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Preface 

When I started working as a young PhD student, my grandfather was already 
getting old. As a family we were and still are thankful and happy to have him 
around. Unfortunately, with his ageing, my grandfather’s memory started to 
deteriorate. At the time, my uncle and aunt raised a difficult question, shouldn’t my 
grandfather stop driving? He did not drive long distances, he was just driving to the 
grocery store or to the train station, because the train took my grandparents to 
destinations further away. My grandmother had physical impairments, walking and 
cycling became increasingly difficult for her, and she never obtained a driving 
licence. Therefore, driving ‘together’ was a particularly convenient mode of transport 
for my grandparents. The car stayed, but doubts remained.  
 
Without any doubts, I desired to study how to determine an older driver’s 
fitness to drive. This is something that cannot be done on your own and I am 
very glad that I received all the support that was needed to complete my 
PhD research. Thanks to everybody who contributed in one way or the other 
to the existence of this PhD thesis. 
 
There are several persons that I would like to thank in particular. 
 
Wiebo, mijn eerste promotor, zonder jou was dit hele project er waarschijn-
lijk niet geweest. Heel erg bedankt voor het opzetten van het onderzoek en 
voor je onophoudelijke enthousiasme voor velerlei onderwerpen die in deze 
these aan bod komen. Ik vind het inspirerend hoe associatief je kunt denken 
en wil je bedanken voor al je suggesties bij het schrijven. 
 
Oliver, my second promotor, thank you very much for hiring me with so 
much eagerness. From the moment that I started as a young PhD you always 
gave me the feeling I could do this and that you were happy to have me in 
your department. Despite your busy schedule, you took my requests for 
meetings very seriously and provided me with great help, thank you so 
much.  
 
Dick, mijn derde promotor, die ooit gepland was als co-promotor. Van begin 
tot eind ben je een fijne dagelijks begeleider geweest. Bedankt dat ik altijd bij 
je binnen mocht lopen om wat dan ook maar te vragen. Ik vond het heel 
prettig dat je me altijd alle ruimte gaf om alles zelf en op mijn eigen manier te 
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doen, en dat je tegelijkertijd bijzonder snel reageerde als ik ergens feedback 
op vroeg. 
 
Anselm, my co-promotor and second daily supervisor, thank you for joining 
my supervisory team about halfway my PhD trajectory. Your added value 
was enormous, you have taught me many important skills, especially with 
regard to statistical analyses, but also writing. I am thankful that you 
continued writing our papers when I was on maternity leave. I enjoy working 
with you very much, many thanks. 
 
Leescommissie, hartelijk dank voor het beoordelen van dit proefschrift. 
 
José, heel erg bedankt voor het zijn van een rustige en vriendelijke PhD 
mentor. In verschillende fases van mijn PhD heb ik de gesprekken met jou als 
erg nuttig ervaren. Jouw steun en tips hebben me “on track” gehouden. 
 
(Voormalig) collega’s, bedankt dat jullie er waren, ik hecht veel waarde aan 
gezamenlijke lunchpauzes en vond de afdelingsuitjes altijd erg gezellig. 
 
(Former) colleagues, thank you for being there, having lunch together is very 
important to me and going on department outings was always fun. 
 
Chris, toen ik begon met mijn PhD was jij mijn kamergenoot die al zo veel 
wist. Dat was erg handig voor mij. Bedankt voor je hulp, in het bijzonder met 
de scripts voor de rijsimulator. Ik vond het lief dat je ook begaan was met 
mijn privéleven en het was leuk om je gezin te leren kennen! 
 
Ben, thank you for your being such a nice colleague. You were clearly very 
good at doing research as well as teaching. Thank you for teaching me some 
tips and tricks without giving me the feeling that I needed to be taught.  
 
Michelle, hoewel we meestal allebei aan de andere kant van het land zaten, 
heb je me goed geholpen toen ik moest beginnen aan het FitCI-project. Het 
protocol was al vergevorderd, connecties met Amsterdam en Maastricht 
onderhield jij en wat ben ik je dankbaar voor het regelen van de toestemming 
van de METc. 
 
Rens, bedankt dat ik bij allerlei klinische rijgeschiktheidsonderzoeken met 
jou mee mocht kijken, dit vond ik ontzettend interessant. 
 

 

Peter van Wolffelaar, bedankt voor al je hulp met de rijsimulatoren en scripts. 
 
Frank en Bart, inmiddels zijn jullie al heel lang mijn kamergenoten en daar 
ben ik hartstikke blij mee. We kunnen stilletjes en hard werken, maar jullie 
zorgen ook voor wat reuring waardoor ik mijn hoofd wat vaker van mijn 
computer losruk en moet lachen tijdens het werk. Bedankt! 
 
Karel, Arjan, Janet, Joke, Danielle, bedankt voor jullie gezelligheid in de 
verkeerspsychologiegroep! 
 
Jolanda, je bent heel belangrijk geweest voor mijn project. Wat is het 
geweldig dat je alles altijd zo goed regelt! Dankjewel! 
 
Ragnhild, vanuit SWOV was je altijd nauw betrokken bij het FitCI-project. Ik 
wil je graag bedanken voor je inzet, onder andere voor de stuurgroep-
vergaderingen en bij het meeschrijven aan papers.  
 
Overige collega’s van SWOV, ook heel erg bedankt. Jolieke, heel fijn dat je 
zoveel data hebt verzameld in Amsterdam. Marijke, dank je voor het 
finetunen van de lay-out van dit proefschrift en het begeleiden van het 
drukproces. 
 
Collega’s van het CBR, het was erg waardevol en eveneens gezellig om met 
jullie samen te werken. Deskundigen Praktische Rijgeschiktheid, bedankt 
voor de unieke data de jullie hebben verschaft door het beoordelen van de 
rijtesten op de weg. Ruud, René, Jos en Helmut, ik vond de samenwerking 
met jullie heel plezierig, doordat jullie overleggen op een bevlogen en 
vrolijke manier!  
 
Collega’s in Amsterdam (VUmc), Maastricht (Universiteit Maastricht), 
Drachten (ZuidOostZorg; anderhalvelijnscentrum Sûnenz en verpleeghuis 
Bertilla) en Winschoten (Oosterlengte; verpleeghuis Old Wolde), ontzettend 
bedankt voor jullie medewerking aan het FitCI-project. Dankzij jullie werd 
het project zo groot. 
 
Peter De Deyn, hoofd van het Alzheimer Center in het UMCG, bedankt voor 
het attenderen van uw grote netwerk op het FitCI-onderzoek en voor uw 
hulp bij het opvragen van de medische gegevens. 
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Co-auteurs, dank voor jullie enthousiaste reacties en nuttige feedback op 
mijn manuscripten. 
 
Stuurgroepleden, bedankt voor jullie input tijdens de stuurgroepvergaderingen 
die ik altijd als erg inspirerend en motiverend heb ervaren. 
 
Masterstudenten, Hendrik Sierd, Janine, Irene, Lot, Merlijn, Willemijn, Iris, 
Erik, Femmy, Wouter en Daniel, bedankt dat jullie zo zelfstandig hebben 
meegewerkt aan de dataverzameling en -analyse.  
 
Doorverwijzende artsen en medewerkers van Team290, bedankt voor het 
doorverwijzen van geschikte deelnemers voor het FitCI-onderzoek en het 
verstrekken van de benodigde medische gegevens.  
 
Deelnemers, ik ben jullie heel dankbaar voor jullie deelname aan het 
onderzoek. 
 
Ook zou ik op deze plaats graag een aantal mensen uit mijn persoonlijke 
kring willen noemen die mij altijd gesteund hebben tijdens mijn PhD. 
 
Eerst mijn vriendinnen, jullie helpen mij aan broodnodige ontspanning, dank 
jullie wel! In het bijzonder wil ik Amber, Evelien, Fiona, Lisa en Yara 
vertellen dat ik onze langdurige vriendschap heel erg waardeer. Ik hoop 
jullie in de toekomst vaak te blijven zien.  
 
Dan mijn familie, ik ervaar al mijn grote families als een geweldige basis 
waar ik altijd welkom ben. Ook bij mijn schoonfamilie vind ik het heel erg 
fijn. Annie, veel dank voor het prachtige plaatje op de kaft. Mijn opa’s en 
oma wil ik extra bedanken voor hun interesse en medewerking in de vorm 
van deelname aan onderzoek en het beantwoorden van prangende vragen. 
 
Eline en Tessa, mijn lieve zusjes, ik heb het gevoel dat we alles bij elkaar 
kwijt kunnen en ben ongelooflijk blij met jullie! Papa, ook al heb je mijn PhD 
niet meegemaakt, ik wil je hier toch graag noemen. Of het nou komt door 
jouw genen, opvoeding of werkervaring in de verkeerspsychologie, je zult 
lang geleden al het fundament hebben gelegd waarop ik deze PhD kon 
bouwen. Mama, je bent de allerliefste moeder die ik me kan wensen. Je 
steunt me als ik ambitieuze doelen per se wil bereiken, maar je vindt het veel 
belangrijker dat het goed met me gaat. Harry, bedankt dat ik ook altijd op 

 

jou terug kan vallen. Johan, ik wilde toen ik klein was al graag een broertje, 
beter laat dan nooit! 
 
Luuk & Lara, jullie zijn tijdens mijn PhD geboren en ik ben zo trots dat ik 
jullie moeder ben geworden. Gelukkig mocht ik drie dagen per week gaan 
werken, zodat ik veel tijd met jullie door kan brengen. De dagen met jullie 
vliegen voorbij. Bedankt dat jullie me zo lief uitzwaaien als ik naar mijn werk 
ga.  
 
Tot slot mijn allergrootste steun en toeverlaat, Klaas, dankjewel voor veel 
meer dan ik hier kan zeggen. Als ik me druk maakte om mijn PhD zei je vaak 
‘dan stop je er toch mee’. Voor jou was het helemaal niet nodig dat ik zou 
promoveren, maar ik wilde het graag en daarom heb me geholpen door er 
met me over te praten als ik dat nodig had en zelfs een deel van het lay-
outwerk op je te nemen. Dankjewel, laifiej. Ik hou van je.  
 
Now that I am finishing my PhD thesis, my grandfather has ceased driving, but like 
my PhD it was a process of years. What made him decide to give his car away? Was 
it because of my uncle and aunt who suggested driving cessation years ago? Was 
being missing for an evening because he got lost while driving a turning point? It 
was probably the end of driving alone, but what about driving together with 
grandma? As my grandfather’s memory declined, my grandmother’s ankle 
deteriorated further. Cycling was not possible anymore, walking very painful, the 
bus station too far away. Traveling by train also became more difficult with the 
obligation to use a chip card and fewer personnel to ask for help at train stations. 
Was it important to experience availability of alternative transportation? After the 
incident of getting lost, family and friends living nearby offered to drive my 
grandparents, which was a relief for many family members. My grandmother also 
became aware of specialized taxi services for older or impaired persons who cannot 
drive anymore and also cannot use public transport. My grandparents offered their 
car to my sister who was just in need of a car for her first job. Since then, my 
grandparents used specialized taxi services a few times. In addition, new walking 
aids entered the household for both of my grandparents, and recently my 
grandmother obtained a mobility scooter. I am glad to cite my grandmother, who said 
to me: ‘we sustained our mobility’. Nevertheless, the journey towards here was not 
easy. Did my grandfather cease driving at the right time? What were the reasons to 
eventually cease driving? Although these questions remain difficult to answer for 
every individual driver, I hope that this thesis will improve support for older drivers 
who go through the transition from driving to alternative transportation. 
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1. Fitness to drive of drivers with cognitive 
impairment 

1.1. Introduction 

Individuals with cognitive impairment, their spouses and other family 
members may struggle with doubts about fitness to drive (Adler, 2010). This 
corresponds with results from multiple studies which have shown that many 
patients with cognitive impairment drive less safely than healthy older 
drivers (Dubinsky, Stein, & Lyons, 2000; Duchek et al., 2003; Fox, Bowden, 
Bashford, & Smith, 1997; Frittelli et al., 2009; Withaar, Brouwer, & van 
Zomeren, 2000). Driving errors may occur especially in traffic situations with 
time pressure or when attention must be divided, for example when turning 
across traffic at complex intersections (Uc, Rizzo, Anderson, Shi, & Dawson, 
2004). Driving errors may also occur in traffic conditions that are not 
typically regarded as difficult (Barco et al., 2015). The accident risk of 
patients with cognitive impairment is two to eight times higher than in age-
matched controls (Dubinsky et al., 2000), and patients with cognitive 
impairment are also more often “at fault” in accidents (Cooper, Tallman, 
Tuokko, & Beattie, 1993; Lucas-Blaustein, Filipp, Dungan, & Tune, 1988). 
Clearly, patients with cognitive impairment are an at-risk group for unsafe 
driving. Moreover, patients with cognitive impairment are usually older 
drivers who are at increased risk for serious injury due to an accident (Michel 
Bédard, Guyatt, Stones, & Hirdes, 2002). However, this does not mean that 
all patients with cognitive impairment should cease driving immediately, 
because a significant proportion of patients with dementia is still able to 
drive safely at the time of diagnosis (Papageorgiou et al., 2016). Premature 
driving cessation is undesirable, because driving is important for many 
patients (and healthy individuals) for social participation, independence, and 
well-being (Davis & Ohman, 2016; Persson, 1993). In discussions about 
driving continuation the benefits of driving and the safety risks involved 
should be carefully weighed.  
 
The benefits of driving may outweigh the risks when cognitive impairments 
due to normal or pathological ageing are still mild. In line with this, 
individuals with mild dementia (Clinical Dementia Rating (CDR) ≤ 1) are 
allowed to drive in the Netherlands if they pass an on-road driving assess-
ment at the Dutch driving licence authority (Netelenbos, 2000). Although 
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these on-road driving assessments are very representative driving tests (i.e. 
have high face validity) administered by well-trained experts on practical 
fitness to drive from the Dutch driving licence authority, they are not 
standardized with regard to specific road and traffic situations. Usually, 
patients drive their own car in their own residential area during the on-road 
driving assessment. As a rule, individuals with dementia who pass the on-
road driving assessment renew their driving licence for no more than one 
year. This is because dementia has a progressive course, hence cognitive 
impairments increase over time and at some point driving becomes too risky 
(Liddle et al., 2016). Patients know that they lose their driving licence if they 
fail the on-road assessment, which can be a reason for patients to not inform 
the Dutch driving licence authority about their dementia diagnosis. Patients 
with cognitive impairment and their family members may consult a physician 
for advice, but also for physicians it is difficult to evaluate fitness to drive at 
the individual level (Bixby, Davis, & Ott, 2015; Davis et al., 2012; Dobbs, 
Carr, & Morris, 2002; Jones, Beveridge, & Schattner, 2012; Omer, Dolan, 
Dimitrov, Langan, & McCarthy, 2014; Ott et al., 2005). Previous studies with 
on-road driving assessments revealed large individual differences in 
practical fitness to drive, which are difficult to explain on the basis of clinical 
characteristics and judgments from patients, family members and caregivers 
(Barco et al., 2015; Bixby, Davis, & Ott, 2015; Fitten et al., 1995).  
 
Meanwhile, we have an ageing population, therefore the number of patients 
with cognitive impairment is rapidly increasing and so is the number of 
older drivers. In the Netherlands, there are more older people with a car, 
driving more kilometres than ever before (Kampert, Nijenhuis, van der 
Spoel, & Molnár-in ‘t Veld, 2017). With the increasing number of older 
drivers, the number of patients with cognitive impairment with a wish to 
continue driving will also rise. The Dutch government stimulates ‘ageing in 
place’, i.e. older people should live independently for as long as possible 
(Rijksoverheid, 2015). An important prerequisite for independence and 
participation in society is sustained mobility (Davis & Ohman, 2016). 
However, transport should be safe, safe for patients with cognitive 
impairment and for other road users. In order to determine which patients 
can continue driving, fitness to drive should be assessed on a patient-by-
patient basis (Papageorgiou et al., 2016). For evaluations of fitness to drive, 
many tools have been and are being used, however, up to this day there is no 
generally accepted standardized procedure to assess fitness to drive in the 
clinical setting (Bennett, Chekaluk, & Batchelor, 2016; Carr & Ott, 2010; 
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Dickerson, 2013, 2014; Jang et al., 2007; Korner-Bitensky, Bitensky, Sofer, 
Man-Son-Hing, & Gelinas, 2006).  
 
There are many factors potentially influencing fitness to drive, therefore 
clinical as well as neuropsychological measures need to be studied 
thoroughly in relation to on-road driving assessments. In addition, the effects 
on fitness to drive of individual differences in traffic knowledge (e.g. 
knowledge of traffic rules), driving skills (e.g. hazard perception), and 
driving experience should be investigated. For the design of a fitness-to-drive 
assessment for patients with cognitive impairment, it is important to 
carefully determine the best approaches and measures. Different sources of 
information could be useful, such as self-report from patients or interviews 
with family members (Dobbs et al., 2002), neuropsychological tests for 
cognitive functions that are important for driving (Aksan, Anderson, Dawson, 
Uc, & Rizzo, 2015; Lafont, Laumon, Helmer, Dartigues, & Fabrigoule, 2008; Ott 
& Daiello, 2010; Withaar et al., 2000), driving simulator rides (Devos et al., 
2013; Etienne, Marin-Lamellet, & Laurent, 2013; Freund, Gravenstein, Ferris, 
& Shaheen, 2002), and on-road driving assessments (Hunt et al., 1997; 
Withaar, 2000). All sources may reveal ‘red flags’ indicating that driving is no 
longer safe, or in a more positive sense if there are no indications of ‘red 
flags’ from any source, driving may still be safe. However, different sources 
could also provide contradictory information, therefore it needs to be 
determined which information is indicating fitness to drive most reliably. 
Moreover, it is essential to define how different types of information should 
be combined to make a scientifically and socially arguable decision on fitness 
to drive. In the end, fitness-to-drive assessments should lead to driving 
cessation in patients who are no longer fit to drive and promote driving 
continuation in patients who are fit to drive or could be when adequately 
supported. The latter implies that the assessments must be rehabilitation 
oriented: Could this driver with doubtful practical fitness to drive be helped 
with a restrained licence, technical support and/or driving lessons? 
 
A complicating factor in research on driving with cognitive impairment is 
the variability between patients. Older drivers with cognitive impairment 
may be diagnosed with dementia which is an umbrella term for various 
brain diseases, mainly neurodegenerative disorders (McKhann et al., 2011). 
Alzheimer’s disease is the most common type of dementia, but vascular 
dementia, frontotemporal dementia, and Lewy body dementia are also 
frequently seen in clinical practice (Alladi et al., 2011; Goodman et al., 2016; 
Vieira et al., 2013). These types of dementia are characterized by different 



14 

these on-road driving assessments are very representative driving tests (i.e. 
have high face validity) administered by well-trained experts on practical 
fitness to drive from the Dutch driving licence authority, they are not 
standardized with regard to specific road and traffic situations. Usually, 
patients drive their own car in their own residential area during the on-road 
driving assessment. As a rule, individuals with dementia who pass the on-
road driving assessment renew their driving licence for no more than one 
year. This is because dementia has a progressive course, hence cognitive 
impairments increase over time and at some point driving becomes too risky 
(Liddle et al., 2016). Patients know that they lose their driving licence if they 
fail the on-road assessment, which can be a reason for patients to not inform 
the Dutch driving licence authority about their dementia diagnosis. Patients 
with cognitive impairment and their family members may consult a physician 
for advice, but also for physicians it is difficult to evaluate fitness to drive at 
the individual level (Bixby, Davis, & Ott, 2015; Davis et al., 2012; Dobbs, 
Carr, & Morris, 2002; Jones, Beveridge, & Schattner, 2012; Omer, Dolan, 
Dimitrov, Langan, & McCarthy, 2014; Ott et al., 2005). Previous studies with 
on-road driving assessments revealed large individual differences in 
practical fitness to drive, which are difficult to explain on the basis of clinical 
characteristics and judgments from patients, family members and caregivers 
(Barco et al., 2015; Bixby, Davis, & Ott, 2015; Fitten et al., 1995).  
 
Meanwhile, we have an ageing population, therefore the number of patients 
with cognitive impairment is rapidly increasing and so is the number of 
older drivers. In the Netherlands, there are more older people with a car, 
driving more kilometres than ever before (Kampert, Nijenhuis, van der 
Spoel, & Molnár-in ‘t Veld, 2017). With the increasing number of older 
drivers, the number of patients with cognitive impairment with a wish to 
continue driving will also rise. The Dutch government stimulates ‘ageing in 
place’, i.e. older people should live independently for as long as possible 
(Rijksoverheid, 2015). An important prerequisite for independence and 
participation in society is sustained mobility (Davis & Ohman, 2016). 
However, transport should be safe, safe for patients with cognitive 
impairment and for other road users. In order to determine which patients 
can continue driving, fitness to drive should be assessed on a patient-by-
patient basis (Papageorgiou et al., 2016). For evaluations of fitness to drive, 
many tools have been and are being used, however, up to this day there is no 
generally accepted standardized procedure to assess fitness to drive in the 
clinical setting (Bennett, Chekaluk, & Batchelor, 2016; Carr & Ott, 2010; 

15 

Dickerson, 2013, 2014; Jang et al., 2007; Korner-Bitensky, Bitensky, Sofer, 
Man-Son-Hing, & Gelinas, 2006).  
 
There are many factors potentially influencing fitness to drive, therefore 
clinical as well as neuropsychological measures need to be studied 
thoroughly in relation to on-road driving assessments. In addition, the effects 
on fitness to drive of individual differences in traffic knowledge (e.g. 
knowledge of traffic rules), driving skills (e.g. hazard perception), and 
driving experience should be investigated. For the design of a fitness-to-drive 
assessment for patients with cognitive impairment, it is important to 
carefully determine the best approaches and measures. Different sources of 
information could be useful, such as self-report from patients or interviews 
with family members (Dobbs et al., 2002), neuropsychological tests for 
cognitive functions that are important for driving (Aksan, Anderson, Dawson, 
Uc, & Rizzo, 2015; Lafont, Laumon, Helmer, Dartigues, & Fabrigoule, 2008; Ott 
& Daiello, 2010; Withaar et al., 2000), driving simulator rides (Devos et al., 
2013; Etienne, Marin-Lamellet, & Laurent, 2013; Freund, Gravenstein, Ferris, 
& Shaheen, 2002), and on-road driving assessments (Hunt et al., 1997; 
Withaar, 2000). All sources may reveal ‘red flags’ indicating that driving is no 
longer safe, or in a more positive sense if there are no indications of ‘red 
flags’ from any source, driving may still be safe. However, different sources 
could also provide contradictory information, therefore it needs to be 
determined which information is indicating fitness to drive most reliably. 
Moreover, it is essential to define how different types of information should 
be combined to make a scientifically and socially arguable decision on fitness 
to drive. In the end, fitness-to-drive assessments should lead to driving 
cessation in patients who are no longer fit to drive and promote driving 
continuation in patients who are fit to drive or could be when adequately 
supported. The latter implies that the assessments must be rehabilitation 
oriented: Could this driver with doubtful practical fitness to drive be helped 
with a restrained licence, technical support and/or driving lessons? 
 
A complicating factor in research on driving with cognitive impairment is 
the variability between patients. Older drivers with cognitive impairment 
may be diagnosed with dementia which is an umbrella term for various 
brain diseases, mainly neurodegenerative disorders (McKhann et al., 2011). 
Alzheimer’s disease is the most common type of dementia, but vascular 
dementia, frontotemporal dementia, and Lewy body dementia are also 
frequently seen in clinical practice (Alladi et al., 2011; Goodman et al., 2016; 
Vieira et al., 2013). These types of dementia are characterized by different 



16 

symptoms, impairments and prognoses, which may result in different 
driving difficulties (Ernst et al., 2010; Fujito et al., 2016; Snyder, 2005). For 
example, patients with Alzheimer’s disease may suffer from strategic 
difficulties such as finding a route while patients with frontotemporal 
dementia might be more inclined to make tactical level errors such as 
ignoring traffic signals (Fujito et al., 2016). In previous studies about fitness-
to-drive assessments, patients with different types of dementia were grouped 
together, but taking the different symptoms and course of disease into 
consideration, it seems questionable whether one universal strategy  can be 
developed that predicts fitness to drive accurately for all types of dementia.  

1.2. Thesis outline 

The primary aim of this PhD thesis is to systematically study how different 
factors contribute to variations in fitness to drive between patients with 
cognitive impairment. In this PhD research, diagnoses, severity and nature of 
symptoms are considered, i.e. different types of dementia, CDR scores, and 
various neuropsychological measures. In addition to classical neuro-
psychological tests, traffic-specific knowledge and skills are assessed in 
computerized tests as well as in a driving simulator. A comprehensive 
approach incorporating all these types of assessments is used in relation to 
on-road driving assessments. The on-road driving assessment of the Dutch 
driving licence authority is the legal standard in the Netherlands, therefore, 
this assessment is the benchmark against which other assessments of fitness 
to drive are compared. This research will result in a procedure for the 
assessment of fitness to drive in patients with cognitive impairment in a 
clinical setting. Such an assessment procedure may substitute or complement 
the on-road driving assessment. Importantly, it provides information about 
strengths and weaknesses of patients with cognitive impairment, which may 
reveal options for compensation of deficits through the use of corresponding 
interventions (e.g. in-car support systems, adaptations to road infrastructure, 
education and training for traffic-specific knowledge and skills). 
 
In addition to the development of a fitness-to-drive assessment strategy, this 
thesis will address the consequences of fitness-to-drive assessments for 
individual mobility. It is imperative to examine whether patients with 
cognitive impairment adhere to driving recommendations given after fitness-
to-drive assessments, because reluctance to cease driving has been reported 
before (Byszewski, Molnar, & Aminzadeh, 2010; Jett, Tappen, & Rosselli, 
2005). In this context, another important question is whether patients with 
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cognitive impairment sustain their independent mobility after a fitness-to-
drive assessment or whether they become very dependent on rides of family 
and friends (Taylor & Tripodes, 2001).  
 
Chapter 2 is a literature review which provides an overview of previous 
research about driving with different types of dementia. This chapter 
addresses the question whether different types of dementia have similar 
potentially detrimental implications for driving. Chapter 3 describes the 
development of an assessment strategy to evaluate fitness to drive in a 
clinical setting. For this study, patients with the most common type of 
dementia, Alzheimer’s disease, were selected. Three different types of 
assessments, i.e. clinical interviews, neuropsychological assessment, and 
driving simulator rides, were used to predict on-road driving performance. 
In total, a large number of predictor variables was tested on a relatively small 
sample, which poses the risk of finding significant associations due to 
random error (i.e. capitalization on chance). This emphasizes the need for a 
validation study, which is reported in Chapter 4. In order to externally 
validate the developed assessment strategy, it was applied on an 
independent sample of patients with mild cognitive impairment (MCI). A 
sample of patients with MCI is closely-related to a sample of patients with 
Alzheimer’s disease, because a large proportion of patients with MCI may 
develop Alzheimer’s disease. Notwithstanding, fitness to drive may also be 
questioned in patients with other types of dementia. In Chapter 5, we 
investigated whether the developed assessment strategy is also predictive of 
fitness to drive in other types of dementia than Alzheimer’s disease. In this 
study, patients with vascular dementia, frontotemporal dementia and Lewy 
body dementia were included. In addition to the identification of unsafe 
drivers with cognitive impairment, one should also evaluate the effectiveness 
of fitness-to-drive assessments. If patients are deemed unfit to drive, they 
should adhere to driving cessation advice. This could prevent future car 
accidents, however, it might also result in a reduction of mobility. A final 
follow-up study described in Chapter 6 addresses adherence to the driving 
recommendation given after the fitness-to-drive assessment and 
consequences for mobility. Chapter 7 contains a general discussion in which 
implications for fitness-to-drive assessments of patients with cognitive 
impairment will be considered.  
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2. Car drivers with dementia: Different 
complications due to different aetiologies?1 

ABSTRACT 
Objective: Older drivers with dementia are an at-risk group for unsafe 
driving. However, dementia refers to various aetiologies and the question is 
whether dementias of different aetiology have similar effects on driving 
ability. 
 
Methods: The literature on the effects of dementia of various aetiologies on 
driving ability is reviewed. Studies addressing dementia aetiologies and 
driving were identified through PubMed, PsychINFO, and Google Scholar. 
 
Results and Conclusions: Early symptoms and prognoses differ between 
dementias of different aetiology. Therefore, different aetiologies may 
represent different likelihoods with regard to fitness to drive. Moreover, 
dementia aetiologies could indicate the type of driving problems that can be 
expected to occur. However, there is a great lack of data and knowledge 
about the effects of almost all aetiologies of dementia on driving. One could 
hypothesize that patients with Alzheimer’s disease may well suffer from 
strategic difficulties such as finding a route, whereas patients with fronto-
temporal dementia are more inclined to make tactical-level errors because of 
impaired hazard perception. Patients with other dementia aetiologies 
involving motor symptoms may suffer from problems on the operational 
level. Still, the effects of various aetiologies of dementias on driving have 
thus far not been studied thoroughly. For the detection of driving difficulties 
in patients with dementia, structured interviews with patients but also their 
family members appear crucial. Neuropsychological assessment could support 
the identification of cognitive impairments. The impact of such impairments 
on driving could also be investigated in a driving simulator. In a driving 
simulator, strengths and weaknesses in driving behaviour can be observed. 
With this knowledge, patients can be advised appropriately about their 
fitness to drive and options for support in driving (e.g. compensation 
techniques, car adaptations). However, as long as no valid, reliable, and 
widely accepted test battery is available for the assessment of fitness to drive, 
                                                 
1 This chapter was based on Piersma, D., de Waard, D., Davidse, R., Tucha, O., & Brouwer, 
W. (2016). Car drivers with dementia: different complications due to different aetiologies? 
Traffic Injury Prevention, 17(1), 9–23. 
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costly on-road test rides are inevitable. The development of a fitness-to-drive 
test battery for patients with dementia could provide an alternative for these 
on-road test rides, on condition that differences between dementia 
aetiologies are taken into consideration. 

2.1. Introduction 

Dementia refers to serious loss of global cognitive abilities, beyond what 
might be expected from normal aging (McKhann et al., 2011). This cognitive 
decline interferes with daily functioning. Affected areas of cognition may be 
memory, attention, language, visuospatial abilities, and problem solving. 
Dementia, however, is a broad, nonspecific concept. Dementias have a wide 
variety of causes, including neurodegeneration (e.g. Alzheimer’s disease, 
dementia with Lewy bodies, Parkinson’s disease), cerebrovascular pathology 
(vascular dementia), infections (e.g. dementia associated with HIV), toxic and 
metabolic processes (e.g. Wernicke-Korsakoff syndrome), brain traumas, and 
brain tumours. The locations of affected brain areas largely determine the 
cognitive and behavioural impairments of patients. Thus, people with 
different causes of dementia may present with different impairments. In line 
with these differences, a diagnosis of dementia is compatible with various 
combinations and severities of cognitive impairments (Table 2.1; McKhann et 
al., 2011). In addition to patients with a diagnosis of dementia, there are 
patients with mild cognitive impairment (MCI), which is a state between 
normal cognition and dementia. In this group, daily functioning is still 
preserved or only minimally impaired (Winblad et al., 2004). Similar to 
dementia, MCI also includes various cognitive impairments and a wide 
variety of causes (Wagner, Müri, Nef, & Mosimann, 2011). 
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Table 2.1. Diagnosing dementia (McKhann et al., 2011) 

 
Reprinted from The diagnosis of dementia due to Alzheimer’s disease: 
Recommendations from the National Institute on Aging-Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease, Vol 7(3), McKhann GM, 
Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH, Klunk WE, Koroshetz 
WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, Rossor MN, Scheltens P et al., Page 265, 
Copyright (2011), with permission from Elsevier. 

Dementia is diagnosed when there are cognitive or behavioural (neuropsychiatric) 
symptoms that 

1. Interfere with the ability to function at work or at usual activities; and 

2. Represent a decline from previous levels of functioning and performing; and 

3. Are not explained by delirium or major psychiatric disorder; 

4. Cognitive impairment is detected and diagnosed through a combination of (1) 
history-taking from the patient and a knowledgeable informant and (2) an 
objective cognitive assessment, either a “bedside” mental status examination or 
neuropsychological testing. Neuropsychological testing should be performed when 
the routine history and bedside mental status examination cannot provide a 
confident diagnosis. 

5. The cognitive or behavioural impairment involves a minimum of two of the 
following domains: 

a. Impaired ability to acquire and remember new information––symptoms include: 
repetitive questions or conversations, misplacing personal belongings, forgetting 
events or appointments, getting lost on a familiar route. 

b. Impaired reasoning and handling of complex tasks, poor judgement––
symptoms include: poor understanding of safety risks, inability to manage 
finances, poor decision-making ability, inability to plan complex or sequential 
activities.  

c. Impaired visuospatial abilities––symptoms include: inability to recognize faces 
or common objects or to find objects in direct view despite good acuity, inability to 
operate simple implements, or orient clothing to the body. 

d. Impaired language functions (speaking, reading, writing)––symptoms include: 
difficulty thinking of common words while speaking, hesitations; speech, spelling, 
and writing errors. 

e. Changes in personality, behaviour, or comportment–– symptoms include: 
uncharacteristic mood fluctuations such as agitation, impaired motivation, 
initiative, apathy, loss of drive, social withdrawal, decreased interest in previous 
activities, loss of empathy, compulsive or obsessive behaviours, socially 
unacceptable behaviours (McKhann et al., 2011) 
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A diagnosis of dementia is often given when the cognitive impairments are 
still mild. In later stages of dementias with a progressive course, large parts 
of the brain are affected, resulting in numerous cognitive impairments and 
comparable symptoms between patients. However, in early stages of 
dementias, specific patterns of cognitive and behavioural dysfunctions may 
be detectable. This variation is increased by the various aetiologies 
underlying dementia. As a result, patients with dementia differ regarding 
their cognitive impairments as well as their level of functioning and thus 
have different needs. To provide appropriate care, it is of crucial importance 
to evaluate thoroughly in which cognitive domains and to what extent a 
person is impaired. The cognitive impairments may lead to difficulties in 
daily life. Obviously, a simple diagnosis of dementia is not sufficient to 
predict the daily functioning of a person. 
 
A very important instrumental activity of daily living affected by dementia is 
driving. Driving is a complex task, and different disabilities may compromise 
different levels of driving. In the model devised by Michon, driving is 
divided into 3 levels: strategic, tactical, and operational (Michon, 1985). On 
the strategic level, planning takes place; for example, determining the goal of 
the trip, the mode of transport, the route, and the departure time. On the 
tactical level, perception of the environment and reacting to signals is crucial; 
for example, making the decision to overtake another vehicle or following 
speed changes of a lead car. On the strategic and tactical levels, anticipatory 
decisions could be made to prevent potential hazards. On the operational 
level, actions are generally automatic; for example, control of the accelerators 
and steering. On this level, immediate danger may be avoided (Brouwer & 
Ponds, 1994). The 3 levels can be active at the same time and may influence 
one another. Usually, the strategic level is active first. For many trips, all 
strategic decisions will have been made already before the person really 
starts to drive. Especially for familiar trips, the route and departure time may 
be the same every time. During driving, control takes place on tactical and 
operational levels as described above. 
 
The effects of various aetiologies of dementias on the 3 levels of driving have 
thus far not been studied systematically. It is quite possible that driving is 
unsafe early on in patients with dementia of one aetiology and relatively 
preserved in patients with another type of dementia. For safety of both 
patient groups and other traffic participants, it is important to know when an 
individual patient is no longer fit to drive. This, however, is not easy to 
determine. On the basis of a diagnosis of dementia, it cannot be concluded 
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that a patient is unfit to drive because there are large individual differences. 
The regulations on whether patients with dementia are permitted to drive a 
car vary considerably between countries (Carr & Ott, 2010). In the 
Netherlands, this decision is currently based on the Clinical Dementia Rating 
(CDR) Scale (Morris, 1993). The CDR is a structured interview for patients 
and their relatives assessing 6 domains of cognitive and functional perform-
ance: Memory, Orientation, Judgement & Problem Solving, Community 
Affairs, Home & Hobbies, and Personal Care. The scores on these domains 
are also combined into one final score characterizing the patient as being not 
impaired (CDR score = 0) or as suffering from very mild dementia (CDR 
score = 0.5), mild dementia (CDR score = 1), moderate dementia (CDR score = 
2), or severe dementia (CDR score = 3). Following international consensus 
(Lundberg et al., 1997), individuals with a moderate or severe dementia 
(CDR score = 2/3) are not allowed to drive in the Netherlands. Patients with 
very mild or mild dementia (CDR score = 0.5/1) should be assessed 
individually with regard to fitness to drive. This is necessary because 
available medical information about age (Hollis et al., 2013) and symptoms 
(Meuser, Carr, Unger, & Ulfarsson, 2015; Uc & Rizzo, 2008; Yale, Hansotia, 
Knapp, & Ehrfurth, 2003) has no clear correspondence with fitness to drive. 
Physicians, however, often have difficulty assessing fitness to drive in people 
with dementia (Chew, Touchinsky, & Dickerson, 2013; Dickerson & Bédard, 
2014; Moorhouse, Hamilton, Fisher, & Rockwood, 2011; Pimlott et al., 2006) 
due to a general lack of instruments (Omer, Dolan, Dimitrov, Langan, & 
McCarthy, 2014). At the moment, an official on-road test in the patient’s own 
car is the gold standard to assess fitness to drive in many countries, including 
the Netherlands, but the increasing aged population makes it difficult to test 
all older drivers on the road. A reliable and validated fitness-to-drive test 
battery for clinical application would be useful (Omer et al., 2014), and 
studies investigating the consequences of different aetiologies of dementias 
on fitness to drive are desirable. 
 
The focus of this article will be on the differences between aetiologies of 
dementias found in the older population and the impact of these on driving 
ability. Below, aetiologies of dementias are described separately; specific 
features and implications for automobile use will be discussed. 
Subsequently, an overview is given. Finally, valuable research areas and 
options for neuropsychological testing are discussed. 
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2.2. Method 

The aim is to review the effects of different impairments resulting from 
different aetiologies of dementias on driving. Studies addressing dementia 
and driving were identified through PubMed, PsychINFO and Google 
Scholar. Search terms included “fitness to drive,” “driving,” “dementia,” 
“cognitive impairment” and designation of aetiologies of dementias. Articles 
used for this review addressed fitness to drive or driving performance and 
contained information about at least one progressive aetiology of dementia. 
References in articles found were also used for this review. There were no 
exclusion criteria. In Table 2.2, an overview is given of the articles used per 
aetiology of dementia. 

Table 2.2. Overview of included articles about driving per aetiology of dementia. 

Aetiology of dementia Articles 

Alzheimer’s disease: classical 
variant 

Adler & Kuskowski, 2003; Brown & Ott, 2004; Carr, 
1997; Dobbs et al., 2002; Dubinsky et al., 2000; Duchek 
et al., 2003; Ernst et al., 2010; Friedland et al., 1988; 
Gilley et al., 1991; Luzzi et al., 2015; Rymer et al., 2002; 
Seiler et al., 2012; Snyder, 2005; Uc et al., 2004; Withaar 
et al., 2000  
About mild cognitive impairment: Devlin et al., 2012; 
Frittelli et al., 2009; Olsen et al., 2014; Wadley et al., 
2009 

Alzheimer’s disease: visual 
variant 

Caselli, 2000; Chan et al., 2015; Levine et al., 1993; 
Snyder, 2005 

Alzheimer’s disease: language 
variant 

None, but about aphasia in general: Rau & Golper, 
1977; Rizzo, 2004; Snyder, 2005 

Vascular & Mixed dementia Fitten et al., 1995; Gilley et al., 1991; Seiler et al., 2012  

Frontotemporal dementia: 
behavioural variant 

Ernst et al., 2010; Miller et al., 1997; Seiler et al., 2012; 
De Simone et al., 2007; Snyder, 2005; Turk & Dugan, 
2014 

Frontotemporal dementia: 
progressive non-fluent aphasia 

None, but about aphasia in general: Rau & Golper, 
1977; Rizzo, 2004; Snyder, 2005 

Frontotemporal dementia: 
semantic dementia 

Ernst et al., 2010; Luzzi et al., 2015 

Dementia with Lewy Bodies Seiler et al., 2012; Snyder, 2005 

Parkinson’s disease dementia None, but about Parkinson’s disease in general: 
Classen et al., 2014; Crizzle et al., 2012; Devos et al., 
2007; Singh et al., 2007; Snyder, 2005; Uc et al., 2009 
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Aetiology of dementia Articles 

Progressive supranuclear palsy: 
Richardson’s syndrome 

None 

Progressive supranuclear palsy: 
parkinsonism 

None 

Huntington’s disease with 
cognitive impairment 

Devos et al., 2014; Beglinger et al., 2010 

Corticobasal syndrome None 

Multiple systems atrophy None 

Creutzfeld-Jakob disease None 

Normal-pressure hydrocephalus None 

 

2.2.1. Alzheimer’s disease 

Alzheimer’s disease (AD) is the most common neurodegenerative disorder 
associated with dementia (Alladi et al., 2011; Brunnström, Gustafson, 
Passant, & Englund, 2009). AD is thought to affect 10% of persons older than 
65 years of age and about 50% of those older than 85 (Hebert, Scherr, Bienias, 
Bennett, & Evans, 2003). Worldwide 24 million people suffer from dementia, 
and the prevalence is predicted to quadruple by the year 2050 (Reitz & 
Mayeux, 2014). AD is assumed to be caused by accumulation of proteins Aβ 
and tau in the brain, which leads to neuronal death. In general, the course of 
AD is slowly progressive with a mean survival of 8.5 years after onset 
(Williams, Xiong, Morris, & Galvin, 2006). However, there is a large variation 
between patients in the rate of progression. Still, whether the progression is 
rapid or slow usually remains constant for a given patient. Classifying 
patients as fast or slow progressors may obviously help in predicting the 
prognosis (Thalhauser & Komarova, 2012). 
 
The most frequent revealing symptoms are learning difficulties and rapid 
loss of recently learned information (episodic memory impairment) (Albert, 
2011). In addition to memory impairment, multiple other cognitive domains 
could be impaired. An example is the language domain, with word-finding 
deficits as the most common early problem. Another cognitive domain that is 
regularly affected somewhat later in the disease process is the visuospatial 
domain. Visuospatial insufficiencies may concern spatial cognition, including 
impaired face or object recognition, an inability to perceive more than one 
object at a time, and reading difficulties. Furthermore, executive dysfunction 
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may result in impaired reasoning, judgment, and problem solving (McKhann 
et al., 2011). Behavioural changes and psychiatric symptoms may occur as 
well, but these symptoms are less common in early stages of AD (Hope, 
Keene, Fairburn, Jacoby, & McShane, 1999). 
 
In addition to classical AD, there are 2 AD variants showing decline in one 
specific domain that is not memory. The first, the visual variant of AD, starts 
with visual dysfunction caused by posterior cortical atrophy. Results in 
neurological examinations may be normal, though unexplained visual 
complaints occur and neuropsychological testing may reveal difficulty with 
facial recognition, visuospatial tasks, and perceptual slowing (Snyder, 2005). 
The second variant is the language variant of AD. Characteristics of the 
language variant of AD are slow speech, repetitions of syllables or 
phonemes, and a loss of train of thought with comprehension problems. 
Visuospatial functioning is usually preserved (Gorno-Tempini et al., 2008). 

2.2.2. Implications for automobile use with AD 

Roughly 50% of patients with AD continue driving for at least 3 years after 
their initial diagnosis (Adler & Kuskowski, 2003; Carr, 1997; Gilley et al., 
1991; Seiler et al., 2012). This has considerable impact on both individual and 
public safety, because AD patients have an increased risk of motor vehicle 
crashes compared to drivers without AD (Dubinsky et al., 2000; Friedland et 
al., 1988). In line with this, AD is often reported as contributing to hazardous 
driving (Brown & Ott, 2004; Dobbs, Carr, & Morris, 2002; Ernst et al., 2010; 
Withaar, Brouwer, & van Zomeren, 2000). However, research shows that not 
all drivers with AD have problems with driving (Brown & Ott, 2004; Ernst et 
al., 2010; Withaar, Brouwer, & van Zomeren, 2000). Patients with AD may 
well be safe drivers, particularly in early stages of the disease. Nevertheless, 
AD is a progressive disease, and patients with AD are expected to lose their 
driving skills at some point (Duchek et al., 2003). It is unsure whether 
patients with MCI are still safe to drive, because only few studies have 
assessed fitness to drive in patients with MCI (Olsen, Taylor, & Thomas, 
2014). These few studies indicate that patients with MCI drive less safely 
than healthy persons (Devlin, McGillivray, Charlton, Lowndes, & Etienne, 
2012; Frittelli et al., 2009; Wadley et al., 2009), suggesting that patients with 
MCI are also in need for evaluation of their fitness to drive. The difficulty is 
to determine when an individual is no longer fit to drive. Because this is a 
gradual process, even patients themselves might not be aware of their 
difficulties with driving and, therefore, not be able to reliably support the 
assessment and decision process (Adler & Kuskowski, 2003). Nonetheless, 
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Aetiology of dementia Articles 

Progressive supranuclear palsy: 
Richardson’s syndrome 
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Progressive supranuclear palsy: 
parkinsonism 
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Huntington’s disease with 
cognitive impairment 

Devos et al., 2014; Beglinger et al., 2010 

Corticobasal syndrome None 
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Normal-pressure hydrocephalus None 
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Mayeux, 2014). AD is assumed to be caused by accumulation of proteins Aβ 
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may result in impaired reasoning, judgment, and problem solving (McKhann 
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classifying patients as rapid or slow progressors may aid in predicting 
whether patients will become unfit to drive soon. This is a very important 
distinction because after favorable outcome of a fitness-to-drive assessment it 
must always be decided how long the driver’s licence will remain valid. 
 
Many AD symptoms potentially result in driving difficulties. Memory 
impairment may pose difficulties when the driver fails to recall road 
regulations and routes, how to operate the vehicle, or where nearby vehicles 
are located (Luzzi et al., 2015; Uc, Rizzo, Anderson, Shi, & Dawson, 2004). 
Reduced abilities with regard to judgment and attention may result in 
strategic and tactical errors, especially in non-automated situations when 
patients suffer from episodic memory impairment. Visuospatial impairment 
could cause failure to perceive the location, speed, and direction of one’s 
own vehicle, the infrastructure, and the distance to other vehicles (Snyder, 
2005). 
 
When the impairments are moderate to severe, driving competence is 
expected to be reduced. Therefore, depending on the particular national 
regulations, patients with moderate to severe AD have to cease driving. On 
the one hand, patients with very mild to mild AD may still be safe drivers, 
especially when substantial driving experience, available through procedural 
memory, helps an individual to compensate for impairments. On the other 
hand, patients may not recognize their condition and such patients may not 
compensate at all (Rymer et al., 2002; Snyder, 2005). The increased crash risk 
found in patients with mild AD suggests a need to investigate fitness to drive 
in this population thoroughly. 
 
One can expect that patients suffering from posterior cortical atrophy are 
already very early in the disease process unfit to drive, because this AD 
variant starts with visual deficits that certainly have the potential to impair 
driving skills (Caselli, 2000; Chan et al., 2015; Levine, Lee, & Fisher, 1993; 
Snyder, 2005). Patients may get lost on their own or may fail to perceive the 
location, speed, and direction of their own vehicle, the road, road hazards, as 
well as bicyclists and pedestrians that have to be avoided (Caselli, 2000). So 
far, there are no studies on fitness to drive concerning patients with the 
language variant of AD. Because language functions are the first functions to 
be impaired in these patients while cognitive domains needed for driving 
may still be very well preserved in the early stages, patients with the 
language variant of AD might be safe drivers despite their AD diagnosis 
(Rau & Golper, 1977; Snyder, 2005). At first, the tasks mainly affected might 
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be reading a map or road signs (Rizzo, 2004). Because this variant of AD is 
also progressive, patients develop additional cognitive deficits over time that 
make the patients unfit to drive at a later point. 

2.2.3. Vascular dementia 

The prevalence rates of vascular dementia (VaD) vary considerably between 
studies (Alladi et al., 2011; Ikejima et al., 2009; Jellinger, 2013; McMurtray, 
Clark, Christine, & Mendez, 2006; Withall, Draper, Seeher, & Brodaty, 2014). 
Vascular dementia is assumed to be the second most common type of 
dementia (Alladi et al., 2011; Ott et al., 1995; Picard, Pasquier, Martinaud, 
Hannequin, & Godefroy, 2011; Zhang et al., 2012). For example, Ott and 
colleagues studied a Dutch cohort of patients with dementia in whom 72% 
were diagnosed with AD and 16% with VaD (Ott et al., 1995). There is a wide 
spectrum of vascular causes that may lead to dementia. Most common are 
brain infarcts (strokes or multi-strokes). The typical clinical course has an 
abrupt onset and stepwise deterioration; however, the course can be slowly 
progressive too (Fischer, Gatterer, Marterer, Simanyi, & Danielczyk, 1990). 
Overall, VaD has a slightly slower progression than AD (Gill et al., 2013), but 
survival rates vary considerably between studies (Brodaty, Seeher, & Gibson, 
2012). Notably, at an advanced age patients often suffer from several 
dementia aetiologies called mixed dementia (Albert et al., 2011). Selective 
vascular dementia might be rare, because patients may suffer from AD or 
other neurodegenerative disease as well. Eventually, multiple vascular risk 
factors increase the likelihood of vascular dementia (Albert et al., 2011), 
especially when sudden clinical events occur (Neary et al., 1998). The 
locations of brain infarcts determine the clinical symptoms and impairments. 
The most common, lacunar infarcts, are located in subcortical brain areas. 
This so-called subcortical vascular disease may result in slowed information 
processing. Other common symptoms are changes in personality, depression, 
apathy and emotional instability (Jonker, Slaets, & Verhey, 2009). 

2.2.4. Implications for automobile use with VaD 

Seiler et al. reported that patients with VaD or mixed dementia continue to 
drive as often as do patients with AD (Seiler et al., 2012), but patients with 
VaD ceased driving significantly earlier than patients with AD in a study by 
Gilley et al. (Gilley et al., 1991). Fitten et al. showed that not only patients 
with AD but also patients with VaD drive less safely than healthy people 
(Fitten et al., 1995). Overall, the impairment in the VaD group (n = 12) was 
somewhat less than in the AD group (n = 15) but with greater variability 
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between subjects with VaD. Fitness to drive may be questioned after a new 
clinical event but also during a gradual course. For patients with moderate to 
severe VaD, driving should not be an option anymore, but patients with very 
mild to mild VaD may still be safe drivers (Dickerson, 2014). Nevertheless, as 
with AD, VaD is a progressive disease and patients are expected to lose their 
driving skills at some point. 
 
The early symptoms of VaD are usually different from those in AD, but they 
can be just as disabling and may involve both cognitive and motor functions. 
Although slowed information processing may compromise all levels of 
driving, the operational and tactical levels are in particular affected. On the 
operational level, actions may not be performed quickly enough and on the 
tactical level, important cues (e.g. other road users, traffic signs) may not be 
perceived, because visual information is processed too slowly. The driving 
errors made by the dementia groups of Fitten et al. (Fitten et al., 1995) were 
not very well described, but one example of a tactical error was reported, 
namely, turning onto streets identified with “Do Not Enter” signs. When it 
takes longer to process visual information and to think of how to react, 
tactical decisions may well come too late. Yet, patients might drive at a 
slower speed to give themselves time to compensate for slowed information 
processing. This could work very well, but there are limits to this, and it does 
not work in all conditions; for example, not when having to merge into fast 
motorway traffic (de Waard, Dijksterhuis, & Brookhuis, 2009). 

2.2.5. Frontotemporal dementia 

Frontotemporal dementia (FTD) is the third most prevalent aetiological 
diagnosis in patients with dementia below the age of 65 (Picard et al., 2011; 
Vieira et al., 2013). In patients older than 65, FTD is diagnosed less often, but 
it is still relatively common (Relkin & Caporaso, 2004). In FTD, there is 
neurodegeneration in the frontal and temporal brain areas, but the causes are 
still unknown. Sometimes tau and/or ubiquitin proteins are dysregulated, yet 
not in all patients. Onset is typically in the sixth decade of life but may be as 
early as the third or as late as the ninth decade (Sorbi et al., 2012). FTD 
characteristically progresses faster than AD (Roberson et al., 2005). The usual 
course is moderately progressive, resulting in mortality 6 to 8 years after 
diagnosis (Mohandas & Rajmohan, 2009). Patients with FTD may present 
with behavioural and language disorders as prominent first symptoms 
(Albert et al., 2011). In the initial phase of FTD, memory impairments are 
usually not easily noticeable. A common issue with FTD patients is that they 
are not aware of their symptoms and condition (De Simone, Kaplan, 
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Patronas, Wassermann, & Grafman, 2007) or they deny the significance of the 
symptoms. Three prototypic clinical syndromes may occur due to 
frontotemporal degeneration dependent on the distribution of the pathology, 
which will be briefly introduced in the following sections. 
 
The behavioural form is the most common, affecting about half of all patients 
with FTD. Behavioural FTD, or Pick’s disease, is characterized by a profound 
alteration in personality and social conduct as an early symptom (Knopman, 
Boeve, & Petersen, 2003). Either inactivity and loss of initiative or social 
disinhibition and distractibility might occur, with relative preservation of 
memory function. Patients show emotional blunting and loss of insight. 
Speech output is limited, especially in inactive patients, ultimately leading to 
mutism when the person has no motivation to speak anymore. Cognitive 
impairments involve the domains of attention, abstraction, planning, and 
problem solving. Orientation is usually intact, and memory performance is 
slightly impaired due to the above-mentioned inattention and problem solving 
deficiencies rather than actual memory deficits. Executive impairment is most 
prominent in inactive patients; however, disinhibited patients may have 
diminished selective attention in combination with their deficiency of 
inhibition. 
 
The 2 other types of FTD are more prominently language disorders. One 
type, progressive non-fluent aphasia, is a disorder of expressive language. 
Symptoms are effortful speech production, phonologic and grammatical 
errors, and word retrieval difficulties. In addition, reading and writing can 
be impaired. On the other hand, understanding of word meaning is 
relatively well preserved along with other cognitive domains. Later in the 
course of progressive non-fluent aphasia, behavioural changes are expected 
to occur. The other type, semantic dementia, is a disorder of language 
comprehension. Naming and word comprehension are usually severely 
impaired, though speech is still fluent, effortless, and grammatical. 
Furthermore, reading and writing abilities are still preserved. The loss of 
meaning applies not only to words but extends to nonverbal concepts as 
well. Visuospatial skills and day-to-day memory remain normal (Neary et 
al., 1998). As in non-fluent aphasia, behavioural changes are probable to 
develop later in the course of semantic dementia. 
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2.2.6. Implications for automobile use with FTD 

Patients with FTD continue to drive as often as do patients with AD or VaD 
(Seiler et al., 2012). In early stages of FTD, cognitive functions including 
memory and visuospatial function may still be preserved. However, 
behavioural changes may have a detrimental effect on driving. Judgment 
deficits could cause an inability to rapidly assess complex driving situations 
(Snyder, 2005). Strategic and tactical errors might be made such as driving in 
adverse weather conditions or in an antisocial manner (e.g. hit-and-run 
crashes, failure to recognize pedestrians at intersections; De Simone, Kaplan, 
Patronas, Wassermann, & Grafman, 2007; Miller, Darby, Benson, Cummings, 
& Miller, 1997; Turk & Dugan, 2014). Caregivers of patients with FTD report 
aggressive and risky driving styles leading to violations and an increased 
risk of accidents (Ernst et al., 2010). These findings suggest that patients with 
the behavioural form of FTD should cease driving early in the course of the 
disease (Ernst et al., 2010). Patients with language variants are likely to drive 
safely in early stages of the disease, if only the language domain is 
significantly impaired (Rau & Golper, 1977; Snyder, 2005). For these patients, 
affected tasks may be reading a road map or traffic sign (Rizzo, 2004). 
However, patients with semantic dementia may also have poor knowledge of 
traffic signs (Luzzi et al., 2015). Moreover, behavioural changes are also 
common in patients with the language variants of FTD (Bozeat, Gregory, 
Ralph, & Hodges, 2000). Therefore, fitness to drive of patients with FTD has 
to be assessed with a focus on decision making and risk taking. Notably, both 
behavioural and language disorders may negatively affect neuro-
psychological test results. FTD usually progresses faster than AD (Roberson 
et al., 2005); thus, frequent follow-ups, at least yearly, are recommended. 

