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Abstract

The objective of the present inter-disciplinary PhD dissertation is the analysis of traffic
and safety behaviour of drivers with neurological diseases affecting cognitive functions.
More specifically, the impact of brain pathologies on reaction time, accident probability,
driving errors, and driving performance is under investigation. The driving behaviour is
examined in terms of both traffic and safety behaviour and the neurological diseases
affecting cognitive functions concern Alzheimer’s disease (AD), Parkinson’s disease (PD),
and Mild Cognitive Impairment (MCI). A large-scale driving simulator experiment was
carried out, comprising a medical/neurological and neuropsychological assessment of
225 drivers, and a set of driving tasks for different scenarios. An innovative statistical
analysis methodology has been developed and implemented, based on Regression
Models, Principal Component Analysis and Structural Equation Models. Results
indicated that the impact of neurological diseases affecting cognitive functions is
significantly detrimental on traffic and safety behaviour. The AD group had the worse
driving performance profile among the examined brain pathologies and finally, the
negative impact of the mobile phone use on driving performance was much more
pronounced on drivers with neurological diseases affecting cognitive functions than on
healthy controls of similar demographics.
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MepiAnyn

O 0TOX0G TNG TMAPOVOOG SLETLOTNHOVLIKNAG AlSaKTOpIKNG AlaTptPng eival n avaAiuon
TNG CLUTIEPLPOPAG KUKAOPOPIOG KOl OOPAAELNG OSNYWV UE VEUPOAOYLKEG TIOONTELG
TIoV eTNPEACOVV TIG VONTIKEG AslToupyieg. EdIkOTEPQ, elval uTIO Slepevivnan N emppon
TWV  eYKEPOAKWY TIaBoAoylwv oTov xpovo avtidpaong otnv mbavotnta
ATUXNHATOC, 0T 08NYIKA AGON kot otnv odnykn emidoon. H odnylkr cuutepupopa
€EETAOTNKE 08 OPOUG KUKAOPOPING AN KOl 0SIKNG OTPAAELAG KOL Ol VEUPOAOYLKEG
aoBgveleg TIOV eTNPEACOVV TLG VONTIKEG AelToupyieg Tou e§etalovtatl givat n Nooog
Alzheimer (AD), n Nooocg Parkinson (PD) kot n ‘Hma Nontiky E€aaBévnon (MCI).
MpaypatomorOnke eva HeyaAng KALMoKaG Tielpapa og TpOogopoWwTA 0drynaong To
oTolo  TEPLEAQUPOVE LTPLKN/VEUPOAOYLK Kol veupoPuxoAoykn a§loAoynon 225
odnywv, koBwg kot odnynon ot SLPOPETIKEG OuVONKeG. AvomTuxOnke Kal
EQPOAPUOOTNKE Mo TPWTOTUTN pEBoSOAOYia OTATIOTIKNG avaAuong Paoclopevn o€
Movtéda MoAwdpopnong, Avaiuon Kopuwv Mapoayovtwv kot Aopikd Movteda
E§lowoswv. Ta amotedéopata £6el&av OTL N EMLPPON TWV VEUPOAOYIKWY TIaBNoEwv
Tou €MNPEAlOVV  TI{ VONTIKEG A£lTOUPYlEG €lval ONUOVTIKA  €T(AUI  OTNV
KUKAOQOPLOKN KAl 08NYLKN cupumeplpopd. H opada twv acBsvwv pe AD eixav to
XELPOTEPO TIPOPIA 0SNYIKNAG eTido0oNg avapeoa oTLG eEETACOPEVEG AODEVELEG KO TEAOG,
N oPVNTLKN EMISPAON TNG XPNONG TOL KWVNTOU TNAEPWVOUL 0TNV 08nyLKN emidoon ntav
TIOAU EVTOVOTEPN OTOVG aaBeveiq pe eyKePAALK VEUPOAOYLKN TTaBoAoyia o aoxEon pe
TOUG UYLEIG PE TTAPOPOLA SNUOYPAPIKA XOAPOAKTNPLOTIKA.
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Summary

