consisted of four tests: a
standardized version of the Mini-Mental State Ex@wiolloy & Standish, 1997), Trail
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Making Tests A and BRrainmetrig 2011), the Wechsler Test of Adult Reading (Weehsl
2001), and the Dementia Rating Scale — 2 (Jurie& ,€2001).

Cognitive function tests for the Dementia and Drgvistudy consisted of fourteen tests: a
standardized version of the Mini-Mental State Ex@olloy & Standish, 1997), the
Wechsler Test of Adult Reading (Wechsler, 2001)p taubsets of the Delis-Kaplan
Executive Function System (D-KEFS) (Verbal Fluerenryd Colour-Word Interference)
(Delis et al., 2001), Trail Making Tests A and Brg&inmetric 2011), the Alzheimer’s
dementia Assessment Scale — Cognitive behaviouA&Lo0g) (Mohs, 1994), three subtests
of the Visual Object and Space Perception Batté@IP) (Shape Detection Screening Test,
Incomplete Letters, and Silhouettes) (WarringtonJ&mes, 1991), two subtests of the
Wechsler Adult Intelligence Scale — Third EditioWAIS-III) (Letter-Number Sequencing
and Block Design) (Wechsler, 1997), The Rey Comptegure Test (copy and 3-minute
recall trials) (Meyers & Meyers, 1995), and the ®enJudgement of Line Orientation test
(Benton, 1983).

5.7.1 Mini-Mental State Exam (Healthy Older Drivers andd@nentia and Driving

Studies)
The Mini-Mental State Exam (MMSE) is a commonly diskerief screen for cognitive
impairment and includes 22 items covering areasr@ntation to time and place (asking
what year it is, the date, season of the year st@rt-term memory (asked to recall three
words after a gap of a few minutes, and carry owtrbally presented command), language
(asked to repeat a phrase, name two items, spaté backwards, and write a sentence), and
constructional ability (asked to copy a figure mterlocking pentagons). The maximum score
is 30 with a score of below 26 often used to inwicdhe potential presence of cognitive
impairment. The MMSE is a useful tool for detectithg presence of dementia but has poor
sensitivity for detecting people with mild cogngivmpairment or mild dementia who will
often score in the normal range (Nasreddine ek@D5; Smith et al., 2007). A standardized
version of the Mini-Mental State Exam (SMMSE) waed, based on a version described by
Molloy and Standish (Molloy & Standish, 1997), winicas been shown to have higher inter-
rater and test-retest reliability and is easieadminister than the original version (Folstein et
al., 1975; Molloy et al., 1991).
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5.7.2 Trail Making Tests A & B (Healthy Older Drivers an®ementia and Driving

Studies)
Trail Making Tests A and BBrainmetric 2011) are used to assess visual scanning,
visuomotor tracking, divided attention, and cogmtflexibility (Lezak et al., 2001). For Part
A of the test, participants are asked use a pémdihk together numbers presented in circles
(1 to 25) in the correct sequence (i.e., 1 connects 2 to 3, 3 to 4, etc.). Part A measures
visual scanning ability which is essential in ordercomplete Part B of the test. Part B
consists of joining together numbers and letterss@mted in circles in numerical and
alphabetical order while switching between the (W&, 1 connectsto A, Ato 2, 2to B, B to
3, etc.). The test was administered following nstions by Strauss et al. (2006) with time to
completion (s) used as the dependent variabléndribementia and Driving study, those who
were unable to finish the test were assigned a mmamxi score of 600 s. The Trail Making
Test is sensitive to cognitive decline in thosehwdlementia, traumatic brain injury, and
Huntington’s patients, amongst other conditionsz@leet al., 2001). For the Dementia and
Driving study the score on the Trail Making Testreveeonverted taz scores based on
normative data provided by Tombaugh (2004) whidiuides age- and education-stratified
norms for a sample of non-cognitively-impaired G#iaas recruited from the general
population.

5.7.3 Wechsler Test of Adult Reading (Healthy Older Drigeand Dementia and Driving
Studies)

The Wechsler Test of Adult Reading (Wechsler, 20€dn)sists of a list of 50 words with
atypical grapheme to phoneme translations thaicgzahts are asked to read aloud (e.g.,
liaison, porpoise). The number of words correcthad is then converted to an estimated
premorbid Full Scale 1Q score. It therefore is nséd in the diagnosis of dementia in The
Dementia and Driving study. The ability to read dasrs not usually affected by injury or the
early stages of dementia provided the participaut tieveloped reading skills prior to the
onset of cognitive disorder. The WTAR has beendetid against the Wechsler Adult
Intelligence Scale — IIl with correlations with F&cale 1Q of .74, .78, .72, .69, .68, and .76
with age ranges 55-64, 65-69, 70-74, 75-79, 80a8d, 85-89 respectively (Wechsler, 2001).
Norms were taken from the WTAR manual using thetéthBStates ‘White Male’ and ‘White

Female’ Full Scale-1Q estimates stratified by age gears of education.
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5.7.4 Dementia Rating Scale — 2 (Healthy Older Driversu8y)

The Dementia Rating Scale — 2 (Jurica et al., 2@®4gstigates five areas of cognition that
are sensitive to changes associated with demeattiention (repeating a span of verbally
presented digits, following commands, and imitatianitiation and perseveration (naming
items that can be bought in a supermarket, namitigjeaof clothing worn by the assessor,
repeating back sounds, repeating movements, tapaindniythm, and copying simple
drawings), construction (copying more complex dragsi and writing their name),
conceptualisation (grouping similar drawings, amanimg how two items are similar), and
memory (recalling a sentence after a delay, retimgniof words from a word list, and
recognition of designs from a design list). A tatabre is constructed from the results of the
five subscale sections, and an age-and educatjostad score is calculated using the
Dementia Rating Scale-2 manual. A scaled scoreasfdPabove is described as ‘intact’, with
scores between 6 and 8 described as mildly impadrénl 5 as moderately impaired, and 3 or

less as severely impaired.

5.7.5 Letter Fluency and Category Fluency (Dementia andidng Study)

Letter and Category Fluency tests measure theofaterbal production of words starting
with three different letters (F, A, and S), andntHer two different categories (names of
animals and boys names). Reduced verbal fluenojtésm found in people with dementia
(Lezak et al., 2001), and may be related to frolufa¢ damage. Age-corrected norms were

taken from the D-KEFS manual.

5.7.6 Colour-Word Interference (Dementia and Driving Styll

Otherwise know as the Stroop test, Colour-Wordrfatence measures the time it takes for
participants to read a list of colour names wheass@nted with a page containing patches of
colour, to read a list of colour words presentedlsck ink, and to read the ink colour of
words that are written in a different coloured inim the what the word actually says (i.e.,
the word “red” written in green ink should be ressigreen). The length of time taken to read
the non-congruent word and coloured ink trial anel humbers of errors made during the
task are used to demonstrate difficulties with rait&, concentration and/or response
inhibition, which are all aspects of cognition atied by dementia. The Inhibition/Switching
subtest was not used for The Dementia and Drivindys Age-corrected norms were taken
from the D-KEFS manual.
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5.7.7 Alzheimer's Dementia Assessment Scale — Cognitiedd&/iour (Dementia and

Driving Study)
The Alzheimer’'s dementia Assessment Scale — CogniADAS-Cog, Mohs, 1994; Mohs et
al., 1997) is a more intensive screen than the MMEBementia Rating Scale — 2, with 10
tests measuring word recall (10 words with 3 pregen and recall trials with a delayed
recall trial a few minutes later), ability to follo four progressively more complex
commands, constructional praxis (copying four sbaparcle, overlapping rectangles,
rhombus and cube), naming 12 objects and five fgigedeational praxis (folding a letter,
placing it in an envelope and sealing the envelop#&ing own address and showing where
the stamp goes), a short list of orientation goestidate, season of the year etc), a word list
followed by a recognition trial, finding a way thugh a short maze, and number cancellation
(finding two number targets in an array of numbei)ere are also four assessor-rated
questions regarding difficulties in rememberingt tesstructions, comprehending spoken
language, word-finding problems, and language pmbl The ADAS-Cog is most
frequently used to assessment cognitive deficies time as part of pharmaceutical trials for
people with dementia. For the Dementia and Dristugy subtest the total error score was

used.

5.7.8 Shape Detection Screening Test, Incomplete Lettars] Silhouettes (Dementia
and Driving Study)

Three subtests from the Visual Object and Spaceepgon Battery were used to assess
deficits in object and space perception that caztufollowing brain damage. The Shape
Detection Screening Test is used as a screen tk ¢he participant’s vision. Incomplete
Letters presents a series of 20 black capitalrietd® which 70% of the black ink has been
randomly degraded. Participants must respond asghioh letter of the alphabet is being
viewed. The Silhouettes test presents 15 pictuaeh @f animals and objects which are
presented in silhouette form. Silhouettes were drdmm the outlines of objects with
varying degrees of angular rotation. Iltems areeneesl in order of difficulty. Norms were
taken from a paper by Herrera-Guzman et al. (2a@ig healthy older adults from a
Spanish population. Norms were age stratified,vieerie only available up to the age of 80,
therefore they may underestimate the abilitiesenfgbe in the 80 and above age group.
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5.7.9 Letter-Number Sequencing (Dementia and Driving Si)d

Letter-Number Sequencing is a subtest of the Wecksglult Intelligence Scale — Il (WAIS-
lll, Wechsler, 1997) which measures working memamy attention. The task consists of the
examiner reading a string of numbers and lettedsamking the participant to rearrange and
repeat the sequence back with numbers first in nigaleorder and then the letters in
alphabetical order (e.g., the sequence 7-N-4-L Ishioel repeated back as 4-7-L-N). The test
starts with a list size of two and continues téastaidize of seven with each list size presented
with three different letter/number strings. Papasits are required to fail all three strings of a
certain length in order for the test to be disamntid. The score is the number of correct
items. Age-corrected norms were taken from the WiNIghanual.

5.7.10 Block Design (Dementia and Driving Study)

Block Design is a subtest of the Wechsler Adulelligence Scale — IlIl (Wechsler, 1997)

which measures visuospatial organisation. Partitgpaare asked to construct two-

dimensional designs using blocks with red, whitej eed/white faces. Participants are first
asked to copy the assessor in making a designtemddonstruct models to match a set of
drawings. Once several designs are made usingbfoaks, participants are asked to make
designs using nine blocks. Performance on Blockigdeis often lowered in the presence of
any kind of brain impairment. Block Design was a@dmw$or The Dementia and Driving study

due to the importance of visuospatial understandindyiving ability. Age-corrected norms

were taken from the WAIS-IIIl manual and were.

5.7.11 Rey Complex Figure Test (Dementia and Driving Stydy

The Rey Complex Figure Test (Meyers & Meyers, 1995)sed as a measure of perceptual
organization and visual memory. The participanpiesented with a drawing of a figure
comprised of both large and small details and ke@s$o draw a copy of the figure as well as
they can. Scoring includes both the time it tal@slie person to finish the drawing and the
accuracy of 18 parts of the drawing each with aimar score of 2 points (including half
points), one point for accuracy of the drawing &mel other for the accuracy of placement
within the Complex Figure stimulus. In The Demendéiad Driving study, a delay of
approximately 3 minutes followed the copy trial dref the participant was asked to draw as
much of the figure as they could from memory. Omaggin, time used to complete the
drawing and the accuracy and placement of 18 el=rafnthe drawing were scored. Age-

adjusted norms were taken from the Complex Figuaeual.
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5.7.12 Judgment of Line Orientation (Dementia and Drivin§tudy)

The Judgement of Line Orientation test (JOLO, Bentb983) measures the ability of

participants to estimate angular relationships betwline segments. The participant is
presented with eleven numbered line segments pgegséna fan array and is asked to name
the numbers of the two lines from the array thatcimawo lines presented above the array
(see Figure 5-8). People with dementia often perfeery poorly on this test (Lezak et al.,

2001), and the test was included for The DememtthRriving study to investigate whether

visuospatial deficits detected by the test aretedldo problems in driving. Age and sex

adjusted norms were taken from Benton et al. (1994)

LAl

Figure 5-8. Example of a JOLO stimulus. The partigpant is asked to give the numbers of the two lines

from the completed array (here presented on the rigt) that match the stimulus lines shown here on the

left. The correct answer for this item are lines &nd 10.

5.8 Psychiatric Screens and Personality Psychometrics
Apart from cognitive and sensory-motor testing,speality characteristics and symptoms of

psychiatric problems may impact driving.

5.8.1 Beck Anxiety Inventory (Healthy Older Drivers Stuyply

The Beck Anxiety Inventory (BAI, Beck, 1990) is aeasure of trait anxiety which is the
propensity for people to become anxious acrossigeraf everyday situations. In a study of
young adults, trait anxiety was related to higharels of driving anger and more risky
driving and crashes (Deffenbacher et al., 2003). tRe Healthy Older Drivers study, we

were interested in whether those with higher lewdldrait anxiety were more likely to
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receive a fail score on the on-road driving assessnRaw scores of the number of items
endorsed on the BAI were recorded for analysis.

5.8.2 Geriatric Depression Scale (Healthy Older DriveraaDementia and Driving

Studies)
The Geriatric Depression Scale (GD}¥)ing Clinical Research Cente2011) was developed
specifically for older adults by removing many dietphysical symptoms of depression
present in other depression scales which occuhagheer frequency in a non-depressed older
sample (e.g., lack of energy, problems sleepin@pe $creen exists in a long form of 30
guestions and a short form of 15 questions. Thg foorm was used for the Healthy Older
Drivers study and the short form for the Dementia ®riving study. A previous study
followed drivers aged 55 and over prospectively fiee years and found that those with
higher GDS scores were 2.53 times more likely torlvelved in a state-recorded crash in
that time compared to those with low GDS scores$Xt al., 2000). The GDS was used as a
screen to detect the presence of depression, aul tal see whether there was any

relationship between GDS scores and the outcortteeadn-road driving assessment.

5.8.3 Big Five Personality Scale (Healthy Older Driversusly)

The Big Five Personality Scale (John & Srivastal®99) was utilized to measure five
personality dimensions: extraversion, agreeablenessscientiousness, neuroticism, and
openness to experience to determine whether there any relationships between scores on

these variables and on-road driving outcomes.

5.9 Activities of Daily Living Questionnaires (Dementiaand Driving Study)

A diagnosis of dementia depends on the presensmgificant cognitive impairment as well
as impairment in activities of daily living (ADLYVhen cognitive impairment is present and
ADLs are not significantly impaired then a diagrsosf dementia cannot be given. Instead, a
diagnosis of mild cognitive impairment may be apprate. Measures of ADLs can be
divided into more simple basic tasks such as drgsgoileting and personal hygiene, and
more complex activities (often called instrumerdativities of daily living, IADL) which
rely on higher order cognitive ability, such as nogynand executive functions (Marson &
Hebert, 2006). Driving is often classed as an IAdIe to its use of a combination of more

simple automatic procedural motor skills with im&tent demands on higher order skills
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such as complex attention, judgment and decisiokingaFor The Dementia and Driving
study, it was essential to collect information abADLSs in order to discriminate between
participants with MCI and Alzheimer's dementia. $eemeasures may also be useful for
determining whether a participant is likely to PassFail an on-road driving assessment.

Described below are the three informant questiorrsaised for this task.

5.9.1 Four-ltem Instrumental Activities of Daily Living $ale

The Four-ltem Instrumental Activities of Daily Livg scale (4IADL) was developed by Li et
al. (2006) from a larger group of items assemblgdshlasko et al. (1997). Li et al. (2006)
administered 18 ADL questions to a family membercaregiver of participants without
cognitive impairment, with diagnosed MCI or Alzh&rs dementia. Using logistic
regression, the authors found a set of four itenhschv discriminated between the two
diagnostic groups. These items assess the pataility to find personal belongings around
the house, manage their finances, keep appointreemteetings, and to read and talk about
material found in books, magazines or newspapdrs. aldition of a single question about
whether the informant thought that the patient’'smory or other mental abilities had
declined (answered simply ‘yes’ or ‘no’) lead tdimal sensitivity for classifying MCI of
86.5% and a specificity of 79.5% and a sensitifatry classifying dementia of 85.7% and a
specificity of 85.2%. Scoring is completed by adylihe totals of the four standard items and
subtracting the score for the single question #ds&s about the decline of memory and other
mental abilities. Lower total scores correspondgteater impairment. The authors also
provided cutoff scores for the diagnosis of MCI @&izheimer’'s dementia.

5.9.2 Alzheimer's Dementia Activities of Daily Living lrnational Scale

The Alzheimer’'s dementia Activities of Daily Livinimternational Scale (ADL-IS, Reisberg
et al., 2001) was developed through a process mérexeview, interviews with people with
dementia and their caregivers and finally a triging controls and people with MCI and
Alzheimer’'s dementia. The aim of the scale wasdasénsitive to detecting MCI and mild
Alzheimer's dementia, as well as being sensitivech@ange over time. The scale was
developed to gather information about a large semgpdf daily living activities that are
affected by MCI and Alzheimer’'s dementia. The scalesists of 40 items from 13 different
categories (conversation, recreation, self-careysédnold activities, general activities,
medication, social functioning, telephone, readorganization, food preparation, travel, and

driving) and correlates with scores on the MMSE (81) and the Global Deterioration Scale
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(r = .81) which measures the level of impairmentgeople with dementia. For each question
an informant is asked about the frequency of perémice of certain activities with responses
rated either on a 5-point scale (0 = never, 1 =edones, 2 = often, 3 = always, and 4 =
activity no longer performed), or as ‘activity wasver performed’, or ‘unknown’. Scoring is
completed by summing the scores of the items ratethe 5-point scale and dividing by the
number of items rated using the 5-point scale. His tway, activities that were never
performed and activities about which performancarnknown are not included in the final

score. Higher scores correspond to greater impairme

5.9.3 The Informant Questionnaire on Cognitive Decline ithe Elderly

The Informant Questionnaire on Cognitive Decline tire Elderly (IQCODE, Jorm &
Jacomb, 1989) facilitates assessment of cognitigelie from pre-morbid levels of
functioning. The scale asks the informant to thohkvhat their friend or relative was like 10
years ago and compare what they are like curréotlq list of items such as ‘Learning new
things in general’ and ‘Remembering things thatehbgppened recently’. Each response is
score on a 5-point scale (1 = much improved, 2b#t anproved, 3 = not much change, 4 = a
bit worse, and 5 = much worse). This system of iegoallows for both declines and
improvements in functioning to be measured. A ltrgn of 26 items and a short form of 16
items exist, with Jorm (2004) suggesting that thartsform is most appropriate to use for the
English version of the scale. Scoring consistsushming item scores and dividing by the
number of item responses with higher scores ingigahore impairment. A review article
presents a collection of cut-points suggested lyaas who have used the scale on a general
population sample as well as clinical samples amgigssts a cut-point of 3.44 has a
reasonable balance of sensitivity and specifi@tydetecting dementia in clinical samples of
around 100% and 86% respectively (Jorm, 2004).

5.10 On-Road Driving Assessment

On-road driving assessments were conducted by geriexced driving occupational
therapist and a driving instructor, both from theving and Vehicle Assessment Service at
Burwood Hospital, Christchurch. On-road assessa®wlind to the results of all off-road
testing. Participants were able to use their ows ¢automatic or manual) for the driving
assessment, as older drivers are more likely te pan-road driving assessment if they use

their own car (Lundberg & Hakamies-Blomqgvist, 2008he driving instructor sat in the
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passenger seat, provided directions, and maintaseddty of the vehicle while the
occupational therapist sat in the rear and obsedvieihg performance. All participants in
the Healthy Older Drivers study travelled the saheminute public road route with an equal
number of left and right turns. Participants in eving and Dementia study did not all
drive the same route, and many started the roata their own homes (see below for more
details on this). Road conditions included singledl roundabouts, dual-lane roundabouts,
dual-lane roads, controlled intersections (yield atop signs, and traffic light controlled),
uncontrolled intersections, and changes in speed @a., 50 km/hr, 60 km/hr, and 80 km/hr
sections). Driving ability was rated as a consemzass or Fail score. The assessors were free
to use any information to inform this decisionwhis standard practice in driving assessment
situations for occupational therapists to incorpmearange of information into their outcome
decision, including a person’s manner on the tedaph missing of an appointment, manner
during the off- and on-road assessments, expressegtrns of family members present, and
orientation to place, time, and reason for reqgiran driving assessment. In the current
studies the on-road assessors were blinded to flatbad testing results, and so their
experience of the person’s behaviour was basethanliehaviour just prior to, during, and

following the on-road driving assessment.

Following the Pass and Fail score decision, a nigivécale score was assigned by the
occupational therapist using an 11-item ordinalidg scale where scores of 0-5 could be
given to those in the Fail range and scores 6-t@ngio those in the Pass range (Innes et al.,
2007) (see Appendix J for a copy of this scale)s Bioale was designed to give a continuous

measure of how well a person performed in the @u@ssessment.

Following the on-road assessment in the Healthye©Mrivers study, the occupational
therapist provided feedback to the participant méigg driving errors and the correct
behaviour for these situations. The occupatioradapist was also free to recommend driving

lessons for drivers if she felt there were safetycerns.

Common errors performed during the on-road assegsméhe Healthy Older Drivers study
were compiled into an error checklist which wasntlused in an effort to standardize the
collection of driving error data for the DementradeDriving study (see Section 5.10.1) In the
Dementia and Driving study the on-road assessmaute rwas not standard, with some

participants beginning the assessment from BurwHodpital and others beginning the
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assessment from their homes. The home option wed i people who did not have a
family member able to arrange their transport, ¢hobo were considered unlikely to be able
to attend an appointment due to the extent of twgnitive impairment, and those who were
resistant to attending. Those who drove from hormeeevoften asked to drive a number of
familiar routes rather than a novel route. Both tloeupational therapist and the driving

instructor monitored driving errors and filled irdaving error form following the drive.

5.10.1 On-Road Error List (Dementia and Driving Study)

An on-road error list with a standardized recordmgcedure was constructed based on the
noted errors from on-road reports for the partietpan the Healthy Older Drivers study. The
form contained the 28 most frequently performedidg with extra spaces provided for
assessors to write in any additional errors theyght were worth noting. The list was then
given to the driving instructor in the Healthy Olderivers study and two occupational
therapists to add other errors that they commohbeoved in drivers with dementia. For the
final list (see Appendix K), assessors were askeiadicate errors with check marks under
three categories: ‘error present’ which simply dotlee performance of an error, ‘persisted
despite instruction’ for errors that persisteddwling corrective feedback, and ‘contributed
to fail judgment’ for those errors that were deensstious enough to have directly
contributed to a Fail rating. Assessors were alkske@ to rate the participant’s level of
insight, awareness of any driving problems andpteeness to feedback. These additional
ratings were scored as ‘yes’, ‘limited’, or ‘no’.sféessors also rated whether a participant

could benefit from driving lessons, as either ‘yas'no’.
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CHAPTER 6 -
Study 1 — Healthy Older Drivers

This chapter explores a range of cognitive, senaswior, personality, demographic and
SMCTestsmeasures to determine their relationship to owraasessment Pass or Fail
outcome in a group of cognitively-unimpaired drvaiged 70 and over. Following detection
of the variables associated with Pass and Faibouwtca classification model was constructed
using binary logistic regression which was thencg&led for stability using leave-one-out

cross-validation.

6.1 Methods
Ethical approval was obtained for this study thiodige Upper South A Canterbury Ethics

Committee.

6.1.1 Participants

A convenience sample of current drivers was reeduftom churches, recreational groups,
word of mouth, and advertisements placed in twoe flecal health magazines in
Christchurch. Participants were mailed an infororatsheet about the study (see Appendix
L) and all participants gave informed consent (8@pendix M for a copy of the study

consent form).

Sixty participants (30 males and 30 females) adgetbB4 years were recruited to obtain 10
men and 10 women in each of three age ranges (705/49, and 80+ years; mean=76.7
years); 93% identified their ethnicity as New ZealeEuropean. All were current drivers,
with an average of 55.1 years of driving experieroeclusion criteria included a history of
moderate to severe brain injury, diagnosed neurcdbg or cognitive disorder,
musculoskeletal disease that interfered with dgyiand recent psychiatric disorder. Other
illness was not an exclusion criteria and a nundfgrast and current health problems were
reported: high blood pressure (59.3%), arthritis.9%0), high cholesterol (39.0%), cataracts
(32.2%), heart disease (27.1%), and cancer (22.Brles had more driving experience than
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females (58.8 versus 51.5 yearss -3.82,p < .001), and drove more km per year (male
median=8,693 versus 5,894= -2.81,p = .005). All participants scored above 26 on the
SMMSE (mean=28.8), suggesting that cognitive immpait at a level indicative of dementia
was unlikely. Participants were free to continueidg irrespective of the outcome of the on-
road driving assessment and received NZ$50 compendar their involvement. Table 6-1

provides a summary of participant demographics.

Table 6-1. Participant demographics by age grougdgtal n=60)

Age Group (years)
70-74 75-79 80 plus

Number in group 20 20 20
Years of age - mean (range) 71.7 (70-74) 76.7 @)5-7 81.7 (80-84)
Percent female / male 50% 50% 50%
Years of driving - mean (range) 51.9 (40-58) 531-64) 56.5 (50-69)
Years of education - mean (range) 12.8 (8-19) (&19) 13.7 (9-19)
Km driven per year - median (rangg) 7,057 (624-29)7 | 7,480 (2964-122,572) 7,142 (1128-27,034%)
Ethnicity' - NZ European 19 19 18

- Other European 1 0 0

- Mori 1 1 3
Numbers do not add to total number in each groupare than one ethnicity could be selected

6.1.2 Assessment Procedure

For the off-road assessment, three self-report uneasvere completed by the participant at
home (Big Five Inventory, Driving Anger Scale, ahé one-week driving log — see Chapter
5, Assessment Methods for all measures used insthidy). At the off-road appointment
participants provided information about age, yedreducation, longest held occupation, an
estimate of km driven in the previous 12 monthpprted longer car trips they had driven
during the last 12 months, self-reported handedrlest or right), and major medical
conditions. They also completed the Road Sign T&sellen eye chart, standard cognitive
tests comprising the Standardized Mini-Mental Statamination, Trail Making Tests A &
B, Wechsler Test of Adult Reading, Dementia RatBaple — 2, and psychiatric screens
comprising the Beck Anxiety Inventory and the GeitaDepression Scale. The Driving
Anger Scale was repeated at the first assessmeutirament to determine test-retest
reliability. Participants completed tIf®MCTestdbattery comprising the substests Footbrake
and Clutch, Ballistic Movement, Sine and RandomcKirag, Arrows Perception, Divided
Attention, Visual Search, Complex Attention andrPiag. Each participant was randomly
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CHAPTER 6 - Study 1 — Healthy Older Drivers

assigned to complete eithBMCTestor the standard cognitive measures first, to cbhar
fatigue and order effects.

On-road assessments were conducted an averagetofidys (SD = 11.3, range 2-41 days)

after the off-road assessment. On-road assessmamt administered by an experienced
driving occupational therapist and a driving instan blinded to off-road test performance,

both from DAVAS (details of the on-road assessnagatdescribed in Chapter 5, Assessment
Methods).

6.1.3 Data Analysis Methods

6.1.3.1 Testing Normality of Test Data

The normality of the distribution of the data wasessed using the Shapiro-Wilk W test.
Test data that was not normally distributed wasnemad using non-parametric statistics
such as Mann-WhitneyJ tests, while normally distributed data was examhineing

parametric statistics such &tests.

6.1.3.2 Binary Logistic Regression (BLR)

BLR is a modelling technique used to classify agdict a dichotomous dependent variable
using a sebf independent variables which can be continuoudinal, dichotomous or of
normal or non-normal distribution (Hosmer & Lemesah@000). In the current study, the
dichotomous variable being predicted was Pass dr de@re on the on-road driving

assessment.

Like all modelling techniques BLR is sensitive teeditting, which occurs when the model
fits random variance or specific relationships fdwmithin the training data which leads to
reduced ability of the model to generalize to a mample (Babyak, 2004). Babyak (2004)
has several objections to the way regression madel®ften utilized. These will be listed,
and then the design of the current study will becdbed.

Babyak (2004) states that choosing variables teranto a regression model based on the
relationship of independent variables to the depetdariable (he calls this ‘cherry picking’)
is a post hoc strategy that greatly increasestihaaes that the resultant classification model
will be over-fitted to training sample and may geiee poorly to a new sample. Babyak
suggests that the most robust models are congfrusiag strong a-priori hypotheses about
which variables will be useful in the regressiond®lp and using these variables without

recourse to their relationship to the independeatiable in the collected data set.
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Determining which independent variables are likielybe related to the dependent variable
can be performed in two ways. Firstly, if therestsong a priori research base that finds
specific independent variables to be useful, tlasebe entered into the model. Secondly, a
researcher can collect data from participants andlyae the relationships between
independent and dependent variables. Then a nespémdlent group of participants should
be recruited and the independent variables fountatee relationships with the outcome

variable in the first sample should be enteredarignto the model.

Babyak (2004) has further suggestions regardingtype of regression model variable
selection process to use. He claims that usingdaisy and backwards selection methods
further increase the risk of overfitting and sudgésstead that enough participants should be
recruited in order to offer variables to the modela ratio of one variable per 10 or 15
participants. This would mean, for example, thaample of 200 participants would allow
the offering of 20 or 13 variables to the modepea®ing on whether the 1/10 or 1/15 ratio is
used. Babyak says that models should then usetier* option for these variables, meaning
that all variables are forced into the model rattiean letting the model choose which
variables to accept as in a step-wise selectioogolare. This again is supposed to reduce the

risk of overfitting.

Furthermore, Babyak suggests that a form of cradigiation, such as boot-strapping, should
be run to estimate the ability of the model to gehee to new data. This is supported by
Steyerberg et al. (2001), who found that crossdasiibn models provide a better estimate of
a model’s ability to generalize to a new sampla thlit-half models which train a model on

a subset of data and then test it on the held baoikple, and Innes et al. (Innes et al., in

press)

The suggestions of Babyak certainly go againsimkeéhods used by the majority of driving
researchers, which primarily consist of collectiggta from a sample, finding the
independent variables most associated with theralsme variable (often by choosing those
which have significant associations with the degend/ariable), offering these variables to
the model (without necessarily taking into consadien the ratio of participants to variables
entered), and producing a classification model euthusing cross-validation to test its ability

to generalize to a new sample. These proceduresubtetlly increase overfitting, and the
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lack of cross-validation likely leads to a largeepestimate of the ability of the resulting

models to predict a driving outcome in a new sample

We were either not able to, or chose not to, follalwthe suggestions of Babyak for the
current studies. We list the processes used intwantislg the BLR models for both the

Healthy Older Drivers and Dementia and Driving sty@hapter 8) below in order to make
our process transparent, and to openly acknowl&agepotential problems that may have
arisen. Before listing the process in steps, itukhde noted that we did not have the
resources to recruit two independent samples, onéodk at the relationship between
independent variables and the dependent variahtk,aaother to build a model from the
relationships found in the first sample. Neithed die have a strong set of predictors for on-
road driving ability, especially since we intendeduseSMCTestsvhich had not previously

been used on a sample of healthy older driversriverd specifically diagnosed with

Alzheimer's dementia or MCI. Thus, we constructedl dested our model based on the
training set and thus ‘cherry picked’ the variabest we offered to the model. The process

we undertook was as follows:

1. Variables were pragmatically considered not to beful in offering to the model were

deleted from the variable list.

This had the effect of reducing the number of \@des that would contend for possible
inclusion into the BLR model. These decisions werade on a number of grounds, for
example, items that would never be accepted foiruaedriving assessment service to use as
off-road predictors of driving were excluded. Thiluded items such as the Big Five
Personality factors, and occupation code. Varialtted had an effect in the opposite
direction from expected were also removed, as weldvoot be able to adequately describe
their presence if accepted into the model. This determined by examining the means of
the Pass and Fail groups for normally-distributadables and the ranked means of the Pass
and Fail groups for the non-normally distributediaales. Some variables that were subtests
of a larger test were excluded in favour of thalttést score as this was expected to be more
likely to generalize in a new sample. All theseleded variables were still investigated in
terms of their relationship to the on-road assessmetcome, and could still provide useful

information about possible inclusion in future misde
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2. Variables were ranked by effect size.

Since we had decided that a model would be constitfcom the test data we had to have a
way to ‘cherry pick’ the variables that were maaated to the outcome. Since effect size is a
more stable measure than statistical significandech is dependent on sample size, effect

size was chosen as the selection method for vasgdbloffer to the model.

3. Variables with high collinearity with one or morther variables were deleted.

Multicollinearity found in the variables was examéhusing the ‘Collinearity diagnostics’
function in SPSS. These statistics measure theedegf collinearity among all variables
entered into the equation. These relationshipsnaiependent of the relationship of variables
to the dependent variable. The lower the toleraralee reported in the table, the more
correlated a measure is with one or more of therothriables. Garson (2010) suggests a rule
of thumb of Tolerance <0.20 for detecting variablegh multicollinearity problems.
Variables with the lowest tolerance values candletdd one at a time and the analysis rerun

until all independent variables have tolerance esiof >.20.

4. Remaining variables were offered to the model ideorof effect size at the ratio of 1

variable per 5 participants.

We chose a ratio of variables entered to parti¢gpari 1 to 5, which is lower than that
recommended by Babyak (2004), but has been suglgastappropriate by Tabachnik and
Fidell (2001). This meant that, for a sample ofp@@ticipants, 12 variables would be selected
to be offered to the model.

5. A model was formed using logistic regression withaeckwards elimination procedure

(criterion for entry to moded = .05, removal from modgl = .10).

We decided to retain the use of step-wise seledince the aim of the study was to find a
subtest of tests that could be used to predicirdriand we did not want to use an ‘enter’
method whereby variables that did not explain $iggmt amounts of the variance in the on-
road driving assessment outcome were included. $&d backwards elimination, which has

been recommended over forwards step-wise sele(@iayerberg et al., 2003).

6. BLR models were tested for stability and generdlizg using leave-one-out cross-

validation.
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The most important part of the data analysis wasstonate the ability of the classification
model to generalize to a new sample. As mentiotiesl,is a task that is rarely completed in
published driving research literature (discussedatail in Section 6.3.5), but is essential to
estimate the true predictive accuracy and usefsloésny constructed model. The method

used was leave-one-out cross-validation, whiclovered in detail in Section 6.1.3.5.

Babyak (2004) would likely find our method insuféat for constructing a valid and
generalizable model for predicting on-road drivipgss and Fail outcomes. He would likely
agree, however, with the steps of pragmatic redoctiof variables, checks of
multicollinearity, and cross-validation of the madehe development of any model must be
met with a fair amount of caution before that mokdat been validated on an independent
sample. The descriptive statistics and associati@taeen the independent and dependent
variables are useful for determining future studied determining which variables provide

useful information about driving ability.

6.1.3.3 Classification Versus Estimated Predictive Accuracy

One of the most important purposes of a model igetweralize the results to predict future
behaviour of an independent group of people. Mauglbegins by constructing an in-
sample, or classification, model which is a parsimos fit of independent variables in order
to explain the score on the dependent variabled@iermine whether a model is able to
correctly predict outcomes for data not includedha original classification model it needs
to be either tested on a new sample or investigasety statistical procedures such as boot-
strapping, n-fold, or leave-one-out cross-validatiorThroughout this thesis the term
‘classification’ is used to describe the parsimaiditting of a model to the data it was
trained on and ‘predictive accuracy’ or ‘estimapeddictive accuracy’ is used to describe the
process of testing the model against independesgscthat it was not trained on or using

statistical re-sampling methods in order to estaniiat generalization to a new sample.

In the current study, the relatively small sizetbé study sample precluded estimating
predictive accuracy using a held back sample o&,dst the ability of the classification
models to generalize to new data was estimated) Usawve-one-out cross-validation (see
Section 6.1.3.5 for an explanation of this procedluiAs classification models are by
definition optimized to the specific characteristaf the study sample, it was expected that

the estimated predictive accuracy of the BLR medmild be lower than for classification.

89



CHAPTER 6 - Study 1 — Healthy Older Drivers

6.1.3.4 Receiver Operating Characteristic (ROC) Curve

An ROC curve is a graphical plot of the true pesitrate (sensitivity) versus the false
positive rate (1-specificity) for classifying casagainst a dichotomous dependent outcome
measure across the range of possible cut-pointghiarmodel. An area under the curve
(AUC) value of .50 indicates a model has no abilaydiscriminate between the outcome
measure (which is Pass or Fail of the on-road ass& in the current study). A value of 1.0
indicates perfect discrimination, with values betwe.50 and 1.0 indicating increasing
strength of discrimination. The ROC curve is pldtts/ entering an independent variable and
a state variable. For BLR the independent varigbtae predicted probability that individual
participants will be in the Fail group. This dasaprovided as part of the logistic regression

analysis.

6.1.3.5 Leave-One-Out Cross-Validation

The process of leave-one-out cross-validation sts1%f removing each case individually
from a sample, re-training the model on the renmgparticipants, and testing the prediction
on the excluded case using the new model (Wittéfraak, 2000). The procedure is repeated
for all cases and accuracy rates averaged acrbgerations. In essence, it mimics what
would happen if a case was not part of the traidiaig set and, therefore, estimates how the
model would perform given a new sample from theegampulation (provided the sample is
representative of the population). The procedurpeisormed as many times as there are

cases in the sample.

Apart from estimating how the model would perforimegy a new sample, the process of
leave-one-out cross-validation also provides ammasé of the stability of the model. It can
do this because the procedure of leave-one-ous-aa@gdation is for all variables offered to
the full-sample classification model to be offetedall of the leave-one-out cross-validation
iterations. With a sample size of 60 this means dhldl2 variables (a ratio of 1 variable to 5
participants) would be offered to all 60 iteratipreyardless of which variables were selected
by the full-sample classification model. This prdeee allows for the stability of the full-
sample selected model to be estimated. For exaifpléarge proportion of the 60 iterations
dropped measures that were included in the fullpd@arslassification model and included
other measures that were not accepted into thiseshmwed would be less certain of the
stability of the constructed model as the varialmetuded may be idiosyncratically related

to particular participants within the sample.
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AUC values were not calculated for models followlagve-one-out cross-validation. Since
the AUC describes the discriminative usefulness ehodel we decided that calculating a
single AUC for the culmination of different modetiations contained within a leave-one-out

cross-validation analysis may not be statisticatigeptable.

6.1.3.6 Choice of Cut-Points for Reporting Accuracy

Inspection of the ROC curve coordinates for eacdehallowed for the selection of criterion
cut-points for classifying Pass and Fail outcombgivcan be selected based on their overall
accuracy as well as sensitivity for correctly deter Fails and specificity for correctly
detecting Passes. From the range of cut-pointdad@j it was decided that two cut-points
would be inspected for each model. The first cutfpassessed would be the default cut-
point for a Fail score of 0.5 for the BLR. The sedavould be the cut-point that represented

the highest value of sensitivity and specificityamhaveraged together.

We were also interested in the negative predictigkie (false negatives) and positive
predictive value (false positives) of each cut-poirhe negative predictive value represents
the proportion of all participants predicted to $#ago were actual Passes and the and the
positive predictive value represents proportioralbparticipants predicted to Fail who were
actual Fails. These values are dependent on tleerbtes of Passes in the population. Due to
differences in reported Pass and Fail rates oroad-tests in the literature the Pass rate found
in the current study will be used as the base f@tecalculation of negative and positive
predictive values. Ideally we would want the pesitand negative predictive values of the
cut-points to be as high as possible as falseipedietections lead to unnecessary on-road
assessments and false negative lead to Fails l&sgified as Passes and allowed to

continue driving.

6.1.3.7 Terminology for Reporting Accuracy Statistics
Throughout this thesis the terms ‘sensitivity’, ésficity’, ‘accuracy’, ‘positive predictive
value’, and ‘negative predictive value’ are usedptesent a consistent definition of the

performance of the models discussed (Table 6-2).

The term ‘accuracy’ is used to denote the proportd participants who were correctly
classified as Pass and Fail on the dependent nee@sir on-road driving assessment). With

reference to Table 6-2, this is determined by theadon ‘accuracy’ = a+d / (a+b+c+d)
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Table 6-2. A representation of the values used ttetermine values reported as accuracy statistics

Predicted outcome

Observed outcome Pass Fail
Pass a b
Fail C d

The term ‘sensitivity’ is the ‘true positive’ ratend is used to denote the proportion of
participants who failed the on-road assessment wdre correctly classified as Fail on the
dependent measure. With reference to Table 6-3 ighidetermined by the equation
‘sensitivity’ = d / (c+d).

The term ‘specificity’ is the ‘true negative’ ratnd is used to denote the proportion of
participants who passed the on-road assessmentwvet®correctly classified as Pass on the
dependent measure. With reference to Table 6-3 igidetermined by the equation

‘specificity’ = a / (a+b).

The term ‘positive predictive value’ (also known ‘aslectivity’) is the ‘false positive’ rate
and is used to determine the proportion of pamicip classified as Fail who actually go on to
Fail on the dependent measure. With reference tdeT@-2, this is determined by the
equation ‘positive predictive value’ = d / (b+d).

The term ‘negative predictive value’ is the ‘falsegative’ rate and is used to determine the
proportion of participants classified as Pass wbimaly go on to Pass on the dependent
measure. With reference to Table 6-2, this is d@tezd by the equation ‘negative predictive

value’ = a/ (a+c).

6.2 Results

6.2.1 On-Road Assessment

Sixteen of the 60 participants (27%) failed theroad driving assessment with no difference
in failure rates between males and females (7 maldemales; Fisher's Exact Test, two-
tailedp = .77). The mean age of the Fail group was 77.8syaad 76.3 years for the Pass
group (Mann-WhitneyU test, two-tailed,z = -1.15, p = .25). Fifty-nine participants
completed the assessment in a familiar vehicld) wiily one participant choosing to drive an
unfamiliar car as he wanted to complete testing emanual-transmission vehicle rather than

the automatic-transmission vehicle he was curredtlying. Table 6-3 summarizes the
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results of the Pass and Fail groups, includingntinmaber of drivers rated at each level of the

driving scale score.

The driving scale scores cluster around the ceoitrthe scale, with 60% of the sample
receiving a score of either 5 or 6, just on eitide of the Pass/Fail divide with a score of 7

being the second most common score after the numte of 6.

Cronbach’sa was calculated for several ordinal scales in otdedetermine the internal
consistency of the measures. Cronbachiscreases as intercorrelations among test items
increase and is generally thought to measure hoW imaividual items in a scale are
measuring a unitary construct, i.e., whether itamsa depression scale all appear to be
measuring a construct of depression rather thameslated construct.

Table 6-3. Characteristics of on-road assessmenags and Fail groups

Driving Number of
Scale score participants Total Sex Age
0 0
n=9 females (30% of
1 0
females)
= 2 2 n=16 Fail Mean age
L i3 3 (26.7% of sample) 77.81 years
n=7 males (23.3% of
4 2
males)
5 9
6 27 n=21 females (70%
7 12 of females)
@ g 4 n=44 Pass Mean age
o o (73.3% of sample) | \_53 males (76.70376'25 years
of males)
10 0

When a scale is designed to measure a hypothesizitary construct we would expect
Cronbach’sa to be approximately 0.80 or higher indicating thie sum of individual test
items appear to be measuring a singular consffing.achieved Cronbachésvalues were:
Geriatric Depression Scade= .79; Beck Anxiety Inventory = .81; Driver Anger Scale first
administratiorn = .91; Driver Anger Scale second administration .92; Big Five Inventory
Extraversion subscake = .80; Big Five Inventory Conscientiousness salese = .84; Big
Five Inventory Neuroticism subscale= .70; Big Five Inventory Openness to Experience
subscalea = .73. With the exception of the Big Five Neuraio and Openness to

Experience subscales, thevalues for the ordinal measures were high andetber we can
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have some confidence that the items are measursiggalar construct in this older age

sample.

Data from the first and second administrationshef Driving Anger Scale were correlated to
investigate the form’s test-retest reliability. TBecond administration of the scale was
performed an average of 10.7 days (SD = 11.3, rdng8) after the first. A Pearson’s

correlation was performed with a resultrof .80 indicating a moderately strong relationship
between scores of the first and second administrati This moderately strong test-retest
reliability along with a high Cronbach’'s value indicates that the Driving Anger Scale

appears to be suitable for use in an older agelsamp

Next, test data were tested for normality, with 78%test measures returning significant
Shapiro-Wilk W scores, indicating that the majoutythe data were not normally distributed
and therefore would violate the assumption of nditgpnaequired for parametric testing.

These results are displayed in Appendix N.