2.2.7. Dementia with Lewy bodies and Parkinson’s disease dementia 

AD, VaD and FTD are more common than dementia with Lewy bodies (DLB) 
and Parkinson’s disease dementia (PDD) in patients below the age of 65; 
however, DLB and PDD are probably more common than FTD in the older 
population of patients with dementia (Aarsland et al., 2008; Alladi et al., 
2011; Mollenhauer et al., 2010; Yamada, Hattori, Miura, Tanabe, & Yamori, 
2001). Moreover, a large proportion of patients with Parkinson’s disease 
develop PDD; for example, McKeith and Mosimann have found that 78% of 
patients with Parkinson’s disease who have survived 8 years after the 
diagnosis developed PDD (McKeith & Mosimann, 2004). DLB and PDD are 
caused by accumulations of α-synuclein proteins called Lewy bodies 
(McKeith & Mosimann, 2004). The Lewy bodies are present in the brainstem 
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and cortex and spread over the brain, resulting in a progressive course. 
Patients with DLB have a higher risk of mortality than patients with AD but 
do not show faster cognitive decline (Hanyu et al., 2009; Williams et al., 
2006). Williams et al. have found a mean survival of 7.3 years after onset of 
DLB (Williams et al., 2006). 

The earliest symptoms of DLB are visual impairments; however, the typically 
revealing symptoms of DLB are visual hallucinations and fluctuating 
attention and cognition. Emotional responses to visual hallucinations vary 
from intense fear to indifference or even amusement. Cognitive impairment 
is often extremely fluctuating within a single day over minutes or hours and 
phases with cognitive impairment are associated with low levels of attention 
and alertness. Visuospatial disorders are common and relatively severe. 
Motor features of Parkinsonism, REM sleep abnormalities, and neuroleptic 
sensitivity are also suggestive features (Albert et al., 2011; Sorbi et al., 2012). 
The symptoms of PDD are comparable to those in DLB. The difference is that 
the Parkinsonian features, usually rigidity and tremor, occurred at least 12 
months before the features of dementia (Sorbi et al., 2012). Nevertheless, 
psychomotor slowing and executive dysfunctions are more prominent in 
PDD than in DLB. 

2.2.8. Implications for automobile use with DLB and PDD 

In the study by Seiler et al., almost all patients with DLB (10 out of 11) ceased 
driving (Seiler et al., 2012). This may be a coincidental finding, because the 
group is very small, but it could also be a result of the specific symptoms of 
DLB. Specific studies on PDD and driving are lacking, but research on 
Parkinson’s disease indicates that both motor and cognitive symptoms may 
impact on fitness to drive (Devos et al., 2007; Singh, Pentland, Hunter, & 
Provan, 2007). First of all, motor abilities of patients with DLB or PDD have 
to be sufficient to operate a car safely and fast enough (Uc et al., 2009). There 
is, however, no consensus on how to determine whether motor performance 
is sufficient for driving. Physicians and patients themselves have to monitor 
subjectively whether motor symptoms impair driving (Crizzle, Classen, & 
Uc, 2012). In test rides, operational errors such as considerably increased 
swerving on the road could be observed (Classen et al., 2014). If there are 
problems with switching gears, automatic transmission might be advised 
(Piersma & De Waard, 2014; Singh et al., 2007). Second, cognitive and visual 
impairments are also common (Crizzle et al., 2012). Patients usually suffer 
from fluctuations in cognitive and visuospatial skills, which may lead to 
perceptual—for example, tactical—errors in driving (Snyder, 2005). If road 
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2.2.6. Implications for automobile use with FTD 
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behavioural changes may have a detrimental effect on driving. Judgment 
deficits could cause an inability to rapidly assess complex driving situations 
(Snyder, 2005). Strategic and tactical errors might be made such as driving in 
adverse weather conditions or in an antisocial manner (e.g. hit-and-run 
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and cortex and spread over the brain, resulting in a progressive course. 
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signs or other road users are not noticed, patients cannot react to them. 
Correcting for tactical errors may come too late, especially in patients 
suffering from slower information processing and psychomotor slowing. 
Third, many patients use medication to control the motor symptoms; 
however, Parkinson medication may have unwanted effects such as sleep 
attacks and dizziness (Frucht, Rogers, Greene, Gordon, & Fahn, 1999; 
Kaynak, Kiziltan, Kaynak, Benbir, & Uysal, 2005; Pahwa et al., 2014). Clearly, 
patients with DLB or PDD must be assessed for fitness to drive with a focus 
on 3 levels, namely, motor symptoms, cognitive impairments, and medication. 
Frequent reassessments are imperative, because one change on any of the 3 
levels could already compromise fitness to drive. The heteroanamnesis is 
very important because the fluctuation in cognitive impairments is easily 
missed when patients are tested in a single neuropsychological assessment. 

2.2.9. Progressive supranuclear palsy 

The prevalence of progressive supranuclear palsy (PSP), or Steele-
Richardson-Olszewski syndrome, is difficult to estimate, because the disease 
might remain undiagnosed in many cases. An approximation of the 
prevalence of PSP, made in the UK population, is 6.4 per 100,000 (Schrag, 
Ben-Shlomo, & Quinn, 1999). PSP is caused by overproduction and 
accumulation of tau proteins, but it is unknown what the origin of this 
cellular disturbance is (Kent, 2013). Tau pathology is particularly existent in 
the basal ganglia, brainstem, and diencephalon. PSP is diagnosed in people 
above the age of 40 only (Litvan et al., 1996). The course is progressive and 
most patients depend on care within 3 to 4 years after diagnosis. 
 
PSP is a severe neurodegenerative disease with Parkinsonian signs, impair-
ment of vertical gaze, postural instability, executive dysfunction (Lange et al., 
2003), and memory impairment. Patients often have slowed thought and 
difficulty combining different ideas into a new idea or plan. PSP has 2 clinical 
phenotypes: Richardson’s syndrome (RS) and PSP-Parkinsonism (PSP-P). RS 
is characterized by the early onset of postural instability, vertical gaze palsy, 
and cognitive dysfunction, whereas PSP-P starts with an asymmetric onset 
and tremor that is easily confused with Parkinson’s disease, even more so 
because a moderate initial therapeutic response to levodopa may occur. 
Patients with RS show clear neuropsychological and behavioural deficits that 
are in general more severe than those in PSP-P cases. A diagnosis of PSP is 
not a diagnosis of dementia; however, dementia is common in patients with 
PSP. Altogether, up to 70% of all patients with PSP suffer from dementia 
(Sorbi et al., 2012), which is regularly combined with apathy. 
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2.2.10. Implications for automobile use with PSP 

No articles have been published on PSP and automobile use. Based on the 
symptoms of PSP, driving difficulties on all 3 levels of driving (Michon, 1985) 
may be expected. Both motor and cognitive symptoms could impair driving 
abilities; therefore, patients may need to cease driving, especially patients 
with RS who have cognitive dysfunction in an early phase of the disease. 
Patients with PSP-P might be able to drive safely at first, but the relatively 
fast progression of disease symptoms will lead to a rather rapid deterioration 
of driving ability. Nonetheless, studies are needed to determine which 
driving difficulties patients with PSP have and whether patients with PSP are 
able to drive safely for a limited period after they have been diagnosed. 

2.2.11. Huntington’s disease 

Huntington’s disease (HD) is relatively common in Europe, North America, 
and Australia, with an overall prevalence of 5.7 per 100,000, compared to 
Asia, with a prevalence of 0.4 per 100,000 (Pringsheim et al., 2012). HD is a 
genetic disease caused by accumulation of mutant huntingtin proteins (Kim 
& Kim, 2014). The onset is generally between 30 and 50 years of age, but 
there are also juvenile and elderly cases. HD has a progressive course. The 
hallmark of HD is chorea—making sudden, quick, uncoordinated movements. 
Nonetheless, some patients have little or no chorea and instead appear with 
Parkinsonian features. A diagnosis of HD is not similar to a diagnosis of 
dementia, but cognitive decline and psychiatric symptoms are common in 
HD and may present already before the motor symptoms. However, there 
are large differences between patients with regard to the severity of cognitive 
and psychiatric signs. Cognitive decline is mostly noticeable in executive 
functions such as planning and judgment. In addition, episodic memory 
deteriorates, though language and semantic memory are relatively spared 
(Sorbi et al., 2012). 

2.2.12. Implications for automobile use with HD 

Patients with HD may well experience various driving difficulties on the 
operational and tactical levels due to motor symptoms, cognitive decline, or 
both. Examples are difficulties with lane positioning, speed adaptations, and 
perception of signs (Devos et al., 2014). In addition, strategic errors, such as 
driving too long without taking breaks, could be made when abilities of 
planning and judgment are impaired. Even before people meet all criteria for 
an HD diagnosis, a third of prodromal patients already have difficulties with 
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driving (Beglinger et al., 2010). Assessments have to be performed to 
determine the severity of motor and cognitive symptoms and the ability to 
compensate for the symptoms. Even though motor symptoms are best 
recognized in HD, cognition is most important for driving (Beglinger et al., 
2012). On the basis of the diagnosis of HD, it cannot be concluded that a 
patient is unfit to drive because there are large individual differences (Rebok, 
Bylsma, Keyl, Brandt, & Folstein, 1995). In conclusion, it is very important to 
start monitoring fitness to drive with cognitive assessments in the early 
course of HD (Devos et al., 2014). 

2.2.13. Corticobasal degeneration 

Corticobasal syndrome (CBS) is the presentation of a progressive disease 
called corticobasal degeneration (CBD). Diagnosing CBD is very difficult 
because CBS could be present in other neurodegenerative disorders as well, 
including AD, PDD, FTD, DLB, and PSP (Lee et al., 2013). As a result, the 
prevalence of CBS is unknown; nevertheless, it is estimated to be 4.9–7.3 per 
100,000 (Togasaki & Tanner, 2000). Similar to PSP, CBD is caused by 
accumulation of tau proteins; however, in CBD, mainly the cerebrum is 
affected (Dickson, 1999). The onset of CBD is typically between 60 and 80 
years of age (Mahapatra, Edwards, Schott, & Bhatia, 2004). CBD has a 
progressive course and patients usually die within 10 years after diagnosis 
(Reich & Grill, 2009). Common first signs of CBD are asymmetrical rigidity 
and apraxia of affected limbs. Multiple other motor symptoms may follow in 
course of the disease (Boeve, 2011), eventually resulting in immobility. CBD 
was previously seen as a disease with motor symptoms, but nowadays the 
presence of cognitive impairment is widely recognized too (Graham, Bak, & 
Hodges, 2003). Dementia occurs in approximately one quarter of the cases, 
usually at a later stage. Cognitive impairment in CBD often includes 
visuospatial disturbances (Sorbi et al., 2012). 

2.2.14. Implications for automobile use with CBD 

No literature on CBD and driving is available. Driving difficulties on the 
operational level should be studied, because motor symptoms are very 
notable in CBD. In addition, driving difficulties on the tactical level may be 
found as a consequence of visuospatial disturbances. To investigate whether 
a patient with CBD is still fit to drive, motor symptoms and cognitive 
deficits, in particular visuospatial difficulties, have to be examined. 
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2.2.15. Multiple systems atrophy 

Multiple systems atrophy (MSA) is rare and limited research is available 
about the prevalence. Schrag et al. have made an estimation of 4.4 per 
100,000 in the UK population (Schrag et al., 1999). MSA results from 
accumulations of α-synuclein proteins in certain brain cells; however, it is 
unknown what causes the accumulations (Ahmed et al., 2012). The onset of 
MSA is usually between 50 and 60 years of age and patients survive about 10 
years following diagnosis. MSA is a progressive neurodegenerative disease 
that impairs different parts of the body. Movement and balance problems are 
very common and patients are often diagnosed with Parkinson’s disease 
unless other autonomic dysfunction arises. Autonomic dysfunction may 
include hypotension, incontinence, and impotence (for men). Additionally, 
patients may suffer from cognitive impairment due to MSA. 

2.2.16. Implications for automobile use with MSA 

There is no literature on MSA and driving. Patients with MSA may be 
disabled (Wenning et al., 2013) and unfit to drive as a consequence of 
multiple motor difficulties. Due to motor difficulties, the operational level of 
driving might be affected early in the disease process. If patients suffer from 
cognitive impairments as well, it is even more unlikely that they are fit to 
drive because the strategic level and/or tactical level of driving may be 
affected as well. Assessments for fitness to drive with a focus on motor 
ability are necessary when patients in early stages of MSA continue driving. 

2.2.17. Creutzfeldt-Jakob disease 

The cattle epidemic in the United Kingdom in 1992 led to thousands of cases 
of cows with bovine spongiform encephalopathy. The human form of this 
disease is called Creutzfeldt-Jakob disease (CJD). Ever since the cattle 
epidemic, CJD is well known, but nowadays this disease is very rare. 
However, CJD did not disappear fully and still has an incidence of 1 per 
1,000,000 (Salmon, 2013). CJD is caused by the toxic accumulation of 
abnormal prion proteins. The reason for the toxic accumulation is usually 
unknown but may be the result of a genetic defect or an infection. The onset 
can be at any age and patients survive only a few months up to a few years. 
There is no cure for CJD. CJD is characterized by very rapid cognitive decline 
over weeks or months (Albert et al., 2011). The classical diagnostic triad is a 
rapidly progressive dementia, myoclonus, and a characteristic electro-
encephalograph pattern. Lack of muscle coordination (ataxia) and visual 
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abnormalities are frequent, with visual field defects, perceptual abnormalities, 
and occasionally hallucinations. 

2.2.18. Implications for automobile use with CJD 

CJD is a rapidly progressing disease; therefore, dementia symptoms of 
patients with CJD will soon be too severe to allow patients an independent 
daily life; that is, they very quickly depend on care. Patients with CJD are 
probably not even assessed for their fitness to drive, because it is obvious 
that they are not able to drive anymore. 

2.2.19. Normal-pressure hydrocephalus 

The prevalence of normal pressure hydrocephalus (NPH) is unknown, 
because the majority of patients probably remain unrecognized. The reason 
is that it is difficult to distinguish NPH syndrome from other neuro-
degenerative diseases (Kiefer & Unterberg, 2012). Patients with NPH have a 
normal cerebrospinal fluid pressure but enlarged lateral ventricles. The cause 
of the enlargements is often not known, but it may be loss of brain volume 
(due to infection or infarction) and impaired outflow or absorption of liquor 
from the ventricles. NPH syndrome is a chronic condition influencing 
functional outcome. The spontaneous course of NPH is progressive and the 
vast majority of patients become dependent on care (Kiefer & Unterberg, 
2012). Surgical treatments (i.e. so-called shunts) are available to reduce the 
pressure in the brain, but there is no cure (Cage, Auguste, Wrensch, Wu, & 
Gupta, 2011). Normal-pressure hydrocephalus syndrome is characterized by 
an insidious onset of gait disturbance, incontinence, and dementia. All 3 
features have to be present to diagnose probable NPH; otherwise, other 
neurodegenerative diseases such as AD or PD might be more likely. The 
major cognitive impairments in NPH syndrome are psychomotor slowing 
and executive dysfunction. Attention and working memory may well be 
compromised, though episodic memory and orientation are relatively 
preserved (Kazui, 2008). After surgical treatment, the gait disturbance may 
be restored, though cognitive functioning usually remains impaired (Kazui, 
2008). 
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2.2.20. Implications for automobile use with NPH 

No studies on NPH and driving are available. Patients with NPH need to be 
assessed for fitness to drive with regard to cognitive functioning. 
Impairments of attention, working memory, executive functions, and 
psychomotor speed may well affect driving ability, in particular on the 
tactical level. After surgical treatment, re-evaluation may be necessary. 

2.2.21. Overview of dementia types and fitness to drive 

Altogether, many different dementia types can be distinguished (Table 2.3) 
and the presence of cognitive impairment in any condition might be a risk for 
unsafe driving. AD is most common and best investigated, also with regard 
to driving. There is a high number of patients with AD who may drive safely 
in early stages of the disease, because of the high prevalence and the slow 
progressive nature of the disease. Research about other dementia types in 
relation to driving is scarce, which might at least partially be due to the 
moderate to low prevalence of most types. Yet, fitness to drive might be 
preserved in early stages of less common neurodegenerative diseases as well. 
Fitness to drive may be preserved in early stages of PDD and HD, because 
the courses of these dementia types are slowly progressive. 
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2.2.21. Overview of dementia types and fitness to drive 

Altogether, many different dementia types can be distinguished (Table 2.3) 
and the presence of cognitive impairment in any condition might be a risk for 
unsafe driving. AD is most common and best investigated, also with regard 
to driving. There is a high number of patients with AD who may drive safely 
in early stages of the disease, because of the high prevalence and the slow 
progressive nature of the disease. Research about other dementia types in 
relation to driving is scarce, which might at least partially be due to the 
moderate to low prevalence of most types. Yet, fitness to drive might be 
preserved in early stages of less common neurodegenerative diseases as well. 
Fitness to drive may be preserved in early stages of PDD and HD, because 
the courses of these dementia types are slowly progressive. 
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Patients with NPH could also still be safe drivers or become safe drivers 
again. NPH has a slowly progressive course; thus, driving may be safe in 
early stages. Moreover, medical treatments (e.g. surgical approaches) may 
lead to improvement of NPH. Fitness-to-drive assessments should occur 
with these patients and reassessment may be needed after successful medical 
intervention. 
 
In a few types of dementia, fitness to drive is very unlikely given at any 
stage. These are the visual variant of AD, the behavioural variant of FTD, 
and CJD. In the visual variant of AD, visual processing is impaired very early 
in the course of the disease, which is expected to cause serious driving 
problems. In the behavioural variant of FTD, behavioural changes occur 
early in the course of the disease and these may well compromise the ability 
to drive safely. CJD is a fast progressive disease; therefore, the periods in 
which cognitive impairments are mild in nature and would therefore allow 
patients to drive a car are rather short. Conversely, in a few subtypes of 
dementia, fitness to drive is in fact likely in the early stages. These are the 
language variant of AD and the language variants of FTD, because single 
cognitive impairments in the language domain do not have to reduce fitness 
to drive. However, patients with language variants of FTD may not be fit to 
drive if they suffer from behavioural changes in addition to language 
difficulties. General conclusions cannot be drawn about the fitness to drive of 
patients with VaD because symptoms vary among patients and the course is 
often stepwise. With current knowledge, it is very difficult to predict fitness 
to drive in DLB, PSP, CBS, and MSA. Insight into fitness to drive of patients 
with DLB is important, because the prevalence is moderately high and the 
course is only slowly progressive. The early symptoms, however, may 
already cause major driving difficulties. PSP, CBS, and MSA have a low 
prevalence and are consequently difficult to study. The moderate speed of 
progression suggests that, for some patients, driving may be safe in the very 
early stages. In general, only in early stages of dementia may driving still be 
safe. Yet, the early symptoms differ between dementia types, suggesting that 
different dementia aetiologies and subtypes may lead to different driving 
difficulties (Table 2.3). In conclusion, there are reasons to believe that a 
number of patients with dementia are still fit to drive. The dementia 
aetiology could indicate the kind of driving problems that are likely to occur. 
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2.3. Discussion 

In this article, we investigated whether different types of dementia have a 
different impact on fitness to drive. The various aetiologies underlying 
dementia divide patients with dementia into multiple subgroups that differ 
in expected patterns of dysfunctions. Both early symptoms and prognoses 
differ among dementia aetiologies. Therefore, aetiological diagnoses may 
indicate which driving problems are likely to occur and whether it is likely 
that a patient with dementia is still fit to drive. Importantly, a person’s 
driving ability should not be determined solely based on the aetiological 
diagnosis. Neuropsychological assessments are advised in order to investigate 
whether and to what extent cognitive impairments are present in cognitive 
domains that are considered important for driving. Furthermore, driving 
assessments will reveal the impact of cognitive impairment on driving 
ability. 
 
Assessing fitness to drive in the older population is not easy (Chew et al., 
2013; Dickerson & Bédard, 2014; Moorhouse et al., 2011; Omer et al., 2014; 
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impairments. These confounding factors need to be controlled in studies on 
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driving errors on the tactical level. Motor deficits might contribute to driving 
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if their necks are not flexible enough to allow good all-round vision. 
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hands, legs, and neck should be considered. In addition, leg strength should 
be measured to assure the ability to make an emergency stop. Finally, many 
older persons use several medications, which should be checked for affecting 
driving ability. 
 
It also has to be pointed out that there are large differences in insight into 
one’s own conditions (awareness). Some patients with dementia may not be 
able to acknowledge their own condition at all, especially patients with FTD. 
Though patients with insight into their conditions may be able to compensate 
(Adler & Silverstein, 2008), it is more difficult for patients without insight 
because these patients just do not recognize and understand their limitations 
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Patients with NPH could also still be safe drivers or become safe drivers 
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responsibility to talk to the patient about their conditions, especially in the 
latter cases. Unfortunately, caregivers and physicians usually find it hard to 
discuss fitness to drive with patients. This is at least partially due to the fact 
that physicians often have difficulty assessing fitness to drive in people with 
dementia (Chew et al., 2013; Dickerson & Bédard, 2014; Moorhouse et al., 
2011; Pimlott et al., 2006). Physicians are advised to use information from the 
caregivers (Meuser et al., 2015; Seiler et al., 2012), but poor agreement 
between patients’ and family members’ reports on driving have been found, 
indicating that greater emphasis should be placed on objective measure-
ments (Silverstein et al., 2011). This again underlines that further research is 
needed on fitness to drive in different aetiologies of dementia as well as on 
methods to assess fitness to drive in patients with dementia. 

2.3.1. Recommendations for research 

This article has shown that very limited research has been performed on the 
effects of different aetiologies of dementia on fitness to drive. Almost all 
studies on dementia and driving focus on AD. The reason for this focus is 
presumably that AD is the most common aetiology. However, the number of 
patients with other aetiologies is also increasing with the aging population. 
Despite the moderate prevalence of DLB, studies on fitness to drive of 
patients with DLB are lacking. Moreover, driving abilities of patients with 
rare dementia aetiologies still need to be investigated; for example, in those 
with PSP, CBD, MSA, and NPH. This article is not exhaustive; there are other 
rare dementia aetiologies than those described above (e.g. induced by bodily 
diseases, alcohol, traumatic brain injury), these aetiologies may also lead to 
dementia-related driving difficulties. To determine which driving difficulties 
patients with different aetiologies experience, naturalistic driving studies 
could be performed, such as Eby et al. have done (Eby, Silverstein, Molnar, 
LeBlanc, & Adler, 2012). Additionally, future research should compare the 
driving ability of patients with dementias of different aetiologies. 
 
At present, it is unclear how fitness to drive should be assessed in patients 
with dementia. An important aim of research efforts has to be the 
development of a test battery allowing the reliable assessment of fitness to 
drive of patients with different dementias. The uniform application of such a 
battery in neuropsychological assessment would allow comparisons of fitness 
to drive between patients with different aetiologies of dementia but also of 
their abilities to compensate for their impairments. With this information, it 
will become possible to develop fitness-to-drive test batteries tailored for 
different patient groups. 
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Today, it is very difficult to predict the period drivers with dementia will be 
fit to drive (Freund, 2006; Molnar, Patel, Marshall, Man-Son-Hing, & Wilson, 
2006b). Longitudinal studies with fitness-to-drive assessments and naturalistic 
driving are needed to determine for how long patients with different 
aetiologies are able to drive safely after diagnosis. In line with this, fitness to 
drive of patients with MCI needs to be investigated further. It should also be 
investigated whether classifying patients as rapid and slow progressors 
could predict the period drivers will be fit to drive and whether this 
classification works for every aetiology of dementia. Based on these data, the 
frequencies of follow-ups could be decided upon per aetiology. Currently, 
there is a great lack of data and knowledge. 

2.3.2. Recommendations for assessing fitness to drive 

Shortly after diagnosing cognitive impairment in a patient who wants to 
continue driving, a fitness-to-drive assessment should take place. Worldwide 
there is no consensus about which tests should comprise a fitness-to-drive 
test battery (Carr & Ott, 2010; Dickerson, 2014). An assessment with such a 
test battery should provide data clarifying the question regarding whether an 
older person with dementia is still fit to drive but should preferably also 
reveal the origin of the driving difficulties. To answer the question, normative 
data are necessary to compare the patient with healthy older persons or—if 
available—it is even better to use cut-off scores. The test battery must be 
sensitive, specific, reliable, and valid to assure that unfit drivers are 
identified and safe drivers are not advised to stop driving (Bowers et al., 
2013). Below, recommendations are given for fitness-to-drive assessments for 
patients with dementia. Every case has to be evaluated individually based on 
the patient’s cognitive impairments and their impact on fitness to drive, 
because of large differences in symptoms and courses between patients. 
 
A fitness-to-drive test battery must examine cognitive domains that are 
important for safe driving, not only measures that show cognitive decline in 
general (e.g. the Mini-Mental State Examination [MMSE]; Folstein, Folstein, 
& McHugh, 1975). Because driving is a complex task, multiple cognitive 
domains are relevant, especially attention, visuospatial abilities, and executive 
functions (Freund, Colgrove, Petrakos, & McLeod, 2008; Lafont et al., 2008; 
Martyr & Clare, 2012; Ott & Daiello, 2010; Ranchet, Broussolle, Poisson, & 
Paire-Ficout, 2012; Schanke & Sundet, 2000; Whelihan, DiCarlo, & Paul, 
2005). Both selective and divided attention are needed to avoid distraction 
from the driving task and to take note of all other traffic participants 
(Parasuraman & Nestor, 1991). Visuospatial abilities require sufficient vision, 
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functional field of view, and perceptual speed of visual information 
processing. To drive safely, visual information has to be perceived in space, 
and visuoconstructive abilities have to be intact (Krishnasamy & Unsworth, 
2011; Schanke & Sundet, 2000). Visuospatial and visuoconstructive abilities 
are crucial for localization of road signs, other traffic participants, and 
finding routes, all of which are necessary to gain an overview of traffic 
situations. Domains related to executive functioning are mental flexibility, 
planning, and decision-making abilities. These abilities are especially 
important for adaptations to changing traffic situations (Schmidt, Brouwer, 
Vanier, & Kemp, 1996).  
 
Although various test batteries have been applied and proposed for the 
assessment of fitness to drive in older individuals with dementia, there is still 
a need for test batteries that can be applied, for example, in Europe (Doumen 
& Davidse, 2012). Reasons for this include that some test batteries have so far 
only been used by the authors themselves and may contain a test setup that 
is not generally available (e.g. sensory-motor and cognitive tests; Innes et al., 
2011). Other test batteries are too specific for certain countries and areas by 
containing traffic situations that are not so common in Europe (e.g. 
DriveABLE; Dobbs, 2013; Korner-Bitensky & Sofer, 2009) or they contain 
tests which are not suitable for older individuals with cognitive impairment 
(e.g. Vienna Test System Traffic; Schuhfried, 2012). Here, a test battery is 
suggested that considers all relevant cognitive domains and that may be 
applicable for the assessment of older drivers with cognitive impairments. 
First, the presence and severity of cognitive impairments should be assessed. 
The previously mentioned CDR will guide the physician in determining the 
stage of the dementia (Morris, 1993). The CDR was initially used for AD but 
is applicable to patients with other aetiologies as well (O’Bryant et al., 2010). 
Nevertheless, for specific aetiologies specific scales may be even more 
appropriate; for example, the Frontotemporal Dementia Rating Scale 
(Mioshi, Hsieh, Savage, Hornberger, & Hodges, 2010) for patients with FTD. 
The MMSE is also regularly used to determine the stage of the dementia 
(Folstein, Folstein, & McHugh, 1975). The MMSE focuses on memory, 
orientation, and mathematics. Any score greater than or equal to 25 points 
(out of 30) is effectively normal (intact). Below this, scores can indicate severe 
(≤ 9 points), moderate (10–20 points), or mild (21–24 points) cognitive 
impairment. MMSE scores are indicative of cognitive impairment in general 
and thus useful for most types of dementia as well, with the exception of 
PDD (Hoops et al., 2009). 
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Patients with a CDR score of 0.5 or 1 (or an MMSE score below 25) should be 
examined further for fitness to drive. Multiple tests have already been 
developed to investigate the above- mentioned cognitive domains of 
attention, executive functions, and visuospatial abilities. Attention may be 
tested with reaction time tasks of variable difficulty. Simple reaction times 
will show whether a person is able to respond quickly to a certain stimulus 
(selective attention). Tests using multiple kinds of stimuli measure stress 
tolerance, mental flexibility, and divided attention. For example, Trail 
Making Tests A and B are also performed to test selective and divided 
attention, respectively. These tests give an indication of executive functioning, 
too, because a disproportionate longer completion time for Test B compared 
to Test A suggests a reduced mental flexibility (Reitan, 1958). For Trail 
Making Test B, knowledge of the Latin alphabet is required. If patients do 
not have this knowledge—for example, due to low education or having a 
native language with another alphabet— the Color Trails Test may be used 
as alternative (Elkin-Frankston, Lebowitz, Kapust, Hollis, & O’Connor, 2007). 
Other aspects of executive functioning, such as planning and decision 
making, could be tested with a hazard perception task. Several hazard 
perception tasks have been developed (Horswill, Anstey, Hatherly, & Wood, 
2010; Jones Ross, Scialfa, & Cordazzo, 2015; Vlakveld, 2014; Wetton et al., 
2010; Wood, Horswill, Lacherez, & Anstey, 2013), but so far they all lack 
normative data and there is no consensus about which hazard perception 
task is most suitable for older driver assessment. 
 
More research is needed to enable recommendation of a specific hazard 
perception task for this purpose. Visuospatial and visuoconstructive abilities 
could be tested with certain maze tasks (e.g. Porteus Mazes (Porteus, 1914); 
see also Ott et al., 2008) and the Adaptive Tachistoscopic Traffic Perception 
test (ATAVT; Schuhfried, 2009). The perceptual speed of visual information 
processing as measured by the ATAVT gives an indication of the 
individual’s ability to gain an overview in traffic. In addition, paper-and-
pencil tests (e.g. Trail Making Tests A and B, Porteus Mazes) may reveal 
motor difficulties or motor slowing. Nevertheless, poor performance on 
neuropsychological tests is not sufficient to declare a patient unfit to drive, 
because the predictive value of neuropsychological tests for driving 
performance is still questionable (Bowers et al., 2013; Dobbs & Shergill, 2013). 
More research on the relationships between specific neuropsychological test 
results and driving difficulties should be done (Aksan, Anderson, Dawson, 
Uc, & Rizzo, 2015). If driving difficulties are likely to occur (e.g. 
performances on 2 or more neuropsychological tests are below the fifth 
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percentile), the patient should be sent to a specialized hospital or mobility 
centre for further testing in a driving simulator. 
 
Driving in a simulator is comparable with real driving (Freund, Gravenstein, 
Ferris, & Shaheen, 2002), and a driving simulator assessment could be a 
useful addition to neuropsychological testing (Devos et al., 2013; Etienne, 
Marin-Lamellet, & Laurent, 2013; Freund, 2006; Freund & Colgrove, 2008). 
Driving simulators have a high face validity and provide a safe and 
controlled environment (Freund & Colgrove, 2008; Freund et al., 2002). 
Therefore, strengths and weaknesses in driving behaviour can be observed. 
In addition, ideas for support in driving could be developed using a driving 
simulator. Support in driving may involve compensation techniques—for 
example, scanning the environment—or car adaptations; for example, 
driving with automatic gear. A driving simulator can be a useful tool; 
however, there is no proof yet that driving simulator performance predicts 
prospective crashes on road (Rizzo, McGehee, Dawson, & Anderson, 2001) 
and tolerability may be a problem because older people get often motion sick 
(Edwards, Creaser, Caird, Lamsdale, & Chisholm, 2003; Kawano et al., 2012). 
Edwards et al. reported that 40% of the older participants could not complete 
the driving simulator study due to motion sickness (Edwards et al., 2003), 
but percentages are not always that high in other studies (Kawano et al., 
2012; Stein & Dubinsky, 2011). A problem for older drivers, and drivers with 
dementia in particular, may be confusion when driving in a driving 
simulator instead of in their own car (Cox, Quillian, Thorndike, Kovatchev, 
& Hanna, 1998), because patients with dementia are less able to adapt to new 
driving situations (Kawano et al., 2012; Ravdin & Katzen, 2012). 
Additionally, patients may have difficulty operating the driving simulator 
due to the absence of sensory feedback. In particular cases, it might still 
remain unclear whether patients are able to drive safely even if patients 
completed a driving simulator assessment. In uncertain cases, an on-road 
examination is inevitable. 
 
On-road tests are most widely accepted as valid fitness-to- drive tests, but 
testing all patients on the road will be infeasible due to the increasing aged 
population (Dickerson, 2014). Furthermore, on-road tests do have several 
disadvantages. First of all, on-road tests cannot be exactly the same every 
time. Different tasks will be encountered, even when driving the same route 
with the same vehicle. To approach comparability between on-road tests, a 
standard scoring form could be used for every ride. An example is the Test-
Ride Investigating Practical fitness to drive (TRIP) (Tant, Brouwer, 
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Cornelissen, & Kooijman, 2002; Withaar et al., 2000), which is a standardized 
and validated road test specifically designed for driving assessment of older 
drivers. Second, independent of the use of a standard scoring form, an on-
road test still remains a single, short-term event. As such, an on-road test is 
vulnerable for coincidental influences. Nevertheless, people who fail an on-
road test assessed by licensing authorities usually lose their driver’s licence 
immediately. Therefore, patients might feel hesitant to report their illness to 
licensing authorities and may well seek for advice about their fitness to drive 
elsewhere (e.g. at physicians). Third, people may get very nervous during an 
on-road test, because the assessor is constantly judging their driving 
performance. Nervousness could result in a worse driving performance than 
usual (Rizzo, Uc, Dawson, Anderson, & Rodnitzky, 2010). Fourth, on-road 
tests assessed by licensing authorities give little or no information about the 
impairments leading to unsafe driving. Moreover, licensing authorities often 
have limited resources to investigate why individuals failed the on- road test 
and whether their conditions could still be improved. For example, traffic 
rules were usually studied a very long time ago; thus, older drivers may not 
remember them and/or might be unaware of changes in regulations. Older 
drivers may fail an on-road test due to this reason, but a traffic theory test 
could be performed to control for knowledge about traffic regulations 
(Alosco et al., 2011). However, this is not the standard procedure and the 
resulting lack of knowledge about the individual carries a risk of revoking 
the driver’s licences of patients who could, for example, with some simple 
adaptions, become safe drivers again. The role of the medical advisory 
boards associated with licensing authorities may need to be strengthened to 
diminish this risk. In several countries (e.g. Canada, the United Kingdom, 
Ireland), mobility centres provide services for fitness- to-drive assessments 
including an on-road test. In this case, the on-road test is assessed by an 
occupational therapist specialized in driving evaluations and the focus is on 
the impact of a person’s illness on driving and on driver rehabilitation. 
However, in many countries (e.g. the Netherlands, Denmark, Germany, 
Italy) such services are not or only partially available. Finally, the validity of 
an on-road test may also be questioned (Ott, Papandonatos, Davis, & Barco, 
2012). Patients and their family members do not always accept failing an on-
road test as a sufficient reason to cease driving. They regularly ask for more 
explanations or another on-road test. In addition, when patients pass an on- 
road test it is difficult to decide for which period their driver’s licences 
should be renewed. Arbitrarily, one year is usually chosen in the 
Netherlands; this may be too short in many cases but occasionally it is too 
long; therefore, future research must focus on predicting the period drivers 
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will be fit to drive. A screening method to split cognitively impaired car 
drivers into safe, possibly safe, and unsafe drivers would be useful 
(Dickerson, 2014). Patients who are still safe drivers and patients who are 
very unsafe drivers should be advised to respectively continue or cease 
driving. Only those with inconsistent test results should undergo an on-road 
assessment. Likewise, a fitness-to-drive test battery is very helpful for 
revalidation purposes such as providing an indication of functions that could 
be supported and also to give a suggestion for which period the driver’s 
licence could be renewed. 
 
In conclusion, data and knowledge about the effects of different aetiologies 
of dementia on driving are largely lacking. Previous findings demonstrate 
that there is a demand for fitness-to-drive tests in clinical settings. Various 
neuropsychological measures could be used as well as a driving simulator, 
but no widely accepted fitness-to-drive test battery is available. The aim of 
future research should therefore be the development and validation of an off-
road test battery for the screening of older drivers with dementia. Due to 
large differences in early symptoms and prognoses of different aetiologies of 
dementia, test batteries tailored to different patient groups need to be 
developed. 
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3. Prediction of fitness to drive in patients with 
Alzheimer’s disease2 

ABSTRACT 
The number of patients with Alzheimer’s disease (AD) is increasing and so is 
the number of patients driving a car. To enable patients to retain their 
mobility while at the same time not endangering public safety, each patient 
should be assessed for fitness to drive. The aim of this study is to develop a 
method to assess fitness to drive in a clinical setting, using three types of 
assessments, i.e. clinical interviews, neuropsychological assessment and 
driving simulator rides. The goals are (1) to determine for each type of 
assessment which combination of measures is most predictive for on-road 
driving performance, (2) to compare the predictive value of clinical 
interviews, neuropsychological assessment and driving simulator evaluation 
and (3) to determine which combination of these assessments provides the 
best prediction of fitness to drive. Eighty-one patients with AD and 45 
healthy individuals participated. All participated in a clinical interview, and 
were administered a neuropsychological test battery and a driving simulator 
ride (predictors). The criterion fitness to drive was determined in an on-road 
driving assessment by experts of the CBR Dutch driving test organisation 
according to their official protocol. The validity of the predictors to 
determine fitness to drive was explored by means of logistic regression 
analyses, discriminant function analyses, as well as receiver operating curve 
analyses. We found that all three types of assessments are predictive of on-
road driving performance. Neuropsychological assessment had the highest 
classification accuracy followed by driving simulator rides and clinical 
interviews. However, combining all three types of assessments yielded the 
best prediction for fitness to drive in patients with AD with an overall 
accuracy of 92.7%, which makes this method highly valid for assessing 
fitness to drive in AD. This method may be used to advise patients with AD 
and their family members about fitness to drive. 
 

                                                 
2 This chapter was based on Piersma, D., Fuermaier, A. B. M., de Waard, D., Davidse, R. J., 
de Groot, J., Doumen, M. J. A., … Tucha, O. (2016). Prediction of Fitness to Drive in Patients 
with Alzheimer’s Dementia. PLOS ONE, 11(2), e0149566. 
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3.1. Introduction 

Alzheimer’s disease (AD) is the most common aetiology of dementia and the 
number of patients with dementia is increasing rapidly (Cornutiu, 2015; Reitz 
& Mayeux, 2014). AD is a progressive disease in which multiple cognitive 
domains are affected. In addition to the memory domain, also the domains of 
attention, visuospatial abilities, executive functioning, language and praxis 
are frequently impaired (McKhann et al., 2011; Smits et al., 2015). 
Impairments in these cognitive domains may influence many aspects of daily 
living, in particular the execution of complex tasks may be affected, such as 
driving a car (Snyder, 2005).  
 
Driving is a very meaningful instrumental activity of daily living and the 
preferred mode of transport of older adults (Carr & O’Neill, 2015). 
Nevertheless, disabilities of old age could lead to an inability to drive a car 
safely. Driving cessation creates particular logistical problems for households 
of patients with AD (Taylor & Tripodes, 2001). While older drivers with 
other disabilities (e.g. cardiovascular diseases, muscular-skeletal conditions, 
visual impairment) may change to other modes of transport such as public 
transport by themselves, patients with AD typically need a responsible 
caregiver to travel with them (Taylor & Tripodes, 2001), as many patients 
with AD experience a lack of orientation in public transport stations. Getting 
used to new transportation means (e.g. public transport) is cognitively more 
demanding in comparison to maintaining routine travel means (i.e. driving). 
Consequently, a large proportion of patients with AD depend on car driving 
to maintain independent mobility and autonomy (Snyder, 2005; Taylor & 
Tripodes, 2001). There is a strong interest in maintaining mobility for patients 
with AD. However, safety risks for both the individual with AD as well as 
other road users have to be considered as well.  
 
Previous research has shown that AD may impair driving (Brown & Ott, 
2004; Dubinsky et al., 2000; Ernst et al., 2010; Withaar et al., 2000). A driver 
with AD might fail to recall road regulations and routes (Uc et al., 2004), may 
fail to oversee the infrastructure and perceive the distance to other vehicles, 
or may respond too slowly to the environment resulting in strategic and 
tactical errors, especially in non-automated situations (Piersma, de Waard, 
Davidse, Tucha, & Brouwer, 2016). Patients with AD are expected to become 
unable to drive safely in course of the disease and hence it is generally 
recommended that patients with severe AD (Clinical Dementia Rating (CDR) 
> 1) cease driving (Dawson, Anderson, Uc, Dastrup, & Rizzo, 2009; Duchek et 
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al., 2003; Iverson et al., 2010; Lundberg et al., 1997). However, not all patients 
with AD are unsafe to drive (Brown & Ott, 2004; Ernst et al., 2010; Withaar et 
al., 2000). Currently, AD is more frequently diagnosed in an earlier stage of 
the disease. Especially these patients with AD may be able to continue 
driving safely for several years after the diagnosis (Dawson et al., 2009). 
These findings indicate that it is necessary to investigate fitness to drive of 
patients with AD on a patient by patient basis. 
 
On-road assessments are commonly used to investigate fitness to drive in 
many countries (Freund et al., 2002; Kay, Bundy, Clemson, Cheal, & 
Glendenning, 2012). In an on-road assessment, an expert (e.g. from a driving 
licence authority) drives with a patient and judges whether the patient is 
driving safely. Considering the high and growing number of patients with 
AD, it becomes increasingly difficult to assess all patients with AD on the 
road soon after they have been diagnosed (Silverstein, Dickerson, & Schold 
Davis, 2015). Other ways to evaluate fitness to drive are clinical interviews 
(Dobbs et al., 2002; Ott et al., 2005), neuropsychological assessments 
(Anderson et al., 2012; Dawson et al., 2009) and driving simulator rides 
(Etienne et al., 2013; Freund et al., 2002).  
 
Clinical interviews with both the patient with AD and a family member are 
regularly performed and certainly provide important information at clinical 
evaluation, since they may provide knowledge about previous accidents, 
near misses, fines, or changes in driving behaviour (Dobbs et al., 2002). 
Nevertheless, one has to be cautious, because caregiver reports do not 
necessarily predict on-road driving performance (Hunt, Morris, Edwards, & 
Wilson, 1993). AD has a relatively slow progression, therefore changes in 
driving performance may also be slow and difficult to detect for family 
members. In addition, family members who rely on the driver with AD for 
transportation may give biased reports (Dobbs et al., 2002).  
 
Neuropsychological assessments are also frequently used for the evaluation 
of fitness to drive and include tests that assess cognitive functions known to 
be impaired in many patients with AD and that may affect driving. 
Performance on many neuropsychological tests has moderately high 
correlations with on-road performance, particularly tests of attention and 
visuospatial functioning (Anderson et al., 2012; Dawson et al., 2009). 
Clinicians may use the results of these tests to help predict whether a patient 
with AD is driving safely (Dawson et al., 2009), however, the accuracy of 
these predictions is often regarded as being too low (Bowers et al., 2013; 
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Dobbs & Shergill, 2013). Kay and colleagues have suggested to aim for both 
sensitivity and specificity of at least 90% (Kay et al., 2012). Using a single test, 
such as clock drawing or the Trail Making Test, is probably not sufficient to 
reach this goal (Manning, Davis, Papandonatos, & Ott, 2014; Vaucher et al., 
2014). Combinations of tests may be more likely to predict fitness to drive 
than any single test (Wood, Anstey, Kerr, Lacherez, & Lord, 2008), but even 
with multiple tests it is very difficult to achieve both high sensitivity and 
specificity for a binary classification of fitness to drive (Bowers et al., 2013).  
 
Driving simulators can mimic real-world driving in a controlled environment. 
Driving simulator rides can be seen as complex neuropsychological tasks. 
However, here the simulator outcome is categorized separately from 
neuropsychological assessments, because (1) the driving simulator used was 
not developed as a clinical tool to assess cognitive functions, but is an 
experimental tool for traffic research to measure driving behaviour, and (2) 
the technical and administrative set up of driving simulators and neuro-
psychological tests are different. Freund et al. have shown that simulated 
driving correlates significantly with on-road driving in older adults, with 
and without cognitive impairments (Freund et al., 2002). Consequently, 
driving simulator rides may represent another method to predict on-road 
driving performance. However, it is not yet determined whether actual 
prospective accidents can be predicted with simulated driving (Rizzo et al., 
2001). Moreover, a large percentage of older drivers may not tolerate 
simulated driving due to motion sickness (Edwards et al., 2003; Mullen, 
Weaver, Riendeau, Morrison, & Bedard, 2010).  
 
Using methods other than on-road assessments might have advantages. A 
routine clinical evaluation usually begins with a clinical interview using self- 
and informant reports. If cognitive impairments are reported during the 
interview, a neuropsychological assessment is frequently initiated. 
Consequently, clinical interviews and neuropsychological assessments 
represent cost-effective approaches which may be useful in the prediction of 
fitness to drive. Driving simulator rides are not part of standard clinical 
evaluations, but driving simulators are increasingly available in clinical units 
and research centres and driving simulator rides are safer and easier to 
conduct than on-road assessments. Currently, there is no standardised 
procedure to use these methods to evaluate fitness to drive. It is vital to 
determine the usefulness of these alternative methods in combination with 
one another. 
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The current study aims to develop a method to investigate fitness to drive in 
patients with AD in a clinical setting. The study includes three types of 
assessments for the prediction of on-road driving performance, i.e. clinical 
interviews, neuropsychological assessments and driving simulator rides. In 
addition, all participants were evaluated using an on-road assessment 
(criterion). The goals of the study are threefold. The first goal is to determine 
for each of the three types of assessments separately which combination of 
measures are most predictive for on-road driving performance. Second, the 
predictive value of the clinical interviews, neuropsychological assessment 
and driving simulator rides are compared with one another to determine 
which type of assessment is most useful for the prediction of fitness to drive. 
Third, the predictive accuracy for fitness to drive is determined when using 
the best possible combination of clinical interviews, neuropsychological 
assessment and/or driving simulator rides. 

3.2. Materials and methods 

3.2.1. Participants 

Patients with Alzheimer’s disease 
Participants with AD (n = 81) were assessed at five locations in the 
Netherlands; at two hospitals, two nursing homes and a university, in 2013 
and 2014. Inclusion criteria for patients were an age above 30, a diagnosis of 
AD and a wish to continue driving. AD was diagnosed by a neurologist, 
geriatrician, psychiatrist or general practitioner. All participants held a 
current valid driver’s licence. Exclusion criteria were the diagnosis of other 
neurological or psychiatric conditions that may influence driving 
performance and usage of medications with a severe influence on driving 
ability. Of the 81 patients with AD, 71 participants (87.7%) met criteria for 
probable AD and 10 participants (12.3%) met criteria for both probable AD 
and vascular dementia (mixed dementia) (APA, 2000; McKhann et al., 1984). 
Patients were aged 52 to 91 years (mean = 72.3 years; SD = 9.4 years) and 53 
(65.4%) of the patients were men. Patients had held a driver’s licence for 25 to 
73 years (mean = 49.8; SD = 9.5 years) and the estimation of their total 
distance driven ranges from 107,000 to 15,230,000 km (mean = 1,426,000; SD = 
2,867,000 km). 
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distance driven ranges from 107,000 to 15,230,000 km (mean = 1,426,000; SD = 
2,867,000 km). 
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Healthy participants 
Furthermore, 45 healthy individuals participated in the study. Inclusion 
criteria for healthy participants were an age above 70, no diagnoses of 
psychiatric or neurological conditions, no diagnoses that would require 
referral to the Dutch driving test organisation, no usage of medications with 
a severe influence on driving ability and a wish to continue driving. The age 
limit for healthy participants was higher than for patients to avoid having a 
healthy sample that is younger than the patient sample. All healthy 
participants also held a current valid driver’s licence. Healthy participants 
were aged 70 to 87 years (mean = 76.3; SD = 4.7 years) and 24 (53.3%) healthy 
participants were men. Healthy participants had held a driver’s licence for 7 
to 63 years (mean = 51.1; SD = 8.6 years) and the estimation of their total 
distance driven ranges from 22,000 to 7,213,000 km (mean = 1,258,000; SD = 
1,435,000 km). Table 3.1 presents characteristics of patients with AD and 
healthy participants. As expected, a higher proportion of patients with AD 
had a CDR-score of 0.5 or 1 compared to healthy participants (χ2 = 112.5; df = 
2; p<.001). Correspondingly, patients with AD had a lower score on the Mini 
Mental State Examination (MMSE) (U = 131.0; p < .001; r = 0.771) than healthy 
participants. Other characteristics did not differ significantly between 
patients with AD and healthy participants. 
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Table 3.1. Characteristics of healthy participants and patients with Alzheimer’s disease. 

Characteristic 

Group  

Healthy (n=45) AD (n=81) P Value (df) 

Age, mean (SD), y 76.3 (4.7) 72.3 (9.4) .105 a (125) 

Male sex, No. (%) 24 (53.3%) 53 (65.4%) .189 b (1)  

Education, mean of 7 stages (SD)  5.2 (1.3) 4.9 (1.4) .129 a (6) 

CDR-score, No. (%) 
0 
0.5 
1 

 
42 (93.3%) 

3 (6.7%) 
0 (0.0%) 

 
1 (1.2%) 

67 (82.7%) 
13 (16.1%) 

<.001 c (2) 

MMSE-score, mean (SD) 28.8 (1.1) 23.2 (3.7) <.001 a (125) 

Cholinergic medication, No. (%) NA 36 (44.4%)  

Cholinergic medication dose,  
mean (SD), mg/day 

NA 12.7 (5.7)  

Other medication affecting the CNS, 
No. (%) 

3 (6.7%) 8 (9.9%) 1.000 b (1) 

Driving experience, mean (SD), y 51.1 (8.6) 49.8 (9.5) d .378 a (122) 

Driving experience, mean (SD), km 1,258,000 
(1,435,000) 

1,426,000 d 
(2,867,000) 

.201 a (122) 

Car accident in past year, No. (%) 3 (6.7%) 5 (6.2%) 1.000 b (1) 

Traffic fine in past year, No. (%) 9 (20.0%) 17 (21.0%) .882 c (4) 
a Mann-Whitney U test 
b Fisher’s Exact test 
c χ2 test  
d For 78 patients out of 81 patients, because 3 patients did not report the information. 
Abbreviations: AD, Alzheimer’s disease; Education, Verhage scale for the Dutch educational 
level ranging from 1 (primary school not finished) to 7 (university level); CDR-score, Clinical 
Dementia Rating Total Score; MMSE-score, Mini Mental State Examination Total Score; NA, 
not applicable; CNS, central nervous system; Other medication affecting the CNS include 
benzodiazepines, antiepileptic drugs, antidepressants and pain killers. 
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3.2.2. Measures 

The subsequent description of the methods comprises only tests and 
measures which were considered in the present study. The preselection of 
measures was based on the literature and intended to cover relevant 
cognitive domains (e.g. attention, executive functioning and visuospatial 
functions), with no redundancy (Brouwer, 2010; Classen et al., 2013; Dobbs et 
al., 2002; Staplin, Gish, Lococo, Joyce, & Sifrit, 2013; Withaar, 2000). For a full 
description of the study protocol, please see the Appendix. 
 
Clinical interviews and ratings 
Clinical interviews and ratings consisted of the CDR and a driving 
questionnaire, and involved both the participant and an informant (e.g. the 
participant’s partner).  
 
Participants were requested to complete a driving questionnaire (adapted 
from the Safe Driving Behaviour Measure; Classen et al., 2013). The 
questionnaire consists of three parts: a demographical profile (7 items), a 
driving profile (23 items) and safe driving behaviour queries (54 items). For 
this study, one item of the driving profile was used, i.e. the kilometres driven 
in the previous twelve months representing recent driving experience. The 
question was categorical with the following answer options: less than 1.000 
km (1), 1.000–5.000 km (2), 5.000–10.000 km (3), 10.000–20.000 km (4), 20.000–
30.000 km (5), 30.000–50.000 (6), more than 50.000 km (7). In addition, a total 
score for safe driving behaviour was calculated. Each safe driving behaviour 
item was a driving situation that could be rated on a five-point scale ranging 
from not difficult (0) to impossible to do (4), or as not applicable (no score). A 
mean score was calculated by summing up all scores divided by the number 
of items endorsed. In addition to the driving questionnaire, both the 
informant and the participant were asked whether the participant is still 
driving as safely as when the participant was middle-aged (1), is driving less 
safely compared to when the participant was middle-aged (2) or drives 
unsafely (3). They were also both asked whether they believed that the 
participant should cease driving, given the response alternatives: no (1), 
questionable (2) or yes (3). 
 
The CDR (Morris, 1993) consists of six subscales: memory, orientation, 
judgement & problem solving, community affairs, home & hobbies and 
personal care. Items of all six subscales are discussed with the informant. 
Subscales memory, orientation and judgement & problem solving also 
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contain items to discuss with the participant. For each subscale, a subscore 
was determined: 0 (no impairment), 0.5 (questionable impairment), 1 (mild 
impairment), 2 (moderate impairment) or 3 (severe impairment). The CDR 
total score was calculated with the Washington University’s CDR-assignment 
algorithm (Morris, 1993) giving a total score of 0, 0.5, 1, 2 or 3. Moreover, the 
CDR sum of boxes score was calculated by summing up the six subscores. 
 
Neuropsychological assessment 
A neuropsychological test battery was composed aiming to measure 
cognitive functions that are known to be important for driving, containing 
aspects of attention, executive functioning and visuospatial abilities (Alosco 
et al., 2011; Brouwer, 2010; Classen et al., 2013; Dobbs et al., 2002; Rebok, 
Keyl, Bylsma, Blaustein, & Tune, 1994; Schuhfried, 2012; Staplin et al., 2013; 
Withaar, 2000). The neuropsychological tests included both paper and pencil 
tests as well as computerized tests.  
 
The MMSE (Folstein, Folstein, & McHugh, 1975; Kok & Verhey, 2002) was 
used as a general measure of cognition. The MMSE assesses basic abilities of 
a range of cognitive functions including memory, attention and language 
skills. The MMSE is widely used as a screening tool for dementia (Lacy, 
Kaemmerer, & Czipri, 2015). The sum score ranging from 0 to 30 was 
calculated. 
 
The Trail Making Test (TMT) A and B (Reitan, 1958) was performed as a 
measure of cognitive flexibility. The TMT consists of two parts, TMT A and 
TMT B. In TMT A, participants are instructed to draw lines between numbers 
presented on a paper in ascending order as fast as possible. An upper limit 
was set at five minutes. The time to completion was measured. In TMT B, 
participants have to draw a line between numbers and letters in ascending 
order, alternating between both types of stimuli as fast as possible. An upper 
limit was set at six minutes. The time to completion was measured. In an 
attempt to remove the effects of simple sequencing, visual scanning and 
psychomotor functioning, the time to complete TMT A was subtracted from 
the time to complete TMT B (TMT B-TMT A) and this index score was taken 
as a measure of cognitive flexibility (Drane, Yuspeh, Huthwaite, & Klingler, 
2002). 
 
Drawings (Withaar, 2000) were included as a measure of visuoconstructive 
ability. Participants were asked to draw from memory a house, a star with 
five points, a cube and a clock on paper. For each drawing a maximum of 
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two points was scored if the object was recognizable and complete, resulting 
in a total score between 0 and 8. 
 
Two Mazes, suggested as predictors of high crash risk in older drivers by 
Staplin and colleagues, were included as a measure of visual orientation 
(Staplin et al., 2013). The mazes were provided on paper. One practice maze 
of intermediate difficulty was completed before the two test mazes were 
administered. Maze 1 was labelled by the author as “easy”, whereas maze 2 
was labelled as “difficult” (Staplin et al., 2013). For the administration of each 
maze, the experimenter pointed at the starting point of the maze and 
instructed the participant to find the exit of the maze by drawing a 
continuous line from the starting point to the exit. In case of errors, 
participants were instructed to follow the line they incorrectly drew 
backwards until they could continue the correct route. The time to complete 
each maze was measured. 
 
The Adaptive Tachistoscopic Traffic Perception Test (ATAVT) of the Vienna 
Test System (VTS) (Schuhfried, 2009) was used to assess the ability to gain an 
overview in traffic situations. Photographs of traffic situations were shown to 
the participants for approximately one second per picture on a computer. 
Afterwards, the participants were asked to report what was in it, choosing at 
least one out of five answer options: pedestrians, cars, (motor)cyclists, traffic 
signs and traffic lights. Photographs were presented adaptively, meaning 
that after an initial phase, the difficulty of the items was increasingly tailored 
to match the ability of the participant. The outcome measure was a 
performance parameter based on the 1PL Rasch model, provided by the VTS. 
 
A traffic theory test was developed by the SWOV Institute for Road Safety 
Research and the CBR Dutch driving test organisation to measure knowledge 
about traffic theory. A total of 28 pictures presenting traffic scenes were 
consecutively displayed on a computer screen. For each scene, participants 
were requested to answer a question regarding the meaning of traffic signs, 
priority regulations and other traffic rules. There was a time limit of twelve 
seconds per question. The number of correct answers and the mean response 
time were registered. 
 