This research is an inter-disciplinary effort entering the scientific fields of traffic and
safety behaviour of drivers on one hand and neurological disease affecting cognitive
functions on the other. The objective of the present inter-disciplinary PhD thesis is the
analysis of traffic and safety behaviour of drivers with neurological diseases
affecting cognitive functions. More specifically, the impact of certain brain
pathologies on driving performance, driving errors, reaction time and accident
probability is under investigation. The driving behaviour is examined in terms of both
traffic and safety behaviour and the neurological diseases affecting cognitive functions
concern diseases with high prevalence in the general population: Alzheimer's disease

(AD), Parkinson’s disease (PD), and Mild Cognitive Impairment (MCI). The central

objective of this PhD dissertation was addressed by:

» designing and implementing a large driving simulator experiment,

» developing an original methodology for the assessment of the impact of drivers'
neurological diseases affecting cognitive functions on their driving performance
taking also into account their neuropsychological and demographic characteristics as
well as the main road safety and traffic characteristics,

» quantifying the impact of neurological diseases affecting cognitive functions
directly on driving performance, driving errors, reaction time and accident probability,

» comparing the driving performance of drivers with different neurological diseases,

» examining the impact of driver distraction on the performance of drivers with
cerebral diseases.

The PhD thesis aims to capture the interaction of neurological diseases affecting
cognitive functions, other related parameters (i.e. demographic, medical, and
neuropsychological) as well as road and traffic conditions, and driver distraction with
respect to driving behaviour. The combined effect of these key parameters on driving
performance, driving errors, reaction time and accident probability might provide useful
insight on driver traffic and safety behaviour analysis. Given the interaction of several
scientific areas in research of impaired driving due to neurological diseases affecting
cognitive functions (transportation engineering, neurology and neuropsychology), this
PhD thesis covers a field of research with an obvious and unique interdisciplinary
nature, which has not been examined in the past. The analysis of the neurological
diseases affecting cognitive functions and other demographic and neuropsychological
characteristics in combination with the driving performance of the general population,
is a very crucial domain and a scientific challenge at the same time. In order to achieve
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the objectives of this PhD dissertation, four discrete methodological steps were
followed: 1% Extensive literature review, 2"Y) Methodological approach, 3 Design
and implementation of a large driving simulator experiment, and 4™") Development
and application of an innovative statistical analysis.

Firstly, an exhaustive literature review was carried out examining in a comprehensive
way driving behaviour and road safety, ways to assess driving behaviour, driving
simulator characteristics as well as neurological diseases affecting cognitive functions
(MCI, AD and PD) and how these cerebral diseases affect driving performance.
Reviewing studies about patients with MCI, of those studies assessing driving
performance through on road testing, it seems that MCl patients, although they
experience subtle changes in their driving competence are still able to drive. However,
a level of impairment compared to healthy controls is generally being reported meaning
that they still constitute a population at risk that warrants close supervision. Reviewing
studies about patients with AD, driving performance declines considerably in individuals
with AD and several on-road and simulator studies indicated worse driving performance
for AD group compared to healthy controls in several driving measures. Reviewing
studies about patients with PD, several lines of previous research indicate that driving
capacity in patients with PD is mainly compromised due to cognitive deficits. Moreover,
pronounced difficulties in several driving indexes seem to appear in drivers with PD
under demanding driving conditions that involve increased cognitive load.

Moving on, an innovative statistical analysis methodology in the field of assessing
driving behaviour of drivers with cerebral diseases was developed. This innovative
methodological approach is based on literature review regarding simulator experiment,
neurological and neuropsychological design principles, driving performance, cognitive
and neurological state measures and statistical analysis methods. Methodological
review indicated that latent model analysis and especially structural equation
models have never been implemented in the field of driver behaviour of patients with
neurological diseases affecting cognitive functions. For that reason and within the
framework of this PhD dissertation, an innovative statistical analysis methodology has
been developed, and consists of five steps: a) Descriptive Analysis, b) Analysis Of
Variance (ANOVA), c) Regression Models (Generalized Linear Models), d) Principal
Component Analysis (PCA), and e) Structural Equation Models (SEMs).