6.2.2 Pass and Fail Groups: Significant Differences andfect Sizes

Details of the relationships between independentbkes and on-road Pass and Fail score
are given in Table 6-4, Table 6-5, and Table 6-6n@lwith Cohen’s effect sizes for
parametric data and Cohen’s effect-size for raakdformed variables for non-parametric
data (Hopkins, 2004). A positive effect size metinag a higher score was associated with an
increased likelihood of failing the on-road assemstyand a negative effect size means that a
lower score was associated with an increased liteli of failing the on-road assessment.
Positive and negative effect sizes do not represtether higher or lower scores are ‘better’
or ‘worse’. This designation must be made on thsisbaf each measure, e.g., a higher
reaction time or error score is ‘worse’ while atieg peak velocity or Wechsler-type scaled

score is ‘better’.

Two non-normally distributed measures were sigaifity different between Pass and Fail
groups. These were Trail Making Test B with thel eosup having longer completion times
(z=-2.567, p =.010) and tl®MCTestsneasure Random Tracking run 1 with the Fail group
having a higher error score#£ -2.340,p = .019).

94



CHAPTER 6 - Study 1 — Healthy Older Drivers

Table 6-4. Comparison of on-road Pass and Fail gups for non-normally distributed standard off-road

tests using Mann-WhitneyU tests.

Median for  Median for Wm;neny;u Ct(;r;een-
P?ﬁiﬂ?ulo Flerlwlzglrg)u P p-value ef_fect

Test Measure (*p<.05  sizé
Gender (1 = male, 2 = female) 1.0 2.0 .563 Q
Age (years) 76.0 78.0 .251 0.35
Age Grouping (1 = 70-74, 2 = 75-79, 3 = 80+) 2.0 5 2. .156 0.41
Handedness (1 = right, 2 = left) 1.0 1.0 .216 -0
Years of education 13.0 14.0 .650 0.14
Occupation code (range 1-8 - higher = more professi
occupation) 2.0 2.5 .199 0.3§
Km driven last 12 months 7310 7176 341 -0
Vision?

Left eye 9.0 9.0 .888 0.04

Right eye 6.0 7.5 .508 0.2(€

Binocular 6.0 6.0 .545 0.17
Road sign test (no correct) 12.0 10.5 432 -0
Mini-Mental State Exam 29.0 28.5 .701 -0.1
Geriatric Depression Scale 3.0 2.5 .637 0.
Beck Anxiety Inventory 4.0 3.5 403 0.25
Driving Anger Scale time 2 32.0 30.0 .200 -0.
Trail Making Test A (s) 32.0 37.0 .055 0.5
Trail Making Test B (s) 88.5 111.5 010* 0.80
Wechsler Test of Adult Reading (estimated 1Q score) 112.5 110.5 .610 -0.1

A7

44

27

.23

12

40

The Cohen's-type effect size is calculated using hean ranks of Pass and Fail groups (Hopkins, )2(
Positive effect sizes show that a higher scorehemteasure was related to an increased likelihddailmg the
on-road assessment, while negative effect sizew shimwer score on the measure was related to @eéared
likelihood of failing the on-road assessment. Madiaores do not necessarily represent the direofitime effect
as this is based on a calculation that utilizesmraaks rather than the median valdRated using a Snellen ey

chart with a score of 6 equal to a metric 6/6 vigip0/20).

04

e
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Table 6-5. Comparison of on-road Pass and Fail gups for non-normally distributed SMCTestsusing

Mann-Whitney U tests

Median Median Mann-  Cohen-
for Pass for Fail Whitney type
group group U pvalue effect
Test Measure (n=44) (n=16) (*p<.05  sizé
Footbrake and Clutch Test
Mean reaction time (ms) 2965 295 .920 0.29
Mean movement time (ms) 280 304 .947 -0.02
Total reaction and movement times (ms) 578 583 33.9 -0.02
Ballistic Movement Test
Reaction time, right hand (ms) 344 354 .802 Q.07
Reaction time, left hand (ms) 333 337 .616 0.15
Reaction time, grand mean (ms) 342 349 .802 D.07
Movement time, right hand (ms) 231 212 .504 -0.19
Movement time, left hand (ms) 231 223 .967 0101
Movement time, grand mean (ms) 229 218 .593 -0.16
Total reaction and movement times, right hand (ms) 565 577 .821 -0.07
Total reaction and movement times, left hand (ms) 570 570 .658 0.13
Total reaction and movement times, grand meafh (ms 575 586 .987 0.00
Tracking Tests
Sine tracking run 1 error (mm) 13.7 17.7 120 0.46
Sine tracking run 2 error (mm) 8.1 9.8 .087 0{52
Random tracking run 1 error (mm) 7.3 9.9 019* 0.71
Random tracking run 2 error (mm) 7.5 9.1 .096 00.5
Arrows Perception Test
Number of arrows correct 12.0 115 .064 -0.58
Divided Attention Test
Tracking error (mm) 8.3 8.6 .336 0.2§
Number of arrows correct 12.0 12.0 .847 -0.0%
Omission of arrows response 0.0 0.0 1.000 -0.21
Complex Attention test
Reaction time (ms) 414 450 .362 0.26
Movement time (ms) 293 276 .802 -0.07
Reaction time standard deviation (ms) 124 121 .380 0.25
Movement time standard deviation (ms) 44 42 .847 .060
Number of lapse errors 0.0 0.0 791 0.07
Number of invalid trials 0.0 0.0 .093 -0.61
Continued on following page
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Continued from previous page
. . Mann-
Median Medla_n Whitney  Cohen-
for Pass for Fail U
roup  group P type
(%: 42)  (n=16) value effect
Test Measure (*p<.05  sizé
Planning Test
Duration of positional faults (s) 5.9 5.3 .987 0D.
Distance travelled (m) 4.9 4.7 .315 -0.29
Number of hazards hit 2.0 2.0 .823 -0.07
Number of crashes 1.0 1.0 428 +0.23
The Cohen’s-type effect size is calculated usirg mean ranks of Pass and Fail groups (Hopkins, 2004
Positive effect sizes show that a higher scorehemteasure was related to an increased likelihdailimg the
on-road assessment, while negative effect sizew shimwer score on the measure was related to @erased
likelihood of failing the on-road assessment. Madstores do not necessarily represent the directiaihe
effect as this is based on a calculation thatzetlimean ranks rather than the median value.

6.2.3 Classification of On-Road Pass and Falil

Selection of variables that were offered to the BhBdel followed the process described in

Section 6.1.3.2. First, pragmatic decisions weraenabout the variables that would be

excluded from being offered to the model. A listloése 29 measures along with the reasons

for exclusion can be found in Appendix O.

The remaining variables were ranked by effect sidee next step was to examine the

tolerance levels of the variables using the SPSftiion ‘Collinearity diagnostics’. The

effect sizes were ranked and the top 20 independanables that were related to the

dependent Pass/Fail outcome were checked for eatiiy.

Three independent variables were deleted due ¢vatote values <0.2 (see Section 6.1.3.2

for a description of tolerance testing and cutvafiues). The three deleted variables were age

grouping, Random tracking run 2, and Complex Attenteaction time. Of the remaining 7

variables, the 12 variables with the highest ef@zé were chosen to be offered to model,

with seven of those measures being from3MCTestdattery. In order of highest to lowest

effect size these variables were: Trail Making T&sRandom tracking run 1, Trail Making

Test A, Arrows perception number of arrows corr&he tracking run 2, Sine tracking run

1, Dementia Rating Scale -2 AEMSS, Age, Planninigrgection safety margin, Visual

Search number correct, Planning distance travedlied ,Divided Attention tracking.
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Table 6-6. Comparison of Pass and Fail on-road gups for normally distributed variables usingt-tests.

Mean for

Mean

Pass for Fall ttest  Cohen's
group group E value d e_ffect

Test Measure (n=44) (n=16) (*p<.09) sizé
Years of driving 55.0 55.6 0.790 0.08
Driving Anger Scale time 1 33.2 31.8 0.609 -0{15
Big Five Inventory

Extraversion 26.6 23.5 0.064 -0.5%

Agreeableness 38.4 36.8 0.173 -0.40

Conscientiousness 37.3 34.8 0.136 -0.45

Neuroticism 18.5 18.1 0.740 -0.08

Openness to experience 35.1 35.6 0.793 D.08
Dementia Rating Scale -2 AEM&S 11.1 10.1 0.205 0.3y
Ballistic Movement Test

Peak velocity, right hand (ms) 951 972 0.717 0.11

Peak velocity, left hand (ms) 937 935 0.970 -0.01

Peak velocity, grand mean (ms) 944 954 0.857 0.05
Visual Search Test

Mean reaction time (s) 4.8 5.0 0.390 0J26

Number correct 15.5 14.8 0.306 -0.30
Complex Attention test

Total mean movement and reaction times (ms) 739 68 7 0.474 0.21
Planning Test

Lateral road position error (mm) 2.7 2.7 0.569 70.1

Intersection safety margin (mm) 40.6 36.6 0.311 0.30

positive effect sizes show that a higher scorenemieasure was related to an increased likelihdfailimg
the on-road assessment, while negative effect siaess a lower score on the measure was relateah {

increased likelihood of failing the on-road assessm

0 a

The 12 measures were entered using a step-wisavhetk elimination procedure. The

model accepted on8MCTestsmeasure — Random Tracking 1 — and one cognitise te

measure — Trail Making Test B. These measures ateddior 25% of the variance in the on-
road outcome (Nagelkerke?’R The ROC AUC for the BLR model was .78 £ 3.47;p

<.001, 95% CI: .64—-86). The sensitivities, spettiBs and total classification accuracies of

the BLR across a range of cut-points are reportéichble 6-7.

98



CHAPTER 6 - Study 1 — Healthy Older Drivers

Table 6-7. The sensitivities, specificities and evall classification accuracies of the BLR model at

different cut-points including the ‘Default’, and ‘ Optimized’ cut-points

Criteriort Serz?/(i)t)ivity Spe((t):/:)f)icity y gzgjf?cr:ts;tl(\;/lg Accuracy (%)
>0.10 100.0 15.9 58.0 38.3
>0.20 75.0 59.1 63.3 67.1
> 0.26 ‘Optimized’ 68.8 75.0 71.9 73.3
>0.30 62.5 79.6 71.0 75.0
>0.40 43.8 88.6 66.2 76.7
> 0.50 ‘Default’ 31.3 95.5 63.4 78.3
>0.60 25.0 97.7 61.4 78.3
>0.70 18.8 97.7 58.2 76.7
>0.80 6.3 97.7 52.0 73.3
>0.90 6.3 100.0 53.1 75.0
'Criteria displayed are the predicted probabilitéseceiving a Fail score.

As described in Section 6.1.3.6, two cut-points eveompared for each model. Using a
default criterion value o£0.5 for detecting fails (‘Default’ cut-point), th@odel correctly
classified 47 of 60 participants (78.3%) into oadoPass or Fail groups, with a negative
predictive value of 79.3%, and positive predictwedue of 71.4%. The cut-point for the
highest mean sensitivity and specificity value (mea71.9%, cut-point = 0.26, ‘Optimized’
cut-point) correctly classified 44 of 60 participsu(73.3%) into on-road Pass or Fail groups

with a negative predictive value of 86.8%, and pesipredictive value of 50.0%.

The 60 iterations generated by leave-one-out crakdation reduced the accuracy of the
‘Default’ cut-point from 78.3% to 70.0%, sensitiwitrom 31.3% to 12.5%, specificity from
95.5% to 90.9%, negative predictive value from 99.® 74.1%, and positive predictive
values from 71.4% to 33.3%. Applying leave-one-mgults to the ‘Optimized’ cut-point
reduced overall accuracy from 73.3% to 60.0%, seitgifrom 68.8% to 43.8% (11 to 7 of
the 16 Fails), specificity from 75.0% to 60.0%, atxge predictive value from 86.8% to
76.3%, and positive predictive value from 50.098108%. For a summary of these results
see Table 6-8
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Table 6-8. The sensitivities, specificities and evall classification accuracies of the BLR model athree different cut-points for classification modés along with

their accuracy following leave-one-out cross-validion
Classification Following leave-one-out cross-validation
Model Sensitivity  Specificity p,)\rlggizgi\\//ee pFr,gdsiigt\il\?e Accuracy | Sensitivity  Specificity pl\:gg;ttii\\//ee pFr’gdsiigt\il\?e Accuracy
(%) (%) value (%) value (%) (%) (%) (%) value (%)  value (%) (%)
BLR
‘Default’ cut-point 31.3 95.5 79.3 71.4 78.3 125 90.9 74.1 33.3 70.0
‘Optimized’ cut-point 68.8 75.0 86.8 50.0 73.3 &3. 65.9 76.3 31.8 60.0
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Of the 60 iterations of the leave-one-out crossdadion, nine contained a different set of
measures from Random Tracking run 1 and Trail MgkKiest B that were utilized in the

overall classification model. Random Tracking ruapgpeared in all but one of the iterations,
while Trail Making Test B was left out of 6 iteratis. The Dementia Rating Scale -2
AEMSS was the most frequent measure to enter almedle an appearance in 7 iterations.
Divided Attention tracking was utilized in 3 itei@ts, Arrows perception number of arrows
correct in 2, and Sine tracking run 1, Planningersgction safety margin, and Planning
distance travelled in one iteration each. While nodghe iterations employed two or three
tests, one iteration included 8 measures and iaectyrpredicted that a driver with an on-

road Fail score would Pass.

Since only two variables entered the BLR model, élssessment could be completed in
around 15 minutes and would require the use ofcogeaitive test (Trail Making Test parts A
& B, with Trail Making Test part A being a necess&rerunner to part B) and two of the
four Tracking Tasks (Sine Tracking run 1 and Randaacking run 1, with Sine Tracking
run 1 being a necessary forerunner and trainirigfdéeshe completion of Random Tracking
run 1 which is included in the BLR model).

6.3 Discussion

6.3.1 Associations Between Independent Variables and CoaR Outcome

The independent variables with the largest effeessbetween Pass and Fail groups were the
Trail Making Test B (Cohen-type effect of 0.80) aRdndom Tracking run 1 (0.71). The
majority of effect sizes were in the small to maderange (0.20 — 0.50) indicating that there
were few measures that separated groups to a m@deniseful degree. This is not
particularly surprising given that the participamtsre screened to be ostensibly cognitively
healthy.

6.3.2 Classification of On-Road Driving Ability

Using the ‘Default’ cut-point of 0.5, BLR utilizeBMT B completion time and Random
Tracking 1 to correctly classify 78.3% of the pagants into on-road Pass or Fail groups.
This value is only marginally higher than the riditat would have been achieved by
predicting that every driver would Pass (44 pasg8d% of the sample). The ‘Optimized’
cut-point had a higher sensitivity but a lower sfigty with a subsequently lower accuracy
of 73.3%.
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Random Tracking run 1, one of the tests selectetidBLR model, measures visuomotor
planning and execution, with lower accuracy scassociated with an increased likelihood
of an on-road Fail outcome. Random Tracking rus derformed after Sine Tracking run 1,
which many participants find difficult initially. Ais is usually resolved by the end of the
trial. Thus, Random Tracking run 1’s ability to £t#y driving ability may reflect either
difficulties with visuomotor control or with delagdearning of the tracking task that extends
past the first tracking trial. The other test sedddy the BLR model, Trail Making Test B,
consists of visual scanning, sequencing, and tagictsing, with greater time to completion
associated with a Fail score. As Trail Making T@$$ a sensitive detector of cognitive
impairment, lower scores on this test could ingidae presence of undetected cognitive

impairment.

As expected, the accuracy of the BLR model was aeduollowing leave-one-out cross-
validation for both cut-points. The model suffeggdnarily in sensitivity for predicting Fails
with specificity less affected. The drops in accyréollowing leave-one-out cross-validation
emphasises the importance of investigating modeyeid classification in order to estimate
their stability and likely performance in an indagent sample.

To be used in a practical setting, consideratidnth® appropriate recommended cut-point
would depend on factors such as the cost of margoehensive driving assessment, and the
percentage of Passes that would initially be flagfye further, unnecessary, testing. This
information is provided by the negative and positigredictive values. The negative
predictive value indicates the percentage of ptedi®asses that would actually Pass the on-
road assessment. Following leave-one-out crosdatédn these values ranged between
74.1% and 76.3% for the two cut-points. This sutgdisat around 25.0% of examinees
predicted to Pass would actually Fail the on-rosgkasment. The positive predictive values
show the percentages of examinees predicted towfail would actually Fail the on-road
assessment. The range of 31.8% to 33.3% dependinigeocut-point indicates that around
67% of participants predicted to Fail would actydtass the on-road assessment. It is clear
that potentially testing so many predicted Failthvén on-road assessment only to find that
two thirds are actually Passes would be an inefficuse of driving assessment resources for
older drivers who have no diagnosed cognitive impant and limits the usability of the
model.
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6.3.3 Generalization of the Results

There are several reasons why those participatirtga study may not have come from the
general population of older drivers. Firstly, maofy the participants came from church
groups, social groups, and exercise groups. Thugerd not participating in such social
activities were less likely to be approached fortipgation. Secondly, many participants
were recruited via word-of-mouth from participaatseady in the study. Once again, those
with fewer social contacts will have been lessllike be asked to participate. Thirdly, on-
road driving assessments can be anxiety provokind,many drivers who had the research
proposed to them may have declined to participate  concerns about completing a
driving assessment. Also, the study design wa® @@manding, with participants required to
attend an approximately three hour testing sesarah a one-hour driving assessment on
separate days. It may be that those who particpatéhe study were more conscientious on

average than the general population of healthyraldeers.

It is also likely that some of the participants &t cognitively healthy, especially since
dementia prevalence has reported rates betweenah@?#3% in the 80 to 89 age group,
increasing exponentially per year within this agege (Ritchie & Kildea, 1995; De Ronchi
et al., 2005; Plassman et al., 2007). Inclusioteia for the study stated that participants did
not have a diagnosed cognitive impairment. Somdicgzants are likely to have had
undiagnosed impairments due to problems not beisgussed with a person’s general
practitioner, or due to sub-clinical deterioratidine researcher suggested that one participant
mention the detection of possible memory impairméathis GP. He was subsequently sent
for a cognitive assessment and diagnosed with diandrhis did not violate our inclusion
criteria as he had no diagnosis at the time of tdsting and, hence, would have been
considered to be within the population of low-ra@ker drivers by his GP. The sample were
subsequently followed for 24 months as detaile@lvapter 7 as part of the Healthy Driver
Follow-up during which time three participants rgpd having a stroke, four reported
having a head injury and one reported being diagsh@gth Parkinson’s disease (see Section
7.2.4 for details of reported medical conditioris)could be expected that Participants with
subsequent strokes and Parkinson’s disease anchlammay have been impaired at the time
of testing for the current study (of these paracits the three who had a stroke received a

Pass score and the one with Parkinson’s and oredsginentia both received a Fail score).
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However, once again the lack of diagnosis at tine tf testing allowed their inclusion in the

study.

Because of potential limitations in the recruitprgcess, the predictive value assigned to the
individual tests used in the BLR models could b&door higher for the general population

of healthy older drivers.

6.3.4 Errors in Prediction of On-Road Assessment Outcome

There are several areas where errors in on-roatigicn may have arisen. Firstly, it is likely
that there are variables that have an impact onngrithat were not measured in the study.
These could include propensity to become anxioumguhe on-road assessment, the impact
of personality traits such as sensation seekingsabdequent effects of risk-taking, and lack
of road rules knowledge that could lead to the cassion of errors that could affect the on-

road driving outcome.

Secondly, there are differences in the ways thatknor unknown medical conditions may
have affected people’s driving ability. Althoughetisample excluded people with known
neurological conditions or moderate to serious hegadies, illnesses such as cancer and
heart disease were common and, as discussed 0r56c3.3, cognitive disorders may have
been present yet undetected at the time of testing.individual extent to which a medical
illness may have affected a participant’s drivirgrffprmance cannot be known. Also, the
abilities of participants to learn and perform ctige and SMCTestsare likely to be
different. The skills involved in driving are weadractised and to a large degree performed
with little conscious effort, yet the fluid thinlgnrequired to learn and complete new tasks
may vary between people. Some may have foundfitudlif to learn new tasks but have had
no problem with the automatic skills associatechvdtiving. Thus, difficulties with novel
off-road tests may not correlate well with performo@ in the over-learned and mostly
automatic task of driving.

Thirdly, the on-road driving assessment may itealfe contained errors and, as detailed in
Section 3.8, like most on-road driving assessmaatltass and Fail outcome was not based
on pre-defined error lists and cut-off scores toidie whether a safe level of driving had been
reached. There were also differences in the on-dradng conditions and experiences
between participants. Although each person wasntake the same driving route, daily

driving conditions varied from fine and sunny, tolcc and raining. Assessments also
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occurred at different times of the day, and dudiféerent times of the year (August through
December). The different road conditions encountdileely made some assessment drives

more challenging than others.

Fourthly, BLR may not have been the best modeldetermining on-road Pass and Falil
outcome. Perhaps a more computationally advancedelhmmould have better taken into
account subtle changes and interactions betweeiables that could result in a more
accurate prediction. This possibility was testedaimecent study from our research group
(Innes et al., in press) that investigated the @ayu of five non-parametric modelling
techniques (BLR, nonlinear causal resource analpstuct kernel density, kernel product
density, and support vector machine) along with paeametric measure (discriminant
analysis) in utilizingSMCTestsneasures to predict on-road assessment Passik@hte in

a group of 501 drivers referred due to brain dislsd163 suspected or probable dementia,
153 stroke, 113 traumatic brain injury, 27 Parkimisalisease, 9 brain tumours, and 36 other
neurological disorder). The six classification misdead ROC AUC values between 0.80 and
0.99, with product kernel density and support vieaiachine models correctly classifying
over 99% of the group into Pass and Fail outcomé&8&os(of the sample failed the on-road
assessment). Following leave-one-out cross-vatidatthe percentage accuracies of the
product kernel density and support vector machioneats dropped to the mid 70s, with the
estimated predictive accuracies of all modelsrgllbetween 71.0% and 75.8%. Thus, Innes
et al. (in press) found that the classificationusiacy of even advanced computationally
complicated models performed similarly with moresibamodels such as BLR and
discriminant analysis following leave-one-out creasidation. It is therefore likely that the
BLR model used in the current was similar in accyr@ompared to other available

modelling techniques.

Finally, the lack of consequences for poor perfaroeacould have influenced some drivers
to drive with less care than they would have hadsérious repercussions of a Fail outcome
been possible. This could have caused a discometeten generally good off-road testing

scores and a poor on-road performance which b#iegarticipant’s actual ability to drive

safely.
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6.3.5 Comparison with Classification Models of Driving ithe Literature

Few studies have investigated the driving abilitypcedominantly healthy older drivers in
enough detail to derive levels of sensitivity apedaficity for predicting a Fail or ‘unsafe’
driving score. Table 6-9 displays results from therent study as well as four independent
studies, one of which investigated three differaggessment batteries (Monash University
Accident Research Centre, 2004). The studies aomtanixture of cognitive, physical and
sensory-motor measures, with the Useful Field adwitest utilized in the De Raedt and
Ponjaert-Kristoffersen (2000), Stav et al. (2008)l #onash University Accident Research
Centre (2004) studies. The Wood et al. (2008) stadye closest in design to the current
study, with similar reported rates of sensitivitydespecificity. The variance accounted for by
the BLR model of .26 is also very close to the edhr the current study of .25.

The Monash studies recruited New Zealand adultd 8Jeand over who were in the process
of completing an on-road driving assessment in rotderenew their drivers licence. The
sample would have included both cognitively healtdoyd unhealthy participants, and
participants were not excluded due to medical dem@. The authors provide tables
depicting the range of cut-off scores for each rhedth their respective overall accuracies,
sensitivities, specificities, positive and negatpeedictive power and false positive and
negative rates. The authors of this study highdighthe cut-points with the maximum
balance of sensitivity and specificity, which aeported in Table 6-9. On average the
Monash studies found much lower rates of overaluescy as well as sensitivity and
specificity compared to the Wood et al. and Healthger Drivers studies. Despite this, the
authors of the Monash studies conclude that adlettof the assessment batteries had strong
relationships to the on-road performance of thartipipants and could be useful as
screening tests within a licensing renewal contixgt.estimation of predictive accuracy was
performed, so there is no way to tell how stableséhmodels may be. The DriveABLE
assessment battery was not able to be brokentsgeparate test measures and, hence, only

the total score was offered to the regression model

The De Raedt and Ponjaert-Kristoffersen (2000) Stav et al. (2008) studies did not
classify participants as ‘safe’ or ‘unsafe’ followi their on-road assessment, but rather
predicted the outcome of their rating on a contusudriving scale. Thus, sensitivities and
specificities cannot be reported but both show a&hrhigher values for variance accounted
for (0.64 and 0.44 respectively) than the othedistiin Table 6-9. In some part, this higher
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variance accounted for will be due to the varialllesg better able to utilize variance to
model a continuous outcome rather than a dichotsnoaicome. In both the De Raedt and
Ponjaert-Kristoffersen and Stav et al. studies,gagicipant group comprised some people
who had been referred for a driving assessmengestigqg that their sample likely contains
participants at higher risk of unsafe driving comgubto the Healthy Older Drivers and Wood
et al. (2008) studies. Also, some participanthe $tav et al. study had MMSE scores below
24 indicating that some were likely cognitively-iaiged In the Stav et al. study on-road
driving assessors were not blinded to the off-resting results which introduces bias into

the on-road rating system.

Only the Wood et al. (2008) study went beyond di@ssion in order to approximate how
their model would generalize to a new sample asvsho Table 6-10 Leave-one-out cross-
validation and testing the model on a holdout sanghl20% of participants both produced
sensitivities and specificities very close to, amdome cases higher than, the levels found in
their classification model. This is in contrastthe drops in sensitivity and specificity found
in the Healthy Older Drivers classification moddlkis is likely due to the larger sample size
of the Wood et al. study which led to the consinucbf a more stable classification model. It
could also be that the measures that entered thad\&ioal. model were truly more useful in
prediction of driving ability than those used inetlcurrent study. Finally, the on-road
assessment used by the authors could have beernretialbde than the assessment used in the
current study which could have increased the gbdft predictor variables to form a more

accurate model.

107



CHAPTER 6 - Study 1 — Healthy Older Drivers

Table 6-9. Comparison of the current study’s clasication models to other classification models wit predominantly cognitively healthy older adult drivers.

Statistical Variance Mean
Reference Measures in Model Accuracy Sensitivity ~ Specificity Accounted n Age of
Model
for (RP) Sample
Healthy Older Drivers  Binary I_oglstlc Sensory-motor tracking task, Trail Making 23 304 68.804 75 004 0.95 60 76.7
(the current study) regression TestB
Wood et al. (2008) Binary logistic  Reaction time, motion sensitivity, postural o 0 0
regression sway, self-reported kms driven per week 73.1% 91.0% 70.0% 0.26 270 75.8
Monash University Binary logistic ~ Five measures from the GRIMP $apid-
Accident Research regression pace walk, foot-tap test, delayed word 62.19% 70.19% 58.49% N/St 284 82.4
Centre (2004) recall, Trail Making Test B, visual acuity
Monash University Binary logistic  Three measures from the CALTEST
Accident Research regression autotrails, Useful Field of View — divided 03 o o
Centre (2004) attention, Useful Field of View — selective 67.6% 56.3% 71.5% N/S' 284 82.4
attention
Monash University Binary logistic  Total score from the DriveABLE
Accident Research regression computerized test battery 59.8%  65.3% 57.99% N/S 300 82.4
Centre (2004)
De Raedt and Ponjaert- Multiple Movement perception, Useful Field of
Krisoffersen (2000 regression View, cognitive flexibility, selective
(2000) g ~ttontion? Y N/S! N/S' N/S' 0.64 84 786
Stav et al. (2008) Multiple Contrast sensitivity, rapid-pace walk,
regression Useful Field of View, MMSE total score N/s! N/s' N/s' 0.44 123 753
'Percentages are given for the cut-point with thghést average of sensitivity and specificB@RIMPS = Gross Impairments Screening Battery oféarPhysical
and Mental Abilities’Percentages are given for the cut-point with thghést average of sensitivity and specifiéhyS = not stated and unable to be computed ffom
provided data’The sample was a subset of a larger sample of 88Ripants with a mean age of 82@ALTEST = Department of Motor Vehicles, Califorrist
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Table 6-10. Comparison of the current study’s estiated predictive accuracy compared to the estimatio of predictive accuracy of other studies using saptes of

predominantly cognitively healthy older adult drivers

Method of estimatin redictive Mean
Reference 9 P Measures in Model Accuracy  Sensitivity  Specificity n Age of
accuracy
Sample
Healthy Older Drivers  Leave-one-out cross-validation of 12 measures were offered, with
(the current study) binary logistic regression model most iterations utilizing a SEeNsory- o o 43 804 65.904 60 76.7
motor tracking task and Trall
Making Test B
Wood et al. (2008) Leave-one-out cross-validation of Reaction time, motion sensitivity,
binary logistic regression model postural sway, self-reported km 73.7% 87.0% 71.0% 270 75|8
driven per week
Wood et al. (2008) Testing model against 20% holdout ~ Reaction time, motion sensitivity,
sample postural sway, self-reported km 74.4% 92.0% 71.0% 270 75|8
driven per week
percentages are given for the cut-point in thesifilaation model with the highest average of sévigitand specificity.
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6.4 Review of Study Hypotheses

Given the results of the study, it is possibleddrass the hypotheses outlined in Section 4.1.

1. A combination of standard cognitive tests &8dCTestsneasures will provide on-road

Pass and Fail accuracy statistics higher thareittaeved by previous studies.

This hypothesis is not supported as the curremty&uwclassification model was lower than

the accuracy of Wood et al. (2008), particularijldwing leave-one-out cross-validation.

The BLR model in the current study performed beterclassifying on-road assessment
outcome than the Monash University Accident Rese@entre (2004) studies.

The current study is not as easy to compare toestud De Raedt and Ponjaert-Kristoffersen
(2000) and Stav et al. (2008) since participantgaslikely contained more impaired people
in these studies. Because the authors of theséestuded multiple regression rather than
binary logistic regression, sensitivities and sfi@ties could not be calculated, and measures
of variance accounted for may be higher due toiptied a continuous rather than a

dichotomous outcome.

2. Participants with a higher score on the Driving An§cale will be more likely to Fail an

on-road driving assessment.

This hypothesis was not supported as neither adtration of the Driving Anger Scale was
significantly related to Pass and Fail groups, witiect sizes of 0.15 and 0.40 respectively.
In any case, the direction of the effects were spgpdrom expected with the Pass group
having higher scores than the Fail group.

6.5 Summary

Sixty drivers with no diagnosed cognitive disordgred 70-84 years (mean age 76.7, 50%
male), performed standard cognitive tests, commaersensory-motor and cognitive tests
(SMCTests™) and measures of personality to form classificatimodels of on-road
assessment Pass and Fail outcome. Sixteen pantEifaled the on-road assessment. A
backwards stepwise binary logistic regression magidected a measure of executive
function and a computerized measure of visuomokanmpng and coordination. Following
leave-one-out cross-validation, this model wasnesed to correctly predict 60% of an

independent group of cognitively-unimpaired oldevers into on-road Pass and Fail groups.
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The sensitivity of the model for detecting Failstla¢ Optimized cut-point following leave-
one-out cross-validation was 43.8%, meaning thatr dvalf of those who Failed the
assessment were not being detected. Also, they@opitedictive value of 31.8% at this same
cut-point shows that around 70% of people preditbeBail using the model would actually
Pass the on-road. These accuracy statistics ar@igioenough to recommend the use of the
model produced for the Healthy Older Drivers santplee used in primary health care as a

screen for possible driving problems.
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CHAPTER 7 -
Study 2 — Healthy Driver Follow-Up

The objectives of the Healthy Driver Follow-up studere to follow participants from the
Healthy Older Drivers study for 24 months with aahinterviews to collect information
about driving behaviour, health, and the commissibecrashes and traffic offences. We were
interested in whether a number of measures hathtoreship with future crashes or traffic
offences. These measures were Pass or Fail outaamtbs on-road assessment, cognitive or
sensory-motor measures, reported lapses of attemtiml errors taken from the Driver

Behaviour Questionnaire, and distress associatddmedical conditions.

7.1 Methods
Ethical approval was obtained for this study thitotige Upper South A Canterbury Ethics

Committee.

7.1.1 Participants

The sample for the Healthy Driver Follow-up studgsathe same as that recruited for the
initial Healthy Older Drivers study (see Sectiof.f). In summary, at initial recruitment the

sample was a convenience group of 60 participd&iti¥o(male) aged 70 to 84 with 10 men
and 10 women in each of three age groups (70-7497%nd 80+ years). Exclusion criteria

included a self-reported history of moderate toese\brain injury, a diagnosed neurological
or cognitive disorder, severe musculoskeletal diseand acute psychiatric disorder. No
participant had an SMMSE score of below 27, sugggstone had cognitive impairment at a
level indicative of dementia at the study baselihies unknown how many of the participants

were told of their on-road Pass or Fail statush®ydccupational therapist following the on-

road driving assessment that was part of the Heg@lttler Drivers study.

Participants were invited approximately 5 monthkdofeing the final participant’'s on-road
assessment to participate in the Healthy DrivedoMelp study which included annual

~30-minute telephone interviews. One participafised to take part in the Healthy Driver
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Follow-up study and one refused to give accesdftoa crash and traffic offence records.
This left 12-month interview data for 59 participgand crash or offence data for 58. At 24-
months, one participant had died and one had maeweld could not be located, leaving
interview data for 57 participants and crash oewnée data for 56. Of these 56 participants,
41 (73.2%) received a Pass and 15 (26.8%) receivéll on the on-road assessment. Of the
four participants without full data available, taread passed and one had failed the on-road

assessment.

Permission was sought to access officially-recortiadfic offence data from the New
Zealand Transport Agency and crash data from thastiy of Transport. Participants gave

informed consent, and received no compensatioth@r involvement in the study.

7.1.2 Assessment Procedure
The assessment procedure for participant involveémmethe Healthy Older Drivers study is
detailed in Section 6.1.2.

For the Healthy Driver Follow-up, participants wepboned at both 12 and 24 month
anniversaries of their on-road assessment andtbo#és completed two questionnaires (all
tests are described in detail in Chapter 5). Orestipnnaire was a modified version of the
Driving Habits Questionnaire (DHQ) which assessearae of driving-related behaviours,
and the second was the 24-item Driver Behaviours@uenaire (DBQ) which assesses the
12-month frequency of 24 driving scenarios grouip¢a three subscales measuring lapses of

attention, errors, and deliberate violations offrodes.

Officially-recorded crash data was provided by Mimistry of Transport recorded police-
reported crashes. Traffic offence data providedthy New Zealand Transport Agency
recorded offences issued in person by police aBigehus excluding fixed speed camera

offences).

7.1.3 Data Analysis Methods

Because of the low base-rate of officially-reportedshes and the higher base-rates of self-
reported crashes and officially- and self-reporteadfic offences (see Section 2.5 for a
detailed discussion) we determined that we wouldifléely to find significant differences
between Pass and Fail groups for crashes alone, ©ha or more instances of either a crash
or an offence reported either by a participant roio#icial source over the entire 24-month

follow-up period formed the crash/offence binaryomme variable.
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Fisher's Exact Test, a test of significance useaémtingency tables when the expected cells
frequencies are low (Glantz, 2005), was used testigate whether those who failed the on-
road assessment were more likely to go on to heaghes or offences for both retrospective
(official data only) and prospective (both officiahd self-reported) data. An odds ratio and
confidence interval were also computed. The phiffasent, a measure of association
between two binary variables, was calculated tavstin@ strength of the relationship between
Pass and Fail outcome and the binary incidencecodigh/offence in the 24-month follow-up
period. The phi coefficient can be interpreted isirailar way to that of a bivariate Pearson
correlation coefficient, with a value of zero inglimg no association between variables and
with larger positive or negative associations iatlitg a stronger relationship. Cohen (1988)
suggests some tentative guidelines for interpaatatif the phi coefficient, with a value of
0.10 considered a small effect, a value of 0.25iclmmed a medium effect, and a value of
0.39 and above considered a large effect. For tingoses of the current study, an effect size
would need to be large in order for the Pass antlrBaults of an on-road test to be
considered useful for determining the risk of fetarashes and traffic offences. Even a large
effect size of 0.39 includes much overlap betwdentivo compared distributions, and if
measures such as revocation of a drivers liceretoarake place based on the outcome of an
on-road assessment, it is preferable that thes@bdisons overlap as little as possible.

DHQ responses were investigated for changes inngrpractices between 12- and 24-month
interviews using McNemar tests which are desigrednbn-parametric nominal repeated-

measures designs.

Participants were grouped into crash/offence andrash/offence groups to investigate
whether scores on baseline testing were relatedibsequent crash or offence involvement.
Shapiro-Wilk tests were used to determine if indejemt variables were normally-
distributed, witht-tests used to compare normally distributed dataMann-WhitneyJ tests
for non-normally distributed data.

Mann-WhitneyU tests were used to investigate whether the numiberedical conditions,
medications taken, or the amount that participame bothered by their medical conditions
were related to crash or offence involvement. Tim®uwnts that participants reported being
‘bothered’ by each medical condition were assigaedrdinal rating of O for ‘not at all’, 1

for ‘a little’, 2 for ‘a great deal’ and were sumcdhe
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Results of the DBQ were investigated using ManniWéy U tests to find associations
between crash/offence status and self-reportedservlations, and lapses. All tests were

two-tailed andx was set at .05.

7.2 Results
7.2.1 Retrospective and Prospective Crashes and Traffite@ces by Pass and Fail

Groups
There were no officially-recorded crashes for thee-fyear period prior to the on-road
assessment but six participants had a speedirfg toffience recorded in this period. All six
of these participants went on to receive a Pas® smothe on-road assessment. There was no
difference in the incidence of five-year retrosperffences between Pass and Fail groups

(p =.32).

There were no officially-reported crashes for th&n2onth follow-up period. Over 24
months, six participants self-reported crashes f(dhese participants Passed the on-road
assessment and 2 Failed) and eleven participalfieperted at least one traffic offence (7
of these participants Passed the on-road assessmdnd Failed). All officially-reported
offences were also self-reported and all were fareeding the speed limit. In total, 16
participants had self-reported crashes or selfofticially-reported offences over the 24-
month period (10 participants with an offence orlyparticipants with a crash only, one
participant with both). Of these, 11 had receiveBass score on the on-road assessment
(26.8% of all participants who received a Passeycand five had received a Fail score on

the on-road (33.3% of all participants who receiadehil score) (see Table 7-1).

Table 7-1. Number of participants who passed andfled the on-road assessment and those who went on

to have a self-reported crash or self- or officiall-reported traffic offence over the following 24 maths

24-month crash or traffic offence
On-road outcome No Yes Totals % who had a craslifence
Fail 10 5 15 33.3%
Pass 30 11 41 26.8%
Totals 40 16 56 28.6%

The odds ratio for prospective crashes and offemeess1.36 (95% CI: 0.38—4.89), indicating
that drivers who received a Fail on the on-roadess®ent were 36% more likely to

experience a crash or traffic offence in the follogvtwo years, although this odds ratio was
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not statistically significantp(= .741). The phi coefficient{ = 0.06) indicates little, if any,
association between Pass and Fail status and sudrgemjashes or offences.

7.2.2 Driving Habits Questionnaire and Additional DrivindQuestions

Responses on the DHQ and additional questionswamenarized in Table 7-2. At the 12-
month interview, one participant had not driven fime months due to an injury but had
resumed by the 24-month interview. From the 12-mméotthe 24-month interview there was
a reduction in the number of people self-ratingrtdaving quality as ‘average’ (McNemar’s
test,p = .035) and a concomitant trend for more peopleate themselves as ‘good’ drivers.
There was also a reduction in the number of paditis reporting driving in places outside
the South Islandp(= .039) and in those reporting regular use of dey ¢ = .016) and
walking ( = .039).

7.2.3 Baseline Test Scores and Subsequent Incidence @isies and Offences

The results of baseline off-road testing were caegbdetween the 16 participants who had a
crash/offence versus the 40 with no crash/offeiiedle 7-3, Table 7-4, and Table 7-5). The
only significant differences were that participaimshe crash/offence group drove a higher
average number of km at baselire=(-2.20,p = .028) and hadbwer error scores on the
SMCTestsest Divided Attention Tracking € -2.54,p = .011).

7.2.4 Medical Conditions and Subsequent Crashes and Offes

Details of reported medical illnesses at 12 andndfths are presented in Table 7-6. The top
five medical conditions at both 12 and 24 monthsewaathritis, high blood pressure, high
cholesterol, cataracts, and heart disease. Betthese with and without crashes or offences
there was no difference in the number of medicatld@ons endorsed at 12 or 24 months (
-3.14,p = .753; z = -0.09p = .927 respectively), no difference in the numbiemedications
taken for illness at 12 or 24 montlzs=(-0.93,p = .352; z = -0.67p = .502 respectively), and
no difference in the amount that participants weoéhered by their condition/s at the 12-
month interview £ = -1.54,p = .124). However, those who reported they werddred by a
medical condition at the 24-month interview wererenbike to have a crash/offence % -
2.01,p = .044), with a moderate Cohen-type effect siz@.59.
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Table 7-2. Number of people endorsing items on theriving habits questionnaire and additional driving

guestions at 12- and 24-month interviews

McNemar Test

12-month  24-month p-value
follow-up  follow-up (two-tailed,

Questionnaire item (n=59) (n=57) *p<.05)*
Currently driving 58 57 1.000
Wear glasses when driving 35 31 .146
Wear seatbelt when driving 59 57 1.000
Preferred way to get around:

drive oneself 54 47 .146

have someone else drive 4 8 227

use public transportation or a taxi 1 2 1.000
Speed of driving relative to other cars on the road

much faster 0 0 -

somewhat faster .500

about the same 51 51 .687

somewhat slower 3 3 1.000

much slower -
Has been told to limit or stop driving 0 0 -
Self-rated quality of driving:

excellent 9 9 1.000

good 31 38 134

average 19 10 .035

fair -

poor -
Likely action when a person doesn't feel like driyi

ask a friend of relative to drive 33 33 .824

call a taxi or take the bus 18 17 1.000

drive oneself regardless of the situation 2 4 87.6

cancel or postpone plans 6 3 .453
Types of driving performed in the past 3 months:

driving when raining 58° 55 .500

driving alone 57 57 1.000

parallel parking 53 48 219

making right-hand turns across oncoming traffic 6°5 57 .500

Continued on following pag

[1°

118



CHAPTER 7 - Study 2 — Healthy Driver Follow-Up

Continued from previous pad
McNemar Test
12-month  24-month p-value
follow-up  follow-up (two-tailed,

Questionnaire item (n=59) (n=57) *p<.05)*

driving on motorways or highways B4 52 .625

driving on high-traffic roads 87 57 1.000

driving in rush-hour traffic 55 53 625

driving at night 54° 53 1.000
People reporting accidents over 12 months 4 2 .687
People reporting accidents attended by police d2anonths 1 1.000
People reporting being pulled over by police ov&ginionths 1.000
People reporting receiving traffic tickets overmanths 10 4 .180
People who during the last year have driven:

in their immediate neighbourhood 59 57 1.000

beyond their immediate neighbourhood 58 57 1.000

to neighbouring towns 53 51 1.000

to distant towns 33 29 791

to places outside of the South Island 10 2 .039*
Forms of transport used regularly:

drive own car 58 57 1.000

taken as passenger 57 53 375

taxi 9 4 .180

motor scooter / motorcycle 1 0 1.000

bicycle 12 4 .016*

bus 32 37 146

walking 52 44 .039*
Driving lessons in the last 12 months 0 0 -
Q%I;etgsby their doctor about their driving in thetla2 12 6 146
The McNemar test is a repeated-measures test émdatins could only be performed for the 57
participants for whom both 12- and 24-month dateeveailable?0One driver had ceased driving for
several months at the 12-month interview due ®ganjury but had begun driving again by the 24-thon
interview.0One participant was excluded from tests of sigaifie for these measures since they are
_repea_ted measures as, due to an injury, she hattinet during the 3 months before the 12-month
interview.
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Table 7-3. Comparison of non-normally-distributedbaseline testing results for standard off-road test

between those with a 24-month crash/offence and the without

Mann-
Median Median ~ WhitneyU
No- crash/offe p-value Cohen-
crash/offence nce group (two-tailed, type effect
Test Measure group (n=40) (n=16) *p<.05 Siz
Gender (1 = male, 2 = female) 1.0 2.0 .315 0.3(
Age (years) 78.0 81.5 .190 0.39
Handedness (1 = right, 2 = left) 1.0 1.0 .871 0.05
Years of education 13.0 15.0 .052 0.56
Occupation code (range 1-8, higher = more
professional occupation) 2.0 2.0 .309 0.29
Km driven last 12 months 6747 11028  .028* 0.65
Vision?
Left eye 9.0 9.0 .206 0.38
Right eye 6.0 9.0 .346 0.28
Binocular 6.0 6.0 .992 0.00
Road sign test (no correct) 11.0 115 .930 0.02
Mini-Mental State Exam 29.0 29.0 448 0.24
Geriatric Depression Scale 3.0 15 .276 0.31
Beck Anxiety Inventory 4.0 3.5 .956 0.02
Driving Anger Scale 31.0 31.5 .856 0.05
Trail Making Test A (s) 33.0 335 .696 0.13
Trail Making Test B (s) 89.0 93.5 .568 0.17
Wechsler Test of Adult Reading (estimated 1Q score) 118.0 116.5 .080 0.49

Table 7-4. Comparison of non-normally-distributedbaseline testing results folSMCTestsbetween those

with a 24-month crash/offence and those without

) Mann-
Median Median  WhitneyU
No- crash/offe p-value Cohen-
crash/offence nce group (two-tailed, type effect
Test Measure group (n=40)  (n=16) *p<.05) size
Footbrake and Clutch Test
Mean reaction time (ms) 298.0 279.5 .072 0.57
Mean movement time (ms) 287.0 292.5 .906 0.03
Total reaction and movement times (ms) 581.0 ®72. 457 0.22
Ballistic Movement Test
Reaction time, right hand (ms) 350.9 345.3 913 0.03
Reaction time, left hand (ms) 337.2 334.3 .856 .050
Continued on following pagge
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Continued from previous pag

Mann-
Median Median ~ WhitneyU
No- crash/offe p-value Cohen-
crash/offence nce group (two-tailed, type effect
Test Measure group (n=40)  (n=16) *p<.05 size
Reaction time, grand mean (ms) 346.9 350.2 .828 .07 0
Movement time, right hand (ms) 2125 248.3 147 0.42
Movement time, left hand (ms) 223.3 242.5 420 .230
Movement time, grand mean (ms) 221.6 242.4 .186 0.38
Total reaction and movement times, right hand(ms  565.9 609.7 446 0.22
Total reaction and movement times, left hand (ms) 569.7 596.8 .835 0.06
Total reaction and movement times, grand meah (ms 570.2 606.0 .502 0.19
Tracking Tests
Sine tracking run 1 error (mm) 15.8 13.0 152 430.
Sine tracking run 2 error (mm) 8.8 7.7 .063 0.59
Random tracking run 1 error (mm) 8.7 7.1 446 220.
Random tracking run 2 error (mm) 8.6 7.2 .301 320.
Arrows Perception Test
Number of arrows correct 12.0 12.0 .583 0.17
Divided Attention Test
Tracking error (mm) 9.1 8.0 011* 0.82
Number of arrows correct 12.0 12.0 576 0.16
Omission of arrows response 0.0 0.0 527 0.2
Complex Attention test
Reaction time (ms) 421.5 435.0 .568 0.18
Movement time (ms) 278.0 314.0 .280 0.32
Reaction time standard deviation (ms) 123.5 126.0 .683 0.13
Movement time standard deviation (ms) 41.0 405 .758 0.10
Number of omissions errors 0.00 0.00 .264 0.4(
Number of commission errors 0.00 0.00 430 0.22
Planning Test
Duration of positional faults (s) 6.0 6.5 .856 .0
Distance travelled (m) 4.9 4.7 .831 0.05
Number of hazards hit 2.0 2.0 .926 0.04
Number of crashes 0.5 1.0 .086 0.54

1A%4

'Cohen’s effect-size for rank-transformed variatfléspkins, 2004)’Rated using a Snellen eye chart with a scq

of 9 equal to a metric 6/9 vision (20/30).
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Table 7-5. Comparison of normally-distributed baskne testing results between those with or withoua

24-month crash/offence

Mean

Mean

p-value
no-crash/offence crash/offence (two-tailed, Cohen'd

t-test

Test Measure (n=40) group (n=16)  *p<.0H effect size
Years of driving 54.3 56.6 .304 0.31
Big Five Inventory

Extraversion 25.5 26.5 .552 0.18

Agreeableness 38.9 37.7 .753 0.09

Conscientiousness 36.4 35.7 .692 0.12

Neuroticism 18.5 19.1 .660 0.13

Openness to experience 34.9 36.3 422 0.2
Dementia Rating Scale-2 AEM&S 10.7 10.9 707 0.11
Ballistic Movement Test

Peak velocity, right hand (ms) 980.9 895.6 125 0.46

Peak velocity, left hand (ms) 949.0 902.2 324 .290

Peak velocity, grand mean (ms) 965.0 898.9 .187 0.40
Visual Search Test

Mean reaction time (s) 4.8 4.7 725 0.14

Number correct 15.0 16.3 .086 0.52
Complex Attention test

Total mean movement and reaction times (ms) 740.5 779.7 .345 0.28
Planning Test

Lateral road position error (mm) 2.7 2.6 .519 190.