A hazard perception test was used to measure hazard perception ability 
(Vlakveld, 2011). Traffic situations were presented by a computer as 
photographs taken from the driver’s point of view. The current driving 
speed was also shown. Participants had to decide whether they would brake, 
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release the gas pedal or maintain their speed in 25 traffic situations. There 
was a time limit of eight seconds for each traffic situation. This test requires 
timely planning and decision making in an applied context of driving 
situations (Vlakveld, 2011). The number of correct answers and the mean 
response time were measured. 
 
Reaction Time (RT) S1 and S2 (VTS, Schuhfried) (Prieler, 2008) are computer 
tests that measure visual and auditory attention respectively. In RT S1, 
participants have to look at a black circle and when the circle turns yellow 
they have to respond as quickly as possible by pressing a button. In RT S2, 
participants have to respond as quickly as possible to a tone at 2000 Hz by 
pressing a button. In both tests, participants have to keep their index finger 
on a rest button until a stimulus is presented, then they should lift their 
finger from the rest button to press the reaction button. The reaction time 
(RT) is the time between the appearance of the stimulus and the moment the 
finger leaves the rest button. Motor time (MT) is the time that elapses 
between the moment the finger leaves the rest button and the moment that 
the reaction button is pressed. Mean RT, mean MT, as well as the standard 
deviations of RT and MT were measured. 
 
RT S3 (VTS, Schuhfried) (Prieler, 2008) was included as a measure of 
inhibition. In the RT S3, a sequence of yellow and red lights, a tone and 
combinations of these stimuli was presented. The critical combination to 
which the participant was instructed to respond was the stimuli from the RT 
S1 (yellow circle) and S2 (tone). When both, a yellow circle and a tone, were 
presented, participants had to press the reaction button as quickly as 
possible. If only one of the stimuli was presented or a red circle was shown, 
participants had to inhibit their responses. Similar to RT S1 and S2, the mean 
RT, mean MT as well as the variability of RT and MT were measured.  
 
Driving simulator rides 
Five fixed-base Jentig50 driving simulators of ST Software were used at five 
locations in the Netherlands. The simulators consisted of an open cabin 
mock-up with a steering wheel, gear box, gas pedal, brake pedal, clutch and 
simulated driving sound. Three 50 inch LED screens provided the participant 
with a view on the road, a view of 200° in total. The dashboard, car windows, 
side mirrors and rear view mirror were realized on the screens. During 
driving the participants wore the safety belt. Graphical rendering, traffic 
simulation and system control showing a user interface for the simulator 
operator were running on computers. The graphical interface was designed 
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with StRoadDesign (STSoftware) and the scenario was programmed with 
scripting language StScenario (ST Software). Simulated traffic was able to 
adapt to the behaviour of the participant (van Winsum & van Wolffelaar, 
1993). 
 
Different driving simulator rides were used to assess various aspects of 
driving behaviour that are assumed to be important for safe driving and that 
could be predictive for fitness to drive. After a short practice ride, four test 
rides were employed, i.e. the Lane tracking ride, Intersections a, Intersections 
b, and the Merging ride. All rides were driven with automatic transmission. 
Participants were instructed to behave as they would drive a real car. There 
was a practice ride to get acquainted with the driving simulator, especially 
with steering. This ride was in a rural environment on a slightly winding 
road with oncoming traffic on the left lane. The speed was regulated by the 
computer and increased stepwise up to 100 km/h. The first test ride (Lane 
tracking ride) was in the same rural environment, but the participants were 
in control of their own speed. There was no speed limit. In the Lane tracking 
ride, participants were asked to choose a comfortable speed, after which they 
were requested to drive as if they were in a hurry. The average speed as well 
as swerving, as indicated by the standard deviation of the lateral position 
(SDLP), was measured twice, i.e. when participants were driving at a 
comfortable speed (Speed of choice, SDLP) and when they were in a hurry 
(Speed in hurry, SDLP in hurry). Additionally, the number of collisions 
(Number of collisions) was registered during the Lane tracking ride. The 
second and third test ride (Intersections a and b) were identical to each other. 
This ride was repeated, because it was taken into consideration that 
participants may need help in identifying traffic signs and intersections in 
the driving simulator at the beginning. The intersections ride was in a rural 
environment, but now the participant encountered intersections with 
different priority regulations. In both Intersections a and b, three 
intersections were analysed where the participant had to give way, including 
one with traffic lights. The participant was always driving straight ahead. 
There was oncoming traffic on the left lane, but also traffic coming from left 
and right at intersections. Furthermore, at a certain point, a car suddenly 
pulls out of a parking lot in front of the participant. Speed limits differed 
between 60 and 80 km/h. The participants were asked to obey the traffic 
rules. In the first intersections ride (Intersections a) and in the repetition of 
the intersections ride (Intersections b), measures were (1) lowest speed when 
approaching three intersections where the participant has to give way 
(Minimum speed Int 1,2,3), (2) average deviation from the speed limits (Dev 
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from speed limit), (3) brake reaction time when the traffic lights turn yellow 
(RT traffic lights), (4) whether or not the participant brakes for the car that 
pulls out of a parking lot (Braking for car that pulls out) and (5) the total 
number of collisions (Number of collisions) in the respective intersections 
ride. In the fourth and final test ride (Merging ride), the participant merged 
into a crowded motorway with two lanes in each direction and was asked to 
overtake one vehicle and subsequently leave the motorway. Measures were 
(1) speed while merging (Speed while merging), (2) deceleration of the rear 
car right after merging (Deceleration rear car), (3) time headway to the car in 
front right after merging (Time headway merging) and (4) the smallest time 
headway to any car in front during the Merging ride (Minimum time 
headway) (Brouwer, Busscher, Davidse, Pot, & van Wolffelaar, 2011). 
Participants were instructed to report to the researchers if they were not 
feeling well during driving. After each ride, a researcher asked how the 
participant was feeling. If symptoms of simulator sickness, such as dizziness 
or nausea, were reported or observed, participants were advised to take a 
break and if their symptoms did not disappear to abort the driving 
simulation. 
 
On-road driving assessment 
The on-road driving assessment was carried out in the participant’s own car 
during daylight hours. The on-road driving assessments were rated by 
approved experts on practical fitness to drive of CBR, the Dutch driving test 
organisation, experienced in the assessment of people with impairments like 
dementia. The experts are extensively trained to evaluate the effects of 
impairments on driving behaviour. They were blind to the participant’s 
diagnosis, clinical ratings, neuropsychological test results, as well as driving 
simulator performance. However, they did know that the participant could 
have cognitive problems because they were using a specific protocol for 
cognitive impairment. They made use of the Test Ride Investigating Practical 
fitness to drive (TRIP) forms (Tant et al., 2002; Withaar et al., 2000). The TRIP 
consists of 60 items, concerning lateral positioning, gap distances, speed, 
visual behaviour, responses to traffic signs, overtaking, anticipation, 
communication, turning left, merging, technical execution and perception 
and insight, each rated as either sufficient, doubtful, or insufficient. Finally, 
one overall score was given by the expert on practical fitness to drive, 
resulting in a pass, doubtful or fail outcome. This variable was recoded into a 
dichotomous item which indicates whether or not a participant is fit to drive 
(FITtoDRIVE): pass outcomes indicated fitness to drive while doubtful or fail 
outcomes indicated that participants are unfit to drive. 
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3.2.3. Procedure 

Participants were invited to take part in the study on a voluntary basis. 
Patients were recruited via multiple health care centres and from the general 
community by means of advertisements. Healthy participants were recruited 
from the general community by means of advertisements and word of 
mouth. The study was conducted according to ethical guidelines and was 
approved by the Medical Ethical Committee at the University Medical 
Center Groningen (METc 2012/172, ABR-nr. NL39622.04212) and the Ethical 
Committee Psychology at the University of Groningen (ppo-013-045 & ppo-
012-065), the Netherlands. All participants provided their written informed 
consent to participate in the study. Patients were regarded able to consent 
themselves, since all patients were in a mild stage of dementia. In addition, 
verbal consent was asked from the participant and the informant when the 
study was explained verbally at the start. The Ethical Committees approved 
this consent procedure. Patients received no direct reward for participation, 
but patients who passed the on-road driving assessment could use this 
outcome in an official relicensing procedure. Healthy participants were 
rewarded 15 Euros for participation.  
 
Participants were invited twice. On the first occasion, clinical interviews with 
the participant and an informant were conducted, as well as the 
neuropsychological assessment and the driving simulator rides. On the 
second occasion, the on-road driving assessment took place. The participant 
invited an informant of their choice, which was in most cases their partner 
and otherwise one of their children, caretakers or friends. Participants were 
instructed to fill out the driving questionnaire with the help of the informant 
beforehand and bring the questionnaire with them to the first session. 
During that first session, an interviewer conducted the clinical interview 
with the informant in absence of the participant. The driving questionnaire 
was discussed with the informant in case of ambiguous items. Meanwhile an 
experimenter instructed the participant for the neuropsychological 
assessment. After the neuropsychological assessment, the interviewer 
conducted the clinical interview with the participant in absence of the 
informant. Finally, the driving simulator rides were performed. 
 
During the first session, participants were also screened to assure that they 
met the minimum requirements for the on-road driving assessment with 
regard to visual and motor functions. Reported medication use was also 
checked for not using category 3 medications, which are classified as having 
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a severe influence on driving ability (ICADTS, 2007). The first session lasted 
approximately four hours in total, including around half an hour driving 
simulation. The second session, the on-road driving assessment, was 
performed by the participant on another day and took around 45 minutes. 

3.2.4. Statistical analyses 

Data cleaning and missing value analysis 
Analyses were performed with IBM SPSS Statistics 22. The few missing 
values of the clinical interviews were not replaced. Missing values occurred 
in the judgement of the informant about how safe the participant drives and 
the opinion of the informant whether the participant should cease driving 
(two cases) and the mean score for safe driving behaviour (six cases).  
 
Missing values occurred in the neuropsychological assessment when 
participants exceeded a certain number of incorrect responses or failed to 
complete a test within the given time limits. These missing values were 
imputed by the worst scores of the respective group that did complete the 
test. Such imputations were made for TMT A (one case), TMT B (31 cases), 
Maze 1 (two cases) and RT S3 (three cases).  
 
Twenty-three participants (28.4%) with AD reported feelings of dizziness or 
nausea indicating simulator sickness and were excluded entirely from 
analyses that involved driving simulator rides. Driving simulator data of two 
other participants with AD were missing; one patient was unable to steer the 
driving simulator, the other patient was panicking in the driving simulator 
and both patients had to stop driving. Due to a technical error, driving 
simulator data of the third ride of one patient are missing. Twenty-four 
healthy participants (53.3%) reported simulator sickness and were excluded 
entirely from analyses that involved driving simulator rides. Four driving 
simulator variables (see explanation below) were occasionally missing 
although the participant had driven all driving simulator rides. In the group 
of patients, in both intersection rides, the brake reaction time to the traffic 
lights was missing in 11 cases. In the healthy comparison group, this variable 
was missing in five cases in the first intersection ride only. These missing 
values are omission errors of participants who did not notice the traffic 
lights, therefore the worst scores of the respective group that did brake were 
inserted. If participants merged on the motorway after all cars had passed, 
there are no values for the deceleration of the rear car. In the group of 
patients, these missing values occurred in seven cases and values were 
inserted using an imputation model (including all complete variables of the 
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driving simulator) that was estimated by maximum likelihood (ML), 
providing a singly imputed dataset.  
 
Group comparisons 
Patients with AD and healthy participants were compared using separate 
MANOVAs for the clinical interviews, neuropsychological assessment and 
driving simulator rides. Significance level alpha was initially set to .05. 
However, alpha level was adjusted by using Bonferroni-Holm correction in 
order to control for alpha error inflation in multiple comparisons. 
Furthermore, effect sizes were calculated for multivariate and univariate 
comparisons (indicated by η2 and Cohen’s d). The index η2 provides 
information about the proportion of variance which is accounted for by the 
multivariate comparisons. As described by Cohen, η2 is a function of the 
effect size index f (Cohen, 1988). According to Cohen, a small effect size (f = 
.10) corresponds to an η2 = .0099, a medium effect size (f = .25) to an η2 = .0588 
and a large effect size (f = .40) to an η2 = .1379 (Cohen, 1988). The effect size 
Cohen’s d was computed for univariate comparisons. Negligible effects (d < 
0.20), small effects (0.20 < d < 0.50), medium effects (0.50 < d < 0.80) and large 
effects (d > 0.80) were distinguished. A similar procedure was performed to 
compare patients who passed the on-road driving assessment with patients 
who failed the on-road driving assessment. 
 
Development of prediction models for fitness to drive  
The goal of the present analysis was to predict fitness to drive as indicated by 
the dichotomous variable FITtoDRIVE. Prediction is a statistical term 
meaning that the dependent variable FITtoDRIVE is hypothesized to be 
influenced by the independent variables. The independent variables 
(predictor variables) were divided into three groups, e.g. clinical interviews, 
neuropsychological assessment and driving simulator rides, in order to 
explore the accuracy of each group of variables in predicting fitness to drive. 
For each group of predictor variables, the first analyses involved correlations 
with FITtoDRIVE (point biserial correlation coefficients). Predictor variables 
correlating significantly (p<0.05) with FITtoDRIVE were selected for the 
second analyses, i.e. binary logistic regressions with a forward inclusion 
method. Binary logistics were performed to determine the validity of each 
respective group of predictor variables in predicting FITtoDRIVE. In order 
not to lose predictive power, a liberal entry criterion for predictor variables 
(p<0.20) was used. Predictor variables included by the regression model were 
used in the third step, i.e. Discriminant Function Analysis (DFA). In DFA, 
selected predictor variables are weighted determining their utility to 
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distinguish between fit and unfit to drive (FITtoDRIVE). A prediction 
equation for each group of predictors was developed by summing up the 
predictor variables multiplied with the corresponding unstandardized 
discriminant coefficients. This resulted in three predictor variables 
representing the clinical interviews, the neuropsychological assessment and 
the driving simulator rides. Finally, receiver operating characteristic (ROC) 
analyses were carried out to test the accuracy of the developed variables in 
predicting FITtoDRIVE. In an ROC analysis, a curve is created by plotting the 
sensitivity against the specificity of the predictor variable. The area under the 
curve (AUC) is used as a classification measure with larger areas indicating 
better predictive accuracy. 
 
Comparison and combination of prediction models 
In order to compare the three prediction models described above, patients 
with data of the complete assessment procedure, including clinical 
interviews, neuropsychological assessment and driving simulator rides, were 
selected (n = 55). On this group of patients, three separate ROC analyses were 
performed using the three developed predictor variables explained above. 
The resulting AUCs give information about which predictor variable holds 
the best predictive accuracy. Furthermore, the three predictor variables were 
entered in a hierarchical binary logistic regression analysis to investigate 
whether using more than one type of assessment would improve the 
predictive accuracy. According to the common procedure in clinical practice, 
the predictor variable of clinical interviews was entered in block 1, the 
predictor variable of neuropsychological assessment was entered in block 2 
and the predictor variable of driving simulator rides was entered in block 3. 
If neuropsychological test performance or driving simulator performance 
were shown to significantly add predictive validity in hierarchical logistic 
regression, DFA was performed as described above to create a final predictor 
variable for the prediction of FITtoDRIVE integrating all information from 
the three types of assessments. This final predictor variable was used in an 
ROC analysis which revealed the accuracy of classification of the complete 
method. The predictive accuracy was further evaluated by calculating the 
sensitivity, specificity, positive predictive power and negative predictive 
power using various cut-offs. In order to create one number showing the 
highest combination of sensitivity and specificity, Youden’s indexes were 
calculated by sensitivity + specificity -1 (Youden, 1950).  
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3.3. Results 

3.3.1. Group comparisons between healthy individuals and patients 
with AD 

Significant differences were found between patients with AD and healthy 
participants with regard to clinical interviews (Wilk’s lambda = 0.401, 
F(12,103) = 12.841, p < .001, η2 = .599), neuropsychological assessment (Wilk’s 
lambda = 0.347, F(23,97) = 7.926, p < .001, η2 = .653), and driving simulator 
rides (Wilk’s lambda = 0.488, F(22,55) = 2.624, p = .002, η2 = .512). In the 
clinical interviews, patients with AD scored significantly higher than healthy 
participants on five of the six subscores of the CDR (subscore personal care is 
the exception) as well as on the sum of boxes score. In the neuropsychological 
assessment, patients with AD performed significantly poorer than healthy 
participants on all neuropsychological tests except for Drawings. During the 
first ride in the driving simulator, patients with AD swerved (indicated by 
SDLP) significantly more and drove significantly slower when they were in a 
hurry than healthy participants. During Intersections a, the deviance from 
the speed limit differed between the groups and again patients with AD 
were driving slower than healthy participants. Pairwise comparisons are 
presented in Table 3.2. The pass rates on the on-road assessment also differed 
between patients with AD and healthy participants (χ2(2) = 28.22, p < .001). In 
the group of patients with AD, 35 (43.2%) patients passed the on-road 
assessment, 5 (6.2%) patients had a doubtful outcome and 41 (50.6%) patients 
failed. In the healthy comparison group, 40 (88.9%) participants passed the 
on-road assessment, 3 (6.7%) had a doubtful outcome and 2 (4.4%) failed the 
on-road assessment.  
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Table 3.2.a Comparison of healthy participants with patients with Alzheimer’s disease (AD) 
on clinical interviews. 

Clinical interviews 
Healthy 
(n = 43) 

AD 
(n = 73) F pa ESb 

Clinical Dementia Rating 
Memory 
Orientation 
Judgement & Problem solving 
Community affairs 
Home & Hobbies 
Personal care 
Sum of boxes 

 
0.035±0.129 
0.023±0.153 
0.023±0.107 
0.000±0.000 
0.000±0.000 
0.000±0.000 
0.081±0.326 

 
0.801±0.462 
0.719±0.527 
0.630±0.493 
0.356±0.282 
0.336±0.364 
0.034±0.174 
2.877±1.565 

 
112.8 

71.2 
63.2 
68.2 
36.5 

1.672 
133.3 

 
<.001* 
<.001* 
<.001* 
<.001* 
<.001* 

.199 
<.001* 

 
2.04 
1.62 
1.53 
1.59 
1.16 
0.25 
2.22 

Heteroanamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.07±0.34 
1.00±0.00 

 
1.27±0.51 
1.21±0.53 

 
5.5 
6.5 

 
.021 
.012 

 
0.44 
0.50 

Anamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.07±0.26 
1.00±0.00 

 
1.08±0.28 
1.01±0.12 

 
0.1 
0.6 

 
.811 
.445 

 
0.04 
0.11 

Driving questionnaire 
Mean score 
Recent driving experience 

 
0.37±0.30 
2.98±1.10 

 
0.27±0.28 
2.62±1.05 

 
3.1 
3.1 

 
.079 
.082 

 
0.34 
0.34 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
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3.3. Results 

3.3.1. Group comparisons between healthy individuals and patients 
with AD 

Significant differences were found between patients with AD and healthy 
participants with regard to clinical interviews (Wilk’s lambda = 0.401, 
F(12,103) = 12.841, p < .001, η2 = .599), neuropsychological assessment (Wilk’s 
lambda = 0.347, F(23,97) = 7.926, p < .001, η2 = .653), and driving simulator 
rides (Wilk’s lambda = 0.488, F(22,55) = 2.624, p = .002, η2 = .512). In the 
clinical interviews, patients with AD scored significantly higher than healthy 
participants on five of the six subscores of the CDR (subscore personal care is 
the exception) as well as on the sum of boxes score. In the neuropsychological 
assessment, patients with AD performed significantly poorer than healthy 
participants on all neuropsychological tests except for Drawings. During the 
first ride in the driving simulator, patients with AD swerved (indicated by 
SDLP) significantly more and drove significantly slower when they were in a 
hurry than healthy participants. During Intersections a, the deviance from 
the speed limit differed between the groups and again patients with AD 
were driving slower than healthy participants. Pairwise comparisons are 
presented in Table 3.2. The pass rates on the on-road assessment also differed 
between patients with AD and healthy participants (χ2(2) = 28.22, p < .001). In 
the group of patients with AD, 35 (43.2%) patients passed the on-road 
assessment, 5 (6.2%) patients had a doubtful outcome and 41 (50.6%) patients 
failed. In the healthy comparison group, 40 (88.9%) participants passed the 
on-road assessment, 3 (6.7%) had a doubtful outcome and 2 (4.4%) failed the 
on-road assessment.  
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Table 3.2.a Comparison of healthy participants with patients with Alzheimer’s disease (AD) 
on clinical interviews. 

Clinical interviews 
Healthy 
(n = 43) 

AD 
(n = 73) F pa ESb 

Clinical Dementia Rating 
Memory 
Orientation 
Judgement & Problem solving 
Community affairs 
Home & Hobbies 
Personal care 
Sum of boxes 

 
0.035±0.129 
0.023±0.153 
0.023±0.107 
0.000±0.000 
0.000±0.000 
0.000±0.000 
0.081±0.326 

 
0.801±0.462 
0.719±0.527 
0.630±0.493 
0.356±0.282 
0.336±0.364 
0.034±0.174 
2.877±1.565 

 
112.8 

71.2 
63.2 
68.2 
36.5 

1.672 
133.3 

 
<.001* 
<.001* 
<.001* 
<.001* 
<.001* 

.199 
<.001* 

 
2.04 
1.62 
1.53 
1.59 
1.16 
0.25 
2.22 

Heteroanamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.07±0.34 
1.00±0.00 

 
1.27±0.51 
1.21±0.53 

 
5.5 
6.5 

 
.021 
.012 

 
0.44 
0.50 

Anamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.07±0.26 
1.00±0.00 

 
1.08±0.28 
1.01±0.12 

 
0.1 
0.6 

 
.811 
.445 

 
0.04 
0.11 

Driving questionnaire 
Mean score 
Recent driving experience 

 
0.37±0.30 
2.98±1.10 

 
0.27±0.28 
2.62±1.05 

 
3.1 
3.1 

 
.079 
.082 

 
0.34 
0.34 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
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Table 3.2.b Comparison of healthy participants with patients with Alzheimer’s disease (AD) 
on neuropsychological assessment. 

Neuropsychological assessment 
Healthy 
(n = 45) 

AD 
(n = 76) F pa ESb 

MMSE 
Total score 

 
28.82±1.093 

 
23.42±3.634 

 
94.1 

 
<.001* 

 
1.82 

TMT 
TMT B-TMT A (sec) 

 
63.33±33.20 

 
164.49±88.14 

 
54.5 

 
<.001* 

 
1.39 

Drawings 
Total score 

 
6.40±1.24 

 
5.91±1.69 

 
2.9 

 
.091 

 
0.32 

Mazes 
Maze 1, time (sec) 
Maze 2, time (sec) 

 
5.24±2.24 

16.58±7.27 

 
16.12±17.95 
37.39±29.92 

 
16.3 
21.0 

 
<.001* 
<.001* 

 
0.76 
0.86 

RT S1 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
303.76±59.93 
241.38±67.05 
42.40±21.25 
39.47±16.57 

 
399.28±141.61 
302.91±108.89 

73.84±67.64 
52.97±27.24 

 
18.5 
11.7 

9.2 
9.1 

 
<.001* 

.001* 

.003* 

.003* 

 
0.81 
0.64 
0.57 
0.57 

RT S2 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
257.22±55.34 
211.24±52.65 
39.84±14.87 
28.42±10.25 

 
322.24±121.01 
253.20±101.18 

63.78±49.45 
39.01±21.32 

 
11.5 

6.7 
10.0 

9.7 

 
.001* 
.011* 
.002* 
.002* 

 
0.64 
0.49 
0.59 
0.59 

RT S3 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

514.24±92.30 
266.89±71.53 
84.33±24.66 
36.89±14.78 

710.08±288.92 
336.55±156.27 
156.70±100.65 

59.09±47.24 

19.4 
7.9 

22.4 
9.4 

<.001* 
.006* 

<.001* 
.003* 

0.83 
0.53 
0.89 
0.58 

ATAVT 
Performance parameter 

 
-5.712±9.532 

 
-15.475±11.431 

 
23.2 

 
<.001* 

 
0.91 

Hazard perception 
Response time (sec) 
Correct trials 

 
4.36±0.64 

15.76±2.08 

 
5.51±0.78 

13.47±3.20 

 
69.7 
18.3 

 
<.001* 
<.001* 

 
1.57 
0.81 

Traffic theory 
Response time (sec) 
Correct trials 

 
6.42±1.09 

21.20±3.40 

 
7.67±1.06 

18.09±3.24 

 
37.8 
25.1 

 
<.001* 
<.001* 

 
1.16 
0.94 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
Abbreviations: MMSE, Mini Mental State Examination; TMT, Trail Making Test; RT, 
Reaction time; ATAVT, Adaptive Tachistoscopic Traffic Perception Test. 

69 

Table 3.2.c Comparison of healthy participants with patients with Alzheimer’s disease (AD) 
on driving simulator rides. 

Driving simulator rides 
Healthy 
(n = 22) 

AD 
(n = 56) F pa ESb 

Lane tracking ride 
Speed of choice (km/h) 
SDLP (cm) 
Speed in hurry (km/h) 
SDLP in hurry (cm) 
Number of collisions 

 
79.05±6.65 
21.26±6.33 
90.04±8.26 
23.00±6.51 

0.0±0.0 

 
70.92±12.79 

27.81±8.18 
80.31±12.50 

27.06±7.70 
0.0±0.0 

 
8.0 

11.4 
11.3 

4.8 
NA 

 
.006 

.001* 

.001* 
.032 
NA 

 
0.71 
0.85 
0.85 
0.55 
NA 

Intersections a 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
14.36±22.67 
10.78±19.05 

8.01±15.96 
3.04±2.39 
1.47±0.94 
0.41±0.50 
0.82±0.91 

 
12.81±18.37 
14.27±22.40 
10.61±17.75 

7.11±6.54 
2.38±2.08 
0.52±0.50 
0.55±0.78 

 
0.1 
0.4 
0.4 
8.0 
3.8 
0.7 
1.6 

 
.756 
.521 
.551 
.006 
.055 
.394 
.204 

 
0.08 
0.16 
0.15 
0.71 
0.49 
0.22 
0.33 

Intersections b 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
3.56±5.84 
0.63±1.24 

4.57±10.09 
3.45±2.95 
0.96±0.66 
0.50±0.51 
0.36±0.58 

 
13.17±19.10 
19.24±30.35 
18.19±23.24 

7.06±6.81 
2.11±1.77 
0.52±0.50 
0.38±0.59 

 
5.3 
8.2 
7.0 
5.7 
8.7 
0.0 
0.0 

 
.024 
.005 
.010 
.019 
.004 
.889 
.939 

 
0.58 
0.72 
0.67 
0.60 
0.74 
0.04 
0.03 

Merging ride 
Speed while merging (km/h) 
Deceleration rear car (km/h) 
Time headway merging (sec) 
Minimum time headway (sec) 

 
85.75±13.74 

-1.10±2.00 
1.26±0.79 
0.33±0.33 

 
84.11±13.71 

-1.10±1.77 
1.13±0.67 
0.41±0.36 

 
0.2 
0.0 
0.5 
0.9 

 
.636 
.999 
.472 
.338 

 
0.12 
0.00 
0.18 
0.24 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
Abbreviations: SDLP, standard deviation of lateral position; NA, not applicable; Int, 
intersection with need to give right of way; Dev, deviance. 

Fitness to drive of people with AD 
The patients with AD were divided into a pass and a fail group. The pass 
group entailed the 35 (43.2%) patients who passed the on-road assessment. 
The fail group included the other 46 (56.8%) patients and included both the 
patients who had a doubtful outcome and the patients who failed the on-
road assessment. MANOVA revealed significant differences between the 



68 

Table 3.2.b Comparison of healthy participants with patients with Alzheimer’s disease (AD) 
on neuropsychological assessment. 

Neuropsychological assessment 
Healthy 
(n = 45) 

AD 
(n = 76) F pa ESb 

MMSE 
Total score 

 
28.82±1.093 

 
23.42±3.634 

 
94.1 

 
<.001* 

 
1.82 

TMT 
TMT B-TMT A (sec) 

 
63.33±33.20 

 
164.49±88.14 

 
54.5 

 
<.001* 

 
1.39 

Drawings 
Total score 

 
6.40±1.24 

 
5.91±1.69 

 
2.9 

 
.091 

 
0.32 

Mazes 
Maze 1, time (sec) 
Maze 2, time (sec) 

 
5.24±2.24 

16.58±7.27 

 
16.12±17.95 
37.39±29.92 

 
16.3 
21.0 

 
<.001* 
<.001* 

 
0.76 
0.86 

RT S1 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
303.76±59.93 
241.38±67.05 
42.40±21.25 
39.47±16.57 

 
399.28±141.61 
302.91±108.89 

73.84±67.64 
52.97±27.24 

 
18.5 
11.7 

9.2 
9.1 

 
<.001* 

.001* 

.003* 

.003* 

 
0.81 
0.64 
0.57 
0.57 

RT S2 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
257.22±55.34 
211.24±52.65 
39.84±14.87 
28.42±10.25 

 
322.24±121.01 
253.20±101.18 

63.78±49.45 
39.01±21.32 

 
11.5 

6.7 
10.0 

9.7 

 
.001* 
.011* 
.002* 
.002* 

 
0.64 
0.49 
0.59 
0.59 

RT S3 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

514.24±92.30 
266.89±71.53 
84.33±24.66 
36.89±14.78 

710.08±288.92 
336.55±156.27 
156.70±100.65 

59.09±47.24 

19.4 
7.9 

22.4 
9.4 

<.001* 
.006* 

<.001* 
.003* 

0.83 
0.53 
0.89 
0.58 

ATAVT 
Performance parameter 

 
-5.712±9.532 

 
-15.475±11.431 

 
23.2 

 
<.001* 

 
0.91 

Hazard perception 
Response time (sec) 
Correct trials 

 
4.36±0.64 

15.76±2.08 

 
5.51±0.78 

13.47±3.20 

 
69.7 
18.3 

 
<.001* 
<.001* 

 
1.57 
0.81 

Traffic theory 
Response time (sec) 
Correct trials 

 
6.42±1.09 

21.20±3.40 

 
7.67±1.06 

18.09±3.24 

 
37.8 
25.1 

 
<.001* 
<.001* 

 
1.16 
0.94 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
Abbreviations: MMSE, Mini Mental State Examination; TMT, Trail Making Test; RT, 
Reaction time; ATAVT, Adaptive Tachistoscopic Traffic Perception Test. 
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Table 3.2.c Comparison of healthy participants with patients with Alzheimer’s disease (AD) 
on driving simulator rides. 

Driving simulator rides 
Healthy 
(n = 22) 

AD 
(n = 56) F pa ESb 

Lane tracking ride 
Speed of choice (km/h) 
SDLP (cm) 
Speed in hurry (km/h) 
SDLP in hurry (cm) 
Number of collisions 

 
79.05±6.65 
21.26±6.33 
90.04±8.26 
23.00±6.51 

0.0±0.0 

 
70.92±12.79 

27.81±8.18 
80.31±12.50 

27.06±7.70 
0.0±0.0 

 
8.0 

11.4 
11.3 

4.8 
NA 

 
.006 

.001* 

.001* 
.032 
NA 

 
0.71 
0.85 
0.85 
0.55 
NA 

Intersections a 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
14.36±22.67 
10.78±19.05 

8.01±15.96 
3.04±2.39 
1.47±0.94 
0.41±0.50 
0.82±0.91 

 
12.81±18.37 
14.27±22.40 
10.61±17.75 

7.11±6.54 
2.38±2.08 
0.52±0.50 
0.55±0.78 

 
0.1 
0.4 
0.4 
8.0 
3.8 
0.7 
1.6 

 
.756 
.521 
.551 
.006 
.055 
.394 
.204 

 
0.08 
0.16 
0.15 
0.71 
0.49 
0.22 
0.33 

Intersections b 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
3.56±5.84 
0.63±1.24 

4.57±10.09 
3.45±2.95 
0.96±0.66 
0.50±0.51 
0.36±0.58 

 
13.17±19.10 
19.24±30.35 
18.19±23.24 

7.06±6.81 
2.11±1.77 
0.52±0.50 
0.38±0.59 

 
5.3 
8.2 
7.0 
5.7 
8.7 
0.0 
0.0 

 
.024 
.005 
.010 
.019 
.004 
.889 
.939 

 
0.58 
0.72 
0.67 
0.60 
0.74 
0.04 
0.03 

Merging ride 
Speed while merging (km/h) 
Deceleration rear car (km/h) 
Time headway merging (sec) 
Minimum time headway (sec) 

 
85.75±13.74 

-1.10±2.00 
1.26±0.79 
0.33±0.33 

 
84.11±13.71 

-1.10±1.77 
1.13±0.67 
0.41±0.36 

 
0.2 
0.0 
0.5 
0.9 

 
.636 
.999 
.472 
.338 

 
0.12 
0.00 
0.18 
0.24 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
Abbreviations: SDLP, standard deviation of lateral position; NA, not applicable; Int, 
intersection with need to give right of way; Dev, deviance. 

Fitness to drive of people with AD 
The patients with AD were divided into a pass and a fail group. The pass 
group entailed the 35 (43.2%) patients who passed the on-road assessment. 
The fail group included the other 46 (56.8%) patients and included both the 
patients who had a doubtful outcome and the patients who failed the on-
road assessment. MANOVA revealed significant differences between the 
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pass and fail group with regard to clinical interviews (Wilk’s lambda = 0.655, 
F(12,60) = 2.635, p = .007, η2 = .345), neuropsychological assessment (Wilk’s 
lambda = 0.426, F(23,52) = 3.047, p < .001, η2 = .574), and driving simulator 
rides (Wilk’s lambda = 0.419, F(22,33) = 2.077, p = .028, η2 = .581). In the 
clinical interviews, the fail group scored significantly higher on the CDR 
subscore judgement & problem solving as well as on the sum of boxes score 
than the pass group. Moreover, the fail group had driven less kilometres in 
the past twelve months (indicated by recent driving experience) than the 
pass group. The fail group performed significantly worse than the pass 
group on seven neuropsychological tests, including the MMSE, Drawings, 
Maze 2, RT S1, RT S2, Hazard perception and Traffic theory. In the driving 
simulator rides, there was one significant difference showing that in the fail 
group the car driving behind the patient needed to slow down much more to 
avoid a collision after the patient merged on the motorway than in the pass 
group. Pairwise comparisons are presented in Table 3.3. 

Table 3.3.a Comparison of patients with Alzheimer’s disease (AD) who pass and patients 
with AD who fail the on-road test on clinical interviews. 

Clinical interviews 
Pass 

(n = 35) 
Fail 

(n = 38) F  pa ESb 

Clinical Dementia Rating 
Memory 
Orientation 
Judgement & Problem solving 
Community affairs 
Home & Hobbies 
Personal care 
Sum of boxes 

 
0.671±0.382 
0.543±0.460 
0.400±0.292 
0.286±0.251 
0.271±0.329 
0.014±0.085 
2.186±0.971 

 
0.921±0.500 
0.882±0.538 
0.842±0.547 
0.421±0.297 
0.395±0.388 
0.053±0.226 
3.513±1.742 

 
5.6 
8.2 

18.1 
4.4 
2.1 
0.9 

15.8 

 
.020 
.005 

<.001* 
.040 
.149 
.349 

<.001* 

 
0.56 
0.68 
1.00 
0.49 
0.34 
0.23 
0.93 

Heteroanamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.17±0.38 
1.09±0.37 

 
1.37±0.59 
1.32±0.62 

 
2.8 
3.6 

 
.098 
.061 

 
0.40 
0.45 

Anamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.03±0.17 
1.03±0.17 

 
1.13±0.34 
1.00±0.00 

 
2.6 
1.1 

 
.112 
.301 

 
0.37 
0.26 

Driving questionnaire 
Mean score 
Recent driving experience 

 
0.24±0.22 
3.03±1.04 

 
0.31±0.32 
2.24±0.91 

 
1.1 

12.0 

 
.292 

.001* 

 
0.25 
0.81 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d. 
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Table 3.3.b Comparison of patients with Alzheimer’s disease (AD) who pass and patients 
with AD who fail the on-road test on neuropsychological assessment. 

Neuropsychological assessment 
Pass 

(n = 35) 
Fail 

(n = 41) F  pa ESb 

MMSE 
Total score 

 
25.11±2.23 

 
21.98±3.98 

 
17.1 

 
<.001* 

 
0.95 

TMT 
TMT B-TMT A (sec) 

 
144.51±90.02 

 
181.54±83.85 

 
3.4 

 
.068 

 
0.43 

Drawings 
Total score 

 
6.69±1.29 

 
5.24±1.71 

 
16.7 

 
<.001* 

 
0.94 

Mazes 
Maze 1, time (sec) 
Maze 2, time (sec) 

 
12.17±16.29 
26.40±22.43 

 
19.49±18.80 
46.78±32.48 

 
3.2 
9.8 

 
.076 

.003* 

 
0.41 
0.72 

RT S1 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
350.69±84.33 
260.54±74.28 
57.69±29.15 
49.77±21.32 

 
440.76±166.52 
339.07±120.96 

87.63±86.21 
55.71±31.44 

 
8.4 

11.2 
3.8 
0.9 

 
.005 

.001* 
.054 
.347 

 
0.67 
0.77 
0.45 
0.22 

RT S2 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
272.74±51.21 
208.94±68.28 
48.69±20.33 
32.77±15.90 

 
364.49±145.79 
290.98±109.79 

76.66±62.16 
44.34±23.96 

 
12.5 
14.7 

6.5 
5.9 

 
.001* 

<.001* 
.013 
.017 

 
0.81 
0.88 
0.59 
0.56 

RT S3 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
620.51±231.82 
283.34±127.09 

132.34±84.65 
44.49±34.09 

 
786.54±312.77 
381.98±165.73 
177.49±109.28 

71.56±53.40 

 
6.7 
8.2 
3.9 
6.7 

 
.012 
.005 
.051 
.012 

 
0.60 
0.66 
0.46 
0.59 

ATAVT 
Performance parameter 

 
-13.181±10.500 

 
-17.433±11.948 

 
2.7 

 
.106 

 
0.38 

Hazard perception 
Response time (sec) 
Correct trials 

 
5.30±0.71 

15.20±2.87 

 
5.69±0.80 

12.00±2.71 

 
5.1 

24.9 

 
.027 

<.001* 

 
0.52 
1.15 

Traffic theory 
Response time (sec) 
Correct trials 

 
7.18±0.94 

19.11±2.64 

 
8.08±1.00 

17.22±3.48 

 
16.0 

7.0 

 
<.001* 

.010 

 
0.92 
0.61 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
Abbreviations: MMSE, Mini Mental State Examination; TMT, Trail Making Test; RT, 
Reaction time; ATAVT, Adaptive Tachistoscopic Traffic Perception Test. 
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pass and fail group with regard to clinical interviews (Wilk’s lambda = 0.655, 
F(12,60) = 2.635, p = .007, η2 = .345), neuropsychological assessment (Wilk’s 
lambda = 0.426, F(23,52) = 3.047, p < .001, η2 = .574), and driving simulator 
rides (Wilk’s lambda = 0.419, F(22,33) = 2.077, p = .028, η2 = .581). In the 
clinical interviews, the fail group scored significantly higher on the CDR 
subscore judgement & problem solving as well as on the sum of boxes score 
than the pass group. Moreover, the fail group had driven less kilometres in 
the past twelve months (indicated by recent driving experience) than the 
pass group. The fail group performed significantly worse than the pass 
group on seven neuropsychological tests, including the MMSE, Drawings, 
Maze 2, RT S1, RT S2, Hazard perception and Traffic theory. In the driving 
simulator rides, there was one significant difference showing that in the fail 
group the car driving behind the patient needed to slow down much more to 
avoid a collision after the patient merged on the motorway than in the pass 
group. Pairwise comparisons are presented in Table 3.3. 

Table 3.3.a Comparison of patients with Alzheimer’s disease (AD) who pass and patients 
with AD who fail the on-road test on clinical interviews. 

Clinical interviews 
Pass 

(n = 35) 
Fail 

(n = 38) F  pa ESb 

Clinical Dementia Rating 
Memory 
Orientation 
Judgement & Problem solving 
Community affairs 
Home & Hobbies 
Personal care 
Sum of boxes 

 
0.671±0.382 
0.543±0.460 
0.400±0.292 
0.286±0.251 
0.271±0.329 
0.014±0.085 
2.186±0.971 

 
0.921±0.500 
0.882±0.538 
0.842±0.547 
0.421±0.297 
0.395±0.388 
0.053±0.226 
3.513±1.742 

 
5.6 
8.2 

18.1 
4.4 
2.1 
0.9 

15.8 

 
.020 
.005 

<.001* 
.040 
.149 
.349 

<.001* 

 
0.56 
0.68 
1.00 
0.49 
0.34 
0.23 
0.93 

Heteroanamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.17±0.38 
1.09±0.37 

 
1.37±0.59 
1.32±0.62 

 
2.8 
3.6 

 
.098 
.061 

 
0.40 
0.45 

Anamnesis 
Judgement driving safety 
Opinion cease driving 

 
1.03±0.17 
1.03±0.17 

 
1.13±0.34 
1.00±0.00 

 
2.6 
1.1 

 
.112 
.301 

 
0.37 
0.26 

Driving questionnaire 
Mean score 
Recent driving experience 

 
0.24±0.22 
3.03±1.04 

 
0.31±0.32 
2.24±0.91 

 
1.1 

12.0 

 
.292 

.001* 

 
0.25 
0.81 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d. 
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Table 3.3.b Comparison of patients with Alzheimer’s disease (AD) who pass and patients 
with AD who fail the on-road test on neuropsychological assessment. 

Neuropsychological assessment 
Pass 

(n = 35) 
Fail 

(n = 41) F  pa ESb 

MMSE 
Total score 

 
25.11±2.23 

 
21.98±3.98 

 
17.1 

 
<.001* 

 
0.95 

TMT 
TMT B-TMT A (sec) 

 
144.51±90.02 

 
181.54±83.85 

 
3.4 

 
.068 

 
0.43 

Drawings 
Total score 

 
6.69±1.29 

 
5.24±1.71 

 
16.7 

 
<.001* 

 
0.94 

Mazes 
Maze 1, time (sec) 
Maze 2, time (sec) 

 
12.17±16.29 
26.40±22.43 

 
19.49±18.80 
46.78±32.48 

 
3.2 
9.8 

 
.076 

.003* 

 
0.41 
0.72 

RT S1 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
350.69±84.33 
260.54±74.28 
57.69±29.15 
49.77±21.32 

 
440.76±166.52 
339.07±120.96 

87.63±86.21 
55.71±31.44 

 
8.4 

11.2 
3.8 
0.9 

 
.005 

.001* 
.054 
.347 

 
0.67 
0.77 
0.45 
0.22 

RT S2 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
272.74±51.21 
208.94±68.28 
48.69±20.33 
32.77±15.90 

 
364.49±145.79 
290.98±109.79 

76.66±62.16 
44.34±23.96 

 
12.5 
14.7 

6.5 
5.9 

 
.001* 

<.001* 
.013 
.017 

 
0.81 
0.88 
0.59 
0.56 

RT S3 
Reaction time (msec) 
Motor time (msec) 
Variability in reaction time 
Variability in motor time 

 
620.51±231.82 
283.34±127.09 

132.34±84.65 
44.49±34.09 

 
786.54±312.77 
381.98±165.73 
177.49±109.28 

71.56±53.40 

 
6.7 
8.2 
3.9 
6.7 

 
.012 
.005 
.051 
.012 

 
0.60 
0.66 
0.46 
0.59 

ATAVT 
Performance parameter 

 
-13.181±10.500 

 
-17.433±11.948 

 
2.7 

 
.106 

 
0.38 

Hazard perception 
Response time (sec) 
Correct trials 

 
5.30±0.71 

15.20±2.87 

 
5.69±0.80 

12.00±2.71 

 
5.1 

24.9 

 
.027 

<.001* 

 
0.52 
1.15 

Traffic theory 
Response time (sec) 
Correct trials 

 
7.18±0.94 

19.11±2.64 

 
8.08±1.00 

17.22±3.48 

 
16.0 

7.0 

 
<.001* 

.010 

 
0.92 
0.61 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d.  
Abbreviations: MMSE, Mini Mental State Examination; TMT, Trail Making Test; RT, 
Reaction time; ATAVT, Adaptive Tachistoscopic Traffic Perception Test. 
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Table 3.3.c Comparison of patients with Alzheimer’s disease (AD) who pass and patients 
with AD who fail the on-road test on driving simulator rides. 

Driving simulator rides 
Pass 

(n = 28) 
Fail 

(n = 28) F  pa ESb 

Lane tracking ride 
Speed of choice (km/h) 
SDLP (cm) 
Speed in hurry (km/h) 
SDLP in hurry (cm) 
Number of collisions 

 
71.07±10.66 

26.56±6.49 
81.35±12.25 

25.60±5.94 
0.0±0.0 

 
70.78±14.82 

29.05±9.53 
79.27±12.89 

28.51±9.01 
0.0±0.0 

 
0.0 
1.3 
0.3 
2.0 

NA 

 
.932 
.257 
.540 
.159 
NA 

 
0.02 
0.31 
0.17 
0.51 
NA 

Intersections a 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
11.05±15.77 

6.89±17.04 
7.88±15.09 

6.20±5.93 
1.71±1.59 
0.57±0.50 
0.32±0.55 

 
14.57±20.80 
21.66±24.87 
13.35±19.96 

8.02±7.09 
3.04±2.32 
0.46±0.51 
0.79±0.92 

 
0.5 
6.7 
1.3 
1.1 
6.3 
0.6 
5.3 

 
.478 
.012 
.252 
.302 
.015 
.432 
.025 

 
0.19 
0.69 
0.31 
0.28 
0.67 
0.22 
0.62 

Intersections b 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
10.93±16.27 
10.24±24.02 
12.98±19.43 

7.10±5.73 
1.51±1.56 
0.68±0.48 
0.25±0.52 

 
15.42±21.63 
28.25±33.62 
23.40±25.82 

7.03±7.85 
2.71±1.80 
0.36±0.49 
0.50±0.64 

 
0.8 
5.3 
2.9 
0.0 
7.1 
6.2 
2.6 

 
.385 
.025 
.093 
.971 
.010 
.016 
.113 

 
0.23 
0.62 
0.46 
0.01 
0.71 
0.66 
0.43 

Merging ride 
Speed while merging (km/h) 
Deceleration rear car (km/h) 
Time headway merging (sec) 
Minimum time headway (sec) 

 
88.00±12.32 

-0.33±0.79 
0.90±0.60 
0.33±0.18 

 
80.22±14.13 

-1.87±2.13 
1.36±0.66 
0.50±0.47 

 
4.8 

12.9 
7.5 
3.4 

 
.032 

.001* 
.008 
.072 

 
0.59 
0.96 
0.73 
0.49 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d. 
Abbreviations: SDLP, standard deviation of lateral position; NA, not applicable; Int, 
intersection with need to give right of way; Dev, deviance. 
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3.3.2. Prediction of fitness to drive of patients with AD 

Prediction of fitness to drive using clinical interviews 
First, we examined which independent variables (possible predictor 
variables) from the clinical interviews were correlating (α = .05) with 
FITtoDRIVE. Variables of the CDR that correlated significantly with 
FITtoDRIVE were subscores memory (r = -.259, p = .020), orientation (r = -
.313, p = .004), judgement & problem solving (r = -.414, p < .001) and 
community affairs (r = -.253, p = .023) as well as the sum of boxes score (r = -
.417, p < .001). Furthermore, significant correlations with FITtoDRIVE were 
found for the informant’s opinion whether the patient should cease driving (r 
= -.273, p = .015), for the patient’s judgement of one’s own driving safety (r = -
.229, p= .040) and recent driving experience (r = .424, p < .001). This selection 
of variables was entered to a forward binary logistic regression analysis to 
determine the validity of the predictor variables in predicting FITtoDRIVE. A 
significant model was found to predict FITtoDRIVE, χ2(4, N = 79) = 31.604, p 
< .001, on the basis of CDR subscores orientation and judgement & problem 
solving, the patient’s own judgement about driving safety and recent driving 
experience. The model explained 33.0% of the total variance (Cox & Snell R2) 
and classified 73.4% of the patients correctly as fit or unfit to drive. A 
summary of the forward logistic regression analysis with the predictor 
variables from the clinical interviews is presented in Table 3.4. Subsequently, 
a DFA was conducted on the basis of the variables suggested by the logistic 
regression predicting FITtoDRIVE. A significant model emerged (Wilk’s 
lambda = 0.673, χ2(4) = 30.486, p < .001, r = .572). A prediction equation was 
generated by summating predictor variables weighted with their 
unstandardized canonical discriminant coefficients: CDR orientation x 0.675 
+ CDR judgement & problem solving x 1.036 + Judgement of patient about 
driving safety x 1.250 + Recent driving experience x -0.576. With this 
prediction equation, a new predictor variable for the clinical interviews was 
created. The accuracy of the predictor variable for the clinical interviews in 
detecting patients who are unfit to drive (n = 46) relative to patients who are 
fit to drive (n =35) was examined by means of an ROC analysis. A 
significantly higher accuracy than chance of detecting patients who are unfit 
to drive was revealed (AUC = .835, SE = 0.044, p < .001). 
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Table 3.3.c Comparison of patients with Alzheimer’s disease (AD) who pass and patients 
with AD who fail the on-road test on driving simulator rides. 

Driving simulator rides 
Pass 

(n = 28) 
Fail 

(n = 28) F  pa ESb 

Lane tracking ride 
Speed of choice (km/h) 
SDLP (cm) 
Speed in hurry (km/h) 
SDLP in hurry (cm) 
Number of collisions 

 
71.07±10.66 

26.56±6.49 
81.35±12.25 

25.60±5.94 
0.0±0.0 

 
70.78±14.82 

29.05±9.53 
79.27±12.89 

28.51±9.01 
0.0±0.0 

 
0.0 
1.3 
0.3 
2.0 

NA 

 
.932 
.257 
.540 
.159 
NA 

 
0.02 
0.31 
0.17 
0.51 
NA 

Intersections a 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
11.05±15.77 

6.89±17.04 
7.88±15.09 

6.20±5.93 
1.71±1.59 
0.57±0.50 
0.32±0.55 

 
14.57±20.80 
21.66±24.87 
13.35±19.96 

8.02±7.09 
3.04±2.32 
0.46±0.51 
0.79±0.92 

 
0.5 
6.7 
1.3 
1.1 
6.3 
0.6 
5.3 

 
.478 
.012 
.252 
.302 
.015 
.432 
.025 

 
0.19 
0.69 
0.31 
0.28 
0.67 
0.22 
0.62 

Intersections b 
Minimum speed Int 1 (km/h) 
Minimum speed Int 2 (km/h) 
Minimum speed Int 3 (km/h) 
Dev from speed limit (km/h) 
RT traffic lights (sec) 
Braking for car that pulls out 
Number of collisions 

 
10.93±16.27 
10.24±24.02 
12.98±19.43 

7.10±5.73 
1.51±1.56 
0.68±0.48 
0.25±0.52 

 
15.42±21.63 
28.25±33.62 
23.40±25.82 

7.03±7.85 
2.71±1.80 
0.36±0.49 
0.50±0.64 

 
0.8 
5.3 
2.9 
0.0 
7.1 
6.2 
2.6 

 
.385 
.025 
.093 
.971 
.010 
.016 
.113 

 
0.23 
0.62 
0.46 
0.01 
0.71 
0.66 
0.43 

Merging ride 
Speed while merging (km/h) 
Deceleration rear car (km/h) 
Time headway merging (sec) 
Minimum time headway (sec) 

 
88.00±12.32 

-0.33±0.79 
0.90±0.60 
0.33±0.18 

 
80.22±14.13 

-1.87±2.13 
1.36±0.66 
0.50±0.47 

 
4.8 

12.9 
7.5 
3.4 

 
.032 

.001* 
.008 
.072 

 
0.59 
0.96 
0.73 
0.49 

a Statistical significance is indicated by *. Significance level of .05 was corrected using the 
Bonferroni-Holm procedure. 
b Effect size (ES) is indicated by Cohen’s d. 
Abbreviations: SDLP, standard deviation of lateral position; NA, not applicable; Int, 
intersection with need to give right of way; Dev, deviance. 
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3.3.2. Prediction of fitness to drive of patients with AD 

Prediction of fitness to drive using clinical interviews 
First, we examined which independent variables (possible predictor 
variables) from the clinical interviews were correlating (α = .05) with 
FITtoDRIVE. Variables of the CDR that correlated significantly with 
FITtoDRIVE were subscores memory (r = -.259, p = .020), orientation (r = -
.313, p = .004), judgement & problem solving (r = -.414, p < .001) and 
community affairs (r = -.253, p = .023) as well as the sum of boxes score (r = -
.417, p < .001). Furthermore, significant correlations with FITtoDRIVE were 
found for the informant’s opinion whether the patient should cease driving (r 
= -.273, p = .015), for the patient’s judgement of one’s own driving safety (r = -
.229, p= .040) and recent driving experience (r = .424, p < .001). This selection 
of variables was entered to a forward binary logistic regression analysis to 
determine the validity of the predictor variables in predicting FITtoDRIVE. A 
significant model was found to predict FITtoDRIVE, χ2(4, N = 79) = 31.604, p 
< .001, on the basis of CDR subscores orientation and judgement & problem 
solving, the patient’s own judgement about driving safety and recent driving 
experience. The model explained 33.0% of the total variance (Cox & Snell R2) 
and classified 73.4% of the patients correctly as fit or unfit to drive. A 
summary of the forward logistic regression analysis with the predictor 
variables from the clinical interviews is presented in Table 3.4. Subsequently, 
a DFA was conducted on the basis of the variables suggested by the logistic 
regression predicting FITtoDRIVE. A significant model emerged (Wilk’s 
lambda = 0.673, χ2(4) = 30.486, p < .001, r = .572). A prediction equation was 
generated by summating predictor variables weighted with their 
unstandardized canonical discriminant coefficients: CDR orientation x 0.675 
+ CDR judgement & problem solving x 1.036 + Judgement of patient about 
driving safety x 1.250 + Recent driving experience x -0.576. With this 
prediction equation, a new predictor variable for the clinical interviews was 
created. The accuracy of the predictor variable for the clinical interviews in 
detecting patients who are unfit to drive (n = 46) relative to patients who are 
fit to drive (n =35) was examined by means of an ROC analysis. A 
significantly higher accuracy than chance of detecting patients who are unfit 
to drive was revealed (AUC = .835, SE = 0.044, p < .001). 
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Table 3.4.a Forward logistic regression analysis of predictor variables from the clinical 
interviews on fitness to drive for patients with Alzheimer’s disease. 

Clinical interviews B SE B Wald p 

Odds 
ratio 

Model 
CDR Orientation 
CDR Judgement & Problem solving 
Anamnesis Judgement driving safety 
Recent driving experience 
Total R²=0.330* 

 
-1.088 
-1.840 
-1.470 
0.710 

 
-0.603 
0.856 
1.153 
0.293 

 
3.254 
4.622 
1.627 
5.887 

 
.071 
.032 
.202 
.015 

 
0.337 
0.159 
0.230 
2.035 

Excluded variables 
CDR Memory 
CDR Community affairs 
CDR Sum of boxes score 
Heteroanamnesis Opinion cease driving 

  Score 
0.324 
1.531 
0.109 
0.429 

 
.569 
.216 
.742 
.513 

 

Abbreviations: CDR, Clinical Dementia Rating. 

Table 3.4.b Forward logistic regression analysis of predictor variables from the 
neuropsychological assessment on fitness to drive for patients with Alzheimer’s disease. 

Neuropsychological assessment B SE B Wald p 

Odds 
ratio 

Model 
MMSE 
RT S2 RT 
Hazard perception Correct trials 
Traffic theory Response time 
Total R²=0.444* 

 
0.277 

-0.011 
0.411 

-0.493 

 
0.118 
0.005 
0.138 
0.334 

 
5.536 
4.734 
8.903 
2.174 

 
.019 
.030 
.003 
.140 

 
1.319 
0.989 
1.508 
0.611 

Excluded variables 
TMT B-TMT A 
Drawings 
Maze 2 time 
RT S1 RT 
RT S1 MT 
RT S1 Variability in RT 
RT S2 MT 
RT S2 Variability in RT 
RT S2 Variability in MT 
RT S3 RT 
RT S3 MT 
RT S3 Variability in RT 
RT S3 Variability in MT 
Hazard perception Response time 
Traffic theory Correct trials 

  Score 
0.091 
1.582 
0.323 
0.013 
1.265 
0.788 
1.709 
3.439 
0.045 
0.029 
0.233 
0.018 
0.376 
2.284 
1.000 

 
.763 
.208 
.570 
.910 
.261 
.375 
.191 
.064 
.831 
.865 
.629 
.892 
.540 
.131 
.317 

 

Abbreviations: MMSE, Mini Mental State Examination; TMT, Trail Making Test; RT, 
Reaction time; MT, Motor time. 

75 

Table 3.4.c Forward logistic regression analysis of predictor variables from the simulator 
rides on fitness to drive for patients with Alzheimer’s disease. 