Moving on, based on the literature and methodology review, a large driving simulator
experiment was carried out at the Department of Transportation Planning and
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Engineering of the NTUA, aiming to assess driving performance of patients with
neurological diseases affecting cognitive functions. The experiment was designed in an
inter-disciplinary way and included three scientific branches:

» Driving at the simulator: The first assessment concerns a set of driving tasks into a
driving simulator for different driving scenarios: two different driving areas
(rural/urban), two different traffic volumes (moderate/high), three distraction
conditions (undistracted driving, driving while conversing with a passenger, and while
conversing on a hand-held mobile phone), while unexpected incidents happened in
front of them (sudden appearance of an animal or of a child chasing a ball or of a car
suddenly getting out of a parking position).

» Medical / neurological assessment: The second assessment concerns the
administration of a full clinical medical, ophthalmological and neurological
evaluation, in order to well document the characteristics of each of the examined
disorders (MCI, AD, PD).

» Neuropsychological assessment: The third assessment concerns the administration
of a series of neuropsychological tests and psychological-behavioural questionnaires
to the participants. The tests carried out cover a large spectrum of Cognitive
Functions: visuospatial and verbal episodic and working memory, general selective
and divided attention, reaction time, processing speed, psychomotor speed.

The sampling scheme included 225 participants (76% males - 24% females):

» 133 “patients” with a neurological disease affecting cognitive functions (28 AD, 45
MCI, 25 PD patients, and 35 patients with other cognitive disorders)

» 92 “Controls” without any cognitive disorder

Then, six discrete Driving Simulator Data Processing Levels (PL) were developed, in
order to suitably deal with the large and diversified amount of data collected and to
conclude to an “All Drivers and All Assessments Processed Data File” which was analyzed
by means of a dedicated and innovative statistical analysis method. In the first step,
the descriptive analysis correlated mean speed, time headway, lateral position, steering
angle variability, reaction time at unexpected incidents, accident probability, and driving
errors, with traffic volume, driving area, regarding age and cerebral disease of the
participants. Then, two Analysis Of Variance (ANOVA) were extracted regarding
identification of significant differences in the driving performance indexes extracted
from the driving simulator assessment and in the answers extracted from the behaviour
questionnaire, between two groups: groups of healthy controls and patients with
neurological diseases affecting cognitive functions. In the third step, within the
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framework of the explanatory analysis, the development of a series of Regression
Models took place regarding key performance parameters in order to estimate the
effect of cerebral diseases and driving characteristics on specific driving performance
parameters and indirectly on driving behaviour and road safety.

In the fourth step, four Principal Component Analyses (PCA) were implemented
regarding driving performance, driving errors, neuropsychological state and
neurological state, in order to investigate which observed variables are most highly
correlated with the common factors and how many common factors are needed to give
an adequate description of the data. In the fifth and final step, the core statistical analysis
of the present PhD thesis took place, including the implementation of four Structural
Equation Models (SEMs) for the first time in the scientific field of driving behaviour of
drivers with neurological diseases affecting cognitive functions. Within the framework
of latent analysis and based on the factor loadings that were extracted from the PCA
analyses, four latent variables were developed namely, “driving performance”,
“driving errors”, "neurological state” and "neuropsychological state” in order to
implement four SEMs. The four SEMs were developed aiming to quantify the impact of
MCI, AD and PD, driver distraction, driver characteristics, “neurological state”,
“neuropsychological state” as well as road and traffic environment directly on the
observed variables “reaction time"” and “accident probability” and on the latent variables
“driving performance” and “driving errors”.