Intersection safety margin (mm) 38.7 40.6 .694 0.13

'AEMMS - age and education-adjusted MOANS scaledes@dOANS = Mayo Older American Normative

Studies).
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Table 7-6. People reporting medical illness, takop medication for illness, and reporting being botheed
by iliness at 12 and 24 month interviews

12 months (n=59) 24 months (n=57)
People People People People People People
reporting taking bothered reporting taking bothered by

illness medication by their illness medication their illness
Medical Condition illness
Arthritis 32 12 12 32 10 13
High blood pressure 32 32 0 27 27 0
High cholesterol 22 18 0 22 18
Cataracts 18 0 2 22 0 5
Heart disease 16 14 2 18 18 1
Surgery 12 1 12 2
Cancer 12 3 3 8
Osteoporosis 9 8 1 10 8 1
Fall 6 2 4 7 1 3
Diabetes 6 5 0 6 5 0
Glaucoma 4 4 0 4 4 1
Thyroid problems 2 2 0 3 3 0
Anxiety 2 1 0 3 1 1
Macular degeneration 2 1 0 2 1 1
Stroke 2 2 0 1 1 1
Depression 1 0 0 6 4 2
Broken bones 1 0 0 4 1 2
Dementia 1 0 0 1 0 0
Sleep apnoea 1 1 1 1 1 0
Head injury 0 0 0 4 0 0
Parkinson's 0 0 0 1 1 1
Multiple sclerosis 0 0 0 0 0 0
Diabetic retinopathy 0 0 0 0 0 0
Retinal detachment 0 0 0 0 0 0

7.2.5 Driver Behaviour Questionnaire and Crash and Offea¢nvolvement

There were no differences in the self-reporteduesgy of errors, lapses, and violations in
drivers with crashes or offences, compared to thad®ut, at either 12- or 24-months (see
Table 7-7). The frequency of errors reported atnit#hths was higher than the frequency

reported at 12 months across crash/offence andash/offence groups combined (mean =
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1.67 at 12 months, mean = 2.16 at 24 months, Wilosigned-rank test,= -1.99,p = .047)
with no change in the frequencies of reported lajgseviolations.

Table 7-7. Self-reported error, lapse and violatio rates on the Driver Behaviour Questionnaire at 1&nd

24 months by crash/offence group

Mann-
Median no Median Whitney U Cohen-

Driver Behaviour Questionnaire composite crash/offence crash/offence p-value type effect
measure group (n=40) group (n=16) (two-tailed) siz
12-month errors 1.0 1.0 0.86 0.05
12-month lapses 4.0 4.0 0.92 0.03
12-month violations 1.0 2.0 0.70 0.12
24-month errors 2.0 2.0 0.81 0.07
24-month lapses 5.0 5.0 0.81 0.08
24-month violations 2.0 1.5 0.93 0.02
'Cohen’s effect-size for rank-transformed varialgléspkins, 2004).

7.3 Discussion

7.3.1 Association of Measures with Real-World Adverse inig Events

Pass or Fail outcome on the on-road driving assaisismas not related to either five-year
retrospective officially-reported traffic offences two-year prospective self- or officially-
reported crashes and traffic offences. Effect siwasld have had to be of large magnitude to
detect a significant difference in crashes or aféenbetween the on-road Pass and Falil
groups. However, large effects would also be regufor the distributions of crash/offence
and no crash/offence groups to be separated ertouglipport recommendations for licence
cessation following the failure of an on-road assemt. This notwithstanding, the very
small phi coefficient of 0.06 indicates that theras little if any association between whether
a participant received a Pass or Fail on the od-essessment and whether they went on to

have a crash or offence in the following 24 months.

The New Zealand study by Keall and Frith (2004a} thias described in Section 3.8 showed
a significant relationship between failing an omadodriving assessment and having an
increased risk of future crashes but like the eurstudy the phi coefficient was small.
Compared with the Keall and Frith study, the Healbriver Follow-up study had more
liberal criteria for defining a negative drivingtcome as it included traffic offences as well

as crashes, and allowed for self-reported evetiterahan officially reported events only.
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Keall and Frith investigated only crashes recortigdthe Ministry of Transport’'s crash
database, which are crashes that culminate inyigudeath. In fact, there were no officially-
recorded crash events in the five-year retrospedaivtwo-year prospective Healthy Driver
Follow-up study. Unsurprisingly, the current stutyd a much higher incidence rate for the
dependent variable (33% crashes of offences irFgilegroup) compared to the Keall and
Frith study (1.2% crashes in the Fail group). Evéth the more sensitive criterion for
defining adverse driving events the phi coefficieh0.06 for the Healthy Driver Follow-up

study was still very small.

The occurrence of a crash or offence over the viollg 24-month period was related to a
higher number of km driven per year measured atbtseline testing session. Higher km
driven per year is likely related to increased idigv exposure which led to a greater
likelihood of experiencing a negative on-road outeo(provided those who reported higher
km at the initial testing session maintained higker over the 24-month period). This
tendency for drivers with higher reported drivingstdnce to be more likely to have an
adverse driving event has been found in some atinelies (Owsley et al., 1998; Ball et al.,
2006) but, conversely, many other studies haveddbat those older drivers driving fewer
km were more likely to have an adverse driving é{@anke, 1991; Hakamies-Blomqvist et
al., 2002; Keall & Frith, 2004b; Langford et alQ@b; Alvarez & Fierro, 2008). This finding
of lower km in older drivers relating to a higheékelihood of adverse events is usually
attributed to a core group of older drivers who affected by cognitive or physical illness
and limit their driving, yet still manage to hawdvarse driving events.

The second association thatpaorer error score on theSMCTestsDivided Attention
Tracking task was related to increased crash @no# risk was unexpected and is more
difficult to explain. It is possible that the resid simply a chance finding due to the number
of comparisons performed (Type | error). The sqmdained t&SMCTestgneasure Divided
Attention Tracking which requires participants jpenfi two tasks simultaneously. The lower
error score on the Random Tracking task componeast wot associated with a higher error
score on the Arrows Perception task component wimditates that participants were not
simply ignoring one task in order to perform wetll thhe second. It is possible that those who
scored well on the Divided Attention Tracking tdskd better physical or cognitive health
which resulted in less cautious and more confidkiing, and thus a higher likelihood of
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having a crash or offence. As no other baselinenitwg or sensory-motor tests were
significantly associated with crash or offencewstahis hypothesis would seem unfounded.

The relationship between reports of ‘bother’ causganedical conditions at 24 months and
increased crashes or offences suggests that subjqutysical or emotional discomfort
associated with medical illness could affect a @ess likelihood of having an adverse
driving event. There was an increasing trend inrtamber of broken bones, head injuries
and depression between the 12- and 24-month ietesvivhich could indicate declining
physical and emotional health. The most common relsed medical condition was
cataracts with 22 people reporting it at 24-monivig) glaucoma coming in a distant second
with 4 people reporting it at both 12- and 24-mointierviews. No relationships were found
between crashes or offences and the number of alembaditions endorsed or medications
taken. It is likely that knowledge of specific typef medical conditions, medications, or
groupings of conditions, such as eye conditions,maore important than merely tallying the
number of occurring medical conditions. The sangite in the Healthy Driver Follow-up

study was too small to investigate these indiviual

Changes in self-reported driving behaviour from Ei¢Q indicate that drivers reduced their
exposure to long car trips over the 24-month follgqpvperiod. This could be related to an
overall reduction in driving confidence, althoughona participants rated themselves as
‘good’ drivers and fewer as ‘average’ at the 24-thacompared to the 12-month interview.
Decreased rates of walking and cycling could ingiadeclining physical condition which

could also contribute to a reduction in long dis&driving.

Finally, there was a significant increase in tregjfrency of reported errors on the DBQ from
the 12-month to 24-month interview. Since the numidderecalled violations and lapses did
not also increase from 12 to 24 months, the ineraaserrors is unlikely to be due to
increased vigilance following questioning at themi@nth interview in order to provide more
accurate information at the 24-month interview. rElfigre, a greater frequency of errors
could be a real change with age. The fact that elationships were found between the
number of reported lapses, errors, or violationd #re presence of crashes or offences
indicates that the DBQ is not a promising screemaad for detection of older drivers at risk

for adverse driving events.
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7.3.2 Generalization of the Results

Since the sample for the Healthy Driver Follow-tpdy comprised the same participants as
the Healthy Older Drivers study, the same limitasido generalization apply (see Section
6.3.3). Due to the limited amount of input requifexin participants in order to be part of the
Healthy Driver Follow-up study, participation wagyth with only one participant declining
participation. Similarly only one participant dewid access to official records of crashes and
traffic offences, and only two participants were able to be contacted for the 24-month
interview. This allowed for 56 of the original 6G@mticipants to give full interview and
official report outcome data. Although at the tirak recruitment for the Healthy Older
Drivers study all participants were without diagisosf cognitive disorders, over the course
of the 24-month follow-up two people experiencedsteoke, one was diagnosed with
dementia, and one with Parkinson’s disease. Theisdmple in this study is perhaps more
representative of a general older driver populatthban the sample had been at the
commencement of the Healthy Older Drivers study.

Despite this, because of potential limitationsha tnitial recruitment process, the outcomes
of the driving questionnaires and measures of a@vdriving outcome could be lower or

higher for the general population older drivers.

7.3.3 Practical Application of Results

Results of the five-year retrospective and 24-momtbspective follow-up incidence of
crashes or offences showed no significant assoniatith a Pass or Fail score on an on-road
assessment. This result, coupled with the nullifigsl of the Anstey et al. (2009) study for
associations between on-road Fail scores and 12hmself-reported crashes and the
significant yet very small effect size of the Keafld Frith (2004a) study, suggests that on-
road assessments are not useful for determininghadfia group of cognitively healthy older

drivers go on to have an adverse driving everténfollowing few years.

Results of baseline testing did not support hypot#eel relationships between lower
cognitive test scores and an increase in subsequashes and traffic offences. Thus,
cognitive tests used for prediction of on-road agseealriving events in older drivers without
a diagnosis of neurological disorder or cognitivgairment is not supported. It is, however,
important to remember that an individual’s selfagpf cognitive impairment is not always

accurate, and GPs are encouraged to screen tleir patients for cognitive impairment
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when they present for licence renewal at ages ©05ar@l biennially thereafter. GPs are
advised to use standardized and validated assessmeasures to identify cognitive

impairment coupled with pragmatic history-taking flviving ability.

The relationship between increased levels of bathased by medical illnesses at 24-months
and increased rates of crashes and offences magsuthat emotional or physical distress
can impact on driving. For example, Molnar et aD(7) found that being “bothered a great
deal by diabetes mellitus” was related to motoricetcrashes in older drivers. While in the
Healthy Driver Follow-up study there was a muchgéar list of medical conditions
investigated, the association with reports of bo#red subsequent crashes and offences is
intriguing and, provided this finding is found te beplicated in other research studies, could
prove to be useful to general screening of posgibtgblems with driving in the older

population.

Reports of errors, lapses, and violations in thevddrBehaviour Questionnaire were not
associated with subsequent crash/offence outcamaegalthough more errors were reported at
the 24-month compared to the 12-month interviewgrngf evidence does not exist as to the
usefulness of the measure in detecting older dviveno may go on to have an adverse

driving event.

7.4 Review of Study Hypotheses

Given the results of the study, it is possibleddrass the hypotheses outlined in Section 4.2.

3. Drivers who fail an on-road driving assessment wadl’e a greater incidence of crashes

and traffic offences over the following years thhase who pass.

This hypothesis is not supported as drivers whiedahe on-road assessment did not have a
significantly higher rate of crashes or offenceghe following 24-months. Also, the effect
size ofr, = 0.06 was very small which indicates that théritistions of people with crashes
or offences and no crashes or offences overlapgtntumake separating them by Pass or
Fail status impractical and inaccurate.

4. Poorer performance on standard cognitive measueessaociated with increased crashes
and traffic offences over the following years.
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This hypothesis is not supported as no standarditteg test results were significantly
associated with increased incidence of crasheffaiaes over the 24-month follow-up.

5. Poorer performance oBMCTestameasures are associated with increased crashes and
traffic offences over the following years.

This hypothesis is not supported as only BMCTestsneasure, Divided Attention Tracking,
was associated with 24-month incidence of crashesfences, and this association was in
the opposite direction to that predicted, with &tdrescore associated with an increased crash
or offence rate. There are also several othernstin which scores were in the opposite
direction to that expected, although these diffeesndid not reach statistical significance,
including smaller errors on Sine and Random Tragkests, and faster reaction times and a
higher number of correct trials on the Visual Skatest. Other differences were small to

non-existent.

6. Drivers who report a higher number of driving lap®e errors on the Driver Behaviour
Questionnaire over the immediate years followingoarroad driving assessment will be

more likely to have had a crash or traffic offence.

This hypothesis is not supported as there were ifferehces in the number of lapses
recorded and whether drivers had a crash or offentee 24-month follow-up period. Parker
et al. (2000) found an increase in lapses in a kaofarivers aged 49 and over compared to
younger age groups. They also found that peopld wigher reported numbers of lapses
were more likely to have had a crash in the previoee years, whether they caused the crash
or it was due to the actions of another driverhgitgh the current study found no association
with frequency of self-reported errors and lapsks, frequency of errors across the entire
sample increased significantly from the 12- to #demonth interview while there was no

significant increase in the frequency of violatiamdapses.

7. Drivers who report experiencing more distress dased with medical conditions are

more likely to have crashes or traffic offencesrdhe following years.

This hypothesis is supported as participants whported being bothered by a medical
condition or conditions at the 24-month follow-uptarview (albeit not the 12-month
interview) were more likely to have a crash/offemcethe same period, with a moderate
effect size of 0.59. This outcome could indicatat tthe presence of a bothersome medical
condition can have adverse effects of a personlgyaio drive safely.
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7.5 Summary

Fifty-six participants from the Healthy Older Drirgestudy were followed for 24 months
using annual telephone interviews to assess driblgaviour, driving attitudes, medical
conditions, and the occurrence of crashes and pteddi traffic offences. Official data
regarding crashes and traffics offences were ditaired. The aim was to determine whether
on-road Pass/Fail classification could predict ith@dence of crashes and traffic offences
over two years and whether off-road measures paddrduring the Healthy Older Drivers
study could predict subsequent crashes and offeRedsg the on-road assessment did not
result in higher crash or offence rates and theesewonly two baseline measures that
predicted crashes or offences (i.e., distance dratebaseline testing and a paradoxically
lower error score on a measure of visuomotor ptemaind coordination). However, drivers
who reported more distress associated with theilicaé condition(s) were more likely to
have had a crash or offence at 24 months. The métaaf the Healthy Driver Follow-up
study suggests there is little value in off-roacnfroad assessment of older drivers without
diagnosed cognitive impairment as these measuress wag associated with future crashes or

traffic offences.
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CHAPTER 8 -
Study 3 — Dementia and Driving

The objective of the Dementia and Driving study wasfind cognitive, sensory-motor,
demographic, and medical factors that predict @drdriving performance in drivers with
MCI or Alzheimer’'s dementia. A sample of 60 papmnts completeMCTestsneasures,
while a subset of 32 participants also completedose extensive battery of cognitive tests.
Binary logistic regression (BLR) was used to pragotassification models, with leave-one-

out cross-validation used to estimate the genetailizy and stability of the models.

8.1 Methods
Ethical approval was obtained for this study thiodige Upper South A Canterbury Ethics

Committee.

8.1.1 Participants

Participants were 60 referrals to the Driving anehile Assessment Service (DAVAS) at
Burwood Hospital, Christchurch who had diagnosedsuspected Alzheimer's dementia,
mild cognitive impairment, unspecified cognitive gairment, or memory problems.
Participants had a current full driver's licencegdhnot completedSMCTeststesting at
Burwood Hospital previously, and had no need foridg adaptations on their vehicle (such
as a wheel spinner). Participants with a historgtadke, transient ischemic attack, moderate
to severe head injury, multiple sclerosis, or apgcefic dementia other than Alzheimer’s
(e.g., frontotemporal dementia, dementia with Léwwdies) were excluded from recruitment.

The information sheet was mailed to participantsiarprovided in Appendix P.

There were two paths for participant involvemerte Tirst was to complete approximately 5

hours of extra testing which included the compleid the extended test battery (see Section
5.7 for details). This testing was split across twsting sessions of around 2 to 2.5 hours
length and was performed in the participant’s owmhb on two separate days prior to the on-

road assessment at Burwood Hospital. The secomditreent path consisted of completing
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the standard off-roadSMCTests and on-road assessment required as part of thinglr
assessment referral and allowing the results tonbleided in the study. If a participant
expressed interest in completing the extendedngsé family member or close friend was
contacted and asked for information about the gpeit’s completion of activities of daily
living (see Section 8.1.2 below for details). Aviichart of recruitment is shown in Figure
8-1.

Participants approached Not interested in
for study > participating
n=89 n=24

\ 4

Interested in participating
n=65

Extended assessment
(SMCTestplus additional cognitive
tests plus a blinded on-road

Standard assessment
(SMCTestplus a blinded on-road
assessment)

ass;]e:sggent) =30
Excluded Completed Completed Excluded
n=3 n=32 n=28 n=2

Figure 8-1. Numbers of participants approached, idluded, and excluded from the study.

Reasons for the twenty-four participants who dedino participate in testing included the
intention to discontinue driving, missing off-roagpointments and eventually having to be
tested only with the on-road assessment and thusamopletingSMCTestsassessment, and

being too upset about the necessity of the dridagessment to participate in the study.
Thirty-five participants agreed to extended testimigh three subsequently excluded from the
analysis. Of the three excluded, one was relocaimd) decided he would prefer to do his
driving assessment in his new town, one was coefirtvy a family member to have suffered
two serious head injuries, and one was confirmedoataving dementia or MCI. Of the 30

people who agreed to have the results of only téwedsird assessment included in the study,
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28 completed testing and two were excluded from dhalysis. Of the two excluded
participants, he spouse of one reported a histéryramsient ischemic attacks, and one

participant was found to have frontotemporal demaent

The final full sample consisted of sixty participsu(36 males and 24 females) aged 58 to 92
(mean=77.9 years); 98% identified their ethnicisyNew Zealand European. All had current
driving licences, although some were not currerttwing as they had recently been
instructed to stop pending the results of the dgviassessment. Fifty-six participants
completed the assessment in a familiar vehicld) #ne four remaining participants driving
DAVAS'’s dual-control car. The subset of participantho completed additional cognitive
testing consisted of 32 participants (22 male ahékinales) aged 58 to 92 (mean age = 76.2
years); 97% identified their ethnicity as New ZealaEuropean. Thirty participants
completed the assessment in a familiar vehicldj #ie two remaining participants driving
DAVAS's dual-control car. Their average years af/ihg experience was 55 years, with no
difference in years of driving experience betweerias and females (male mean=56.5 years,
female mean=50.7 years,= -0.713,p = .476). Participants who completed the extended
assessment (n=32) were compared to participants wdropleted only the standard
assessment (n=28) on age and sex, which were tlye demographic details (besides
handedness) that were available for those who categplthe standard assessment only.
There was no difference in sex between groups @88 of the extended assessment group
being male as opposed to 50% in the standard assesgroup £ = -1.467,p = .142), and
there was an almost significant effect of age, Wifh2 years the mean age in the extended
assessment group versus 79.9 years in the staagsedsment group € -1.952,p = .051).

All participants who failed the on-road assessmieatl a recommendation of licence
revocation made to their referrer by the occupatidherapist, as is standard practice for

medical driving assessments.

8.1.2 Assessment Procedure

All participants completed an off-roadSNICTests and on-road driving assessment
appointment, with th&MCTestoff-road assessment performed by the primary rekeain

a session lasting around 70 minutes. On-road assess were conducted an average of 6.0
days (SD = 4.3, range 0-28 days) after the off-rasskessment. On-road assessments were
administered by an experienced driving occupatidhatapist and a driving instructor who

were blinded to off-road test performance. Detaflthe on-road assessment are described in
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Section 5.10 including details of the on-road ermbecklist which was completed by the
occupational therapist and driving instructor inelegiently for each participant following the
on-road assessment. The on-road assessors wertldobf the medical conditions of
participants beyond information available on thémal form which would have been
variable between participants. Twelve participatésted their on-road assessment from their
own homes, with the remaining 48 participants beigip the assessment from Burwood
Hospital. Participants completing their on-roadeasment from home did so for a variety of
reasons including difficulties in arranging foraafily member to attend a Burwood Hospital
appointment with them in case they failed the assest and needed to be driven home,
memory problems or confusion which made it too iclit to schedule and keep
appointments, or assertion from participants oir tfemilies that they should be tested in

their local area since that is the area where pleefprm their daily driving.

Extended assessment participants completed adalitamgnitive assessments in their own
home over two appointments. Many participants hapa@use or another family member
present at the beginning of the first appointmersit in the collection of demographic and
health information. Information regarding activetief daily living (see Section 5.9 for
measures used) was completed by a significant dfaerily member or friend). For 22
participants, the informant was a spouse, for edgghadult child, and for two a close friend.
All informants had known the participant for atdeséen years and all lived in the same city
and were in regular contact with the participaranletion of the activities of daily living
measures was conducted either at the end of tlbadeesting session or by telephone.

For the subset of participants who completed exdrmbgnitive testing, consent was sought
to obtain officially-recorded data for traffic offees from the New Zealand Transport
Agency and crashes from the Ministry of Transportthe five-year period prior to their on-

road assessment. We recorded the number of dgpoaris earned in this time period as the

independent variable for traffic offences.

8.1.3 Diagnosis of Alzheimer’s Dementia and Mild CogniéMmpairment
A diagnosis of Alzheimer’'s dementia or mild cogvatiimpairment was determined for the
32 participants following extended cognitive tegtifhe NINCDS-ADRDA (McKhann et

al., 1984) criteria were used for the diagnosisPobbable Alzheimer's dementia and
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Petersen’s (2004) criteria were used for the diagnof MCI. NINCDS-ADRDA criteria are

reproduced below:

Dementia established by clinical examination andficmed by neuropsychological tests.
. Deficits in two or more areas of cognition.

. Progressive worsening of memory and other cognitinetions.

1.
2
3
4. No disturbance of consciousness (i.e., not presdaty during the course of delirium).
5. Onset between ages 40 and 90, most often aftedfage

6

. Absence of systemic disorders or brain diseasdsithand of themselves, could account

for the progressive deficits in memory and cognitio

In addition to these criteria a significant deficitactivities of daily living was required for a

diagnosis of Alzheimer’s dementia (see below fdrile of how a deficit was determined).

Cognitive domains were defined as orientation, nmymlanguage, praxis, attention, visual
perception, and problem-solving (interpreted fas $tudy as executive function) (McKhann
et al., 1984). Cognitive domains were assessed atithast one specific cognitive measure
(except language for which no cognitive measure wsesd) (see Table 8-1). For the
measures for which standardized scores were alaildde cut-off for impairment was

defined as a score less than or equal to fheebcentile which is equivalent to a z-score of -

1.64 and a Wechsler scaled scoreof

A concerted effort was made to locate standarddatd for ADAS-Cog subtest scores in
order for percentile cut off scores to be determhiteeaid in MCI and Alzheimer’'s dementia
diagnosis. Three studies were found that providath dor cognitively-unimpaired older

adults (Zec et al., 1992; Graham et al., 2004; Gmen et al., 2004), but none provided
means and standard deviations of subtest scoafistt by age. Assistance with normative
data was requested from the Alzheimer's Disease p@ative Study website

(http://www.adcs.org/) and from the author (Dr. IrRiod Mohs) but was not forthcoming.
Therefore for the two ADAS-Cog measures a pragnmatteoff was chosen to reflect what

was considered to be a cognitive deficit.

The criteria for MCI require a specific cognitiveraplaint, preferably corroborated by an

informant, objective measurement of impairment @isumemory impairment), essentially
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preserved global cognitive functioning, largelyaictt activities of daily living, and no
diagnosis of dementia. The same cut-points forisgorognitive impairment for dementia
were utilized for a diagnosis of MCI. The primargfiding criterion was there was no
significant deficit in functional activities. In aattempt to standardize this decision, a cut-off
score of> 3.44 from The Informant Questionnaire on Cognitiecline in the Elderly was
used, since a previous study found this point heenasitivity of 100% for detecting dementia
in clinical samples with a specificity of 86% (JqrBD04) (see Section 5.9.3 for more details
on this questionnaire). Participants could be diggd as any of the four categories of MCI
proposed by Petersen (2004): Amnestic MCI singlealn, Amnestic MCI multiple domain,
Non-Amnestic MCI single domain and Non-Amnestic M@ultiple domain (see Section

2.3.2 for more details on these diagnoses).

Table 8-1. NINCDS-ARDRA cognitive domains and theneasures used to assess them for a diagnosis of

Probable Alzheimer’'s dementia

Cognitive domain Cognitive measure Cut-off criteria
Orientation ADAS-Cog Orientation subtest <4 correct responses (out of 8
Memory ADAS-Cog Delayed word recall subtest <4 recalled words (out of 10)
Rey Complex Figure 3 min recall <5™ percentile
Language N/A N/A
Praxis Block Design Scaled scaorg
Attention Letter-Number Sequencing Scaled seére
Trail Making Test A z-scorg -1.64
Visual perception VOSP Incomplete Letters Z-Scord.64
VOSP Silhouettes z-score-1.64
Executive function Colour-Word Interference, inggefnce trial  Scaled scor®
Letter Fluency Scaled scor®
Category Fluency Scaled scot®
Trail Making Test B z-score -1.64

For those participants with a diagnosis of Alzheim&ementia, an approximate severity
score was based on the standardized version dflihieMental State Exam. Deficit ranges
as proposed by Mungas (1991) were used, with &smfor9 indicating severe impairment,
10-20 indicating moderate impairment, 21-24 indigaimild impairment, and 25 and above
falling within the intact range. As discussed irct8n 5.7.1, the MMSE is not a sensitive
measure for detecting dementia, with many peoptd WICI and mild dementia likely to

receive a score in the ‘intact’ range.
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8.1.4 Data Analysis Methods

Data analysis methods were similar to those emplaogethe Healthy Older Drivers study
(Chapter 6) with a few changes. Due to having aseubf participants complete extended
cognitive testing, there were, in essence, two $ssnijpr analysis. The larger sample of 60
participants provided scant demographic informati@ex, age, and handedness) and
SMCTestgesults and were not diagnosed with either MCI tghAimer’'s dementia since
they did not complete sufficient testing to perfoandiagnosis. The subset of 32 participants
who completed extended cognitive testing providdditeonal demographic information (i.e.,
years of driving, years of education), health infation, and standard cognitive measures.
For each of these samples, descriptive data wargaed between on-road Pass and Fail
groups and classification models formed using BbRich was then tested for stability and

generalizability to a new sample using leave-onieconss-validation.

There was a small amount of missing data. In regtsdEMCTeststwo people were not
administered the Planning test and one person aicdcamplete the Divided Attention test.
The tests were not administered due to the tesesgion running overtime. Two participants
had incomplete data for the Complex Attention ths¢ to the incorrect way in which they
performed the task which provided no values for teaction time and movement time
measures. For the 32 participants who completediania testing, one participant had no
data for any of the Colour-Word Interference sustelsie to red-green colour-blindness that
prevented performance of the test. One personatidamplete the Rey Complex Figure and
one person did not complete the Finger Naming fubkéhe ADAS-Cog both due to

oversights during test administration.

Missing data was not replaced by substitution eftirean but rather by substituting values
through comparison on how the participant perforroada related test. This was done by
finding the measure which best correlated with nieasure for which the participant had
missing data. The participant’s score on the otheasure they had completed was then
compared to another participant with a similar scan the measure, and that new
participant’s score for the test with missing dates then substituted. In this way we hoped
to provide a better estimate of the score the @paint may have achieved if they had

completed that measure.
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8.1.4.1 Testing Normality of Test Data

The normality of the distribution of the data wasessed using the Shapiro-Wilk W test.
Test data that was non-normally distributed wasremad using non-parametric statistics,
such as the Mann-Whitney test, while normally distributed data was examinsing

parametric statistics such akests.

8.1.4.2 Binary Logistic Regression

The process of constructing the binary logistiaesgion (BLR) models was the same as for
the Healthy Older Drivers study. The main concenese to minimize the influence of
overfitting on the model due to having too manyiatales to enter in relation to the sample

size (a more detailed rationale for each of thésgsss found in Section 6.1.3.2):

1. Variables pragmatically considered not to be usefalffering to the model were deleted
from the variable list (i.e., variables that wouldt be accepted for use in a driving
assessment service, variables with effects in pgposite from expected directions, and
subtests bypassed in favour on more generalizatadedcores).

2. Variables were ranked by effect size.
3. Variables with high collinearity with one or morther variables were deleted.

4. Remaining variables were offered to the model ideorof effect size at the ratio of 1
variable per 5 participants (6 variables for n=8%pded assessment sample and 12 for

n=60 standard assessment sample).

5. A model was formed using logistic regression withaeckwards elimination procedure

(criterion for entry to modgd = .05, removal from model = .10).

6. BLR models were tested for stability and generdlizg using leave-one-out cross-

validation.

Models were constructed in the manner describedvaaldor both the n=60 standard

assessment sample and the n=32 extended assessimsarnple.

We also examined whether including a balanc&MICTestgneasures, cognitive measures,
and medical measures to enter the model would imeprime fit and generalizability

compared to the practice of offering the indepehdanables with the highest effect sizes to
the model. It was determined that the t8#WICTestsneasures with the highest effect sizes,
the two cognitive measures with the highest efégngs, and the two medical illnesses with

the highest effect sizes would be offered to th&Bhodel. The two measures from cognitive
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and SMCTestshad to be from different subtests in order thah separate measures from
each domain would be entered rather than two mesad$tom a single test. This may result in
a more stable model than including two measure® fitte same test. Therefore, the n=32
extended assessment sample was used to constaugtddels, one according to the six steps
outlined above (from here on referred to as “exéeh@ssessment model 1”), and one
according to the amended criteria above (from loereeferred to as “extended assessment
model 2”).

8.1.4.3 Receiver Operating Characteristic (ROC) Curve
ROC curves were plotted for each classification eh@d determine if the classification was
significantly better than random assignment ana¢dmpare the classification of the two

n=32 models.

8.1.4.4 Leave-One-Out Cross-Validation
The process of leave-one-out cross-validation tailgel in Section 6.1.3.5 and was used to
determine the stability and potential generalizgbdf the classification models.

8.1.4.5 Choice of Cut-Points for Reporting Accuracy

As with the Healthy Older Drivers study, two cutigs were examined for each model (see
Section 6.1.3.6 for a detailed rationale). Cut-poused were (i) the default for Fail of 0.5,
and (ii) the point with the highest average valfisensitivity and specificity found for each

classification model. Again, we were also interdste the negative predictive value (false
negatives) and positive predictive value (falseitpes) of each cut-point. The negative

predictive value represents the proportion of aftipipants predicted to Pass who were
actual Passes and the and the positive predictalaevrepresents proportion of all

participants predicted to Fail who were actual $=allvoiding unnecessary false positive and
negative errors is important and will taken intonsideration alongside sensitivity and

specificity statistics.

8.1.4.6 Relationship Between the Driving Error Checklistla@dn-road Assessment

Outcome
Intra-class correlations were computed using Crohnlsax to assess reliability between the
on-road error ratings provided by the occupatidhakrapist and driving instructor. Errors
identified by the occupational therapist as coutiiy to an on-road Fail score were summed
and ranked by frequency. The relationship betwesh @rror and Pass and Fail group was
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investigated using Fisher’'s Exact Test (for expeectell frequencies <5). The phi coefficient
was computed as a measure of association of eamht@the Pass and Fail rating.

8.2 Results for the Standard Assessment Group (n=60)

8.2.1 On-Road Assessment

Twenty-one of the 60 participants (35%) failed theroad driving assessment, with no
difference in Fail rates between males and fem@dl@sof 36 males Failed, 8 of 24 females
Failed; Fisher's Exact Test, two-tailgd= 1.0). The mean age of the Fail group was 80.7
years and 76.4 years for the Pass group (Mann-\hidrtest, two-tailedz = -1.88,p = .06).
Forty-eight participants started the on-road assess from Burwood Hospital with the
remaining 12 starting the assessment from homereTlas no difference in Pass and Falil
rates between those who started the assessmenBitosood hospital versus home (Mann-
Whitney U test, two-tailedz = -.54,p = .59). Table 8-2 summarizes the results of thes Pas

and Fail groups, including the number of drivetedaat each level of the driving scale score.

Table 8-2. Characteristics of on-road assessmenags and Fail groups for n=60

Driving Number of
Scale score participants Total Sex Age

0 0

1 6 n=8 females (33.3% of females)
= 2 6 n=21 Falil Mean age
R 3 8 (35.0% of sample) 80.7 years

4 0 n=13 males (36.1% of males)

5 1

6 4

; 1 n=16 females (66.7% of females
A n=39 Pass Mean age
T 8 14
o (65.0% of sample) 76.4 years

9 9 n=23 males (63.9% of males)

10 0

In comparison to the spread of scores in the Heg&ltlder Drivers, study where the majority
of scores clustered around a driving scale scoiffevefor six on either side of the Pass/Fall
divide, the driving scale scores in the currentigtwere bimodal, with most scores clustering
in the mid range of the Pass and Fail scores. dbugd suggest that referred drivers were
more likely to be considered clean Pass and Faitoowes rather than scoring in the

borderline range. It could also show differencesvben ratings of the occupational therapist
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used in the Healthy Older Drivers study and theenirstudy. Finally, it could also indicate a
difference in driver behaviour as drivers in thealttey Older Drivers study did not suffer
consequences for poor performance which could he/¢éo a more relaxed approach with a

resultant clustering in the middle of the drivirgale values range.

Eighty-six percent of test measures returning §icamt Shapiro-Wilk W scores, indicating
that the majority of the data were non-normallytriisited. These results are presented in

Appendix Q.

8.2.2 Pass and Fail Groups: Significant Differences andfect Sizes
Details of the ability of independent variablesdiscriminate between Pass and Fail groups
are shown in Table 8-3 and Table 8-4 along withé&xheffect sizes for parametric data and

Cohen'’s effect-size for rank-transformed varialit@snon-parametric data (Hopkins, 2004).

Most SMCTestswith the exception of the Tracking and Arrows degtion tests, showed
differences between Pass and Fail outcomes. Diftexein the Ballistic Movement measures
were in the direction that participants in the Fabup had slower reaction and movement
times. In the Divided Attention test the Fail grocgurectly identified the direction of fewer
arrows and omitted responses more frequently. égnbmplex Attention test the Fail group
had slower reaction and movement times and a higheber of invalid trials. In the
Planning test the Fail group made more road posgiwors, remained in error for a greater
amount of time, drove over more road hazards, aecdewnvolved in a greater number of

crashes.

Table 8-3. Comparison of on-road Pass and Fail gups for non-normally distributed variables using

Mann-Whitney U tests

Median  Median Mann- Cohen-
. Whitney
Pass Fail U type
group group valge effect
Test Measure (n=39) (n=21) (*p<.05 sizé
Gender (1 = male, 2 = female) 1.0 1.0 .827 -0.06
Age (years) 79.0 80.0 .060 0.53
Handedness (1 = right, 2 = left) 1.0 1.0 .646 0.12
Ballistic Movement Test
Reaction time, right hand (ms) 409 527 .001* 1.00
Reaction time, left hand (ms) 409 462  .001* 1.03
Continued on following page
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Continued from previous page

Reaction time, grand mean (ms) 408
Movement time, right hand (ms) 270
Movement time, left hand (ms) 270
Movement time, grand mean (ms) 265

Total reaction and movement times, right hand (ms) 748
Total reaction and movement times, left hand (ms) 684
Total reaction and movement times, grand meah (ms 686

Tracking Tests

Sine tracking run 1 error (mm) 24.4
Sine tracking run 2 error (mm) 14.5
Random tracking run 1 error (mm) 12.9
Random tracking run 2 error (mm) 11.7

Arrows Perception Test
Number of arrows correct 12.0
Omission of arrows response 0.0

Divided Attention Test

Tracking error (mm) 13.5
Number of arrows correct 11.0
Omission of arrows response 0.0

Complex Attention test

Reaction time (ms) 682
Movement time (ms) 463
Movement time standard deviation (ms) 89
Number of lapse errors 1.0
Number of invalid trials 0.0

Planning Test

Lateral road position error (mm) 3.0
Duration of positional faults (s) 11.6
Distance travelled (m) 3.2
Intersection safety margin (mm) 17.0
Number of hazards hit 2.0
Number of crashes 2.0

548
361
350

359

878
960
907

27.4
18.9
155
15.9

12.0
0.0

14.6
9.0
2.0

903
486
128
1.0
1.0

3.6
20.2
3.4

3.0
3.0

4.0

.000*
.001*
.000*
.000*
.000*
.000*
.000*

.190
.185
.069
.072

1.00
.075

137
.039*
.006*

.003*
102
.083
.366
.006*

.029*
.023*
.553
.369
.015*
.036*

1.10
1.08
1.18
1.18
1.20
1.20
1.29

o

-0.52
0.70

0.85

0.48

0.75

0.71

0.69
0.

o

0.36
0.36
520.
.51(

00
.46

A8

8

40.4

0.61
0.58

value.

The Cohen’s-type effect size is calculated usirggrtfean ranks of Pass and Fail groups (Hopkins,)2004
Positive effect sizes show that a higher scorehennmeasure was related to an increased likelihdogd o
failing the on-road assessment, while negativeceBezes show a lower score on the measure waedela
to an increased likelihood of failing the on-roag@ssment. Median scores do not necessarily repitbsg
direction of the effect as this is based on a datmn that utilizes mean ranks rather than the iare

0l
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Table 8-4. Comparison of on-road Pass and Fail gups for normally distributed variables usingt-tests

Mean Pass  Mean Fail t;}:ﬁ}g Cohen'd
group (n=39) group (n=21) , effect sizé
(*p<.05
Test Measure
Ballistic Movement Test
Peak velocity, right hand (ms) 757 559 .000* -1.14
Peak velocity, left hand (ms) 743 555 .000* -1.01
Peak velocity, grand mean (ms) 750 557 .000* -1.09
Complex Attention test
Total mean movement and reaction times (ms) 1205 4271 .005* 0.79
Reaction time standard deviation (ms) 256 316 1.05 0.55
'Positive effect sizes show that a higher scorehemteasure was related to an increased likelihddailing
the on-road assessment, while negative effect shesv a lower score on the measure was relatechto a
increased likelihood of failing the on-road assessm

8.2.3 Classification of On-Road Pass and Fail

Selection of variables offered to the BLR modeldaled the process described in Section
6.1.3.2. First, pragmatic decisions were made abmuitvariables that would be excluded
from the model. The list of the 11 excluded meas@eng with the reasons for exclusion

can be found in Appendix R.

The next step was to examine the tolerance levdlseoremaining variables using the SPSS
function ‘collinearity diagnostics’. The effect s were ranked and the top 20 independent

variables that were related to the dependent Patslficome were checked for collinearity.

Five variables were deleted due to tolerance vaile? (see Section 6.1.3.2 for a description
of tolerance testing and cutoff values). Thesealdeis were Ballistic Movement total time
grand mean, Divided Attention omission of arrowspense, Random Tracking run 1,
Complex Attention total mean movement and reactiomes, and Ballistic Movement

movement time grand mean. Of the remaining 15 bbesa the 12 variables with the highest
effect size were offered to model (i.e., one vdegker 5 participants). In order of highest to
lowest effect size these variables were: Ballidlovement reaction time grand mean,
Ballistic Movement peak velocity grand mean, Compidgtention reaction time, Complex

Attention number of invalid trials, Planning hazartit, Planning duration of positional

faults, Planning lateral road position error, Plagnnumber of crashes, Divided Attention
number of arrows correct, Complex Attention reactttone standard deviation, Age, and

Random Tracking run 2.
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These 12 measures were entered into the BLR usisgpmwise backwards elimination

procedure. The model accepted four measures: Balldovement peak velocity grand

mean, Complex Attention number of invalid trialgrplex Attention reaction time standard
deviation, and Random Tracking run 2. These measageounted for 47% of the variance in
the on-road outcome (Nagelkerké) Rrthe ROC AUC for the BLR model was .86 6.55;

p <.001, 95% CI: .75-.94). The sensitivities, speities, and total classification accuracies

of the BLR across a range of cut-points are shawhable 8-5.