Driving simulator rides B SE B Wald p 

Odds 
ratio 

Model 
Minimum speed at intersection 2 in Int a 
Number of collisions in Int a 
Deceleration of rear car after merging 
Time headway after merging 
Total R²=0.377* 

 
-0.030 
-1.066 
0.679 

-0.991 

 
0.017 
0.494 
0.333 
0.637 

 
3.159 
4.656 
4.163 
2.421 

 
.075 
.031 
.041 
.120 

 
0.970 
0.345 
1.971 
0.371 

Excluded variables 
RT traffic lights in Int a 
Minimum speed at intersection 2 in Int b 
RT traffic lights in Int b 
Braking for car that pulls out in Int b 
Speed while merging 

  Score 
0.223 
0.003 
0.468 
1.885 
2.024 

 
.637 
.959 
.494 
.170 
.155 

 

Abbreviations: Int a, first intersections ride; Int b, second intersections ride. 

Prediction of fitness to drive using neuropsychological assessment 
Variables of paper and-pencil tests that correlated significantly with 
FITtoDRIVE were the MMSE (r = .459, p < .001), TMT B-TMT A (r = -.230, p = 
.039), Drawings (r = .439, p < .001) and Maze 2 (r = -.333, p = .003). Of the RT 
tests, all variables describing RT (RT S1: r = -.309, p = .005; RT S2: r = -.369, p = 
.001; RT S3: r = -.282, p = .012), MT (RT S1: r = -.342, p = .002; RT S2: r = -.399, p 
< .001; RT S3: r = -.294, p = .008) and variability in RT (RT S1: r = -.222, p = 
.047; RT S2: r = -.287, p = .009; RT S3: r = -.234, p = .038) and variability in MT 
(RT S2: r = -.250, p = .024; RT S3: r = -.266, p = .018) correlated with 
FITtoDRIVE except the variability in MT of RTS1. Furthermore, significant 
correlations with FITtoDRIVE were found for the response time (r = -.265, p = 
.017) and the number of correct trials (r = .510, p < .001) of the hazard 
perception test, as well as the response time (r = -.385, p < .001) and the 
number of correct trials (r = .269, p = .016) of the traffic theory test. Again, the 
correlating variables were used in a forward binary logistic regression 
analysis to determine the validity of the predictor variables in predicting 
FITtoDRIVE. A significant model was found to predict FITtoDRIVE, χ2(4, N = 
77) = 45.149, p < .001, on the basis of the MMSE, RT S2 RT, correct trials of the 
hazard perception test and the response time in the traffic theory test. The 
model explained 44.4% of the total variance (Cox & Snell R2) and classified 
81.8% of the patients correctly as fit or unfit to drive. A summary of the 
forward logistic regression analysis with the predictor variables from the 
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Table 3.4.a Forward logistic regression analysis of predictor variables from the clinical 
interviews on fitness to drive for patients with Alzheimer’s disease. 

Clinical interviews B SE B Wald p 

Odds 
ratio 

Model 
CDR Orientation 
CDR Judgement & Problem solving 
Anamnesis Judgement driving safety 
Recent driving experience 
Total R²=0.330* 

 
-1.088 
-1.840 
-1.470 
0.710 

 
-0.603 
0.856 
1.153 
0.293 

 
3.254 
4.622 
1.627 
5.887 

 
.071 
.032 
.202 
.015 

 
0.337 
0.159 
0.230 
2.035 

Excluded variables 
CDR Memory 
CDR Community affairs 
CDR Sum of boxes score 
Heteroanamnesis Opinion cease driving 

  Score 
0.324 
1.531 
0.109 
0.429 

 
.569 
.216 
.742 
.513 

 

Abbreviations: CDR, Clinical Dementia Rating. 

Table 3.4.b Forward logistic regression analysis of predictor variables from the 
neuropsychological assessment on fitness to drive for patients with Alzheimer’s disease. 

Neuropsychological assessment B SE B Wald p 

Odds 
ratio 

Model 
MMSE 
RT S2 RT 
Hazard perception Correct trials 
Traffic theory Response time 
Total R²=0.444* 

 
0.277 

-0.011 
0.411 

-0.493 

 
0.118 
0.005 
0.138 
0.334 

 
5.536 
4.734 
8.903 
2.174 

 
.019 
.030 
.003 
.140 

 
1.319 
0.989 
1.508 
0.611 

Excluded variables 
TMT B-TMT A 
Drawings 
Maze 2 time 
RT S1 RT 
RT S1 MT 
RT S1 Variability in RT 
RT S2 MT 
RT S2 Variability in RT 
RT S2 Variability in MT 
RT S3 RT 
RT S3 MT 
RT S3 Variability in RT 
RT S3 Variability in MT 
Hazard perception Response time 
Traffic theory Correct trials 

  Score 
0.091 
1.582 
0.323 
0.013 
1.265 
0.788 
1.709 
3.439 
0.045 
0.029 
0.233 
0.018 
0.376 
2.284 
1.000 

 
.763 
.208 
.570 
.910 
.261 
.375 
.191 
.064 
.831 
.865 
.629 
.892 
.540 
.131 
.317 

 

Abbreviations: MMSE, Mini Mental State Examination; TMT, Trail Making Test; RT, 
Reaction time; MT, Motor time. 
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Table 3.4.c Forward logistic regression analysis of predictor variables from the simulator 
rides on fitness to drive for patients with Alzheimer’s disease. 

Driving simulator rides B SE B Wald p 

Odds 
ratio 

Model 
Minimum speed at intersection 2 in Int a 
Number of collisions in Int a 
Deceleration of rear car after merging 
Time headway after merging 
Total R²=0.377* 

 
-0.030 
-1.066 
0.679 

-0.991 

 
0.017 
0.494 
0.333 
0.637 

 
3.159 
4.656 
4.163 
2.421 

 
.075 
.031 
.041 
.120 

 
0.970 
0.345 
1.971 
0.371 

Excluded variables 
RT traffic lights in Int a 
Minimum speed at intersection 2 in Int b 
RT traffic lights in Int b 
Braking for car that pulls out in Int b 
Speed while merging 

  Score 
0.223 
0.003 
0.468 
1.885 
2.024 

 
.637 
.959 
.494 
.170 
.155 

 

Abbreviations: Int a, first intersections ride; Int b, second intersections ride. 

Prediction of fitness to drive using neuropsychological assessment 
Variables of paper and-pencil tests that correlated significantly with 
FITtoDRIVE were the MMSE (r = .459, p < .001), TMT B-TMT A (r = -.230, p = 
.039), Drawings (r = .439, p < .001) and Maze 2 (r = -.333, p = .003). Of the RT 
tests, all variables describing RT (RT S1: r = -.309, p = .005; RT S2: r = -.369, p = 
.001; RT S3: r = -.282, p = .012), MT (RT S1: r = -.342, p = .002; RT S2: r = -.399, p 
< .001; RT S3: r = -.294, p = .008) and variability in RT (RT S1: r = -.222, p = 
.047; RT S2: r = -.287, p = .009; RT S3: r = -.234, p = .038) and variability in MT 
(RT S2: r = -.250, p = .024; RT S3: r = -.266, p = .018) correlated with 
FITtoDRIVE except the variability in MT of RTS1. Furthermore, significant 
correlations with FITtoDRIVE were found for the response time (r = -.265, p = 
.017) and the number of correct trials (r = .510, p < .001) of the hazard 
perception test, as well as the response time (r = -.385, p < .001) and the 
number of correct trials (r = .269, p = .016) of the traffic theory test. Again, the 
correlating variables were used in a forward binary logistic regression 
analysis to determine the validity of the predictor variables in predicting 
FITtoDRIVE. A significant model was found to predict FITtoDRIVE, χ2(4, N = 
77) = 45.149, p < .001, on the basis of the MMSE, RT S2 RT, correct trials of the 
hazard perception test and the response time in the traffic theory test. The 
model explained 44.4% of the total variance (Cox & Snell R2) and classified 
81.8% of the patients correctly as fit or unfit to drive. A summary of the 
forward logistic regression analysis with the predictor variables from the 
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neuropsychological assessment is presented in Table 3.4. Afterwards, a DFA 
was performed on the basis of the variables suggested by the logistic 
regression predicting FITtoDRIVE. The DFA resulted in a significant model 
(Wilk’s lambda = 0.601, χ2(4) = 38.717, p < .001, r = .632). A prediction 
equation was generated by summating predictor variables weighted with 
their unstandardized canonical discriminant coefficients: MMSE x 0.129 + RT 
S2 RT x -0.003 + Correct trials of Hazard perception x 0.206 + Response time 
of Traffic theory x -0.310. The accuracy of the predictor variable for 
neuropsychological assessment in detecting patients who are unfit to drive (n 
= 45) relative to patients who are fit to drive (n = 35) was examined using an 
ROC analysis. A significantly higher accuracy than chance of detecting 
patients who are unfit to drive was revealed (AUC = .905, SE = 0.035, p < 
.001).  
 
Prediction of fitness to drive using driving simulator rides 
Variables of the driving simulator rides that correlated significantly with 
FITtoDRIVE were in Intersections a Minimum speed Int 2 (r = -.333, p = .012), 
RT traffic lights (r = -.323, p = .015) and Number of collisions (r = -.299, p = 
.025), in Intersections b Minimum speed at Int 2 (r = -.318, p = .016), RT traffic 
lights (r = -.358, p = .006) and Braking for car that pulls out (r = .334, p = .011) 
and in the Merging ride, Speed while merging (r = .286, p = .031), 
Deceleration rear car (r = .446, p = .001) and Time headway merging (r = -.367, 
p = .005). With these variables, a forward binary logistic regression analysis 
was performed to determine the validity of the predictor variables in 
predicting FITtoDRIVE. A significant model was found to predict 
FITtoDRIVE, χ2(4, N = 56) = 26.461, p < .001, on the basis of Minimum speed 
Int 2 (with high values indicating unsafe driving) and Number of collisions 
in Intersections a, Deceleration rear car and Time headway merging in the 
Merging ride. The model explained 37.7% of the total variance (Cox & Snell 
R2) and classified 75.0% of the patients correctly as fit or unfit to drive. A 
summary of the forward logistic regression analysis with the predictor 
variables from the driving simulator rides is presented in Table 3.4. 
Successively, a DFA was conducted based on the variables included by the 
regression model to predict FITtoDRIVE. Using DFA, a significant model 
was found (Wilk’s lambda = 0.617, χ2(4) = 25.151, p < .001, r = .619). A 
prediction equation was generated by summating predictor variables 
weighted with their unstandardized canonical discriminant coefficients: 
Minimum speed Int 2 in Intersections a x 0.021 + Number of collisions in 
Intersections a x 0.738 + Deceleration rear car in the Merging ride x -0.367 + 
Time headway merging in the Merging ride x 0.732. The accuracy of the 
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predictor variable for driving simulator rides in detecting patients who are 
unfit to drive (n = 28) relative to patients who are fit to drive (n = 28) was 
examined by an ROC analysis. A significantly higher accuracy than chance of 
detecting patients who are unfit to drive was revealed (AUC = .861, SE = 
0.047, p < .001).  
 
Comparing prediction models of fitness to drive 
In order to compare the three prediction models in their accuracy to identify 
patients who are unfit to drive, patients with complete data on all three types 
of assessments were selected (n = 55). The accuracy of the predictor variables 
for clinical interviews, neuropsychological assessment and driving simulator 
rides in detecting patients who are unfit to drive (n = 27) relative to patients 
who are fit to drive (n = 28) were examined by ROC analyses. Though all 
predictor variables add significant accuracy compared to prediction on 
chance level, a comparison of prediction accuracies demonstrated that 
neuropsychological assessment was the best in identifying patients unfit to 
drive (AUC = .946, SE = 0.029, p < .001), followed by driving simulator rides 
(AUC = .856, SE = 0.049, p < .001),and clinical interviews (AUC = .796, SE = 
0.060, p < .001). A visual comparison of ROC curves for the three prediction 
models is presented in Figure 3.1. 
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Figure 3.1. ROC curves presenting diagnostic accuracies of clinical interviews, 
neuropsychological assessment, and driving simulator rides for the prediction of 
fitness to drive. 

Combining prediction models of fitness to drive 
The three predictor variables were entered in a hierarchical binary logistic 
regression analysis to investigate whether using more than one type of 
assessment improves the predictive accuracy in detecting patients being unfit 
to drive. According to the common procedure in clinical practice, the 
predictor variable of clinical interviews was entered in block 1 (χ2(1, N = 55) = 
41.110, p < .001), the predictor variable of neuropsychological assessment was 
entered in block 2 (χ2(2, N = 55) = 48.527, p < .001) and the predictor variable 
of driving simulator rides was entered in block 3 (χ2(3, N = 55) = 52.477, p < 
.001). The model increased significantly in predictive validity with each step, 
i.e. the model of block 1 explained 52.6% of the total variance (Cox & Snell 
R2), the model of block 2 added 6.0% to the explained variance (Cox & Snell 
R2 = 58.6%) and the model of block 3 added another 2.9% to the explained 
variance (Cox & Snell R2 = 61.5%). With the model of block 3, 87.3% of the 
patients were correctly classified as fit or unfit to drive. Subsequently, a DFA 
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was conducted with all three predictor variables and FITtoDRIVE, which 
resulted in a significant model (Wilk’s lambda = 0.412, χ2(3) = 45.720, p < .001, 
r = .767). A prediction equation was generated by summating all variables 
weighted by their unstandardized canonical discriminant coefficients: 
Clinical interviews x 0.328 + Neuropsychological assessment x -0.620 + 
Driving simulator rides x 0.483. With this prediction equation, a final 
predictor variable was created representing the complete method. The 
accuracy of this predictor variable in detecting patients being unfit to drive 
(n =27) relative to patients being fit to drive (n = 28) was examined by means 
of an ROC analysis. A high accuracy of detecting patients who are unfit to 
drive was revealed (AUC = .974, SE = 0.018, p < .001). A graphical plot of the 
ROC curve representing the final predictor variable is shown in Figure 3.2. 
 

 
Figure 3.2. ROC curve of the predictor variable of the complete method. 

In order to determine a suitable cut-off for the final predictor variable, a 
range of cut-offs were explored in terms of their classification accuracies, 
including sensitivity, specificity, positive predictive value (PPV) and 
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negative predictive value (NVP) (Table 3.5). When aiming for the highest 
possible combination of sensitivity and specificity (as indicated by Youden’s 
index (Youden, 1950)), the best cut-off is -0.6. Applying this cut-off, 51 out of 
55 patients were classified correctly, corresponding to a predictive accuracy 
of 92.7%, with 3 patients incorrectly classified as failing (false negative) and 1 
patient incorrectly classified as passing (false positive) (Table 3.6). However, 
one could also argue that it has highest priority to correctly identify patients 
who are unfit to drive, resulting in a best cut-off of -0.8. With this cut-off, 50 
out of 55 patients were classified correctly, corresponding to a predictive 
accuracy of 90.9%, with 5 patients incorrectly classified as failing (false 
negative), but no patients incorrectly classified as passing (false positive) 
(Table 3.6). 

Table 3.5. Classification accuracy of the final predictor variable (including clinical 
interviews, neuropsychological assessment and driving simulator rides) in detecting 
patients being unfit to drive (n=27) relative to patients being fit to drive (n=28). 

Cut-off final 
predictor variable Sensitivity Specificity Youden’s index PPV NPV 

-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 
0.0 
0.1 
0.2 

100.0 
96.3 
96.3 
88.9 
88.9 
81.5 
81.5 
81.5 
77.8 
74.1 
70.4 

82.1 
85.7 
89.3 
89.3 
92.9 
92.9 
92.9 
92.9 
92.9 
92.9 
92.9 

0.821 
0.820 
0.856 
0.782 
0.818 
0.744 
0.744 
0.744 
0.707 
0.670 
0.633 

84.4 
86.7 
89.7 
88.9 
92.3 
91.7 
91.7 
91.7 
91.3 
90.9 
90.5 

100.0 
96.0 
96.2 
89.3 
89.7 
83.9 
83.9 
83.9 
81.3 
78.8 
76.5 

Abbreviations: PPV, positive predictive value; NPV, negative predictive value. 

Table 3.6. Predictive accuracy of the final predictor variable with cut-off -0.6 (A) and   
-0.8 (B). 

A  B 

Prediction  

Fitness to drive   

Prediction 

Fitness to drive  

Fail Pass Total  Fail Pass Total 

Fail 
Pass 

26 
1 

3 
25 

29 
26 

 Fail 
Pass 

27 
0 

5 
23 

32 
23  

Total 27 28 55  Total 27 28 55 
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3.4. Discussion 

The present study aimed to develop a method for the prediction of fitness to 
drive in patients with AD which can be applied in a clinical setting, including 
clinical interviews, neuropsychological assessment and driving simulator 
rides. The criterion FITtoDRIVE was the binary outcome of an on-road driving 
assessment.  
 
Patients with AD performed significantly worse than a healthy comparison 
group on the clinical interviews, neuropsychological assessment and driving 
simulator rides reaching effect sizes of up to 2.22 (Cohen’s d) (Table 3.2). 
Additionally, the percentage of patients with AD who failed the on-road 
assessment (56.8%) was considerably larger than the percentage of healthy 
participants who failed the on-road assessment (11.1%). Since the vast 
majority of healthy participants passed the on-road assessment, age alone 
does not seem to indicate unsafe driving (Karlene Ball & Owsley, 2003; 
Lincoln, Radford, Lee, & Reay, 2006). The healthy comparison group was not 
included in further analyses, because the key objective was to differentiate 
between fit and unfit drivers with AD. 
 
Approximately half of the patients with AD passed the on-road assessment 
and the other half failed, indicating that AD affects driving. 
Correspondingly, patients with AD were consistently found to represent an 
at-risk group for unsafe driving in previous research (Brown & Ott, 2004; 
Dubinsky, Stein, & Lyons, 2000; Ernst et al., 2010; Snyder, 2005; Withaar, 
Brouwer, & van Zomeren, 2000). Despite the association with unsafe driving, 
half of the patients with AD were evaluated as fit to drive in the on-road 
assessment. The finding that some but not all patients with AD are unfit to 
drive is in line with previous studies (Brown & Ott, 2004; Ernst et al., 2010; 
Withaar et al., 2000) and supports the need for the investigation of fitness to 
drive in this population. 
 
Within the group of patients with AD, patients who failed the on-road 
assessment performed significantly worse than patients who passed the on-
road assessment with regard to clinical interviews, neuropsychological 
assessment and driving simulator rides reaching effect sizes of up to 1.15 
(Cohen’s d) (Table 3.3). The first goal was to determine which combination of 
measures from each type of assessment is most predictive of failing the on-
road assessment. Clinical interviews were shown to be useful for the 
prediction of FITtoDRIVE with an overall accuracy of 83.5% and 33.0% 
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prediction of FITtoDRIVE with an overall accuracy of 83.5% and 33.0% 
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explained variance. Two subscores of the CDR, i.e. orientation and 
judgement & problem solving, were shown to significantly predict 
FITtoDRIVE. Impairments in orientation may lead to failure to perceive all 
relevant aspects of the infrastructure and to an inability to follow routes (Uc 
et al., 2004). Impairments in judgement could result in strategic and tactical 
errors, such as driving in adverse weather conditions and overtaking in 
dangerous circumstances. Although CDR subscore memory correlated with 
FITtoDRIVE in bivariate analysis, the predictive accuracy of the logistic 
regression did not improve when entering this variable to the model. The 
patient’s own judgement about driving safety and recent driving experience 
were the two predictor variables that significantly contribute to the 
prediction model. These two findings suggest that patients with mild AD 
may have meta-analytic skills and are able to evaluate their own abilities and 
functioning, in contradiction to previous research showing impaired 
awareness of their functioning in activities of daily living (Mullen, Howard, 
David, & Levy, 1996). The self-evaluation of driving abilities might have also 
affected recent driving experience, i.e. patients who evaluate their own 
driving abilities as limited may reduce their driving experience (O’Connor, 
Edwards, & Bannon, 2013). 
 
Neuropsychological test performance was also demonstrated to be predictive 
for FITtoDRIVE with an overall accuracy of 90.5% and 44.4% explained 
variance. One of the four predictors was the MMSE, which supports the 
assumption that patients with a more severe dementia are less likely to drive 
safely (Dawson et al., 2009; Duchek et al., 2003). However, the MMSE alone 
has previously been found to be insufficient for predicting fitness to drive 
(Lincoln et al., 2006). Another predictor included in the model was a reaction 
time measure of a selective auditory attention test. Slow reaction times of 
participants may lead to too slow responses to traffic situations on the road 
as well. Two additional measures were included in the model that do not 
come from classical neuropsychological tests, but from tests specifically 
developed for the driving context, i.e. the correct trials of the hazard 
perception test and the response time in the traffic theory test. The 
knowledge about traffic rules and recognition of hazards and selection of 
appropriate actions according to these hazards are important aspects for safe 
driving so that it is not surprising that these measures contribute to the 
prediction of fitness to drive. Further inspection of the predictors derived 
from the neuropsychological assessment shows that the MMSE may be 
available from a routine clinical evaluation and that simple reaction time 
tests are rather common in clinical neuropsychological assessments. 
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However, a hazard perception test and traffic theory test are tests specifically 
designed for the assessment of fitness to drive. Dobbs and colleagues have 
suggested that tests explicitly designed for the prediction of fitness to drive 
may be much stronger predictors than classical neuropsychological tests 
(Dobbs et al., 2002). The present results support this view only partially, since 
two predictors originate from specialized traffic tests while two other 
predictors are derived from classical neuropsychological tests. When looking 
at the odds ratios of the logistic regression analysis from the 
neuropsychological assessment (Table 3.4), it appears that the hazard 
perception test is very important for the prediction of FITtoDRIVE with 
50.8% change in likelihood of FITtoDRIVE per one unit change. A 
substantially effect on FITtoDRIVE is also revealed for the MMSE, with an 
odds ratio indicating a 31.9% increase in likelihood of FITtoDRIVE per one 
unit change. This implicates that classical neuropsychological tests and 
specialized traffic tests both can make an important contribution to the 
prediction of fitness to drive. 
 
Driving simulator rides significantly predict FITtoDRIVE in patients with 
AD as well, with an overall accuracy of 86.1% and 37.7% explained variance. 
Two predictor variables included in the model were measured during the 
first intersections ride, the lowest speed when approaching a specific 
intersection and the number of collisions. The other two predictor variables 
were measured during merging, i.e. the deceleration of the rear car after 
merging and the time headway to the car in front after merging. These 
predictor variables indicate that patients who drive fast towards an 
intersection where they have to give way, but drive slow when they merge 
on the motorway right in front of another car, are likely to fail the on-road 
assessment. These findings may indicate that patients who are unfit to drive 
do not anticipate for upcoming traffic situations, since they do not make 
appropriate speed adjustments. The driving simulator results also suggest 
that it is important for the prediction of fitness to drive to look at behaviour 
at intersections where the participant has to give way and a merging 
manoeuvre besides measuring the number of collisions, in particular as 
collisions are high impact events that should be avoided in driving simulator 
research. Decreased lateral position control (SDLP) is frequently used for 
studying the effects of alcohol and drugs on driving behaviour (Louwerens, 
Gloerich, de Vries, Groothuis, & O’Hanlon, 1987; Veldstra, Bosker, de Waard, 
Ramaekers, & Brookhuis, 2015), but was not found to predict FITtoDRIVE in 
patients with AD. 
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The second goal of the present study was to compare the predictive value of 
the three types of assessments. When comparing the accuracy of the prediction 
models on the same sample of patients with AD (n = 55), neuropsychological 
assessment provided the best prediction of FITtoDRIVE (94.6% accuracy), 
followed by driving simulator rides (85.6% accuracy) and clinical interviews 
(79.6% accuracy) (Figure 3.1). A clinical interview may not always be very 
informative, because it requires meta-analytic skills and self-evaluation from 
the patient. Although results presented above demonstrated these skills 
appear to be preserved at mild stages of AD, previous research showed that 
AD may affect these skills in the course of the disease (Mullen et al., 1996). 
Furthermore, it can be difficult to find an informant, which is crucial for a 
reliable prediction of fitness to drive on the basis of clinical interviews. As a 
result, clinical interviews are less objective and less standardized than 
neuropsychological tests and driving simulator rides. Nevertheless, driving 
simulator rides were also not sufficiently predictive if used alone. Although 
driving simulator rides share many characteristics with on-road driving (high 
face validity), it has also been stressed that driving in a driving simulator is not 
the same as driving on the road (Freund et al., 2002; Veldstra et al., 2015). 
Moreover, driving simulators are originally not designed as a clinical tool 
while neuropsychological tests are. This could explain why especially these 
tests are predictive for fitness to drive in patients with AD. 
 
The third goal of the present study was to examine the best possible 
combination of the three types of assessments. A combination of clinical 
interviews, neuropsychological assessment and driving simulator rides 
presented the best prediction of FITtoDRIVE, yielding 97.4% accuracy and 
61.5% explained variance. Hence, a more thorough assessment provides a 
better prediction model than the neuropsychological assessment only. When 
using all three types of assessments and a cut-off of -0.6, the recommendation 
of Kay and colleagues (Kay et al., 2012) to aim for both sensitivity and 
specificity of at least 90% is very close to being met (sensitivity 96.3%, 
specificity 89.3%). One could argue that all patients with AD who are unfit to 
drive should always be classified correctly, because patients with AD who are 
unfit to drive will probably remain unfit to drive due to the progressive course 
of AD, resulting in a recommended cut-off of -0.8. With cut-off -0.8, the 
sensitivity is 100% and the specificity is still high with 82.1%. Both cut-offs 
resulted in a classification accuracy above 90%. Previous studies already 
suggested that using multiple tests may help in the prediction of fitness to 
drive (Wood et al., 2008). The present results suggest not only the use of 
multiple tests, but also the use of multiple types of assessments. The three 
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types of assessments appear to provide non-redundant and different types of 
information that are all useful for the prediction of fitness to drive. The clinical 
interviews may provide information about recent functioning of the patient in 
daily life, while a neuropsychological assessment informs about specific 
cognitive abilities and driving simulator rides about operational and tactical 
driving skills. 

3.4.1. Limitations and future directions 

Self-reports of patients with AD have limitations. A pitfall is asking patients 
with AD whether they think they should cease driving, because patients who 
participate in an fitness-to-drive assessment in general wish to continue 
driving. However, when asking whether they are driving less safely than 
when they were middle-aged, they might admit that this is the case. In the 
present study, both questions were asked. No patients answered that they 
think they should cease driving, but their own judgement of driving safety 
was found to be predictive for FITtoDRIVE. Recent driving experience is 
another important predictor. It may be difficult for patients with AD to 
estimate the kilometres driven in the preceding twelve months, but here 
informants may be able to assist.  
 
Simulator sickness is a common problem of older drivers (Edwards et al., 2003; 
Mullen et al., 2010). In the current study, countermeasures were used, i.e. 
simulator scenarios included no sharp turns and relatively few elements in the 
landscape, and the driving simulator had a high frame rate of 60 images per 
second (Classen, Bewernitz, & Shechtman, 2011). Nevertheless, simulator 
sickness occurred in approximately a third of the participants. Such high rates 
of simulator sickness have been found in older drivers before (Edwards et al., 
2003; Mullen et al., 2010). Simulator sickness is very inconvenient for the 
driver and might influence motivation and driving performance. For this 
reason, all participants who reported symptoms of simulator sickness were 
excluded entirely from analyses involving driving simulator rides. Participants 
were not invited to complete the driving simulator rides at another time in 
order to prevent another experience with simulator sickness (ethical reason). 
Unfortunately, simulator sickness leads to many missing data. The high rate of 
simulator sickness in older drivers limits the clinical utility of the driving 
simulator for evaluations of older drivers. Moreover, a selection bias might 
emerge as it remains unknown whether simulator sickness affects individuals 
randomly, or whether it is associated with their ability to perform in the 
driving simulator. This might affect a prediction model derived from the 
driving simulator data. Although Mullen and colleagues suggested that 
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simulator sickness is not related to driving performance (Mullen et al., 2010), 
patients with simulator sickness who failed the on-road assessment are 
overrepresented in the current study, i.e. 7 patients (29.2%) who suffered from 
simulator sickness passed the on-road assessment while 17 patients (70.8%) 
with simulator sickness failed the on-road assessment. The frequent 
occurrence of simulator sickness and the resulting selection bias are problems 
that have to be dealt with when implementing driving simulator rides for the 
evaluation of older drivers with AD in a clinical setting. Numerous attempts 
are being made to reduce the occurrence of simulator sickness, e.g. by optical 
corrections, initial acclimation or olfactory cues (Bridgeman, Blaesi, & 
Campusano, 2014; Domeyer, Cassavaugh, & Backs, 2013; Keshavarz, 
Stelzmann, Paillard, & Hecht, 2015). If these attempts will lead to a marked 
reduction in rates of simulator sickness, driving simulator rides will become a 
promising method for investigating fitness to drive. 
 
Although the classification accuracies are very high with both suggested cut-
offs, there are still several misclassifications which may lead to severe 
consequences for the individual and other road users. Patients who are 
classified as unfit to drive while they are not (false negatives) will be limited in 
independent mobility and autonomy for no reason (Carr & O’Neill, 2015; 
Snyder, 2005). Patients who are classified as fit to drive while they are not 
(false positives) will continue to drive unsafely which poses risks for both 
patients and public. As an explanation for false positives, it can be speculated 
that patients with AD who pass tests and measures for fitness to drive might 
still be impaired at on-road driving, as on-road driving requires the 
integration of several functions and abilities under real life circumstances, and 
may thus represent a more complex process in comparison to rather isolated 
tests and measures at the clinical assessment of fitness to drive. In future 
research, it would be interesting to evaluate whether more complex 
assessment methods that require integration of functions and skills could 
predict such failure on the road (Chaparro, Wood, & Carberry, 2005; Levy & 
Pashler, 2008). As an explanation of false negatives, it must be considered that 
patients with AD may be able to adapt to or compensate for their cognitive 
impairment when driving on the road, e.g. by very careful driving behaviour 
or much driving experience (Lincoln et al., 2006). However, years of driving 
experience did not correlate with fitness to drive in this study. Importantly, it 
is possible that patients with AD who are misclassified as unfit to drive might 
become unfit to drive soon after the assessment because of their progressive 
disease, indicating that these patients with AD may be advised to cease 
driving just a little earlier than necessary. This hypothesis could be tested in 

87 

longitudinal research. This leads to the important and unanswered question 
whether the fitness-to-drive assessment could be performed multiple times 
without being affected by re-test effects. A repeated assessment of fitness to 
drive of patients with AD might be very beneficial considering the progressive 
course of AD, but also because of additional medical conditions that may 
affect fitness to drive only temporarily (e.g. mild stroke, bone fractures). 
 
In order to reduce the number of misclassifications, one could choose not to 
dichotomize the results into either fit or unfit, but to ‘trichotomize’ the results 
into three categories, i.e. fit, uncertain or unfit. In trichotomization, two cut-
offs are used, meaning that patients scoring below the low cut-off are regarded 
unfit to drive and patients scoring above the high cut-off are regarded fit to 
drive, patients with a score in-between the two cut-offs are placed in an 
uncertain group (Molnar, Byszewski, Rapoport, & Dalziel, 2009). It is unclear 
whether patients in the uncertain group are fit to drive or not, therefore the 
uncertain group requires further assessment on the road. For the patients in 
the fit and unfit groups, the fitness-to-drive assessment method may replace 
the on-road driving assessments in the future.  
 
The on-road assessment was employed as the criterion as it is commonly used 
and it also represents the current official relicensing procedure for patients 
with dementia in the Netherlands, however, it has several disadvantages. On-
road assessments take place in a changing environment, therefore different 
tasks will be encountered by different drivers even when driving the same 
route. In order to improve the comparability of the on-road assessments, a 
standardized and validated scoring form specifically designed for driving 
assessment of older drivers was used, called the TRIP (Tant et al., 2002; 
Withaar et al., 2000). Nevertheless, even when using a standardized TRIP 
form, many circumstances such as adverse weather conditions could impact 
on on-road assessments. Notably, an on-road assessment is a single, short-
term event which makes it vulnerable for coincidental influences (Piersma, de 
Waard, et al., 2016). Moreover, patients may receive a doubtful outcome on the 
on-road assessment if their driving performance is questionable. This outcome 
is insufficient to renew a driving licence, but these patients are invited to a 
second on-road assessment after taking driving lessons or applying car 
adaptations. It must be noted that the reliability of the on-road assessment 
remains unknown what could be a threat to the implications drawn from the 
present study. In order to investigate the reliability of the on-road assessment, 
it would be of interest to have participants performing the on-road assessment 
several times to explore the level of agreement between on-road assessments 
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within subjects. Related to this, a follow-up study would be helpful to 
determine whether the prediction in the current study corresponds to driving 
behaviour in real-life situations, e.g. a naturalistic driving study. 
 
A limitation inherent to the used analyses is the problem of capitalisation on 
chance (MacCallum, Roznowski, & Necowitz, 1992). Although the initial 
number of participants (81 patients with AD) is rather high for this type of 
research (Dawson et al., 2009; Duchek et al., 2003; Ernst et al., 2010; Uc et al., 
2004), the number of participants with usable driving simulator data is 
smaller. The large number of tests and measures may be problematic as 
predictors may be identified by chance on the basis of the present sample, 
resulting in invalid conclusions for the population of drivers with AD. 
Therefore, a replication of this study on an independent patient sample would 
be desirable. The current study provides indications which variables 
differentiate well between fit and unfit drivers with AD, but the method is not 
ready to be applied until the findings are replicated in an independent patient 
sample. 
 
For the current study, patients with AD were selected. Nonetheless, patients 
with other aetiologies of dementia may be impaired in driving as well. The 
methodology applied in the current study should therefore be employed in 
studies on fitness to drive on patients with other aetiologies than AD, e.g. 
vascular dementia, frontotemporal dementia and Parkinson’s dementia. This 
is relevant as it was suggested recently that other predictor variables may play 
a role in the prediction of fitness to drive in other aetiologies, because 
symptoms and prognoses of other aetiologies of dementia differ from AD 
(Piersma, de Waard, et al., 2016). 

3.5. Conclusions 

Measures from clinical interviews, neuropsychological assessment and driving 
simulator rides were found to be predictive of on-road driving performance. 
When comparing the three types of assessments, neuropsychological 
assessment provided the best prediction of fitness to drive followed by 
driving simulator rides and clinical interviews. An even better prediction of 
fitness to drive was achieved when combining all three types of assessments. 
If the results can be replicated in an independent sample of patients with AD, 
the developed method may be used to advise patients with AD and their 
family members about fitness to drive.  
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4. Assessing fitness to drive: A validation study on 
patients with mild cognitive impairment3 

ABSTRACT 
Objectives: There is no consensus yet on how to determine which patients 
with cognitive impairment are able to drive a car safely and which are not. 
Recently, a strategy was composed for the assessment of fitness to drive, 
consisting of clinical interviews, a neuropsychological assessment, and 
driving simulator rides, which was compared with the outcome of an expert 
evaluation of an on-road driving assessment. A selection of tests and 
parameters of the new approach revealed a predictive accuracy of 97.4% for 
the prediction of practical fitness to drive on an initial sample of patients 
with Alzheimer’s dementia. The aim of the present study was to explore 
whether the selected variables would be equally predictive (i.e. valid) for a 
closely related group of patients; that is, patients with mild cognitive 
impairment (MCI). 
 
Methods: Eighteen patients with mild cognitive impairment completed the 
proposed approach to the measurement of fitness to drive, including clinical 
interviews, a neuropsychological assessment, and driving simulator rides. 
The criterion fitness to drive was again assessed by means of an on-road 
driving evaluation. The predictive validity of the fitness to drive assessment 
strategy was evaluated by receiver operating characteristic (ROC) analyses. 
 
Results: Twelve patients with MCI (66.7%) passed and 6 patients (33.3%) 
failed the on-road driving assessment. The previously proposed approach to 
the measurement of fitness to drive achieved an overall predictive accuracy 
of 94.4% in these patients. The application of an optimal cut-off resulted in a 
diagnostic accuracy of 100% sensitivity toward unfit to drive and 83.3% 
specificity toward fit to drive. Further analyses revealed that the 
neuropsychological assessment and the driving simulator rides produced 
rather stable prediction rates, whereas clinical interviews were not 
significantly predictive for practical fitness to drive in the MCI patient 
sample. 
 
                                                 
3 This chapter was based on Fuermaier, A. B. M.*, Piersma, D.*, de Waard, D., Davidse, R. J., 
de Groot, J., Doumen, M. J. A., … Tucha, O. (2017). Assessing fitness to drive - A validation 
study on patients with Mild Cognitive Impairment. Traffic Injury Prevention, 18(2), 145–149. 
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within subjects. Related to this, a follow-up study would be helpful to 
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Conclusions: The selected measures of the previously proposed approach 
revealed adequate accuracy in identifying fitness to drive in patients with 
MCI. Furthermore, a combination of neuropsychological test performance 
and simulated driving behaviour proved to be the most valid predictor of 
practical fitness to drive. 

4.1. Introduction 

Cognitive impairment is a risk factor for unsafe driving (Devlin, McGillivray, 
Charlton, Lowndes, & Etienne, 2012; Dubinsky et al., 2000; Frittelli et al., 
2009; Wadley et al., 2009), but advising patients with cognitive impairment 
on fitness to drive is difficult due to the many factors that influence driving 
safely (Bacon, Fisher, Morris, Rizzo, & Spanaki, 2007). Several clinical 
assessment tools have been composed to evaluate fitness to drive in patients 
with cognitive impairment, but there is no consensus yet on how fitness to 
drive should be investigated in clinical practice (Carr & Ott, 2010). It has been 
shown that predictive accuracies of the available methods for the assessment 
of fitness to drive differ greatly when compared to pass–fail decisions of on-
road evaluators and often fail a successful replication on independent 
samples (Gifford, 2013; Hoggarth, Innes, Dalrymple-Alford, & Jones, 2013; 
Innes et al., 2011; Mathias & Lucas, 2009; Vrkljan, McGrath, & Letts, 2011). 
Several possible explanations for this variation in predictive accuracy of such 
approaches can be identified. First, a great heterogeneity of patients exists 
both within and between studies that becomes particularly obvious with 
respect to clinical characteristics such as aetiologies, symptoms, and 
impairments. It can be argued that patients suffering from different types of 
impairments may require a different set of measures for the prediction of 
fitness to drive (Piersma, de Waard, et al., 2016). Second, many studies that 
explored predictors of fitness to drive employed comprehensive assessment 
tools and test batteries, including numerous tests and test variables. For these 
reasons, many studies introduced a large number of candidate variables and 
explored the validity of these measures for the prediction of fitness to drive 
on a rather small, heterogeneous clinical sample. The identification of 
significant predictors among a large number of variables on small samples 
may result in a problem that is referred to as capitalization on chance 
(MacCallum et al., 1992), which describes the risk of a large part of the 
associations found between predictor variables and the outcome fitness to 
drive having occurred due to random error. Capitalization on chance is a 
relevant issue for the identification of predictors for fitness to drive, because 
prediction models tend to perform better on the data set on which the model 
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was estimated (derivation set) than on a new data set (validation set). 
External validation of a prediction model on an independent data set is 
therefore a crucial step before clinical application can be suggested (Bleeker 
et al., 2003; Toll, Janssen, Vergouwe, & Moons, 2008). 
 
In a recent study, an assessment strategy was composed for the prediction of 
practical fitness to drive in patients with Alzheimer's dementia (AD), 
consisting of clinical interviews, a neuropsychological assessment, and 
driving simulator rides (Piersma, Fuermaier, et al., 2016). The predictive 
accuracy of this approach was found to be 97.4% on a sample of 55 patients 
with AD. Before application in clinical practice can be recommended, the 
validity of such an assessment strategy needs to be evaluated on an 
independent sample of patients. The aim of this study was therefore to 
explore the validity of the assessment approach and to extent this approach 
to a closely related group of patients with cognitive impairment; that is, mild 
cognitive impairment (MCI). 

4.2. Methods 

4.2.1. Patients with mild cognitive impairment 

Recruitment and assessment of patients with MCI was performed as part of 
the original study and followed the same study protocol as described by 
Piersma, Fuermaier and colleagues (Piersma, Fuermaier, et al., 2016). MCI 
was diagnosed by a neurologist, geriatrician, psychiatrist, or general 
practitioner. The diagnosis was established by following the criteria as 
described by Petersen (Petersen, 2004) and Albert et al. (Albert et al., 2011), 
which includes (1) cognitive complaints of the patient indicating cognitive 
decline, usually corroborated by an informant; (2) objective evidence of 
cognitive impairment that cannot be explained by normal aging; (3) 
essentially preserved functional abilities; and (4) the absence of a diagnosis of 
dementia. There was no predefined set of measures that was consistently 
used in the diagnostic process of all patients in the present study. However, 
the diagnostic process of all patients was supported by the use of various 
diagnostic instruments that were mainly used in a qualitative fashion for 
diagnostic purposes. Data on formal neuropsychological testing were not 
available for all patients; therefore, a distinction between amnestic and non-
amnestic MCI, as well as single or multiple domain impairment, cannot be 
made for all patients in the present sample. Recruitment and assessment 
were conducted at 5 locations in The Netherlands, resulting in the inclusion 
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of 18 patients diagnosed with MCI who performed the complete fitness to 
drive assessment method as described in the previous study on patients with 
AD. Participants’ ages ranged from 49 to 79 years (mean = 67.5 years; SD = 
8.6 years), including 2 females and 16 males. Inclusion criteria were a valid 
driver's licence, a diagnosis of MCI, a binocular visual acuity of at least 0.5, 
and a horizontal visual field of at least 120°. Exclusion criteria were 
neurological conditions unrelated to any aetiology of dementia and usage of 
medications with known severe influence on driving. The study was 
approved by the Medical Ethical Committee of the University Medical 
Center Groningen, The Netherlands. 

4.2.2. Fitness to drive assessment 

The approach to the assessment of fitness to drive recently described 
(Piersma, Fuermaier, et al., 2016), including clinical interviews, a neuro-
psychological assessment, and driving simulator rides, was administered to 
all patients. For the purpose of this study, only those measures entered 
analysis that included the final prediction equations as derived from the 
original study on the assessment of fitness to drive. Measures of clinical 
interviews included 2 subscores of the Clinical Dementia Rating (CDR; 
Morris, 1993)—that is, Orientation and Judgment and Problem Solving—as 
well as additional information about the patients’ judgments about their own 
driving safety and recent driving experience. The neuropsychological 
assessment included the Mini-Mental State Examination (MMSE; Folstein et 
al., 1975; Kok & Verhey, 2002), the Reaction Time S2 (Prieler, 2008; 
Schuhfried, 2013), the Hazard Perception Test (Vlakveld, 2011), and a traffic 
theory test (for details, see Piersma, Fuermaier, et al., 2016). For the driving 
simulation, fixed-based Jentig50 driving simulators of ST Software 
(Groningen, the Netherlands) were used. Driving simulator measures 
included the minimal speed when approaching an intersection with traffic 
lights, the number of collisions in a ride with intersections, and 2 measures 
regarding a merging manoeuvre; that is, the deceleration of the car behind 
right after merging and the time headway to the car in front directly after 
merging (for details of simulator rides, see Piersma, Fuermaier, et al., 2016). 

4.2.3. On-road driving assessment 

The on-road driving assessments were performed by approved experts on 
practical fitness to drive of the CBR Dutch driving test organization. Experts 
were blind to the patients’ diagnoses and fitness to drive assessment results. 
The experts made use of the Test Ride Investigating Practical fitness to drive 
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(Tant et al., 2002; Withaar, 2000). Finally, one overall score was determined 
by the expert, resulting in a pass, doubtful, or fail outcome. The overall score 
was recoded into a dichotomous item; that is, pass outcomes indicating 
fitness to drive and doubtful or fail outcomes indicating unfit to drive 
(criterion). 

4.2.4. Statistical analysis 

Receiver operating characteristic (ROC) analyses were performed to evaluate 
the predictive accuracies of the obtained measures in determining 
individuals’ practical fitness to drive. ROC analyses were performed on the 
basis of clinical interviews, neuropsychological test performances, driving 
simulator rides, as well as the complete assessment approach including all 3 
types of predictors. The area under the curve (AUC) was used as a 
classification measure with larger areas indicating better predictive accuracy. 
The predictive accuracy of the complete approach was further evaluated by 
calculating classification statistics; that is, sensitivity, specificity, positive 
predictive power, and negative predictive power. 

4.3. Results 

Of the 18 patients with MCI, 12 patients (66.7%) passed the on-road 
assessment and were regarded fit to drive, and 6 patients (33.3%) with 
doubtful or fail outcomes were regarded unfit to drive. Of the 12 patients 
who were regarded fit to drive, 5 patients had no restrictions placed on them, 
2 patients were restricted to driving with automatic transmission, and 5 
patients had a restriction on the duration that the driver's licence was valid, 
ranging between 1 and 5 years (depending on the severity of impairments 
found in neuropsychological tests). Descriptive results of patients with MCI 
who passed and failed the on-road assessment are presented in Table 4.1. 
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Table 4.1. Descriptive results of patients with MCI who pass and patients with MCI 
who fail the on-road assessment on selected measures of clinical interviews, 
neuropsychological assessment, and driving simulator rides (M ± SD). 

Predictors d 
Pass 

(n = 12) 
Fail 

(n = 6) 

Clinical interviews e   

Clinical Dementia Rating 
CDR Orientation 
CDR Judgement & Problem Solving 

 
0.333±0.389 
0.417±0.359 

 
0.500±0.316 
0.417±0.376 

Anamnesis 
Judgement driving safety a 

 
1.25±0.45 

 
1.33±0.52 

Driving questionnaire 
Recent driving experience b 

 
2.75±1.42 

 
3.33±1.63 

Neuropsychological assessment f   

MMSE 
Total score 

 
27.25±2.90 

 
26.67±1.86 

RT S2 
Reaction time (msec) 

 
262.75±53.58 

 
270.50±54.16 

Hazard Perception 
Number of correct trials 

 
16.50±3.34 

 
10.83±4.49 

Traffic theory 
Response time (sec) 

 
6.22±1.16 

 
7.45±1.13 

Driving simulator rides g   

Intersection ride 
Minimum speed intersection 2 (km/h)c 

Number of collisions 

 
5.27±9.53 
0.42±0.67 

 
5.04±12.21 

1.00±0.89 

Merging ride 
Deceleration rear car (km/h) 
Time headway (sec) 

 
-0.03±0.09 
0.91±0.39 

 
-2.11±3.26 
1.80±0.64 

a Judgement about driving safety whether participant is (1) still driving as safely as 
when the participant was middle-aged, (2) is driving less safely compared to when the 
participant was middle-aged, or (3) drives unsafely. 

b kilometres driven in the previous twelve months: (1) less than 1.000 km, (2) 1.000–5.000 
km, (3) 5.000–10.000 km, (4) 10.000–20.000 km, (5) 20.000–30.000 km, (6) 30.000–50.000, 
(7) more than 50.000 km. 
c Intersection with need to give right of way, the traffic lights at this intersection turn 
yellow and subsequently red. 
d Prediction equation for fitness to drive (complete approach) = Clinical interviews*0.328 
+ Neuropsychological assessment*-0.620 + Driving simulator rides*0.483. 
e Prediction equation for fitness to drive (clinical interview) = CDR Orientation*0.675 + 
CDR Judgement & Problem Solving*1.036 + Judgement driving safety*1.250 + Recent 
driving experience*-0.576. 
f Prediction equation for fitness to drive (neuropsychological assessment) = MMSE*0.129 
+ RT S2 RT*-0.003 + Correct trials of Hazard Perception*0.206 + Response time of traffic 
theory*-0.310. 
g Prediction equation for fitness to drive (driving simulator rides) = Minimum speed 
intersection 2*0.021 + Number of collisions*0.738 +  Deceleration rear car*-0.367 + Time 
headway*0.732. 
Abbreviations: MMSE, Mini Mental State Examination; RT S2, Reaction time test S2. 
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Prediction equations of fitness to drive as described in the previous study on 
patients with AD were calculated for all types of assessments applied 
(Piersma, Fuermaier, et al., 2016). The coefficients that determine the 
prediction equations are presented in the footnote in Table 4.1. Based on these 
prediction equations, ROC analysis revealed that the clinical interview was 
not useful for the prediction of practical fitness to drive in the present patient 
sample, because it was shown by a nonsignificant AUC value close to chance 
level (AUC = 0.528, SE = 0.151, p = .851). In contrast, ROC analyses 
demonstrated good predictive accuracies of results from the neuro-
psychological assessment (AUC = 0.819, SE = 0.102, p = .031) and driving 
simulator rides (AUC = 0.861, SE = 0.089, p = .015), with significant predictive 
accuracies of greater than 80%. ROC curves depicting graphical plots of 
sensitivity versus 1 − specificity of results derived from all 3 types of 
assessments are presented in Figure 4.1. 
 

 
Figure 4.1. ROC curves presenting diagnostic accuracies of clinical interviews, 
neuropsychological assessment, and driving simulator rides for the prediction of 
fitness to drive. 
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Prediction equations of fitness to drive as described in the previous study on 
patients with AD were calculated for all types of assessments applied 
(Piersma, Fuermaier, et al., 2016). The coefficients that determine the 
prediction equations are presented in the footnote in Table 4.1. Based on these 
prediction equations, ROC analysis revealed that the clinical interview was 
not useful for the prediction of practical fitness to drive in the present patient 
sample, because it was shown by a nonsignificant AUC value close to chance 
level (AUC = 0.528, SE = 0.151, p = .851). In contrast, ROC analyses 
demonstrated good predictive accuracies of results from the neuro-
psychological assessment (AUC = 0.819, SE = 0.102, p = .031) and driving 
simulator rides (AUC = 0.861, SE = 0.089, p = .015), with significant predictive 
accuracies of greater than 80%. ROC curves depicting graphical plots of 
sensitivity versus 1 − specificity of results derived from all 3 types of 
assessments are presented in Figure 4.1. 
 

 
Figure 4.1. ROC curves presenting diagnostic accuracies of clinical interviews, 
neuropsychological assessment, and driving simulator rides for the prediction of 
fitness to drive. 
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The complete approach combining all 3 types of information (interviews, 
neuropsychological assessments, and driving simulator rides) achieved a 
high predictive accuracy of detecting patients who were unfit to drive (AUC 
= 0.944, SE = 0.052, p = .003), which was close to the predictive accuracy of the 
approach as derived from the data set of patients with AD (97.4%; Piersma, 
Fuermaier, et al., 2016). Applying previously proposed cut-offs of the final 
predictor variable (−0.6 and −0.8) on the present sample of patients with MCI, 
14 out of 18 patients were classified correctly, with 2 patients incorrectly 
classified as failing (false negatives) and 2 patients incorrectly classified as 
passing (false positives). When adapting the cut-off to −1.2, 16 out of 18 
patients were classified correctly, with 2 false negatives but no false positives 
(Table 4.2). 

Table 4.2. Classification accuracy of the final predictor variable (including clinical 
interviews, neuropsychological assessment, and driving simulator rides) in detecting 
patients being unfit to drive (n = 6) relative to patients being fit to drive (n = 12). 

Cut-off  Sensitivity Specificity PPV NPV 

-0.6 
-0.8 
-1.2 

66.7 
66.7 

100.0 

83.3 
83.3 
83.3 

66.7 
66.7 
75.0 

83.3 
83.3 

100.0 

4.4. Discussion 

Of the 18 patients with MCI who participated in this study, 12 patients 
passed and 6 patients failed the on-road assessment. This rate of one third of 
the patients failing the on-road assessment supports the notion that MCI can 
be a threat to safe driving (Devlin et al., 2012; Frittelli et al., 2009; Wadley et 
al., 2009). At the same time, results show that for two third of the patients 
there is no need to stop driving, and they can retain mobility. 
 
Due to the risk of overestimating predictive validity when interpreting 
classification statistics on the derivation set (also referred to as capitalization 
on chance; Bleeker et al., 2003; MacCallum et al., 1992; Toll et al., 2008), the 
purpose of the present study was to evaluate predictive accuracy of the 
recently proposed approach to the assessment of practical fitness to drive 
(Piersma, Fuermaier, et al., 2016) on a closely related group of patients with 
cognitive impairment; that is, MCI. High overall predictive accuracy of the 
proposed approach combining clinical interviews, a neuropsychological 
assessment, and driving simulator rides was achieved on the present sample 
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of patients with MCI (AUC = 94.4%), which is almost similar to what has 
been found in the original study on patients with AD (AUC = 97.4%). When 
applying cut-off values of the final predictor variable as proposed in the 
study on patients with AD, only mediocre classification accuracies for 
identifying practical fitness to drive in patients with MCI were reached; that 
is, 67.7% sensitivity and 83.3% specificity. More adequate diagnostic 
accuracies were achieved when applying a stricter cut-off (−1.2), yielding 
100% sensitivity and 83.3% specificity. 
 
In correspondence with findings in patients with AD (Piersma, Fuermaier, et 
al., 2016), results of the neuropsychological assessment and driving simulator 
rides were also found to be valid predictors for practical fitness to drive in 
patients with MCI. However, contrary to the findings in patients with AD, 
results of the clinical interview were not found to significantly predict 
practical fitness to drive in patients with MCI. This lack of predictive validity 
on the validation set in contrast to predictive validity that has been found on 
the derivation set might be explained by capitalization on chance 
(MacCallum et al., 1992), indicating that a considerable proportion of shared 
variance between predictors and the criterion practical fitness to drive in the 
derivation set may have occurred by random error. Another explanation 
might be that the patients with MCI might not be so much aware of their 
actual deficits because their deficits are mild in nature, potentially leading 
them to under- or overestimate their deficits. Thus, one may conclude that 
clinical interviews do not represent valid measures for the prediction of 
fitness to drive in patients with MCI. However, as an alternative explanation, 
one may argue that the selected measures of clinical interviews in fact 
present valid predictors for fitness to drive in AD but not in other types of 
dementia or milder cognitive impairments. Patients with MCI may or may 
not develop dementia and, if so, they may develop AD or another type of 
dementia. This usually remains uncertain until a later stage of their disease 
(Jungwirth, Zehetmayer, Hinterberger, Tragl, & Fischer, 2012). Patients with 
MCI therefore represent a more heterogeneous group than patients with AD. 
For example, problems with orientation (as reflected by CDR Orientation) are 
very common in AD (Tu et al., 2015) and may therefore be predictive for 
fitness to drive in samples with AD, whereas these problems may be rare in 
patients with MCI, resulting in a lack of predictive accuracy in patients with 
MCI. 
 
As a limitation of this study, it must be noted that some but not all patients 
with MCI in the present sample may have a subclinical AD-like pathology. 
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Thus, the majority of patients used for the validation of the prediction 
strategy (patients with MCI) might be characterized by a different aetiology 
than the sample of patients used for the derivation (patients with AD). Before 
clinical application can be recommended, further validation on another 
sample of patients with AD is advisable to determine the predictive accuracy 
of the different types of assessments, in particular measures of clinical 
interviews that have not been shown to be useful in the present study. The 
methodology applied in the current study should also be employed in 
studies on fitness to drive in patients with other types of dementia than AD, 
because other predictor variables may play a role in the prediction of fitness 
to drive in patients with other types of dementia (Piersma, de Waard, et al., 
2016). 
 
It is important to note that validation of the prediction strategy and the 
extension to patients with MCI as described in the present study is based on 
a relatively small sample of 18 patients with MCI. A comparison of the 
different types of measures between patients passing and failing the on-road 
test as presented in Table 4.1 must therefore be interpreted with caution. 
Thus, further validation studies on patients with AD and other types of 
dementia should preferably be based on larger samples, in order to derive 
more valid conclusions on the utility of the proposed approach to the 
practical assessment of fitness to drive. Further studies on patients with MCI 
should also consider distinguishing between different subtypes of MCI, 
including amnestic and non-amnestic MCI, as well as single or multiple 
domain impairment, in order to explore their differential effects on fitness to 
drive. 
 
In conclusion, the proposed approach to the assessment of fitness to drive 
revealed adequate accuracy in predicting practical fitness to drive of a group 
of patients closely related to the original group of patients with AD; that is, 
patients with MCI. Though a combination of a neuropsychological 
assessment and driving simulator rides may yield most valid prediction of 
fitness to drive in patients with cognitive impairment, it cannot be 
determined on the basis of the present data whether the selected measures of 
clinical interviews are valid predictors for fitness to drive. 
 