As described in Section 6.1.3.6, two cut-pointseMeompared for each model, with details
included in Table 8-5. Using a default criterioueaof 0.5 (‘Default’ cut-point), the model
correctly classified 50 of 60 participants (83.3Wio on-road Pass or Fail groups with a
negative predictive value of 83.7%, and positivedgtive value of 82.4%.

Table 8-5. The sensitivities, specificities, andassification accuracies of the BLR model at diffegnt cut-

points including the ‘Default’, and ‘Optimized’, cut-points

Criteriont Sensitivity (%) Specificity (%) gl gggcsmecr:ts;t?gzgl Accuracy (%)
>0.10 95.2 333 64.3 55.0
>0.20 90.5 59.0 74.7 70.0
>0.30 85.7 69.2 77.5 75.0
>0.39 ‘Optimized’ 76.2 84.6 80.4 81.7
> 0.50 ‘Default’ 66.7 92.3 79.5 83.3
>0.60 52.4 92.3 72.3 78.3
>0.70 38.1 94.9 66.5 75.0
>0.80 23.8 97.4 60.6 71.7
>0.90 19.1 97.4 58.2 70.0
ICriteria displayed are the predicted probabiliéseceiving a Fail score.

The cut-point for the highest mean sensitivity apdcificity value (mean = 80.4%, cut-point
= 0.39, ‘Optimized’ cut-point) correctly classified® of 60 participants (81.7%) with a
negative predictive value of 86.8%, and positivedmtive value of 72.7%.

The 60 iterations generated by leave-one-out crakdation reduced the accuracy of the
‘Default’ cut-point from 83.3% to 68.3% (41/60 cectly classified), sensitivity from 66.7%
to 47.6%, specificity from 92.3% to 79.5%, negatpredictive value from 83.7% to 73.8%,
and positive predictive value from 82.4% to 55.8%ave-one-out cross-validation dropped

the overall accuracy of the ‘Optimized’ cut-poimbrh 81.7% to 63.3%, sensitivity from
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76.2% to 52.4%, specificity from 84.6% to 69.2%gaieve predictive value from 86.8% to
73.0%, and positive prediction value from 72.7%4%8%. For a summary of these results
see Table 8-6.

Of the 60 iterations of the leave-one-out crossdasion, 16 contained a different set of
measures from those used in the classification ind@dlistic Movement peak velocity

grand mean, Complex Attention number of invaliélsj Complex Attention reaction time
standard deviation, and Random Tracking run 2.iR&ll Movement peak velocity grand
mean and Complex Attention invalid trials appeareall 60 iterations, and were the sole
tests used in 14 of the 16 iterations that accegiféerent tests from the classification model.
For the remaining two iterations, Planning duratdmpositional faults was found in both and

Planning hazards hit in just one.

8.3 Results for the Extended Assessment Group (n=32)

8.3.1 Diagnosis and Severity

Eight of the 32 participants were classified as M@t the remaining 24 as Alzheimer’'s
dementia. Of the eight with MCI, five met the crigefor Amnestic MCI multiple domain

and three met the criteria for Amnestic MCI singlemain (only memory significantly

affected). Of those who met the criteria for Alzher’'s dementia, none fell in the SMMSE
range of<9 indicative of severe impairment, six fell in thenge of 10-20 indicative of

moderate impairment, nine fell in the range of 21xR&licative of mild impairment, and nine
fell into the ‘intact’ range of 25+. Of those whittéd the criteria for MCI, one scored 19 on
the SMMSE (in the moderate impairment range), awesl 24 (in the mild impairment
range), and the rest scored between 25 and 2&héidiritact’ range). Even if significant

cognitive impairment was evident on testing, théngeg criterion for separating MCI from

Alzheimer's dementia was the informant report iatliitg the extent of functional

impairment.
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Table 8-6. The sensitivities, specificities and evall classification accuracies of the BLR model fothe standard assessment sample at three differemut-points

including the accuracy following leave-one-out crasvalidation

Classification Following leave-one-out cross-validation
Model Sensitivity  Specificity p,)\rlggizgi\\//ee pfgjiiéi':i/\?e Accuracy | Sensitivity ~ Specificity g:gﬁ;t:i\\l/ee pFr’gdsiigt\il\?e Accuracy
(%) (%) value (%) value (%) (%) (%) (%) value (%) value (%) (%)
BLR, n=60
‘Default’ cut-point 66.7 92.3 83.7 824 83.3 47.6 79.5 73.8 55.6 68.3
‘Optimized’ cut-point 76.2 84.6 86.8 72.7 81.7 H2. 69.2 73.0 47.8 63.3
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8.3.2 On-Road Assessment

Eleven of the 32 participants (34%) failed the oaé driving assessment with no difference
in failure rates between males and females (9 maldemales; Fisher's Exact Test, two-
tailedp = 0.43). The mean age of the Fail group was sigitiy higher than the Pass group
at 79.2 years and 74.7 years respectivebedt, two-tailedt = -2.412,p = .02). Twenty-
seven participants started the on-road assessnoemtHurwood hospital with the remaining
five starting the assessment from home. There veagliffierence in Pass and Fail rates
between those who started the assessment from Bdrwersus home (Mann-Whitney
test, two-tailedz = -.725,p = .47). There was a trend for drivers with demetdide more
likely to receive an on-road fail, but this was sanificant (12.5% of the MCI group Failed
versus 41.7% of the Alzheimer’s group, Mann-Whitiueyest, two-tailedz = -1.481,p =
.14). Table 8-7 summarizes the results of the BadsFail groups, including the number of
drivers rated at each level of the driving scalerscwith the scores of the eight MCI
participants noted.

Table 8-7. Characteristics of on-road assessmenags and Fail groups for n=32

Driving Number of
Scale score participants  Total Sex Age
0 0
1 4 n=2 females (20.0% of
females)

= 2 2 (1 MCI) | =11 Fail Mean age
R 3 5 (34.4% of sample) 79.2 years

4 0 n=9 males (41.0% of males)

5 0

6 3(3MCI n=8 females (80.0% of

7 6 (1 MC|) females)

7 n=21 Pass Mean age
& 8 6 (1MC) (65.6% of sample) 74.7 years
9 6 (2 MCI) n=13 males (59.1% of males

10 0

The driving scale scores for the n=32 were agaimobal, with most scores clustering in the

mid range of the Pass and Fail scores. Possibtomeafor this are the same as for those
discussed in Section 8.2.1. A breakdown of on-rBads and Fail outcome by MCI group

and Alzheimer’s dementia group broken down by sgvex given in Table 8-8.
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Table 8-8. Number and percentage of drivers with NLI and with Alzheimer’s by dementia severity who

Passed and Failed the on-road assessment

Dementia severity

On-road outcome MCI Intact  Mild Moderaie
Pass 7 6 6 2
Fail 1 3 3 4

Percentage of group who failed 12.5% 33.3% 33.3% .7%6

8.3.3 Pass and Fail Groups: Significant Differences andf&ct Sizes

Before the data were tested for normality, four soeas were deleted from further analysis.
No driver reported using a motorcycle as a fornrafsport so this item from the Driving
Habits Questionnaire was removed. All 32 partictparported wearing a seat-belt while
driving, and all participants reported driving betithin their immediate neighbourhood and

within the wider area of Christchurch city.

Normality testing showed that 81% of test measuetsrned significant Shapiro-Wilk W

scores (i.e., were not normally distributed). Theesilts are displayed in Appendix S.

There were no officially recorded crashes for amytipipant in the five years prior to

completion of their on-road assessment.

Details of the ability for independent variablesdiscriminate between Pass and Fail groups
are found in Table 8-9, Table 8-10, Table 8-11, dadble 8-12. Most of th&MCTests
measures, excluding the Tracking tests and Arroavsdption, had at least one measure that
was different between Pass and Fail groups. A smatiber of demographic and cognitive
tests were different between Pass and Fail grdbpsers in the Fail group had had their
driving licences for a greater number of years tttase in the Pass group, and were less
likely to be driving at the time of the cognitivesting (i.e., their referrers had asked them to
cease driving until they had completed the drivasgessment). Drivers in the Fail group took
longer to complete the Trail Making Test A, hadh@gerror scores on the ADAS-Cog Total
error score, and lower scaled scores on the Catdgaency test. The Ballistic Movement
test had differences in the direction that partiofg in the Fail group had slower reaction and
movement times. For the Divided Attention test &l group correctly identified the
direction of fewer arrows, and omitted responseegerfrequently. For the Complex Attention
test the Fail group had a larger reaction time daesh deviation, a higher movement time

standard deviation, and a higher number of inviaials. For the Planning test the Fail group
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selected smaller gaps at intersections. DriverthénFail group reported driving to distant
towns within the South Island of New Zealand in grevious 12 months more frequently

than the Pass group.

The self-reported presence of medical conditionsewempared between Pass and Falil
groups using Fisher's Exact Test (see Table 8\Bile the number of conditions reported,
medications taken for reported conditions, and arhad distress associated with medical
conditions were compared between groups using Méhitney U tests (these measures all
had significant Shapiro-Wilk W scores indicatingithdata were non-normally distributed).
As no participants in the n=32 sample reporteckstr®arkinson’s disease, thyroid problems,
multiple sclerosis, osteoporosis, head injury, eiabretinopathy or retinal detachment these

conditions do not appear in Table 8-13.

Having heart disease was associated with an iredeblkelihood of failing the on-road
assessmentp(= .003) with a Cohen-type ranked effect sizes @41 None of the eye
conditions reported were significantly associatethwn-road outcome. There was no
significant difference between on-road Pass and ¢@ups in the number of medical
conditions endorsed € -1.509,p = .131), frequency with which medications wereetalfor
medical conditionszZ= -0.292,p = .771), or the amount of distress associated migalical
conditions £ = -0.722,p = .470). Although the Fail group had trends fayh@r mean ranked
scores for both the number of medical conditiors mmmber of medications taken, the Pass
group had a trend for a higher ranked mean scorthéoamount of distress associated with

medical conditions, which is in opposite to thesdiron that expected.

8.3.4 Classification of On-Road Pass and Fail

8.3.4.1 Binary Logistic Regression — extended assessmaetlrho

Selection of variables that were offered to the BhBdel followed the process described in
Section 6.1.3.2. First, pragmatic decisions weralenabout the variables that would be
excluded from being offered to the model. A listtoé 19 measures along with the reasons

for exclusion can be found in Appendix T.

The next step was to examine the tolerance levdlseoremaining variables using the SPSS
function ‘collinearity diagnostics’. The effect s& were ranked and the top 15 independent

variables that were related to the dependent Paitslficome were checked for collinearity.
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Table 8-9. Comparison of on-road Pass and Fail gups for non-normally distributed demographic and

driving variables using Mann-Whitney U tests.

Median Median Fail  Mann- Cohen-
Whitney
Pass group  group type effect
(n=21)  (n=11) Ypvalue g,

Test Measure (*p<.05
Gender (1 = male, 2 = female) 1.0 1.0 .827 -g.44
Handedness (1 = right, 2 = left) 1.0 1.0 .646 0.16
Diagnosis (1 = MCI, 2 = Alzheimer’s) 1.0 1.0 139 .60
Years of Education 11.0 12.0 .952 0.02
Years of Driving 51.0 62.0 .029* 0.86
Demerit points earned in the previous 5
years 0.0 0.0 413 0.32
Forms of transport used regularly (binary):

drive own car 1.0 1.0 .011* -0.83

taken as passenger 1.0 1.0 .298 Q.45

taxi 0.0 0.0 .969 -0.01

bicycle 0.0 0.0 469 -0.31

bus 0.0 0.0 .866 0.0¢

walking 1.0 1.0 .939 0.08
Wear glasses when driving 1.0 1.0 373 0.34
Self-rated quality of driving (ordin&l) 4.0 4.0 1.00 0.0(
People who during the last year have driven:

to neighbouring towns 1.0 1.0 379 -0.31

to distant towns 0.0 1.0 .003* 1.23

to places outside of the South Island 0.0 0.0 469 -0.31
The Cohen’s-type effect size is calculated usirgrtiean ranks of Pass and Fail groups (Hopkins,
2004). Positive effect sizes show that a higheresam the measure was related to an increased
likelihood of failing the on-road assessment, wi&gative effect sizes show a lower score on|the
measure was related to an increased likelihoo@ibifd the on-road assessment. Median scoreg do
not necessarily represent the direction of thecefis this is based on a calculation that utilinesin
ranks rather than the median vafGelf-rated driving was rated on an ordinal scaléo#sws: 1 =
poor, 3 = average, 5 = excellent.
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Table 8-10. Comparison of on-road Pass and Fail gops for non-normally distributed cognitive variables

using Mann-Whitney U tests.

. . Mann-
Median Medlan Whitney U Cohen-
Pass group Fail group | ff

(n=21) (n=11) p-value  type effect
Test Measure (*p<.05) size
Geriatric Depression Scale 2.0 1.0 .088 -0.65
Mini-Mental State Exam 25.0 24.0 133 -0.b5
VOSP Incomplete Letters (z-score) 0.13 -0.66 .376 0.33
Colour-Word Interference, Colour naming
scaled score 6.0 4.0 .243 -0.42
Colour-Word Interference, Interference
scaled score 6.0 1.0 .323 -0.p2
Trail Making Test A (z-scoré) 0.47 2.41 .045* 0.80
Trail Making Test B (z-scor@) 1.91 10.02 .068 0.68
Judgement of Line Orientation (percentile) 56.0 056. 572 -0.20
Rey Complex Figure copy (ordinal score) 1.0 5.0 .133 0.59

Rey Complex Figure immediate recall (T
score) 31.0 24.0 .796 -0.0

Activities of Daily Living Scales

The Informant Questionnaire on Cognitive
Decline in the Elderly 4.0 4.1 .952 -0.(

2

The Cohen’s-type effect size is calculated usirgrtiean ranks of Pass and Fail groups (Hopk
2004). Positive effect sizes show that a higheresam the measure was related to an incre
likelihood of failing the on-road assessment, whitgative effect sizes show a lower score on
measure was related to an increased likelihooaibh@ the on-road assessment. Median score
not necessarily represent the direction of thecéfis this is based on a calculation that utilinesn
ranks rather than the median valfidigher z-scores for Trail Making Test A and B scerpiate to
longer times required to complete the task relewanthe cognitively-unimpaired standardizati
group.®The Rey Complex Figure standardized data for thpy ¢oal does not give scores across
spectrum of the distribution, but only up to thd"p&rcentile. An ordinal score was assigned for

reported percentiles as such: 1 = Sp@rcentile, 2 = 11—1Bpercentile, 3 = 6-1bpercentile, 4 = 2+

5" percentile, 5 =1% percentile. Thus the lower the ordinal score, tmare impaired the cop

ins,
hsed
the
5 do

on
the
the

y

performance was.

Table 8-11. Comparison of on-road Pass and Fail gups for non-normally distributed SMCTests
variables using Mann-WhitneyU tests.
. . . Mann-
Median Median Fail Whitney U Cohen-
Pass group group val " ffect
(n=21) (n=11) p-value ype etiec
Test Measure (*p<.05) size
Ballistic Movement Test
Reaction time, right hand (ms) 423 496 a7 0.71
Reaction time, left hand (ms) 415 444 .005* 1.11
Reaction time, grand mean (ms) 408 548 .015* 1.04
Continued on following page
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Continued from previous page
Median  Median Mann- Cohen-
Pass Fail Whitney U type
group group p-value effect
Test Measure (n=21) (n=11)  (*p<.05 size
Movement time, right hand (ms) 257 357 .031* 0.98
Movement time, left hand (ms) 259 346 .016* 1.04
Movement time, grand mean (ms) 259 342  .013* 1.07
Total reaction and movement times, right hand (ms) 665 821 .034* 0.95
Total reaction and movement times, left hand (ms) 683 1036 .004* 1.31
Total reaction and movement times, grand meaj (ms 674 907 .006* 1.23
Peak velocity, right hand (ms) 867 610 .014* -1.09
Tracking Tests
Sine tracking run 1 error (mm) 22.0 26.5 .827 0.13
Sine tracking run 2 error (mm) 15.1 14.5 677 0.08
Random tracking run 1 error (mm) 11.0 14.5 .592 160.
Random tracking run 2 error (mm) 10.8 15.7 416 .23(
Arrows Perception Test
Number of arrows correct 11.0 11.0 .388 0{29
Omission of arrows response 0.0 0.0 272 0.40
Divided Attention Test
Number of arrows correct 11.0 11.0 .036* -0.84
Omission of arrows response 0.0 0.0 .025* 0.87
Complex Attention test
Reaction time standard deviation (ms) 190 351 .045* 1.07
Movement time standard deviation (ms) 83 130 .039* 0.86
Number of lapse errors 0.0 1.0 .635 0{19
Number of invalid trials 0.0 1.0 .025* 0.86
Planning Test
Lateral road position error (mm) 3.1 3.5 310 0138
Duration of positional faults (s) 8.9 20.2 .088 69D
Distance travelled (m) 3.5 3.3 A73 -0.R9
Intersection safety margin (mm) 23.0 0.0 .046* -0.81
Number of hazards hit 2.0 3.0 .268 045
Number of crashes 1.0 3.0 195 0/48
The Cohen’s-type effect size is calculated usirgrttean ranks of Pass and Fail groups (Hopkins,)2(004
Positive effect sizes show that a higher scorehenmeasure was related to an increased likelihdod o
failing the on-road assessment, while negativeceBizes show a lower score on the measure wadgla
to an increased likelihood of failing the on-roadessment. Median scores do not necessarily repitbes
direction of the effect as this is based on a datmn that utilizes mean ranks rather than theiaredalue.
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Table 8-12. Comparison of on-road Pass and Fail gups for normally distributed variables usingt-tests.

Mean Pass Mean Fail t-testp Cohen's
group group value  deffect
Test Measure (n=21) (n=11)  (*p<.05  sizé
Age 74.7 79.2 .077 0.59
Road code questions 10.4 9.5 211 -0.48
Wechsler Test of Adult Reading 105.4 106.2 .846 70.0
ADAS-Cog Total score 17.6 22.6 .027* 0.87
VOSP Silhouettes (z-score) -0.52 -0.51 .989 Q.01
Colour-Word Interference, Word reading scaled score 8.0 5.5 .054 -0.74
Letter Fluency scaled score 8.8 6.0 .063 -0.73
Category Fluency scaled score 6.3 3.9 .010* -1.03
Letter-number Sequencing scaled score 8.5 7.0 .220 -0.48
Block Design scaled score 8.8 6.8 .130 -0/58
Activities of Daily Living Scales
Four-ltem Instrumental Activities of Daily Living§cale 7.1 6.6 .507 -0.25
Alzheimer's dementia Activities of Daily Living
International Scale 1.2 1.0 406 -0.31
Ballistic Movement Test
Peak velocity, left hand (ms) 767 588 .009* -1.01
Peak velocity, grand mean (ms) 779 587 .003* -0.90
Divided Attention Test
Tracking error (mm) 13.5 15.2 429 0.30
Complex Attention test
Reaction time (ms) 733 850 112 0.61
Movement time (ms) 462 518 271 0.42
Total mean movement and reaction times (ms) 1204 1384 .085 0.66
positive effect sizes show that a higher scorenemteasure was related to an increased likelihddailmg
the on-road assessment, while negative effect sihews a lower score on the measure was relatea {0 a
increased likelihood of failing the on-road assessifHigher ADAS-Cog Total scores indicate a higher
number of errors performed.
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Table 8-13. Comparison of reported medical conditins for on-road Pass and Fail groups and the Cohen-

type effect size for ranked transformed variables

. . Fisher's
0, 0,
Angiorfff n A)Fea?ldortjd n Exact Test Cohen-
(n—Zgl) P (n—gll) P (two-tailed, type effect
Medical Condition - - p<.05) size
Heart disease 4.7% 54.5% .003* 1.24
Cancer 9.5% 0% .534 -0.45
High blood pressure 19.0% 18.2% 1.00 -0{02
High cholesterol 9.5% 36.4% .148 0.65
Sleep apnoea 9.5% 27.3% .310 0|45
Diabetes 0% 9.1% 167 0.43
Arthritis 33.3% 45.5% .703 0.24
Depression 23.8% 9.1% .637 -0.89
Anxiety 14.3% 0% 534 -0.56
Surgery 14.3% 18.2% 1.00 0.10
Falls 14.3% 9.1% 1.00 -0.16
Cataracts 28.6% 9.1% 374 -0.50
Macular degeneration 0% 9.1% .344 043
Glaucoma 4.8% 9.1% 1.00 0.16
The Cohen’s-type effect size is calculated usirg riiean ranks of Pass and Fail groups
(Hopkins, 2004). Positive effect sizes show thhigher score on the measure was related to
an increased likelihood of failing the on-road asseent, while negative effect sizes shoyw a
lower score on the measure was related to an isedebkelihood of failing the on-road
assessment.

Three independent variables were deleted due ératote values <0.2 (see Section 6.1.3.2
for a description of tolerance testing and cutadfues). The three deleted variables were
Ballistic Movement total reaction and movement sngeand mean, Ballistic Movement peak
velocity grand mean, and Divided Attention numbkaows correct. Of the remaining 12
variables remained, the six variables with the égjleffect size were offered to the model. In
order of highest to lowest effect size these véemlwere: Heart disease, Ballistic Movement
movement time grand mean, Ballistic Movement reacttime grand mean, Category
Fluency scaled score, ADAS-Cog Total score, and @exnAttention number of invalid

trials.

These six measures were entered into a BLR modw®j asstep-wise backwards elimination
procedure. The model accepted three measures: disadse, Category Fluency scaled

score, and ADAS-Cog Total score. These measuresiataxd for 72% of the variance in the
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on-road outcome (Nagelkerk€)RThe ROC AUC for the BLR model was .92 7.114;
p<.001, 95% CI: .78-.99). The sensitivities, spetiés, and classification accuracies of the

BLR across a range of cut-points are shown in Takld.

As with the n=60 standard assessment sample, ttmooduts were compared for each model.
The ‘Default’ cut-point of 0.50 correctly classifie0 of 32 participants (93.8%) into on-road
Pass or Fail groups with a negative predictive @afi195.2%, and positive predictive value
of 90.9%. The ‘Optimized’ cut-point of 0.53 corrgctclassified 31 of 32 participants
(96.9%) into on-road groups with a negative prédictvalue of 95.5%, and positive

predictive value of 100.0%.

The 32 iterations generated by leave-one-out crabdation reduced the accuracy of the
‘Default’ cut-point from 93.8% to 71.9%, sensitivitrom 90.9% to 54.6%, specificity from
95.2% to 81.0%, negative predictive value from 95.® 60.0%, and positive predictive
value from 90.9% to 60.0%. The accuracy of the i@ed’ cut-point reduced from 96.9%
to 71.9%, sensitivity from 90.9% to 54.6%, spedyidrom 100.0% to 81.0%, negative
predictive value from 95.5% to 77.3%, and posipvedictive value from 100.0% to 60.0%.

Table 8-14. The sensitivities, specificities andassification accuracies of the BLR model at diffeznt cut-

points including the ‘Default’, and ‘Optimized’ cut-points

Criteriont Ser(l(?/(i)t)ivity Sp%?/:)f)icity Mg%gjﬁgfy“‘(‘{j/g & Accuracy (%)

>0.10 90.9 71.4 81.2 78.1
>0.20 90.9 76.2 83.6 81.3
>0.30 90.9 81.0 85.9 84.4
>0.40 90.9 95.2 93.1 93.8
> 0.50 ‘Default’ 90.9 95.2 93.1 93.8
> 0.53 ‘Optimized’ 90.9 100.0 95.5 96.9
>0.60 72.7 100.0 86.4 90.6
>0.70 72.7 100.0 86.4 90.6
>0.80 54.6 100.0 77.3 84.4
>0.90 54.6 100.0 77.3 84.4
'Criteria are the predicted probabilities of receiva Fail score.

Note that the values following leave-one-out creakdation are identical for both the
Default and Optimized cut-point due to the clossnekthese two points (0.50 and 0.53
respectively). For a summary of these results Balgle 8-15.
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Of the 32 iterations of the leave-one-out crossdasion, 12 contained a different set of
measures from the model formed by heart diseasteeg@y Fluency scaled score, and
ADAS-Cog Total score that were utilized in the siéisation. Ten of these 12 different
models, however, did not include any additionalstéom the six tests offered to the model,
but rather dropped one of the three tests frontlassification model. Eight of these models
retained Heart disease and ADAS-Cog Total scordewhiopping Category Fluency scaled
score, and a further two models retained Heartadeseand Category Fluency scaled score
and dropped ADAS-Cog Total score. Only two modelstained a different test and in both

instances this extra test was Ballistic Movemeattien time grand mean.

8.3.4.2 Binary Logistic Regression — extended assessmengliro

As described in Section 8.1.4.2, an alternate noktbo choosing variables to be offered to
the BLR model was investigated. Instead of offetting six independent variables with the
largest effect size between Pass and Fail groupghdomodel, the top tw&@&MCTests
measures (no more than one measure from a sulitesthp two cognitive measures (again
no more than one measure from each test) and phevio medical illnesses were offered to
the BLR model using the backwards step-wise seleatiethod. The process prior to this

selection was identical to the standard BLR repbateove.

The six variables that met criteria outlined abavere heart disease, high cholesterol,
Ballistic Movement movement time grand mean, Compigention number of invalid trials,
Category Fluency scaled score, and ADAS-Cog Tatales Five of these variables were the
same as five used in the standard BLR model exoepthe exclusion of Ballistic Movement
reaction time grand mean (this was bypassed dtiget8allistic Movement movement time
grand mean measure already having been offeredetanbdel) and the inclusion of high

cholesterol.

Step-wise backwards elimination procedure resuitedmodel with the same three measures
as the n=32 extended assessment model 1: heassédjs€ategory Fluency scaled score,
ADAS-Cog Total score. Because the same measuresageepted, model 2 was the same as
model 1 in every respect including classificatiaatwacy statistics and ROC AUC (see
Section 8.3.4.1 and Table 8-14).
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Table 8-15. The sensitivities, specificities andverall classification accuracies of the BLR modeldr the extended assessment model 1 at three diffetecut-points

including the accuracy following leave-one-out crasvalidation

Classification Following leave-one-out cross-validation
Model Sensitivity  Specificity pl\:ggittii\\llee pfgdsii(t:it\il\?e Accuracy | Sensitivity Specificity rz\::gﬁ:ttii\\//i pfgjiiéi':i/\?e Accuracy
(%) (%) value (%) value (%) (%) (%) (%) value (%) value (%) (%)
BLR, n=32 model 1
‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 81.0 77.3 60.0 71.9
‘Optimized’ cut-point 90.9 100.0 95.5 100.0 96.9 4.6 81.0 77.3 60.0 71.9
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Although the model 2 classification model was tame as model 1, the leave-one-out cross-
validation results could have been different sinbe six measures offered to the
classification model were also offered to eachatien of the leave-one-out cross-validation,
meaning that the deletion of Ballistic Movementctean time grand mean and the inclusion
of high cholesterol could have changed one or niterations. The 32 iterations of leave-
one-out cross-validation did indeed lead to slightatnges compared to the extended
assessment model 1. The accuracy of both the ‘Deftmd Optimized cut-points reduced
75.0%, sensitivity to 54.6%, specificity to 85.7%ggative predictive value to 78.3%, and
positive predictive value to 66.7%. For a summdrthese results see Table 8-16.

Twelve of the 32 iterations of leave-one-out creskdation contained a different set of
measures from the model formed by heart diseasteeg@y Fluency scaled score, and
ADAS-Cog Total score that were utilized in the sléisation. However, 11 of these 12
different models did not include any additionalt$eisom the six tests offered to the model,
but rather dropped one of the three tests frontkassification model. Nine of these models
retained Heart disease and ADAS-Cog Total scordewhiopping Category Fluency scaled
score, and the remaining two models retained H#iagase and Category Fluency scaled
score and dropped ADAS-Cog Total score. Only ondehoontained additional tests and in

that case all six of the offered variables wereepted into the model.

To further clarify the relationship between the tesdended assessment models, they are in
practice the same model as they both include thie shree independent measures. Extended
assessment model 2 shows that by offering diffemedsures to the model in a leave-one-out
cross-validation can change the estimated predicocuracies. The practical application of
the extended assessment model is that only thrasures would be performed and included

in the BLR model and the model will subsequentlydferred to in singular form.

8.3.4.3 Binary Logistic Regression — SMCTests Measures Only

As the n=32 extended assessment model appearenl ddbdtter job at classifying on-road
outcome than the n=60 standard assessment modklasamoSMCTestsmeasures were
accepted into the n=32 model, we decided to dodalitianal analysis to see the effect of
offering only the measures that were availabldheort=60 standard assessment sample to the
n=32 sample:SMCTestsmeasures, age, and gender. We were interested @th&rhthe

accuracy of this classification model would resesrthe n=60 full sample model.
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Table 8-16. The sensitivities, specificities andverall classification accuracies of the BLR modeldr the extended assessment model 2 at two differeatit-points

including the accuracy following leave-one-out crasvalidation

Classification Following leave-one-out cross-validation
Model Sensitivit e Negative  Positive L e Negative Positive
0 y Sp(z(;f;cny predictive predictive AC((:;r)acy Serz(?t)lwty Sp(?(c;f)lcny predictive predictive Ac?;r)acy
(%) 0 value (%) value (%) 0 0 0 value (%) value (%) 0
BLR, n=32 model 2
‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 85.7 78.3 66.7 75.0
&?rtl'tm'md cut- 90.9 100.0 95.5 100.0 96.9 54.6 85.7 78.3 66.7 75.
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The 15 variables with the highest effect sizes warered into ‘collinearity diagnostics’.

These variables include age and gender along V@tBMCTestaneasures. Four variables
were deleted due to tolerance values <0.2 (seeo8e®tl.3.2 for a description of tolerance
testing and cutoff values). The four deleted vdeslwere Ballistic Movement reaction time
grand mean, Ballistic Movement peak velocity granean, Ballistic Movement total time

grand mean, and Divided Attention number of arroasect. Of the remaining 11 variables,
the six variables with the highest effect size waffered to the model. In order of highest to
lowest effect size these variables were: Ballisiovement movement time grand mean,
Complex Attention number of invalid trials, Dividédtention omission of arrows response,
Complex Attention reaction time standard deviatiQ@mmplex Attention movement time

standard deviation, and Planning intersection gahetrgin.

These six measures were entered into a BLR modw®) asstep-wise backwards elimination
procedure. The model accepted two measures: Diviéligention omission of arrows
response, and Planning intersection safety maigiase measures accounted for 37% of the
variance in the on-road outcome (Nagelkere Rhe ROC AUC for the BLR model was
79 =3.147;p=.002, 95% CI: .61-.91).

As the n=60 standard assessment model had a NegelRevalue of 47% and an AUC of
.86, the n=32SMCTestonly model is clearly not as accurate at classiion. As with
previous models, two cut-points were investigatad Beave-one-out cross-validation was
performed and the results were very poor. Followiegve-one-out cross-validation, the
sensitivities of both cut-points were 27.3%, withspive predictive values also 27.3%
indicating that this model would detect few truel$=and would misclassify many Passes as
Fails. It appears th&MCTestsneasures were not useful in classifying on-roadae in

this sample.

8.4 On-Road Errors and On-Road Outcome

Driving errors conducted during the on-road assessnvere recorded using an on-road error
list described in Section 5.10.1. Both assessors w&sked to note the occurrence of errors,
whether they continued despite verbal instructemmy whether the assessor considered the
error to be a contributing factor for an on-roadl Beore. It was subsequently decided that
the rating of whether the participant continuedfiqrening an error after instruction was not

consistent between participants. This was becewese&tiance to prove corrected behaviour
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might not occur during the remainder of the driVdws, these data were not further
investigated. Table 8-17 displays the frequency ¢éaah error on the driving error checklist
was rated by the two raters as occurring, and@fsabach’sy which determines the level of
agreement between raters. There was a high defjereement between the raters with 11
error ratings withu values of .80 or above. The error ‘Incorrect iadiign at an intersection’
had a negative of -0.11. This is due to no agreement betweernwoeratings for any of the

7 participants who had this error noted.

The two most frequently rated reasons for a Falesevere ‘Decreased awareness of other
road users’ and ‘Decreased awareness of envirorymagtiit the former reason being a reason
for all 21 participants who failed the assessmeseie (Table 8-18). Five errors did not
contribute to a Fail score for any participantsctrrect indication at a roundabout’ which
had the highest occurrence in the sample as a w@@eparticipants according to the
occupational therapist’'s rating) was only considelog the occupational therapist to have

directly contributed to one person’s Fail score.

Eighteen errors were related to Pass and Fail mésqTable 8-18). All but four variables
were in the expected direction of occurring mosegtrently in the Fail group. Three variables
did not occur in the Fail group at all: “Turnedanhcorrect lane on multi-lane road’, ‘Fails to
give way to pedestrians at intersection’, and ‘prapriate use of arrow traffic lights’. The
error ‘Fails to follow pedestrian crossing rulescarred once in the Fail group and twice in

the Pass group.

The errors most related to a Fail outcome are shoythe largest phi coefficients and are
similar to the occupational therapist’'s self-ratamhtribution of error to Fail scores (Table
8-18). Of the top 10 errors rated as contributméail scores by the occupational therapist, 8
were ranked in the top ten by phi coefficient faroes associated with Fail scores:
‘Decreased awareness of other road users’, ‘Deedeawareness of environment’, ‘Lack of
scanning techniques’, ‘Inappropriate gap selectiolmcorrect use of give way rules at
intersections’, ‘Didn't react in time to situatibmcorrect action taken’, ‘Driving too close to

(or over) left line’, and ‘Driving above the speledit’.
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Table 8-17. Cronbach’sa and 95% confidence interval for agreement on the ammission of errors

between raters

Frequency Frequency ’ 95%

Type of Error rated _by rat_eq by Cronbach's confidence
occupational driving a ;

therapist instructor interval
Fails to follow pedestrian crossing rules 3 3 1.00 1.00-1.00
Decreased awareness of environment 21 20 0.98 o9y -
Decreased awareness of other road users 21 19 0.96 .94 -.98
Driving/starting in wrong gear 7 6 0.96 .93 - .97
Inappropriate gap selection 18 15 0.94 .98 -|.96
I'Qfe‘;rsr:gttlgﬁs of give way rules at 14 13 0.92 87 - .95
Driving below the speed limit 16 16 0.91 .84 - 94
Driving above the speed limit 29 27 0.89 .82 - 193
Incorrect indication at a roundabout 42 44 0.86 -.or
Turned into incorrect lane on multi-lane road 4 7 .80 .72 - .90
Inappropriate use of arrow traffic lights 1 0.80 .66 - .88
Driving too close to (or over) centre line 9 11 .7 .64 - .87
Lack of scanning techniques 19 21 0.77 .62 -|.86
Driving too close to (or over) left line 15 11 0.76 .60 - .86
géctilgrt] rt(;igtnin time to situation / Incorrect 13 8 0.76 60 - 84
Lack of mirror use 21 24 0.76 .60 - .86
Problem cornering: speed or position 8 0.72 A -
Incorrect use of lanes in roundabout 4 0.71 BB
Fails to observe signs 8 9 0.69 47 - 181
Immediate fail error (e.g. crash) 2 7 0.61 347 |.
Lack of blind spot check 17 23 0.59 .31-.75
Following other cars too closely 12 3 0.56 264 |7
Didn't apply 12 second search 6 17 0.55 .24 .73
Gear grinding/over-revving 5 1 0.50 .16 - .70
Stopping too closely behind cars 5 2 0.41 .01 -|.65
?gg{;gaching intersections at excessive 2 6 036 _07 - .6
Incorrect indication at an intersection 2 5 -0.11 .86- .34
Incorrect indication for lane changes 1 0 N/A N/A
i?gfsteocgglr? way to pedestrians at 1 0 N/A N/A
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Table 8-18. Frequency of errors rated as contribuihg to a Fail outcome by the occupational therapist

and the statistical relationship of errors to Passnd Fail outcomes

Frequency Fisher’'s
rated as Exact Test .
Error contributing p value coe?f:::lient
to the Falil
score
Decreased awareness of other road users 21 <.01 0 1.
Decreased awareness of environment 20 <.01 0.93
Lack of scanning techniques 15 <.01 0.78
Inappropriate gap selection 13 <.01 0.74
Driving above the speed limit 13 <.01 0.48
Incorrect use of give way rules at intersections 12 <.01 0.67
Didn't react in time to situation / incorrect 10
action taken <.01 0.55
Driving below the speed limit 8 0.01 0.35
Driving too close to (or over) centre line 7 <.01 4D
Driving too close to (or over) left line 6 <.01 a.5
Problem cornering: speed or position 6 <.01 0.53
Lack of mirror use 6 <.01 0.49
Lack of blind spot check 5 <.01 0.39
Following other cars too closely 5 0.09 0.24
Gear grinding/over-revving 3 <.01 0.41
Didn't apply 12 second search 3 0.02 0.34
Fails to observe signs 3 0.02 0.33
Incorrect use of lanes in roundabout 3 0.04 0.31
Stopping too closely behind cars 3 0.05 0.28
Driving/starting in wrong gear 2 0.23 0.17
Incorrect indication at an intersection 1 0.12 0.25
Incorrect indication at a roundabout 1 0.56 0.10
Fails to follow pedestrian crossing rules 1 1.00 .010
Immediate fail error (e.g. crash) 0 0.10 0.25
Incorrect indication for lane changes 0 0.35 0.18
Fails to give way to pedestrians at intersection 0 1.00 -0.10
Inappropriate use of arrow traffic lights 0 0.54 140
Turned into incorrect lane on multi-lane road 0 0.2 -0.20
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As part of the Driving Error List, the assessorgenvasked to rate each participant’s level of
insight, awareness of their driving problems, réieepess to feedback about their driving,
and likelihood of benefiting from lessons. Only gregson was rated as likely to benefit from
lessons so this rating was not further exploredinga by the occupational therapist for the
remaining three categories are given in Table 8AKJis clear from the table, there was a
pattern for those who passed the assessment ttdm more often as having intact insight,
having an awareness of driving problems, and beioge receptive to feedback following

the drive. The distribution of these scores wegeificantly different (y >= 41.83,p = <.001,
x%=40.52p=<.001, y*=21.21,p = <.001 respectively).

Table 8-19. Ratings for insight, awareness of dring problems, and receptiveness to feedback for dréers
who passed and failed the on-road assessment

On-road outcome

Rating Pass (number)  Fail (number)
Insight
Yes 33
Limited 5 4
No 1 16
Awareness of driving problems
Yes 29 1
Limited 7 1
No 3 19
Receptiveness to feedback
Yes 38 10
Limited 0 1
No 1 10

It is not surprising that those in the Pass groepewnore often receptive to feedback as this
would have included the recommendation that theydcoontinue driving. However, around
half of those who were told they could no longawewere also rated as receptive to this
feedback.

8.5 Discussion

8.5.1 Associations Between Independent Variables and Qua®& Outcome

Many SMCTestaneasures and standard cognitive measures disatigirbetween on-road
Pass and Fail groups with large effect sizes (90.8@&ny effect sizes foEMCTestsvere
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over 1.0, with the Ballistic Movement measures shgwconsistently large effects (.71—
1.31). Several scores from the Complex Attentiost @so produced high effect sizes
including reaction time (0.85), number of invalrtals (0.75), and total mean movement and
reaction times (0.79). This contrasts with the HwsaDlder Drivers study in which the two
highest effect sizes were 0.80 for Trail Making fTBsand 0.71 for Random Tracking run 1,
with the majority of variables falling within therall to medium range (0.20 — 0.50). The
effects sizes found in the current study are highan those found in Reger et al.’'s (2004)
meta-analysis for the ability of cognitive testsdiecriminate between drivers with dementia
with positive or negative driving outcomes (detared for most studies following on-road
assessment). The cognitive domain with the higbHett size in the Reger et al. study was

visuospatial skills with an effect of 0.29.

Examining the effect sizes of cognitive measurethexn=32 subsample, the measure with
the highest effect size (-1.03) was the Categoueridy scaled score which is a measure of
generative speech that is reflective of executiugcfion skills. The ADAS-Cog Total score
which represents a comprehensive screen of thatoagimpairments found in Alzheimer’s
dementia also had a large effect size (0.87). Titadl Making Test A’s effect size of 0.80
was larger than the effect size of 0.68 for TrahMihg Test B. Part B of the test is more
difficult to complete than part A and many partamps (both Passes and Fails) performed
poorly or could not finish part B, therefore rechgiits discriminative ability for predicting
on-road Pass and Fail outcomes. That an essergialjlistic test such as Trail Making Test
A, which consists of drawing lines between circlatmbers, much like a connect-the-dots
drawing, can discriminate reasonably well betweafraad Pass and Fail groups suggests
that many participants were impaired to the poihier more basic skills such as visual

scanning and/or motor speed were impaired.

Contrary to our expectations, informant reportgupictional impairments were not useful in
deciding which drivers with cognitive impairment wad Pass or Fail the on-road assessment.
The trend of the Alzheimer’'s dementia Activities@dily Living International Scale was in
the opposite from expected direction in that dsweho failed the on-road assessment were
rated as less impaired then drivers who passechoddih the trends for Four-ltem
Instrumental Activities of Daily Living Scale antie Alzheimer's dementia Activities of

Daily Living International Scale were both in thepected direction that the fail group had
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poorer scores, the effect sizes were small (-0.28 #.31 respectively). Perhaps the
information received from informants was biasedthat difficulties were minimized either
unconsciously or on purpose. Alternatively, perhdaphsse activities included in the

guestionnaires do not correlate well with the drgyvtask.

Of note in the extended assessment results idritregseffect size (1.23) between self-reports
of participants driving their cars to distant townghe South Island of New Zealand within
the last 12 months. The effect was in the directi@t the people who reported that they had
driven long distances were more likelyfal the on-road assessment. This seems counter-
intuitive, as we would expect that people drivingttier afield would be more confident in
their driving abilities, and would hope that thenédence would be based at least to some
extent on their actual level of driving ability. @Hact that the relationship was in the
opposite direction perhaps indicates that theselpedriving longer distances had poorer
insight into their driving abilities and were plagithemselves at increased risk of negative
driving outcomes through their behaviour. The séstrithution of people who reported
driving to distant towns was investigated, with 82%respondents being male compared to
69% of the total sample. Perhaps there is a séxemmée, whereby men are more likely to
continue driving longer distances even in the faicpoorer driving skills. This measure was
not offered to the extended assessment model amgt eliminated at the first step for
pragmatic reasons along with the other driving beha questions. This self-report measure
would be worth investigating in future studies oivdrs with dementia to confirm that the

result was indeed spurious.

Another interesting outcome for self-reported drgvibehaviour was that drivers who
reported that they were not currently driving theeam car at the time of the cognitive testing
were more likely to fail the on-road assessment@@etype effect size of -0.83). Participants
in this group had ceased driving for a variety efisons. Some had had a recent physical
health problem which had required driving cessatmna few months and whose ability to
restart driving was then queried on cognitive gasirwhich lead to the referral for
assessment. Some drivers had been told by thetordoat the time of referral that they
should not drive until the outcome of their on-rassessment was known. However, not all
participants who were told not to drive were commdywith this instruction, and several
confided to the experimenter that they had continte drive, at least on one or two

occasions due to having no other easy method w$p@tation. These people were noted as
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still driving their car regardless of what they wexdvised to do by their doctor. It is also
possible that participants told the examiner thardé were not driving when they actually
were for fear of consequences for not followingrtloector’s orders. So the validity of this
measure is questionable, but could suggest thaetlivers with MCI or Alzheimer’'s

referred for a driving assessment may be moreyiteefail if they were not currently driving.

There were trends for many medical conditions tontme prevalent in the Pass group,
including cancer, depression, anxiety, falls, aathiacts. Some potential problems with the
way details regarding medical conditions were @bddd is mentioned in Section 8.5.2. In
summary, medical conditions were self-reportedroftgth a family member present who
was able to confirm the diagnosis or prompt theigipant to report ones they had forgotten.
Hence, the results should be considered relialifeyugh the relationship between physician-
reported medical conditions and on-road drivingligbivould be a useful future area of
enquiry. The presence of heart disease discrimdnaétween Pass and Fail groups with a
large effect size (1.24) which indicates its patnisefulness for detecting those who might
be more likely to Fail an on-road assessment. éstargly, there was a trend for drivers who
reported more distress associated with medicalitond to be more likely tgpassthe on-
road assessment, which is in the opposite diredtiom that expected. Perhaps driving
problems linked with distress associated with medeonditions needs a larger sample of
driving behaviour to detect than provided by a 4Bute on-road driving assessment.
Alternatively, perhaps those who reported distraagl more insight generally and were thus
more likely to Pass the on-road assessment.

Interestingly, the 15-item road rules knowledge fased to discriminate between on-road
Pass and Fail groups. Also, many of the particpaaquired assistance in understanding the
intention of the questions and took a very longetito complete this ‘short’ test. This
indicates that road rules tests may be too diffiéo drivers with MCI and Alzheimer’s
dementia to complete (both Passes and Fails) atddad rules knowledge should instead be

assessed in context as part of an on-road drivaegssment.

Overall, the effects of most independent variablese in the expected direction that drivers
who failed the on-road driving assessment on aeeragl poorer scores. As mentioned in
Section 5.1.3.2, Babyak (2004) has many objectionesearchers constructing models on

the basis of relationships between independentdemendent variables found within the
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same sample and suggests instead that researeverslrar ideas about the variables they
want to investigate and to enter these variablesmodels on the basis of theory rather than
association within the sample. The data provide@ahle 8-3 Error! Reference source not
found., Table 8-9, Table 8-10, Table 8-11, and Table 8rnthude effect size differences
between Pass and Fail groups and could providduruneasures to include in a model built

with a new participant sample.

8.5.2 Classification of On-Road Driving Ability
Table 8-20 summarizes the accuracy statistichi®two n=32 models and the n=60 model

which will be discussed separately below.

8.5.2.1 Standard Assessment Model (n=60)

The standard assessment classification model hadrIsensitivities than the extended
assessment model. The model could only be offéMd€Testsneasures and chronological
age and it selected Ballistic Movement peak vejogtand mean, Complex Attention
number of invalid trials, Complex Attention reactiime standard deviation, and Random
Tracking run 1. Given the four measures acceptéal time classification model, off-road
testing would take around 30 min with the Ballidlovement test, Complex Attention test
and Sine and Random Tracking runs 1 and 2 needirxp tperformed using th@anDAT
semi-portable system.

The leave-one-out cross-validation produced exped&crements in both sensitivity and
specificity, although the drops in accuracy were¢ a® large as the drops observed in the
extended assessment model, which is likely dubddarger sample size of this model which
allowed for a more robust classification model ®Hhuilt. During the leave-one-out cross-
validation, there were 16 iterations with modeRsedent from that of the classification model
although only two of these 16 contained differergasures, with Planning duration of
positional faults making two appearances and Phgnhnumber of hazards hit making one
appearance. Following leave-one-out cross-validatibe standard assessment model had
negative predictive values in the 73.0% to 73.8%geafor the two presented cut-points
which indicates that around 27% of those with aljoted Pass are likely to actually receive a
Fail on the on-road assessment. The positive pgreeligalues range from 47.8% to 55.6%
for the two cut-points which indicates that arols@o of participants who receive a Fall
score on the off-road assessment would also bectegé¢o receive a Fail score on the on-

road assessment.
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Table 8-20. The sensitivities, specificities andverall classification accuracies of the BLR modelat three different cut-points for classification malels along with
their accuracy following leave-one-out cross-validion

Classification Following leave-one-out cross-validation
Model Sensitivity  Specificity p,)\rlggizgi\\//ee pfgjiiéi':i/\?e Accuracy | Sensitivity ~ Specificity g:gﬁ;t:i\\l/ee pFr’gdsiigt\il\?e Accuracy
(%) (%) value (%) value (%) (%) (%) (%) value (%) value (%) (%)

BLR, n=60

‘Default’ cut-point 66.7 92.3 83.7 824 83.3 47.6 79.5 73.8 55.6 68.3

‘Optimized’ cut-point 76.2 84.6 86.8 72.7 81.7 H2. 69.2 73.0 47.8 63.3
BLR, n=32 model 1

‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 81.0 77.3 60.0 71.9

‘Optimized’ cut-point 90.9 100.0 95.5 100.0 96.9 4.6 81.0 77.3 60.0 71.9
BLR, n=32 model 2

‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 85.7 78.3 66.7 75.0

‘Optimized’ cut-point 90.9 100.0 95.5 100.0 96.9 4.6 85.7 78.3 66.7 75.0
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8.5.2.2 Extended Assessment Models (n=32)

The measures accepted into the extended assessmodek were (i) the binary incidence of
self-reported heart disease (with an incidencedd®% in the Fail group and 4.7% in the Pass
group); (i) Category Fluency scaled score, whistaimeasure of generative speech often
used to measure executive function deficits; aimdtie ADAS-Cog Total score, which is a
reasonably comprehensive screen for cognitive impaits associated with Alzheimer’s
dementia. None of th&EMCTestaneasures offered to the models were acceptedtlieto

model.

The most intriguing of the accepted measures ig ldésease. Given that all participants met
criteria for either a diagnosis of Alzheimer’'s derti@ or MCI, the potential effects of heart
disease on driving must be over and above the tegmeficits measured by the ADAS-Cog
and Category Fluency test. It is possible thatthdiaease measures some useful interaction
of cognitive and sensory-motor measures that arexyained better by the measurement of
these deficits on their own. It could also be tthet method of collecting the heart disease
information was faulty. Information was not soudhdm participants’ doctors but rather
from self-report. This was often done with a fanmhgmber present which would reduce the
chances that large numbers of participants werengjiinaccurate information. Also, the
reported absence of heart disease does not melamaiwilar pathology does not exist but
rather that symptoms may not have been apparaeported. The finding of the importance
of heart disease requires replication, in partictdasee if reports from a participant’s doctor
are associated with on-road driving. If this asaton is confirmed, then the presence of
heart disease in patients with dementia would b&w#able indicator for doctors to determine
the possible driving risk profile of their patienGiven the three measures accepted into the
classification model, off-road testing could takeumd 35-50 minutes to perform (ADAS-
Cog approx 30-40 minutes for those with dementiss [@-10 minutes for Category Fluency

depending on whether its forerunner test Verbatikdy was performed first).

During the leave-one-out cross-validation of the txtended assessment models there was a
large decline in sensitivity, from 90.9% for bothagsification cut-points to 54.6%.
Specificity was less affected but also dropped fritb high 90s to the low to mid 80s.
Following the leave-one-out cross-validation, tlegative predictive values in the high 70s
for both cut-points indicate that around 22% ofsiagredicted to Pass the on-road road

assessment would actually receive a Fail score. pds#tive predictive values of 60% to
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66.7% indicate that around 37% of drivers predidtedrail the on-road assessment would
actually Pass.

In addition, a model formed using jJUBMCTestsneasures performed very poorly compared
to the cognitive tests and medical condition datzepted into the model. This adds further
evidence thaBMCTestsneasures are of little value in helping classifiyroad assessment

outcomes in people with MCI and Alzheimer’'s dementi

Overall, the extended assessment model producdebrhggnsitivities in classification than
the standard assessment model but these lowerestastiblly following leave-one-out
classification to be only slightly higher than tke&andard assessment model. This may
indicate overfitting occurring in the extended asseent model, most likely due to the
smaller sample size which would be expected to yweda less stable model than the
standard assessment model. Age was not contralteid fany of the models, although many
of the cognitive test scores were adjusted for Age. did not have a high enough effect size
to be offered to the extended assessment modehltdmaligh it made the top 12 of variables
offered to the standard assessment model, it waaawepted by the classification model or
any of the 60 iterations of the leave-one-out cn@dilation. In the standard assessment
sample, age discriminated Pass and Fail groups avititoderate effect size of 0.53. When
investigating samples with restricted age rangadh s in the current study and the Healthy
Older Drivers study, it is less likely that age Wwbappear as a predictor of driving ability

than when a sample also includes middle-aged andggy drivers.

8.5.3 Interpretation of On-Road Error Results

Inter-rater agreement on the commission of drivemgprs was high for many items. This

indicates that many of the listed errors were ifiedt independently by each rater.

Discrepancies in some ratings could be due to ngrthresholds for each rater in defining
when an error occurred, and also to different e\l attention to driving behaviour; the

driving instructor had the dual task of guiding tiréve as well as maintaining safety of the
vehicle, whilst the occupational therapist was dbleoncentrate fully on driving behaviour.

Reliability of the detection of errors is an imgont first step in determining the usefulness of
a behavioural rating system.

The two measures most commonly cited as contriputra Fail outcome were not errors per

se, but rather a subjective judgment made by trmupational therapist and/or driving
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instructor that a driver exhibited decreased awesgrof the environment and/or other road
users. The fact that these two awareness measaresrated for all but one fail outcome
suggests that a single measure of decreased awaremald be used instead of two separate
ones. This result may indicate that subjectiveestants presumably based on both the
commission of errors and an interpretation of gahdemeanor and behaviour during the
assessment are useful for making decisions abouhglrability. There was a high level of
agreement between the subjective ratings of thepatonal therapist as to which errors
were especially important to a Fail outcome anddibgree to which the frequency of these

errors (whether or not they were rated as importaas associated with on-road Fail scores.

The current study found a number of potentiallyfulserror measures that were related to
on-road Pass and Fail outcomes and were also estadseful contributors to identifying

people with on-road Fail outcomes by an occupatitr@aapist. Including an evidence-based
error list as part of a non-standardized drivingeasment would allow for systematic
collection of error information that may contribute more reliable Pass and Fail on-road

outcomes.

8.5.4 Generalization of the Results

The participants in the current study were referfabm a driving assessment service that
included both those referred by general practitisrend those referred from a memory
assessment clinic in the same district. The exafusriteria required that participants had not
had a previous stroke or severe head injury int@mgt to recruit a sample of people whose
cognitive impairments were due to MCI or Alzheinsedementia. Thus, the results cannot
necessarily be expected to generalize well to tivaigle histories of brain insult not due
solely to a dementing process. Results may alsgermralize well to a group of drivers with

forms of dementia other than Alzheimer’s dementia.

The sample of 32 participants who agreed to adudititesting may have been different from
the remaining 28 participants in the full samples. r&ported in Section 8.1.1, there was no
difference in male/female composition of the exwh@nd standard assessment groups but
age almost reached significange< .051) for the standard assessment group beingy old
(mean = 79.9 years in standard group versus 7€Psyi@ extended assessment group).

Further unmeasured differences between groups nfluemnce the generalizability of the
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results of the cognitive testing but will not affélce results of th&MCTestsneasures in the
standard assessment sample.

Because of potential limitations in the recruitpr@cess, the predictive value assigned to the
individual tests used in the BLR models could bedoor higher for the general population

of drivers with dementia.

8.5.5 Errors in Prediction of On-Road Assessment Outcome

As with the Healthy Older Drivers study, it is ligghat some measures potentially useful for
the prediction of driving ability were not includéd the current study. A rating of dementia
severity using the Clinical Dementia Rating may énéeen useful in the current study. As
shown in Table 8-8, there was a trend for on-rcatuire rates to increase from MCI to

Alzheimer’s ratings of ‘intact’ and mild impairmeand then to moderate impairment, but a

larger sample than 32 would be required to raisdidence in these findings.

As with the Healthy Older Drivers study, the rellip and validity of the on-road driving
assessment is unknown. Section 3.8 details potgmtidlems with the assessment. It is
important to note that the validity of any on-rdadt purporting to determine driver safety in
dementia groups will likely never be known. Estslhiing predictive validity for the ability of
the on-road assessment to predict subsequent viegiiving outcomes such as crashes and
traffic offences would be dependent on allowingdaiVers with dementia to continue driving
regardless of on-road assessment performance er toddetermine the subsequent rate of
negative driving events between Pass and Fail gto8mce drivers with dementia are a
high-risk group for negative driving events, itunlikely that this sort of study will ever be
performed and that pragmatic decisions made byiasts will continue to inform which

people with dementia are judged to be safe or ermathe road.

8.5.6 Comparison with Predictive Models of Driving in tHeterature

As with the Healthy Older Drivers study, there te® studies in the driving literature with

which to compare the results of the Dementia anifiyy models. This is because few
researchers have recruited an MCI and/or demeairgpke and compared off-road testing to
blinded on-road outcome. Two studies were fountl ¢bastructed a classification model for
on-road performance that included a control grouxechwith the dementia group (Hunt et
al., 1993; Fitten et al., 1995). Such models dtelyito be biased in reporting specificity
since a control would be expected to perform bettelboth the off- and on-road testing. This
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in turn would increase the overall accuracy of thedel, even if the sensitivity for
classifying those who failed (more likely to be skowith dementia) was moderate to low in
size, particularly if there were more controls wgted than people with dementia. Hence,
only studies that compare off- and on-road testuithin a sample of people with MCI or
dementia were compared to the models in the custedi. Four studies were found that met
these criteria (see Table 8-21).

Snellgrove (2000) recruited 115 community dwelladults with MCI (CDR score of 0.5,

n=23) and dementia (CDR score of 1.0, n=92, 65%hdilners dementia, 30% vascular
dementia, 13% frontotemporal dementia, 2% Lewy-Bddgnentia) and used a simple maze
completion task to classify Pass and Fail ratimgsain on-road driving assessment using
BLR. Using just the maze task time for completiord @he error score, they were able to
accurately classify 77.4% of the sample into PasisFail groups, with a sensitivity of 84.0%

and a specificity of 61.8%. This is an impressilassification using just two scores from a
single test and with a substantial sample siz¢higrpopulation. Unfortunately the author did

not submit the model to statistical proceduresgi@ianine its stability and generalizability.

Lincoln et al. (2006) recruited 37 adults with dertie and a control group to compare the
results of cognitive testing on on-road drivingessssnent that resulted in ratings of ‘probably
safe’ as well as ‘probably unsafe’ and ‘definitelgsafe’. Fortunately, they constructed a
classification model with just the dementia sampleey used discriminant analysis, which is
very similar to BLR but is for use with parametdata. Discriminant analysis suffers from
the same problems with overfitting as BLR and, umwiwately, Lincoln et al. offered 13

measures to their model for a variable to partmipatio of approximately 1 to 3 which

likely led to substantial overfitting of their mddeThe authors reported an overall
classification of 92.0% with a sensitivity of 90.08ad a specificity of 93.0%. Their study
was the only one found to have estimated the piiredi@accuracy of the classification, by
recruiting 17 new participants with dementia withigh they tested their model equation
(see Table 8-22). This model had an overall acque8.8% with a sensitivity of 40.0%

and a specificity of 66.7%. This large reductioragturacy may be explained by the likely
large amount of overfitting present in their cléisation model due to the large number of
variables entered. Lincoln et al. went on to cha@sew cut-point for their model based on
cut-points provided by ROC analysis which resulited model with 100% sensitivity. This

is poor practice as in order to determine the g@kaccuracy of the classification model on
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a new sample the same cut-point used in the ofignoalel must be used when estimating

predictive accuracy.

Duchek et al. (1998) recruited a sample of 44 peepth CDR scores of 0.5 and 1.0 and

used multiple regression to classify error scoramion-road driving assessment.

The authors did not provide the age or sex probletheir participants. Measures accepted
into the BLR backwards stepwise classification mddeluded visual search and divided
attention measures as well as the Boston Naming (Aemeasure of the ability to correctly
name objects which is often impaired in dementislultiple regression provides a
continuous outcome score which provides only a mreasf variance accounted by the
model, which was 0.65. No estimate of predictiveuaacy was performed. Finally, Dawson
et al. (2009) recruited 40 participants with Alzher's dementia (83% male) who completed
a number of cognitive measures and an on-roadndri@ssessment to classify a driving error
score using multiple regression. The measures &f @gors on the Benton Visual Retention
Test (which assesses visual perception, memory,vasubconstructive abilities) and Trail

Making Test A accounted for 23% of the variancéhmon-road driving error score.

The study by Snellgrove (2000) provides the bestgarison to the models produced in the
current study. Their accuracy of classificationngpressive given the inclusion of only two
measures from a single test. The classification efsoffom the current study have likely
benefited from the addition of extra tests but @s® more likely to have been affected by
overfitting, which is reflected in the drops in #iree models following leave-one-out cross-
validation. The Lincoln et al. (2006) model is Ikeseriously affected by overfitting as
shown by the large reduction following testing oneav sample, and the authors actions of
selecting a new cut-point in order to improve thigcome suggests they lack understanding
of how to validate a classification model. The Deiclet al. (1998) and Dawson et al. (2009)
studies are not as easily comparable to the madelse current study due to their use of
multiple regression to classify a continuous ordreaor score rather than a binary Pass/Fail
outcome. In both cases, however, the reported n@iaccounted for is lower than for the

Dementia and Driving extended assessment model.
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Table 8-21. Classification models-comparison of ctent and other studies with drivers with predominantly with MCI or dementia

o Variance
Statistical ) o - Mean Age
Reference Measures in Model Accuracy  Sensitivity  Specificity Accounted  n
Model of Sample
for (R%)
Dementia and Driving Binary logistic ~ Heart disease, Category Fluency, ADAS- . . .
(n=32) standard model regression Cog Total score 93.8% 90.9% 95.2% 0.72 32 76.2
(the current study)
Dementia and Driving Binary logistic  Heart disease, Category Fluency, ADAS- . . .
(n=32) alternate model regression Cog Total score 93.8% 90.9% 95.2% 0.72 32 76.2
(the current study)
Dementia and Driving Binary logistic ~ Ballistic Movement peak velocity,
(n=60) regression Complex Attention invalid trials, Complex g3 304 66.7% 92.304 0.47 60 77.9
(the current study) Attention reaction time STD, Random
Tracking
Snellgrove (2000) Binary logistic Maze task completion time and error score 77 494 84.0% 61.8% N7S 115 77.1
regression
Lincoln et al. (2006) Discriminant Dot cancellation measures (x 2), square
analysis matrices measures (x2), road sign
recognition, MMSE, Stroop, Behavioral
Assessment of the Dysexecutive Syndrome 92.0% 90.0% 93.0% N7S 37 71.0
(X2 subtests), VOSP Incomplete Letters, an
object recognition test, information
processing tests (x 2)
Duchek et al. (1998) Multiple Visual search and divided attention N/S N/S N/S 0.65 44 NS
regression measures, Boston Naming Task
Dawson et al. (2009) Multiple Age, Benton Visual Retention Test errors,  n/<? N/S N/S 0.23 40 75.1
regression Trail Making Test A

!Percentages are for the cut-point with the highestage of sensitivity and specificitiN/S = not stated and unable to be computed fromigied data.
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Table 8-22. Comparison of the current study’s estiated predictive accuracy compared to the estimatio of predictive accuracy of other studies using saptes of

predominantly MCI and dementia samples

Method of estimating predictive . o o Mean Age
Reference Measures in Model Accuracy  Sensitivity  Specificity n
accuracy of Sample
Dementia and Driving Leave-one-out cross-validation of 6 measures offered with most
(n=32) standard model binary logistic regression model iterations utilizing Heart disease, 71 .god 54.60%4 81.00%4 32 76.2
(the current study) Category Fluency, and ADAS-
Cog Total score
Dementia and Driving Leave-one-out cross-validation of 6 measures offered with most
(n=32) alternate model binary logistic regression model iterations utilizing Heart disease, 75 god 54.6% 85.70%4 32 76.2
Cog Total score
Dementia and Driving Leave-one-out cross-validation of 12 measures offered with most
(n=60) binary logistic regression model iterations utilizing Ballistic
(the current study) Movement peak velocity, 68.3% 47.69% 79.5% 60 77.9

Complex Attention invalid trials,
Complex Attention reaction time
STD, and Random Tracking

Lincoln et al. (2006) New sample of 17 people &i the Dot cancellation measures (x 2),
model developed on 37 people square matrices measures (x2),
road sign recognition, MMSE,
Stroop, Behavioral Assessment of 5g goy 40.0% 66.7% 17 75.8

the Dysexecutive Syndrome (x2
subtests), VOSP Incomplete
Letters, an object recognition test,
information processing tests (x2)

!Percentages are given for the cut-point in thesifiaation model with the highest average of sé@visitand specificity Value derived from the values given for
sensitivity, specificity and total sample size.
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8.6 Review of Study Hypotheses

Given the results of the study, it is possibleddrass the hypotheses outlined in Section 4.3.

8. A combination of standard cognitive tests &MCTestsneasures will provide on-road

Pass and Fail accuracy statistics higher thareittaeved by previous studies.

This hypothesis is not supported as the extendedsasent model did not accept a
combination ofSMCTestsmeasures along with cognitive measures but radleepted a
medical measure and two standard cognitive testsunea. However, the model that was
created had higher total accuracy, sensitivity, simecificity than Snellgrove’s (2000) model
(see Table 8-21). Comparisons with the Lincolnlet2906) model are not useful due to that
model’s expected large amount of overfitting causgdffering too many measures to the
model. In any case, the three models from the nurstudy fare better on all accuracy
measures than the Lincoln et al. model.

9. Drivers with MCI or Alzheimer’s dementia who rep@tperiencing more distress from
medical conditions will be more likely to receivefal score in the on-road driving

assessment.

This hypothesis was not supported as in the exterasessment sample there was no
difference in the amount of distress reported hyeds in the on-road Fail group. In fact,
there was a trend for the Pass group to report misteess which is in the opposite from
expected direction. The existence of heart diselageever, was linked to increased Fail
rates. Presumably heart disease has physical andgmitive sequelae which affect the
driving task that are not better explained by dsdrcaused to an individual. It is possible that
drivers with dementia are not as distressed by ipalydlness due to the decrements in
memory and personality changes which are charatitenof dementia. Unlike the Healthy
Driver Follow-up study, we are unable to follow $kedrivers with dementia prospectively to
determine whether distress caused by medical donditvas related to subsequent crashes

and traffic offences as found in the previous study

10.An on-road error list will contain errors which cdiscriminate between drivers with

dementia or mild cognitive impairment who Pass Raiflan on-road driving assessment.

This hypothesis was supported since eighteen ewers found that discriminated between

Pass and Fail on-road groups and most of thesesenere also rated by the occupational
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therapist as being important contributors to hebgl judgment of Fail for many drivers. The

two most frequently rated errors by the occupatitimarapist were ‘Decreased awareness of
other road users’ and ‘Decreased awareness ofoemuent’ which are not so much as errors
as subjective opinions likely based on the perforceaof errors and other behaviours that
occurred during the assessment. These two measadethe largest effect size differences
between groups (1.00 and 0.93 respectively). Thelteof the error list can provide useful

information about the types of errors likely toicate a Pass or Fail outcome in a way that

could be accepted as useful by driving assessors.

8.7 Summary

Sixty driving assessment centre referrals with natiynitive impairment or Alzheimer’'s

dementia completed a computerized battery of sgamotor and cognitive tests and a
formal blinded on-road driving assessment. A backe&atepwise binary logistic regression
model selected measures of reaction time and maversgeed of the upper limbs,
visuomotor planning and coordination, and sustaiagdntion. Following leave-one-out
cross-validation, this model was estimated to athyepredict 68.3% of an independent
group of drivers with mild cognitive impairment aAtzheimer’'s dementia into on-road Pass

and Fail groups.

A subsample of 32 participants completed additiatahdard cognitive tests and provided
information on medical conditions. A binary logestegression model in this subsample was
formed which selected measures of verbal fluerney presence of heart disease, and a fairly
comprehensive cognitive screen. Following leave-autecross-validation, this model would
be expected to correctly predict 75.0% of an inddpat group of drivers with mild
cognitive impairment and Alzheimer's dementia interoad Pass and Fail groups. The three
measures in this model could be performed in ar@580 min in a primary health setting.
This model is preferable to tIBMCTest®nly model.
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CHAPTER 9 -

Concluding Summary and Outlook

9.1 Achievement of Objectives

The objectives outlined in the introductory chagt&ection 1.3) are reproduced below.

Review the effects of normal ageing on driving parfance.
Review how mild cognitive impairment and demenffa& driving performance.
Review how driving ability is currently assessed.

Assess the accuracy of measures currently usesséss driving ability.

o 0 bd e

Determine measures that predict on-road drivingfop@ance in a group of older

cognitively-unimpaired drivers.

6. Follow cognitively-unimpaired older drivers to detene if drivers who fail an on-road
driving assessment are more likely to experience@@ driving events than drivers who

pass the assessment.

7. Determine measures the predict on-road drivinggperance in a group of drivers with

mild cognitive impairment and dementia.

The first four objectives were achieved by reviesfighe literature presented in Chapters 2
and 3. Objectives 5 to 7 were achieved through ¢etiop of the Healthy Older Drivers
(Chapter 6), Healthy Driver Follow-up (Chapter &hd Dementia and Driving (Chapter 8)
studies.

9.2 Main Findings

The Healthy Older Drivers study produced a binagidtic regression model that included
two measures (Trail Making Task B and Random Tragkun 1) that classified on-road Pass
and Fail groups for cognitively-unimpaired drivevgh 73.3% accuracy at the cut-point with
the highest mean of sensitivity and specificity.wdwer, the positive predictive values of
50.0% for the Optimized cut-point and 31.8% follogileave-one-out cross-validation

indicates that just over two thirds of people whould be predicted to Fail the on-road
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assessment would actually Pass. This high fals@iywsate would lead to many drivers
being referred for unnecessary on-road assessrapdtthe model cannot be recommended

for use in this population.

The Healthy Driver Follow-up study found that thevas no increase in negative driving
outcomes for those who Failed the on-road assessasgpart of the Healthy Older Drivers
study. Albeit with a small sample size, this unigiiedy suggests that on-road assessments
are not useful in determining future real-world atge driving outcomes in drivers without
diagnosed cognitive impairment. Our result is imeagnent with a reassessment of the
findings of Keall and Frith (2004a) and Anstey ét @009) who are the only other
researchers to have followed a group of predominaaignitively-unimpaired older drivers
in order to determine the predictive ability of an-road driving assessment outcome for
future real-world negative driving events. The HaalDriver Follow-up study also detected
significant reductions in long distance drivingwasll as bicycle use, and in walking as a
form of transportation over a two year period. ThHighaviour change measured

longitudinally is not subject to cohort effectstthge a limitation in cross-sectional designs.

The Dementia and Driving study comprised a samptiigers known to be at increased risk
for unsafe driving. Large effect size differencedween on-road Pass and Fail groups for
SMCTestaneasures, cognitive measures, and medical consglifioovided ample scope to
construct classification models. The stand&m®ICTestonly model did not have high
enough accuracy statistics to recommend its udh, seinsitivity scores across the two cut-
points ranging from 48% to 52% and positive predectalues that would mean around half
of drivers predicted to Fail the assessment wogldadly Pass. This could be due to the
novelty of theSMCTestgesting scenario which may be particularly diffider people with

MCI and Alzheimer’s dementia due to difficultiestvlearning new tasks.

The extended assessment model included cognitige naedical condition measures in
preference toSMCTests With resultant sensitivity of 55% for both cutipis following
leave-one-out cross-validation, and positive arghtiee predictive values in the 60% to high
70% range, this model may offer a useful screerdé&ermining whether drivers with MCI
or Alzheimer's dementia are more likely to Fail@mroad assessment. The inclusion of the
ADAS-Cog in the extended assessment model suppectsmmendations (lverson et al.,

2010) that a rating of overall cognitive impairmdgstich as the CDR) can be useful in
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determining whether a driver with dementia is stdecontinue driving. The extended
assessment model could be used in primary hedttingeto assess the driving ability of

patients with MCI and Alzheimer’'s dementia, and \daiake 40-50 minutes to perform.

Surprisingly, scores on the functional impairmeungsfionnaires were not related to on-road
driving outcome, with two of the questionnairesihgweffects in the opposite from expected
direction which suggests they are not useful fadauce in deciding whether a driver with
MCI or Alzheimer’'s dementia is safe to continuevohgy. Perhaps direct assessment of
functional activities would be a better measure buth assessments require competent
administration and scoring by occupational thetap&d, hence, would make these tests

unacceptable as a general screen for driving glnilithis population.

The driving error list constructed for the Demeratrad Driving study found many errors with
high levels of agreement between observers andhwhiso successfully discriminated
between Pass and Fail groups. The Dementia andnDrstudy showed the inability of
questions about road rules to discriminate betwaemoad Pass and Fail groups, which
indicates an area that may not be worth assessingaa of formalized protocols for

assessing driving ability in drivers with MCI andzAeimer’s dementia.

Variances in performance of the driving task ingleavith dementia has proven difficult in
understanding driving performance. This is likelyedto the nature of driving which is an
over-learned task that may not compare well to wWags we seek to measure it using
cognitive and sensory-motor measures. Given tipain@ary effect of dementia is to reduce a
person’s ability to learn new information and Killt is perhaps not surprising that many
participants perform very poorly on off-road assemsts, or are unable to complete them,
and yet can still drive to a standard considerdd bg a driving assessor. The fact that the
ADAS-Cog and Category Fluency proved useful in tended assessment model in
preference to the computeriz&MCTestsbattery suggests that standard cognitive testing
could be preferred over novel computerized or sataultasks, even when the hardware used

in those tasks are designed to be as face validaamitlar as possible.

The current studies are important for our undeditanof both New Zealand drivers and
older drivers in general. The results allowed foe tvriting of recommendations for the
assessment of older drivers for both medical pgrangrs and occupational therapists as
presented in Sections 9.4 and 9.5. The findingsildhalso be of interest to those charged
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with implementing driving policy in New Zealand:ettMinistry of Transport and the New

Zealand Transport Agency.

9.3 Critique of the Project
There are always limitations to projects, especigibse which attempt to deal with ‘real-
world’ issues. Some of these limitations are exauahibelow.

9.3.1 Sample Size

The construction of stable models that can be gdined to new samples is reliant on the
recruitment of an adequate sample size. In orddvetable to detect large effects sizes
between Pass and Fail groups, with around one diighrticipants expected to fail the on-
road assessment, we determined via power analyaisat least 60 participants would be
required for each study. Sixty participants werecsssfully recruited for the Healthy Older
Drivers study and we were able to find useful infation regarding effect size differences on
measures between Pass and Fail groups. In the Dianasmd Driving Study, we initially
aimed for all 60 participants to undergo the exeghtksting regimen which consisted of two
additional appointments for collection of data &ddial to that provided by the standard
SMCTestoff-road test and the on-road driving assessmieiguickly became evident that
many referrals to the driving assessment servicee wet interested in completing extra
testing and the scope of recruitment was broadémeéaclude a group of participants who
were happy to have the results of their prescri@dng assessment included in a research
study but who did not wish to undergo additionatitey. It took 22 months of recruitment
and testing to obtain data on 60 participants, yush over half agreeing to extended testing.
Our power for finding large effects sizes was slillequate for the standard assessment
sample but was lower for the extended assessmenmlsaDespite this, we were able to
construct a model for the extended assessment sawipbse accuracy was maintained
relatively well following leave-one-out cross-valiibn. Even so, this model is unlikely to be
as stable as the standard assessment model asigtscf fewer participants from whom to
generalize. This was shown when two models wermédr for the extended assessment
sample, with leave-one-out cross-validation prodgcslightly different accuracy statistics
based on a small difference in the six independanables that were offered to construct the

models. All participants for the Dementia and Diyisample were referrals to a driving
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assessment centre and are therefore likely to septeahe kinds of people referred to other

similar driving assessment services.

9.3.2 Estimated Predictive Accuracy of Classification Meld

A discussion regarding the use of regression madgisovided in Section 6.1.3.2. A critique
of regression methods (Babyak, 2004) suggest<tassification models should not be built
on the basis of measures found to be related toutmme variable in the sample. Rather,
researchers are advised to recruit a second sashjplarticipants to form models based on
relationships found in a previous sample (or a ey study) and to enter a preset number of
variables via forced entry. We did not construct awdels in this way since we were
interested in including measures that had not lpeperly investigated in these samples,
namely SMCTests certain cognitive measures, and personality measWNeither did we
enter variables at a ratio of at least 1 to 10easmmended by Babyak, but instead chose a
ratio of 1 to 5 as deemed acceptable by TabachamdkFidell (2001). We also used a step-
wise elimination procedure to construct the modeinething Babyak (2004) does not
endorse. Two of the main criticisms of stepwisehmds concern overfitting that occurs by
offering too many variables to the model (BabyaB04) (a criticism that also applies for
forced entry models when sample sizes are smait),the notion that the order in which
variables are accepted into a forward stepwise htetle us something about the usefulness
of those variables (Thompson, 1995) (i.e., the fineasure accepted is the best predictor of
the outcome variable). We minimized both of thesecerns by a-priori selecting the number
of variables that would be offered to each model Edtio of 1 variable to 5 participants and
by using a backwards elimination procedure withatiempt to determine which accepted
variables were the ‘best’. In addition to these siderations, we also culled a number of
variables that we determined did not have enougtleace to support their offering to the
model or that we were only interested for desorgfpurposes. This was done in order to
concentrate on the variables we thought were mtk#ly to be associated with driving in a
predictable and explainable way. We also usednedlity diagnostics to detect variables
that shared sufficient variance with one or moreeotmeasures in the model and could
therefore be excluded from analysis. Most impolyanive used leave-one-out cross-
validation to test the generalizability and stapilof the model rather than relying on the

results of classification which are likely overfitk to the sample.

185



CHAPTER 9 - Concluding Summary and Outlook

The study by Innes et al. (in press) described ectiBn 6.3.4 found that while
computationally advanced modelling techniques agiproduct kernel density and support
vector machines produced classification modelsrmenoad pass and fail outcomes that were
almost 100% accurate, these models all fared ardbedsame as more commonly used
methods of discriminant analysis and binary logisegression following leave-one-out
cross-validation. These results highlight the int@oce of looking beyond classification to
estimate the predictive accuracy for the modelscamstruct. This is especially important
when the results of our efforts could be used tterd@ne important outcomes such as
deciding on a person’s ability to drive safely. Waieve the methods used for this research
project were better than most published drivingaesh studies and we will continue to look
at ways in which our techniques can be alteredrtwige a better description of driving

behaviour.

9.3.3 Diagnosis of Dementia and MCI

Participants who took part in the extended assassprecess of the Dementia and Driving
study undertook substantial additional testing agnitive and other measures. These
measures were carefully selected both to providéeece to assign diagnoses of MCI and
Alzheimer’s dementia, and also to explore the domai cognition that were candidates for
the prediction of driving ability. We did not haaecess to medical records or CT or MRI
brain scans and were relying entirely on the cogmitesting, information from informants,
and self-reported medical conditions in order tokendCl and Alzheimer's dementia
diagnoses. It is possible that some of those in Dleenentia and Driving study were
incorrectly diagnosed. However, we are confiderdt tbur method of assessment was
justified for the research project and it has pdedi a better understanding of the diagnostic
status of older drivers referred for an on-roacesssient due to concerns about declining
cognitive skills, particularly since many referrddvers had not had any formal dementia
assessment. Driving assessors must make their prigrof driving safety based on the often
tentative diagnoses of “cognitive impairment” orémory problems” that they receive on
referral forms. Given this, it was reassuring tadfthat only a few recruited participants were
subsequently excluded from analysis due to thesawctithat neither MCI or Alzheimer’s
dementia were present. This indicates that faidgusate expectations of the presence of
MCI and Alzheimer’'s dementia can be made on theslmghe referral letters, at least at the

driving assessment centre that was used in therdustudies.
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9.3.4 Measures Not Included in the Current Studies
There may have been tests not used in the curtughies (including ones currently available
and ones not yet developed) that could have besfulder prediction of driving ability.

The Useful Field of View has been found to be usefglassifying self-reported crashes (De
Raedt & Ponjaert-Kristoffersen, 2000; Hoffman & Mwmid, 2010), officially-reported
crashes (Owsley et al., 1991; Ball et al., 1993slewet al., 1998; Sims et al., 1998; Ball et
al., 2006), driving cessation (Ackerman et al.,20Bdwards, Bart et al., 2009), and on-road
driving assessment performance (De Raedt & Ponriaestoffersen, 2000; Whelihan et al.,
2005; Stav et al., 2008; Uc et al., 2009), makirthe most researched off-road computerized
test. The most useful subtest of the UFOV is onasueng divided visual attention and
appears to be useful even in drivers with no diggdacognitive impairment. This suggests it
Is sensitive to the effects of normal ageing omaisearch, visual attention, and processing
speed skills. Th& MCTestsneasure Divided Attention is probably the closeshparison to
the UFOV in the current project. In the Healthy @ldDrivers study the measures in the
Divided Attention test only had a small effect sdiference between Pass and Fail groups,
suggesting that the test is not sensitive enougtetect the effects of normal ageing. In the
Dementia and Driving study the Divided Attentionasere had moderate significant effects
(for two of the three measures) which suggest is wansitive enough to detect driving
problems in this group. However, only one Dividetiteition measure (number of arrows
correct) was offered to the Dementia and Drivirgndard assessment model and was not
accepted in the final model. Another Divided Attent measure (omission of arrows
response) had a higher effect size (.76 versusab®umber of arrows correct) but was
deleted during collinearity tolerance testing daesharing significant amounts of variance
with one or more (unknown) variables. Duchek et(H98) found that many people with a
CDR rating of 1 (a dementia severity rating of ildund the UFOV too difficult to
complete. Perhaps tf@MCTestsDivided Attention measure is easier than the UF&V
evidenced by most of the Dementia and Driving santyging able to complete the test, but
the test not being a useful predictor in the Hgadfder Drivers group. Therefore, the UFOV
may have been useful for inclusion in the Healthged Drivers study and its follow-up but

maybe not as useful as the Divided Attention teshé Dementia and Driving study.

The Montreal Cognitive Assessment (MoCA, Nasreddaihal., 2005) is a brief screening

tool similar to the MMSE which was specifically tgsed to be a more sensitive detector of
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the cognitive problems associated with MCIl. The MolRas been found to also be more
sensitive to the detection of mild dementia thaa MMSE (Smith et al., 2007). The MoCA
could have been a useful substitute for the MMSEhm current studies and should be

considered as a replacement for the MMSE in futitingng research.

The Clock Drawing Test (CDT) is sensitive to thegance of Alzheimer’'s dementia (Lezak
et al., 2001). It consists of a person being askedtaw a clock face from memory with the
hands of the clock pointing to a particular tim#en 10 minutes past 11. In 2006 Molnar et
al. (2006) performed a systematic review of theidg literature to find cognitive tests that
were related to the driving ability of people widkmentia. They found no studies that used
the CDT, despite the test being recommended byAtherican Medical Association as a
screening test for the detection of possible dgyanoblems in people with dementia. Three
studies by Freund and colleagues have investightedsefulness of the CDT in samples of
older drivers referred for driving assessmentsgusimulated drive outcome measures. One
study found a moderate correlation between CDTesaod the number of errors performed
(Freund et al., 2005). Another study found the OREs the strongest classifier out of a
group of tests for instances of unintended acceterdFreund et al., 2008). Another study
found significant differences in CDT score betwegnoups rated as unsafe, safe, and
restricted based on a simulated drive in whichatbeessors were not blinded to cognitive test
outcomes (Freund & Colgrove, 2008). De Raedt angaea-Kristoffersen (2001) found that
the CDT was accepted into a model that classifiletbrodrivers referred for a driving
assessment into on-road pass and fail groups. &retiral. (2008) consider the CDT to
primarily be a measure of executive functioningpal as measuring aspects of visuospatial
and constructional abilities, memory, and abstthriking. This claim for the CDT to be
used as a measure of executive function is sunggigiiven that there are so many other more
specific measures available which do not rely dadnvisuospatial skills, such as the Trail
Making Test, Colour-Word Interference, and Verblalelicy measures. In any case, the CDT
could be a useful addition to future driving resbamparticularly in investigating its use in

detecting the on-road driving ability of those witbmentia.

A measure of sensation-seeking may have been ulsefthe Healthy Older Drivers and
Healthy Driver Follow-up studies as higher scoressensation-seeking scales have been
associated with higher rates of self-reported amdilated risky driving behaviour in college

students (Schwebel et al., 2006) and higher numbkdriving violations and tickets in
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drivers aged 75 and over (Schwebel et al., 200i¢judling a sensation-seeking scale was
considered for the Healthy Older Drivers study bas, stated in Section 3.4, no scale
specifically developed for older adults could barfd. Since the items on current sensation-
seeking scales may not necessarily translate mder adult sample we were not confident
that data from these scales would necessarily tiel. vBersonality variables were not
included in the Dementia and Driving study duehe time needed to fill in forms when the

extended assessment already required around fiws b conduct.

It would be useful to have a measure of the levieinsight a person with cognitive
impairment has into the effects of their conditiom their driving behaviour, particularly
since awareness of other road users and the emamnwere the two top rated reasons for
drivers in the Dementia and Driving study failingeton-road assessment. A person with
intact insight could be expected to monitor therividg performance and alter their
behaviour to avoid complex driving scenarios sitret. Unfortunately, insight is a difficult
construct to measure, largely because it genem@djyires another person to rate the accuracy
of a person’s self-awareness which in itself iSghly subjective process. This is the system
used by the DriveAware questionnaire (Kay et adQ3a; Kay et al.,, 2009b; Kay et al.,
2009c), but this questionnaire has not been usédts awn to predict on-road outcome, only
in combination with the DriveSafe test. Relyingthe reports of significant others can be a
problem due to denial of impairments, not wantiodptirt a person’s feelings (especially if a
significant other is asked to comment while thesparin question is present), and deliberate
minimization of difficulties in order to retain thstatus quo. Insight is affected by MCI and
dementia but, as with the progress of all othem@oge impairments, it is difficult to predict
and likely even harder to assess for the reasotimen above. An attempt was made to
measure insight in the Dementia and Driving stugyaving the occupational therapist rate
the extent of insight for each participant (resgord ‘yes’, ‘limited’, and ‘no’). (see
Appendix J for a copy of the form). No instructiaas given to the occupational therapist
regarding the meaning of ‘insight’. As shown dgstively in Table 8-19 participants in the
on-road Fail group were more often rated as hammgsight in comparison to those in the
Pass group. The statistics closely match the vadi=n for whether participants had an
awareness of the driving problems they performedraad, and in reality both of these
measure could rely on each other. Also, both afdéhmtings could be affected by memory

impairments, perhaps with participants who had dtiem the errors they performed more

189



CHAPTER 9 - Concluding Summary and Outlook

likely to be rated as having no insight or awarer@gheir driving problems as well as more
likely to Fail the on-road assessment. Ratingsnsight could have a place in driving
assessment but the difficulty in defining what gigiis and developing an appropriate way to

measure it will be a barrier to its use.

The effect of age-related visual decline or medéyad conditions on driving was not a focus
of the current study. Visual acuity in the left anght eye individually and together were
included as measures in the Healthy Older Drivierdys but no significant associations were
found between on-road Pass and Fail groups. Beadubés, visual acuity was not pursued
as a variable in the Dementia and Driving studihaalgh all participants were screened for
visual acuity at the off-road assessment and wewed to meet mandatory New Zealand
requirements for private motor vehicle licensuréimum visual acuity of 6/12 using both
eyes together, with or without correcting lensesthBparticipant samples had a high
percentage of people with cataracts, but mediaadlittons were assessed 12 months after the
on-road assessment in the Healthy Older Driverdysand therefore could not be used in
classifying their on-road Pass and Fail outcomethi Dementia and Driving study eye
conditions were not associated with on-road PadsFail outcome. In fact, more people in
the Pass group endorsed having cataracts thae iRaihgroup (28.6% versus 9.1%). Anstey
et al. (2005) found little evidence of the usefsglm®f visual measures to predict either on-
road assessment outcome or real-world crash outoResearchers may do better to
concentrate on the more cognitively demanding dspafcvision such as measured by the
UFOV. It is possible, however, that an interactomtween cognitive and visual impairments
could be more useful for predicting driving abilttyan visual or cognitive measures on their

own.

The driving error list in the Dementia and Drivisgyidy had space for the assessors to record
whether a participant was able to alter specifiorpdriving behaviours during the remainder
of their driving assessment. This measure was malyzed since there would not have been
equal opportunities for all participants to perfaarmanoeuvre again during the remainder of
their drive. Knowing whether drivers with MCI ancrdentia can learn to change their
driving behaviour would be immensely helpful in @@tining their risk of unsafe driving.
For example, only one driver in the Dementia antvibg study was rated as being able to
improve their driving with lessons, and lessonsemeot recommended to this person. This

likely indicates the occupational therapist does Imglieve that drivers with dementia can
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benefit from lessons. This conclusion would makaitive sense given that a major deficit in
dementia is in learning new information, but we mt know this for sure. Any on-road
measure of whether driving errors were modified Moot be complete without a study
investigating whether any changes made persistrigettoe driving assessment itself. There
IS no use in a driving behaviour changing duringydssessment drive but then changing back
during real-world driving, particularly if this idue to the instruction being forgotten. If it
was found that some drivers with dementia retaittesl ability to modify their driving

behaviour, then this could potentially be a usefahsure for determining driver safety.

9.3.5 Reliability and Validity of On-Road Assessment

In the Healthy Older Drivers study, 27% of the mapants failed the on-road assessment,
compared with 35% of participants in the Dementm @riving study. This seems a
remarkably small difference between samples, esajpgcince the Dementia and Driving
sample were diagnosed with cognitive impairmentesgary to meet requirements for MCI
and Alzheimer’'s dementia diagnoses. In terms dfifairates in other studies with dementia
samples, these range from 27% to 63% (Fox et @07;1Grace et al., 2005; Lincoln et al.,
2006), which is in keeping with the fail rate fouimthe Dementia and Driving sample.