99 

5. Assessing fitness to drive in patients with 
different types of dementia4 

ABSTRACT 
Dementia is a risk factor for unsafe driving. Therefore, an assessment 
strategy has recently been developed for the prediction of fitness to drive in 
patients with Alzheimer’s disease (AD). The aim of this study is to 
investigate whether this strategy is also predictive of fitness to drive in 
patients with non-AD dementia, i.e. vascular dementia, frontotemporal 
dementia, and dementia with Lewy bodies. Predictors were derived from 
three types of assessment: clinical interviews, neuropsychological tests, and 
driving simulator rides. The criterion was the pass–fail outcome of an official 
on–road driving assessment. About half of the patients with non-AD 
dementia (n = 34) failed the on-road driving assessment. Neuropsychological 
assessment (AUC = .786) was significantly predictive of fitness to drive in 
patients with non-AD dementia, however, clinical interviews (AUC = .559) 
and driving simulator rides (AUC = .404) were not. The fitness-to-drive 
assessment strategy with the three types of assessment combined (AUC = 
.635) was not found to significantly predict fitness to drive in non-AD 
dementia. Different types of dementia require different measures and 
assessment strategies. 

5.1. Introduction 

The most common types of dementia are Alzheimer’s disease (AD), vascular 
dementia (VaD), frontotemporal dementia (FTD), and dementia with Lewy 
bodies (DLB) (Goodman et al., 2016). In early stages, different patterns of 
cognitive dysfunctions may be present in patients with different types of 
dementia. Initial impairments of AD usually lie in the cognitive domain of 
memory, whereas VaD often starts with cognitive slowing, FTD with 
behavioural or language impairments and DLB with visuospatial impair-
ments. These different impairments may have different effects on activities of 
daily living such as driving (Piersma, de Waard, et al., 2016; Snyder, 2005). 

                                                 
4 This chapter was based on Piersma, D., Fuermaier, A. B. M., de Waard, D., Davidse, R. J., 
de Groot, J., Doumen, M. J. A., … Tucha, O. (in press). Assessing Fitness to Drive in Patients 
with Different Types of Dementia. Alzheimer Disease & Associated Disorders. 
http://doi.org/10.1097/WAD.0000000000000221 
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Many patients with different types of dementia continue driving (Seiler et al., 
2012), but dementia is a risk factor for traffic safety. There is consensus that 
patients with moderate to severe dementia should not drive anymore 
(Lundberg et al., 1997). However, in the early stages of dementia, some 
patients still drive safely while others do not (Lundberg et al., 1997). In order 
to advise patients with mild dementia about driving, patients should be 
assessed on fitness to drive (Fitten et al., 1995; Piersma, Fuermaier, et al., 
2016; Piersma, de Waard, et al., 2016). On-road driving assessments are the 
‘gold standard’ because of a high face validity, but it is infeasible to assess all 
drivers with dementia on the road. A reliable and validated fitness-to-drive 
assessment strategy for clinical application would therefore be useful (Omer, 
Dolan, Dimitrov, Langan, & McCarthy, 2014). However, it seems crucial to 
validate fitness-to-drive assessment strategies for patients with different 
types of dementia separately, because they may vary in symptoms and in the 
effects of symptoms on driving behaviour (Fujito et al., 2016; Martin, 
Marottoli, & O’Neill, 2013; Piersma, de Waard, Davidse, Tucha, & Brouwer, 
2016). 
 
Studies on driving with non-AD dementia are scarce. There is only one study 
on driving with VaD (Fitten et al., 1995), which showed that patients with 
VaD made more driving errors on the road than healthy participants (Fitten 
et al., 1995). Patients with VaD might not operate a car quickly enough and 
may not perceive other road users or signs in time as a consequence of 
cognitive slowing (Piersma, de Waard, et al., 2016). Nonetheless, some 
patients with VaD have mild symptoms for a long time and these patients 
may be safe drivers for several years after diagnosis.  
 
Driving with FTD was investigated using interviews and driving simulators, 
but no on-road driving assessments were reported yet (De Simone, Kaplan, 
Patronas, Wassermann, & Grafman, 2007; Ernst et al., 2010; Fujito et al., 2016; 
Turk & Dugan, 2014). Antisocial behaviour, agitation, impulsivity, and 
distraction due to FTD may lead to speeding, ignoring road signs, running 
red lights, and not recognizing pedestrians at intersections, all having the 
clear potential to cause accidents (De Simone et al., 2007; Ernst et al., 2010; 
Fujito et al., 2016; Turk & Dugan, 2014). Moreover, impairment of judgement 
may cause difficulty estimating distances between vehicles (Fujito et al., 
2016), and result in a lack of understanding that particular driving behaviour 
is inappropriate and risky (Ernst et al., 2010). Based on the moderately 
progressive course and early behavioural symptoms, it has been suggested 
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that patients with FTD should cease driving soon after diagnosis (Ernst et al., 
2010; Fujito et al., 2016; Wilson & Pinner, 2013). 

There is only one study on driving with DLB (Yamin, Stinchcombe, & 
Gagnon, 2015). In this driving simulator study, patients with DLB were 
regularly speeding, swerving, running red lights and causing accidents 
(Yamin et al., 2015). DLB has a slowly progressive course, but the initial 
symptoms, i.e. visual hallucinations, visuospatial impairments, fluctuations 
in attention, and parkinsonism, may already impede safe driving at the time 
of diagnosis (Wilson & Pinner, 2013). 
 
To address the need for validated fitness-to-drive assessment strategies, an 
assessment strategy was developed recently for patients with AD (Piersma, 
Fuermaier, et al., 2016). The assessment strategy consisted of clinical 
interviews, a neuropsychological assessment, and driving simulator rides, 
because these three types of assessments were shown to provide non-
redundant information for the prediction of fitness to drive in patients with 
AD. The aim of the present study is to investigate whether the suggested 
assessment strategy is also predictive for fitness to drive in patients with 
VaD, FTD, and DLB. We hypothesize that the proposed strategy will aid the 
prediction of fitness to drive, because cognitive and functional aspects 
important for driving are assessed. However, the differences in clinical 
syndromes of VaD, FTD, and DLB may result in a considerable drop in 
predictive accuracy compared to the original study on patients with AD. The 
measures of the three types of assessments may differ in how disease-specific 
they are in predicting fitness to drive, therefore the different types of 
assessments will also be evaluated separately. 

5.2. Methods 

5.2.1. Participants 

Participants were recruited and assessed according to the study protocol 
described by Piersma and colleagues (Piersma, Fuermaier, et al., 2016). The 
study was approved by the Medical Ethical Committee at the University 
Medical Center Groningen, the Netherlands. Inclusion criteria for patients 
were an age above 30, a valid driving licence, a wish to continue driving, and 
a diagnosis of dementia in very mild to mild stages (Clinical Dementia 
Rating (CDR) < 2). Exclusion criteria were the diagnosis of neurological or 
psychiatric conditions unrelated to dementia that may influence driving 
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redundant information for the prediction of fitness to drive in patients with 
AD. The aim of the present study is to investigate whether the suggested 
assessment strategy is also predictive for fitness to drive in patients with 
VaD, FTD, and DLB. We hypothesize that the proposed strategy will aid the 
prediction of fitness to drive, because cognitive and functional aspects 
important for driving are assessed. However, the differences in clinical 
syndromes of VaD, FTD, and DLB may result in a considerable drop in 
predictive accuracy compared to the original study on patients with AD. The 
measures of the three types of assessments may differ in how disease-specific 
they are in predicting fitness to drive, therefore the different types of 
assessments will also be evaluated separately. 

5.2. Methods 

5.2.1. Participants 

Participants were recruited and assessed according to the study protocol 
described by Piersma and colleagues (Piersma, Fuermaier, et al., 2016). The 
study was approved by the Medical Ethical Committee at the University 
Medical Center Groningen, the Netherlands. Inclusion criteria for patients 
were an age above 30, a valid driving licence, a wish to continue driving, and 
a diagnosis of dementia in very mild to mild stages (Clinical Dementia 
Rating (CDR) < 2). Exclusion criteria were the diagnosis of neurological or 
psychiatric conditions unrelated to dementia that may influence driving 
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performance and usage of medications legally incompatible with driving 
(ICADTS category III drugs). Additionally, patients were screened on visual 
functions according to legal limits for driving, i.e. a minimum visual acuity 
of 0.5 and a minimum horizontal field of view of 120 degrees. 
 
Referring physicians established the diagnosis of VaD with the NINDS-
AIREN criteria (Román et al., 1993), the diagnosis of FTD and its variants by 
the criteria of the International bvFTD Criteria Consortium (Rascovsky et al., 
2011) and the International PPA Consortium (Gorno-Tempini et al., 2011), 
and the diagnosis of DLB using the criteria of the DLB consortium (McKeith 
et al., 2005). Two patients with VaD had to be excluded because they did not 
fulfil the visual requirement of a minimum horizontal visual field of 120 
degrees, resulting in fourteen patients with VaD who completed the study. 
Moreover, two patients with FTD had to be excluded because their visual 
acuity was below the requirement of 0.5. Two additional patients with FTD 
were excluded because they did not perform the on-road assessment. Hence, 
twelve patients with FTD completed the study. The behavioural variant of 
FTD was diagnosed in seven cases, the semantic variant in two cases and 
primary progressive aphasia in one case. One case was diagnosed with both 
the behavioural and semantic variant of FTD. In one case, the diagnosis of 
FTD was not specified as a particular variant. Finally, eight patients with 
DLB participated in this study. Table 5.1 shows characteristics of the three 
patient groups.  
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Table 5.1. Characteristics of patients with vascular dementia, frontotemporal dementia, and 
dementia with Lewy bodies. 

 
Characteristic 

Group 

VaD (n = 14) FTD (n = 12) DLB (n = 8) 

Age, mean (SD), y 75.0 (5.3) 67.3 (10.3) 71.7 (10.3) 

Male sex, No. (%) 12 (85.7%) 9 (75.0%) 7 (87.5%) 

Education, mean of 7 stages (SD) 4.6 (1.1) 5.2 (0.8) 5.3 (1.8) 

CDR-score, No. (%) 
   0 
   0.5 
   1 

 
0 (0.0%) 

11 (78.6%) 
3 (21.4%) 

 
1 (8.3%) 

9 (75.0%) 
2 (16.7%) 

 
3 (37.5%) 
4 (50.0%) 
1 (12.5%) 

MMSE-score, mean (SD) 22.3 (2.1) 25.2 (3.1) 26.3 (2.8) 

Medication affecting the CNS, No. (%) 5 (35.7%) 2 (16.7%) 2 (25.0%) 

Driving experience, mean (SD), y 54.2 (7.0) 46.2 a (7.2) 48.8 (9.2) 

Driving experience, mean (SD), km 2,454,000 
(3,790,000) 

1,500,000 b 
(2,641,000) 

1,208,000 
(716,000) 

Car accident in past year, No. (%) 2 (14.3%) 1 (8.3%) 1 (12.5%) 

Traffic ticket in past year, No. (%) 1 (7.1%) 4 (33.0%) 2 (25.0%) 

a For 11 patients out of 12 patients, because 1 patient did not report the information. 
b For 10 patients out of 12 patients, because 2 patients did not report the information. 
Abbreviations: VaD, vascular dementia; FTD, frontotemporal dementia; DLB, dementia with 
Lewy bodies; Education, Verhage scale for the Dutch educational level ranging from 1 
(primary school not finished) to 7 (university level); CDR-score, Clinical Dementia Rating 
Total Score; MMSE-score, Mini Mental State Examination Sum Score (range 0-30); CNS, 
central nervous system; Medications include antidepressants, cholinergic medications, 
dopaminergic medication, GABAergic medication and a natural sedative. 

5.2.2. Measures 

The following description of methods entails only the measures used in the 
prediction equations as derived from the original study (Piersma, Fuermaier, 
et al., 2016). Measures of clinical interviews included two subscores of the 
CDR, i.e. Orientation and Judgement & Problem Solving (Morris, 1993), the 
patients’ judgements of their own driving safety, and recent driving 
experience. The neuropsychological assessment comprised the Mini-Mental 
State Examination (MMSE; Folstein et al., 1975; Kok & Verhey, 2002), the 
Reaction Time S2 (Prieler, 2008), the Hazard Perception Test (Vlakveld, 2011), 
and a Traffic Theory Test (see Piersma, Fuermaier, et al., 2016 for details). 
Fixed-based Jentig50 driving simulators of ST Software were used. Driving 
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simulator measures included the minimum speed when approaching an 
intersection with traffic lights, the number of collisions in a ride with 
intersections and two measures concerning a merging manoeuvre, i.e. the 
deceleration of the rear car after merging and the time headway directly after 
merging (see Piersma, Fuermaier, et al., 2016 for details). 
 
The on-road driving assessments were carried out by approved experts on 
practical fitness to drive of the Dutch driving test organisation (CBR). Experts 
were blind to the participants’ diagnoses and test results. They rated driving 
behaviour of patients on the Test Ride Investigating Practical fitness to drive 
forms (Tant et al., 2002; Withaar et al., 2000). Finally, a pass, doubtful or fail 
outcome was given by the expert. This outcome was recoded into a 
dichotomous item which indicates whether or not a participant is fit to drive, 
i.e. pass outcomes indicated that participants could retain their driving 
licence while doubtful or fail outcomes indicated that participants would 
have lost their driving licence if this was an official relicensing assessment.  

5.2.3. Statistical analyses 

Missing data 
The traffic theory test measure of one patient with VaD was missing. Because 
of simulator sickness, 7 (50.0%) patients with VaD, 3 (25.0%) patients with 
FTD, and 2 (25.0%) patients with DLB were excluded entirely from analyses 
that involved driving simulator rides. Because of technical problems, driving 
simulator measures of one patient with VaD and of one patient with FTD 
were missing. In addition, one driving simulator measure, i.e. the 
deceleration of the rear car after merging, was missing of one patient with 
VaD and one patient with DLB, because these participants merged onto the 
motorway after all cars had passed. Since these two patients did complete the 
driving simulator rides, it was decided to impute the two missing values 
using an imputation model (including all complete variables of the specific 
patient group) that was estimated by maximum likelihood (ML), providing a 
singly imputed dataset.  
 
Evaluation of the prediction model for fitness to drive 
The goal of the analysis was to evaluate whether fitness to drive of patients 
with non-AD dementia can be predicted with a prediction model that has 
been developed using data of patients with AD (Piersma, Fuermaier, et al., 
2016). The previously proposed prediction equations were applied using 
data of 34 patients with non-AD dementia: 14 VaD, 12 FTD, and 8 DLB. 
Receiver Operating Characteristic (ROC) analyses were used to evaluate the 
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predictive accuracy of the model. The area under the curve (AUC) was used as 
a classification measure with larger areas indicating better predictive accuracy. 
The three groups of predictor variables, i.e. clinical interviews, neuro-
psychological assessment and driving simulator rides, and the complete 
approach (i.e. variables from all groups of predictors) were evaluated in 
separate ROC analyses in order to explore the accuracy of each set of 
variables in predicting fitness to drive for non-AD dementia.  

5.3. Results 

Four of fourteen patients with VaD, five of twelve patients with FTD, and 
five of eight patients with DLB passed the on-road driving assessment. 
Overall, 14 (41.2%) patients passed and 20 (58.8%) patients failed the on-road 
driving assessment. Results of patients who passed and failed the on-road 
assessment are presented in Table 5.2.  
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Table 5.2. Comparison of patients with non-AD dementia who passed and who failed the 
on-road driving assessment on predictor variables*. 

Clinical interviews Pass (n = 14) Fail (n = 20) ES a 

CDR Orientation 
CDR Judgement & Problem solving 
Judgement driving safety b 
Recent driving experience c 

0.3 (0.3) 
0.6 (0.4) 
1.2 (0.4) 
2.6 (0.8) 

0.6 (0.5) 
0.7 (0.4) 
1.2 (0.4) 
2.8 (1.6) 

0.77 
0.22 
0.03 
0.14 

Neuropsychological assessment Pass (n = 14) Fail (n = 19)  

MMSE-score 
RT S2 RT (msec) 
Hazard perception (Correct trials) 
Traffic theory (Response time in sec) 

24.9 (2.7) 
281.3 (47.5) 

15.8 (2.7) 
7.4 (0.7) 

23.6 (3.3) 
426.9 (258.5) 

12.5 (4.2) 
8.0 (1.3) 

0.46 
0.75 
0.93 
0.52 

Driving simulator rides Pass (n = 8) Fail (n = 12)  

Minimum speed at intersection (km/h) d 
Number of collisions 
Deceleration rear car after merging (km/h) 
Time headway after merging (sec) 

4.1 (10.8) 
0.9 (1.0) 

-0.6 (1.1) 
1.4 (0.6) 

10.2 (20.8) 
0.5 (0.8) 

-1.3 (2.1) 
1.0 (0.5) 

0.37 
0.48 
0.42 
0.78 

a Effect size (ES) is indicated by Cohen’s d.  
b Judgement about driving safety whether participant is (1) still driving as safely as when the 
participant was middle-aged, (2) is driving less safely compared to when the participant was 
middle-aged, or (3) drives unsafely. 
c Kilometres driven in the previous twelve months: (1) less than 1.000 km, (2) 1.000–5.000 km, 
(3) 5.000–10.000 km, (4) 10.000–20.000 km, (5) 20.000–30.000 km, (6) 30.000–50.000, (7) more 
than 50.000 km. 
d Intersection with need to give right of way, the traffic lights at this intersection turn yellow 
and subsequently red. 
* Prediction equations:  
Clinical interviews = CDR Orientation*0.675 + CDR Judgement & Problem Solving*1.036 + 
Judgement driving safety*1.250 + Recent driving experience*-0.576. 
Neuropsychological assessment = MMSE*0.129 + RT S2 RT*-0.003 + Correct trials of Hazard 
Perception*0.206 + Response time of traffic theory*-0.310. 
Driving simulator rides = Minimum speed intersection 2*0.021 + Number of collisions*0.738 
+ Deceleration rear car*-0.367 + Time headway*0.732. 
Complete approach = Clinical interviews*0.328 + Neuropsychological assessment*-0.620 + 
Driving simulator rides*0.483. 
Abbreviations: CDR, Clinical Dementia Rating (range 0-3); MMSE-score, Mini Mental State 
Examination Sum score (range 0-30); RT S2 RT, Reaction time test S2 Reaction time; Hazard 
perception, Hazard Perception Test (range 0-25). 

Prediction equations derived from the previous study on patients with AD 
were applied (Piersma, Fuermaier, et al., 2016). ROC analysis showed that 
the clinical interviews (n = 34) were not predictive of fitness to drive in 
patients with non-AD dementia with a non-significant AUC close to chance 
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level, AUC = .559, SE = 0.104, p = .564. In contrast, ROC analysis revealed that 
neuropsychological assessment (n = 33) was predictive of fitness to drive in 
this patient group with a significant AUC of .786, SE = 0.081, p = .006. Similar 
to clinical interviews, driving simulator rides (n = 20) were not found to aid 
the prediction of fitness to drive in patients with non-AD dementia, AUC = 
.417, SE = 0.130, p = .537. The complete approach with the three types of 
assessments combined (n = 20) was not useful for the prediction of fitness to 
drive in this sample of patients with non-AD dementia, AUC = .635, SE = 
0.129, p = .316. 
 
The patient groups were too small to evaluate the prediction model for the 
three types of dementia separately, however, to get an idea whether the 
results from the three different types of non-AD dementia diverge, their 
mean scores on the predictor variables were explored (Table 5.3). Patients 
with VaD had poorer mean scores on the predictor variables of clinical 
interviews and neuropsychological assessment than patients with FTD and 
patients with DLB, which was particularly evident for the scores on the 
MMSE and the Hazard Perception Test. In general, patients with DLB had 
‘safer’ mean scores on the predictor variables than the other two patient 
groups, for example an adequate Reaction Time S2 score. Notably, patients 
with FTD judged their own driving safety as safe, but approached an 
intersection with traffic lights with a high speed compared with the other 
two patient groups. Nonparametric comparisons using Kruskal-Wallis tests 
showed statistically significant differences between the patient groups in 
MMSE-score, χ2(2) = 10.228, p = 0.006, Hazard perception (Correct trials), 
χ2(2) = 10.198, p = 0.006, Traffic theory (Response time), χ2(2) = 7.852, p = 
0.020, and the number of collisions in the driving simulator, χ2(2) = 6.358, p = 
0.042. Mann-Whitney post-hoc tests indicated worse performance of patients 
with VaD compared to the other two groups of patients in the majority of 
comparisons (Table 5.3). In conclusion, the three patient groups appeared to 
differ in their scores on the predictor variables. 
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5.4. Discussion 

About half of the patients failed the on-road driving assessment suggesting 
that VaD, FTD, and DLB are risk factors for unsafe driving. This is in line 
with previous studies showing that patients with VaD make more driving 
errors on the road and that patients with FTD and DLB make more driving 
errors in driving simulation, in comparison to healthy drivers (De Simone et 
al., 2007; Fitten et al., 1995; Yamin et al., 2015). Nevertheless, a considerable 
proportion of patients of each type of dementia passed the on-road driving 
assessment. Likewise, Fitten and colleagues showed a large variation in on-
road driving performance among patients with VaD indicating that some 
patients with VaD are fit to drive while others are unfit to drive (Fitten et al., 
1995). Although research including on-road driving of patients with FTD and 
DLB was lacking, it has been argued that patients with FTD and DLB should 
cease driving very soon after the diagnosis is established (Ernst et al., 2010; 
Fujito et al., 2016; Wilson & Pinner, 2013). In a study by Seiler and colleagues, 
only 9 out of 16 patients with FTD had ceased driving (a rate comparable 
with patients with AD and VaD), while as many as 10 out of 11 patients with 
DLB had ceased driving (Seiler et al., 2012). The current study suggests that 
not all patients with FTD and DLB are unfit to drive. Consequently, all 
patients with dementia who wish to continue driving should be assessed on 
fitness to drive. 
 
In this study, it was found that the prediction model for fitness to drive in 
patients with AD was not predictive for fitness to drive in patients with non-
AD dementia (AUC = .635). Although the applied neuropsychological 
assessment battery was of significant value for the prediction of fitness to 
drive in patients with non-AD dementia (AUC = .786), the selections of 
predictor variables from clinical interviews (AUC = .559) and driving 
simulator rides (AUC = .417) were not. Clinical interviews may be of limited 
utility for the prediction of fitness to drive in patients with dementia, because 
it requires insight of patients into their own abilities, and careful attention of 
informants to the patients’ behaviour. In this study, patients with FTD 
estimated their driving safety as not being declined which is in accordance 
with a previous study stating that patients with FTD may not realize that 
their driving behaviour is risky (Ernst et al., 2010). It can be concluded that 
the primary use of clinical interviews is to discuss the impact of dementia on 
driving and to score the severity of dementia.  
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5.4. Discussion 

About half of the patients failed the on-road driving assessment suggesting 
that VaD, FTD, and DLB are risk factors for unsafe driving. This is in line 
with previous studies showing that patients with VaD make more driving 
errors on the road and that patients with FTD and DLB make more driving 
errors in driving simulation, in comparison to healthy drivers (De Simone et 
al., 2007; Fitten et al., 1995; Yamin et al., 2015). Nevertheless, a considerable 
proportion of patients of each type of dementia passed the on-road driving 
assessment. Likewise, Fitten and colleagues showed a large variation in on-
road driving performance among patients with VaD indicating that some 
patients with VaD are fit to drive while others are unfit to drive (Fitten et al., 
1995). Although research including on-road driving of patients with FTD and 
DLB was lacking, it has been argued that patients with FTD and DLB should 
cease driving very soon after the diagnosis is established (Ernst et al., 2010; 
Fujito et al., 2016; Wilson & Pinner, 2013). In a study by Seiler and colleagues, 
only 9 out of 16 patients with FTD had ceased driving (a rate comparable 
with patients with AD and VaD), while as many as 10 out of 11 patients with 
DLB had ceased driving (Seiler et al., 2012). The current study suggests that 
not all patients with FTD and DLB are unfit to drive. Consequently, all 
patients with dementia who wish to continue driving should be assessed on 
fitness to drive. 
 
In this study, it was found that the prediction model for fitness to drive in 
patients with AD was not predictive for fitness to drive in patients with non-
AD dementia (AUC = .635). Although the applied neuropsychological 
assessment battery was of significant value for the prediction of fitness to 
drive in patients with non-AD dementia (AUC = .786), the selections of 
predictor variables from clinical interviews (AUC = .559) and driving 
simulator rides (AUC = .417) were not. Clinical interviews may be of limited 
utility for the prediction of fitness to drive in patients with dementia, because 
it requires insight of patients into their own abilities, and careful attention of 
informants to the patients’ behaviour. In this study, patients with FTD 
estimated their driving safety as not being declined which is in accordance 
with a previous study stating that patients with FTD may not realize that 
their driving behaviour is risky (Ernst et al., 2010). It can be concluded that 
the primary use of clinical interviews is to discuss the impact of dementia on 
driving and to score the severity of dementia.  
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Furthermore, the selected measures from the driving simulator rides may not 
serve the prediction of fitness to drive in patients with non-AD dementia, 
because these measures do not represent all critical traffic situations, and 
patients with different types of dementia may have difficulties in different 
traffic situations. This would suggest that other driving simulator measures 
might be better predictors in patients with non-AD dementia. To start with, 
different measures from the current driving simulator rides could be 
investigated, e.g. measures reflecting lane control. Another issue with 
driving simulation is that some measures are difficult to interpret in terms of 
“safe” or “unsafe” driving, as both a high and a low value may indicate poor 
driving performance. For example, one patient group might be too slow 
while another patient group might be too fast in similar situations of 
simulated driving. A solution might be using measures differently for 
different patient groups, e.g. driving slowly might predict unsafe driving in 
patients with VaD, whereas speeding could be a predictor for unsafe driving 
in patients with FTD and DLB. Currently, driving simulator rides provide a 
safe environment for subjective clinical evaluations of fitness to drive, but 
objective evidence-based measures with cut-offs still have to be defined for 
the prediction of fitness to drive in non-AD dementia.   
 
The applied neuropsychological assessment was useful for fitness-to-drive 
evaluations in patients with non-AD dementia, especially specific traffic tests 
may have the potential to predict fitness to drive in multiple types of 
dementia. This fits with the promising results with DriveSafe/DriveAware in 
groups of patients with cognitive impairments related to a variety of 
diagnoses (Hines & Bundy, 2014; Kay, Bundy, & Clemson, 2009). When 
developing new assessment strategies, it should also be considered which 
symptoms and impairments are likely to result in unsafe driving per 
aetiology and how these can be assessed. For example, cognitive slowing in 
VaD and visuospatial functions in DLB could be evaluated in a 
neuropsychological assessment (Levy & Chelune, 2007). Patients with FTD 
show impairments of behaviour (‘do’) rather than of maximal performance 
(‘can do’), which is difficult to measure with neuropsychological tests. Since 
it is common for patients with FTD not to realize that their driving behaviour 
is risky, inquiries with informants could be included when investigating 
fitness to drive in FTD. In brief, different algorithms using different measures 
may be needed to predict fitness to drive in patients with different types of 
dementia.  
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In future studies on fitness to drive in patients with non-AD dementia, 
dichotomized outcome scores might not always be feasible, therefore 
trichotomization may need to be considered (Molnar, Patel, Marshall, Man-
Son-Hing, & Wilson, 2006a). This means that outcome scores will be divided 
into three groups: safe, unsafe and indeterminate. The latter group should be 
referred to additional fitness-to-drive assessments. Such an approach could 
improve the classification of driving safety.  
 
This is the first study in which the prediction of fitness to drive in patients 
with three different types of non-AD dementia was investigated. Strengths of 
the study are that all patients were assessed according to the same protocol 
and that on-road driving evaluations were performed. In many studies on 
fitness to drive, patients with AD and other types of dementia were pooled 
into one group. In this study, it was found that the prediction equation with 
measures from clinical interviews, neuropsychological assessment and 
driving simulator rides that predicted fitness to drive in patients with AD 
did not apply to patients with non-AD dementia. These findings may imply 
that it is not possible to predict fitness to drive for all patients with dementia 
with one assessment strategy. Moreover, patients with different types of non-
AD dementia also seem to differ in fitness-to-drive assessment results based 
on the exploration of their mean scores, which indicates that fitness-to-drive 
assessment strategies require validation for each type of dementia separately. 
It is important to note that the differences in mean scores between the patient 
groups are likely to be affected by the severity of cognitive impairment (i.e. 
the severity of cognitive impairment may have been worse in patients with 
VaD than in patients with FTD and DLB in this sample), in addition to the 
different types of dementia. The heterogeneity of the samples of patients 
with dementia may partially explain why predictive accuracies of fitness-to-
drive assessment strategies were often low in previous studies (Dickerson, 
2014).  
 
In the current study, three types of dementia were pooled into one non-AD 
dementia group, because of small sample sizes. As a consequence, the results 
do not reveal whether the proposed assessment strategy was, for example, 
predictive for one of the three types of dementia included. To investigate 
this, the number of correct classifications for each type of dementia was 
counted after application of cut-off -0.6 as suggested in the original study 
(Piersma, Fuermaier, et al., 2016). For patients with VaD, the cut-off was too 
strict, because all six patients with VaD were classified as fail while two of 
them passed the on-road assessment. For patients with DLB, the cut-off was 
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Furthermore, the selected measures from the driving simulator rides may not 
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too lenient since all six patients with DLB were classified as pass while three 
of them failed the on-road assessment. In the FTD group, the classification 
accuracy was better, nonetheless, two out of eight patients were incorrectly 
classified as pass. These results confirm that the proposed strategy cannot 
predict fitness to drive in each group of patients with non-AD dementia. 
 
In conclusion, the results of this study show that a valid assessment strategy 
for the prediction of fitness to drive in patients with AD (Fuermaier et al., 
2017; Piersma, Fuermaier, et al., 2016) is not useful for the prediction of 
fitness to drive in patients with non-AD dementia. This is in line with 
previously stated notions that each type of dementia has its own typical 
symptoms, resulting in different impairments and variations in driving 
behaviour (Fujito et al., 2016; Piersma, de Waard, et al., 2016). The 
implication of the findings is that assessment strategies for the prediction of 
fitness to drive should be developed specifically tailored to VaD, FTD, and 
DLB. 
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6. Adherence to driving cessation advice given to 
patients with cognitive impairment and 
consequences for mobility5 

ABSTRACT 
Background: Driving is related to social participation; therefore older drivers 
may be reluctant to cease driving. Continuation of driving has also been 
reported in a large proportion of patients with cognitive impairment. The aim 
of this study is to investigate whether patients with cognitive impairment 
adhere to driving cessation advice after a fitness-to-drive assessment and 
what the consequences are with regard to mobility. 
 
Methods: Patients with cognitive impairment (n = 172) participated in a 
fitness-to-drive assessment study, including an on-road driving assessment. 
Afterwards, patients were advised to either continue driving, to follow 
driving lessons, or to cease driving. Approximately seven months thereafter, 
patients were asked in a follow-up interview about their adherence to the 
driving recommendation. Factors influencing driving cessation were identified 
using a binary logistic regression analysis. Use of alternative transportation 
was also evaluated. 
 
Results: Respectively 92% and 79% of the patients adhered to the 
recommendation to continue or cease driving. Female gender, a higher 
Clinical Dementia Rating-score, perceived health decline, and driving 
cessation advice facilitated driving cessation. Patients who ceased driving 
made use of less alternative modes of transportation than patients who still 
drove. Nonetheless, around 40% of the patients who ceased driving increased 
their frequency of cycling and/or public transport use. 
 
Conclusions: Adherence to the recommendations given after the fitness-to-
drive assessments was high. However, a minority of patients did not adhere 
to driving cessation advice. There are large differences in mobility between 
patients with cognitive impairment. Physicians should discuss options for 

                                                 
5 This chapter was based on Piersma, D., Fuermaier, A. B. M., de Waard, D., Davidse, R. J., 
de Groot, J., Doumen, M. J. A., … Tucha, O. (submitted). Adherence to driving cessation 
advice given to patients with cognitive impairment and consequences for mobility. 
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alternative transportation in order to promote sustained safe mobility of 
patients with cognitive impairment. 

6.1. Introduction 

6.1.1. Driving with dementia 

Research has shown that a large proportion of patients with dementia drives 
less safely than healthy older drivers (Berndt, Clark, & May, 2008; Piersma, 
Fuermaier, et al., 2016; Snyder, 2005). Not only severity of dementia plays a 
role (Lundberg et al., 1997) but there are also large individual differences in 
the patterns of dysfunctions, related to the different aetiologies of dementia 
(Piersma, de Waard, et al., 2016). A diagnosis of dementia alone is not 
sufficient to recommend driving cessation (Andrew, Traynor, & Iverson, 
2015; Fox et al., 1997; Trobe, Waller, Cook-Flannagan, Teshima, & 
Bieliauskas, 1996), as there is a large proportion of patients with dementia 
who still drive safely in the early stages of their disease (Brown & Ott, 2004; 
Piersma, Fuermaier, et al., 2016). Continuation of driving after being 
diagnosed with dementia has been found repeatedly in patients with 
Alzheimer’s disease (Drachman & Swearer, 1993; Duchek et al., 2003; Fox, 
Bowden, Bashford, & Smith, 1997; Friedland et al., 1988; Fujito et al., 2016; 
Hunt, Morris, Edwards, & Wilson, 1993; Marie Dit Asse et al., 2016; Piersma, 
Fuermaier, et al., 2016). Research on driving with non-Alzheimer’s (non-AD) 
dementia is scarce, but indicated nonetheless that a proportion of patients 
with non-AD dementia may also continue to drive after having received their 
diagnosis (Fujito et al., 2016; Herrmann et al., 2006; Seiler et al., 2012). 
Nevertheless, with the progression of the disease, cognitive abilities needed 
for safe driving gradually decrease and driving cessation is likely to become 
inevitable (Liddle et al., 2016). It is difficult to define when a patient with 
dementia is no longer fit to drive (Perkinson et al., 2005) and the most 
appropriate moment to cease driving needs to be assessed on a case-by-case 
basis (Andrew et al., 2015).  

6.1.2. Driving cessation of patients with dementia 

Some patients with dementia cease driving suddenly, e.g. from one day to 
another, or as a result of an accident, diagnosis, or other critical event, while 
others cease driving gradually (Liddle et al., 2014). These patients may drive 
less kilometres (i.e. driving reduction) or avoid difficult driving situations 
(i.e. driving restriction) before ceasing driving entirely (Liddle et al., 2014). 
Ideally, patients with dementia cease driving voluntarily at an appropriate 
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moment, which may be achieved by actively involving patients in the 
decision making process (Jett et al., 2005). In the clinical context as well as in 
official evaluations for driving licence renewal, recommendations may be 
based on fitness-to-drive assessments. However, a proportion of patients 
with dementia continues to drive despite evidence of a decreased fitness to 
drive (Adler & Kuskowski, 2003). Some of these patients did not recall the 
assessment, others were not aware of their own cognitive impairment (due to 
decreased insight known to be associated with dementia) or believed that 
their cognitive impairment did not affect driving safety (Andrew et al., 2015; 
Byszewski et al., 2013; Chacko, Wright, Worrall, Adamson, & Cheung, 2015; 
Croston, Meuser, Berg-Weger, Grant, & Carr, 2009; Friedland, 1997; 
Gergerich, 2016; Perkinson et al., 2005). According to the last group, the 
assessment process was ‘not fair’ and did not accurately reflect their fitness 
to drive (Andrew, Traynor, & Iverson, 2015; Byszewski et al., 2013; Perkinson 
et al., 2005). These findings suggest that fitness-to-drive assessments should 
be comprehensive, comprising several types of tasks and sources of 
information, and that guidance for patients with dementia and their family 
members in interpreting a recommendation about driving is essential (Betz, 
Scott, Jones, & Diguiseppi, 2016; Byszewski et al., 2010; Chacko et al., 2015; 
Liddle, Turpin, Carlson, & McKenna, 2008). As some patients do not decide 
to cease driving by themselves when they become unfit to drive, the decision 
has to be imposed on them, e.g. by family members, physicians, or driving 
licence authorities (Jett et al., 2005). Discussions about driving are 
emotionally charged and patients with dementia may respond angry and 
with a shock when driving cessation is recommended (Betz et al., 2016; 
Byszewski et al., 2010). The decision to cease driving is not easily made as 
driving is associated with social participation, independence, and well-being 
(Davis & Ohman, 2016; Persson, 1993). Similarly, driving cessation is linked 
to a reduced social network, lower activity levels, and faster health decline 
(Rebok & Jones, 2016). For example, it has been reported that driving 
cessation is associated with an almost doubled risk of depressive symptoms 
in older adults (Chihuri et al., 2016). Furthermore, cognitive decline was 
found to be accelerated after driving cessation (Choi, Lohman, & Mezuk, 
2014).  

6.1.3. Factors influencing driving cessation 

In the process of driving cessation, safety risks for the public as well as the 
individual with dementia have to be balanced against negative consequences 
of driving cessation. This process is affected by multiple aspects, including 
intrapersonal, interpersonal, and environmental factors (Rudman et al., 
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2006). Intrapersonal factors are factors related to the driver, interpersonal 
factors are derived from relationships with others involved in decisions about 
driving, and environmental factors are external influences not associated to 
the driver or the relationship with others. 
 
Intrapersonal factors include, among others, age, gender, the presence and 
awareness of decline in physical, visual, and cognitive abilities as well as an 
opinion regarding the importance of driving and one’s own driving safety. 
With increasing age, driving cessation becomes more likely (Talbot et al., 
2005), especially females have been found to be more likely to cease driving 
than men, even prematurely (Anstey, Windsor, Luszcz, & Andrews, 2006; 
Rebok & Jones, 2016). An important reason for driving cessation among older 
drivers is perceived health decline. In particular visual and cognitive 
impairment have been found to predict driving cessation (Anstey, Windsor, 
Luszcz, & Andrews, 2006; Croston, Meuser, Berg-Weger, Grant, & Carr, 2009; 
Emerson et al., 2012; Foley, Masaki, Ross, & White, 2000; Freeman, Muñoz, 
Turano, & West, 2005; Herrmann et al., 2006; Huisingh, McGwin, & Owsley, 
2016; Kowalski et al., 2012; MacLeod, Satariano, & Ragland, 2014; Talbot et 
al., 2005). Cognitive impairment is strongly associated with various 
aetiologies of dementia that are characterized by distinct symptoms and 
impairments, therefore driving cessation might be more likely in one or the 
other aetiology of dementia. Seiler and colleagues reported that as many as 
90.9% of the patients with Lewy body dementia (DLB) ceased driving 
whereas only about 55-65% of the patients with Alzheimer’s disease (AD), 
vascular dementia (VaD) and frontotemporal dementia (FTD) ceased driving 
(Seiler et al., 2012). Furthermore, older people reported other reasons for 
driving cessation such as no need to drive anymore (e.g. because of 
retirement), decreased confidence while driving or lack of enjoyment during 
driving (Brayne et al., 2000; Cooper et al., 1993; Kowalski et al., 2012; Persson, 
1993; Tuokko et al., 2016). Costs of fuel and upkeep of the car may also play a 
role (Kowalski et al., 2012; Persson, 1993). 
 
Interpersonal factors comprise the opinions of family members about the 
patient’s driving safety and recommendations of authority figures about 
driving. Family members may encourage driving cessation by expressing 
concerns about driving safety or even by taking away the keys (Persson, 
1993; Seiler et al., 2012), however, about half of the family members with 
doubts about the patient’s driving safety were found not to attempt 
promoting driving cessation (Mizuno, Arai, & Arai, 2008). If family members 
do bring up the topic, older drivers may not be willing to follow up their 
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advice (Persson, 1993). Moreover, there is a minority of family members who 
encourage continuation of driving because they believe the patient still 
drives safely or they benefit from the patient’s driving (Croston, Meuser, 
Berg-Weger, Grant, & Carr, 2009; Friedland, 1997; Liddle et al., 2016). 
Patients with dementia themselves may also feel responsible for mobility 
needs of family members (Liddle et al., 2016; Tuokko et al., 2016). In the 
majority of cases, both patients with dementia and their family members 
need support from physicians regarding counselling and evaluation of the 
patient’s fitness to drive (Perkinson et al., 2005; Persson, 1993). There are 
indications that recommendations to cease driving from authority figures, 
such as physicians, facilitate driving cessation (Brayne et al., 2000; Croston, 
Meuser, Berg-Weger, Grant, & Carr, 2009; Mizuno et al., 2008; Persson, 1993). 
In a sample of ex-drivers with dementia, driving cessation was facilitated by 
encouragement from physicians in 42.3% of the cases, from the police (in 
11.5% of the cases), public health nurses (in 3.8% of the cases) and local 
authorities (in 3.8% of the cases) (Mizuno et al., 2008).  
 
Environmental factors include traffic accidents and availability of alternative 
transportation. Traffic accidents and near misses have been reported as 
reasons for driving cessation (Croston et al., 2009; Rudman et al., 2006; Seiler 
et al., 2012). Nevertheless, patients with dementia have been reported to 
continue driving for up to three years after experiencing a traffic accident 
(Cooper et al., 1993; Trobe et al., 1996). Additionally, not having caused any 
accident may also be a reason to continue driving (Rudman et al., 2006). 
Byszewski and colleagues suggested that discussing alternative transportation 
may enhance acceptance of driving cessation (Byszewski et al., 2010), but 
mixed results have been obtained about the use of alternative modes of 
transport by ex-drivers with cognitive impairment. Talbot and colleagues 
reported that patients living in a city, i.e. where alternative modes of 
transport are available, are more likely to cease driving (Talbot et al., 2005). 
However, Taylor and Tripodes found that the majority of patients with 
dementia may depend on rides of their partners, family members, or friends 
and observed no increase in walking, using public transport, taxis, or van 
services after driving cessation (Taylor & Tripodes, 2001).  

6.1.4. Objectives 

This study has four aims. The first aim of this study is to evaluate how many 
patients with dementia adhere to the recommendation given after the fitness-
to-drive assessment. The second aim of this study is to identify which factors 
play a role in driving cessation or continuation in patients with dementia 
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6.1.4. Objectives 

This study has four aims. The first aim of this study is to evaluate how many 
patients with dementia adhere to the recommendation given after the fitness-
to-drive assessment. The second aim of this study is to identify which factors 
play a role in driving cessation or continuation in patients with dementia 
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who underwent a fitness-to-drive assessment, first by identifying reasons for 
driving cessation as reported by patients with dementia during the follow-up 
interviews, and second by means of a logistic regression analysis that predicts 
driving cessation on the basis of multiple intrapersonal, interpersonal, and 
environmental factors. Based on the literature, major factors hypothesized to 
be related to driving cessation are increasing severity of cognitive 
impairment and recommendations to cease driving. Other factors studied 
that might contribute to driving cessation include older age, female gender, 
aetiology of dementia, perceived health decline, traffic accidents, and 
available alternative transportation. Research on driving with non-AD 
dementia is scarce, therefore the third aim of this study is to investigate 
whether patients with different aetiologies of dementia show a different 
likelihood of driving cessation. Based on the study of Seiler and colleagues 
(Seiler et al., 2012), patients with DLB are expected to cease driving more 
frequently compared to patients with other aetiologies of dementia. The 
fourth and final aim is to evaluate transportation options for patients with 
dementia beyond driving. Eventually, implications of how driving cessation 
and alternative transportation could be addressed in clinical practice will be 
provided. 

6.2. Materials and methods 

In this study, driving cessation was investigated in a cohort of patients with 
various aetiologies of dementia, including AD, VaD, FTD and DLB, who 
underwent a comprehensive fitness-to-drive assessment in the Netherlands. 
The fitness-to-drive assessment consisted of clinical interviews, neuro-
psychological assessment, driving simulator rides and an on-road driving 
assessment according to a protocol as described by Piersma and colleagues 
(Piersma, Fuermaier, et al., 2016). Prior to participation in the present study, 
all patients had a wish to continue driving. Depending on the outcome of the 
fitness-to-drive assessment, they were recommended to either cease driving, 
to follow driving lessons and undergo an official relicensing procedure 
subsequently, or to continue driving. Approximately seven months after the 
fitness-to-drive assessment, patients were asked about their adherence to the 
recommendation, reasons for driving cessation or continuation, and use of 
alternative transportation during a follow-up interview.  
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6.2.1. Participants 

Participants with cognitive impairment were recruited via multiple health 
care centres and from the general community by means of advertisements. 
Inclusion criteria were an age above 30, a diagnosis of mild cognitive 
impairment, dementia, or Parkinson’s disease (PD) with self-reported 
cognitive decline, a current valid driver’s licence and a wish to continue 
driving. Exclusion criteria were the diagnosis of other neurological or 
psychiatric conditions that may influence driving performance and usage of 
medications with a severe influence on driving ability (International Council 
on Alcohol, Drugs and Traffic Safety Category III). Since not all participants 
had a diagnosis of dementia, they will be referred to as patients with 
cognitive impairment. 
 
One hundred and seventy-two patients with cognitive impairment completed 
a fitness-to-drive assessment study which included off-road assessments and 
an on-road driving assessment as well as a telephonic follow-up interview. 
Patients were aged 49 to 91 years (mean = 71.3 years; SD = 8.8 years) and 128 
(74.4%) of the patients were men. Patients had held a driver’s licence for 11 to 
73 years (mean = 49.7 years; SD = 9.0 years) and the estimation of their total 
distance driven ranges from 87,000 to 12,183,000 km (mean = 1,720,000 km; 
SD = 2,692,000 km). Eighty-three (48.3%) patients were diagnosed with AD, 
15 (8.7%) patients with VaD, 10 (5.8%) patients with AD and VaD, 13 (7.6%) 
patients with FTD, 8 (4.7%) patients with DLB, 17 (9.9%) patients with PD 
and 12 (7.0%) patients with other aetiologies of cognitive impairment. The 
aetiology of cognitive impairment was unclear in 14 (8.2%) cases. 

6.2.2. Measures 

The measures used for the present study represent a selection of measures as 
obtained from a comprehensive assessment following the protocol as 
described by Piersma and colleagues (Piersma, Fuermaier, et al., 2016). The 
preselection of measures was based on the literature and intended to cover 
relevant factors for driving cessation (Anstey, Windsor, Luszcz, & Andrews, 
2006; Brayne et al., 2000; Byszewski, Molnar, & Aminzadeh, 2010; Croston, 
Meuser, Berg-Weger, Grant, & Carr, 2009; Davis & Ohman, 2016; Emerson et 
al., 2012; Foley, Masaki, Ross, & White, 2000; Herrmann et al., 2006; Kowalski 
et al., 2012; Liddle et al., 2016; MacLeod, Satariano, & Ragland, 2014; Mizuno, 
Arai, & Arai, 2008; Rebok & Jones, 2016; Rudman et al., 2006; Seiler et al., 
2012; Talbot et al., 2005; Taylor & Tripodes, 2001; Tuokko et al., 2016).  
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Intrapersonal factors 
Intrapersonal factors used for the prediction of driving cessation included 
age, gender, diagnosis (AD vs. other), level of cognitive impairment, decline 
in health, visual acuity (range 0-1), visual contrast sensitivity (range 0-16), 
importance of driving for the individual patient, and the opinion of patients 
about their own driving safety. The level of cognitive impairment was 
measured by the total score of the Clinical Dementia Rating (CDR) scale 
(Morris, 1993) and the total score of the Mini-Mental State Examination 
(MMSE) (Folstein et al., 1975; Kok & Verhey, 2002). Decline in health was 
determined by asking the patient during a follow-up interview by telephone 
whether they experienced changes in their health since their fitness-to-drive 
assessment. Answers were coded into three categories: (1) no, (2) to some 
extent, and (3) yes. During clinical interviews, patients were asked whether 
driving was important to them. Answer options were: (1) very important, (2) 
important, (3) practical but not important, and (4) unimportant. During the 
same interviews, patients were asked how they experienced their driving 
safety. Answers were divided into three categories: (1) still driving as safely 
as when they were middle-aged, (2) driving less safely compared to when 
they were middle-aged or (3) driving unsafely. 
 
Interpersonal factors 
Interpersonal factors included the recommendation given by a researcher 
after the fitness-to-drive assessment, whether an authority figure (e.g. 
physician, driving instructor) recommended driving cessation, and the 
opinion of an informant about the driving safety of the patient. The 
recommendation after completion of the fitness-to-drive assessment was 
given by one of the researchers involved and represented either (1) cease 
driving, (2) follow driving lessons and sign up for an official relicensing 
procedure or (3) continue driving. During the follow-up interview, reasons 
for driving cessation were asked. Besides the recommendation of a researcher 
after the fitness-to-drive assessment, also a recommendation to cease driving 
from an authority figure could be reported. Lastly, the opinion of an 
informant about the driving safety of the patient was asked during a clinical 
interview. Answers were divided into three categories: (1) still driving as 
safely as when the patient was middle-aged, (2) driving less safely compared 
to when the patient was middle-aged or (3) driving unsafely. 
 
Environmental factors 
Three environmental factors were considered, i.e. the opportunity to be 
passenger of another private car (yes or no), the number of other modes of 
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transport used (e.g. walking, cycling, public transport, and taxis), and the 
number of car accidents. Accidents included accidents in the twelve months 
prior to study participation and (almost) accidents after the fitness-to-drive 
assessment prior to the telephonic follow-up interview.  
 
Indications of driving reduction, restriction, and cessation  
Driving reduction and restriction were considered as indications of a process 
of driving cessation. The variables were based on questions in a driving 
questionnaire. Driving reduction was derived from the patients’ estimations 
of their driving experience in the previous twelve months minus the patient’s 
estimations of their average driving experience per year since they obtained 
their driving licence. The questions for driving experience were both 
categorical with the following answer options: (1) less than 1.000 km, (2) 
1.000–5.000 km, (3) 5.000–10.000 km, (4) 10.000–20.000 km, (5) 20.000–30.000 
km, (6) 30.000–50.000 km, (7) more than 50.000 km. Driving restriction was 
calculated by summing up the number of driving situations that were being 
avoided (Sum of avoided driving situations). The patients answered a multiple-
choice question: ‘Do you attempt to avoid the following traffic situations?’. 
Answer options were peak hours/crowded roads, motorways, adverse weather 
conditions (like rain, fog or snow), slippery roads/snow on the road, driving when it 
is dark, turning left, driving unfamiliar roads, driving abroad, another traffic 
situation, and none. The sum of avoided driving situations can range from 0 to 
9. The final outcome measure was whether the patient was still driving or 
not (StillDriving), which was asked during the telephonic follow-up 
interview.  

6.2.3. Procedure 

Patients with cognitive impairment participated in the study on a voluntary 
basis. Patients received no direct reward for participation, but patients who 
passed the on-road driving assessment could use this outcome in an official 
relicensing procedure. Failing the on-road driving assessment did not lead to 
revocation of the patients’ driving licences. 
 
The procedure of the fitness-to-drive assessment will be described briefly. 
Participants were invited twice. On the first occasion, clinical interviews with 
the participant and an informant were conducted, as well as a comprehensive 
neuropsychological assessment and driving simulator rides. Participants 
invited an informant of their choice, which was in most cases their partner. 
During the first session, participants were also screened to assure that they 
met the minimum legal requirements for the on-road driving assessment 
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with regard to visual functions (visual acuity of 0.5, horizontal field of view 
of 120 degrees) and motor functions (no major impairments of both hands, or 
legs). The first session lasted approximately four hours in total, including 
around half an hour driving simulation. On the second occasion, the on-road 
driving assessment took place, which lasted around 45 minutes.  
 
After the fitness-to-drive assessment, a recommendation regarding driving 
cessation or continuation was given by one of the researchers involved based 
on both the off-road and on-road assessments as well as clinical judgment. If 
patients were recommended to continue driving, this was communicated via 
postal mail. These patients received an overview of their personal fitness-to-
drive assessment results corroborated with an explanation of the findings 
and the recommendation in writing. If patients were recommended to follow 
driving lessons or to cease driving, they were informed about this outcome 
by phone and were invited for an appointment with a neuropsychologist to 
discuss the fitness-to-drive assessment results and the recommendation. 
After this appointment, these patients also received an overview of their 
personal fitness-to-drive assessment results, an explanation of the findings, 
the recommendation, and a summary of the conversation with the neuro-
psychologist in writing from one of the researchers involved. 
 
The follow-up interview took place by telephone three to twenty months (M 
= 7.3 months, SD = 3.6 months) after participation in the fitness-to-drive 
assessment study. Questions were asked to the patient (n = 78), to the patient 
and the patient’s partner together (n = 29) or to an informant only (n = 65). 
Informants were usually the partners of the patient (n = 57), other informants 
were four daughters, two sons, one daughter-in-law and one brother of the 
patient. Questions regarded whether the health of the patient declined, 
whether or not the patient ceased driving including reasons for this choice as 
well as use of alternative transport options since study participation. This 
interview lasted around 30 minutes per patient. 

6.2.4. Statistical analyses 

Missing data 
Values were missing in less than 3% of cases per variable and occurred in the 
variables decline in health (0.6%), corrected binocular vision (1.2%), visual contrast 
sensitivity (0.6%), the patient’s judgement of driving safety (0.6%), the informant’s 
judgement about driving safety of the patient (2.9%), number of other modes of 
transport (1.7%), driving reduction (1.7%), driving restriction (0.6%), and 
important modes of transport to continue to use (1.2%). Missing values were due 
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to technical or administrative failures in the assessments, and were not 
replaced. 
 
Adherence to the recommendation  
Adherence to the recommendations given after the fitness-to-drive 
assessment was investigated using driving cessation rates and information 
from the follow-up interview on whether patients followed driving lessons 
and signed up for an official relicensing procedure. Reported reasons for 
non-adherence to the recommendations were recorded. 
 
Factors related to driving cessation 
Factors related to driving cessation were explored in two ways, i.e. first by 
describing reported reasons for driving cessation in the follow-up interviews 
and second by predicting driving cessation in a logistic regression analysis.  
 
Reported reasons for driving cessation 
Patients who ceased driving were asked for their reasons for driving 
cessation in the follow-up interviews. Percentages of reported reasons for 
driving cessation were examined.  
 
Prediction of driving cessation 
Current and retired drivers were statistically compared on predictor 
variables. The goal of this exploratory analysis was to predict driving 
cessation as indicated by the dichotomous variable StillDriving. Prediction is 
a statistical term meaning that the dependent variable StillDriving is 
hypothesized to be influenced by the independent variables. The 
independent variables (predictor variables) included intrapersonal factors, 
interpersonal factors, environmental factors, and two factors related to the 
process of driving cessation (see Measures). The first analyses involved 
correlations with StillDriving (point biserial correlation coefficients). 
Predictor variables correlating significantly (p < 0.05) with StillDriving were 
selected for the second analysis, i.e. binary logistic regression with forced 
entry of predictor variables.  
 
Driving cessation per aetiology 
In order to evaluate differences in driving cessation rates between patients 
with different aetiologies of cognitive impairment, the numbers and 
percentages of patients who ceased driving at follow-up were calculated per 
aetiology.  
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Mobility of patients with cognitive impairment 
Initially, it was examined which modes of transport were important for 
patients with cognitive impairment to continue to use. For a further 
exploration of mobility of patients with cognitive impairment, use of 
alternative transportation (i.e. being passenger of other car drivers and using 
other modes of transport than driving a car) by patients who were still 
driving as well as patients who were no longer driving was described in 
more detail. In addition, changes in frequencies of walking, cycling, and 
public transport use after the fitness-to-drive assessment were compared 
between current and retired drivers based on the question “Do you 
walk/cycle/use public transport less or more since the fitness-to-drive 
assessment?”. Finally, reasons for not walking, cycling, or using public 
transport were examined. 

6.3. Results 

6.3.1. Adherence to the recommendation 

Table 6.1 presents an overview of the number of patients with cognitive 
impairment who continued and ceased driving at follow-up divided by 
recommendation. The vast majority of patients who were recommended to 
continue driving adhered to this recommendation (92.4%). Six (7.6%) patients 
who decided to cease driving for one or two reasons: family members 
advocated driving cessation (n = 3), the patient felt driving was no longer 
safe (n = 2), an authority figure recommended driving cessation (n = 1), 
perceived health decline (n = 1), perceived stress related to the official 
relicensing procedure (n = 1), feeling uncomfortable driving or afraid to drive 
(n = 1), and a near miss occurred (n = 1).  

Table 6.1. Driving continuation and cessation by patients with cognitive impairment 
per recommendation given after the fitness-to-drive assessment. 

 
Recommendation 

Driving at follow-up 

yes no 

Continue driving (n = 79) 
Driving lessons (n = 31) 
Cease driving (n = 62) 

73 (92.4%) 
18 (58.1%) 
13 (21.0%) 

6 (7.6%) 
13 (41.9%) 
49 (79.0%) 

Total (n = 172) 104 (60.5%) 68 (39.5%) 
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Thirty-one patients with cognitive impairment were recommended to follow 
driving lessons and sign up for the official relicensing procedure, thirteen of 
them ceased driving whereas eighteen patients continued to drive. Of the 
thirteen patients who ceased driving, one (7.7%) patient followed driving 
lessons, but was recommended to cease driving by the driving instructor, 
and two (15.4%) patients signed up for the official relicensing procedure. The 
procedure was still pending for one patient while the other patient failed the 
on-road driving assessment for driving licence renewal. Of the eighteen 
patients who were still driving, twelve (66.7%) patients followed driving 
lessons and eight (44.4%) patients signed up for the official relicensing 
procedure. This procedure was still pending in five cases, and three patients 
renewed their driving licence. Five patients who continued to drive (27.8%) 
did not follow driving lessons and also did not sign up for the official 
relicensing procedure. Notably, several patients reported that they restricted 
or reduced their driving after the fitness-to-drive assessment. Moreover, two 
patients had planned to sign up for the official relicensing procedure in a few 
months depending on their health status.  
 