In terms of failure rates in samples with healtigeo drivers, Keall and Frith (2004a) found
that 22% of a general population sample of oved@ddrivers aged 80 and over failed a first
attempt at an on-road driving test. In a sampl27f predominantly cognitively-unimpaired
drivers aged 70 and over, Wood et al. (2008) faimad 17.4% received an on-road score that
recorded the presence of critical driving errorke Fail rate in the Healthy Older Drivers
study is higher than both the Keall and Frith andod/ et al. studies. This could be due to a
number of reasons. Firstly, inter-rater differenicedriving assessors ratings between studies
could influence Fail rates. Secondly, drivers ia Healthy Older Drivers study may not have
driven as carefully during the study driving assemst as they would have had the outcome
of the assessment been enforced, i.e., if a Faéihgrded to licence cessation or the
requirement for driver training. It is also possilbhat the lack of consequences for the on-
road assessment in this study led to the occugttberapist giving more Fail ratings than
she would have had the drivers faced consequehimgever, drivers in the Wood et al.
study also suffered no consequences from theiroad-rassessments which dilutes the
influence of these two factors. An inspection oé thrief reports provided for the 16

participants who failed in the Healthy Older Drigestudy locates many errors which appear
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to support Fail scores, such as driving on the grside of the road, excessive speeding,
failing to give way to cars or pedestrians, andility to negotiate double-lane roundabouts.
For many participants a Fail score appears to &tffigd, but it is possible that at least some
were judged more harshly than they should have.deemay simply be the case that many
cognitively-unimpaired older drivers make mistakieat would lead to on-road assessment
Fail scores (something we could expect to seeiwredr of all ages). The majority of drivers
with MCI and mild Alzheimer’s dementia may indeegl $afe to continue driving. Of the 32
participants for whom dementia severity was estahabnly six were in the moderate range.
Since the majority of the 32 people in the extendsslessment were either MCI or mild
Alzheimer’'s dementia it may be expected that o963 eceived an on-road Fail rating.

As discussed in Sections 3.8 and 6.3.4, the on-asadssments used in both the Healthy
Older Drivers and the Dementia and Driving studiesl not been tested for reliability or
validity. We attempted to address some of theseegssn the current research project,
including construction of an on-road error listrfrahe errors performed during the Healthy
Older Drivers study for detection of errors in dementia and Driving study. Additionally,

in the Healthy Driver Follow-up we were able to whthat on-road Pass/Fail outcome was
not related to subsequent crashes and traffic oéenn the Dementia and Driving study, we
measured the inter-rater reliability of detectidreors on the on-road assessment and found
high reliability ratings for many errors. Since ttlassification models in this research project
were trained and tested against the on-road PasBahoutcome, our models were critically
dependent upon the accuracy, reliability, and wglief our ‘gold standard’ on-road
assessment. We are by no means alone in thisisityaind ways for addressing this are

outlined in Section 9.6 below.

9.4 Recommendations for Medical Practitioners

9.4.1 Prioritizing Access to Driving Assessment Resources

Results from the Healthy Older Drivers and Healibgver Follow-up studies provide
evidence to support a recommendation that on-readsaments are not necessary for older
drivers who do not have diagnosed cognitive impants. As discussed in Chapter 2,
cognitively-unimpaired older drivers are among# fafest drivers on the road and do not

pose an increased risk to other road users. Totexat their increased physical fragility,
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older drivers can decrease their risk of beingreguor killed on the road by purchasing cars

with multiple safety features in order to reduce ¢thange of injury should a crash occur.

9.4.2 Coghnitive Impairment and Driving

The results of the literature review and the Demaeahd Driving study have shown that
people with Alzheimer's dementia who Fail an oner@ssessment have significantly worse
scores, at a group level, on a number of cogniive sensory-motor tests than those who
Pass (since only one patrticipant with MCI failed tin-road assessment we cannot state the
same finding with confidence for this group). Ittierefore vital that people with cognitive

impairments are detected and diagnosed in ordethea risk can be assessed.

General practitioners are in the best positiondeen for cognitive impairments in their
older patients, and in New Zealand the compulsegnte renewal ages of 75, 80, and every
two years thereafter are ideal times for cognisitatus to be assessed. We do not recommend
the Mini-Mental State Exam for screening sinceilt miss many people with MCI and mild
dementia. Instead, the Montreal Cognitive AssessifMoCA) is a similar short screen with
higher sensitivity for detecting MCI and mild dertianthan the Mini-Mental State Exam
(Nasreddine et al., 2005; Smith et al., 2007). ADAS-Cog proved useful in the Dementia
and Driving study, although it can take around 4idutes to complete for a person with
dementia and may need to be performed by a practicee rather than a doctor because of
this. The detection of possible cognitive impairtasing these measures is only the first
step of a diagnosis and a diagnosis of dementia doe mean that a person is an unsafe
driver. Everyone with dementia will have to stopvohg at some point, with several
researchers suggesting assessment every six n{Gothet al., 1997; Dubinsky et al., 2000;
Duchek et al., 2003; Adler et al., 2005; Frittellial., 2009). Physicians are recommended to
follow guidelines that that drivers with moderatesevere dementia cease driving (Canadian
Medical Association, 2006; Australian and New Zadle&Society for Geriatric Medicine,
2010).

9.4.2.1 Assessment of Driving History

Physicians are encouraged to assess their patigtitsdementia more frequently than the
two-yearly compulsory licence renewal medical eatibns that occur in New Zealand from
age 80. It is worth taking more than a cursory agphn to this questioning and there are a

few guidelines to help with this. The reported adeseof recent crashes and traffic offences
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does not necessarily mean that a person is a gafer.dCrashes are low base-rate
occurrences, even for impaired drivers, and otbad rusers are often able to avoid unsafe
drivers. Inquiring about ‘discussions’ with policéficers, whether or not an infringement

notice was administered, or whether other drivergehbeen complaining about the driver's

behaviour may provide useful information.

A caregiver’s rating of a patient’s driving abilias marginal or unsafe has been shown to be
related to adverse on-road outcomes but a patieaifsrating of driving ability is not
(Iverson et al., 2010). Some family members mayddectant to talk about the issue of
driving, particularly in the presence of the aftettfamily member. Family members may
also be invested in allowing an older relative tivel despite increased risk. It is important to
remember that holding a driver licence is a prg@eand not a right and allowing an unsafe
driver to continuing driving puts the patient, th@assengers, and other road users at

increased risk of being injured or killed on thado

9.4.2.2 Driving Cessation

When a person must immediately cease driving, comgemse actions are required. Family
or supporters may need to take responsibility foyeas to car keys, or even disabling or
removing a vehicle in some situations. When assesswof driving is delayed, driving may
need to cease in the interim. Informal managemeéudtiving cessation is preferred but the
threshold for deciding when to repeat assessmest beulow since the progress of cognitive
deterioration can be quick. Decline in cognitivedtion and reports of increased problems

with driving from significant others should pronfptther assessment of driving ability.

9.4.2.3 Suggested Process for Determining Driver Safetylder Drivers

A flowchart has been constructed that proposesthwag for medical practitioners to
navigate when making decisions on (i) older pasiggresenting for licence renewal or (ii)
patients for whom possible or definite cognitivgoearment has been raised by the patient or
a family member or observed by the practitionegyfFe 9-1). The flowchart addresses only
the impact of MCI and Alzheimer’'s dementia. Medipa&ctitioners must also consider the
affects of medical conditions including other ndogical disorders, psychiatric disorders,
musculoskeletal disorders, and medications when ingakiecisions regarding licence

renewal.
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The flowchart makes useful of the Montreal Cogmitidssessment (MoCA) for initial
screening of cognitive processes, with further ni@&iled examinations to be undertaken to
make a diagnosis of MCI or Alzheimer’'s dementiaisltrecommended that drivers with
moderate or severe dementia cease driving. Foethith MCI or mild dementia there are
two options to choose from. If medical driving ass®ents are available in the region where
the practitioner is based then the patient shoaldelierred for an assessment (in the context
of New Zealand, this should be a medical drivingeasment and not the On-Road Safety
Test).

If medical driving assessments are not availabldf, the referral is rejected, or if the patient
cannot afford to pay for a private assessment, tihhemodel developed in the Dementia and
Driving study to determine the patient’s risk oilifeg an on-road assessment should be used.
Medical practitioners or their practice nurses wouleed to be adequately trained in
administration and scoring of these tests by anragptely qualified person (i.e.,
psychologist or psychiatrist). The binary logistegression equation can be performed by
hand following collection of the scores for theetarmeasures (heart disease is rated as a
binary 1 if present and O if absent). The cut-paiith the optimal balance of sensitivity and
specificity in the classification model should beed. If a patient scores 0.53 or higher then
they are predicted to Fail the on-road assessnfahe score is less than 0.53 then they are
predicted to Pass. Using this cut-point, a Faihgashould be accurate 60% of the time (40%
of the time the patient would be expected to Passnaroad assessment), and a Pass rating
will be accurate 77.3% of the time (23% of the tithe patient would be expected to Fail the

on-road assessment).

If the patient is predicted to Pass, then the pgracér can renew their licence but must
monitor the patient at regular intervals for sigriscognitive deterioration. The two-yearly
compulsory renewals for drivers aged 80 and oveoiffrequent enough to assess the impact
of dementia on driving. If the patient receivesradicted Fail score then the practitioner is
advised to recommend driving cessation to theirepatand to inform the New Zealand

Transport Agency of this decision.
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Older patient presents for licence
renewalOR Possible cognitive
impairment reported or obserded

v

Cognition is screened using the
Montreal Cognitive Assessment
(MoCA)?

Renew licence

Possible impairment. Appropriate
investigation performed to determine §
diagnosis and severfty

MCI or
Alzheimer’s
diagnosis?

Renew licence

Moderate or severe Alzheimer's MCI or Mild Alzheimer’s

Severity?

Medical
driving

assessment
available?

Yes

A 4 Y
?ﬁﬂfg Eé?g'gtlon modél Refer for medical driving
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. Category Fluency
. Presence of heart diseade

Recommend driving cessation
with notification made to New
Zealand Transport Agency

Predicted

I Renew licence and monitor
Fail?

closely® for deterioratio

Figure 9-1. Decision pathway for medical practitioers for older patients presenting for licence rengal
and for those with possible or of definite Alzheimes dementia or MCI
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The flowchart addresses only the impact of MCI Atzheimer’s dementia. Medical practitioners musoal
consider the affects of medical conditions inclgdather neurological disorders and medications whaking
decisions regarding licence renewal.

Test forms and administration instructions for kh@CA are available from the MoCA website
http://www.mocatest.org/

®Diagnosis of Alzheimer’s dementia can be made uBiBY!-IV-TR criteria (American Psychiatric
Association, 2000) or NINCDS-ADRDA criteria (McKharet al., 1984). Both criteria sets require thespnee
of impairment in two cognitive domains which mustlude memory, decrements in activities of daiynlg,
and no other primary reason for the cognitive impant. MCI criteria are available from Peterser0é@0and
must include one or more cognitive impairments,alitdo not have to include memory, and no significan
impairment in activities of daily living.

“The binary logistic regression equation can begueréd by hand following collection of the scorestfee
three measures (heart disease is rated as a Hinfgpyesent and 0 if absent). The cut-point with dptimal
balance of sensitivity and specificity in the clfisation model should be used. If a patient sc@&8 or higher
then they are predicted to Fail the on-road assessiii the score is less than 0.53 then they eadigted to
Pass. Using this cut-point, a Fail rating shouldbeurate 60% of the time (40% of the time theguditivould
be expected to Pass an on-road assessment), @sd aaing will be accurate 77.3% of the time (28%he
time the patient would be expected to Fail the @adrassessment.

*The On-Road Safety Test is not appropriate forragrewith MCI or Alzheimer’s dementia.

®Some researchers suggest that on-road assessmpabfoe with dementia be performed every six menth
(Fox et al., 1997; Dubinsky et al., 2000; Ducheklet2003; Adler et al., 2005; Frittelli et alQ@). The
compulsory licence renewal intervals of 2 yearseom@erson is 80 years of age are too infrequeagdess the
possible impact of Alzheimer’s or MCI on driving.edical practitioners should actively seek informatabout
driving at least every six months. Information fréamily members is a better measure of drivingightihan
information from the patient themselves (Iversonlet2010).

9.5 Recommendations for Driving Specialist Occupational herapists

Based on the findings of the Dementia and Drivinglg, a number of recommendations are
made for occupational therapists in New Zealandstlyj if on-road assessments are

available it is recommended that assessors perforly an on-road assessment with no
formalized off-road testing component. This willluee the unnecessary stress of an off-road
testing appointment. On-road assessment can sthdr drom the testing centre or the

patient’s home.

If on-road assessment is not possible then off-meskessment will need to be performed.
SMCTestsshould not be used as an off-road assessment rfeersl with MCI and
Alzheimer's dementia. Instead the model using tHeAS-Cog Total score, Category
Fluency tests and the binary instance of hearadesshould be used. Assessors will need to
be adequately trained in administration and scowfighese tests by an appropriately
qualified person (i.e., a psychologist or psyclsgtr Driving assessors should follow the

same instructions for scoring as detailed for ma&dgecactitioners in Section 9.4.2.3.
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Assessors may wish to reject referrals for peoptd woderate and severe dementia and
instead instruct the referrer to recommend drivaegsation. If a referral does not include a

severity rating then this should be requested filoareferrer.

Assessors should keep in mind that several resegrops recommend 6-monthly

assessments for drivers with dementia.

9.6 Future Directions

In terms of the field of driving research as a vehhdhe Healthy Older Drivers and Dementia
and Driving studies have reinforced the importan€eestimating predictive accuracy of
classification models to determine the potentialegalizability of the models as well as to
provide better estimates of accuracy statisticscivhis not possible when models are not
tested beyond classification. It is also importemtrecognise the problems associated with
overfitting classification models, as estimatingithpredictive accuracy will likely result in
large drops in accuracy statistics which belie ploeential usefulness of the model had
appropriate numbers of variables been offeredHersample size. Babyak (2004) is a useful

resource for determining methods for reducing theact of overfitting in regression models.

In addition to the leave-one-out cross-validatioa eompleted, the classification models
developed in the Dementia and Driving study shodé&hlly be tested on a new sample of
participants to confirm their generalizability. & driving assessment setting, this would
consist of performing the tests or collecting tlealth information data during the off-road

portion of the driving assessment and then condg@n on-road driving assessment with the
assessors blinded to the results of off-road tgsfihe off-road testing could be performed in

around 40-50 min if using the extended assessmedéin

A prospective follow-up of drivers with MCI and Aleimer’'s dementia who Pass an on-road
assessment could be performed in order to meakerentidence of crashes and traffic
offences, and the time until licence cessatiorthig follow-up spanned several years, data
relating to the outcomes of repeated driving assests could provide information about

changes in driving behaviour over time.

If the measures from the extended assessment Dienagick Driving models were adopted by
general practitioners, a survey of the ease of mditnation and perceived usefulness of the
screen would be worthwhile. This information colld used to assess the suitability and
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usability of the predictive model and provide dtrexa for its implementation in additional
primary health care services.

Measures not included in the current studies (asudsed in Section 9.3.4) would be useful
for addition in future studies. These include theQY, the MoCA, measures of insight
(perhaps DriveAware), and sensation seeking (peavappropriate measures could be found

or developed), and the driving error list develofmtbwing the Healthy Older Driver study.

The most pressing issue for driving research isha choice of outcome measures that
indicate safe or unsafe driving. A variety of outw measures are currently used: on-road
driving assessment outcome (either pass/fail, faalésdnditional pass, or number of errors
performed during the assessment), driving assessm#oome using a driving simulator
(same outcome measures as for an on-road asseyss®fiteported crashes or offences
(retrospective or prospective), significant otheparted crashes or offences (retrospective or
prospective) officially recorded crashes or offendgetrospective or prospective), and
officially recorded at-fault only crashes (retrosipee or prospective).

The validity of on-road driving assessments fordpreng future adverse driving events is a
major issue for driving researchers. On-road assests are generally accepted as the ‘gold
standard’ measure of driving ability and yet mossessments do not have standardized
scoring systems or a standardized cut-point foerdahing Pass and Fail outcome (Korner-
Bitensky et al., 2006). As long as the ability of-mad assessments to predict real-world
driving behaviour is unknown, researchers will come to build classification models that
may not generalize outside of their study sampteré is a need for assessments to be tested
for reliability (intra-rater, inter-rater, and tagttest reliability) and following this, tested for
predictive validity for detecting those at risk fofture adverse driving events, whether the
outcome measure is Pass or Fail or the number rofseperformed or types of errors
performed during the assessment. This is an endedvat must be developed in conjunction
with researchers and the occupational therapistswith ultimately perform the assessments.
There should also be standardized training progresnior occupational therapists given the

task of making decisions about driving safety agsiens must be consistent and fair.

The ability of simulated driving measures to relateeal-world driving behaviour is for the
most part unknown since most studies do not atteémpaélidate simulated driving outcomes
against real-world driving outcomes. This, coupleith the expense of simulated driving
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systems, makes the widespread use of simulatodsiving assessors centres unlikely, at
least at present, and potentially limits the agian of research findings into real-world

service scenarios.

Self- and significant-other reported crashes amehoks are subject to forgetting, lying, bias,
or even malicious motives. Officially-reported dras and offences are rare in comparison to
self-report as they only sample a small amounteatfaviour that can only hint at a person
possibly being a less safe driver. Official crasitads biased to more serious crashes and, at
least in New Zealand, to crashes where injury atldevere involved only. The low base-rate
of these kinds of crashes require for large samepfesarticipants to be recruited and, as
shown in the Healthy Driver Follow-up study, thé&eliences in crash rates between drivers
judged to have passed or failed an on-road assaessreenot necessarily very different. By
limiting crash data to at-fault crashes only furtheduces the base-rate of crashes that can

included in studies.

Underlying all measures that seek to define on-ga&dty is the necessity for these measures
to be related to the real-world negative outcorhes Wwe are seeking to reduce. An outcome
measure that does not predict prospective realdwtegative driving outcomes is not useful.
The difference in real-world on-road outcomes betwdrivers rated as ‘safe’ and ‘unsafe’
also has to be substantial in order to avoid ursgzng licence cessation and the negative
outcomes that proceed from this. If effect sizesvben groups are small, we can argue that
the clinical significance of findings is negligiblao matter what the value. Establishing
truly useful outcome measures for driving assessngenot an easy task, but may be the

most important consideration for the field of dngiresearch.
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Abstract

This study compared the ability of binary logistic regression (BLR) and non-linear causal resource analysis
(NCRA) to utilize a range of cognitive, sensory—motor, personality and demographic measures to predict driving
ability in a sample of cognitively healthy older drivers.

Participants were sixty drivers aged 70 and above (mean = 76.7 years, 50% men) with no diagnosed neurological
disorder. Test data was used to build classification models for a Pass or Fail score on an on-road driving
assessment. The generalizability of the models was estimated using leave-one-out cross-validation.

Sixteen participants (27%) received an on-road Fail score. Area under the ROC curve values were .76 for BLR
and .88 for NCRA (no significant difference, z = 1.488, p = .137). The ROC curve was used to select three
different cut-points for each model and to compare classification. At the cut-point corresponding to the maximum
average of sensitivity and specificity, the BLR model had a sensitivity of 68.8% and specificity of 75.0% while
NCRA had a sensitivity of 75.0% and specificity of 95.5%. However, leave-one-out cross-validation reduced

sensitivity in both models and particularly reduced specificity for NCRA.
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To clarify the current New Zealand driving licensing
requirements for older adults and to provide practical
recommendations for those health professionals who make
decisions regarding driving ability in older adults. Health
professionals involved in the assessment of older drivers
were asked to clarify areas where more efficient use could
be made of assessment resources. A review of driving
literature was performed to find specific factors associated
with increased risk of negative driving outcomes in older
adults. Particular focus was made of the suitability of
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different types on on-road assessment for certain patient
groups, the effect of specific diseases and medications on
driving safety, and the effect of cognitive impairment. A list
of seven recommendations were compiled which include a
focus on appropriate on-road driving assessment referral,
driver refresher courses, cognitive screening for those
presenting for licence renewal and sensitive broaching of
the topic of driving cessation.

Key words: aged, automobile driving, health planning,
licensure, risk assessment.

Introduction

This article is a collaborative effort between researchers,
driving specialist occupational therapists (OTs), an old-age
psychiatrist and a general practitioner (GP) representative to
clarify the current older driver relicensing requirements in
New Zealand, to provide accurate summaries of interna-
tional research investigating risk factors for unsafe driving in
older people, and to provide concrete recommendations for
how GPs and other health professionals charged with assess-
ing driving ability can make the best use of time and
resources to detect those older drivers who are at increased
risk for unsafe driving.

Driving assessment in New Zealand

Up until December 2006, New Zealand drivers aged 80 and
over were required to sit biennial on-road driving assess-
ments in order to retain their drivers licence. This policy was
ended in 2006 because of accusations that it was ageist.
Drivers are now required to obtain a ‘medical fitness to drive’
certificate from their GPs at ages 75, 80 and biennially there-
after. A guide exists for medical practitioners, optometrists
and OTs for assessing medical fitness to drive [1]. The guide
is not specific to older drivers but has sections on medical
illnesses more common in older people. Fact sheets related to
older driver relicensing are available on the New Zealand
Transport Agency’s (NZTA; formerly Land Transport New
Zealand) website (http://www.landtransport.govt.nz/informa
tion-for/older-drivers.html). The NZTA provided a flow
chart for GPs in 2006 detailing the steps involved in older
driver licence renewal (Figure 1).

The chart depicts four decision pathways. The most direct
options (1 and 4) are for a GP to decide independently
whether a patient is medically fit to drive and to recommend
this unconditionally. These options should be used when the
GP is satisfied that their patient is fit to drive (Option 1), or
when there is obvious impairment such as moderate to severe
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Figure 1: Flowchart of the older driver licence renewal system (adapted from NZTA information pack for GPs of
December 2006). NZTA, New Zealand Transport Agency; GP, general practitioner.

o Fully fit to drive

Fit to drive but...

examines

Not fit to drive

Must advise Land
Transport NZ

dementia or levels of visual acuity that do not meet NZTA
minimum requirements (Option 4). Option 2 has two sub-
options. The first is for the GP to supply a medical fitness to
drive certificate with set conditions added to the licence, such
as must wear corrective lenses, distance restrictions or
daytime-only restrictions, although there is no evidence that
these latter two conditions reduce on-road errors and
crashes.

The second sub-option is for the GP to supply a medical
fitness to drive certificate subject to the patient satisfactorily
undertaking an On-road Safety Test. If the patient fails that
test, this information is forwarded to NZTA who make a
decision regarding renewal of the patient’s licence.

Option 3 is an intermediate step for when the GP considers a
diagnosed or suspected medical illness may be affecting
driving safety. In this case, a GP can refer their patient to a
medical specialist (e.g. neurologist, geriatrician, psychiatrist,
optometrist), or to an OT who can perform a Medical
Driving Assessment. On receipt of the specialist assessment
results, the GP follows flowchart options 1, 2 or 4. The
NZTA state in their GP information pack (August 2006) that
a patient who has received a favourable report following a
Medical Driving Assessment performed by an OT should not
be referred for an On-road Safety Test because the Medical
Driving Assessment is a more thorough investigation of a
person’s ability to drive. If a GP decides that their patient is
not fit to drive, they should inform the patient and ask them
to cease driving immediately. Only a medical practitioner is
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Assessment

Land Transport NZ
Medical Section

Land Transport NZ
Medical Section

Resulis to GP

able to sign a medical certificate (DL9), or a registered
optometrist to sign an eyesight certificate (DL12), stating that
an appropriate examination has been undertaken and that a
patient is considered medically fit to renew their licence.
Specialist assessors and OTs may also supply recommenda-
tions directly to the NZTA, who ultimately make the legal
decision to retain or remove driving privileges.

General practitioners must determine not only a patient’s
medical fitness to drive but also their ability to drive safely.
The LTNZ website states: ‘If your doctor decides you are
medically fit to drive, but is unsure about your ability to drive
safely, he or she may issue you with a medical certificate for
driver licence enabling you to renew your driver licence,
provided you pass an On-road Safety Test with a testing
otficer’ [2]. Medical fitness to drive indicates either that there
is no medical disorder or that if there is, and if it has the
potential to affect driving, it is not doing so in a particular
individual. Ability to drive safely includes a person’s knowl-
edge and on-road application of road rules and competent
driving behaviour, and can be independent of a medical
condition. We contend that determining ability to drive safely
can only be performed following the observation of actual
driving behaviour and is, thus, almost impossible to do in a
GP’s clinic, unless there is reliable information attesting to a
person exhibiting unsafe driving behaviour. Determining
ability to drive safely may be one of the hardest decisions GPs
are asked to make regarding driving ability in older drivers,
particularly because a person does not have to be medically
unwell to display unsafe driving behaviour.
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The On-road Safety Test and the Medical Driving Assessment
are discussed below (specialist assessments by optometrists
are not considered in this article). Suggestions for selecting
which assessment to refer a patient to are provided in the
recommendations section of this article.

The On-road Safety Test is a 30-minute on-road assessment
essentially identical to the previous compulsory Older
Driver Test. On-road Safety Tests are provided by the New
Zealand Automobile Association, Vehicle Testing New
Zealand and Vehicle Inspection New Zealand (http:/
www.ltsa.govt.nz/licensing/older/guide-on-road-safety-
test.html). The test assesses basic driving skills (e.g. leaving
the kerb, turning left at an intersection), hazard detection
(e.g. negotiating a crossroad, stopping or giving way at
Stop or Give Way signs) and more complex driving situa-
tions (e.g. turning right at a crossroad in medium-to-heavy
traffic in a 50 km/hour zone). Scoring is based on the per-
formance of predetermined manoeuvres, with error scores
weighted and combined to give an ultimate pass or fail
score. This test is less comprehensive and shorter in dura-
tion than the New Zealand full-licence practical test for
novice drivers.

Medical Driving Assessments are performed by OTs with
specialist training in driver assessment. There are few medical
conditions which are automatic rule-outs for driving licen-
sure. Medical illnesses that affect driving usually do so unpre-
dictably. Medical Driving Assessments do not make use of
predetermined lists of errors with weighted scores, unlike the
On-road Safety Test, but are considered by NZTA to be a
more comprehensive assessment of driving ability than the
On-road Safety Test. A Medical Driving Assessment fulfils
requirements for assessing both a patient’s medical fitness to
drive and their ability to drive safely. The on-road component
of an assessment averages around 45 minutes in length and
spans a wide range of on-road driving situations (e.g. differ-
ent speed zones, single- and multi-laned roads, moving from
quieter to more busy roads). OTs assess aspects such as
awareness of the road and traffic environment, apparent
insight into the driving task and any errors that occur, and
whether patients are able to compensate for difficulties posed
by their medical condition. Stringent observance of all road
rules is not the primary focus; people are asked to drive as
they normally would. The objective is not to penalise people
for driving errors commonly performed by many drivers, but
rather to determine whether a medical illness has made the
person unable to drive safely. An OT assessment of driver
safety is based on a combination of outcomes of on-road
assessment, cognitive and physical evaluations, and any
information gathered from a patient including, but not
limited to, driving history and frequency, self-imposed
limitations, and orientation to time and place. A specialist
OT assessment includes consideration of whether driving
instruction or modification to a vehicle could improve perfor-
mance to safe standards; this is not provided by the On-road
Safety Test.
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Before the abolition of compulsory on-road assessment for
older drivers in December 2006, a New Zealand study inves-
tigated the association between the outcome of the compul-
sory Older Driver Test and involvement in a subsequent fatal
or injury-causing crash over a 2-year period in over 39 000
drivers aged 80 and above [3]. The previous testing system
stipulated no limit to the number of times drivers could resit
the compulsory test in order to secure a pass. Seventy-eight
percent of the study sample passed the assessment on the first
administration, and 17% passed following two or more tests
(two drivers passed the test on the 10th resit). The remaining
5% of drivers took at least one test and never received a
passing grade. The number of drivers who decided to relin-
quish their licence rather than submit to a test is unknown.

Keall and Frith [3] found that for every time the older Driver
Test was repeated in order to secure a pass the risk of being
involved in an injury-causing crash increased by 33%. In
reality, however, the number of people involved in serious
crashes was small in both groups — 223 in 32 135 first-time
passers, versus 80 in 6863 who passed after two or more
attempts. Presumably, the crash rate of those who never
passed the on-road assessment would have been higher than
in these two groups in which a pass was obtained, but their
crash rate is unknown as a fail outcome equated to a loss of
licence and supposed driving abstinence. This difficulty
applies to all studies of on-road driving assessments and is a
major obstacle in assessing their reliability and validity. Obvi-
ously allowing drivers considered ‘unsafe’ to continue driving
in order to monitor their performance has ethical implica-
tions. Notwithstanding, we have performed a 2-year
follow-up of 60 older drivers who failed a single on-road
driving assessment and who were allowed to continue driving
(participants had no neurological diagnosis and had not been
referred for assessment). Results at 1-year follow-up showed
no trends for higher self- or police-reported crashes or traffic
offences in the fail group compared with the pass group (15
failed and 43 passed) [4].

An impediment to the access of on-road driving assessments
in New Zealand is that only a small number are publicly
funded in only a few regions. An OT-administered driving
assessment performed privately can cost as much as
$NZ600. In contrast, an On-road Safety Test costs only
$NZ41 (following a SNZ7.90 government subsidy),
although it cannot evaluate the effects of medical conditions
on driving behaviour. The substantial cost of private special-
ist driving assessment may dissuade GPs from referring their
older patients for a Medical Driving Assessment. Thus,
increased availability of publicly funded Medical Driving
Assessments deserves consideration by health boards. Also,
the current system for dealing with a Fail on the On-road
Safety Test as depicted in Figure 1 is for NZTA to revoke a
person’s licence. As cited above, 17% of older drivers who
initially failed the older Driver Test passed on subsequent
sittings — albeit with a small increase in the number of serious
crash incidences in those who repeated the test [3]. We there-
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fore suggest that GPs strongly encourage their patients to
attend a driver refresher course prior to taking the On-road
Safety Test in order to maximise the likelihood that safe
drivers will pass the test on a single administration. Derails
on driver refresher courses are contained in the recommenda-
tions section below.

Risk factors for decreased driving safety of

older drivers

By distance driven, drivers aged 60 and above have increased
injury and death rates compared with middle-aged drivers
(Figure 2) [5-8]. A higher burden of traffic-related morbidity
in older population is therefore expected in future because of
the increasing proportion of older people in society in the
coming decades.

Older drivers are more physically fragile. Their death and
injury rates are thus inflated by accidents that would not lead
to injury or death in younger drivers [9-11]. Annual distance
driven in older age groups is substantially lower compared
with middle-aged drivers. These biases are minimised when it
is shown that older adults’ higher injury and death rates
persist when statistics are adjusted for the number of driving
trips and for increased physical fragility [5].

Factors linked to unsafe driving in older adults include heart
disease, cerebrovascular disease, poor visual attention and
mental flexibility, age-related cognitive decline, and dementia
[11-18]. Medications associated with poorer driving or

crashes include hypnotics, non-steroidal anti-inflammatories,
angiotensin converting enzyme inhibitors, anticoagulants,
benzodiazepines, tricyclic antidepressants and lithium
[17,19-22]. The effect of haloperidol on driving has not been
specifically investigated in older adults but it has been asso-
ciated with poorer driving-related psychomotor performance
in younger drivers. Compared with haloperidol, atypical
antipsychotics are associated with fewer psychomotor prob-
lems [23,24]. Although there have been few studies, sodium
valproate and carbamazepine have not been shown to have a
consistent association with increased crash risk [21,25]. A
recent review of older drivers concluded that tricylic antide-
pressant doses should be introduced gradually, their negative
effects on driving being most likely to occur in the first week
of taking a tricylic, and that more severe depressive symp-
toms may also negatively affect driving [19]. Unfortunately,
the interaction effects of multiple medications on driving
safety, especially in older adults, has not been studied. Anti-
depressants prescribed along with sedating medications such
as benzodiazepines may have an adverse synergistic effect.
For example, fluoxetine prescribed to a patient already on
alprazolam may increase benzodiazepine side effects such as
psychomotor impairment through effects on the cytochrome
P-450 2D6 enzyme [19]. The Medical Aspects of Fitness to
Drive guidebook has lists of medications that should be
considered in relation to medical fitness to drive [1].

As a group, drivers with dementia have crash rates 2.5 to
10.7 times higher than those without dementia [14,26].

Figure 2: Number of New Zealand drivers per age group involved in injury and fatality crashes per 100 million km driven.

Data obtained from the Household Travel Survey [6].
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Studies of dementia prevalence have reported rates between
13% and 43% in the 80 to 89 age group, increasing expo-
nentially per year within this age range, and between 40% to
65% in those aged over 90 [27-29]. Many people with early
dementia may pass an on-road driving assessment [30] but
there are as yet no reliable neuropsychological or demo-
graphic variables that can discriminate between individuals
who pass and fail. Even if a driver with dementia is judged to
be safe, driver reassessment will need to recur for as long as
the patient continues to drive. Fox et al. [31] found that of
seven drivers with dementia who passed an on-road driving
assessment, only three passed a second assessment 6 months
later. Other researchers have also suggested that drivers with
dementia should be assessed on-road every 6 months [32,33].

In New Zealand, a computerised test battery of Senso-
ry-motor and Cognitive Tests (SMCTests™ — http://www.ne
urotech.org.nz/files/CanDAT_SMCTests_User_Manual.pdf)
[34,35] is currently being used in several occupational
therapy settings as part of comprehensive assessment of
people with brain disorders [35]. A study is underway to
determine whether a subset of tests in this computerised
battery, or standard neuropsychological tests, can detect
which drivers with Alzheimer’s type dementia or mild cogni-
tive impairment will fail an on-road driving assessment.
However, no current off-road driving assessment methods
have high enough levels of sensitivity and specificity for
detecting unsafe driving in order to be relied on solely [36].

Driving is important for older people, as cessation is related
to decreases in social participation [37,38], decreases in
physical health [37], increases in depression [39] and
increased mortality [40]. Although drivers aged 60 and above
have increased rates of serious injury and death on the road
per km driven, Evans [41] reported that per-person per-year a
70-year-old man driver poses 40% less threat to other road
users than a 40-year-old man driver. A 20-year-old man
driver poses a 196% greater threat to other road users than
that posed by a 70-year-old man driver. This is due to the
considerably lower mileage driven by older drivers which
reduces their overall exposure to the risk of a crash. Because
of the negative consequences of driving cessation for older
adults, it is imperative that people are able to retain their
licences for as long as they are able to drive safely.

The most difficult step to take in determining driver fitness is
focusing on an individual’s deficits and abilities, which are
not easily identified from studies that have focused on group
differences between safe and unsafe driver groups. Hence,
pragmatic decisions made by expert driving assessors will
continue to be part of the assessment of safe driving in older
adults.

Recommendations for making decisions about

driving for older adults
While recognising regional difficulties in availability of spe-

cialist driving services, we propose several recommendations

Australasian Joumal on Ageing, Vol e No #e e« 201(), es—se
© 2010 The Authors
Australasian Joumal on Ageing @ 2010 ACOTA

to health practitioners to assist their decisions about driving
for older adult patients. These suggestions are based on the
driving research literature, our professional opinion and the
currently required procedure for renewing the licences of
older New Zealand drivers.

Choosing an on-road assessment

The two on-road driving assessments available (On-road
Safety Test and Medical Driving Assessment) are designed for
different patient groups. If a general medical condition has
been diagnosed and the GP has concerns that the condition
may affect driving safety, a Medical Driving Assessment is
recommended, particularly if the medical condition is neuro-
logical or neuropsychiatric (e.g. dementia). Alternatively, if a
patient has no diagnosed medical condition thought likely to
affect driving and yet the GP is seriously concerned about
their ability to drive safely, they should be referred for an
On-road Safety Test.

Not everyone with a neuropsychiatric condition requires a
Medical Driving Assessment. For example, nearly everyone
with a stable anxiety or depressive disorder is capable of
continuing to drive safely. When medical contributions to
fitness to drive have made a significant effect, it is important
to treat and improve these conditions as much as possible,
and OTs who perform Medical Driving Assessments may be
able to offer remediarion and recommendations to assist a
person to regain a safe driving status.

Driver refresher courses and the On-road Safety Test

To provide the best chance that an older driver will pass the
On-road Safety Test, a GP should strongly encourage a
driving refresher course prior to taking the test. A recent
review article concluded that education interventions com-
bined with an on-road driving component are successful in
increasing driving knowledge and driving-specific skills in
older people [42]. Unfortunately, the New Zealand Safe with
Age older driver education course was cancelled in August
2009. While a new older driver education programme is
being planned for implementation over the next few years,
there is currently no publicly funded course available. The
Automobile Association and other private driving schools
provide older driver refresher courses.

Cognitive impairment and driving

Because of the high prevalence of cognitive impairment in the
age groups for whom mandatory driving fitness certification
is required, GPs should screen their patients for cognitive
decline when they present for a medical fitness to drive
certificate. Illnesses associated with cognitive impairment
include the various dementias, Parkinson’s disease, multiple
sclerosis, stroke and depression. An initial evaluation seeks
evidence for a recent history of cognitive decline from the
patient or preferably a reliable informant, observing cogni-
tive function during the interview, and also using a formal
screening test. Patients screened as positive for cognitive
impairment require a thorough diagnostic evaluation. Fol-
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lowing diagnosis, a global management plan should be con-
structed that includes, but is not limited to, driving.

Patients with diagnosed progressive dementia may be, or
will at some point become, unsafe drivers. In general, few
people with moderate to severe dementia pass on-road
assessments, but as many as half of drivers with very mild
to mild dementia can pass an on-road assessment [30,43].
At least six monthly assessments are reasonable for those
who continue to drive — the compulsory 2-year Medical
Driving Assessments are too infrequent for monitoring the
effect of dementia on driving. Driving fitness certificates can
be issued for this shorter time to ensure reviews continue.
The threshold for requesting on-road or specialist assess-
ments should be low. Discussions regarding cessation of
driving and alternative arrangements for transportation are
best had when the patient is still capable of making effective
decisions. A caregiver’s rating of a patient’s driving ability
as marginal or unsafe has been shown to be related to
adverse on-road outcomes, but patient’s self-ratings of
driving ability are not [43]. Fitness to drive should also be
assessed after any introduction or increase in dose of medi-
cations that may increase risk in people with cognitive
impairment. With respect to dementia, a recent review pro-
vided an algorithm for evaluating the risk of adverse driving
events, based on a Clinical Dementia Rating and driving
behaviour questionnaires [43].

Formal cognitive testing and driving

The NZTA offers a short test of road sign recognition in the
Medical Aspects of Fitness to Drive [1] manual to use with
people who may be suspected of having dementia. As there
has been no research to assess the validity of this test, GPs are
advised instead to use standardised and validated assessment
measures to identify cognitive impairment coupled with
pragmatic history-taking for driving ability. A popular
screening test for significant cognitive impairment is the Mini
Mental State Exam (MMSE) [44]. GPs should be aware that
this test is not sensitive enough to detect mild cognitive
impairment, but obtaining a score of 25/30 or below on the
MMSE may indicate the presence of cognitive impairment
such as from a dementia (the test is more specific than it is
sensitive) [45,46]. A standardised version of the MMSE (the
SMMSE) [47,48] is available at no cost from the Van der Veer
Institute for Parkinson’s and Brain Research (http:/www.
vanderveer.org.nz/files’'SMMSE.pdf). The original article
provides further guidance on administration [48]. A more
sensitive screen for mild cognitive impairment and mild
dementia is the Montreal Cognitive Assessment [49], avail-
able online (http://www.mocatest.org/).

Driving risk history assessment

The absence of recent crashes and traffic offences does not
necessarily mean that a person is a safe driver. Crashes are
low base-rate occurrences, even for impaired drivers, and
other road users are often able to avoid unsafe drivers.
Inquiring about ‘discussions’ with police officers, whether or

not an infringement notice was administered, or whether
other drivers have been complaining about the driver’s
behaviour may provide useful information. Assessing the car
for damage can also be informative. In a document titled
‘Supporting older drivers’ [50], the NZTA specifically advises
family members to contact a person’s doctor if they are
concerned about safety risks. Reports of deterioration in
driving ability can be elicited, although family members are
sometimes reluctant to talk about the issue, particularly in
the presence of the affected family member. It is important to
remember that holding a driver licence is a privilege and not
a right. The Privacy Act 1993 states that ‘disclosure of per-
sonal information may be necessary to prevent or lessen a
serious and imminent threat to: (i) public health or public
safety or (ii) the life and health of the individual concerned or
another individual’. This enables GPs to investigate poten-
tially serious driving problems.

Vision assessment

It is also helpful that drivers referred for driving assessments
be first screened for meeting NZTA minimum requirements
for visual field (140°) and visual acuity (6/12 binocular) [1].
Referral to an optometrist should be considered if a patient
does not meet these standards.

Driving cessation

When a person must immediately cease driving, common
sense actions and the assistance of the police may be required.
Family or supporters will need to take responsibility for
access to car keys, disabling or removing a vehicle in some
situations. When assessment of driving is delayed, driving
may need to cease in the interim. Many people benefit from
making a ritual out of making the important decision to cease
driving. Facilitating patients with impaired driving ability to
surrender their licences at their local police station can be a
helpful step in the grieving of one’s ability to drive. Informal
management of driving cessation is preferred but the thresh-
old for formal reporting to the NZTA and/or police, depend-
ing upon urgency, must be low. Assessing patients 6 months
post driving cessation to monitor the use of alternate trans-
port is warranted. The health of older people (mental and
physical) is threatened by social isolation and many New
Zecalanders live in areas in which social engagement is predi-
cated upon an ability to travel.

Acknowledgements

This article bas received no specific financial support. It was
written during the lead author’s PhD project on driving
ability in healthy older adults and persons with Alzheimer’s
dementia. The empirical studies for the PhD project received
funding from the Transport Research and Educational Trust
Board, Accident Compensation Corporation, Christchurch
Neurotechnology Research Programme and University of
Canterbury.

Australasian Journal on Ageing, Vol ee No ee e 701(] ee_ee
© 2010 The Authors
Australasian Joumal on Ageing © 2010 ACOTA

232



Older driver assessment in New Zealand

Key Points

* A range of physical and cognitive disorders as well
as medications have been associated with
increased risk of unsafe driving in older drivers.

e General practitioners and health professionals
should actively screen for cognitive impairment in
older drivers presenting for licence renewal.

® On-road driving assessments should only be
requested for those older drivers who present with
risk factors for unsafe driving, or for whom there
is reliable evidence of unsafe driving behaviour.
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Summary: Older drivers are an increasingly numerous section of the population
who are often targeted for driving assessment. Little is known as to whether on-
road driving assessments result in an older driver population who have fewer
negative driving events. Fifty-eight healthy older drivers (mean age 77, range 71-
84, no diagnosis of neurological disorder), completed a non-enforced on-road
driving assessment and detailed sensory-motor and cognitive testing. Self-
reported and official data regarding crashes and traffic offences were collected for
both the five years prior to the on-road assessment, and the 12 months following
in order to determine whether those who received a Fail score on the on-road
assessment had higher rates of negative driving events than those who passed (43
passed, 15 failed). No increase in adverse outcomes was found either
retrospectively or prospectively for those who failed the on-road assessment.
Similarly there were no significant differences in cognitive, sensory-motor. and
demographic variables between those who passed and failed. Healthy older
drivers who failed the on-road assessment did not show evidence of poorer
driving behaviour even at the level of descriptive statistics.

INTRODUCTION

Older drivers are a rapidly growing section of the population at increased risk of being injured
and killed in car accidents (McKnight & McKnight, 1999: OECD, 2001). Health concerns linked
to unsafe driving in older drivers include chronic physical conditions (Dobbs, Caprio Triscott, &
McCraken, 2004: Marottoli, Cooney, Wagner, Doucette, & Tinetti, 1994). visual attention and
processing deficits (Ball & Owsley, 1991, 1996). and age-related cognitive decline and dementia
(Cooper, Tallman, Tuokko, & Beattie, 1993; Dobbs, Heller, & Schoptlocher, 1998; Johansson et
al., 1996: McKnight & McKnight, 1999). As the percentage of older drivers in the population
increases it is becoming increasingly important to have reliable and valid assessment tools to
assess driving ability in this group.

Driving assessors regularly use both off- and on-road measures to assess driving ability (Korner-
Bitensky, Bitensky. Sofer, Man-Son-Hing. & Gelinas, 2006). Off-road measures range from tests
of visual acuity, neuropsychological tests, computerized cognitive test batteries, and complex
driving simulators. On-road driving assessments are generally used as the “gold standard”
measure of driving safety and often serve as the dependent variable in studies attempting to find
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predictors of driving safety. However, it has also been suggested that on-road assessments act as
proxies for more critical measures, such as adverse driving outcomes in real-world driving
situations (Owsley, Ball, Sloane, Roenker, & Brumi, 1991).