The majority of patients with cognitive impairment who were recommended 
to cease driving, adhered to this recommendation (79.0%). Nevertheless, 
thirteen patients who were recommended to cease driving decided to 
continue driving. These patients were asked whether they considered 
driving cessation. Two of these thirteen patients were considering driving 
cessation and reduced driving very much already. One more patient was 
willing to cease driving in the future, when the partner would advocate 
driving cessation. However, ten patients were not considering to cease 
driving at all, with five patients giving reasons for driving continuation 
(driving is going well (n = 2), having a partner as co-pilot (n = 2), because of 
mobility needs (n = 1)). 

6.3.2. Factors related to driving cessation 

In order to investigate which factors play an important role in driving 
cessation, two approaches were used. First, reported reasons for driving 
cessation were evaluated. Second, a regression analysis was performed to 
predict driving cessation using multiple intrapersonal, interpersonal, and 
environmental factors as well as two factors related to the process of driving 
cessation.  
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Mobility of patients with cognitive impairment 
Initially, it was examined which modes of transport were important for 
patients with cognitive impairment to continue to use. For a further 
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between current and retired drivers based on the question “Do you 
walk/cycle/use public transport less or more since the fitness-to-drive 
assessment?”. Finally, reasons for not walking, cycling, or using public 
transport were examined. 

6.3. Results 
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impairment who continued and ceased driving at follow-up divided by 
recommendation. The vast majority of patients who were recommended to 
continue driving adhered to this recommendation (92.4%). Six (7.6%) patients 
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advocated driving cessation (n = 3), the patient felt driving was no longer 
safe (n = 2), an authority figure recommended driving cessation (n = 1), 
perceived health decline (n = 1), perceived stress related to the official 
relicensing procedure (n = 1), feeling uncomfortable driving or afraid to drive 
(n = 1), and a near miss occurred (n = 1).  
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per recommendation given after the fitness-to-drive assessment. 
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Thirty-one patients with cognitive impairment were recommended to follow 
driving lessons and sign up for the official relicensing procedure, thirteen of 
them ceased driving whereas eighteen patients continued to drive. Of the 
thirteen patients who ceased driving, one (7.7%) patient followed driving 
lessons, but was recommended to cease driving by the driving instructor, 
and two (15.4%) patients signed up for the official relicensing procedure. The 
procedure was still pending for one patient while the other patient failed the 
on-road driving assessment for driving licence renewal. Of the eighteen 
patients who were still driving, twelve (66.7%) patients followed driving 
lessons and eight (44.4%) patients signed up for the official relicensing 
procedure. This procedure was still pending in five cases, and three patients 
renewed their driving licence. Five patients who continued to drive (27.8%) 
did not follow driving lessons and also did not sign up for the official 
relicensing procedure. Notably, several patients reported that they restricted 
or reduced their driving after the fitness-to-drive assessment. Moreover, two 
patients had planned to sign up for the official relicensing procedure in a few 
months depending on their health status.  
 
The majority of patients with cognitive impairment who were recommended 
to cease driving, adhered to this recommendation (79.0%). Nevertheless, 
thirteen patients who were recommended to cease driving decided to 
continue driving. These patients were asked whether they considered 
driving cessation. Two of these thirteen patients were considering driving 
cessation and reduced driving very much already. One more patient was 
willing to cease driving in the future, when the partner would advocate 
driving cessation. However, ten patients were not considering to cease 
driving at all, with five patients giving reasons for driving continuation 
(driving is going well (n = 2), having a partner as co-pilot (n = 2), because of 
mobility needs (n = 1)). 

6.3.2. Factors related to driving cessation 

In order to investigate which factors play an important role in driving 
cessation, two approaches were used. First, reported reasons for driving 
cessation were evaluated. Second, a regression analysis was performed to 
predict driving cessation using multiple intrapersonal, interpersonal, and 
environmental factors as well as two factors related to the process of driving 
cessation.  
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Reported reasons for driving cessation  
An overview of reported reasons for driving cessation (n = 68) is shown in 
Figure 6.1. Forty-three patients with cognitive impairment reported one reason 
for driving cessation, while two reasons were reported by nineteen patients, 
three reasons by three patients and five reasons by one patient. Two patients 
who were not driving did not report a reason for driving cessation, since they 
did not make a definite choice about whether they would never drive anymore. 
 

 
Figure 6.1. Percentages of reported reasons for driving cessation by patients with cognitive 
impairment who ceased driving (multiple answers possible, n = 68). 

Prediction of driving cessation 
Current and retired drivers with cognitive impairment were statistically 
compared on factors that may predict driving cessation in Table 6.2. Significant 
differences between current and retired drivers were found in several 
variables, i.e. retired drivers were older, had more often a diagnosis of AD, a 
higher CDR-score, a lower MMSE-score, more pronounced health decline, and 
a lower visual contrast sensitivity than current drivers. Moreover, retired 
drivers were more often recommended to cease driving, both after the fitness-
to-drive assessment and by authority figures, than current drivers. Further-
more, retired drivers used less alternative modes of transport to the private car 
than current drivers. In addition, trends (.05 < p < .10) were found for retired 
drivers being more often female, finding driving less important, and being 
more often a passenger of other car drivers than current drivers. 
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Table 6.2. Comparison of current and retired drivers with cognitive impairment on predictor 
variables. 

 

Group  

Current drivers 
(n = 104) 

Retired drivers 
(n = 68) p Value (df) 

Intrapersonal factors    

Age in years, mean (SD), y 70.2 (8.7) 73.0 (8.7) .032 (171)a* 

Male sex, No. (%) 83 (79.8%) 45 (66.2%) .051 (1)b 

Diagnosis of AD, No. (%)  53 (51.0%) 40 (58.8%) .035 (1)b* 

CDR-score, No. (%) 
  0 
  0.5 
  1 

 
15 (14.4%) 
86 (82.7%) 

3 (2.9%) 

 
1 (1.5%) 

44 (64.7%) 
23 (33.8%) 

<.001 (2)c* 

MMSE-score, mean (SD) 24.9 (3.5) 22.4 (4.2) <.001 (171)a* 

Health decline, No. (%) 
  No 
  To some extent 
  Yes 

 
76 (73.1%) 

7 (6.7%) 
21 (20.2%) 

 
33 (49.2%) 

5 (7.5%) 
29 (43.3%) 

.004 (2)c* 

Visual acuity (0-1), mean (SD) .88 (0.21) .84 (0.21) .181 (169)a  

Contrast sensitivity (0-16), mean 
(SD) 

12.84 (0.68) 12.55 (0.96) .022 (170)a* 

Importance of driving, mean (SD) 1.57 (0.73) 1.78 (0.83) .091 (171)a 

Patient’s judgement of driving 
safety, No. (%) 
  Safe 
  Less safe than when middle-aged 
  Unsafe 

 
 

88 (85.4%) 
15 (14.6%) 

0 (0.0%) 

 
 

52 (76.5%) 
16 (23.5%) 

0 (0.0%) 

.136 (2)c  

Interpersonal factors    

Recommendation given after fitness-
to-drive assessment, No. (%) 
  Continue driving 
  Driving lessons 
  Cease driving 

 
 

73 (92.4%) 
18 (58.9%) 
13 (21.0%) 

 
 

6 (7.6%) 
13 (41.9%) 
49 (79.0%) 

<.001 (2)c* 

Authority figure recommended 
driving cessation, No. (%) 

1 (1.0%) 12 (17.6%) <.001 (1)b* 

Informant’s judgement of driving 
safety, No (%) 
  Safe 
  Less safe than when middle-aged 
  Unsafe 

 
 

68 (66.6%) 
32 (31.4%) 

2 (2.0%) 

 
 

42 (64.6%) 
18 (27.7%) 

5 (7.7%) 

.190 (2)c  
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Reported reasons for driving cessation  
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Table 6.2. Comparison of current and retired drivers with cognitive impairment on predictor 
variables. 
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Current drivers 
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Retired drivers 
(n = 68) p Value (df) 

Intrapersonal factors    
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  To some extent 
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Group  

Current drivers 
(n = 104) 

Retired drivers 
(n = 68) p Value (df) 

Environmental factors    

Passenger of other drivers, No. (%) 90 (86.5%) 65 (95.6%) .067 (1)b 

Sum of modes of transport used 
other than the private car, mean 
(SD) 

2.48 (0.83) 2.12 (1.04) .013 (168)a* 

Car accidents, mean (SD) 0.10 (0.33) 0.16 (0.51) .484 (171)a  

Process of driving cessation    

Driving reduction, mean (SD) -1.49 (1.49) -1.83 (1.72) .151 (168)a  

Driving restriction, mean (SD) 1.85 (1.77) 2.34 (2.30) .343 (170)a  

a Mann-Whitney U test 
b Fisher’s Exact test 
c χ2 test  
Statistical significance (p < .05) is indicated by *. 
Abbreviations: AD, Alzheimer’s disease; CDR-score, Clinical Dementia Rating Total Score; 
MMSE-score, Mini Mental State Examination Total Score. 

For the binary logistic regression analysis, factors that correlated significantly 
(p < .05) with StillDriving were selected. Intrapersonal factors that correlated 
significantly with StillDriving were age (r = -.156, p = .041), gender (r = -.153, p 
= .045), CDR-score (r = -.437, p < .001), MMSE-score (r = .309, p < .001), health 
decline (r = -.254, p = .001), and contrast sensitivity (r = .171, p = .025). 
Interpersonal factors that correlated with StillDriving included the 
recommendation given after the fitness-to-drive assessment (r = .657, p < 
.001) and recommendations of driving cessation from authority figures (r = -
.309, p < .001). One environmental factor correlated with StillDriving, i.e. the 
sum of modes of transport used other than the private car (r = .188, p = .015) 
with retired drivers using less modes of transport than current drivers. 
Subsequently, the factors correlating significantly with StillDriving were 
entered in a binary logistic regression analysis to determine the validity of 
the factors in predicting StillDriving. A significant model emerged to predict 
StillDriving, χ2(9, N = 167)= 104.8, p < .001. The model explained 46.6% of the 
total variance (Cox & Snell R2) and classified 85.6% of the patients correctly 
as still driving or not. The factors that contributed significantly to the 
prediction were gender, CDR-score, health decline, and the recommendation 
given after the fitness-to-drive assessment, and there was a trend found for 
recommendations of driving cessation from authority figures (Table 6.3).  
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Table 6.3. Summary of binary logistic regression analysis for the prediction of driving 
continuation (n = 101) versus driving cessation (n = 66) in patients with cognitive 
impairment. 

Predictor variable B SE B Wald p 

Odds 
ratio 

Age 
Gender 
CDR-score 
MMSE-score 
Health decline 
Contrast sensitivity 
Authority figure recommended driving 
cessation 
Recommendation after fitness-to-drive 
assessment 
Sum of other used modes of transport  

0.002 
-1.149 
-4.512 
-0.026 
-0.658 
0.201 

-2.149 
 

1.748 
 

-0.234 

0.002 
0.575 
1.498 
0.070 
0.288 
0.340 
1.249 

 
0.321 

 
.290 

0.800 
3.991 
9.075 

.137 
5.211 

.348 
2.961 

 
29.724 

 
.649 

.371 
.046* 
.003* 
.712 

.022* 
.555 
.085 

 
<.001* 

 
.420 

1.002 
0.317 
0.011 
0.975 
0.518 
1.222 
0.117 

 
5.743 

 
0.792 

Constant -1.101 5.568 .039 .843 0.333 

Total R²=0.466* 
Statistical significance (p < .05) is indicated by *. 

6.3.3. Driving cessation rates per aetiology of cognitive impairment 

At the time of follow-up, 104 (60.5%) patients with cognitive impairment 
were still driving whereas 68 (39.5%) patients with cognitive impairment had 
ceased driving. The lowest rate of driving cessation was found in patients 
with DLB (1 of 8 patients; 12.5%). In patients with PD, the rate of driving 
cessation was similar (3 of 17 patients; 17.6%). Patients with FTD ceased 
driving in 30.8% of the cases (4 of 13 patients). In the group of patients with 
AD, 38.2% of the patients ceased driving (32 of 83 patients). The driving 
cessation rates were higher in patients with VaD (10 of 15 patients; 66.7%) 
and mixed dementia (AD + VaD) (8 of 10 patients; 80.0%). Of the patients 
with other or unclear diagnoses, 38.5% ceased driving (10 of 26 patients).  

6.3.4. Mobility of patients with cognitive impairment 

Important modes of transportation 
During the follow-up interviews, patients with cognitive impairment (n = 
170) were asked which modes of transportation they found important to 
continue to use. Patients with cognitive impairment reported none until up 
to six modes of transport. Driving (i.e. driving themselves or being passenger 
of other drivers) was by far the most important mode of transportation 
followed by cycling (Figure 6.2). 
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Group  

Current drivers 
(n = 104) 

Retired drivers 
(n = 68) p Value (df) 

Environmental factors    

Passenger of other drivers, No. (%) 90 (86.5%) 65 (95.6%) .067 (1)b 
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Driving restriction, mean (SD) 1.85 (1.77) 2.34 (2.30) .343 (170)a  

a Mann-Whitney U test 
b Fisher’s Exact test 
c χ2 test  
Statistical significance (p < .05) is indicated by *. 
Abbreviations: AD, Alzheimer’s disease; CDR-score, Clinical Dementia Rating Total Score; 
MMSE-score, Mini Mental State Examination Total Score. 
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= .045), CDR-score (r = -.437, p < .001), MMSE-score (r = .309, p < .001), health 
decline (r = -.254, p = .001), and contrast sensitivity (r = .171, p = .025). 
Interpersonal factors that correlated with StillDriving included the 
recommendation given after the fitness-to-drive assessment (r = .657, p < 
.001) and recommendations of driving cessation from authority figures (r = -
.309, p < .001). One environmental factor correlated with StillDriving, i.e. the 
sum of modes of transport used other than the private car (r = .188, p = .015) 
with retired drivers using less modes of transport than current drivers. 
Subsequently, the factors correlating significantly with StillDriving were 
entered in a binary logistic regression analysis to determine the validity of 
the factors in predicting StillDriving. A significant model emerged to predict 
StillDriving, χ2(9, N = 167)= 104.8, p < .001. The model explained 46.6% of the 
total variance (Cox & Snell R2) and classified 85.6% of the patients correctly 
as still driving or not. The factors that contributed significantly to the 
prediction were gender, CDR-score, health decline, and the recommendation 
given after the fitness-to-drive assessment, and there was a trend found for 
recommendations of driving cessation from authority figures (Table 6.3).  
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Table 6.3. Summary of binary logistic regression analysis for the prediction of driving 
continuation (n = 101) versus driving cessation (n = 66) in patients with cognitive 
impairment. 
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6.3.3. Driving cessation rates per aetiology of cognitive impairment 

At the time of follow-up, 104 (60.5%) patients with cognitive impairment 
were still driving whereas 68 (39.5%) patients with cognitive impairment had 
ceased driving. The lowest rate of driving cessation was found in patients 
with DLB (1 of 8 patients; 12.5%). In patients with PD, the rate of driving 
cessation was similar (3 of 17 patients; 17.6%). Patients with FTD ceased 
driving in 30.8% of the cases (4 of 13 patients). In the group of patients with 
AD, 38.2% of the patients ceased driving (32 of 83 patients). The driving 
cessation rates were higher in patients with VaD (10 of 15 patients; 66.7%) 
and mixed dementia (AD + VaD) (8 of 10 patients; 80.0%). Of the patients 
with other or unclear diagnoses, 38.5% ceased driving (10 of 26 patients).  

6.3.4. Mobility of patients with cognitive impairment 

Important modes of transportation 
During the follow-up interviews, patients with cognitive impairment (n = 
170) were asked which modes of transportation they found important to 
continue to use. Patients with cognitive impairment reported none until up 
to six modes of transport. Driving (i.e. driving themselves or being passenger 
of other drivers) was by far the most important mode of transportation 
followed by cycling (Figure 6.2). 



130 

 
*Driving included both being a driver and being a passenger of a private car 
**Other included motorised quadricycles, a motorcycle, and a transportation service of 
day care 

Figure 6.2. Percentages of patients indicating the importance to continue to use certain 
modes of transportation (multiple answers possible, n = 170). 

Used modes of transportation 
Used modes of transportation were analysed for current and retired drivers 
with cognitive impairment. Of the current drivers with cognitive 
impairment, 86.5% reported also being passenger of other drivers: 63.5% 
were passenger of their partner, 28.8% of other family members, 22.1% of 
friends, and 3.8% of other drivers such as neighbours or colleagues. Drivers 
with cognitive impairment also used other modes of transport, especially 
walking and cycling (Table 6.4). Of the retired drivers with cognitive 
impairment, 95.6% reported being passenger of other drivers: 58.8% were 
passenger of their partner, 47.1% of other family members, 17.6% of friends, 
and 4.4% of other drivers such as a former colleague or a professional 
caretaker. In comparison to current drivers, a smaller proportion of retired 
drivers was walking, cycling and using public transport and a larger 
proportion of retired drivers used taxis (Table 6.4).  
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Table 6.4. Modes of transportation used by current and retired drivers with cognitive 
impairment (multiple answers possible). 

Mode of transportation Current drivers (n = 104) Retired drivers (n = 68) 
Passenger of other driver(s) 
Walking 
Cycling 
Public transport 
Taxis 
Other modes* 

86.5% 
91.1% 
84.5% 
52.0% 
10.7% 
11.7% 

95.6% 
79.4% 
58.8% 
35.3% 
25.0% 
13.2% 

*Other modes included an airplane, a boat, moped, motorcycle, motorised quadricycle, 
mobility scooter, buggy at a golf court, and transportation service of day care 

Changes in frequencies of walking, cycling, and public transport use  
During the follow-up interview, patients were asked if their frequency of 
travel with commonly used non-car modes of transport (i.e. walking, cycling, 
and public transport) had changed, after the fitness-to-drive assessment. 
Even though the percentage of retired drivers cycling (58.8%) and using 
public transport (35.3%) was low compared with current drivers (84.5% 
respectively 52.0%), the percentage of retired drivers who increased the 
frequency of cycling (42.5%) and public transport use (41.7%) after the 
fitness-to-drive assessment was higher compared with current drivers (10.6% 
respectively 17.0%). Such an increase in frequency was not found for walking 
(Figure 6.3). Retired drivers who increased the frequency of cycling and 
public transport use after the fitness-to-drive assessment mentioned using 
these modes of transport instead of the car (i.e. driving themselves or being 
passenger of their partner). Despite the relative increase in cycling and public 
transport use of retired drivers compared with current drivers, the majority 
did not increase the frequency of walking, cycling, and public transport use. 
Moreover, the percentages of retired drivers who reduced walking, cycling, 
and public transport use were higher than corresponding percentages of 
current drivers (Figure 6.3). 
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*Driving included both being a driver and being a passenger of a private car 
**Other included motorised quadricycles, a motorcycle, and a transportation service of 
day care 

Figure 6.2. Percentages of patients indicating the importance to continue to use certain 
modes of transportation (multiple answers possible, n = 170). 
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Figure 6.3. Percentages of current and retired drivers with cognitive impairment who 
increased, did not change, or decreased their frequency of walking (n = 134), cycling (n = 
125), and use of public transport (n = 77) after a fitness-to-drive assessment. 

Reasons for not walking, cycling, and using public transport 
Patients who were not walking (n = 23), not cycling (n = 44), and/or not using 
public transport (n = 93) were asked about their reasons (Figure 6.4). Patients 
with cognitive impairment reported each none up to three reasons. Figure 6.4 
shows that not walking and not cycling was mostly associated with physical 
difficulties and falls. Dislike was another major reason for not walking for 
transport, whereas unfamiliarity and cognitive difficulties were other 
limiting factors for cycling. Not using public transport was largely explained 
by having no need to use public transport, because of using other modes of 
transportation in most cases. It is noteworthy that inconvenience of public 
transport was often reported, which could be related to physical difficulties, 
but also to cognitive difficulties (e.g. impairments in orientation) as well as 
unfamiliarity and distance from home. 
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*Other included for cycling: feeling insecure on a bicycle, bicycle got stolen, a cycling 
accident, being hospitalized, and passiveness, and for public transport: costs, being 
hospitalized, partner dislikes public transport, experience with severe delay, feels 
nauseous in public transport, cannot take mobility scooter along, and maintaining 
driving skills 

Figure 6.4. Percentages of reported reasons for not walking (n = 23), not cycling (n = 
44), and not using public transport (n = 93) (multiple answers possible). 

6.4. Discussion 

In this study, 172 patients with cognitive impairment were interviewed about 
their adherence to a driving recommendation received after participation in a 
comprehensive fitness-to-drive assessment. The vast majority of patients 
adhered to a recommendation to either continue driving, to follow driving 
lessons and undergo an official relicensing procedure, or to cease driving after 
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the fitness-to-drive assessment. This indicates that fitness-to-drive assessments 
promote driving continuation in patients who are fit to drive while stimulating 
driving cessation in patients who are unfit to drive. Almost 40% of the patients 
with cognitive impairment ceased driving at follow-up. Nonetheless, some 
patients were reluctant to cease driving, which concurs with previous studies 
(Byszewski et al., 2010; Jett et al., 2005). In attempt to promote adherence, 
previously suggested practical strategies were applied in this study, i.e. 
providing details about the test results and a letter of explanation about how 
the fitness-to-drive assessment resulted in the driving recommendation, and 
discussing alternative transportation with those who were recommended to 
cease driving (Byszewski et al., 2010). Despite the implementation of these 
strategies, 20% of the patients who were recommended to cease driving did 
not cease driving, which is a matter of concern.  
 
Driving cessation occurred in most cases in response to a recommendation to 
cease driving, which was given after the fitness-to-drive assessment, by family 
members or by authority figures. These results indicate that interpersonal 
factors are very important for patients with cognitive impairment in the 
decision making process, which is in correspondence with previous studies in 
patients with dementia (Croston et al., 2009; Mizuno et al., 2008). Hence family 
members and physicians may have a crucial role in imposing the decision to 
cease driving on patients who ignore a negative outcome of a fitness-to-drive 
assessment (Adler & Kuskowski, 2003; Jett et al., 2005). Future research should 
focus on how this can be established effectively without harming the 
relationship with the patient (Gergerich, 2016; Jang et al., 2007). Personal 
factors, i.e. gender, CDR-score, and health decline also play a role in driving 
cessation. The observed gender effect supports findings from previous studies 
in which women have been found to cease driving earlier than men (Anstey et 
al., 2006; Rebok & Jones, 2016), but this gender difference was not always 
found (Talbot et al., 2005). Cognitive impairment and self-rated health have 
also been found to predict driving cessation in other studies in which no 
driving recommendation was given (Anstey, Windsor, Luszcz, & Andrews, 
2006; Foley, Masaki, Ross, & White, 2000; Herrmann et al., 2006; Talbot et al., 
2005). In brief, patients with cognitive impairment who underwent a fitness-
to-drive assessment were more likely to cease driving if they were 
recommended to cease driving, were female, and had relatively severe 
cognitive impairment and/or pronounced health decline.  
 
Consistent with previous studies (Fujito et al., 2016; Herrmann et al., 2006; 
Seiler et al., 2012), a considerable proportion of patients with various 
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aetiologies of cognitive impairment continued to drive. Driving cessation was 
most common among patients with VaD (66.7%) and patients with mixed 
dementia (AD + VaD) (80.0%). Contrary to the study of Seiler and colleagues 
in which patients with DLB had the highest rate of driving cessation (90.9%) 
(Seiler et al., 2012), in this study patients with DLB had the lowest rate of 
driving cessation (12.5%). In both studies, the time since diagnosis varied 
between patients from very recent to several years ago, therefore the patients 
in this study might have been in a milder stage of DLB than the patients in 
the study of Seiler and colleagues (Seiler et al., 2012). An explanation for the 
discrepancy in findings might be that the severity of cognitive impairment is 
more important for driving cessation than the aetiology of cognitive 
impairment. In line with this reasoning, CDR-scores were predictive of 
driving cessation, which corresponds with previous studies (D J Foley, 
Masaki, Ross, & White, 2000; Talbot et al., 2005). Nonetheless, patients with 
different aetiologies of dementia may become unfit to drive due to different 
driving difficulties resulting from different symptoms (De Simone et al., 
2007; Fujito et al., 2016; Piersma, de Waard, et al., 2016).  
 
Patients with cognitive impairment preferred to use the private car for trans-
portation, as a driver but also as passenger. This preference was expected 
because patients were selected on their wish to continue driving, as they are 
the target group for fitness-to-drive assessments. Especially family members 
(other than the partner) started to drive retired drivers with cognitive 
impairment, which is in line with Liddle and colleagues’ argument that 
driving cessation is a family matter (Liddle et al., 2016). Remarkably, only a 
quarter of retired drivers with cognitive impairment used taxis. The group of 
retired drivers used less alternative modes of transportation than the group 
of current drivers, which may indicate that cognitive impairment may not 
only impact on driving but also on feasibility of using alternative modes of 
transportation. An alternative explanation might be that retired drivers are 
less healthy in general leading to limitations in mobility. Even though the 
patient sample as used for the present study was characterized by cognitive 
impairment, physical difficulties were equally often reported as reason for 
not cycling or not using public transport, and as the major reason for not 
walking. On the one hand, retired drivers with cognitive impairment as a 
group may be frailer than current drivers with cognitive impairment, and the 
independent mobility of especially retired drivers may be limited and 
decreasing. On the other hand, around 40% of retired drivers using 
alternative transportation was able to sustain mobility by increasing their 
frequency of cycling and public transport use. These patients may represent 



134 

the fitness-to-drive assessment. This indicates that fitness-to-drive assessments 
promote driving continuation in patients who are fit to drive while stimulating 
driving cessation in patients who are unfit to drive. Almost 40% of the patients 
with cognitive impairment ceased driving at follow-up. Nonetheless, some 
patients were reluctant to cease driving, which concurs with previous studies 
(Byszewski et al., 2010; Jett et al., 2005). In attempt to promote adherence, 
previously suggested practical strategies were applied in this study, i.e. 
providing details about the test results and a letter of explanation about how 
the fitness-to-drive assessment resulted in the driving recommendation, and 
discussing alternative transportation with those who were recommended to 
cease driving (Byszewski et al., 2010). Despite the implementation of these 
strategies, 20% of the patients who were recommended to cease driving did 
not cease driving, which is a matter of concern.  
 
Driving cessation occurred in most cases in response to a recommendation to 
cease driving, which was given after the fitness-to-drive assessment, by family 
members or by authority figures. These results indicate that interpersonal 
factors are very important for patients with cognitive impairment in the 
decision making process, which is in correspondence with previous studies in 
patients with dementia (Croston et al., 2009; Mizuno et al., 2008). Hence family 
members and physicians may have a crucial role in imposing the decision to 
cease driving on patients who ignore a negative outcome of a fitness-to-drive 
assessment (Adler & Kuskowski, 2003; Jett et al., 2005). Future research should 
focus on how this can be established effectively without harming the 
relationship with the patient (Gergerich, 2016; Jang et al., 2007). Personal 
factors, i.e. gender, CDR-score, and health decline also play a role in driving 
cessation. The observed gender effect supports findings from previous studies 
in which women have been found to cease driving earlier than men (Anstey et 
al., 2006; Rebok & Jones, 2016), but this gender difference was not always 
found (Talbot et al., 2005). Cognitive impairment and self-rated health have 
also been found to predict driving cessation in other studies in which no 
driving recommendation was given (Anstey, Windsor, Luszcz, & Andrews, 
2006; Foley, Masaki, Ross, & White, 2000; Herrmann et al., 2006; Talbot et al., 
2005). In brief, patients with cognitive impairment who underwent a fitness-
to-drive assessment were more likely to cease driving if they were 
recommended to cease driving, were female, and had relatively severe 
cognitive impairment and/or pronounced health decline.  
 
Consistent with previous studies (Fujito et al., 2016; Herrmann et al., 2006; 
Seiler et al., 2012), a considerable proportion of patients with various 

135 

aetiologies of cognitive impairment continued to drive. Driving cessation was 
most common among patients with VaD (66.7%) and patients with mixed 
dementia (AD + VaD) (80.0%). Contrary to the study of Seiler and colleagues 
in which patients with DLB had the highest rate of driving cessation (90.9%) 
(Seiler et al., 2012), in this study patients with DLB had the lowest rate of 
driving cessation (12.5%). In both studies, the time since diagnosis varied 
between patients from very recent to several years ago, therefore the patients 
in this study might have been in a milder stage of DLB than the patients in 
the study of Seiler and colleagues (Seiler et al., 2012). An explanation for the 
discrepancy in findings might be that the severity of cognitive impairment is 
more important for driving cessation than the aetiology of cognitive 
impairment. In line with this reasoning, CDR-scores were predictive of 
driving cessation, which corresponds with previous studies (D J Foley, 
Masaki, Ross, & White, 2000; Talbot et al., 2005). Nonetheless, patients with 
different aetiologies of dementia may become unfit to drive due to different 
driving difficulties resulting from different symptoms (De Simone et al., 
2007; Fujito et al., 2016; Piersma, de Waard, et al., 2016).  
 
Patients with cognitive impairment preferred to use the private car for trans-
portation, as a driver but also as passenger. This preference was expected 
because patients were selected on their wish to continue driving, as they are 
the target group for fitness-to-drive assessments. Especially family members 
(other than the partner) started to drive retired drivers with cognitive 
impairment, which is in line with Liddle and colleagues’ argument that 
driving cessation is a family matter (Liddle et al., 2016). Remarkably, only a 
quarter of retired drivers with cognitive impairment used taxis. The group of 
retired drivers used less alternative modes of transportation than the group 
of current drivers, which may indicate that cognitive impairment may not 
only impact on driving but also on feasibility of using alternative modes of 
transportation. An alternative explanation might be that retired drivers are 
less healthy in general leading to limitations in mobility. Even though the 
patient sample as used for the present study was characterized by cognitive 
impairment, physical difficulties were equally often reported as reason for 
not cycling or not using public transport, and as the major reason for not 
walking. On the one hand, retired drivers with cognitive impairment as a 
group may be frailer than current drivers with cognitive impairment, and the 
independent mobility of especially retired drivers may be limited and 
decreasing. On the other hand, around 40% of retired drivers using 
alternative transportation was able to sustain mobility by increasing their 
frequency of cycling and public transport use. These patients may represent 



136 

a physically healthy group within the group of retired drivers with cognitive 
impairment. Research on traffic safety of patients with cognitive impairments 
using non-car modes of transportation is lacking, but would be helpful in 
order to indicate which alternative modes of transport should be advised for 
patients with cognitive impairment. It is important to note that cyclists and 
pedestrians are vulnerable road users compared to car drivers, therefore traffic 
safety of retired drivers with cognitive impairments may be compromised. In 
conclusion, there is a lot of variation in mobility of patients with cognitive 
impairment, ranging from having no options for transportation anymore 
after driving cessation to sustaining mobility through driving or increasing 
use of alternative modes of transportation. 

6.4.1. Conclusions and implications for clinical practice 

Severity of cognitive impairment is very relevant for fitness to drive and 
predictive for driving cessation. Therefore, clinical tools such as the CDR 
should be used to stage the severity of cognitive impairment in the context of 
driving recommendations. There is consensus that patients with a CDR-score 
of 2 or 3 should be recommended to cease driving (Lundberg et al., 1997). 
Patients with a CDR-score of 1 are less likely to be fit to drive than patients 
with a CDR-score of 0.5, but for both groups assessments are needed to 
investigate fitness to drive on an individual basis.  
 
Physicians have a very important role in informing patients about the impact 
of cognitive impairment on driving, because patients may be compromised 
in the evaluation of their own functioning and abilities. Physicians should 
explain that driving cessation will probably become inevitable and support 
patients and their family members in adapting to this change. A proportion 
of patients will have a wish to continue driving. It is difficult to judge fitness 
to drive of individual patients in clinical practice (Gergerich, 2016), therefore 
referral to fitness-to-drive assessments (e.g. to driving licence authorities) is 
advised. This study showed that adherence to recommendations given after 
fitness-to-drive assessments is high, thus promoting driving cessation in 
patients who are unfit to drive while stimulating driving continuation in 
patients who are fit to drive. Still, physicians should discuss driving and 
mobility again after a fitness-to-drive assessment to assure that non-adherers 
are less likely to ignore the given driving recommendation, but also to 
acknowledge consequences of driving cessation. Depending on the personal 
situation, patients may need help in finding alternative modes of trans-
portation to sustain their mobility, or might desire recognition of negative 
emotions related to driving cessation. 
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7. General discussion 

7.1. Background 

The goal of this PhD thesis was to systematically study how different factors 
contribute to variations in fitness to drive between patients with cognitive 
impairment, which resulted in a procedure to assess fitness-to-drive in older 
patients with cognitive impairments in a clinical setting. In this project, 
patients with cognitive impairments of different aetiologies were invited to 
participate, together with a close relative. The first type of assessment was 
clinical interviews conducted with the patients and their relatives. The second 
type of assessment was a neuropsychological assessment and the third was a 
driving simulation test. At a later time, patients also participated in the ‘gold 
standard’ on-road driving evaluation at the Dutch driving licence authority. 
After completion of the fitness-to-drive assessment, a driving recommendation 
was provided by the researchers. Approximately seven months later, patients 
were asked about their adherence to the driving recommendation and changes 
in their mobility during a follow-up interview. First, a fitness-to-drive 
assessment strategy was developed using the three types of assessments for 
the evaluation of fitness to drive in patients with Alzheimer’s disease (AD) in a 
clinical setting. Second, the proposed strategy was validated and it was 
investigated whether this strategy could also be used for patients with other 
types of dementia. Finally, patients were followed-up to investigate whether 
driving recommendations given after the fitness-to-drive assessment were 
effective and what the consequences were for the mobility of patients with 
cognitive impairments. 

7.2. The developed strategy for the assessment of fitness to 
drive in patients with Alzheimer’s disease 

Patients with AD who failed the on-road assessment displayed significantly 
worse scores than patients who passed the on-road assessment on all three 
types of assessments, i.e. clinical interviews, neuropsychological assessment, 
and driving simulator rides (see Chapter 3). For each separate type of 
assessment, four variables were identified that predicted the outcome of the 
“gold standard” on-road assessment with an accuracy above 80%. When 
comparing the three types of assessments, the best predictive accuracy (94.6%) 
was based on the neuropsychological assessment. Moreover, when the three 
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types of assessments were combined an even more accurate prediction (97.4%) 
of on-road driving performance was reached. Therefore, cut-off scores were 
provided using a combination of all three types of assessments.  
 
Each type of assessment has advantages and disadvantages. Clinical 
interviews are in principle easy to conduct in clinical practice and already 
frequently used in the diagnostic process. However, self-reports as well as 
proxy-reports provide only subjective results, which can be biased. For a better 
interpretation of self-evaluation of driving safety, the importance of driving 
for the patient and their relatives should also be evaluated. Besides 
deliberately answering questions more positively (or negatively) than the 
actual experience, this can also happen unintentionally. Patients with cognitive 
impairments are well-known for having difficulties recognizing their own 
symptoms and impairments (Mullen et al., 1996), but also for informants 
gradual and mild cognitive decline may be difficult to perceive. Therefore, 
information derived from clinical interviews should be interpreted with 
caution. The most reliable measure from clinical interviews in the context of 
driving appears to be the Clinical Dementia Rating (CDR) (Iverson et al., 2010). 
Although the total score of the CDR has been shown useful for many clinical 
purposes, in this thesis we found that two subscales were of particular value 
for the prediction of fitness to drive in AD, namely Orientation and Judgement 
& Problem solving. It is possible that shorter interviews could provide enough 
information, which is highly relevant since there is often not sufficient time to 
conduct the entire CDR in clinical practice. Another option might be to 
promote referral from general practitioners, neurologists, and geriatricians to 
neuropsychologists and occupational therapists for a comprehensive 
assessment of fitness to drive. 
 
Neuropsychological assessments are common practice in clinical settings and 
provide objective measurements of cognitive functions. Nevertheless, using 
only global cognitive measures such as the MMSE is insufficient for a fitness-
to-drive evaluation (Bennett, Chekaluk, & Batchelor, 2016; Fitten et al., 1995; 
Lincoln et al., 2006). When composite test batteries are used and multiple 
cognitive domains relevant for driving are assessed, a better prediction of on-
road driving can be derived (Bennett et al., 2016). In addition, tests specifically 
designed for driving evaluations such as a hazard perception test and a traffic 
theory test are closely linked to on-road driving performance (Chapter 3) and 
have higher face validity than traditional neuropsychological tests. This 
implies that a standard neuropsychological examination used in diagnostics 
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does not provide enough information about fitness to drive, and specific 
fitness-to-drive testing is necessary. 
 
Driving simulation has even higher face validity than laboratory traffic tests. 
Other important advantages of driving simulation are having control over the 
encountered traffic situations as well as the behaviour of other traffic 
participants and the possibility to implement critical traffic situations in a safe 
environment. However, not every simulated traffic situation can be directly 
related to a comparable traffic situation on the road (Aksan et al., 2016; 
Veldstra et al., 2015). Currently, there is no agreement on an established and 
ready-to-use simulator ride with determined output variables to evaluate 
fitness to drive. Furthermore, driving simulators are not available in all clinical 
settings. Moreover, participants’ evaluations of the driving simulation varied 
markedly from ‘fantastic’ and ‘very realistic’ to ‘this is not comparable with 
my own car’ and ‘I feel sick’. In that regard, simulator sickness is a serious 
issue in the older population (Classen et al., 2011; Withaar, 2000). Although we 
tried to use simulator scenarios that would not evoke simulator sickness by 
not using any sharp turns and limiting the number of objects in the periphery, 
about one third of all participants could not finish the driving simulation due 
to nausea and/or dizziness. Simulator sickness should be avoided, because it 
causes distress to the participants and simulated driving performance cannot 
be evaluated reliably when participants have symptoms of simulator sickness. 
Nonetheless, completed driving simulator rides can have added value for the 
prediction of fitness to drive (Chapter 3 and 4). 

7.3. Validation of the developed strategy 

In Chapter 4, the strategy developed using patients with AD was applied on a 
sample of patients with mild cognitive impairment (MCI). The complete 
approach combining all three types of assessments achieved a high predictive 
accuracy of detecting patients who were unfit to drive (94.4%) (according to 
the outcome of the on-road driving assessment), which was close to the 
predictive accuracy of the original study on patients with AD (97.4%). 
Although the final result is comparable with the original study, the three types 
of assessments did not contribute equally to the prediction of fitness to drive 
in MCI. Clinical interviews did not aid the prediction here, while 
neuropsychological assessment and driving simulator rides were both valid 
predictors of fitness to drive in MCI. It could be that self-reports are less 
reliable in the MCI group than in the AD group, because very mild 
impairments are difficult to perceive. However, an interesting finding of 
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another study was that self-reported decline in driving ability did predict a 
diagnosis of MCI (Vardaki, Dickerson, Beratis, Yannis, & Papageorgiou, 2016) 
suggesting that self-report can be informative in this context. In general, the 
proposed strategy combining three types of assessments revealed adequate 
accuracy in predicting fitness to drive in patients with MCI. 

7.4. Variability between patients with cognitive 
impairments 

Patients with cognitive impairments comprise a very heterogeneous group as 
aetiologies, symptoms, impairments, and course differ to a large extent. 
Bearing this in mind, it may not be surprising that an assessment strategy 
predicting fitness to drive of patients with AD does not necessarily predict 
fitness to drive of patients with other types of dementia (see Chapter 5). This 
corresponds with previous studies showing that an assessment strategy for 
stroke could not predict on-road driving performance in patients with 
traumatic brain injury or dementia (Radford, Lincoln, & Murray-Leslie, 2004; 
Selander, Johansson, Lundberg, & Falkmer, 2010). Although one approach for 
the assessment of fitness to drive for all patients with cognitive impairments 
would be practical, it currently appears impossible to achieve sufficient 
predictive accuracy using a single assessment strategy for such a large 
heterogeneous group. Patients with different types of dementia may become 
unfit to drive by different trajectories with different patterns of errors and 
compensatory behaviours, and capturing all of those elements in one approach 
is very hard and would probably require an even more comprehensive 
approach than used in this thesis. Consequently, different types of dementia 
require different fitness-to-drive assessment strategies. 
 
Nonetheless, the neuropsychological assessment that was used for patients 
with AD was also predictive of fitness to drive in non-AD dementia (Chapter 
5), therefore (some of) the proposed neuropsychological measures could be 
useful for fitness-to-drive assessment strategies for patients with non-AD 
dementia as well. Importantly, the neuropsychological assessment contained 
both classical neuropsychological tests as well as newly developed specific 
traffic tests. In particular specific traffic tests may aid the prediction of fitness 
to drive in multiple types of dementia, because these tests are not designed to 
detect particular deficits in cognitive functions (which differ between types of 
dementia) that influence driving, but rather provide indications of cognitive 
abilities and skills needed to perform tasks that are important for driving. 
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Hazard perception, for example, appears crucial for all drivers, irrespectively 
of the presence or type of dementia. 

7.5. Predictive accuracy measures 

A relevant question is how many unsafe drivers can we allow to remain 
undetected (i.e. “misses”) and how many safe drivers can we accept to be 
advised to cease driving prematurely after a fitness-to-drive assessment (i.e. 
“false alarms”)? Kay and colleagues (Kay, Bundy, Clemson, Cheal, & 
Glendenning, 2012) proposed a minimum of 90% for both sensitivity and 
specificity if the purpose of an assessment strategy is to replace on-road 
driving assessments. This means that up to one in ten unsafe drivers is 
allowed to continue driving and up to one in ten safe drivers must cease 
driving prematurely, assuming around 50% of patients are fit to drive. The 
proposed values are difficult to reach or even approach, in particular in 
validation studies (this PhD thesis is no exception). To my knowledge, the 
only fitness-to-drive assessment for patients with cognitive impairments that 
yielded sensitivity and specificity above 90% was the combination of 
DriveSafe with DriveAware (Kay et al., 2012). These statistics were calculated 
on one randomly selected sample (n = 52) and verified on a second sample (n = 
44) (Kay et al., 2009), and were also validated in an additional study (Hines & 
Bundy, 2014) on patients with cognitive impairments related to a variety of 
diagnoses. However, this assessment strategy was not a full replacement of the 
on-road driving assessment. Two cut-off points were used, meaning that very 
safe and very unsafe drivers could be identified. These patients do not have to 
perform an on-road driving assessment anymore, but everyone with a score 
in-between the two cut-offs is still referred for an on-road assessment. This 
applied to almost half of all patients assessed with DriveSafe/DriveAware 
raising the question whether it is acceptable to implement a procedure to 
classify only about half of all assessed patients as safe or unsafe drivers. 
Nonetheless, trichotomization of fitness-to-drive assessment results could 
facilitate replacement of on-road driving assessments with very unsafe drivers 
by a clinical approach that would be very safe. Furthermore, in an ageing 
society, waiting times for on-road driving assessments may lengthen due to 
the increasing demand; therefore options for timely replacement of on-road 
assessments for a proportion of drivers will be welcome. In addition, fitness-
to-drive assessments could be applied in the clinical setting in countries where 
on-road driving assessments are hardly available or performed very 
inconsistently. There are also various circumstances in which an addition to 
the on-road driving assessment could be beneficial. As a first example, patients 
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may be offered a rehabilitation-oriented fitness-to-drive assessment in a 
clinical setting to prepare themselves for the official on-road driving 
assessment, and this rehabilitation-oriented information could aid patients in 
their decision to report their disease to the driving licence authority and might 
reveal options on how to improve their driving performance before they are 
formally assessed on the road. A second example is to use clinical fitness-to-
drive assessments for patients who failed the on-road driving assessment but 
wish to know whether they could improve their driving performance, 
including patients who objected to the procedure and decision of the Dutch 
driving licence authority. To improve the accuracy of decisions on fitness to 
drive, an extra on-road driving assessment could be offered to patients who 
failed the first on-road driving assessment while they passed the clinical 
fitness-to-drive assessment. 

7.6. The on-road driving assessment 

In most studies, including this PhD thesis, an on-road driving assessment is 
the ‘gold standard’ to assess fitness to drive. On-road driving has the highest 
face validity (i.e. representativeness) of all mentioned types of assessments, 
and there are trained experts to judge the on-road driving assessments in the 
Netherlands. However, there are some methodological issues. The official 
outcome of an on-road assessment is based on the subjective judgement of an 
expert on practical fitness to drive. The Test-Ride Investigating Practical fitness 
to drive (TRIP) form (Withaar, 2000) as used for standardization of on-road 
driving assessments in this thesis is not in use in official relicensing procedures 
while participants drive different routes depending on their own residential 
area in their own car. The advantage of this approach is that people drive in a 
familiar environment, which is where they probably drive most of the time, 
and therefore it is most relevant to observe driving performance there. This 
also requires a lower cognitive load compared to a fixed route in an unfamiliar 
area in a standard car. Nevertheless, on-road driving assessments are one-time 
evaluations that vary in encountered traffic situations and weather 
circumstances. A problem is that the validity and reliability of on-road driving 
assessments, even those including the TRIP form, have not been thoroughly 
researched. Both the interrater and test-retest reliability of on-road driving 
assessments have been questioned (Hunt et al., 1997; Ott et al., 2012), global 
ratings of on-road driving assessments correlate with naturalistic driving 
performance only moderately, and differences in driving performance remain 
poorly understood (Davis et al., 2012). In the end, not only clinical fitness-to-
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drive evaluations, but also on-road driving assessments could lead to incorrect 
classifications of safe and unsafe drivers.  

7.7. Implementation of fitness-to-drive assessments 

It is a controversial issue whether fitness-to-drive assessments (regardless of 
the setting) should be performed in older and cognitively impaired 
individuals (Martin, Marottoli, & O’Neill, 2013). Although there is agreement 
on the rationale to remove unsafe drivers from the road in order to improve 
traffic safety, this turns out to be less straightforward in practice. The primary 
goal is to prevent traffic accidents. However, traffic accidents are not easy to 
investigate. First, accidents cannot be studied prospectively in patients who 
failed the on-road driving assessment, because patients who ceased driving 
cannot be involved in future car accidents (as a driver). For this reason, it 
remains unknown whether these patients would have caused accidents if they 
would have continued to drive. Second, although retrospective studies could 
be informative since previous accidents may predict future accidents, self-
report of previous accidents may not be reliable, especially not when asking 
individuals with cognitive impairment. Third, traffic accidents represent an 
unpractical outcome measure in cross-sectional research, because accidents do 
not occur very often on a per person basis and also because the severity of 
accidents differs. That many persons do not experience accidents is fortunate, 
nevertheless, older drivers, especially those with medical conditions, are at 
high risk of accidents when considering the distance driven and consequences 
of accidents are often more serious for older persons (Dobbs, Heller, & 
Schopflocher, 1998; Ryan, Legge, & Rosman, 1998). All this implicates that it is 
important, but difficult to investigate whether fitness-to-drive assessments 
lead to a reduction in accidents. There are also reasons why not all unsafe 
drivers are removed from the road by fitness-to-drive assessments, namely not 
all of them will sign up for a fitness-to-drive assessment, incorrect classifi-
cations of unsafe (and safe) drivers appear inevitable, and not everybody 
adheres to driving cessation advice (see Chapter 6). In the end, the number of 
prevented car accidents may be limited and another worry is that older people 
who are no longer driving might be at high risk to be injured as a cyclist or 
pedestrian (Brouwer & Ponds, 1994; Hakamies-Blomqvist, Johansson, & 
Lundberg, 1996; Martin et al., 2013). These findings may suggest that age-
related screening for fitness to drive is not justifiable (Hakamies-Blomqvist et 
al., 1996). Age itself is also not a good predictor of accidents (Ball & Owsley, 
2003; Transportation Research Board, 1988). However, ageing is related to the 
occurrence of functional impairments and diseases. Cognitive impairment, for 
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example, does contribute to a higher accident risk (Lundberg, Hakamies-
Blomqvist, Almkvist, & Johansson, 1998); therefore fitness-to-drive assess-
ments for medical at-risk groups would have greater potential to reduce the 
number of traffic accidents. 
 
A secondary goal of fitness-to-drive assessments might be to improve car 
mobility of patients with cognitive impairment. This effect is not demonstrated 
in the current literature (Martin et al., 2013). Nonetheless, a positive outcome 
of a fitness-to-drive assessment may promote sustained car mobility 
preventing premature driving cessation. Anecdotal evidence (from 
participants in this PhD research) suggests that it is valuable to assure that 
driving is still safe after receiving a diagnosis of dementia. The high adherence 
to a positive driving advice as described in Chapter 6 supports this, but it is not 
known whether these patients would also have continued to drive if they did 
not participate in the fitness-to-drive assessment. It is important to note that 
fitness-to-drive assessments should not only be used for the identification of 
unsafe drivers, but mostly for rehabilitation purposes. Not only at the societal 
level, but especially at the family and personal levels questions about fitness to 
drive often arise and consequently clinicians are called upon in everyday 
practice. Frequently, the question may not only be whether the patient with 
cognitive impairment is currently still driving safely, but mostly what can be 
done to accomplish safe driving despite cognitive impairments. A fitness-to-
drive assessment could identify strengths and weaknesses of the patient that 
could be used to improve driving performance. For example, when traffic 
theory knowledge is not maintained, refreshing this knowledge could make a 
difference. As another example, driving errors in driving simulation could 
indicate which manoeuvres a patient should practice during additional on-
road driving lessons. Patients who doubt their fitness to drive whilst still 
driving safely and patients with trainable gaps in knowledge and skills needed 
for driving could benefit from prolonged car mobility with help from a fitness-
to-drive assessment. 

7.8. Adherence to driving recommendations 

A significant proportion of patients (46%) received a recommendation to 
continue driving in the present study (Chapter 6). Adherence to this 
recommendation was above 90% in a sample of patients with cognitive 
impairment who wish to continue driving. Even with the positive outcome of 
a fitness-to-drive assessment, patients should be made aware that the 
progression of dementia will lead to driving cessation eventually. A very small 
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proportion of patients with a positive driving recommendation decided to 
cease driving at follow-up which may imply that patients evaluate their fitness 
to drive also after passing a fitness-to-drive assessment. In general, positive 
driving recommendations promote continued, presumably safe, car mobility.  
 
A group of patients received a recommendation to follow driving lessons and 
sign up for an official on-road driving assessment. Around 40% of these 
patients ceased driving at follow-up, and the majority did not adhere to the 
driving recommendation before deciding to cease driving. There may be 
different reasons for this decision, but it could be that some patients ceased 
driving prematurely because they experienced too much stress related to the 
recommended procedure. Some patients also mentioned that an investment in 
driving lessons may not be worthwhile if it results in only a very short period 
(i.e. a maximum of one year) of prolonged car mobility. Most patients who 
continued to drive adhered to at least part of the driving recommendation, but 
almost 30% did not. This does not necessarily mean that the driving 
recommendation was ignored, because some patients had adapted their 
driving and a few still had plans to sign up for the official on-road driving 
assessment. Driving restriction, however, may not be enough to prevent 
accidents. These patients may need to be reminded and motivated by people 
around them to adhere to the driving recommendation.  
 
Even though it was opposite to their wish, driving cessation recommendations 
were followed by the vast majority of patients (79%). Moreover, a few patients 
who did not cease driving yet, were probably going to in the near future. 
Three intrapersonal factors, i.e. female gender, progression of dementia, and 
perceived health decline, facilitated driving cessation. However, about one in 
six patients did not consider driving cessation at all despite the serious 
concerns raised regarding their fitness to drive. Some of them were convinced 
that driving was still safe. A few felt it was safe to drive together with a co-
pilot, but there is no evidence that this is truly safe (Bédard, Molloy, & Lever, 
1998; Shua-Haim, Shua-Haim, & Ross, 1999). Non-compliant patients may 
have a decreased awareness of their cognitive impairments, but it is 
noteworthy that their co-pilots apparently agree with driving continuation. 
This implies that not only be the patient needs to be convinced of driving 
cessation advice, but also close relatives who may have an interest in the 
patient continuing to drive. Correspondingly, it was found that interpersonal 
factors play a large role in driving cessation. A social network that supports 
driving cessation and stimulates the transition to alternative transportation 
may promote adherence to driving cessation advice. 
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7.9. Mobility transition counselling 

Research has largely focused on driving, which is the preferred mode of 
transport of many people, but not the only way to retain mobility. Mobility 
transition counselling is about driving, but also about planning for alternative 
transportation (Berg-Weger, Meuser, & Stowe, 2013). If driving is still safe 
now, it may not be safe anymore next year, and many older drivers outlive 
their fitness to drive (Foley, Heimovitz, Guralnik, & Brock, 2002). Remarkably, 
research about the safety of using alternative transportation when having 
cognitive impairments is lacking so far. Cycling is reported as an important 
mode of transport for many patients with cognitive impairment (see Chapter 
6), but the vulnerability of cyclists and older people in general is of concern for 
the personal safety of patients (Brouwer & Ponds, 1994). In Chapter 6, it is 
described that a proportion of patients with cognitive impairment were able to 
sustain their mobility after driving cessation through the use of alternative 
transportation (i.e. cycling, public transport), but mobility is reduced for the 
majority of patients. Alternative transportation should become more visible 
and accustomed to patients with cognitive impairments, with potential for 
dementia friendly taxi services which guide patients at least from door-to-
door. Patients with cognitive impairments may be in need of mobility 
transition counselling, taking the individual’s preferences and impairments 
into account. Therefore mobility transition counselling should be provided to 
patients who need to cease driving but also to those who are still fit to drive 
when receiving a diagnosis of cognitive impairment. It may be easier to adopt 
alternative modes of transport when cognitive impairments are still mild, and 
patients can already start with this transition when they are still driving. 
 
Despite the potential of mobility transition counselling, it is not clear where 
and by whom mobility counselling is provided in many countries, including 
the Netherlands. A country that has implemented mobility counselling is the 
United Kingdom, where a network of centres offers information, advice and 
assessment about mobility, though largely focused on driving. In the 
Netherlands, the driving licence authority only advises about driving and 
driving cessation, not about alternative transport. Physicians may be asked to 
support their patients in the transition from driving to alternative 
transportation, but they are limited in time and resources to advise patients 
about mobility. In addition to a talk about different modes of transportation, 
practical assistance in arranging other transport may be necessary; examples 
are renting a mobility scooter or subscribing for specialized taxi services. In the 
Netherlands, so-called case-managers might be able to provide this assistance 
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for patients with cognitive impairment and help can also be sought from the 
municipality according to the law called ‘Wmo-vervoer’. The law ‘Wmo-
vervoer’ intends to enable independent participation in society for all Dutch 
citizens through support in transport mobility, such as reduced rates for a 
shared taxi for people with restrictions in mobility. Consortium ‘Blijf Veilig 
Mobiel’ and organisation ‘Veilig Verkeer Nederland’ are also concerned with 
mobility of older persons in the Netherlands, they provide online information 
about many modes of transportation. These sources, however, may not be 
well-known and not easy to access for older patients with cognitive 
impairment. Family members probably play a large role in arranging (help 
for) alternative transportation. More social services will be needed to increase 
the accessibility of alternative transportation for patients with cognitive 
impairment in order to promote mobility, independence, social participation 
and well-being.  

7.10. Limitations and directions for future research 

In this PhD thesis, an assessment strategy was developed to investigate fitness 
to drive of patients with AD and it was validated on patients with MCI. 
However, the sample size of the validation study is small, and a new 
validation study on a large independent sample of patients with AD and MCI 
is warranted before clinical application can be advised. Moreover, with an 
adapted cut-off more patients with MCI could be correctly classified as fit or 
unfit to drive, therefore different cut-offs require validation in studies with 
new samples of patients with AD and MCI.  
 
About a third of the participants were hampered by simulator sickness during 
the driving simulator rides. It is not easy to circumvent this problem as it is not 
possible to screen for simulator sickness in advance (and if even possible, this 
might result in a selection bias). There are suggestions to change the simulator 
scenarios or driving simulator surroundings to reduce simulator sickness 
(Bridgeman et al., 2014; Domeyer et al., 2013; Keshavarz, Novak, Hettinger, 
Stoffregen, & Campos, 2017), but these are not yet validated and cannot fully 
eliminate simulator sickness. More research should be dedicated to the 
attenuation of simulator sickness, because the number of patients that 
experience simulator sickness is high which limits the usefulness of driving 
simulator rides in clinical practice. 
 