Many countries and states impose some degree of age-based testing on older drivers. For
example, California requires a vision and written knowledge test at age 70, while New Jersey has
no age-based requirements for licence retention. In New Zealand a compulsory on-road
assessment was required for drivers aged 80 and above prior to 2006. These older New Zealand
drivers were 1.33 times more likely to be involved in an injury-causing accident in the following
two vears for every time that the test had to be re-sat in order to secure a pass (Keall & Frith,
2004). This evidence suggests that the on-road driving test outcome is related to actual on-road
driving outcomes. After 2006 the on-road assessment was abolished and the responsibility for
detecting driving problems in older drivers fell solely to general practitioners who are charged
with providing a medical certificate at age 75, 80, and biennially thereafter for drivers to retain
their licence. This prompted a study to determine what sensory-motor, cognitive and
demographic variables were associated with real-world driving outcomes in a group of older
drivers with no neurological impairment.

The current study 1s a 12-month follow-up of 58 drivers aged 70 vears and over who were tested
off-road on a range of sensory-motor and cognitive tests and on an on-road driving assessment
with a Pass or Fail outcome. Participants were volunteers with no repercussions for receiving an
on-road Fail score. This provided a unique opportunity to follow the driving behaviour of a
group of drivers deemed a priori to be safe or unsafe. Firstly. the relationship between officially-
reported retrospective traffic offences in the five years prior to the on-road assessment were
compared to Pass and Fail on-road outcomes. Next, on-road Pass and Fail outcomes were
compared to prospective officially- and self-reported crashes and traffic offences. The results of
the initial off-road sensory-motor and cognitive testing were also compared to prospective
crashes and traffic oftfences.

METHOD
Participants

Participants were 58 drivers (50% male) aged 71-84 years (mean = 77.5, SD = 4.2). They were a
convenience sample recruited from a variety of community groups (e.g.. churches, recreational
groups), word of mouth, and advertisements placed in older-person’s and health-oriented
magazines distributed free in Christchurch, New Zealand. Exclusion criteria included a history of
moderate to severe brain injury, neurological disease, and current psychiatric disorder. Inclusion
criteria were chosen to reflect those older drivers who would likely be considered low-risk due to
a lack of diagnosed neurological disease and would likely receive a medical fitness to drive
certificate without referral for specialist driving assessment. Forty-three participants received a
Pass on the on-road driving assessment and 15 received a Fail (25.9%). Both the initial and
current studies were approved by the Upper South A Regional Ethics Commuttee.

236



PROCEEDINGS of the Fifth International Driving Symposium on Human Factors in Driver Assessment, Training and Vehicle Design

Off-Road Assessment

Participants completed a number of cognitive tests including an IQ estimate (the Wechsler Test
of Adult Reading, Wechsler, 2001), a standardized version of the Mini-Mental State
Examination (Molloy & Standish, 1997), the Dementia Rating Scale-2 (Mattis, Jurica, & Leitten,
2001), Trail Making Test A and B, and a letter cancellation task. Visual acuity in each eye was
also assessed using a Snellen chart. Participants also underwent assessment on a computerized
battery of sensory-motor and cognitive tests (SMCTests) (Innes, Jones, Anderson, Hollobon, &
Dalrymple-Alford, 2009: Jones & Donaldson, 1995; Jones, Donaldson, & Parkin, 1989)
developed as a research tool for assessment of patients with neurological disorders and for
assessment of driving ability (Innes et al., 2007). SMCTests assesses visuospatial function,
visuoperception, reaction time, ballistic movement, visuomotor tracking, decision-making, visual
search, sustained attention, divided attention, impulse control, and planning. Test stimuli were
presented on a computer monitor and responses recorded using a face-valid system comprising a
steering wheel, direction indicators, and a set of foot pedals (Figure 1).

Figure 1. SMCTests apparatus

On-Road Assessment

An on-road driving assessment was administered by a specialist occupational therapist and a
driving instructor, both of whom were blind to performance on off-road testing. Participants
drove the same 45-min route. Conditions included driving on public roads with traffic hazards
such as single-lane roundabouts, dual-lane roundabouts, dual-lane roads, controlled and
uncontrolled itersections, and changes in speed zone (i.e., 50kmyvh, 60km/h, and 80km/h
sections). The assessors provided a consensus Pass or Fail score based on an 11-point Driving
Seale (Innes et al., 2007).

Officially-Recorded Traffic Offences and Crashes
The New Zealand Transport Agency provided information regarding traffic offences for the

period January 2002 through December 2008. This covers approximately 5 years prior to the on-
road driving assessment until the completion of the 12 month follow-up period. Examples of the
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potential types of offences recorded are speeding, driving while intoxicated, reckless driving, and
violating posted traffic signs. The New Zealand Ministry of Transport provided information for
the same time period regarding police-reported injury crashes.

Follow-up Interview

Participants were interviewed by telephone 1 year (SD = 8.0 days) after their on-road driving
assessment. They were asked to report the number of crashes and traffic offences committed
during the 12 months following their assessment. Self-report was used to capture crashes not
attended by police and traftic offences not reflected in Land Transport New Zealand data. For
example, official data does not cover speed camera tickets. Speed camera tickets are 1ssued by
unattended speed radar detectors that photograph vehicle licence plates which are used to
identify and post fines to registered owners of speeding vehicles.

Data Analysis

Fisher’s Exact Test was used to determine whether the presence of an officially-reported traffic
offence 1n the five years prior to the on-road assessment was different between subsequent on-
road Pass or Fail outcome. The difference between Pass and Fail outcomes and officially- or self-
reported traffic offence or crashes prospectively over 12 months was investigated in the same
way. Data was then regrouped into those who had and had not had any reported crash or traftic
offence in 12 months since their on-road driving assessment, and group membership was
compared to scores on the initial sensory-motor and cognitive tests, and demographic data using
t tests for normally distributed data and Mann-Whitney U tests for non-normally distributed data.
The existence of at least one officially- or self-reported crash or offence was coded as a binary
value for each participant.

RESULTS

At the first-12 month follow-up, 57 of 58 participants were still driving. One participant had
ceased driving for several months due to a non-driving related mjury but was intending to drive
again when medically possible.

Officially-reported retrospective crashes and traffic offences

There were no officially-reported crashes in the five years prior to the on-road assessment. There
were seven officially-reported traffic offences committed by six participants (one committed two
offences) (Table 1). All seven traffic offences were for exceeding a posted speed limit of either
50 kmv/h or 100 km/h. All offences were committed by participants who went on to Pass the on-
road assessment. There was no difference in the number of traffic offences reported between on-
road Pass and Fail groups (Fisher’s Exact Test, two-tailed p = .15).

Officially and self-reported traffic offences and crashes in subsequent 12 months

There were nine traffic offences across eight drivers in the 12-month period following the on-
road assessment. Five offences were self-reported only (e.g., fixed camera speeding violations).
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Three offences were both officially- and self-reported, and one was officially reported only. Two
of the participants who committed an offence received an on-road Fail score (Table 1).

There were four self-reported crashes across four drivers, with none officially recorded. None of
the people who reported crashes also had self- or officially-reported tratfic offences. Only one of
the accidents was committed by a driver who received an on-road Fail score.

There was no difference in the number of traffic offences or crashes between on-road Pass and
Fail groups (Fisher’s Exact Test, two-tailed p = .63).

Table 1. Number of participants with one or more retrospectively or prospectively reported crashes or
offences (number in Pass and Fail on-road group)

Type of traffic event

Participants with Crashes  Participants with Offences
Retrospective (5 yr) 0 6 (0 Fail. 6 Pass)
Prospective (12 mo) 4 (1 Fail. 3 Pass) 8 (2 Fail. 6 Pass )

Sensory-motor, cognitive, and demographic predictors of crashes and offences in
subsequent 12 months

There were no significant differences found in sensory-motor and cognitive test performance and
demographics between the 12 participants who experienced a crash or traffic offence in the 12
months following the off-road assessment and the remaining 46 who did not.

DISCUSSION

This 1s the first study to follow a group of older drivers a priori judged to be safe or unsate based
on a comprehensive on-road driving assessment. No relationship was found either between
retrospective or prospective crashes and traffic offences and the on-road Pass or Fail score.
Additionally. no relationship was found between cognitive and sensory-motor measures and
prospective crashes and traffic offences. The lack of discernable differences in real-life driving
between the ‘safe” and ‘unsafe’ driver groups highlights difficulties in predicting driving safety.
Research has shown that loss of a driver’s licence in the elderly is associated with loneliness and
immobility (Johnson, 1999). The low base-rate of traffic offences and crashes makes decisions
regarding forfeiture of licences particularly fraught when the likely harm to the older driver
versus harm to the community are taken into consideration.

Langtford, Bohensky, Koppel. and Newstead (2008) recently compared driving fatalities of older
drivers across two Australian states, one with compulsory medical and on-road assessments for
drivers aged 80 and above, and one with no testing requirement. They found no difference in the
number of fatalities of older drivers or other road users and concluded that age-based testing
shows no demonstrable safety benefits. Another possibility for this result 1s that the on-road
assessment used was not sensitive to the factors that predict real-world driving and those who
had their licences forfeited were not more dangerous than those who did not. Another large
sample study of older drivers found significant cognitive test predictors of prospective at-fault
crashes over a period of five years (Ball et al., 2006). However, the driving ability of the
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participants in this study had not been assessed by the authors a priori. Allowing drivers judged
to be unsafe using an on-road driving assessment to continue driving, as was the case in the
present study, has to the best of our knowledge not been done n driving research literature. Thus
the study provides a unique perspective on how dangerous those considered to be unsafe really
are, beyond that provided by comparing populations with and without compulsory testing. or by
relying solely on an on-road assessment to define safety. Had the results of the on-road
assessments been disseminated to participants’ doctors, 15 participants could have had their
licences revoked. This equates to 15 participants who would have been left without personal
transportation and the associated difficulties this imposes, and yet there were no differences in
traffic incidents even at the level of descriptive statistics.

One weakness of the study 1s the relatively small number of participants and the low base-rate of
crashes and offences. This weakens our ability to find significant differences between groups.
Given the serious personal consequences for an older driver losing their licence, however, we
should expect that those judged to be unsafe following a driving assessment should have
noticeable increases in crashes and/or offences even at the level of descriptive statistics. Another
weakness of the study is that the validity of the on-road assessment is unknown, despite similar
assessments being routinely performed to assess driver safety throughout New Zealand and
around the world. While a 24-month follow-up of this group which will provide additional data
regarding driver safety 1s planned. the current 12-month data allows no discrimination between
safe and unsafe groups.
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Summary: Most on-road assessments do not make use of standardized scoring to
determine driver safety. The current study sought to find a subset of driving errors
that were related to on-road Pass and Fail outcomes in a group of 60 older drivers
with cognitive impairment, and that were also considered important contributors
to a Fail outcome by the diiving specialist occupational therapist who
administered the assessment. A number of useful errors were found that suggest
that even a non-standardized driving assessment could incorporate a short list of
driving errors that may assist in the determination of driving ability.

INTRODUCTION

On-road driving assessment is a commonly used tool to determine whether a driver with
cognitive impairment or dementia 1s safe to continue driving. Some standardized assessments
have been tested for inter-rater and test-retest reliability, with the former usually found to be
moderate to high, and the latter in the moderate range (Hagge, 1994; Fitten et al., 1995;
Romanowicz & Hagge, 1995; Hunt et al., 1997; Janke & Eberhard, 1998). Unfortunately,
standardized on-road driving assessments are often not used as part of routine driving
assessment. Korner-Bitensky et al. (2006) surveyed the driving assessment methods of 144
American and Canadian driving assessors. Ninety-four percent of respondents reported routinely
using on-road assessments as part of their evaluation, yet only 24% used a standardized scoring
system, and only 10% used a pre-defined cutoff score to define driving competency. Only two
respondents reported using a standardized road test. The use of un-standardized on-road
assessments in naturalistic research samples can make results difficult to generalize. Likewise,
applying the results of studies that use standardized on-road assessments and scoring to real-
world assessment practices can be equally as difficult.

The appeal of a non-standardized format is in the maximum flexibility it allows an assessor to
draw on their often considerable clinical experience in deciding whether a person is a safe driver.
For example, a standardized route cannot be used when an assessment 1s performed from a
person’s home and in their local area. A standardized on-road scoring system does not record all
variables that may figure into an assessor’s decision-making process, such as missed
appomtments that may indicate a memory problem. This flexibility in assessment may be
particularly important when assessing people with cognitive impairment or dementia due to the
idiosyneratic way impairments affect the abilities of individuals. We believe, however, that it is
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important that at least some standardization of on-road scoring is present in order that judgments
made between drivers and between assessors are as equitable as possible.

For the current study, 60 drivers with suspected or diagnosed cognitive impairment or dementia
were recruited. All completed an on-road driving assessment as used in New Zealand for
assessing the impact of medical conditions on driving safety. This assessment did not use a
standardized route or a predetermined rating of errors to determine a Pass or Fail outcome.
Rather, the occupational therapist administering the assessment used a global decision-making
process encompassing performance on the on-road assessment. The aim of the study was to find
errors that occurred during the assessment that discriminated between those rated as on-road Pass
and Fail. A detailed error list was constructed based on the results of a previous driving study.
This was completed for each participant by both the driving instructor and occupational therapist
who administered the assessment. Ideally, errors with a high degree of face validity to a driving
assessor would be found that would be useful in discriminating between sate and unsafe drivers
and could be used as part of the standard medical driving assessment. This would allow some
form of objective scoring to be used in determining a Pass of Fail outcome for an assessment that
currently does not have standardized scoring.

The study had three aims:

1. Determine the inter-rater agreement of commission of errors between the occupational
therapist and driving instructor who administered the assessment.

2. Determine the errors most frequently cited by the occupational therapist as contributing
to a Fail score.

3. Determine which errors discriminated between those who passed and failed the
assessment and whether these errors were the same as those rated as most often
contributing to a Fail score by the occupational therapist.

METHODS
Participants

Participants with a current full driver’s licence were recruited from consecutive referrals to the
Driving and Vehicle Assessment Service (DAVAS) at Burwood Hospital, Christchurch, New
Zealand. Eligible referrals had suspected or diagnosed Alzheimer’s dementia, memory or
cognitive impairment listed as the reason for referral. These criteria were designed to include
those participants who were likely to have Alzheimer’s dementia or amnestic mild cognitive
impairment.

Sixty participants were recruited: 36 males and 24 females with a mean age of 77.9 years (SD =
7.8. range 58-92). Participants gave informed consent. The study was approved by the Upper
South A Regional Ethics Committee, Canterbury, New Zealand.

Driving Error List

A previous study investigated the on-road driving ability of 60 cognitively healthy older drivers
(Hoggarth et al., 2010). An informal report including observed driving errors was compiled for
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each participant by the assessing occupational therapist. An error list with a standardized
recording procedure was constructed based on the errors performed in this prior study. Noted
errors were tallied and ranked, with the most common on-road errors forming the Driving Error
List used for the current study. This list was given to the driving instructor of the prior study and
two occupational therapists in order to add other errors that they commonly observed in people
with dementia. Items in the final Driving Error List are presented in Table 1.

Testing Procedure

Participants completed an on-road driving assessment of around 45 minutes administered by an
experienced driving occupational therapist and a driving instructor from the Driving and Vehicle
Assessment Service at Burwood Hospital, Christchurch. Fifty-six drivers completed the on-road
assessment in their own car, with the remaining four using an assessment centre car. The driving
instructor sat in the passenger seat and provided directions for the driving route and maintained
safety of the vehicle if required. The occupational therapist sat in the rear to assess driving
behaviour. Twelve (20%) participants started the drive from their own homes, with the
remainder 80% starting from the Hospital. Assessment from home was made for a variety of
different reasons such as availability of a family member in order to drive the participant home if
they received a Fail outcome.

The driving instructor and the occupational therapist completed the Driving Error List
independently at the end of each assessment. Assessors ticked one box to indicate which errors
were performed during the assessment and another box if the error was cited as a reason for a
Fail rating for the on-road driving performance. The assessors could also record additional errors
as they arose. As was normal procedure, a global decision of Pass or Fail was made by the
occupational therapist based on the entirety of the participant’s performance during the
assessment.

Data Analysis

Intra-class correlations were computed using Cronbach’s Alpha to assess reliability between the
two raters. Errors identified by the occupational therapist as confributing to on-road Fail were
summed and ranked by frequency. The relationship between each error and Pass and Fail groups
was investigated using Fisher’s Exact Test (for expected cell frequencies <5). The Phi
Coefficient was computed as a measure of association of each error to the Pass and Fail rating.
The Phi Coefficient is equivalent to a Pearson’s 7 for a bivariate correlation.

RESULTS

Twenty-one of the 60 participants (35%) received a Fail score on the on-road assessment. There
was a trend for the Fail group to have a higher mean age than the Pass group (mean pass = 76.4
years, mean fail = 80.8 years, Z=-1.88, p = .06). There was no difference in sex between groups
(male = 1, female = 2: mean pass = 1.41, mean fail = 1.38, Z=-22, p = .83), and no difference
in Pass and Fail outcomes in those who started the on-road assessment from home versus the
hospital (Z=-.537, p =.59). Those who failed the on-road performed more on-road errors than
those who passed, (Fail mean = 11.1. Pass mean = 2.3, Z=-6.40, p < .001).
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Eight additional unique errors not found on the error list were recorded: ‘ Approached
intersections at excessive speed’ (7 participants), ‘Incorrect use of turning bays’ (3 participants),
‘Failure to stop at stop sign’ (3 participants), ‘Braking and accelerating at the same time’ (3
participants), ‘Excessive acceleration’ (1 participant), ‘Went to wrong side of the road when
approaching intersections’ (1 participant), ‘Late moving into turning lane’ (1 participant), and
“Went through red light’ (1 participant). Since these errors were not present on the error list for
systematic rating they were not included in the following calculations, but may be useful to be
added to a revised error list.

Table 1 displays the frequency that each error was rated by the two raters and Cronbach’s alpha.

Table 1. Cronbach’s alpha and 95% confidence interval for agreement on
commission of errors between raters

Frequency Frequency 059,
rated by rated by Cronbach’s
TypootHome occupational driving alpha Copﬁde_nce
therapist instructor eyl
Fails to follow pedestrian crossing rules 3 3 1.00 1.00-1.00
Decreased awareness of environment 21 20 0.98 97-.99
Decreased awareness of other road users 21 19 0.96 94 - 98
Driving/starting in wrong gear 7 6 0.96 93-.97
Inappropriate gap selection 18 15 0.94 98- .96
Incorrect use of give way rules at intersections 14 12 0.92 .87-.95
Driving below the speed limit 16 16 0.91 84-.94
Driving above the speed limit 29 27 0.89 .82-.93
Incorrect indication at a roundabout 42 44 0.86 77-.92
Turned into incorrect lane on multi-lane road 4 7 0.83 72-.90
Inappropriate use of arrow traffic lights 2 1 0.80 .66 - .88
Driving too close to (or over) centre line 9 1551 0.78 .64 - 87
Lack of scanning techniques 19 21 0.77 .62 - 86
Driving too close to (or over) left line 15 11 0.76 .60 - .86
Didn't react in time to situation/Incorrect action taken 13 8 0.76 .60 - .86
Lack of mirror use 21 24 0.76 .60 - .86
Problem cornering: speed or position 8 8 0.72 54 - .84
Incorrect use of lanes in roundabout 3 4 0.71 51-.83
Fails to observe signs 8 9 0.69 47 - .81
Immediate fail error (e.g. crash) 2 7 0.61 34-.77
Lack of blind spot check 17 23 0.59 31=.75
Following other cars too closely 12 3 0.56 26-.74
Didn't apply 12 second search 6 17 0.55 24-.73
Gear grinding/over-revving 5 1 0.50 16-.70
Stopping too closely behind cars 5 2 0.41 01-.65
Approaching intersections at excessive speed 2 6 0.36 -07-.62
Incorrect indication at an intersection 2 5 -0.11 -.86-.34
Incorrect indication for lane changes 1 0 N/A N/A
Fails to give way to pedestrians at intersection 1 0 N/A N/A
354
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There was a high degree of agreement between the raters with 11 error ratings with alphas of
0.80 or above. The error ‘Incorrect indication at an intersection” had a negative alpha of -0.11
due to no agreement between the two ratings for any of the 7 participants who made this error.

The number of times an error was rated by the occupational therapist as contributing to a Fail
score were ranked (Table 2). The two most frequently rated reasons for a Fail score were
‘Decreased awareness of other road users” and ‘Decreased awareness of environment’, with this
second reason being rated as a reason for all 21 participants who failed the assessment. The error
‘Incorrect indication at a roundabout” had the highest occurrence in the sample as a whole (42
participants according to the occupational therapist’s rating) but was only considered by the
occupational therapist to have directly contributed to one person’s Fail score.

Table 2. Frequency that errors were rated as contributing to a Fail outcome by the occupational therapist,
and the statistical relationship of errors to Pass and Fail outcomes

Frequency rated  Fisher’s Exact

Error as contributing Test Phi coefficient
to the Fail score p value
Decreased awareness of other road users 21 <01 1.00
Decreased awareness of enviromment 20 <01 0.93
Lack of scanning techniques 15 <01 0.78
Inappropriate gap selection 13 <01 0.74
Driving above the speed limit 13 <01 0.48
Incorrect use of give way rules at intersections 12 <.01 0.67
Didn't react in time to situation / incorrect action taken 10 <.01 0.55
Driving below the speed limit g 0.01 0.35
Driving too close to (or over) centre line 7 <01 047
Driving too close to (or over) left line 6 <.01 0.54
Problem cornering: speed or position 6 <01 0.53
Lack of mirror use 6 <01 0.49
Lack of blind spot check 5 <01 0.39
Following other cars too closely 5 0.09 0.24
Gear grinding/over-revving 3 <.01 041
Didn't apply 12 second search 3 0.02 0.34
Fails to observe signs 3 0.02 0.33
Incorrect use of lanes in roundabout 3 0.04 0.31
Stopping too closely behind cars 3 0.05 0.28
Driving/starting in wrong gear 2 0.23 0.17
Incorrect indication at an intersection 1 0.12 0.25
Incorrect indication at a roundabout 1 0.56 0.10
Fails to follow pedestrian crossing rules 1 1.00 -0.01
Immediate fail error (e.g. crash) 0 0.10 0.25
Incorrect indication for lane changes 0 0.35 0.18
Fails to give way to pedestrians at intersection 0 1.00 -0.10
Inappropriate use of arrow traffic lights 0 0.54 -0.14
Turned into incorrect lane on multi-lane road 0 0.29 -0.20

Eighteen errors were related to Pass and Fail outcomes (Table 2). All but four variables were in
the expected direction of occurring more frequently in the Fail group. Three variables did not
occur in the Fail group at all: ‘“Turned into incorrect lane on multi-lane road’, ‘Fails to give way

¥}
wh
wh

247



PROCEEDINGS of the Sixth International Dviving Symposium on Human Factors in Driver Assessment, Training and Vehicle Design

to pedestrians at intersection’, and ‘Inappropriate use of arrow traffic lights’. The error “Fails to
follow pedestrian crossing rules” occurred once in the Fail group and twice in the Pass group.

The errors most related to a Fail outcome are shown by the largest phi coefficients and are
similar to the occupational therapist’s self-rated contribution of error to Fail scores (Table 2). Of
the top 10 errors rated as contributing to Fail scores by the occupational therapist, 8 were ranked
in the top ten by phi coefficient for errors associated with Fail scores: ‘Decreased awareness of
other road users’, ‘Decreased awareness of environment’, ‘Lack of scanning techniques’,
‘Inappropriate gap selection’, ‘Incorrect use of give way rules at intersections’, ‘Didn't react in
time to situation / incorrect action taken’, ‘Driving too close to (or over) left line’, and ‘Driving
above the speed limit’.

DISCUSSION

Inter-rater agreement on the commission of driving errors was high for many items. This
mdicates that many of the listed errors were identified independently by each rater.
Discrepancies in some ratings could be due to the threshold of each rater in defining when an
error occured, and also due to the driving instructor’s dual task of guiding the drive as well as
maintaining safety of the vehicle, with the occupational therapist able to concentrate solely on
driving behaviour.

The two measures most commonly cited as contributing to a Fail outcome were not errors per se,
but rather a judgment made by the occupational therapist that a driver exhibited decreased
awareness of the environment and/or other road users. The fact that these two awareness
measures were rated for all but one Fail outcome suggests that a single measure of decreased
awareness could be used instead of two separate ones. This result shows the importance of
maintaining items which are not simply based on the performance of an error but rather on an
interpretation based on a pattern of errors that indicate decreased awareness.

There was a high level of agreement between the subjective ratings of the occupational therapist
as to which errors were especially important to a Fail outcome, and the degree to which the
frequency of these errors (whether or not they were rated as important) were associated with on-
road Fail scores. This suggests that a select choice of errors may be acceptable to assessors who
prefer a flexible assessment procedure.

There are limitations to this study. Firstly, the occupational therapist may have been biased to
recall more driving errors for drivers whom she had decided would receive Fail outcomes, thus
the number of errors recalled may be inflated in the Fail group. The number of errors selected for
the error list was limited and additional errors would likely have been useful, particularly errors
more related to the types of difficulties that might be expected to be more common in drivers
with cognitive impairment — confusion for example.

Finding ways to bridge the gap between researchers who ideally prefer a standardized on-road
assessment and on-road assessors who frequently prefer a more flexible and less standardized
approach could be achieved, in part, by including a checklist of errors that have been found to
relate to on-road driving outcome in older adults with cognitive impairment. This study found a
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number of potentially useful error measures that were related to on-road Pass and Fail outcomes
and were also rated as useful contributors to identifying people with on-road fail outcomes by an
occupational therapist. Including an evidence-based error list as part of a non-standardized
driving assessment would allow for systematic collection of error information that may
confribute to more reliable Pass and Fail outcomes.
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Summary: Ageing is associated with the development of medical conditions,
both acute and chronic. The aim of this study was to determine whether medical
factors were associated with subsequent self- and officially-repoited crashes and
traffic offences in a group of cognitively healthy older drivers. We surveyed
medical conditions, medications taken for these conditions, and the amount of
subjective distress associated with medical conditions in a group of 56 drivers
aged 72-85 years for a period of 24 months. We also compared exposure to
driving at baseline to the number of crashes or offences at 24 months. We found
no relationship between the number of medical conditions or medications taken
and whether a participant had a crash or offence. However, those who reported
more subjective distress associated with their condition/s were more likely to have
a crash or offence during the study period. Drivers who had a crash or offence
also had a higher mean driving exposure. However, there was no relationship
between reported distress and driving exposure which indicates that these may be
independent risk factors for experiencing a crash or traffic offence.

INTRODUCTION

Dementia, cerebrovascular disease, heart disease, and high blood pressure have all been linked
with poorer driving safety in older people (McGwin et al., 2000; Sims et al., 2000; Brown & Ott,
2004, Anstey et al., 2005; Sagberg. 2006; Ott et al., 2008). Comorbidity of chronic conditions
increases the number of self-reported crashes in older drivers over 12-months (Marottoli et al.,
1994). Molnar et al. (2007) report that older drivers who endorsed being “bothered a great deal
by diabetes mellitus” were more likely to have had crashes. This suggests that subjective feelings
of distress associated with medical conditions in general may influence driving safety.

Serious at-fault car crashes are a useful measure of driving safety, but are a rare event. A New
Zealand study found an incidence rate of 0.8% for police-reported serious crashes (fault not
determined) in a sample of over 39,300 adults aged 80 and over during a two year period (Keall
& Frith, 2004a). Self-reported crashes, however, have a higher base-rate at around 4-8% per year
(Marottoli et al., 1994; Sullman & Baas, 2004), and may be a useful outcome measure for
indicating which drivers are performing unsafe driving behaviours.
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Traffic offences have a higher base-rate than crashes. For the 12 months ended 30 June 2008,
New Zealand police issued 760,720 speeding offences to a licensed population of just over 3
million drivers (New Zealand Police, 2008; Ministry of Transport, 2009). This represents a
speeding offence for 24% of drivers, although this is an over-estimation as the data do not
account for multiple offences for a single individual. Importantly, committing traffic offences
has been associated with an increased likelihood of having crashes, even in older drivers
(Rajalin, 1994: Parker et al., 1995; Cooper, 1997; Keall & Frith, 2004a). People observed driving
at higher speeds on public roads were significantly more likely to have a state-recorded history
of crashes and traffic offences over the previous seven years (Wasielewski, 1984). Therefore, a
record of traffic offences may help in identifying drivers who are at increased risk for crashes.

In addition to the main aim of this study in exploring the relationship of medical factors and
crashes and offences, we were also interested in the effect of driving exposure. Higher driving
exposure has been linked with a greater likelihood of experiencing a crash (Owsley et al., 1998;
Ball et al., 2006). Conversely, other studies have found that those older drivers driving fewer km
were more likely to have a crash (Janke, 1991:; Hakamies-Blomqvist et al., 2002; Keall & Frith,
2004b: Langford et al., 2006: Alvarez & Fierro, 2008).

In the current study, we followed 56 drivers aged 70 and older for 24 months with annual
mterviews collecting data about driving behavior and the presence of medical and psychological
conditions. The drivers had no diagnosis of cognitive disorder at baseline. The aims of the study
were to determine if crashes and traffic offences in a group of older drivers were related to:

The number of medical conditions endorsed.

The number of medical conditions endorsed for which a medication was taken.
The amount of subjective distress due to medical conditions.

The amount of driving exposure.

METHODS
Participants

Participants were recruited for a previous study investigating oft-road predictors of on-road
driving ability (Hoggarth et al., 2010). A convenience sample of 60 current drivers was recruited
from churches, recreational groups, word of mouth, and advertisements placed in two free local
health magazines in Christchurch. Participants were aged 70 to 84 years with 10 men and 10
women in each of three age groups (70-74, 75-79, and 80+ years). Exclusion criteria included a
history of moderate to severe brain injury, diagnosed neurological or cognitive disorder (i.e.
stroke or dementia), severe musculoskeletal disease, and current psychiatric disorder.
Participants undertook a 3-hour off-road testing session that included a computerized sensory-
motor and cognitive test battery (SMC7ests™), personality measures, and standardized cognitive
tests (Hoggarth et al., 2010). Participants completed a formal but unenforced 45-minute on-road
driving assessment where the performance of each was rated as Pass or Fail (on-road assessors
were blind to the results of all off-road testing). Participants continued to drive regardless of the
outcome of the on-road assessment.
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Participants from this original study were invited to take part in a 24-month follow-up study (the
current study) using an annual 30-minute telephone mterview. Officially-recorded traffic offence
data from the New Zealand Transport Agency and police-reported crash data from the Ministry
of Transport was collected. Participants gave informed consent, and both studies were approved
by the Upper South A Regional Ethics Committee, Canterbury, New Zealand. One participant
refused the follow-up study and one refused to give access to official crash and offence records.
By 24 months, one participant had died and one could not be located, leaving interview data and
full crash/offence data for 24 months for 56 participants. By the end of 24 months the mean age
of the sample was 78.7 years (SD = 4.1) with a range of 72 to 85 years (27 males and 29
females). All remaining 56 participants were still active drivers at the 24 month interview.

Medical Condition Data

At each annual interview, participants were asked whether they had been diagnosed or treated for
various medical conditions, psychiatric conditions, eye conditions, or possible indicators of
declining health in the past 12 months (see Table 1). If a participant endorsed a condition they
were asked whether they currently took a medication for this condition (rated as ‘ves’ or ‘no”)
and subjective distress was assessed by asking how ‘bothered’ they were by the condition on a
daily basis: not at all, a little, or a great deal.

Driving Exposure Data

As part of a previous study, participants logged their odometer readings prior to, and following,
each driving trip taken during a seven day period. Additional information about longer trips
taken in the last year was used to estimate driving exposure over the previous 12 months.

Crash and Traffic Offence Data

Crash data provided by the Ministry of Transport comprised crashes to which police were called.
Traffic offence data provided by the New Zealand Transport Agency comprised offences issued
in person by police officers. Parking offences were not included in this data. At 12- and 24-
month interviews participants self-reported involvement in crashes and receipt of traffic tickets
in the preceding 12 months. These self-reported data were collected to detect adverse events
including crashes that were not attended by police, and traffic offences not collected on the
official record such as roadside speed radar offences.

Data Analysis

One or more instances of either a crash or an offence reported either by a participant or an
official source by the end of 24-month follow-up period formed the ‘crash or offence’ versus
‘no-crash or offence’ binary dependent variable. The number of medical conditions endorsed and
the number of medical conditions requiring medication were summed for each participant. The
amounts that participants reported being ‘bothered’ by each medical condition were assigned an
ordinal rating of 0 for ‘not at all’, 1 for ‘a little’, 2 for ‘a great deal” and were summed.
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Mann-Whitney U tests were used to determine whether the number of medical conditions, the
number of medications taken, the amount that participants were bothered by their medical
conditions and the amount of driving performed were related to crash or offence involvement.
Detailed examination of whether individual medical conditions were related to crashes and
offences was not performed due to insufficient data across participants.

RESULTS

In total, 16 of 56 participants had self- or officially-reported crashes or offences over the
24-month period (10 participants with an offence only, 5 participants with a crash only, one
participant with a crash and an offence). There were no officially-reported crashes for the
24-month follow-up. All officially-reported offences were also self-reported and all were for
exceeding the speed limit. Descriptive statistics for medical conditions are provided in Table 1.

Table 1. Self-reported medical conditions medical conditions and indicators of declining health at the
12- and 24-month interviews for 56 initially cognitively healthy participants

12 month follow-up 24 month follow-up

People People People bothered People People People bothered
Medical Condition reporting taking by their condition reporting taking by their condition

illness medication  (those rated > 0) illness medication (those rated > 0)
Arthritis 30 12 12 32 10 13
High blood pressure 31 31 0 27 27 0
High cholesterol 22 18 0 22 18 0
Cataracts 18 0 2 22 0 5
Heart disease 16 14 2 18 18 1
Surgery 10 0 1 11 2 2
Cancer 11 2 2 8 2 0
Osteoporosis 9 g 1 10 8 1
Fall 5 2 3 6 1 3
Diabetes 6 5 0 6 5 0
Glaucoma 4 4 0 4 4 1
Thyroid problems 2 2 0 3 3 0
Anxiety 2 1 0 3 1 1
Macular degeneration 2 1 0 2 1 1
Stroke 2 2 0 1 1 1
Depression 1 0 0 6 4 2
Broken bones 1 0 0 4 1 2
Dementia 1 0 0 1 0 0
Sleep apnea 1 1 1 1 1 0
Head injury 0 0 0 4 0 0
Parkinson's 0 0 0 1 1 1
Multiple sclerosis 0 0 0 0 0 0
Diabetic retinopathy 0 0 0 0 0 0
Retinal detachment 0 ] 0 0 0 0

The most common medical conditions at 24 months were arthritis (57%), high blood pressure
(48%), high cholesterol (39%), cataracts (39%0), and heart disease (32%), with similar rates at 12
months. The single condition that distressed participants the most was arthritis, with 40% of
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those with arthritis at 12 months and 41% at 24 month reporting being bothered either a little or a
great deal. There were also notable increases in the incidence of depression, from one person at
12 months to six at 24 months. Four people had broken bones at 24 months compared to one at
12 months; and head injuries increased from zero at 12 months to four at 24 months. These
changes could indicate declining physical or emotional health of the sample over time.

Between those with and without crashes or offences, there was no difference in the number of
medical conditions endorsed at 24 months (z=-0.09, p = .93), and no difference in the number
of medications taken at 24 months (z =-0.67, p = .50). At 24 months, participants who had a
crash or offence reported significantly more distress related to their medical condition/s than
participants who had not had a crash or offence (z =-2.01, p = .04). Participants who had a crash
or offence drove a higher annual mean number of km at baseline (crash or offence mean =
18,661 km, no crash or offence mean = 7,893 km, = =-2.20, p = .03). There was no significant
correlation between annual km driven and distress associated with medical conditions (7, =-0.02,

» = .86).
DISCUSSION

No association was found between the number of medical conditions endorsed or the number of
medications taken and whether a participant had experienced a crash or offence during the
previous 24 months. However. the relationship between reports of subjective distress related to
medical conditions at 24 months and the incidence of crashes or offences suggests that subjective
physical or emotional discomfort associated with medical illness may affect a person’s likelihood
of an adverse driving event. Increased distress could be related to increased seriousness of the
condition that could negatively impact on driving behaviour. Increased distress could also relate
to increased distraction or reduced mobility caused by the condition, for example pain or
restriction of movement caused by arthritis.

Molnar et al. (2007) found that older drivers who reported being bothered a great deal my
diabetes were more likely to have had previous crashes. The current study supports the impact of
subjective distress on adverse driving outcomes in a group of generally cognitively healthy older
drivers. Options for amelioration of distressing symptoms, such as pain relief for those with
arthritis, could have a positive impact on an older person’s ability to drive safely.

The occurrence of a crash or offence over the following 24-month period was also related to a
higher annual number of km driven measured at the baseline testing session. The difference was
substantial with the crash or offence group on average driving over twice as much as the no crash
or offence group. The fact that distress associated with medical conditions and driving exposure
were not linearly related indicates that the two variables may be independent risk factors for
crashes or offences

There are limitations in this study. Firstly, when initially recruited the participants were a sample
of older drivers who would be considered representative only of a general older age sample that
lacks diagnosed cognitive impairment. By the end of the 24-month period, one participant had
been diagnosed with dementia, one with Parkinson’s disease, and two had had a stroke. Thus, the
sample began to resemble the general older population more closely as time progressed.
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Secondly. it is likely that specific types of medical conditions or medications play more
important roles in driving safety than merely the tallied number of conditions or medications, but
the sample size was too small to provide enough power for a detailed investigation of this.
Fmally, the conflation of crashes and traffic offences is not ideal but it could be argued that both
sit on a contimmun of driving behaviours we would wish to minimize if possible. Future
investigations into the relationship between at-fault crashes and traffic offences in larger samples
would be valuable to determine if the two can be combined, particularly if a system for
weighting the importance of crashes and offences could be devised.

With longevity showing signs of increase in many societies, it is likely that higher percentages of
future cohorts of older drivers will be living, and driving, with the effects of chronic disease.
Subjective ratings of distress related to these conditions may be a useful way to determine which
older drivers are more likely to experience an adverse driving event. It may also be important to
recognize that predominantly healthy drivers who drive greater distances are more likely to be
mvolved in a crash or traffic offence.

ACKNOWLEDGEMENTS

The authors acknowledge funding for this project from the Transport Research and
Educational Trust Board. Accident Compensation Corporation, Christchurch Neurotechnology
Research Programme, and the University of Canterbury, the Maurice and Phyllis Paykel Trust,
and Universities New Zealand - Te Pokai Tara.

REFERENCES

Alvarez. F. J.. & Fierro, I. (2008). Older drivers, medical condition. medical impairment and
crash risk. 4decident Analysis and Prevention, 40, 55-60.

Anstey, K. J., Wood, J., Lord, S., & Walker, J. G. (2005). Cognitive, sensory and physical
factors enabling driving safety i older adults. Clinical Psychology Review, 25, 45-65.

Ball, K. K., Roenker, D. L., Wadley, V. G., Edwards, J. D., Roth, D. L., McGwin, G., Raleigh,
R., Joyce, J. J., Cissell, G. M., & Dube, T. (2006). Can high-risk older drives be identified
through performance-based measures in a Department of Motor Vehicles setting? Jowrnal of
the American Geriatrics Society, 54, 77-84.

Brown, L. B., & Ott, B. R. (2004). Driving and dementia: a review of the literature. Journal of
Geriatric Psvchiatry and Neurology, 17, 232-240.

Cooper, P. J. (1997). The relationship between speeding behaviour (as measure by violation
convictions) and crash involvement. Journal of Safety Research, 28, §3-95.

Hakamies-Blomgqvist, L., Raitanen, T., & O'Neill, D. (2002). Driver ageing does not cause
higher accident rates per km. Transportation Research Part F, 5,271-274.

Hoggarth, P. A., Innes, C. R. H., Dalrymple-Alford, J. C., Severinsen, J. E., & Jones, R. D.
(2010). Comparison of a linear and a non-linear model for using sensory-motor, cognitive,

personality, and demographic data to predict driving ability in healthy older adults 4ccident
Analysis and Prevention, 42, 1759-1768.

85

256



PROCEEDINGS of the Sixth International Dyiving Symposium on Human Factors in Driver Assessment, Training and Vehicle Design

Janke, M. K. (1991). Accidents, mileage, and the exaggeration of risk. Accident Analysis and
Prevention, 23, 183-188.

Keall, M. D., & Frith, W. J. (2004a). Association between older driver characteristics, on-road
driving test performance, and crash liability. Traffic Injury Prevention, 5, 112-116.

Keall, M. D., & Frith, W. J. (2004b). Older driver crash rates in relation to type and quantity of
travel. Traffic Injurv Prevention, 5, 26-36.

Langford, J., Methorst, R., & Hakamies-Blomqvist, L. (2006). Older drivers do not have a high
crash risk - a replication of low mileage bias. Accident Analysis and Prevention, 38, 574-578.

Marottoli, R. A., Cooney, L. M., Wagner, D. R, Doucette, J., & Tinetti, M. E. (1994). Predictors
of automobile crashes and moving violations among elderly drivers. Annals of Internal
Medicine, 121, 842-846.

MecGwin, G. T, Sims, R. V., Pulley, .., & Roseman, J. M. (2000). Relations among chronic
medical conditions, medications, and automobile crashes in the elderly: a population-based
case-control study. American Journal of Epidemiology, 152, 424-431.

Ministry of Transport. (2009). Motor Vehicle Crashes in New Zealand 2008. Wellington:
Ministry of Transport.

Molnar, F. J., Marshall. S. C., Man-Son-Hing, M., Wilson, K. G., Byszewski, A. M., & Stiell, .
(2007). Acceptability and concurrent validity of measures to predict older driver involvement
in motor vehicle crashes: an Emergency Department pilot case-control study. Accident
Analysis and Prevention, 39, 1056-1063.

New Zealand Police. (2008). Annual Report for the vear ended 30 June 2008. Wellington.

Ott, B. R., Heindel, W. C., Papandonatos, G. D., Festa, E. K., Davis, J. D., Daniello, L. A., &
Morris, J. C. (2008). A longitudinal study of drivers with Alzheimer disease. Neurology, 70,
1171-1178.

Owsley, C., Ball, K. K., McGwin, G., Sloane, M. E., Roenker, D. L., White, M. F., & Overley,
E. T. (1998). Visual processing impairment and risk of motor vehicle crash among older
adults. Journal of the American Medical Association, 279, 1083-1088.

Parker, D., Reason, J. T., Manstead, A. S. R., & Stradling, S. G. (1995). Driving errors, driving
violations and accident involvement. Ergonomics, 38, 1036-1048.

Rajalin, S. (1994). The connection between risky driving and involvement in fatal accidents.
Accident Analvsis and Prevention, 26, 555-362.

Sagberg, F. (2006). Driver health and crash involvement: a case-control study. 4ccident Analysis
and Prevention, 38, 28-34.

Sims, R. V., McGwin, G., Allman, R. M., Ball, K. K., & Owsley, C. (2000). Exploratory study
of incident vehicle crashes among older drivers. Journal of Gerontology, 554, M22-M27.

Sullman, M. J. M., & Baas, P. H. (2004). Mobile phone use amongst New Zealand drivers.
Transportation Research Part F, 7, 95-105.

Wasielewski, P. (1984). Speed as a measure of driver risk: observed speeds versus driver and
vehicle characteristics. Accident Analysis and Prevention, 16, 89-103.

86

257



258



11.6 Appendix F — The 14-Item Driving Anger Scale

Driving experiences scale

Instructions: Imagine that each situation describelow was actually happening to you and
rate the amount of anger that would be provoked.

none at all a little some much very much
1 2 3 4 5

Someone is weaving in and out of traffic.

A slow vehicle on a mountain road will not poMer and let people by.

Someone backs right out in front of you withlmatking.

Someone runs a red light or stop sign.

You pass a radar speed trap.

Someone speeds up when your try to pass him/her.

Someone is slow in parking and is holding uffitta

You are stuck in a traffic jam.

© ® N o o A W N

Someone makes an obscene gesture toward yotyahoudriving.

[EEN
©

Someone honks at you about your driving.

[EEN
=

A bicyclist is riding in the middle of the lamed is slowing traffic.

[EEN
N

A police officer pulls you over.

[EEN
w

A truck kicks up sand or gravel on the car goaidriving.

oo gond

[ERN
>

You are driving behind a large truck and yoonod see around it.

Please check: Did you write a number at the erghoh statement?
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11.7 Appendix G — Driving Behaviour Questionnaire

Driver Behaviour Questionnaire (DBQ)

Instructions: Following is a list of common mistakand violations that people make when
driving. For each statement you are asked to itelibaw often, if at all, these things have
happened to you say over the last year. You a@nswer each statement with one of six
responses: never, hardly ever, occasionally, apiten, frequently, nearly all the time. Your
answers do not have to be precise, merely your ésghate and you are not obliged to
answer all of the questions if you would prefer twot

0 = Never, 1 = Hardly ever, 2 = Occasionally, 3 =ute often, 4 = Frequently,
5 = Nearly all the time

Realize you have no recollection of the road alhgch you have just been traveling
0-1-2-3-4-5

Brake too quickly on a slippery road, or steerwleng way into a skid
0-1-2-3-4-5

Become impatient with a slow driver and pass tldren a solid yellow line means you are
iIn a no passing lane
0-1-2-3-4-5

Switch on one thing, such as the headlights, wienmeant to switch on something else,
such as the wipers
0-1-2-3-4-5

Do not notice for a few moments that the trafight has turned green
0-1-2-3-4-5

Drive especially close to the car in front asgnal to its driver to go faster or get out of the
way
0-1-2-3-4-5

Intending to drive to destination A, you suddemigtice that you are on the road to
destination B, perhaps because B is your more wRsdination
0-1-2-3-4-5

Attempt to overtake someone you had not noticdzktsignaling a right turn
0-1-2-3-4-5

Cross an intersection knowing the traffic lightssé already turned against you
0-1-2-3-4-5

Have an aversion to a particular class of road, @sel indicate your hostility by whatever
means you can
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0-1-2-3-4-5

Miss give way signs and narrowly avoid collidinghwiraffic having right of way
0-1-2-3-4-5

Forget where you left your car in a car park
0-1-2-3-4-5

Underestimate the speed of an oncoming vehiclenwelertaking
0-1-2-3-4-5

Queuing to turn left onto main road, you pay sotdse attention to the main stream of
traffic that you nearly hit the car in front
0-1-2-3-4-5

Fail to check rearview mirror before pulling oclhanging lanes, etc.
0-1-2-3-4-5

Drive even though you realize that you may be deregal blood-alcohol limit
0-1-2-3-4-5

Get into the wrong lane approaching a roundabpurtersection
0-1-2-3-4-5

On turning left, nearly hit a cyclist who has coapeon your inside
0-1-2-3-4-5

Fail to notice pedestrians crossing when turninig a side road
0-1-2-3-4-5

Angered by another driver’s behaviour, you givasghwith the intention of giving him or
her a piece of your mind
0-1-2-3-4-5

Hit something when reversing that you had not jongsty seen
0-1-2-3-4-5

Get involved in unofficial ‘races’ with other deys
0-1-2-3-4-5

Misread signs and take the wrong turning off andabout
0-1-2-3-4-5

Disregard the speed limits late at night or eanyttee morning
0-1-2-3-4-5
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11.8 Appendix H — Driving Habits Questionnaire Used forthe Healthy Driver
Follow-up Study

Modified Driving Habits Questionnaire (DHQ)

Dead
Month/year:
Cause:

Current Driving
1. Do you currently drive?
1 =vyes(go to #A) 0 = no(go to #2, #3, #A only)

2. Why did you stop driving?

3. When is the last time you drove? (month/year)
(If within 1 year, go to question #25)

What forms of transport are you currently using?
Drive in own car

Driven as passenger by friend/family member
Taxi

Motor scooter / motorcycle

Bicycle

Bus

[] Walking

[] Other

gooooor»

B. In your opinion are you now driving the same amtpomore, or less than one year ago?
Same
More
Less

C. Have you taken any driving lessons in the lastry
Yes
No

D. Has your GP asked you about your driving inl&s¢ year?

Yes
No
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E. Have you been diagnosed with or treated fordariie following conditions over the past
12 months?

Medical Condition |Meds Bothered
by

Not at all | A little | A great deal

Heart disease Y /N

Cancer Y/N

Stroke Y/N

Parkinson's Y /N

Dementia Y/N

High blood pressure Y/N

High cholesterol Y /N

Thyroid problems Y/N

Sleep apnoea Y /N

Diabetes Y /N

Multiple sclerosis Y/N

Broken bones Y /N

Arthiritis Y /N

Depression Y/N

Anxiety Y/N

Osteoporosis Y/N

Surgery Y/N

Fall Y/N

Head injury Y/N

Eye Conditions:

Cataracts Y/N

Macular degeneration Y /N

Diabetic retinopathy Y /N

Glaucoma Y /N

Retinal detachment Y /N

4. Do you wear glasses or contact lenses when groed
1=yes 0=no

5. Do you wear a seatbelt when you drive?
1 = always 2 = sometimes 3 = never

6. Which way do you prefer to get around?
3 = drive yourself 2 = have someone drive you ke public transportation or a taxi

7. How fast do you usually drive compared to theegal flow of traffic? Would you say:

5 = Much faster 4 = Somewhat faster 3 = Aboutstrme 2 = Somewhat slower
1 = Much slower
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8. Has anyone suggested over the past year thdinyioyour driving or stop driving?
1=yes 0=no

9. How would you rate the quality of your driving®uld you say:

5 = Excellent 4 =Good 3= Average 2 = Fdir=Poor

10. If you had to go somewhere and didn't wantiwedyourself would you:
1 = Ask a friend or relative to drive you 2 = Caltaxi or take the bus
3 = Drive yourself regardless of how you feel €ancel or postpone your plans

5 = Other:

Avoidance

Now I'm going to ask some more specific questidosua your driving habits.
173 During the past 3 months, have you driven wheésriaining?

Yesgpo to 17h Nogo to 179

17b) Would you say that you drive when it is raininghw
5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty

179 Do you deliberately avoid driving in the rain?

1 Yes No

184@) During the past 3 months, have you driven alone?
Yesgpo to 18h Nogo to 189

18b) Would you say that you drive alone with: (Plealseck onlyoneanswer)
5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty

180 Do you deliberately avoid driving alone?

1 Yes No

194) During the past 3 months, have you parallel pdPke
Yesgp to 199 Nogo to 199

19b) Would you say that you parallel park with: (Pleateck onlyone answer)
5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty
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190 Do you deliberately avoid parallel parking?

1 Yes No

203) During the past 3 months, have you made righthtams across oncoming traffic?
Yesgp to 20h Nodo to 209

20b) Would you say that you make right- handed tunmsaffic with:

(Please check onlgneanswer) across oncoming traffic?

5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty

200 Do you deliberately avoid making right-hand tirns

1 Yes No

213 During the past 3 months, have you driven on medgs or highways?
Yesgp to 21H Nodo to 21¢

21b) Would you say that you drive on motorways or kglis with: (Please check orye answer)
5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty

21¢) Do you deliberately avoid driving on motorwayshighways?

1 Yes No

223) During the past 3 months, have you driven on-igffic roads?
Yesgoto22h)  Nodo to 229
22h) Would you say that you drive on
high-traffic roads with: (Please check owlyeanswer)
5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty
22¢) Do you deliberately avoid driving on high trafficads?

1 Yes No

233a) During the past 3 months, have you driven in fustr traffic?

Yesgp to 23h Nodo to 23¢
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23b) Would you say that you drive

in rush hour traffic with: (Please check oolye answer)

5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty
230) Do you deliberately avoid driving in rush-houaffic?

1 Yes No

243 During the past 3 months, have you driven attf?igh
Yesgp to 24h Nogo to 249

24b) Would you say that you drive at night with: (Fleacheck onlpneanswer)
5 = No difficulty at all 4 = A little difficulty 3 = Moderate difficulty 2 = Extreme difficulty

24¢) Do you deliberately avoid driving at night?

1 Yes No

Crashes and Citations

25. How many accidents have you been involved er tive past 12 months when you were the
driver? Please tell me the number of all accidembtsther or not you were at fault.

accidents

26. How many accidents have you been involved ér tive past 12 months when you were the driver
where the police were called to the scene?

accidents

27. How many times in the past 12 months have yanIpulled over by the police, regardless of
whether you received a ticket?

times

28. How many times in the past 12 months have goaived a traffic ticket (other than a parking
ticket) , regardless of whether or not you think yeere at fault?

times
Driving Space
29. During the past year, have you driven in youmediate neighbourhood?

1=yes 0=no

30. During the past year, have you driven to plédsg®nd your neighbourhood?
1=yes 0=no

31. During the past year, have you driven to neighing towns?
1=yes 0=no
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32. During the past year, have you driven to mastadt towns?
1=yes 0=no

33. During the past year, have you driven to placgside of the South island?
1=yes 0=no
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11.9 Appendix | — Road Code Questions Used in the Demiga and Driving
Study

Driving questions

1) When turning right at a roundabout, you must:

. not indicate at any time on the roundabout.

. indicate left before entering the roundabout.

. indicate right before entering the roundabout.
. indicate right when leaving the roundabout.

SnNwp

2) When turning right from a two-laned road into a one-way street that has two
lanes, vou must turn into the:

A. right-hand lane.

B. left-hand lane.

C. lane that has the least vehicles.

D. lane that gives you the most direct route.

3) Before making a lane change to yvour left, you must signal for at least 3 seconds
and:

A. use your vehicle brake lights to warn other
road users.

B. use your vehicle hazard lights to warn other
road users.

C. check your blind spot before moving left.

D. ensure that there are no oncoming vehicles.
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4) When coming up to a pedestrian crossing, what MUST you do?

A. Slow down and be ready to stop for
pedestrians.

B. Speed up before pedestrians cross.

C. Sound the horn on your vehicle to warn
pedestrians.

D. Slow down to 30 knv/h.

5) When should you use the 2-second rule?

A. When reversing out of a driveway.

B. When following other vehicles at the same speed.
C. When giving way at a pedestrian crossing.

D. When using the indicators on your vehicle.

6) If you have to drive at a slow speed, which may hold up other vehicles, what
should you do?

A. Keep as close as you can to the centre of the road.

B. Keep as close as you can to the left side of the road.

C. Make the traffic behind you slow down to the speed
that you are driving at.

D. Drive down the middle of the road so that any vehicles
behind you can pass on the left.

7) You are the driver of the blue car. Do you:

A. keep driving as the cyclist has to stop?

B. stop and give way to the cyclist?

C. keep driving as the cyclist has to give way to
larger vehicles?

D. sound the warning device to warn the cyclist?
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8) What may you do at traffic signals if there is a green arrow pointing to the
right and a red light showing at the same time?

A. You may turn right.

B. You may go straight ahead.

C. You must stop until all lights turn green.
D. You may turn left or right.

Does the driver of the blue car have to give way?
9)

10)

e T I L

YES NO
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Does the driver of the blue car have to give way?
11)

YES NO

Does the driver of the blue car have to give way?
12)

YES NO

13) The ‘speed limit’ means the:

A. slowest speed you can drive in good conditions.

B. average speed you can drive in good conditions.

C. fastest speed you can drive in good conditions.

D. fastest speed you can drive, except when overtaking.
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14) The number on this sign shows:

A. the fastest speed to drive around the curve.
B. the speed in the right-hand lane.

C. the safest speed to drive around the curve.
D. the distance to the next intersection.

15) What do these road markings mean?

A. Turning vehicles should enter turning lane at
arrows and avoid striped area.

B. Turning vehicles should avoid all road markings
and use the lefi-hand lane.

C. All vehicles can make a U-turn at these road
markings.

D. Turning vehicles drive straight over all road
markings and wait to turn right.
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11.10 Appendix J — Driving Scale Used During On-Road Asssments

Table 9-1. The driving scale used during to assigscores following driving assessment in the Healthy

Older Drivers and Dementia and Driving studies

Driving Qutcome Label
Score

0 Fail No ability
| Fal | Bascskilsony
B Fal | Extremely inferior
"""" s | Fal | Veypoor
"""" s | Fal | Poor
"""" s | Fal | Boderne
6 Pass Fair
"""" 7| pass | satisacoy
"""" 8 | Pass | Good
"""" o | Pass |  Veygod
""" 10 | Pass | Flawess
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11.11 Appendix K — Form Used for Listing of Driving Error s Completed for

Participants in the Dementia and Driving Study

Driving Errors for on-road assessment
Referral name and number:

Date:

Errors

Error
present v’

Persisted
despite
instruction v’

Contributed to
fail judgment v

Incorrect indication at a roundabout

Incorrect indication at an intersection

Driving below the speed limit

Driving above the speed limit

Incorrect use of give way rules (controlled or uncontrolled intersections)

Inappropriate gap selection

Driving/starting in wrong gear

Gear grinding/over-revving/wrong gear selected

Lack of blind spot check

Following other cars too closely

Stopping too closely behind cars

Driving too close to (or over) centre line

Driving too close to left line

Twmned into incorrect lane on multi-lane road

Incorrect use of lanes in roundabout

Incorrect indication for lane changes (short duration. no indication)

Fails to give way to pedestrians at intersection

Fails to follow pedestrian crossing rules

Inappropriate use of arrow lights on traffic signals

Decreased awareness of environment

Decreased awareness of other road users

Lack of mirror use

Didn't apply 12 second search

Lack of scanning techniques

Didn't reacts in time to situation. incorrect action taken

Fails to observe signs

Problem commering: speed / position (specify)

Immediate fail error (e.g. crash) (specity)

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Other (specific):

Passor Fail: P F
Driving Score: 0 1 234567 89 10
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Insight Yes Limited No

Awareness of driving problems Yes Limited No

Receptiveness to feedback Yes Limited No

Likely to benefit from lessons Yes No
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11.12 Appendix L — Information Sheet for the Healthy Olde Drivers Study

VAN DER VEER UNIVERSITY OF
NISTITUT CANTERBURY
for Parkinson’s & Brain Research Eiﬂﬁféimdﬁﬁigfwolﬁiiffﬁﬁ

RESEARCH STUDY INFORMATION

‘Computerized driving tests for predicting driving in
healthy older adults’
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Computerized driving tests for predicting driving in healthy older adults

What is this research study about?

You are invited to take part in helping us with eesearch. This is an information sheet
about a study which aims to assess the accuracypeattictive value of our off-road
driving assessment system. The study will deterrhime well off-road tests can predict
on-road driving ability. We are currently lookingrfa group of healthy older adults
whom we can assess in order to determine the naangke of performance expected for
an older age group. The off-road tests will assess ability to sustain attention on a
task, plan a sequence of events, follow a target,naeasure your reaction times. It is also
hoped that the tests will help identify specifiolplems underlying an inability to drive
safely for individual people. This is especiallypartant now that GPs are responsible for
predicting whether older adults are safe to diWe.want to develop a system that is fair
and less stressful for older drivers who may berretl for a driving assessment, and that
gives the same results that we would get from arpad test.

The study will take part in two sessions. The fgsssion will be around 2 - 2 %2 hours
long and will take place at the Van der Veer Inséitfor Parkinson’s and Brain Research
located at 66 Stewart St close to Christchurch HalspThis session will include a brief
interview (5-10 minutes), some standard tests ofodpnomemory and reading
(approximately 60 minutes), and then an assessnsémng a computerized driving system
called the Canterbury Driving Assessment TAOariDAT) (approximately 60 minutes).
The CanDAThas a steering wheel, indicators, and pedals.&not need to know how
to use a computer to undertake the assessmentwiloeed to look at some images on a
computer screen and to read a vision chart astandis of 3 meters — so remember to
bring any glasses that you will need with you.

The second session will be around 1 hour and walngrise an on-road driving
assessment. The on-road driving assessment willmasoe at Burwood Hospital and
will be undertaken by an occupational therapist andriving instructor. You may use
your own car for this assessment, as long as itrbam in the back seat for the
occupational therapist to sit. The assessment agithmence in quiet streets and then
move through a number of different driving situagowhich will include single-lane
roundabouts, dual-lane roundabouts, dual-lane raamgrolled intersections (give-way,
stop sign, and traffic light controlled) uncontedll intersections, and changes in speed
zone.

We will try to schedule the two sessions of tesiwvith you as close together as we can.
At the completion of the two assessments you véltdimbursed to the value of $50 (by
posted cheque) to cover any petrol/vehicle expefsegour visits to the Van der Veer
Institute and Burwood Hospital.

Participation in this study will not affect the staus of your driving license The
occupational therapist will discuss the resultshef on-road assessment with you and if
she believes it is necessary, will recommend tbatgttend some driving lessons to focus
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on areas where your driving may need improvemem. dccupational therapist will only
make such suggestions if she believes there amctaspf your driving that could be
addressed to make your driving saféfour GP will not be informed of your
performance in the driving assessment.

In the unlikely event that some of your scoresaatk the possibility of health issues such as
depression, anxiety, or severe cognitive problenisymation may, with your prior consent,
be passed on to your GP.

Your participation in this study is entirely volany. If you do agree to take part you are free
to withdraw at any time from the study, without lmgyto give a reason and this will not
affect any future care or treatment.

A possible extension to this study is to followtgapants over a period of 1 and 2 years to
answer questions about the previous year’s driygugh as continued driving or accident
occurrence) either over the phone or via a postaktipnnaire. The commencement of this
study will be subject to ethical approval througle Upper South Ethics Committee before
any participant is contacted.

Who is running this research study?

This study has been developed by researchers Ataheler Veer Institute for Parkinson’s
and Brain Research. The Principle InvestigatorréPEibggarth) is completing this research
as part of the requirements for a Master of Artgrele for the Department of Psychology,
University of Canterbury. The study has receivddcal approval from the Upper South A
Regional Ethics Committee. We aim to recruit 6@eoldrivers in the age groups of 70-74,
75-79, and 80 years and over (20 participants dohege group). The study is expected to
start in June 2007 and testing will continue uatdund January 2008.

All records will be kept confidential during andefthe study, and you will be identified in
these records only by an assigned subject code erunibe information gathered will only
be used for the purposes of the study. Only thearebers of this project will have access to
records associated with the study, which will bptkie safe storage at the Van der Veer
Institute for up to 10 years. No material which Icbpersonally identify you will be used in
any reports on this study. Although individual feswvill not be provided, if you wish, a
summary of our findings will be sent to you on cdetipn of this study. Please note that
there will be a delay between the completion oadatlection and publication of the results.

The results of this study will help to refine thieildy of the computerized tests to predict
driving ability, and the tests may be commerciaiga sale through the Canterbury District
Health Board.

What do you need to do?

We would greatly value your help. You are welconoe discuss the study with your
friends/family or the research staff before makindecision on whether to take part. If you
are interested in taking part, please phone or letmaiPrinciple Investigator whose details
are at the bottom of the next page. If you do adce@articipate, please complete the
questionnaires that are included with this infoipratsheet. Please bring all the completed
guestionnaires with you when you attend the fisseasment session.
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If you have any questions about the study you cawtact Petra Hoggarth, either by phone at
the Van der Veer Institute (Ph 378 6095 — pleagede message if | am not in) or by email
(petra.hoggarth@vanderveer.org.nz). Thank yoedasidering this request.

Yours sincerely,

Petra Hoggarth BA(Hons) Richard Jones PhD

Master of Arts and Clinical Psychology student Resle Associate Professor

Van der Veer Institute for
Parkinson’s & Brain Research

66 Stewart Street Phone: 03 378 6095

Christchurch Email: petra.hoggarth@vanderveemarg.
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11.13 Appendix M — Consent Form for the Healthy Older Drivers Study

CANTERBURY

. ) Te Whare Wananga o Waitaha
for Parkinson’s & Brain Research bdedentie i b

@ VAN DER VEER UNIVERSITY OF

Consent Form

‘Computerized driving tests for predicting driving in healthy older adults’

| have read and understood the information shetedde9/06/2007 for volunteers taking part
in the study designed to improve the predictiordiafing ability in healthy older drivers. |
have had the opportunity to discuss this studynlsatisfied with the answers | have been

given.

| have had the opportunity to use whanau suppod fsrend to help me ask questions and
understand the study.

| understand that taking part in this study is wduy (my choice) and that | may withdraw
from the study at any time and this will in no waffect my future healthcare.

| understand that my participation in this studycafidential and that no material which
could identify me will be used in any reports ors tstudy.

| have had time to consider whether to take part.

| know whom to contact if | have any questions dliba study.

| consent to being contacted in the future and detimg a questionnaire. YES /NO
| wish to receive a copy of the results of thisdgtu YES / NO

| give consent for information of serious healthsuss that may arise
during testing (such as the possible existence daprabsion, anxiety, or

severe cognitive problems) to be passed on to my GP YES /NO

I hereby consent to take part in this
study.

283



(print full name)

Date:

Signature:

Researchers:

Alford PhD, and Julie Severins&HSqOT)
Phone: 378 6095

Project explained by: Petra Hoggarth

Project role:

Petra Hoggarth BA(Hons), Carrie IRy, Richard Jones PhD, John Dalrymple-

Principle Investigator

Which ethnic group do you belong
to?

Mark the space or spaces which
apply to you.

NZ European
Maori

Samoan

Cook Island Maori
Tongan

Niuean

Chinese

Indian

other (such as DUTCH,
JAPANESE, TOKELAUAN).
Please state:

000000000

Ko t€hea momo tangata e whai
panga atu ana koe? Tohua te
katoa o raro nei e hangai ana ki a
koe.

Pakeha

Maori

Hamoa

Maori Kuki Airani
Tonga

Niue

Hainamana

Inia

tétahi atu (péra i )
TATIMANA, HAPAN/HI,
TOKELAU). Tuhia mai:

000000000
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11.14 Appendix N — Shapiro-Wilk W Test Scores for Independent Variables in
the Healthy Older Drivers Study

Shapiro-WilkW test scores are presented for demographic measoggstive measures, and
SMCTestsneasures in Table 9-2 and Table 9-3.

Table 9-2. Shapiro-Wilk W test score for demographic and cognitive measurdsr the Healthy Older

Drivers study

p-value

Test Measure W Statistic  (*p<.05)
Gender 0.637 .000*
Age (years) 0.936 .004*
Age Grouping (70-74, 75-79, 80+) 0.793 .000*
Handedness (left, right) 0.271 .000*
Years of education 0.960 .047*
Occupation code 0.822 .000*
Years of driving 0.967 .099
Kms driven last 12 months 0.394 .000*
Vision

Left eye 0.506 .000*

Right eye 0.761 .000*

Binocular 0.825 .000*
Road sign test (no correct) 0.751 .000*
Mini-Mental State Exam 0.870 .000*
Geriatric Depression Scale 0.864 .000*
Beck Anxiety Inventory 0.842 .000*
Driving Anger Scale time 1 0.979 .370
Driving Anger Scale time 2 0.959 .040*
Big Five Inventory

Extraversion 0.992 .970

Agreeableness 0.973 .198

Conscientiousness 0.962 .057

Neuroticism 0.967 .109

Openness to experience 0.985 .668
Trail Making Test A (s) 0.923 .001*
Trail Making Test B (s) 0.818 .000*
Wechsler Test of Adult Reading 0.934 .003*
Dementia Rating Scale -2 AEM&S 0.979 .399
'Age and education adjusted mean scale score
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Table 9-3. Shapiro-Wilk W test score forSMCTestameasures for the Healthy Older Drivers study —

p-value
Test Measure W Statistic (*p<.05
Footbrake and Clutch Test
Mean reaction time (ms) 0.911 .000*
Mean movement time (ms) 0.951 .017*
Total reaction and movement times (ms) 0.941 .006*
Ballistic Movement Test
Reaction time, right hand (ms) 0.827 .000*
Reaction time, left hand (ms) 0.861 .000*
Reaction time, grand mean (ms) 0.957 .034*
Movement time, right hand (ms) 0.779 .000*
Movement time, left hand (ms) 0.901 .000*
Movement time, grand mean (ms) 0.899 .000*
Total reaction and movement times, right hand (ms) 0.816 .000*
Total reaction and movement times, left hand (ms) 0.925 .001*
Total reaction and movement times, grand mean (ms) 0.938 .004*
Peak velocity, right hand (ms) 0.975 .255
Peak velocity, left hand (ms) 0.981 484
Peak velocity, grand mean (ms) 0.981 456
Tracking Tests
Sine tracking run 1 error (mm) 0.891 .000*
Sine tracking run 2 error (mm) 0.745 .000*
Random tracking run 1 error (mm) 0.829 .000*
Random tracking run 2 error (mm) 0.881 .000*
Arrows Perception Test
Number of arrows correct 0.614 .000*
Divided Attention Test
Tracking error (mm) 0.854 .000*
Number of arrows correct 0.693 .000*
Omission of arrows response 0.110 .000*
Visual Search Test
Mean reaction time (ms) 0.987 779
Number correct 0.969 131
Continued on following page
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Test Measure

Complex Attention test
Reaction time (ms)

Movement time (ms)

Total mean movement and reaction times (ms)

Reaction time standard deviation (ms)

Movement time standard deviation (ms)

Number of lapses errors
Number of invalid trials
Planning Test
Lateral road position error (mm)
Duration of positional faults (s)
Distance travelled (m)
Intersection safety margin (mm)
Number of hazards hit

Number of crashes

Continued from previous page
p-value
W Statistic  (*p<.05
0.943 .007*
0.947 .011*
0.972 .190

0.832 .000*
0.542 .000*
0.227 .000*
0.362 .000*

0.975 247
0.917 .001*
0.772 .000*

0.971 .166
0.926 .001*
0.811 .000*
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11.15 Appendix O — Measures Excluded from Offering to theHealthy Older

Drivers BLR Model

Table 9-4. Measures that were excluded on pragmatgrounds and reasons for exclusion for the Healthy

Older Drivers study

Measures not offered to BLR model

Reason for nfariovfy

Occupation code

Would not be used to predict idipdigalth setting

Years of driving

Would not be used to predict ifblzihealth setting

Years of education

Would not be used to prediguiblic health setting

Km driven last 12 months

Would not be used to mtedipublic health setting

Handedness

Would not be used to predict in pulgladth setting

Driving Anger Scale time 1 and 2

Explorative only, and would not be used to prettiqgiublic
health setting

Big Five Inventory - Extraversion

Explorative only, and would not be used to predigiublic
health setting

Big Five Inventory - Agreeableness

Explorative only, and would not be used to predigiublic
health setting

Big Five Inventory - Conscientiousness

Explorative only, and would not be used to predigiublic
health setting

Big Five Inventory - Neuroticism

Explorative only, and would not be used to predigiublic
health setting

Big Five Inventory - Openness to experience

Explorative only, and would not be used to predigiublic
health setting

Vision — left eye

Binocular vision measure usedeaad

Vision — right eye

Binocular vision measure usesteéad

Footbrake and Clutch, Mean movement time

Effect in the opposite from expected direction [&aioved
faster)

Ballistic Movement, Reaction time, right hand

Grand mean measure used instead of individual hand
scores, also effect in opposite from expected taec
(Fails had a faster reaction time)

Ballistic Movement, Reaction time, left hand

Grandan measure used instead of individual hand sc

ores

Ballistic Movement, Movement time, right har

d Grandan measure used instead of individual hand sg

ore

Ballistic Movement, Movement time, left hand

Grandan measure used instead of individual hand sc

ores

Ballistic Movement, Total time, right hand

Grand mean measure used instead of individual hand
scores, also effect in opposite from expected tioec
(Fails had a faster total time)

Ballistic Movement, Total time, left hand

Grand meneasure used instead of individual hand sc

bres

Ballistic Movement, Peak velocity, right hand

Grandan measure used instead of individual hand sg

ore

Ballistic Movement, Peak velocity, left hand

Grandan measure used instead of individual hand sc

ores

Complex Attention, Number of invalid trials

Effect in the opposite from expected direction [$-had
few invalid trials)

Complex Attention, Movement time standard
deviation

Effect in the opposite from expected direction [$-had a
lower standard deviation)

Divided Attention, Omission of arrows respon

ngfect in the opposite from expected direction [§-ai
omitted fewer responses)

Arrows perception, Non-response

Too little variation in the data to make it a séinsi
predictor

Planning, Duration of positional faults

Effect in the opposite from expected direction [§-ai
maintained positional faults for less time)

Planning, Number of hazards hit

Effect in the opposite from expected direction [§-&kn

into fewer hazards)
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11.16 Appendix P — Information Sheet for the Dementia andriving Study

VAN DER VEER UNIVERSITY OF
INSTITUTE CANTERBURY
for Parkinson’s & Brain Research Ziifi‘féﬂdé“ﬂ’lgfw%i?fﬁﬁ

RESEARCH STUDY INFORMATION

‘Factors associated with driving in people with mgmo
problems
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Factors associated with driving in people with memy problems
What is this research study about?

You are invited to take part in helping us with oesearch. This is an information sheet
about a study which aims to determine how welktpstrformed off-road can predict on-road
driving ability. We are currently looking for a grp of adults who have been referred to
Burwood Hospital for a driving assessment due taems about memory problems.

There are two ways to be involved in this study@$tA and Study B). They are discussed
separately below.

Study A
Involvement in Study A will involve taking part one or two sessions of testing in addition

to the standard driving assessment. The testasgkss your memory, ability to plan and
perform tasks, and other areas of brain functioning also hoped that the tests will help
identify specific problems underlying driving abyli This is especially important because our
current methods for assessing driving for peopté wiemory problems are not very
accurate. We want to develop a system that isafadrless stressful for drivers who may be
referred for a driving assessment, and that givessas results to that we would get from an
on-road driving assessment.

What does the research study involve?

The study takes part in two sessions or around25dours each that happen on separate
days. Sessions can take place either in your owrehar at the Van der Veer Institute for
Parkinson’s and Brain Research. The sessionsneilide a brief interview, as well as tests
for various brain functions. The tests will all aive sitting at a table and answering
guestions, performing activities with a pencil grager, or using objects such as blocks.

At the completion of the testing session you walreimbursed with a $30 petrol voucher to
pay for any travel expenses or for your time asdedi with attending the session.

For the remainder of the study you need to attena griving assessment session at
Burwood Hospital as normal. It is important that #xtra testing session happens before
your driving assessment at Burwood Hospital.

Your participation in this study is entirely volany. If you do agree to take part you are free
to withdraw at any time from the study, without meyto give a reason and this will not
affect any future care or treatment. You are ntlba® welcome to bring a support person
with you to the testing session.

What information do we collect?

We will collect information from you such as youweaand other basic details. We will also
collect information from the tests about how yotaib is working. The researcher Petra
Hoggarth will also need to talk to someone who keg@au well, such as a spouse, child,
friend or neighbour with whom you have regular eaht This person will be asked some
guestions about how you are functioning in dafl.liThis can be done in a telephone
conversation or in person.

The researcher Petra Hoggarth would also recefeenmation regarding your driving
assessment at Burwood Hospital.
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In order to get a good record of driving behaviamerwould like to access information about
police reported accidents and injuries held byMir@stry of Transport, and information
regarding traffic violations such as speeding tiskeom Land Transport New Zealand for
the period 1 June 2003 to the 30th September 20hE& covers a period of around five
years before your on-road driving assessmentoufdo not want us to access these records
we will not do so, and instead will use informatibtiat you tell us yourself.

With your permission, data from this study may beduin future related studies, which have
been given ethical approval from a Health & DisépiEthics Committee.

Study B

Involvement in Study B requires no extra testingeothan attending your scheduled driving
assessment as normal. Study B does not provideials useful research about driving, but
participation in Study B will still help us undeasd the relationship between off- and on-
road driving assessments. By agreeing to be iny3uesearchers will have access to the
results of your off- and on-road driving assessmesiuilts from Burwood Hospital. We will
also have access to other basic information takémeaassessment such as your age and
results of a brief vision test. You will be askedstgn a consent form when you attend your
driving assessment if you are willing to take parStudy B.

With your permission, data from this study may beduin future related studies, which have
been given ethical approval from a Health & DisépiEthics Committee.

Who is running this research study?

The study has been developed by researchers "athder Veer Institute for Parkinson’s
and Brain Research. The Primary Researcher (Peiggatith) is completing this research as
part of the requirements for a PhD degree for tapadtment of Psychology, University of
Canterbury. The study has received ethical appriowal the Upper South A Regional Ethics
Committee. We aim to recruit 60 drivers. The gtisdexpected to start in July 2008 and
testing may continue until around September 2010.

All records will be kept confidential during andexfthe study, and you will be identified in
these records only by an assigned subject code euifbe information gathered will only
be used for the purposes of the study. Only theareters of this project will have access to
records associated with the study, which will bptke safe storage at the Van der Veer
Institute for up to 10 years. No material which Icopersonally identify you will be used in
any reports on this study. Although individual leswill not be provided, if you wish, a
summary of our findings will be sent to you on cdatipn of this study. Please note that
there will be a delay between the completion oadatlection and publication of the results.
The results of this study will help to refine thedgictive ability of computerized tests used at
Burwood Hospital for driving assessment, and teestmay be commercialised for sale
through the Canterbury District Health Board.

Your rights and an ACC statement
If you have questions or concerns about your rigkta participant in this research study you

can contact an independent health and disabilipeate:
This is a free service provided under the HealthRisability Commissioner Act.
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Telephone (NZ wide): 0800 555 050
Free Fax (NZ wide): 0800 2787 7678 (0800 2 SUPPORT)
Email (NZ wide): advocacy@hdc.org.nz

In the unlikely event of a physical injury as aulésf your participation in this study, you
may be covered by ACC under the Injury, Rehabibtaend Compensation Act. ACC cover
is not automatic and your case will need to besssxbby ACC according to the provisions
of the 2002 Injury Prevention Rehabilitation anch@@@ensation Act. If your claim is
accepted by ACC, you still might not get any congagion. This depends on a number of
factors such as whether you are an earner or nmeeaACC usually provides only partial
reimbursement of costs and expenses and there enay lump sum compensation payable.
There is no cover for mental injury unless it ieault of physical injury. If you have ACC
cover, generally this will affect your right to stiee investigators. If you have any questions
about ACC please contact your nearest ACC offickeeirfree to ask the researcher for more
information before you take part in this study.

What do you need to do?

We would greatly value your help. You are encoudagediscuss the study with your
friends/family or the research staff before malkangecision on whether to take part. If you
are interested in taking part, please phone orlédh@Primary Researcher whose details are
at the bottom of the page.

If you agree to be in Study A, It is important tkla¢ extra testing sessions for this study
occur before your visit to Burwood Hospital forwdng assessment.

If you have any questions about either Study A goB can contact Petra Hoggarth, either
by phone at the Van der Veer Institute (Ph 378 60fkease leave a message if | am not in)
or by email (petra.hoggarth@vanderveer.org.nz)ankhyou for considering this request.

Yours sincerely,

Petra Hoggarth BA(Hons) Richard Jones PhD
PhD and Clinical Psychology student Research Aaseéirofessor

Van der Veer Institute for
Parkinson’s & Brain Research

66 Stewart Street Phone: 03 378 6095

Christchurch Email: petra.hoggarth@vanderveemarg.
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11.17 Appendix Q — Shapiro-Wilk W Test Scores for the n=6 Dementia and
Driving Study

Table 9-5. Shapiro-Wilk W test score for demographic andSMCTestsmeasures for the n=60 Dementia

and Driving study

p-value
Test Measure W Statistic  (*p<..05
Gender 0.622 .000*
Age (years) .958 .036*
Handedness (left, right) 374 .000*
Ballistic Movement Test
Reaction time, right hand (ms) .785 .000*
Reaction time, left hand (ms) .720 .000*
Reaction time, grand mean (ms) 776 .000*
Movement time, right hand (ms) 919 .001*
Movement time, left hand (ms) .825 .000*
Movement time, grand mean (ms) .890 .000*
Total reaction and movement times, right hand (ms) .845 .000*
Total reaction and movement times, left hand (ms) 797 .000*
Total reaction and movement times, grand mean (ms) .817 .000*
Peak velocity, right hand (ms) .967 .098
Peak velocity, left hand (ms) .972 179
Peak velocity, grand mean (ms) .969 135
Tracking Tests
Sine tracking run 1 error (mm) .894 .000*
Sine tracking run 2 error (mm) 743 .000*
Random tracking run 1 error (mm) .878 .000*
Random tracking run 2 error (mm) .870 .000*
Arrows Perception Test
Arrows Perception Test .663 .000*
Omission of arrows response .370 .000*
Divided Attention Test
Tracking error (mm) .930 .002*
Number of arrows correct .748 .000*
Omission of arrows response .631 .000*
Continued on following page
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Continued from previous pad

p-value
Test Measure W Statistic  (*p<..05
Complex Attention test
Reaction time (ms) 463 .000*
Movement time (ms) .948 .013*
Total mean movement and reaction times (ms) .97Q .146
Reaction time standard deviation (ms) .970 141
Movement time standard deviation (ms) .854 .000*
Number of lapses errors .564 .000*
Number of invalid trials .573 .000*
Planning Test
Lateral road position error (mm) .739 .000*
Duration of positional faults (s) 74 .000*
Distance travelled (m) .893 .000*
Intersection safety margin (mm) .867 .000*
Number of hazards hit .893 .000*
Number of crashes .831 .000*
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11.18 Appendix R — Independent Measures Excluded from O#ring to the

n=60 Dementia and Driving Model with Reasons for Esiusion

Table 9-6. Measures that were excluded on pragmatigrounds and reasons for exclusion for the n=60

Dementia and Driving study

Measures not offered to BLR mode

Reason for nferiofy

Handedness

Ballistic Movement, Reaction time,
right hand

Ballistic Movement, Reaction time,
left hand

Ballistic Movement, Movement time
right hand

Ballistic Movement, Movement time
left hand

Ballistic Movement, Total time, right
hand

Ballistic Movement, Total time, left
hand

Ballistic Movement, Peak velocity,
right hand

Ballistic Movement, Peak velocity,
left hand

Planning, Distance travelled

Arrows perception, Non-response

Would not be used to predict in pulgladth setting

Grand mean measure used instead of individual hang
scores

Grand mean measure used instead of individual hang
scores

Grand mean measure used instead of individual hang
scores

Grand mean measure used instead of individual hang
scores

Grand mean measure used instead of individual hang
scores

Grand mean measure used instead of individual hang
scores

Grand mean measure used instead of individual hang
scores

Grand mean measure used instead of individual hang
scores

Effect in the opposite from expected direction [&-ai
drove further during the test)

No effect in either direction — results the samevieen
Pass and Fail groups

)

)

)

)

)

)

)

)
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11.19 Appendix S — Shapiro-Wilk W Test Scores for Indepedent Variables for
n=32 Dementia and Driving Study

Shapiro-Wilk W test scores are presented for demographic measinigslg measures,

cognitive measures, alBMCTestsneasures in Table 9-7, Table 9-8, and Table 9-9.

Table 9-7. Shapiro-Wilk W test scores for demographic and driving measure®if n=32 Dementia and

Driving Study

p-value

Test Measure W Statistic (*p<..05
Gender .585 .000*
Age (years) .976 .668
Handedness (left, right) 391 .000*
Diagnosis (1 = MCI, 2 = Alzheimer’s) .540 .000*
Years of Education .910 .011*
Years of Driving .905 .008*
Road code questions .952 163
Demerit points earned in the previous 5 years 490 .000*
Forms of transport used regularly:

drive own car 334 .000*

taken as passenger 265 .000*

taxi 334 .000*

bicycle 172 .000*

bus 602 .000*

walking .565 .000*
Wear glasses when driving 565 .000*
Self-rated quality of driving (ordinal) .821 .000*
People who during the last year have driven:

to neighbouring towns 478 .000*

to distant towns 615 .000*

to places outside of the South Island 172 .000*
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Table 9-8. Shapiro-Wilk W test scores for cognitive measures for n=32 Demeatand Driving Study

p-value

Test Measure W Statistic (*p<..05
Geriatric Depression Scale .826 .000*
Wechsler Test of Adult Reading 977 .698
Mini-Mental State Exam 911 .012*
ADAS-Cog Total score 972 .557
VOSP Incomplete Letters (z-score) 77 .000*
VOSP Silhouettes (z-score) .966 .389
Colour-Word Interference, Colour naming scaled scor .890 .004*
Colour-Word Interference, Word reading scaled score 944 .097
Colour-Word Interference, Interference scaled score .866 .001*
Letter Fluency scaled score .953 173
Category Fluency scaled score .966 .400
Trail Making Test A (s) q72 .000*
Trail Making Test B (s) 579 .000*
Judgement of Line Orientation (percentile) .838 .000*
Letter-number Sequencing scaled score .976 .667
Block Design scaled score .958 .236
Rey Complex Figure copy (ordinal score) 672 .000*
Rey Complex Figure immediate recall (T score) .882 .002*
Activities of Daily Living Scales

Four-ltem Instrumental Activities of Daily Livin§cale .970 .486

The Informant Questionnaire on Cognitive Declinghia

Elderly 915 .015*

Alzheimer's dementia Activities of Daily Living

International Scale 951 198
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Table 9-9. Shapiro-Wilk W test scores foiSMCTestameasures for n=32 Dementia and Driving study

p-value
Test Measure W Statistic  (*p<..05)
Ballistic Movement Test
Reaction time, right hand (ms) .816 .000*
Reaction time, left hand (ms) .844 .000*
Reaction time, grand mean (ms) .885 .003*
Movement time, right hand (ms) .929 .037*
Movement time, left hand (ms) .819 .000*
Movement time, grand mean (ms) .920 .021*
Total reaction and movement times, right hand (ms) .905 .008*
Total reaction and movement times, left hand (ms) 916 .016*
Total reaction and movement times, grand mean (ms) 912 .013*
Peak velocity, right hand (ms) .933 .048*
Peak velocity, left hand (ms) .949 .133
Peak velocity, grand mean (ms) .943 .091
Tracking Tests
Sine tracking run 1 error (mm) 914 .014*
Sine tracking run 2 error (mm) 731 .000*
Random tracking run 1 error (mm) .896 .005*
Random tracking run 2 error (mm) .846 .000*
Arrows Perception Test
Arrows Perception Test .820 .000*
Omission of arrows response 436 .000*
Divided Attention Test
Tracking error (mm) .965 .363
Number of arrows correct 751 .000*
Omission of arrows response 436 .000*
Complex Attention test
Reaction time (ms) .966 403
Movement time (ms) .968 452
Total mean movement and reaction times (ms) .982 .845
Reaction time standard deviation (ms) 921 .022*
Movement time standard deviation (ms) .902 .007*
Number of lapses errors 578 .000*
Number of invalid trials .638 .000*
Continued on following page
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Continued from previous pag

Test Measure

p-value
W Statistic  (*p<..05)

Planning Test
Lateral road position error (mm)
Duration of positional faults (s)
Distance travelled (m)
Intersection safety margin (mm)
Number of hazards hit

Number of crashes

.755 .000*
.740 .000*
.817 .000*
.903 .008*
.851 .000*
729 .000*
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11.20 Appendix T — Independent Measures Excluded from O#ring to the

n=32 Dementia and Driving Models with Reasons for ¥clusion

Table 9-10. Measures that were excluded on pragmatigrounds and reasons for exclusion for the

n=32 Dementia and Driving study

Measures not offered to BLR model

Reason for nigtriviy

Handedness

Would not be used to predict in pulgladth setting

Years of driving

Would not be used to predict iblzihealth setting

Years of education

Would not be used to prediguiblic health setting

Forms of transport used regularly (e.g. car,
passenger)

Descriptive only, would not be used to predict il
health setting

Wears glasses while driving

Descriptive only, would not be used to predict il
health setting

Self-rated quality of driving

Descriptive only, would not be used to predict irblc
health setting

Where the driver reports driving in the previous
year (e.g. neighbouring and distant towns)

Descriptive only, would not be used to predict irblc
health setting

Geriatric Depression Scale

Effect in the opposite from expected direction (&-had
lower depression scores)

VOSP Silhouettes

Effect in the opposite from expected direction [faames
more objects correctly)

Alzheimer’s dementia Activities of Daily Living
International Scale

Effect in the opposite from expected direction (&aiere
rated by significant others as less impaired)

Ballistic Movement, Reaction time, right hand

Grandan measure used instead of individual hand sc

pore

Ballistic Movement, Reaction time, left hand

Grandan measure used instead of individual hand sc

ores

Ballistic Movement, Movement time, right hand

Grandan measure used instead of individual hand sc

pore

Ballistic Movement, Movement time, left hand

Grandan measure used instead of individual hand sc

ores

Ballistic Movement, Total time, right hand

Grandanameasure used instead of individual hand sc

pres

Ballistic Movement, Total time, left hand

Grand meaeasure used instead of individual hand scd

res

Ballistic Movement, Peak velocity, right hand

Grandan measure used instead of individual hand sc

pore

Ballistic Movement, Peak velocity, left hand

Grandan measure used instead of individual hand sc

ores

Arrows Perception, number of arrows correct

Effect in the opposite from expected direction [$-ai
correctly reported the direction of the arrows more
frequently)

Cancer

Effect in the opposite from expected direction (&-bass
likely to report having cancer)

Higher blood pressure

Effect in the opposite from expected direction (§-bass
likely to report having high blood pressure)

Effect in the opposite from expected direction (&-bass

Depression likely to report having depression)
. Effect in the opposite from expected direction [&-bass
Anxiety - . .
likely to report having anxiety)
Effect in the opposite from expected direction (§-bass
Falls - g
likely to report having falls)
c Effect in the opposite from expected direction [&-bass
ataracts

likely to report having cataracts)

303