The proposed assessment strategy in its present form is not advised to be 
applied for the assessment of fitness to drive in patients with non-AD 



146 

7.9. Mobility transition counselling 

Research has largely focused on driving, which is the preferred mode of 
transport of many people, but not the only way to retain mobility. Mobility 
transition counselling is about driving, but also about planning for alternative 
transportation (Berg-Weger, Meuser, & Stowe, 2013). If driving is still safe 
now, it may not be safe anymore next year, and many older drivers outlive 
their fitness to drive (Foley, Heimovitz, Guralnik, & Brock, 2002). Remarkably, 
research about the safety of using alternative transportation when having 
cognitive impairments is lacking so far. Cycling is reported as an important 
mode of transport for many patients with cognitive impairment (see Chapter 
6), but the vulnerability of cyclists and older people in general is of concern for 
the personal safety of patients (Brouwer & Ponds, 1994). In Chapter 6, it is 
described that a proportion of patients with cognitive impairment were able to 
sustain their mobility after driving cessation through the use of alternative 
transportation (i.e. cycling, public transport), but mobility is reduced for the 
majority of patients. Alternative transportation should become more visible 
and accustomed to patients with cognitive impairments, with potential for 
dementia friendly taxi services which guide patients at least from door-to-
door. Patients with cognitive impairments may be in need of mobility 
transition counselling, taking the individual’s preferences and impairments 
into account. Therefore mobility transition counselling should be provided to 
patients who need to cease driving but also to those who are still fit to drive 
when receiving a diagnosis of cognitive impairment. It may be easier to adopt 
alternative modes of transport when cognitive impairments are still mild, and 
patients can already start with this transition when they are still driving. 
 
Despite the potential of mobility transition counselling, it is not clear where 
and by whom mobility counselling is provided in many countries, including 
the Netherlands. A country that has implemented mobility counselling is the 
United Kingdom, where a network of centres offers information, advice and 
assessment about mobility, though largely focused on driving. In the 
Netherlands, the driving licence authority only advises about driving and 
driving cessation, not about alternative transport. Physicians may be asked to 
support their patients in the transition from driving to alternative 
transportation, but they are limited in time and resources to advise patients 
about mobility. In addition to a talk about different modes of transportation, 
practical assistance in arranging other transport may be necessary; examples 
are renting a mobility scooter or subscribing for specialized taxi services. In the 
Netherlands, so-called case-managers might be able to provide this assistance 

147 

for patients with cognitive impairment and help can also be sought from the 
municipality according to the law called ‘Wmo-vervoer’. The law ‘Wmo-
vervoer’ intends to enable independent participation in society for all Dutch 
citizens through support in transport mobility, such as reduced rates for a 
shared taxi for people with restrictions in mobility. Consortium ‘Blijf Veilig 
Mobiel’ and organisation ‘Veilig Verkeer Nederland’ are also concerned with 
mobility of older persons in the Netherlands, they provide online information 
about many modes of transportation. These sources, however, may not be 
well-known and not easy to access for older patients with cognitive 
impairment. Family members probably play a large role in arranging (help 
for) alternative transportation. More social services will be needed to increase 
the accessibility of alternative transportation for patients with cognitive 
impairment in order to promote mobility, independence, social participation 
and well-being.  

7.10. Limitations and directions for future research 

In this PhD thesis, an assessment strategy was developed to investigate fitness 
to drive of patients with AD and it was validated on patients with MCI. 
However, the sample size of the validation study is small, and a new 
validation study on a large independent sample of patients with AD and MCI 
is warranted before clinical application can be advised. Moreover, with an 
adapted cut-off more patients with MCI could be correctly classified as fit or 
unfit to drive, therefore different cut-offs require validation in studies with 
new samples of patients with AD and MCI.  
 
About a third of the participants were hampered by simulator sickness during 
the driving simulator rides. It is not easy to circumvent this problem as it is not 
possible to screen for simulator sickness in advance (and if even possible, this 
might result in a selection bias). There are suggestions to change the simulator 
scenarios or driving simulator surroundings to reduce simulator sickness 
(Bridgeman et al., 2014; Domeyer et al., 2013; Keshavarz, Novak, Hettinger, 
Stoffregen, & Campos, 2017), but these are not yet validated and cannot fully 
eliminate simulator sickness. More research should be dedicated to the 
attenuation of simulator sickness, because the number of patients that 
experience simulator sickness is high which limits the usefulness of driving 
simulator rides in clinical practice. 
 
The proposed assessment strategy in its present form is not advised to be 
applied for the assessment of fitness to drive in patients with non-AD 



148 

dementia, therefore also new approaches must be developed for patients with 
other common types of dementia such as vascular dementia, frontotemporal 
dementia, and Lewy body dementia. Developing assessment strategies based 
on the required abilities for safe driving is desirable, but there is no generally 
accepted model of driver behaviour that could serve as a basis. If a model is 
devised that captures all aspects of driver behaviour, a fitness-to-drive 
assessment that follows this model would be too elaborate by the inclusion of 
many measures that are required to represent all aspects of driving. Therefore, 
selections of measures must be made depending on the type of dementia. For 
patients with rare or unclear diagnoses of cognitive impairment, it will be 
difficult to develop a standardized fitness-to-drive assessment that is 
accurately predicting on-road driving performance. In these cases, on-road 
driving assessments might remain necessary to evaluate fitness to drive. It is 
important to stress that this PhD thesis demonstrates that fitness-to-drive 
assessment results of patients with AD should not be generalized to the entire 
population of patients with cognitive impairment in future research.  
 
At this stage, information about which driving difficulties occur in patients 
with different types of dementia is very limited while this knowledge may be 
very valuable for the selection of measures that might predict on-road driving 
performance in specific patient groups. The only study investigating on-road 
driving in two different types of dementia, AD and VaD, showed a 
comparable mean drive score between both groups, but more eye movements 
in patients with VaD compared with AD in an on-road driving assessment 
(Fitten et al., 1995). Differences in driving difficulties could be investigated 
further using the TRIP forms of this study and also in a naturalistic driving 
study in which the driving performance of patients with different types of 
dementia is monitored in their own cars for longer periods of time. In 
addition, a longitudinal study in which patients with different types of 
dementia perform half-yearly on-road driving assessments would be very 
helpful to determine for how long driving licences of patients with different 
forms of dementia should be extended and when re-assessment of fitness to 
drive is necessary. When combining these two studies, the validity and 
reliability of on-road driving assessments could also be studied more 
thoroughly.  

The current literature does not reveal whether the implementation of fitness-
to-drive assessments reduces the number of prospective traffic accidents 
and/or improves car mobility (Martin et al., 2013). Despite the methodological 
difficulties, it is important to design and conduct studies to investigate 
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whether fitness-to-drive assessments targeted at medical at-risk groups 
accomplish these goals. There are multiple methods to consider. The accident 
risk of patients with cognitive impairments who passed the on-road driving 
assessment could be compared with accident risks of other patient groups and 
healthy older drivers. This would indicate whether the patients who passed 
were as safe drivers as other groups that are allowed to drive, but it would not 
demonstrate whether the patients who failed were unsafe drivers. In order to 
investigate this further, research should be conducted across borders. Accident 
risks of patients with cognitive impairments in countries without a fitness-to-
drive assessment are likely to be higher than in countries where fitness-to-
drive assessments are established, because less unsafe drivers should be on the 
road in the latter countries. In some countries, state records of accidents are 
available to study accidents retrospectively (Ball, Owsley, Sloane, Roenker, & 
Bruni, 1993). A limitation is that countries differ also in many other aspects 
than having established fitness-to-drive assessments and it may therefore be 
difficult to draw valid conclusions from these comparisons. In a country 
without mandatory reporting of drivers with dementia, a prospective study 
may be possible in which patients who undergo fitness-to-drive assessments 
are compared with patients who do not with regard to the number of 
accidents and mobility (Martin et al., 2013). Another interesting method to 
consider, which is safe and also possible to conduct in countries with 
mandatory reporting of drivers with dementia, is to study both patients who 
passed and who failed the on-road driving assessment half a year and a year 
thereafter in a driving simulator to compare accident rates and driving errors 
between both groups.  
 
Another matter that deserves further attention is the reluctance to cease 
driving of a proportion of patients who are deemed unfit to drive. 
Interventions to promote driving cessation should be investigated, and 
involvement of family members is crucial. However, it must be emphasized 
that many patients would not need an additional intervention to cease driving 
after a fitness-to-drive assessment. Moreover, for some patients who are aware 
of the impairments of old age, the driving cessation process might even occur 
naturally without any intervention or fitness-to-drive assessment. It must be 
emphasized that driving cessation is usually not an immediate decision, but a 
long-lasting personal process (Liddle et al., 2013) that should be respected. A 
related area for research is how mobility and well-being can be maintained 
after driving cessation. Without alternative transportation many patients can 
become isolated at home. In line with this, accessibility and safety of 
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alternative transportation for patients with cognitive impairment should be 
studied, e.g.  of taxi services and cycling.  
 
Additionally, there should be more research on rehabilitation-oriented 
assessments of fitness to drive to reveal options to compensate for cognitive 
impairments. Fitness-to-drive assessments provide information about 
individuals’ weaknesses for which they may require in-car support, education 
or training as well as strengths that could be used in rehabilitation. As an 
example, for some patients with wayfinding difficulties, driving with a 
navigation system might facilitate a prolonged duration of driving 
continuation. In this context, the development of technological innovations, in 
particular (partially) automated vehicles is very promising. Current highly 
automated vehicles, however, may not be suitable for patients who are unfit to 
drive as the driver needs to intervene when unexpected situations occur or in 
case of road works (Aeberhard et al., 2015), i.e. in traffic situations in which 
patients with cognitive impairment need support, they would have to drive 
themselves. Nonetheless, if cars become fully automated, there is no need of a 
driver anymore, therefore, patients with cognitive impairment who are no 
longer fit to drive may be allowed to travel in fully automated cars in the 
future. Although this idea is very attractive, there are many hurdles to take 
before all traffic will become fully automated (Aeberhard et al., 2015; 
Kyriakidis, Happee, & de Winter, 2015). 

7.11. Conclusions 

This thesis addresses how fitness to drive should be assessed in patients with 
different aetiologies of cognitive impairment. This topic is very relevant as 
patients with cognitive impairment are at risk for unsafe driving, but a large 
proportion of them are fit to drive in early stages of their disease warranting 
individual evaluations. A fitness-to-drive assessment including clinical 
interviews, neuropsychological tests, and driving simulator rides is a 
promising approach for patients with AD. Additionally, for patients with 
different types of dementia (e.g. vascular dementia, frontotemporal dementia, 
Lewy body dementia) different assessment strategies must be developed to 
evaluate their fitness to drive. Driving recommendations given after fitness-to-
drive assessments were effectively promoting driving continuation of patients 
who were fit to drive and driving cessation of patients who were no longer fit 
to drive. In the process of driving cessation, patients with cognitive 
impairment may need support to stimulate the transition to alternative 
transportation, in order to retain mobility and social participation.  
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alternative transportation for patients with cognitive impairment should be 
studied, e.g.  of taxi services and cycling.  
 
Additionally, there should be more research on rehabilitation-oriented 
assessments of fitness to drive to reveal options to compensate for cognitive 
impairments. Fitness-to-drive assessments provide information about 
individuals’ weaknesses for which they may require in-car support, education 
or training as well as strengths that could be used in rehabilitation. As an 
example, for some patients with wayfinding difficulties, driving with a 
navigation system might facilitate a prolonged duration of driving 
continuation. In this context, the development of technological innovations, in 
particular (partially) automated vehicles is very promising. Current highly 
automated vehicles, however, may not be suitable for patients who are unfit to 
drive as the driver needs to intervene when unexpected situations occur or in 
case of road works (Aeberhard et al., 2015), i.e. in traffic situations in which 
patients with cognitive impairment need support, they would have to drive 
themselves. Nonetheless, if cars become fully automated, there is no need of a 
driver anymore, therefore, patients with cognitive impairment who are no 
longer fit to drive may be allowed to travel in fully automated cars in the 
future. Although this idea is very attractive, there are many hurdles to take 
before all traffic will become fully automated (Aeberhard et al., 2015; 
Kyriakidis, Happee, & de Winter, 2015). 

7.11. Conclusions 

This thesis addresses how fitness to drive should be assessed in patients with 
different aetiologies of cognitive impairment. This topic is very relevant as 
patients with cognitive impairment are at risk for unsafe driving, but a large 
proportion of them are fit to drive in early stages of their disease warranting 
individual evaluations. A fitness-to-drive assessment including clinical 
interviews, neuropsychological tests, and driving simulator rides is a 
promising approach for patients with AD. Additionally, for patients with 
different types of dementia (e.g. vascular dementia, frontotemporal dementia, 
Lewy body dementia) different assessment strategies must be developed to 
evaluate their fitness to drive. Driving recommendations given after fitness-to-
drive assessments were effectively promoting driving continuation of patients 
who were fit to drive and driving cessation of patients who were no longer fit 
to drive. In the process of driving cessation, patients with cognitive 
impairment may need support to stimulate the transition to alternative 
transportation, in order to retain mobility and social participation.  
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Appendix Protocol 

Inviting patients 
 
You have received a patient referral from a doctor or the patient has signed 
up themselves.  
 
Send the patient the information letter along with the participation form and 
informed consent form by mail, unless the doctor has already given the 
patient an information letter, participation form, and informed consent form. 
Wait until the participation form and informed consent form are sent back. If 
you have not received anything after two weeks call the patient to inquire 
whether they have forgotten to send the forms. After sign up is completed 
you can schedule the patient and call them to make an appointment. 
Afterwards send a confirmation by mail along with a copy of the Driving 
questionnaire. The patient should fill this in and bring it along on the day of 
testing. Also mention in the invitation that the patient should bring a list of 
his medication. 
 
 
Preparation for the day of testing 
 
Two researchers are required to be present on the day of testing: 
• The anamnesis supervisor will administer the heteroanamnesis and 

anamnesis. This supervisor will also be present during the visual field 
test and driving simulator tests. 

• The testing supervisor will administer the neuropsychological tests and 
is also present during the driving simulator tests. 

Both researchers are involved in the driving simulator section. This creates 
the opportunity for discussion on the driving behaviour and interpretation 
thereof.   
 
Make sure all of the following items are printed out, write the participant 
number in the right top corner of each sheet, and place them in the correct 
order: 
• Informed consent form (already filled in by the patient) 
• CDR-form 
• Addition heteroanamnesis 
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• Addition anamnesis 
• Driving questionnaire (blank version in case the patient did not bring 

their own) 
• Log 
• MMSE form, sheet with the sentence to read and illustration, 1 blank A4 

sheet 
• Trailmaking example page (pre-folded), Trailmaking A and 

Trailmaking B 
• Instruction for visual construction drawings and 2 blank A4 sheets 
• Mazes: practice maze, maze 1 and 2, plus table to write down scores 

(pre-folded) 
• NLV 
• Motor skills tests form (2 A4 sheets) 
• Observation list Researchers’ observations 
• Optional: Blank sheet to write down necessary patient details 
 
Write down in the log which details you still need to ask the patient about 
(e.g. the informed consent form if you have not received this yet). Write 
down the patient’s contact details on a separate piece of paper to secure it is 
not scanned in along with the other documents for the database. 
 
Turn on the computers in the designated research area. Both computers must 
be switched on (if they are not already on). 
 
Make sure to have the following items ready: 
• Stopwatch with timer (for administration of Trailmaking A and B, 

mazes and motor skill tests) 
• Pen to make notes with (may also be used for scoring tests) 
• Pen the patient may use to draw with (for MMSE, Trailmaking, Visual 

construction drawings, and maze task) 
• Two pens (extra) 
• Wristwatch (for MMSE)  
 
 
Patient reception 
 
Welcome the patient and accompanying close relation. Offer them something 
to drink. Explain that today they will investigate the patient’s driving fitness 
by using neuropsychological tests and driving simulator tests. ‘We will also 
ask some general questions regarding memory and driving and we will 
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perform a number of eye tests. In order to paint an accurate picture we 
always talk to someone who knows you well (the person accompanying 
you). One researcher will start with that, while the other researcher will 
complete some tests with you. ‘Ask the accompanying close relation what 
their plans are. If they decide to leave after the heteroanamnesis inform them 
of the fact that the patient will be done in approximately 3.5 hours and will 
be ready to be picked up (if they are unable to go home independently). If 
they intend to stay close by, ask whether they want to accompany the patient 
on a break halfway through the test day. Propose to have a break around … 
o’clock (approximately halfway through the day). You can have coffee/lunch 
together. We will evaluate how far we have progressed and provide an 
estimate of how much more time we will need.’ In the meanwhile (until the 
break) the accompanying relation can engage in other activities (e.g. walk 
through the city). 
 
‘Is everything clear? Do you have any questions?’ 
 
Subsequently ask the patient if they brought the filled in Driving 
questionnaire and a list of their medication. Ask whether the questionnaire 
was filled in together. Also ask if you can make a copy of the list of 
medication. If there was still information missing (you should have this 
written down in the log), ask this information from the patient and caretaker. 
In case you have not received an informed consent form yet, ask about this 
and sign the form yourself. Make sure not to mention today’s date. 
Otherwise, don’t fill it in yet.  
 
If there are no further questions the anamnesis supervisor will accompany 
the caretaker to a different room for the heteroanamnesis (bring the (filled in) 
questionnaire, the CDR-worksheet, and heteroanamnesis addition) and the 
testing supervisor will start with the tests. 
 
 
Heteroanamnesis (administered by anamnesis supervisor) 
 
Tell the caretaker that you will ask them a number of questions on the daily 
functioning of the patient and the patient’s driving behaviour. First we will 
start with the daily functioning. 
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CDR 
 
Tell the caretaker that you want to map the patient’s daily functioning 
according to a standardized questionnaire and that you will therefore ask the 
questions in a set order. The questions may therefore not come across 
entirely natural. 
Now administer the heteroanamnesis part of the CDR. 
 
Questions driving safety 
 
Tell the caretaker that you would like to ask some more questions regarding 
the patient’s driving behaviour. Go through the list in ‘Addition 
heteroanamnesis.doc’ with the caretaker. 
 
Driving questionnaire 
 
After the CDR’s heteroanamnesis and additional heteroanamnesis you 
procure the Driving questionnaire and go through the list with the caretaker. 
Discuss the most problematic points and ask which (if any) of those have 
become visibly more difficult after the cognitive problems first surfaced. Ask 
at which points the caretaker and patient may have disagreed and request 
clarification in cases of ambiguity and distinctive features. 
 
When you have completed the heteroanamnesis thank the caretaker for the 
cooperation and discuss where the patient will be taken to for the break or 
the end of the day. 
 
Notify the testing supervisor of the completion of the heteroanamnesis and 
the place and time the patient will be taken for their break or after 
completion of all tests. 
 
 
Neuropsychological tests (administered by the testing supervisor) 
 
Observe the patient carefully. Fill in the observation list during the breaks. 
Note any striking events. 
 
Invite the patient to take place on a fixed seat at a table. Tell the patient that 
you will first ask them some questions and then complete a number of tasks 
involving pen and paper. Subsequently there will be a section administered 

177 

by computer and finally a number of eye tests. Inform the patient that your 
colleague will ask them some questions regarding their daily functioning and 
driving a car. Finally the patient will complete number of test drives in the 
driving simulator. 
 
Tell the patient that testing may cause signs of exhaustion. The patient is 
therefore free to indicate when they would like to take a break of have 
something to drink. 
 
Keep the time in mind when administering the NPO in order to be able to 
take the patient on their break in a timely manner. After the break you will 
continue where you left off. Write down when the break took place in the 
log. Pay attention to the patient to see whether they need another small break 
in between tests. 
 
Use the break to discuss particularities in the patient, the NPO’s progress, 
when the anamnesis supervisor’s presence is required again and the 
expected time remaining. At the end of the break one of the two researchers 
will pick up the patient and discuss where the patient may be taken to after 
completion of the tests. Indicate an estimated time of completion. 
 
MMSE 
 
‘First I will ask you a number of questions.’ 
 
Administer the MMSE according to the MMSE protocol. Fill in how the 
writing went in the Researcher’s observations. 
 
Comments: 
• If the patient appears to be well oriented then you can start with asking 

for the date. It is not necessary to ask for the year, month, and day 
separately. 

• Question 4 requires a choice between a calculation and spelling a word 
backwards. Choose the spelling option here, since the CDR already 
includes calculations. 

 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
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writing went in the Researcher’s observations. 
 
Comments: 
• If the patient appears to be well oriented then you can start with asking 

for the date. It is not necessary to ask for the year, month, and day 
separately. 

• Question 4 requires a choice between a calculation and spelling a word 
backwards. Choose the spelling option here, since the CDR already 
includes calculations. 

 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
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Trailmaking A and B 
 
Show the patient the example of Trail A (fold the sheet in half so the example 
of Trail B is covered up). Tell the patient the following: ‘Here you see a piece 
of paper with a number of small circles each containing a number. You 
should use this pencil to connect the numbers AS QUICKLY AS POSSIBLE 
with a line, starting with 1 and continuing until you have connected all the 
numbers. Do you understand what needs to happen? Then you can practice 
first.’ 
 
If the practice round is successful offer the large sheet to the patient. Only 
show the sheet to the patient shortly before starting. Tell the patient “You 
may now begin” while pointing at the beginning, start the stopwatch and 
write down the time to completion. Set a maximum of 5 minutes. If the 
patient is not able to complete the test (e.g. the patient quits during the test or 
makes too many errors) write this down on the sheet. 
 
If the patient makes an error immediate correction is required, if possible, by 
saying: “No, you made a mistake, you should connect this one to this one.” 
(Indicate by pointing.) Let the patient continue after this correction, but log 
the event afterwards. The stopwatch remains on during the correction. 
 
Now, show the patient the example of Trail B. ‘On this piece of paper you 
will see a number of circles, but this time they contain a mixture of numbers 
and letters. You will have to connect them as quickly as possible in the 
following manner: 1 - A - 2 - B - 3 - C ... etc. (demonstrate this without using 
the pencil). Do you understand what needs to happen? Then you can practice 
first again.’ 
 
If the practice round is successful offer the large sheet to the patient (show 
the sheet to the patient shortly before starting), “You may now begin” (point 
at the beginning), start the stopwatch and write down the time to 
completion. If the patient is not able to complete the test (e.g. the patient 
quits during the test or makes too many errors) then set a maximum time of 6 
minutes. 
 
If the patient makes an error immediate correction is required, if possible, by 
saying: “No, you made a mistake, you should connect this one to this one.” 
(Indicate by pointing.) Let the patient continue after this correction, but log 
the event afterwards. The stopwatch remains on during the correction. If the 
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patient wants to give up coach them into continuing the test. After 5 minutes 
this is no longer necessary. If the patient wants to quit at this point, this is 
possible. Write down the time and reason for quitting. 
 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
Visual construction drawings 
 
The testing supervisor puts down a piece of paper in front of the patient and 
hands them a pen (per item the patient will be provided with a new sheet of 
paper, if possible use both sides). Then the testing supervisor will say the 
following: 
1) “Please draw a house”. If the patient does not add any details: ‘Could you 
add some more details?’. If the patient does not add depth: ‘Could you add 
some more depth?’. 
2) “Now would you please draw a star with 5 points”. 
3) “Could you draw a cube here”. If the patient does not understand the 
word “cube”, the term “block” is also acceptable. 
4) “Please draw a clock and put the numbers on there, but not the hands.” 
When the patient has done this: “Now please draw in the hands at 10 past 
11.” 
 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
Mazes 
 
Tell the patient we will administer another test that involves drawing. 
We will complete three mazes during this test. We will start off with a 
practice maze. Say: “Here you see a maze. You enter the maze on the left side 
(point at entrance). Try to reach the other side of the maze (point at exit). Do 
this as quickly as possible, but be careful not to follow dead-end paths. If you 
made a mistake follow the same path you took until you reach the point 
where you would have liked to go in a different direction. Try to draw as 
neatly as possible and avoid touching the lines. Do you understand what 
needs to happen? Please give it a try.” You can take as much time for the 
practice maze as needed until the patient understands what they need to do. 
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Trailmaking A and B 
 
Show the patient the example of Trail A (fold the sheet in half so the example 
of Trail B is covered up). Tell the patient the following: ‘Here you see a piece 
of paper with a number of small circles each containing a number. You 
should use this pencil to connect the numbers AS QUICKLY AS POSSIBLE 
with a line, starting with 1 and continuing until you have connected all the 
numbers. Do you understand what needs to happen? Then you can practice 
first.’ 
 
If the practice round is successful offer the large sheet to the patient. Only 
show the sheet to the patient shortly before starting. Tell the patient “You 
may now begin” while pointing at the beginning, start the stopwatch and 
write down the time to completion. Set a maximum of 5 minutes. If the 
patient is not able to complete the test (e.g. the patient quits during the test or 
makes too many errors) write this down on the sheet. 
 
If the patient makes an error immediate correction is required, if possible, by 
saying: “No, you made a mistake, you should connect this one to this one.” 
(Indicate by pointing.) Let the patient continue after this correction, but log 
the event afterwards. The stopwatch remains on during the correction. 
 
Now, show the patient the example of Trail B. ‘On this piece of paper you 
will see a number of circles, but this time they contain a mixture of numbers 
and letters. You will have to connect them as quickly as possible in the 
following manner: 1 - A - 2 - B - 3 - C ... etc. (demonstrate this without using 
the pencil). Do you understand what needs to happen? Then you can practice 
first again.’ 
 
If the practice round is successful offer the large sheet to the patient (show 
the sheet to the patient shortly before starting), “You may now begin” (point 
at the beginning), start the stopwatch and write down the time to 
completion. If the patient is not able to complete the test (e.g. the patient 
quits during the test or makes too many errors) then set a maximum time of 6 
minutes. 
 
If the patient makes an error immediate correction is required, if possible, by 
saying: “No, you made a mistake, you should connect this one to this one.” 
(Indicate by pointing.) Let the patient continue after this correction, but log 
the event afterwards. The stopwatch remains on during the correction. If the 
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patient wants to give up coach them into continuing the test. After 5 minutes 
this is no longer necessary. If the patient wants to quit at this point, this is 
possible. Write down the time and reason for quitting. 
 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
Visual construction drawings 
 
The testing supervisor puts down a piece of paper in front of the patient and 
hands them a pen (per item the patient will be provided with a new sheet of 
paper, if possible use both sides). Then the testing supervisor will say the 
following: 
1) “Please draw a house”. If the patient does not add any details: ‘Could you 
add some more details?’. If the patient does not add depth: ‘Could you add 
some more depth?’. 
2) “Now would you please draw a star with 5 points”. 
3) “Could you draw a cube here”. If the patient does not understand the 
word “cube”, the term “block” is also acceptable. 
4) “Please draw a clock and put the numbers on there, but not the hands.” 
When the patient has done this: “Now please draw in the hands at 10 past 
11.” 
 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
Mazes 
 
Tell the patient we will administer another test that involves drawing. 
We will complete three mazes during this test. We will start off with a 
practice maze. Say: “Here you see a maze. You enter the maze on the left side 
(point at entrance). Try to reach the other side of the maze (point at exit). Do 
this as quickly as possible, but be careful not to follow dead-end paths. If you 
made a mistake follow the same path you took until you reach the point 
where you would have liked to go in a different direction. Try to draw as 
neatly as possible and avoid touching the lines. Do you understand what 
needs to happen? Please give it a try.” You can take as much time for the 
practice maze as needed until the patient understands what they need to do. 
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When they complete the practice maze tell the patient again that they should 
try to avoid the dead-end paths and not touch the lines when drawing. Show 
the test mazes only just before starting the test. 
 
Maze 1: “Here you can see a different maze. Complete this figure in the same 
way as you did with the previous maze. You may start here.” 
Maze 2: “This is the final maze. Complete this figure in the same way as you 
did with the previous maze. You may start here.” 
 
Measure the total time the participant needs individually for each maze 
(thinking time + drawing). With Maze 1 and 2 the patient is given a 
maximum of 2 minutes to complete each test. Write down on the 
Researchers’ observations how the patient drew their lines. Also note how 
powerful their grip was on the pen and how solid the pressure on the paper 
was with the pen and paper tasks. 
 
Possible situations: 
• If the participant is rushing their drawing “You have enough time. It is 

important not to touch the lines and to prevent entering dead-end 
paths. 

• If the participant is drawing very slowly: “Try to complete the maze as 
quickly as possible.” 

• If they indicate it is too difficult: “It is difficult indeed, but please try to 
do as best as you can.” If they give up after multiple attempts to 
encourage the patient to continue you may mark this maze as 
incorrect/incomplete. If a maze was completed incorrectly, the patient is 
still asked to complete the next one (“You can try this other maze.”) and 
otherwise you may terminate the test. 

• If they make multiple mistakes: Repeat the instructions that they should 
try to avoid the dead-end paths and not touch the lines when drawing. 

• If the participant asks where they need to go you may point at the exit. 
Write this event down in the log. 

 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
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NLV 
 
Hand the patient the NLV word list. Instructions: “Here you can see two 
columns with words. Are the letters readable for you? You will have to read 
the words out loud. This test is about pronunciation and not about the time 
needed to read. You will start here (point to left upper corner) and move 
your way down the list. You will do the same for the right column (also point 
at this).” Give the patient ‘correct’ or ‘incorrect’ ratings for every word. If you 
are unsure whether it was pronounced correctly you may use a question 
mark to indicate this. 
 
Possible situations: 
• If the patient is reading too quickly: “This test does not have a time 

limit, so there is no need to rush.” 
• If the patient pronounces a word with an English pronunciation: “Your 

pronunciation is correct, but you are reading it in English. Could you 
try doing it Dutch as well?” 

 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
Motor skills tests 
 
Make sure you are aware of the arm’s position. See this in the video that is 
referred to in the extended instructions on these tests. Tell the patient that we 
will perform a number of short tests in order to look at the movements of 
hands and feet. Demonstrate what the patient should do per body part. 
Instruction hands: “As quickly as possible open your right hand completely 
and close it completely so that it makes a fist (demonstrate). Start and stop on 
my signal.” Set a timer for 5 seconds. Say ‘start’ when you turn it on and 
‘stop’ when the timer reaches zero. Score the number of completed 
movements in 5 seconds and indicate to which category the results belong. 
Repeat this process for the left hand. Instruction feet: “Put both of your feet 
on the ground. Tap the floor with your right foot while leaving your heel on 
the ground (demonstrate). Do this as quickly as possible. Start and stop at 
my signal.” Set a timer for 5 seconds. Say ‘start’ when you turn it on and 
‘stop’ when the timer reaches zero. Score the number of completed 
movements in 5 seconds and indicate to which category the results belong. 
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When they complete the practice maze tell the patient again that they should 
try to avoid the dead-end paths and not touch the lines when drawing. Show 
the test mazes only just before starting the test. 
 
Maze 1: “Here you can see a different maze. Complete this figure in the same 
way as you did with the previous maze. You may start here.” 
Maze 2: “This is the final maze. Complete this figure in the same way as you 
did with the previous maze. You may start here.” 
 
Measure the total time the participant needs individually for each maze 
(thinking time + drawing). With Maze 1 and 2 the patient is given a 
maximum of 2 minutes to complete each test. Write down on the 
Researchers’ observations how the patient drew their lines. Also note how 
powerful their grip was on the pen and how solid the pressure on the paper 
was with the pen and paper tasks. 
 
Possible situations: 
• If the participant is rushing their drawing “You have enough time. It is 

important not to touch the lines and to prevent entering dead-end 
paths. 

• If the participant is drawing very slowly: “Try to complete the maze as 
quickly as possible.” 

• If they indicate it is too difficult: “It is difficult indeed, but please try to 
do as best as you can.” If they give up after multiple attempts to 
encourage the patient to continue you may mark this maze as 
incorrect/incomplete. If a maze was completed incorrectly, the patient is 
still asked to complete the next one (“You can try this other maze.”) and 
otherwise you may terminate the test. 

• If they make multiple mistakes: Repeat the instructions that they should 
try to avoid the dead-end paths and not touch the lines when drawing. 

• If the participant asks where they need to go you may point at the exit. 
Write this event down in the log. 

 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
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NLV 
 
Hand the patient the NLV word list. Instructions: “Here you can see two 
columns with words. Are the letters readable for you? You will have to read 
the words out loud. This test is about pronunciation and not about the time 
needed to read. You will start here (point to left upper corner) and move 
your way down the list. You will do the same for the right column (also point 
at this).” Give the patient ‘correct’ or ‘incorrect’ ratings for every word. If you 
are unsure whether it was pronounced correctly you may use a question 
mark to indicate this. 
 
Possible situations: 
• If the patient is reading too quickly: “This test does not have a time 

limit, so there is no need to rush.” 
• If the patient pronounces a word with an English pronunciation: “Your 

pronunciation is correct, but you are reading it in English. Could you 
try doing it Dutch as well?” 

 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
Motor skills tests 
 
Make sure you are aware of the arm’s position. See this in the video that is 
referred to in the extended instructions on these tests. Tell the patient that we 
will perform a number of short tests in order to look at the movements of 
hands and feet. Demonstrate what the patient should do per body part. 
Instruction hands: “As quickly as possible open your right hand completely 
and close it completely so that it makes a fist (demonstrate). Start and stop on 
my signal.” Set a timer for 5 seconds. Say ‘start’ when you turn it on and 
‘stop’ when the timer reaches zero. Score the number of completed 
movements in 5 seconds and indicate to which category the results belong. 
Repeat this process for the left hand. Instruction feet: “Put both of your feet 
on the ground. Tap the floor with your right foot while leaving your heel on 
the ground (demonstrate). Do this as quickly as possible. Start and stop at 
my signal.” Set a timer for 5 seconds. Say ‘start’ when you turn it on and 
‘stop’ when the timer reaches zero. Score the number of completed 
movements in 5 seconds and indicate to which category the results belong. 



182 

Repeat this process for the left foot. Score the observation category that is 
applicable to the results in general. 
 
Proprioception test 
 
The Proprioception test in printed on the same form as the motor skills tests. 
Say: ‘Put your hand on the table. Close your eyes.’ Check whether the patient 
has really closed their eyes. Then say: ‘Touch the tip of your nose with your 
right index finger.’ Record the time. Note how long it took and choose the 
appropriate category for the finger placement and movement. Repeat this 
procedure for the left index finger.  
 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
ATAVT (S1) 
 
To start this test, double click on the shortcut [Vienna Test System]. First 
create a new participant by opening the tab ‘List of test persons’ and clicking 
the button [new]. Enter the participant’s number in the name field. Do not 
enter a first name, leave this field blank (or add an ‘x’ if it requires input). 
Ask for the participant’s date of birth. Enter this into the system. Click [OK]. 
Enter the sex, level of education and language. Click [OK]. Now click on 
[Tests] and select [ATAVT]. Select version S1, right-hand traffic countries. 
Click [OK]. Now click [Start test]. If a pop-up appears, click [OK]. Ask the 
participant if they ever use a computer at home and if necessary reassure 
them that is not as difficult as it may seem. Remove the standard keyboard 
from the computer and replace it with the Vienna Test System keyboard. 
Have the participant take place in front of the computer. 
 
Tell the participant the following: “You may now take place right in front of 
the computer. Are you sitting alright? You will be briefly shown pictures of 
various traffic situations throughout the next ten minutes. After every 
picture the computer will ask you what you have seen. In order to answer 
these questions you will only have to use these keys (point at keys) of the 
special keyboard. First you will receive instructions from the computer. If 
you have questions about this feel free to ask. After these instructions you 
will be able to practice a few times. The computer will indicate when the real 
test starts.” 
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Have the participant go through the instructions, read the instructions out 
loud if necessary and let them go through the instructions by using the 
keyboard so that they may get acquainted with the special keyboard. Explain 
that if the participant wants to correct an answer they may do so by pressing 
the same key another time to make the previous answer disappear. 
Demonstrate this during the second practice question if it does not occur 
naturally. When the participant has gone through the instruction and has no 
further questions they may start the actual test. 
 
Possible situations: 
• If the participant does not remember what they saw, ask them if they 

really cannot recall anything. If not, have them leave the answer blank. 
If no answer is selected a yellow window appears that asks if the 
participant is sure. Have the participant press the green button once 
more. 

• If the participant says that there was nothing on the picture ask them if 
they are sure, since there is always something on the pictures. If they 
are sure, have them leave the answer blank. The yellow screen will pop 
up once more. Have the participant press the green button again. 

• If the participant complains that they do not have enough time and that 
in a real life traffic situations you have more time to assess the situation 
tell them that it is important to gain insight in the traffic situation really 
quickly. As a driver you do see the situation for a longer period of time, 
but very often they will have to make decisions really quickly. This is 
the reason why the pictures are only visible briefly. 

• If the participant wrongly selects all categories because they could 
hypothetically have been there, tell them that they should only select 
the categories they actually saw. 

 
After completion of the test choose [print test results] in the pop-up screen. 
Minimize the Vienna Test System program. Write down any comments from 
the patient or own observations in the log. Use your initials to indicate that 
you administered the test. 
 
Traffic theory test 
 
Double-click the [TotalCMD] shortcut. Open the driving theory test: c:\ 
Theorie1\Theorie1_STD_12sec by double clicking. Enter the participant’s 
number in the name field and press [enter]. For the question ‘12 seconds time 
limit (Y/N)?’ answer ‘y’. Finally it shows how the output file will be 
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Repeat this process for the left foot. Score the observation category that is 
applicable to the results in general. 
 
Proprioception test 
 
The Proprioception test in printed on the same form as the motor skills tests. 
Say: ‘Put your hand on the table. Close your eyes.’ Check whether the patient 
has really closed their eyes. Then say: ‘Touch the tip of your nose with your 
right index finger.’ Record the time. Note how long it took and choose the 
appropriate category for the finger placement and movement. Repeat this 
procedure for the left index finger.  
 
After completing the test write down any comments from the patient or own 
observations in the log. Use your initials to indicate that you administered 
the test. 
 
ATAVT (S1) 
 
To start this test, double click on the shortcut [Vienna Test System]. First 
create a new participant by opening the tab ‘List of test persons’ and clicking 
the button [new]. Enter the participant’s number in the name field. Do not 
enter a first name, leave this field blank (or add an ‘x’ if it requires input). 
Ask for the participant’s date of birth. Enter this into the system. Click [OK]. 
Enter the sex, level of education and language. Click [OK]. Now click on 
[Tests] and select [ATAVT]. Select version S1, right-hand traffic countries. 
Click [OK]. Now click [Start test]. If a pop-up appears, click [OK]. Ask the 
participant if they ever use a computer at home and if necessary reassure 
them that is not as difficult as it may seem. Remove the standard keyboard 
from the computer and replace it with the Vienna Test System keyboard. 
Have the participant take place in front of the computer. 
 
Tell the participant the following: “You may now take place right in front of 
the computer. Are you sitting alright? You will be briefly shown pictures of 
various traffic situations throughout the next ten minutes. After every 
picture the computer will ask you what you have seen. In order to answer 
these questions you will only have to use these keys (point at keys) of the 
special keyboard. First you will receive instructions from the computer. If 
you have questions about this feel free to ask. After these instructions you 
will be able to practice a few times. The computer will indicate when the real 
test starts.” 
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Have the participant go through the instructions, read the instructions out 
loud if necessary and let them go through the instructions by using the 
keyboard so that they may get acquainted with the special keyboard. Explain 
that if the participant wants to correct an answer they may do so by pressing 
the same key another time to make the previous answer disappear. 
Demonstrate this during the second practice question if it does not occur 
naturally. When the participant has gone through the instruction and has no 
further questions they may start the actual test. 
 
Possible situations: 
• If the participant does not remember what they saw, ask them if they 

really cannot recall anything. If not, have them leave the answer blank. 
If no answer is selected a yellow window appears that asks if the 
participant is sure. Have the participant press the green button once 
more. 

• If the participant says that there was nothing on the picture ask them if 
they are sure, since there is always something on the pictures. If they 
are sure, have them leave the answer blank. The yellow screen will pop 
up once more. Have the participant press the green button again. 

• If the participant complains that they do not have enough time and that 
in a real life traffic situations you have more time to assess the situation 
tell them that it is important to gain insight in the traffic situation really 
quickly. As a driver you do see the situation for a longer period of time, 
but very often they will have to make decisions really quickly. This is 
the reason why the pictures are only visible briefly. 

• If the participant wrongly selects all categories because they could 
hypothetically have been there, tell them that they should only select 
the categories they actually saw. 

 
After completion of the test choose [print test results] in the pop-up screen. 
Minimize the Vienna Test System program. Write down any comments from 
the patient or own observations in the log. Use your initials to indicate that 
you administered the test. 
 
Traffic theory test 
 
Double-click the [TotalCMD] shortcut. Open the driving theory test: c:\ 
Theorie1\Theorie1_STD_12sec by double clicking. Enter the participant’s 
number in the name field and press [enter]. For the question ‘12 seconds time 
limit (Y/N)?’ answer ‘y’. Finally it shows how the output file will be 
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displayed. If it is correct, press ‘y’. The preview picture appears on the screen 
immediately. If the participant is used to working with a computer they will 
probably be able to enter the answers themselves. If uncertain, tell the patient 
that you will help them out. Remove the Vienna Test System keyboard and 
replace it with the standard computer keyboard. 
 
Have the participant take place straight in front of the computer. Ask 
whether they can see the picture on the screen clearly and if they can reach 
the keyboard comfortably. When the participant is seated correctly you can 
start explaining the task: “Over here you can see a picture of a traffic 
situation from the point of view of a car driver. This is your steering wheel 
(point at it). You are looking at the situation through the car’s windshield. 
You will have to read the question and indicate which answer is correct. 
There will always be two possibilities. The two options are indicated on the 
screen here (point at it). Each question is different and so are the 
accompanying answers. If you want to select answer [1] on a question you 
must press the [1] key and if you want to select answer [2] press the [2] key 
(point at the 1 and 2 keys on the numpad). You will have 12 seconds to 
answer each question. The time is indicated on the bottom of the screen with 
12 crosses that disappear with time. If all crosses are gone than your time is 
up. The picture will then disappear and you will no longer be able to answer. 
Therefore it is important that you select your answer within 12 seconds. Are 
you able to do this yourself or would you rather have me do the typing?” 
 
Discuss the practice picture with the patient. Ask them what they would 
answer. The right answer is ‘No’. Discuss that this is because traffic that is 
going straight has priority over turning traffic on the same road. Also direct 
the patient’s attention to the signs on the side of the road, although these do 
not matter for the answer. ‘The next questions may be more pictures from the 
car’s perspective, but they can also be about the meaning of traffic signs.’ 
 
In case of doubt whether the patient is able to do the typing, have them try it 
out during the practice question. If necessary you can offer to take over the 
typing after the practice question. If the person prefers you to do the typing: 
“Please use the following words when you give your answer: 1 or 2.” Just 
before you press the space bar alert the patient that the next picture is 
coming. 
 
For everybody: “You do not have to explain to me what you are seeing and 
why you made a certain choice, you are only required to answer within the 
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time limit. When you give the answer or when the 12 seconds have passed 
the picture will disappear from the screen. You may then press the space bar 
to go to the next question.” 
 
Then press the [space bar]. A screen with the following notice will appear on 
screen ‘The first pictures are for practice. Space bar starts the test.’ If 
necessary explain that by pressing the space bar the practice pictures will 
show up on the screen. 
 
Possible situations during practice: 
• The patient has difficulties finding the keys: offer to take over the 

typing. 
• The patient mentions details about what the answer could be and what 

they are seeing: tell them that this is not necessary and that they only 
have to indicate whether they choose answer 1 or 2. 

• If you think that the patient has not fully understood the task repeat the 
instructions. 

 
After the practice pictures: “Do you have any questions at this point? If you 
press the space bar the test will start and the first question will appear on the 
screen.” 
 
Watch the patient while they complete the test. If they are almost too late (2 
crosses remaining) make them aware that they should answer now. You are 
not allowed to comment on the correctness of the answer, but you are 
allowed to help the patient answer in time and complement them on their 
pace. If finding the right keys takes too much time you should offer the 
patient to press the keys for them. 
 
Press the space bar to close the program. 
 
After completion of the test ask how the participant thought it went. Write 
down any observations you made during the test in the log, especially 
whether you did the typing or not. Use your initials to indicate that you 
administered the test. 
 
Hazard perception test 
 
Double-click the [TotalCMD] shortcut. Open the hazard perception test: c:\ 
gevaar1\Gevaar1_STD by double clicking. Enter the participant’s number in 
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displayed. If it is correct, press ‘y’. The preview picture appears on the screen 
immediately. If the participant is used to working with a computer they will 
probably be able to enter the answers themselves. If uncertain, tell the patient 
that you will help them out. Remove the Vienna Test System keyboard and 
replace it with the standard computer keyboard. 
 
Have the participant take place straight in front of the computer. Ask 
whether they can see the picture on the screen clearly and if they can reach 
the keyboard comfortably. When the participant is seated correctly you can 
start explaining the task: “Over here you can see a picture of a traffic 
situation from the point of view of a car driver. This is your steering wheel 
(point at it). You are looking at the situation through the car’s windshield. 
You will have to read the question and indicate which answer is correct. 
There will always be two possibilities. The two options are indicated on the 
screen here (point at it). Each question is different and so are the 
accompanying answers. If you want to select answer [1] on a question you 
must press the [1] key and if you want to select answer [2] press the [2] key 
(point at the 1 and 2 keys on the numpad). You will have 12 seconds to 
answer each question. The time is indicated on the bottom of the screen with 
12 crosses that disappear with time. If all crosses are gone than your time is 
up. The picture will then disappear and you will no longer be able to answer. 
Therefore it is important that you select your answer within 12 seconds. Are 
you able to do this yourself or would you rather have me do the typing?” 
 
Discuss the practice picture with the patient. Ask them what they would 
answer. The right answer is ‘No’. Discuss that this is because traffic that is 
going straight has priority over turning traffic on the same road. Also direct 
the patient’s attention to the signs on the side of the road, although these do 
not matter for the answer. ‘The next questions may be more pictures from the 
car’s perspective, but they can also be about the meaning of traffic signs.’ 
 
In case of doubt whether the patient is able to do the typing, have them try it 
out during the practice question. If necessary you can offer to take over the 
typing after the practice question. If the person prefers you to do the typing: 
“Please use the following words when you give your answer: 1 or 2.” Just 
before you press the space bar alert the patient that the next picture is 
coming. 
 
For everybody: “You do not have to explain to me what you are seeing and 
why you made a certain choice, you are only required to answer within the 
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time limit. When you give the answer or when the 12 seconds have passed 
the picture will disappear from the screen. You may then press the space bar 
to go to the next question.” 
 
Then press the [space bar]. A screen with the following notice will appear on 
screen ‘The first pictures are for practice. Space bar starts the test.’ If 
necessary explain that by pressing the space bar the practice pictures will 
show up on the screen. 
 
Possible situations during practice: 
• The patient has difficulties finding the keys: offer to take over the 

typing. 
• The patient mentions details about what the answer could be and what 

they are seeing: tell them that this is not necessary and that they only 
have to indicate whether they choose answer 1 or 2. 

• If you think that the patient has not fully understood the task repeat the 
instructions. 

 
After the practice pictures: “Do you have any questions at this point? If you 
press the space bar the test will start and the first question will appear on the 
screen.” 
 
Watch the patient while they complete the test. If they are almost too late (2 
crosses remaining) make them aware that they should answer now. You are 
not allowed to comment on the correctness of the answer, but you are 
allowed to help the patient answer in time and complement them on their 
pace. If finding the right keys takes too much time you should offer the 
patient to press the keys for them. 
 
Press the space bar to close the program. 
 
After completion of the test ask how the participant thought it went. Write 
down any observations you made during the test in the log, especially 
whether you did the typing or not. Use your initials to indicate that you 
administered the test. 
 
Hazard perception test 
 
Double-click the [TotalCMD] shortcut. Open the hazard perception test: c:\ 
gevaar1\Gevaar1_STD by double clicking. Enter the participant’s number in 



186 

the name field and press [enter]. For the question ‘8 seconds time limit 
(Y/N)?’ answer ‘y’.  Finally it shows how the output file will be displayed. If 
it is correct, press ‘y’.  The preview picture appears on the screen 
immediately. If the participant is used to working with a computer they will 
probably be able to enter the answers themselves. If uncertain, tell the patient 
that you will help them out. 
 
Have the participant take place straight in front of the computer. Ask 
whether they can see the picture on the screen clearly and if they can reach 
the keyboard comfortably. When the participant is seated correctly you can 
start explaining the task: “Here you can see a traffic situation as seen from a 
car driver’s point of view. You can see the car’s dashboard (point at screen), 
with a speedometer (point at it) that indicates the car’s speed and (if 
necessary) turn signals [point out where this will be visible]. You also see the 
inside mirror (point at it) so you are able to see what happens behind the car. 
You can also see what is happening through the windshield. You have to 
indicate what you would do if you were the driver of this car. You have three 
options: brake, this means a rapid speed decline, release the gas pedal, this 
means a slow speed decline, or do nothing, which means maintaining the 
same speed. These three options are indicated on the screen here (point at it). 
For braking press [1], for releasing the gas pedal press [2], and for changing 
nothing press [3] (point at the keys on the numpad). You will have 8 seconds 
to answer each question. The time is indicated on the bottom of the screen 
with 8 crosses that disappear with time. If all crosses are gone than your time 
is up. The picture will then disappear and you will no longer be able to 
answer. Therefore it is important that you select your answer within 8 
seconds. Are you able to do this yourself or would you rather have me do the 
typing?” 
 
Discuss the practice picture with the patient. Ask them what they would do 
in this situation. The answer should be releasing the gas pedal or braking 
(both answers are correct), because your view of the right is obstructed. 
 
In case of doubt whether the patient is able to do the typing, have them try it 
out during the practice question. If necessary you can offer to take over the 
typing after the practice question. If the person prefers you to do the typing: 
“Please use the following words when you give your answer: brake, release 
gas, or do nothing.” Just before you press the space bar alert the patient that 
the next picture is coming. 
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For everybody: “You do not have to explain to what you are seeing and why 
you made a certain choice, you are only required to answer within the time 
limit. When you give the answer or when the 8 seconds have passed the 
picture will disappear from the screen. You may then press the space bar to 
go to the next question.” 
 
Then press the [space bar]. A screen with the following notice will appear on 
screen ‘The first pictures are for practice. Space bar starts the test.’ If 
necessary explain that by pressing the space bar the practice pictures will 
show up on the screen. 
 
Possible situations during practice: 
• The patient has difficulties finding the keys: offer to take over the 

typing. 
• The patient mentions details about what the answer could be and what 

they are seeing: tell them that this is not necessary and that they only 
have to indicate whether they would brake, release gas, or do nothing 
in that situation. 

• If you think that the patient has not fully understood the task repeat the 
instructions. 

 
After the practice pictures: “Do you have any questions at this point? If you 
press the space bar the test will start and the first question will appear on the 
screen.” 
 
Watch the patient while they complete the test. If they are almost too late (2 
crosses remaining) make them aware that they should answer now. You are 
not allowed to comment on the correctness of the answer, but you are 
allowed to help the patient answer in time and complement them on their 
pace. If finding the right keys takes too much time you should offer the 
patient to press the keys for them. 
 
Press the space bar to close the program. 
 
After completion of the test ask how the participant thought it went. Write 
down any observations you made during the test in the log, especially 
whether you did the typing or not. Use your initials to indicate that you 
administered the test. 
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For everybody: “You do not have to explain to what you are seeing and why 
you made a certain choice, you are only required to answer within the time 
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go to the next question.” 
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they are seeing: tell them that this is not necessary and that they only 
have to indicate whether they would brake, release gas, or do nothing 
in that situation. 

• If you think that the patient has not fully understood the task repeat the 
instructions. 

 
After the practice pictures: “Do you have any questions at this point? If you 
press the space bar the test will start and the first question will appear on the 
screen.” 
 
Watch the patient while they complete the test. If they are almost too late (2 
crosses remaining) make them aware that they should answer now. You are 
not allowed to comment on the correctness of the answer, but you are 
allowed to help the patient answer in time and complement them on their 
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down any observations you made during the test in the log, especially 
whether you did the typing or not. Use your initials to indicate that you 
administered the test. 
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RT (S1, S2, and S3) 
 
S1: Simple reaction time with yellow dot 
Open the Vienna Test System again. Navigate to the [testing] tab. Click on 
[Previous test person]. Select [RT]. Select [S1]. Click [OK]. Click [Start test]. If 
a pop-up appears, click [OK]. Place the Vienna Test System keyboard in front 
of the participant again. Tell the participant: “You can now read the 
instructions on the screen. It is important that you operate the buttons with 
the same finger. You are only allowed to use one hand. Which hand has your 
preference? Then you should use this hand. After reading the instructions 
there will be a number of examples. After this the real test will start.” 
 
If necessary the testing supervisor may read the instructions from the screen 
to the participant. After the practice run ask whether the participant has 
understood the task and if they are ready for the real test. You are also able 
to estimate this based on the participant’s achievements during their practice. 
If the participant did not fully understand the instructions press [Esc] [F5] on 
the standard keyboard, which brings you to a menu in which you can select 
an option to show the instructions again. After a third practice run you will 
have the participant start with the real test, even if the participant’s level is 
still low. If at all possible try to administer the test. 
 
Possible situations: 
• If the participant asks if they have to press now (when a yellow dot is 

visible) you may help them during the first stimulus, but not after this. 
• If the participant presses the wrong button (often they accidentally 

press the grey button) correct the participant. 
• If the participant asks for confirmation during the test or if you notice 

that they are not very confident in their results, you are allowed to tell 
them that they are doing well after a good reaction in order to make 
them feel at ease. 

• If the participant starts talking ask them if they can fully focus on the 
task. 

Try to sit next to the participant as quietly as possible. After completion 
choose to print the results. 
 
S2: Simple reaction time to sound 
The process of administering this test is exactly the same as S1. Therefore the 
instructions are also the same. During the instructions ask whether the 
patient is able to hear the sound properly. 
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S3: Choice reaction time with yellow dot and sound 
Again, the process of administering this test is exactly the same. Tell the 
participant that this test may be more difficult. During practice observe the 
participant to make sure they completely understood the instructions. 
After completion of the three tests write down your initials to indicate that 
you administered the test in the log and note your observations in the 
appropriate section. If the participant wanted to practice multiple times, 
needed affirmation, pressed the wrong button or forgot the assignment 
during the test in S3, you should write this down. Also note in the 
Researcher’s observations how the pressure on the golden button was and 
whether the patient has to look at their fingers in order to press the correct 
buttons. 
 
DT (S1) 
 
Navigate to the [testing] tab and click [Previous test person]. Click [DT]. 
Then click ‘version S1’, short version with adaptive stimulus presentation (all 
stimulus modi). Click [OK]. Click [Start test]. If a pop-up appears, click [OK]. 
Ask the participant if they are still sitting in a good position to the keyboard. 
Inform them that they may use two hands in this task. Ask the participant if 
they are able to reach the pedals with their feet and adjust their position if 
necessary. Then have the participant go through the instructions. Read the 
instructions out loud if the participant is more comfortable with this. Where 
necessary, clarify the text and help the participant during practice by telling 
them what to do when a stimulus appears on the screen. In the case of 
sounds it might be useful to indicate that the top button should be pressed 
for a high tone and the bottom button for a low tone. This could make it 
more logical for the participant. 
 
Possible situation during practice: 
• If the participant is unable to complete the practice independently after 

the first practice round, press [Esc] [F5] in order to restart the practice. 
• If the participant makes to many errors a red pop-up will appear on 

screen. Press [Esc] [F5] to restart the practice. 
 
After pressing [Esc] [F5] a pop-up appears on the screen. Press [F1] in this 
screen (restart the instructions). In the next screen you can choose from 
which point to start the instruction again. You can also choose to just redo 
the practice exercise. You will have to determine yourself which is most 
beneficial to the participant. 
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You can let the participant practice three times until continuing to the real 
test. Before starting the test tell the participant that the test takes a bit longer, 
4 minutes. Also remind the participant to remain calm during the test and 
not to feel hurried. 
 
Try to speak as little as possible during the test. 
 
Possible situations: 
• If the participant suddenly stops, attempt to persuade them to move 

again. Tell them that if they react slower the test will adapt to this and 
slow down as well, so they should try to take it slow. 

• If the participant asks for affirmation you may provide this for the first 
stimulus only. Afterwards you should not do this. 

 
You are allowed to praise the participant if they react calmly. Do not tell 
them which button to press, but do praise their pace and posture. 
 
After completing the test choose to print the results. Write down your initials 
for the test and comments on the participant’s performance, at least whether 
they had to practice more than once. Possible observations to include: no 
longer reacted with the pedals, was startled by the sounds (thought it was an 
error), etc. 
 
Minimize the Vienna Test System program. 
 
Eye tests 
 
ETDRS chart for visual acuity 
Turn all lamps on to create a sufficiently illuminated room. Have the 
participant stand 3 meters from the chart. They are allowed to look with both 
eyes. If the participant is not wearing glasses ask if they ever wear glasses 
and when. If the participant is nearsighted ask them to put on their glasses. 
Start with the row with letters at 10M. Ask the participant to read out the 
letters in this row. If they are unable to read these move up a row until you 
reach a row the participant is able to read out fully. If the participant is able 
to read the letter at 10M, then move down a row at a time until they make a 
mistake. Choose the left rows at the split. If you notice one error in the left 
row you can then try the right row at the same height. Determine the row 
with the smallest letters that did not contain errors. Divide the number 3 
with the number indicated on the left of these rows (the M number). This is 
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the value for visual acuity. Write this down in the log. Write down your 
initials and add comments if applicable. 
 
Hamilton-Veale’s chart for contrast sensitivity 
Have the participant stand 1 meter from the chart. Tell them that there are 
letters on this chart as well. Start at number 9 and ask the participant to read 
out the letters. If they are unable to read this, go down a number until the 
patient reads two letters next to a number without errors. If the participant is 
able to read the letters at number 9 then move up a number until the 
participant is unable to read. Ask them to read the next one anyway and 
return to the previous number to make sure they still cannot read it. Write 
the highest errorless number in the log and add /16 together with your 
initials. 
 
Visual field measurement 
Ask the anamnesis supervisor to join you in the test room. The patient keeps 
the protractor placed on his nose and looks at the protrusion at 0ᵒ. The 
anamnesis supervisor checks whether the patient keeps looking at this point. 
Show the patient the piece of wood with the dot they have to pay attention 
to. The test supervisor stands behind the patient and moves the piece of 
wood with the dot from 90ᵒ along the bow. The patient will speak up when 
the dot appears in the field of vision. Measure how many degrees this is and 
repeat this twice from both sides. Write down how many degrees you 
measured (angle α) for right and left, your initials, and any comments in the 
log. 
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Turn on the screens for the driving simulator. These need at least 10 minutes 
to start up properly. Remove the Vienna Test System keyboard and replace it 
with the regular keyboard again. Click on the [Start simulator] shortcut in 
order to boot the software needed to control the driving simulator. 
 
 
Anamnesis (administered by the anamnesis supervisor) 
 
Have the patient take place at the table. Explain to the patient that you would 
like to ask them some questions about their home situation and car driving. 
 
CDR anamnesis 
 
Start with the anamnesis part of the CDR according to the order of the CDR. 
 
Driving behaviour 
 
Handle the additional heteroanamnesis. Discuss particularly striking parts of 
the driving behaviour that came forward in the FTDS questionnaire with the 
patient’s caretaker. 
 
 
Driving simulator tests (administered by both researchers) 
 
During this part both researchers will be present. Discuss the division of 
tasks beforehand. Usually the anamnesis supervisor will be the one 
operating the computer while the test supervisor explains the test drives to 
the patient. 
 
Make sure that the two lamps behind the screens are on and the big light in 
the room off. Check whether both computers and all screens are on. 
 
Have the patient take place in the driving simulator chair. Make sure the 
patient is sitting comfortably, has their seatbelt on, and can reach the pedals 
with their feet. Readjust the chair if necessary. Have the patient press down 
on a pedal. This is important, because it ensures the pedals are properly set 
and calibrated. Have the patient practice using the gas and brakes so they 
will not have to do this later on. Say: “Press down the gas pedal. Press down 
the brakes. Press down the gas once more. Press down the brakes once more. 
Gas. Brakes.” If necessary explain which pedal controls the gas and which 
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one the brakes. Continue until the patient has pressed both pedals properly 3 
times. Note down how the practicing went and how often pressing the 
pedals was necessary in the Researcher’s observations. 
 
Take the motor skills tests sheet and stopwatch to administer the neck 
flexibility test. 
 
Tell the patient: “First we will perform a short test to determine whether you 
are able to look over your shoulder properly. Keep your hands on the 
steering wheel and look straight ahead. I will now stand behind you.” Stand 
3 meters behind the patient and put up a random number of fingers straight 
under your chin. Instruction: “Do not let go of the steering wheel. Look over 
your right shoulder as if you were parallel parking. Tell me how many 
fingers I am holding up.” Start the stopwatch. Stop the counter when the 
patient answers and write down this time. Also note whether the answer was 
correct or whether the patient was unable to see it. Repeat this for the left 
shoulder. 
 
Walk back to the patient and explain what testing in the driving simulator 
will be like: “Driving in the driving simulator feels different from driving in 
a normal car, because (the feeling of) motion is missing. This may feel a bit 
odd, but that happened to most people and is not bad. People may 
experience motion sickness while driving in the driving simulator. Please, 
tell us if you feel dizzy or nauseous, then we will stop the ride. We will go on 
a short walk with you and drink a glass of water in order to make you feel 
better. If you start feeling nauseous this will not influence the advice we will 
give you. The only consequence is that we will not be able to complete the 
driving simulator tests drives. You have already completed the other parts of 
the research. Shall we begin?” Observe the patient carefully during the test 
drives and fill in the Researcher’s observations. 
 
Swingdrive (Practice lane tracking ride) with automatic increase in speed 
 
Computer details 
Enter the patient’s FitCI number in the ‘Subject Ident’ field and end with a 
[tab]. Click on [start simulation]. Another window will appear on the screen. 
Now you have to select the correct course: c\: 
Stsoftware\Simulator\Scripts\FitCI\Swingdrive\Swingdrive_FitCI.scn. The 
button [pause] is activated. Click this button to deactivate it. On the three 
screens you will now see video from the test drive. Now you explain to the 
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Turn on the screens for the driving simulator. These need at least 10 minutes 
to start up properly. Remove the Vienna Test System keyboard and replace it 
with the regular keyboard again. Click on the [Start simulator] shortcut in 
order to boot the software needed to control the driving simulator. 
 
 
Anamnesis (administered by the anamnesis supervisor) 
 
Have the patient take place at the table. Explain to the patient that you would 
like to ask them some questions about their home situation and car driving. 
 
CDR anamnesis 
 
Start with the anamnesis part of the CDR according to the order of the CDR. 
 
Driving behaviour 
 
Handle the additional heteroanamnesis. Discuss particularly striking parts of 
the driving behaviour that came forward in the FTDS questionnaire with the 
patient’s caretaker. 
 
 
Driving simulator tests (administered by both researchers) 
 
During this part both researchers will be present. Discuss the division of 
tasks beforehand. Usually the anamnesis supervisor will be the one 
operating the computer while the test supervisor explains the test drives to 
the patient. 
 
Make sure that the two lamps behind the screens are on and the big light in 
the room off. Check whether both computers and all screens are on. 
 
Have the patient take place in the driving simulator chair. Make sure the 
patient is sitting comfortably, has their seatbelt on, and can reach the pedals 
with their feet. Readjust the chair if necessary. Have the patient press down 
on a pedal. This is important, because it ensures the pedals are properly set 
and calibrated. Have the patient practice using the gas and brakes so they 
will not have to do this later on. Say: “Press down the gas pedal. Press down 
the brakes. Press down the gas once more. Press down the brakes once more. 
Gas. Brakes.” If necessary explain which pedal controls the gas and which 
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one the brakes. Continue until the patient has pressed both pedals properly 3 
times. Note down how the practicing went and how often pressing the 
pedals was necessary in the Researcher’s observations. 
 
Take the motor skills tests sheet and stopwatch to administer the neck 
flexibility test. 
 
Tell the patient: “First we will perform a short test to determine whether you 
are able to look over your shoulder properly. Keep your hands on the 
steering wheel and look straight ahead. I will now stand behind you.” Stand 
3 meters behind the patient and put up a random number of fingers straight 
under your chin. Instruction: “Do not let go of the steering wheel. Look over 
your right shoulder as if you were parallel parking. Tell me how many 
fingers I am holding up.” Start the stopwatch. Stop the counter when the 
patient answers and write down this time. Also note whether the answer was 
correct or whether the patient was unable to see it. Repeat this for the left 
shoulder. 
 
Walk back to the patient and explain what testing in the driving simulator 
will be like: “Driving in the driving simulator feels different from driving in 
a normal car, because (the feeling of) motion is missing. This may feel a bit 
odd, but that happened to most people and is not bad. People may 
experience motion sickness while driving in the driving simulator. Please, 
tell us if you feel dizzy or nauseous, then we will stop the ride. We will go on 
a short walk with you and drink a glass of water in order to make you feel 
better. If you start feeling nauseous this will not influence the advice we will 
give you. The only consequence is that we will not be able to complete the 
driving simulator tests drives. You have already completed the other parts of 
the research. Shall we begin?” Observe the patient carefully during the test 
drives and fill in the Researcher’s observations. 
 
Swingdrive (Practice lane tracking ride) with automatic increase in speed 
 
Computer details 
Enter the patient’s FitCI number in the ‘Subject Ident’ field and end with a 
[tab]. Click on [start simulation]. Another window will appear on the screen. 
Now you have to select the correct course: c\: 
Stsoftware\Simulator\Scripts\FitCI\Swingdrive\Swingdrive_FitCI.scn. The 
button [pause] is activated. Click this button to deactivate it. On the three 
screens you will now see video from the test drive. Now you explain to the 
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patient what will happen throughout this course. Select in the window 
“scenarios”[0001 START Fixed speeds]. Then click [Start scenario]. The car 
will start driving automatically. You do not need to use the key or gears. 
 
Patient communication 
“We start with a relatively simple ride to get used to driving in a driving 
simulator. You will drive on this rural road. In this ride, the only thing you 
have to do is steering, using the accelerator and/or the brake pedal is not 
allowed. There will be oncoming traffic on the opposite lane, but they will 
keep driving on the opposite lane and you will not experience any problems 
with these cars. You are the only one driving in your lane, no cars will be 
driving behind you or in front of you. You will only have to keep the car in 
your own lane. You can look in your mirrors (point at all three). Can you see 
the speedometer on your screen? Above the speedometer you can also see 
your speed displayed in numbers. The computer controls the speed at which 
you drive. You start driving at 50km/u and from there on the computer will 
speed up the pace with 10 km/u over time until you drive at 100 km/u. At the 
end of the ride a computer voice will ask you to park the car. Do you have 
any questions so far? We will start the ride now.” 
 
During the drive 
Try to make the patient feel comfortable. If the patient indicates that it feels 
odd assure them that this is a normal reaction. This is why this test is done 
first: so that the patient can get used to driving in a driving simulator. 
 
After the drive 
Tell the patient to park the car on the side of the road and slowly decelerate. 
Click [stop] in the window ‘scenarios’. Click [yes] in a different window if 
asked for confirmation. Ask the patient if he or she experienced any 
difficulties while driving (or ask the question ‘how did it go?’). If they 
indicate that steering feels very different confirm this. Tell them that we will 
take this into account, but that they should try their best. Ask how the patient 
feels. If the patient feels nauseous or very dizzy you will have to stop. If not, 
then you may continue to the next test drive. Write comments of the patient 
and your own observations down in the log. Write down if you needed to 
repeat any instructions. Take these steps after every ride. 
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Swingdrive (Lane tracking ride) with free speed choice 
 
Computer details 
Make sure the gear stick is in neutral and the car key is turned left.  Click on 
[start simulation]. Another window will appear on the screen. Now you have 
to select the correct course: 
c\:Stsoftware\Simulator2\Scripts\FitCI\Swingdrive\Swingdrive_FitCI.scn. 
The button [pause] is activated. Click this button to deactivate it. On the 
three screens you will now see video from the test drive. Now you explain to 
the patient what will happen throughout this course. Select in the window 
“scenarios”[0002 START Free speed choice]. Then click [Start scenario]. The 
patient can start the car by turning the key like they would in a real car and 
by pushing the gear unto 2 or 4. During the drive the patient does not need 
to touch this anymore. 
 
Patient communication 
“This ride is almost the same as the previous ride, but there is one important 
difference: This time the computer does not control your speed while 
driving. You have to control the speed using the accelerator. If you wish to 
drive at a slower speed just let the accelerator go (a little bit). You have to 
choose a speed comparable to the speed you would drive when driving in 
your own car on a similar road. At a halfway point in the course a computer 
voice will say: ‘Now you’re in a hurry. Speed up the pace, but still drive at a 
safe and responsible speed.’ When you hear this, you have to drive at a 
higher speed than before like you’re in a hurry, like you’re too late for an 
appointment. When choosing this speed, keep in mind that you need to 
maintain track of the lane without swerving too much. So this ride is about 
driving at two different speeds: driving at a ‘normal’ speed and driving at a 
faster speed. You will start the car yourself (turn the key or push the button). 
It has an automatic gearbox, if you put the gear stick in the second position it 
is in ‘drive’. You do not have to touch the gear stick anymore during the ride. 
Do you have any questions so far? We will start the ride now.” 
 
During the drive 
Make sure the patient feels comfortable. 
 
After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
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patient what will happen throughout this course. Select in the window 
“scenarios”[0001 START Fixed speeds]. Then click [Start scenario]. The car 
will start driving automatically. You do not need to use the key or gears. 
 
Patient communication 
“We start with a relatively simple ride to get used to driving in a driving 
simulator. You will drive on this rural road. In this ride, the only thing you 
have to do is steering, using the accelerator and/or the brake pedal is not 
allowed. There will be oncoming traffic on the opposite lane, but they will 
keep driving on the opposite lane and you will not experience any problems 
with these cars. You are the only one driving in your lane, no cars will be 
driving behind you or in front of you. You will only have to keep the car in 
your own lane. You can look in your mirrors (point at all three). Can you see 
the speedometer on your screen? Above the speedometer you can also see 
your speed displayed in numbers. The computer controls the speed at which 
you drive. You start driving at 50km/u and from there on the computer will 
speed up the pace with 10 km/u over time until you drive at 100 km/u. At the 
end of the ride a computer voice will ask you to park the car. Do you have 
any questions so far? We will start the ride now.” 
 
During the drive 
Try to make the patient feel comfortable. If the patient indicates that it feels 
odd assure them that this is a normal reaction. This is why this test is done 
first: so that the patient can get used to driving in a driving simulator. 
 
After the drive 
Tell the patient to park the car on the side of the road and slowly decelerate. 
Click [stop] in the window ‘scenarios’. Click [yes] in a different window if 
asked for confirmation. Ask the patient if he or she experienced any 
difficulties while driving (or ask the question ‘how did it go?’). If they 
indicate that steering feels very different confirm this. Tell them that we will 
take this into account, but that they should try their best. Ask how the patient 
feels. If the patient feels nauseous or very dizzy you will have to stop. If not, 
then you may continue to the next test drive. Write comments of the patient 
and your own observations down in the log. Write down if you needed to 
repeat any instructions. Take these steps after every ride. 
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Swingdrive (Lane tracking ride) with free speed choice 
 
Computer details 
Make sure the gear stick is in neutral and the car key is turned left.  Click on 
[start simulation]. Another window will appear on the screen. Now you have 
to select the correct course: 
c\:Stsoftware\Simulator2\Scripts\FitCI\Swingdrive\Swingdrive_FitCI.scn. 
The button [pause] is activated. Click this button to deactivate it. On the 
three screens you will now see video from the test drive. Now you explain to 
the patient what will happen throughout this course. Select in the window 
“scenarios”[0002 START Free speed choice]. Then click [Start scenario]. The 
patient can start the car by turning the key like they would in a real car and 
by pushing the gear unto 2 or 4. During the drive the patient does not need 
to touch this anymore. 
 
Patient communication 
“This ride is almost the same as the previous ride, but there is one important 
difference: This time the computer does not control your speed while 
driving. You have to control the speed using the accelerator. If you wish to 
drive at a slower speed just let the accelerator go (a little bit). You have to 
choose a speed comparable to the speed you would drive when driving in 
your own car on a similar road. At a halfway point in the course a computer 
voice will say: ‘Now you’re in a hurry. Speed up the pace, but still drive at a 
safe and responsible speed.’ When you hear this, you have to drive at a 
higher speed than before like you’re in a hurry, like you’re too late for an 
appointment. When choosing this speed, keep in mind that you need to 
maintain track of the lane without swerving too much. So this ride is about 
driving at two different speeds: driving at a ‘normal’ speed and driving at a 
faster speed. You will start the car yourself (turn the key or push the button). 
It has an automatic gearbox, if you put the gear stick in the second position it 
is in ‘drive’. You do not have to touch the gear stick anymore during the ride. 
Do you have any questions so far? We will start the ride now.” 
 
During the drive 
Make sure the patient feels comfortable. 
 
After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
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neutral and turn the key back to its original position. Write comments of the 
patient and your own observations down in the log. Write down if you 
needed to repeat any instructions. Take these steps after every ride. 
Intersections 1 
 
Computer details 
Add ‘a’ to the ‘Subject Ident’ and end with a [tab]. Click on [start simulation]. 
Another window will appear on the screen. Now you have to select the 
correct course: c\: Stsoftware\Simulator2\Scripts\FitCI\Intersections\ 
Intersections_FitCI.scn. The button [pause] is activated. Click this button to 
deactivate it. On the three screens you will now see video from the test drive. 
Now you explain to the patient what will happen throughout this course. 
Select in the window “scenarios” [0001 START Drive]. Then click [Start 
scenario]. Tell the patient they can start the car and put the gear stick into 2 
or 4. 
 
Patient communication 
“The next ride is a different ride in a rural environment. The most important 
difference between this ride and the previous ride is that now you will 
encounter multiple intersections. You always have to drive straight ahead, 
never take a turn. The right of way on these crossings is either regulated by 
traffic signs or lights located near the intersections or they are uncontrolled 
intersections. It will take a little longer for you to notice the intersections and 
signs than would be the case in real life. Therefore it is advisable to 
encounter these intersections and traffic signs at a slower speed to get used 
to this, since you have to recognize the traffic signs first and subsequently 
have to deal with traffic. You also have to obey speed limit signs. You may 
drive slower than the maximum speed, but you may never drive faster than 
the speed limit. You will have to use the accelerator and the brake. Do you 
have any questions so far? We will start the ride now.” 
 
During the drive 
During the drive you may answer the patient’s questions. If they show signs 
of uncertainty try to reassure them. Since this is the first ride you are allowed 
to help the patient a little. Observe the patient’s looking behaviour and write 
any observations down in the log. Also note down strange manoeuvres a 
patient may make. 
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After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
neutral and turn the key back to its original position. Ask the patient how 
they thought it went. Also ask them how they feel. Write down observations 
you made during the test drive in the log. Also add the extent to which you 
had to help the patient. 
 
Intersections 2 
 
Computer details 
Replace ‘a’ by ‘b’ in the ‘Subject Ident’ and end with a [tab]. Click on [start 
simulation]. Another window will appear on the screen. Now you have to 
select the correct course: 
c\:Stsoftware\Simulator2\Scripts\FitCI\Intersections\Intersections_FitCI.scn. 
The button [pause] is activated. Click this button to deactivate it. On the 
three screens you will now see video from the test drive. Now you explain to 
the patient what will happen throughout this course. Select in the window 
“scenarios” [0001 START Drive]. Then click [Start scenario]. Tell the patient 
they can start the car and put the gear stick into 2 or 4. 
 
Patient communication 
“This ride is exactly the same as the previous ride, so you know what to 
expect. Pay close attention to the signs on the side of the road and drive like 
you would in your own car.” If you helped the patient in Intersections 1 tell 
them that you will no longer do this and that the patient will have to 
complete the test entirely independently. “Do you have any questions so far? 
We will start the ride now.” 
 
During the drive 
During the second intersections drive you are not allowed to help the 
patient. They will have to complete it entirely independently. Observe the 
patient’s looking behaviour and write any observations with regards to this 
or unusual manoeuvres down in the log. 
 
After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
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neutral and turn the key back to its original position. Write comments of the 
patient and your own observations down in the log. Write down if you 
needed to repeat any instructions. Take these steps after every ride. 
Intersections 1 
 
Computer details 
Add ‘a’ to the ‘Subject Ident’ and end with a [tab]. Click on [start simulation]. 
Another window will appear on the screen. Now you have to select the 
correct course: c\: Stsoftware\Simulator2\Scripts\FitCI\Intersections\ 
Intersections_FitCI.scn. The button [pause] is activated. Click this button to 
deactivate it. On the three screens you will now see video from the test drive. 
Now you explain to the patient what will happen throughout this course. 
Select in the window “scenarios” [0001 START Drive]. Then click [Start 
scenario]. Tell the patient they can start the car and put the gear stick into 2 
or 4. 
 
Patient communication 
“The next ride is a different ride in a rural environment. The most important 
difference between this ride and the previous ride is that now you will 
encounter multiple intersections. You always have to drive straight ahead, 
never take a turn. The right of way on these crossings is either regulated by 
traffic signs or lights located near the intersections or they are uncontrolled 
intersections. It will take a little longer for you to notice the intersections and 
signs than would be the case in real life. Therefore it is advisable to 
encounter these intersections and traffic signs at a slower speed to get used 
to this, since you have to recognize the traffic signs first and subsequently 
have to deal with traffic. You also have to obey speed limit signs. You may 
drive slower than the maximum speed, but you may never drive faster than 
the speed limit. You will have to use the accelerator and the brake. Do you 
have any questions so far? We will start the ride now.” 
 
During the drive 
During the drive you may answer the patient’s questions. If they show signs 
of uncertainty try to reassure them. Since this is the first ride you are allowed 
to help the patient a little. Observe the patient’s looking behaviour and write 
any observations down in the log. Also note down strange manoeuvres a 
patient may make. 
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After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
neutral and turn the key back to its original position. Ask the patient how 
they thought it went. Also ask them how they feel. Write down observations 
you made during the test drive in the log. Also add the extent to which you 
had to help the patient. 
 
Intersections 2 
 
Computer details 
Replace ‘a’ by ‘b’ in the ‘Subject Ident’ and end with a [tab]. Click on [start 
simulation]. Another window will appear on the screen. Now you have to 
select the correct course: 
c\:Stsoftware\Simulator2\Scripts\FitCI\Intersections\Intersections_FitCI.scn. 
The button [pause] is activated. Click this button to deactivate it. On the 
three screens you will now see video from the test drive. Now you explain to 
the patient what will happen throughout this course. Select in the window 
“scenarios” [0001 START Drive]. Then click [Start scenario]. Tell the patient 
they can start the car and put the gear stick into 2 or 4. 
 
Patient communication 
“This ride is exactly the same as the previous ride, so you know what to 
expect. Pay close attention to the signs on the side of the road and drive like 
you would in your own car.” If you helped the patient in Intersections 1 tell 
them that you will no longer do this and that the patient will have to 
complete the test entirely independently. “Do you have any questions so far? 
We will start the ride now.” 
 
During the drive 
During the second intersections drive you are not allowed to help the 
patient. They will have to complete it entirely independently. Observe the 
patient’s looking behaviour and write any observations with regards to this 
or unusual manoeuvres down in the log. 
 
After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
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neutral and turn the key back to its original position. Ask the patient how 
they thought it went. Also ask them how they feel. Write down observations 
you made during the test drive in the log. 
 
Merging 
 
Computer details 
Change the ‘Subject Ident’ back to just the FitCI number and end with a [tab]. 
Click on [start simulation]. Another window will appear on the screen. Now 
you have to select the correct course:  
c\:Stsoftware\Simulator2\Scripts\FitCI\Merging\ Merging_FitCI.scn.  
The button [pause] is activated. Click this button to deactivate it. On the 
three screens you will now see video from the test drive. Now you explain to 
the patient what will happen throughout this course. Select in the window 
“scenarios” [0001 START task]. Then click [Start scenario]. Tell the patient 
they can start the car and put the gear stick into 2 or 4. 
 
Patient communication 
“We will now start with the final test drive. The purpose of this ride is to 
merge into the motorway traffic. You are located on the ramp and want to 
merge unto the highway. Right now you are standing in the left hand lane 
(point at lane), as the right hand lane is the emergency lane (point at lane). 
The highway is here (point at highway) behind this row of trees. Adjust your 
speed to the other traffic. The first assignment is to merge into the moving 
traffic on the highway. Then you are instructed by the computer voice to 
pass one car in front of you and subsequently steer back to the right hand 
lane. The final assignment is to exit the highway. The test drive ends on this 
exit. It is important that you drive as you would do in your own car on the 
highway, keeping other traffic in mind. Do you have any questions so far? 
We will start the ride now. You are located on the ramp to the highway. You 
will have to speed up right away to reach an appropriate speed for merging.” 
 
During the drive 
If necessary encourage the patient to drive faster. The computer indicates 
when the patient has to overtake. If the patient does not follow these 
directions tell them the assignment again. Do not indicate when the patient 
should merge with the other lane. If the patient has other questions you are 
allowed to answer those. 
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If the patient is driving extremely slowly, encourage them to drive faster. If 
after this they still do not increase their speed do not mention this again. 
 
After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
neutral and turn the key back to its original position. Ask the patient how 
they thought it went. Also ask them how they feel. Write down observations 
you made during the test drive in the log. 
 
Close the program. 
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neutral and turn the key back to its original position. Ask the patient how 
they thought it went. Also ask them how they feel. Write down observations 
you made during the test drive in the log. 
 
Merging 
 
Computer details 
Change the ‘Subject Ident’ back to just the FitCI number and end with a [tab]. 
Click on [start simulation]. Another window will appear on the screen. Now 
you have to select the correct course:  
c\:Stsoftware\Simulator2\Scripts\FitCI\Merging\ Merging_FitCI.scn.  
The button [pause] is activated. Click this button to deactivate it. On the 
three screens you will now see video from the test drive. Now you explain to 
the patient what will happen throughout this course. Select in the window 
“scenarios” [0001 START task]. Then click [Start scenario]. Tell the patient 
they can start the car and put the gear stick into 2 or 4. 
 
Patient communication 
“We will now start with the final test drive. The purpose of this ride is to 
merge into the motorway traffic. You are located on the ramp and want to 
merge unto the highway. Right now you are standing in the left hand lane 
(point at lane), as the right hand lane is the emergency lane (point at lane). 
The highway is here (point at highway) behind this row of trees. Adjust your 
speed to the other traffic. The first assignment is to merge into the moving 
traffic on the highway. Then you are instructed by the computer voice to 
pass one car in front of you and subsequently steer back to the right hand 
lane. The final assignment is to exit the highway. The test drive ends on this 
exit. It is important that you drive as you would do in your own car on the 
highway, keeping other traffic in mind. Do you have any questions so far? 
We will start the ride now. You are located on the ramp to the highway. You 
will have to speed up right away to reach an appropriate speed for merging.” 
 
During the drive 
If necessary encourage the patient to drive faster. The computer indicates 
when the patient has to overtake. If the patient does not follow these 
directions tell them the assignment again. Do not indicate when the patient 
should merge with the other lane. If the patient has other questions you are 
allowed to answer those. 
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If the patient is driving extremely slowly, encourage them to drive faster. If 
after this they still do not increase their speed do not mention this again. 
 
After the drive 
After the drive tell the patient to park the car on the side of the road and 
slowly decelerate. Click [stop] in the window ‘scenarios’. Click [yes] in a 
different window if asked for confirmation. Tell the patient to put the car in 
neutral and turn the key back to its original position. Ask the patient how 
they thought it went. Also ask them how they feel. Write down observations 
you made during the test drive in the log. 
 
Close the program. 
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Summary 

The topic of this thesis is fitness to drive of older drivers with cognitive 
impairments. Chapter 1 illustrates that cognitive disorders are a risk factor for 
unsafe driving behaviour, but also that some patients with cognitive 
impairments still drive safely. It is therefore important to investigate on a 
patient-by-patient basis whether someone can continue to drive. In the 
Netherlands, this usually happens on the basis of an on-road driving 
assessment performed by the Dutch driving licence authority. Previous 
studies using on-road driving assessments found large individual differences 
in driving performance. These individual differences are difficult to explain 
on the basis of clinical features and judgments of patients, family members 
and caregivers. The goal of this PhD thesis is to study how different factors 
contribute to variations in fitness to drive between patients with cognitive 
impairment. In this thesis, differences in diagnoses, severity and nature of 
symptoms are considered. In addition to classical neuropsychological tests, 
traffic-specific knowledge and skills are assessed using computerized tests 
and a driving simulator. A comprehensive approach, incorporating all these 
types of assessments, is used to predict fitness to drive as determined in an 
on-road driving assessment. This research will result in a procedure for the 
assessment of fitness to drive in patients with cognitive impairment in a 
clinical setting. Furthermore, it was studied whether patients with cognitive 
impairment adhere to driving advice given after a fitness-to-drive assessment 
and how it impacts on their mobility. 
 
Chapter 2 presents a literature study on differences in driving behaviour 
between patients with different types of dementia. Patients with different 
types of dementia vary in early symptoms and prognoses, which may 
influence the likelihood of patients with different dementia diagnoses still 
being able to drive safely. It is expected that patients with only language 
disorders have a higher likelihood to be able to drive safely than patients 
with severe visual or behavioural disorders. However, little research has 
been done on driving with other types of dementia than the most common 
classical form of Alzheimer's disease. Therefore, we can only hypothesize 
about which problems patients with different types of dementia experience 
while driving, for example, wayfinding difficulties in Alzheimer's disease 
and impaired judgement of hazardous traffic situations in frontotemporal 
dementia. In the aging society, more and more older drivers develop a form 
of dementia. As a result, there is a need for a strategy to investigate fitness to 
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Summary 

The topic of this thesis is fitness to drive of older drivers with cognitive 
impairments. Chapter 1 illustrates that cognitive disorders are a risk factor for 
unsafe driving behaviour, but also that some patients with cognitive 
impairments still drive safely. It is therefore important to investigate on a 
patient-by-patient basis whether someone can continue to drive. In the 
Netherlands, this usually happens on the basis of an on-road driving 
assessment performed by the Dutch driving licence authority. Previous 
studies using on-road driving assessments found large individual differences 
in driving performance. These individual differences are difficult to explain 
on the basis of clinical features and judgments of patients, family members 
and caregivers. The goal of this PhD thesis is to study how different factors 
contribute to variations in fitness to drive between patients with cognitive 
impairment. In this thesis, differences in diagnoses, severity and nature of 
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on-road driving assessment. This research will result in a procedure for the 
assessment of fitness to drive in patients with cognitive impairment in a 
clinical setting. Furthermore, it was studied whether patients with cognitive 
impairment adhere to driving advice given after a fitness-to-drive assessment 
and how it impacts on their mobility. 
 
Chapter 2 presents a literature study on differences in driving behaviour 
between patients with different types of dementia. Patients with different 
types of dementia vary in early symptoms and prognoses, which may 
influence the likelihood of patients with different dementia diagnoses still 
being able to drive safely. It is expected that patients with only language 
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classical form of Alzheimer's disease. Therefore, we can only hypothesize 
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while driving, for example, wayfinding difficulties in Alzheimer's disease 
and impaired judgement of hazardous traffic situations in frontotemporal 
dementia. In the aging society, more and more older drivers develop a form 
of dementia. As a result, there is a need for a strategy to investigate fitness to 
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drive in a clinical setting. Despite the fact that assessment strategies have 
been proposed by other researchers, it is still unclear which fitness-to-drive 
tests should be conducted in the clinical setting.  
 
Chapter 3 describes a study in which a new assessment strategy has been 
developed to investigate fitness to drive of patients with Alzheimer's disease 
in a clinical setting. The utility of three different types of assessments was 
investigated; clinical interviews with both the patient and a relative, neuro-
psychological assessment and rides in a driving simulator. Based on 
information obtained from these different types of assessments, fitness to 
drive was predicted. This prediction was compared with the outcome of an 
on-road driving assessment. Of the patients with Alzheimer's disease (n = 
81), 43% passed the on-road driving assessment. The results showed that the 
neuropsychological assessment was the best predictor of the three types of 
assessments, but the clinical interviews and driving simulator rides were also 
predictive of on-road driving performance. When all three types of 
assessments were taken together the most valid prediction of fitness to drive 
was achieved, which corresponded with the outcome of the on-road driving 
assessment in over 90% of the patients. A limitation of this study was that the 
prediction model was developed and tested in the same group of patients 
with Alzheimer's disease, therefore it is still unclear whether the assessment 
strategy is valid and also predictive of fitness to drive in other groups of 
patients with cognitive impairment. 
 
Chapter 4 represents a validation study to verify that the assessment strategy 
as derived in Chapter 3 can also predict fitness to drive in another and 
independent group of patients with cognitive impairment. This group 
involved 18 patients with mild cognitive impairment (MCI). Fitness to drive 
was again determined in an on-road driving assessment which was passed 
by 67% of the patients with MCI. Similar to the results of patients with 
Alzheimer’s disease, the assessment strategy with clinical interviews, 
neuropsychological assessment and driving simulator rides could predict 
fitness to drive in this group of patients with MCI. The separate analyses of 
the three types of assessments indicated that the neuropsychological 
assessment and driving simulator rides successfully predicted fitness to 
drive while the clinical interviews alone were not significantly predictive of 
fitness to drive of patients with MCI. Further research is required in an 
independent group of patients with Alzheimer's disease to determine if the 
predictive value of clinical interviews, as reported in Chapter 3, was a chance 
finding, or if they are actually a useful part of the fitness-to-drive assessment 
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for patients with Alzheimer's disease. Overall, the proposed assessment 
strategy seems useful to investigate fitness to drive of patients with MCI. 
 
Chapter 5 examines the utility of the proposed assessment strategy in patients 
with other types of dementia than Alzheimer's disease (non-AD dementia). 
These include patients with vascular dementia, frontotemporal dementia, 
and Lewy body dementia. In the group of patients with non-AD dementia (n 
= 34), 41% passed the on-road driving assessment. Unlike the results in 
patients with Alzheimer's disease and MCI, the proposed methodology with 
the three types of assessments combined could not predict fitness to drive of 
patients with non-AD dementia. The variables of clinical interviews and 
driving simulator rides were not predictive for fitness to drive of patients 
with non-AD dementia, but the used neuropsychological assessment was. 
These results show that an assessment strategy that works for one type of 
dementia does not necessarily work for other types of dementia. One may 
therefore assume that different types of dementia require different assessment 
strategies to predict fitness to drive. A new fitness-to-drive assessment 
strategy for non-AD dementia could consist of a neuropsychological 
assessment with specific traffic tests, which is embedded in a larger 
assessment battery consisting of self-reports, cognitive tests and features of a 
driving simulator ride that are of particular importance to a specific form of 
dementia. 
 
Chapter 6 regards a follow-up study that evaluated the adherence to driving 
advice and impact on transport mobility. After the fitness-to-drive assessment, 
patients with cognitive disorders (n = 172) received a driving advice. This 
driving advice was either (1) continue driving or (2) taking driving lessons 
and an official on-road driving assessment or (3) cease driving. Approximately 
seven months after the fitness-to-drive assessment, most participants adhered 
to the driving advice, which accounted for 92% of patients with positive 
driving advice and 79% of patients with negative driving advice. Of the 
patients with a driving lessons advice, 42% stopped driving. Of the patients 
with the driving lessons advice that still drove, 72% at least partially 
followed the driving advice, by taking driving lessons or an official on-road 
driving assessment (or both). Driving cessation occurred more frequently in 
female patients, with relatively severe cognitive impairment, who experienced 
a decline in their health and were advised to stop driving. Although the vast 
majority of patients adhered to their driving advice, it is a matter of concern 
that some patients continue to drive after a negative driving advice. Patients 
who ceased driving used less alternative modes of transport (such as 
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walking, cycling, public transport) than patients who were still driving, 
which may indicate that patients who ceased driving were not only less 
automobile, but also less mobile in other ways. However, it was also found 
that 40% of the patients who cycled or used public transport increased their 
use of these modes of transport after driving cessation. This indicates that 
some of the patients who need to stop driving can compensate for this by 
cycling and / or by using public transport. Some of the patients with cognitive 
disorders are still very mobile, but there are also patients who rarely leave 
their home after driving cessation. 
 
Chapter 7 integrates the findings as presented in the preceding chapters in a 
general discussion. In this thesis, an assessment strategy has been proposed 
to investigate fitness to drive of patients with Alzheimer's disease using 
clinical interviews, a neuropsychological assessment and driving simulator 
rides. All three types of assessments have advantages and disadvantages. In 
the first type of assessment, clinical interviews, the determination of the 
severity of cognitive impairment seems to be of paramount importance, but 
one must note that the responses of patients and their families are of a 
subjective nature and could be biased. The second type of assessment, a 
neuropsychological examination, should contain multiple neuropsychological 
tests that are strongly related to driving skills, such as response time and 
hazard perception, because a single test for general cognition does not 
provide sufficient information about fitness to drive. In the third type of 
assessment, driving simulator rides provide a safe environment to observe 
driving behaviour, but this information cannot be collected in all patients 
because simulator sickness (dizziness / nausea due to driving in the driving 
simulator) is relatively common in older patients with cognitive impairment. 
If it is possible to perform all three types of assessments, the information can 
be combined to provide the best prediction of fitness to drive. Although it 
would be practical to have one procedure in the clinic to investigate fitness to 
drive of all patients with cognitive impairments, this may not be feasible. 
Patients with other types of dementia than Alzheimer's disease require 
different assessment strategies to investigate fitness to drive in the clinical 
setting. For the development of new assessment strategies, one has to 
consider the different effects that different types of dementia have on driving. 
It is important to offer accurate driving advice to as many patients as 
possible, because this promotes driving continuation in patients who are still 
fit to drive and driving cessation in patients who are no longer fit to drive. 
Future research is required that explores whether fitness-to-drive assessments 
can prevent traffic accidents and improve transport mobility of patients with 
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cognitive impairments. Due to the progressive course of neurodegenerative 
diseases, many patients with cognitive impairments will have to stop driving 
on a certain moment, therefore alternative transport should be accessible to 
these patients to sustain their mobility. 
 



204 

walking, cycling, public transport) than patients who were still driving, 
which may indicate that patients who ceased driving were not only less 
automobile, but also less mobile in other ways. However, it was also found 
that 40% of the patients who cycled or used public transport increased their 
use of these modes of transport after driving cessation. This indicates that 
some of the patients who need to stop driving can compensate for this by 
cycling and / or by using public transport. Some of the patients with cognitive 
disorders are still very mobile, but there are also patients who rarely leave 
their home after driving cessation. 
 
Chapter 7 integrates the findings as presented in the preceding chapters in a 
general discussion. In this thesis, an assessment strategy has been proposed 
to investigate fitness to drive of patients with Alzheimer's disease using 
clinical interviews, a neuropsychological assessment and driving simulator 
rides. All three types of assessments have advantages and disadvantages. In 
the first type of assessment, clinical interviews, the determination of the 
severity of cognitive impairment seems to be of paramount importance, but 
one must note that the responses of patients and their families are of a 
subjective nature and could be biased. The second type of assessment, a 
neuropsychological examination, should contain multiple neuropsychological 
tests that are strongly related to driving skills, such as response time and 
hazard perception, because a single test for general cognition does not 
provide sufficient information about fitness to drive. In the third type of 
assessment, driving simulator rides provide a safe environment to observe 
driving behaviour, but this information cannot be collected in all patients 
because simulator sickness (dizziness / nausea due to driving in the driving 
simulator) is relatively common in older patients with cognitive impairment. 
If it is possible to perform all three types of assessments, the information can 
be combined to provide the best prediction of fitness to drive. Although it 
would be practical to have one procedure in the clinic to investigate fitness to 
drive of all patients with cognitive impairments, this may not be feasible. 
Patients with other types of dementia than Alzheimer's disease require 
different assessment strategies to investigate fitness to drive in the clinical 
setting. For the development of new assessment strategies, one has to 
consider the different effects that different types of dementia have on driving. 
It is important to offer accurate driving advice to as many patients as 
possible, because this promotes driving continuation in patients who are still 
fit to drive and driving cessation in patients who are no longer fit to drive. 
Future research is required that explores whether fitness-to-drive assessments 
can prevent traffic accidents and improve transport mobility of patients with 

205 

cognitive impairments. Due to the progressive course of neurodegenerative 
diseases, many patients with cognitive impairments will have to stop driving 
on a certain moment, therefore alternative transport should be accessible to 
these patients to sustain their mobility. 
 



207 

Samenvatting 

Dit proefschrift gaat over de geschiktheid om auto te rijden van ouderen met 
cognitieve stoornissen. In Hoofdstuk 1 is toegelicht dat cognitieve stoornissen 
weliswaar een risicofactor zijn voor onveilig rijgedrag, maar dat er 
tegelijkertijd patiënten met cognitieve stoornissen zijn die veilig kunnen 
rijden. Het is daarom van belang dat er op individuele basis vastgesteld 
wordt of iemand kan blijven autorijden. In Nederland gebeurt dit meestal 
door middel van een rijtest op de weg van het CBR. In eerdere onderzoeken 
met rijtests op de weg zijn grote individuele verschillen in rijprestaties 
gevonden. Deze individuele verschillen zijn moeilijk te verklaren op basis 
van klinische kenmerken en inschattingen van patiënten, familieleden en 
zorgverleners. Het doel van dit promotieonderzoek is om te bestuderen hoe 
verschillende factoren bijdragen aan de variatie in rijgeschiktheid van 
patiënten met cognitieve stoornissen. In dit proefschrift wordt onderscheid 
gemaakt tussen verschillende dementiediagnoses, gradaties van ernst en 
verschillen in de aard van symptomen. Naast klassieke neuropsychologische 
tests worden specifieke verkeerskennis en -vaardigheden geëvalueerd met 
behulp van computertests en ritten in een rijsimulator. Een uitgebreid 
onderzoek met deze verschillende typen evaluaties wordt gebruikt om de 
rijgeschiktheid te voorspellen zoals vastgesteld in een rijtest op de weg. Dit 
promotieonderzoek zal resulteren in een procedure voor de beoordeling van 
de rijgeschiktheid van patiënten met cognitieve stoornissen in een klinische 
setting. Verder is onderzocht of patiënten met cognitieve stoornissen zich 
houden aan het rijadvies dat ze na het rijgeschiktheidsonderzoek hebben 
gekregen en hoe dit invloed heeft op hun mobiliteit. 
 
In Hoofdstuk 2 is een literatuuronderzoek naar verschillen in het autorijden 
tussen patiënten met verschillende vormen van dementie gerapporteerd. 
Hieruit blijkt dat patiënten met verschillende vormen van dementie verschil-
lende vroege symptomen en prognoses hebben, waardoor de waarschijnlijk-
heid waarmee patiënten met verschillende diagnoses nog veilig kunnen 
autorijden mogelijk verschilt. Verwacht kan worden dat patiënten met enkel 
taalstoornissen meer kans hebben om rijgeschikt te zijn dan patiënten met 
ernstige visuele of gedragsstoornissen. Er is echter weinig onderzoek gedaan 
naar autorijden met andere vormen van dementie dan de meest voorkomende 
klassieke vorm van de ziekte van Alzheimer. Hierdoor kunnen we slechts 
speculeren over welke problemen patiënten met verschillende vormen van 
dementie ervaren tijdens het autorijden, bijvoorbeeld moeite met de weg 



207 

Samenvatting 

Dit proefschrift gaat over de geschiktheid om auto te rijden van ouderen met 
cognitieve stoornissen. In Hoofdstuk 1 is toegelicht dat cognitieve stoornissen 
weliswaar een risicofactor zijn voor onveilig rijgedrag, maar dat er 
tegelijkertijd patiënten met cognitieve stoornissen zijn die veilig kunnen 
rijden. Het is daarom van belang dat er op individuele basis vastgesteld 
wordt of iemand kan blijven autorijden. In Nederland gebeurt dit meestal 
door middel van een rijtest op de weg van het CBR. In eerdere onderzoeken 
met rijtests op de weg zijn grote individuele verschillen in rijprestaties 
gevonden. Deze individuele verschillen zijn moeilijk te verklaren op basis 
van klinische kenmerken en inschattingen van patiënten, familieleden en 
zorgverleners. Het doel van dit promotieonderzoek is om te bestuderen hoe 
verschillende factoren bijdragen aan de variatie in rijgeschiktheid van 
patiënten met cognitieve stoornissen. In dit proefschrift wordt onderscheid 
gemaakt tussen verschillende dementiediagnoses, gradaties van ernst en 
verschillen in de aard van symptomen. Naast klassieke neuropsychologische 
tests worden specifieke verkeerskennis en -vaardigheden geëvalueerd met 
behulp van computertests en ritten in een rijsimulator. Een uitgebreid 
onderzoek met deze verschillende typen evaluaties wordt gebruikt om de 
rijgeschiktheid te voorspellen zoals vastgesteld in een rijtest op de weg. Dit 
promotieonderzoek zal resulteren in een procedure voor de beoordeling van 
de rijgeschiktheid van patiënten met cognitieve stoornissen in een klinische 
setting. Verder is onderzocht of patiënten met cognitieve stoornissen zich 
houden aan het rijadvies dat ze na het rijgeschiktheidsonderzoek hebben 
gekregen en hoe dit invloed heeft op hun mobiliteit. 
 
In Hoofdstuk 2 is een literatuuronderzoek naar verschillen in het autorijden 
tussen patiënten met verschillende vormen van dementie gerapporteerd. 
Hieruit blijkt dat patiënten met verschillende vormen van dementie verschil-
lende vroege symptomen en prognoses hebben, waardoor de waarschijnlijk-
heid waarmee patiënten met verschillende diagnoses nog veilig kunnen 
autorijden mogelijk verschilt. Verwacht kan worden dat patiënten met enkel 
taalstoornissen meer kans hebben om rijgeschikt te zijn dan patiënten met 
ernstige visuele of gedragsstoornissen. Er is echter weinig onderzoek gedaan 
naar autorijden met andere vormen van dementie dan de meest voorkomende 
klassieke vorm van de ziekte van Alzheimer. Hierdoor kunnen we slechts 
speculeren over welke problemen patiënten met verschillende vormen van 
dementie ervaren tijdens het autorijden, bijvoorbeeld moeite met de weg 



208 

vinden bij de ziekte van Alzheimer en het verkeerd inschatten van gevaarlijke 
verkeerssituaties bij frontotemporale dementie. In de vergrijzende samenleving 
krijgen steeds meer oudere automobilisten een vorm van dementie. Hierdoor 
ontstaat er vraag naar een methode om de rijgeschiktheid te onderzoeken in 
een klinische setting. Ondanks dat er zulke methoden zijn voorgesteld door 
andere onderzoekers is het nog steeds niet duidelijk uit welke tests een 
rijgeschiktheidsonderzoek in de klinische setting zou moeten bestaan. 
 
In Hoofdstuk 3 wordt een onderzoek beschreven waarin een nieuwe methode 
is ontwikkeld om de rijgeschiktheid van patiënten met de ziekte van 
Alzheimer te onderzoeken in een klinische setting. De bruikbaarheid van drie 
verschillende typen evaluaties is onderzocht, dit waren klinische interviews 
met zowel de patiënt als een familielid, neuropsychologisch onderzoek en 
ritten in een rijsimulator. Op basis van informatie verkregen uit deze 
verschillende evaluaties werd voorspeld welke patiënten rijgeschikt zouden 
zijn. Dit werd vergeleken met de uitkomst van een rijtest op de weg 
uitgevoerd door medewerkers van het CBR. Bij deze test werd 43% van de 
patiënten met de ziekte van Alzheimer (n = 81) rijgeschikt geacht. Uit de 
resultaten bleek dat van de drie typen evaluaties het neuropsychologisch 
onderzoek de rijgeschiktheid het beste kon voorspellen, maar ook de klinische 
interviews en rijsimulatorritten waren van voorspellende waarde. Als alle 
drie evaluaties samen werden genomen, gaf dit de meest betrouwbare 
voorspelling van de rijgeschiktheid, deze was in overeenstemming met het 
CBR oordeel bij ruim 90% van de patiënten. Een beperking van dit 
onderzoek was dat de methode ontwikkeld en getest werd op eenzelfde 
groep patiënten met de ziekte van Alzheimer, waardoor het onduidelijk bleef 
of de methode valide is en ook zou werken bij andere groepen patiënten met 
cognitieve stoornissen.  
 
Hoofdstuk 4 bevat een validatiestudie om te controleren of de methode uit 
Hoofdstuk 3 ook gebruikt kan worden om de rijgeschiktheid te voorspellen in 
een andere onafhankelijke groep patiënten met cognitieve stoornissen. Deze 
groep betrof 18 patiënten met lichte cognitieve stoornissen (‘mild cognitive 
impairment’, MCI). Rijgeschiktheid werd in deze studie eveneens vastgesteld 
in een rijtest op de weg, waarvoor 67% van de patiënten met MCI slaagde. 
Ook in deze groep met MCI kon de methode met klinische interviews, 
neuropsychologisch onderzoek en rijsimulatorritten de rijgeschiktheid voor-
spellen. Uit de analyses van alle drie typen evaluaties apart bleek echter dat 
het neuropsychologisch onderzoek en de rijsimulatorritten voorspellend 
waren terwijl de klinische interviews op zichzelf niet voorspellend waren 
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voor de rijgeschiktheid van patiënten met MCI. Er is vervolgonderzoek 
nodig bij een onafhankelijke groep patiënten met de ziekte van Alzheimer 
om vast te stellen of de klinische interviews bij toeval voorspellend waren in 
het onderzoek gerapporteerd in Hoofdstuk 3 of dat ze daadwerkelijk een 
nuttig onderdeel zijn in het rijgeschiktheidsonderzoek voor patiënten met de 
ziekte van Alzheimer. Over het geheel genomen lijkt de voorgestelde methode 
bruikbaar om de rijgeschiktheid te onderzoeken van patiënten met MCI. 
 
In Hoofdstuk 5 wordt een onderzoek behandeld naar de toepasbaarheid van 
de voorgestelde methode bij patiënten met andere vormen van dementie dan 
de ziekte van Alzheimer (niet-AD). Het gaat hierbij om patiënten met 
vasculaire dementie, frontotemporale dementie en dementie met Lewy 
lichaampjes. In de groep met niet-AD (n = 34) slaagde 41% voor de rijtest op 
de weg. In tegenstelling tot de resultaten bij patiënten met de ziekte van 
Alzheimer en MCI, kon de voorgestelde methode de rijgeschiktheid van 
patiënten met niet-AD niet voorspellen. De variabelen van de klinische 
interviews en rijsimulatorritten waren namelijk niet voorspellend voor de 
rijgeschiktheid van de patiënten met niet-AD, maar het gebruikte neuro-
psychologisch onderzoek had wel voorspellende waarde. Deze resultaten 
laten zien dat een methode die voor één vorm van dementie werkt, niet 
noodzakelijkerwijs bij andere vormen van dementie werkt. Daarom kunnen 
we aannemen dat er bij verschillende vormen van dementie verschillende 
methoden nodig zijn om de rijgeschiktheid te kunnen onderzoeken. Een 
nieuw te ontwikkelen methode om de rijgeschiktheid bij niet-AD te onder-
zoeken zou een neuropsychologisch onderzoek met specifieke verkeerstests 
als basis kunnen hebben, dat wordt aangevuld met vragen, cognitieve tests 
en variabelen van de rijsimulator die in het bijzonder van belang zijn voor 
een specifieke vorm van dementie. 
 
Hoofdstuk 6 gaat over een follow-up onderzoek waarin de opvolging van het 
rijadvies en gevolgen voor mobiliteit werden geëvalueerd. Na het 
rijgeschiktheidsonderzoek kregen de patiënten met cognitieve stoornissen (n 
= 172) een rijadvies. Dit rijadvies was doorgaan met autorijden, rijlessen 
volgen en een officiële rijtest ondergaan, of stoppen met autorijden. 
Ongeveer zeven maanden na het rijgeschiktheidsonderzoek hadden de 
meeste deelnemers het rijadvies ter harte genomen, dit gold voor 92% van de 
patiënten met een positief rijadvies en voor 79% van de patiënten met een 
negatief rijadvies. Van de patiënten met een rijlesadvies was 42% gestopt met 
autorijden. Van de patiënten met het rijlesadvies die nog autoreden had 72% 
in ieder geval gedeeltelijk het rijadvies opgevolgd, dat wil zeggen of rijlessen 
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voor de rijgeschiktheid van patiënten met MCI. Er is vervolgonderzoek 
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bruikbaar om de rijgeschiktheid te onderzoeken van patiënten met MCI. 
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en variabelen van de rijsimulator die in het bijzonder van belang zijn voor 
een specifieke vorm van dementie. 
 
Hoofdstuk 6 gaat over een follow-up onderzoek waarin de opvolging van het 
rijadvies en gevolgen voor mobiliteit werden geëvalueerd. Na het 
rijgeschiktheidsonderzoek kregen de patiënten met cognitieve stoornissen (n 
= 172) een rijadvies. Dit rijadvies was doorgaan met autorijden, rijlessen 
volgen en een officiële rijtest ondergaan, of stoppen met autorijden. 
Ongeveer zeven maanden na het rijgeschiktheidsonderzoek hadden de 
meeste deelnemers het rijadvies ter harte genomen, dit gold voor 92% van de 
patiënten met een positief rijadvies en voor 79% van de patiënten met een 
negatief rijadvies. Van de patiënten met een rijlesadvies was 42% gestopt met 
autorijden. Van de patiënten met het rijlesadvies die nog autoreden had 72% 
in ieder geval gedeeltelijk het rijadvies opgevolgd, dat wil zeggen of rijlessen 
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gevolgd of een officiële rijtest gedaan (of beide). Stoppen met autorijden 
kwam vaker voor bij patiënten van het vrouwelijk geslacht, met relatief 
ernstige cognitieve stoornissen, die achteruitgang in hun gezondheid 
bemerkten en het advies hadden gekregen om te stoppen met rijden. Hoewel 
de overgrote meerderheid van de patiënten iets met het rijadvies gedaan 
had, is het wel zorgelijk dat er patiënten zijn die toch doorrijden na een 
negatief rijadvies. Patiënten die gestopt waren met autorijden gebruikten 
minder alternatieve vervoerswijzen (zoals lopen, fietsen, openbaar vervoer) 
dan patiënten die nog autoreden, wat kan betekenen dat patiënten die 
gestopt zijn met rijden naast minder automobiel, ook op andere manieren 
minder mobiel zijn. Echter bleek wel dat 40% van de patiënten die fietsten of 
gebruikmaakten van het openbaar vervoer, deze vervoerswijzen meer waren 
gaan gebruiken na het stoppen met autorijden. Dit duidt erop dat een 
gedeelte van de patiënten die moeten stoppen met autorijden hiervoor 
kunnen compenseren door meer te fietsen en/of met het openbaar vervoer te 
reizen. Er zijn patiënten met cognitieve stoornissen die nog heel mobiel zijn, 
maar er zijn ook patiënten die nauwelijks meer de deur uitgaan nadat ze zijn 
gestopt met autorijden. 
 
Hoofdstuk 7 bevat een algemene discussie over onderwerpen uit dit 
proefschrift. In dit proefschrift is een methode voorgesteld om de 
rijgeschiktheid van patiënten met de ziekte van Alzheimer te onderzoeken 
met behulp van klinische interviews, neuropsychologisch onderzoek en 
rijsimulatorritten. De verschillende typen evaluaties van de rijgeschiktheid 
hebben alle drie voor- en nadelen. Bij het eerste type evaluatie, klinische 
interviews, lijkt het vaststellen van de ernst van de cognitieve stoornissen het 
belangrijkste doel, waarbij men zich moet realiseren dat de antwoorden van 
patiënten en hun familie van subjectieve aard zijn. Het tweede type evaluatie, 
een neuropsychologisch onderzoek, moet meerdere neuropsychologische 
tests bevatten die sterk gerelateerd zijn aan functies en vaardigheden die 
belangrijk zijn voor het autorijden, zoals reactietijd en gevaarherkenning, 
omdat een enkele test voor algemene cognitie onvoldoende informatie geeft 
over de rijgeschiktheid. Voor het derde type evaluatie bieden rijsimulatoren 
een veilige omgeving om rijgedrag te observeren, maar deze informatie kan 
niet bij alle patiënten verzameld worden omdat simulatorziekte (duizelig-
heid/misselijkheid door het rijden in de rijsimulator) relatief veel voorkomt 
bij oudere patiënten met cognitieve stoornissen. Als het mogelijk is om alle 
drie typen evaluaties uit te voeren, kan de informatie hieruit gecombineerd 
worden om de beste voorspelling van de rijgeschiktheid te geven. Voor 
patiënten met andere vormen van dementie dan de ziekte van Alzheimer is 
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er nog geen methode om de rijgeschiktheid te onderzoeken in de klinische 
setting. Hoewel het praktisch zou zijn om één methode te hebben om de 
rijgeschiktheid van alle patiënten met cognitieve stoornissen te kunnen onder-
zoeken, lijkt dit niet haalbaar. Bij de ontwikkeling van nieuwe methoden zal 
rekening gehouden moeten worden met de verschillende effecten die 
verschillende vormen van dementie hebben op het autorijden. Het is belang-
rijk om een juist rijadvies te geven aan zoveel mogelijk patiënten, omdat de 
hoge opvolging van het rijadvies kan zorgen dat rijgeschikte patiënten 
blijven autorijden terwijl patiënten die niet meer rijgeschikt zijn eerder zullen 
stoppen met autorijden. Onderzoek moet uitwijzen of er door rijgeschiktheids-
onderzoeken verkeersongevallen voorkomen kunnen worden en of de 
mobiliteit van patiënten met cognitieve stoornissen erdoor kan verbeteren. 
Door het progressieve beloop van neurodegeneratieve ziekten zullen veel 
patiënten met cognitieve stoornissen op den duur moeten stoppen met 
autorijden, daarom moet alternatief vervoer toegankelijk zijn voor deze 
patiënten om mobiel te blijven.  
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