Steering Angle
Lateral position variability
variability Average Gear
Average Time To Line
Speed crossing

Tandem Walking: Wl!kFln's Emeetzded
Errors igure Tes!
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In the first and the second SEMs, the objective is the quantification of the impact of
neurological diseases affecting cognitive functions, distraction, age and road and traffic
environment on the observed variables “reaction time” and "accident probability”.
Additionally, the quantified impact of two latent variables regarding neurological state
and neuropsychological state of the drivers on the observed variables is analyzed. In the
third and fourth SEMs, the key latent variables reflects the underlying “driving errors”
and “driving performance” and the objective is the quantification of the impact of
neurological disease affecting cognitive functions, distraction, driver characteristics and
road and traffic environment on “driving errors” and “driving performance”. Additionally,
the quantified impact of latent variable regarding “neurological state” and latent
variable regarding “neuropsychological state” of the drivers on the latent variables
“driving errors” and “driving performance” is analyzed.

The synthesis of the key 5 PhD Dissertation Innovations

research findings that were

extracted within the Implementati
. large inter-disci
framework of this PhD aeir,?:r;,r:,:,r,“':ﬂﬂvi

medical, psychologi
and driving assess

conclusions of great Quantification

dissertation lead to several

significance with five
innovative scientific
contribution points.

The first innovation of this
PhD dissertation is
methodological. The design

‘ research
functions findings
and implementation of a

large scale inter-disciplinary experiment which includes two scientific branches, a
traffic engineering, and a medical (neurological and neuropsychological), is a central
component of the present PhD thesis. Because of the integration of these different
scientific disciplines involved in impaired driving research (traffic engineering,
neurology and neuropsychology), this PhD dissertation covers a research field with an
obvious but not previously exploited multidisciplinary nature.

The second innovation of this PhD dissertation is also methodological, suggesting the

implementation of four latent variables covering all three fields of this inter-
disciplinary PhD thesis: "driving performance” and “driving errors” extracted from the
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driving simulator experiment, “neurological state” extracted from the neurological
database and “neuropsychological state” extracted from the neuropsychological
database, in order to construct four Structural Equation Models (SEMs). The four
latent variables were developed using the most critical indexes (neurological,
neuropsychological, and driving measures) extracted from the PCA analyses.

Latent analysis allowed an important scientific step forward from piecemeal analyses to
a sound combined analysis of the inter-disciplinary interrelationship between risk
factors, neurological state, neuropsychological state, driving performance, driving error
and accident probability at unexpected incidents. It is the first time and it is also
considered a methodological originality of this PhD dissertation, that latent
variables reflecting neurological and neuropsychological status (neurological state and
neuropsychological state) interact with other latent driving variables (driving
performance an driving errors) and with other observed driving variables such as
reaction time and accident probability.

The third innovation is the quantification of the impact of neurological diseases affecting
cognitive functions, on drivers’ traffic and safety behaviour, which is considered to be
the core of this PhD dissertation, regarding the key research findings. The first three
statistical steps, indicated statistically significant differences between the group of
patients with neurological diseases affecting cognitive functions and the healthy
controls of similar demographics in several driving performance measures. Patients
were found to drive at significantly lower mean speed and had larger time headway
compared to the healthy drivers. Analyzing the lateral control measures it was observed
that patients with MCl drove more closely to the right border of the road (slightly yet
significantly). It was observed that patients had significantly larger reaction times in all
examined conditions compared with the cognitively intact group. Moving on to the
accident probability, significantly higher accident probability was detected for the AD
group in all examined conditions and for the MCl and PD groups only in urban area.
Finally, the ANOVA investigated the self-stated questionnaires and indicated that drivers
with MCI, AD and PD are aware of their deterioration of their driving performance.

Moving on to the SEM analysis, it was indicated that drivers with MCI, AD and PD
overall performed significantly worse than the healthy controls regarding the four
examined driver behaviour characteristics. More precisely, they were associated with
significantly lower levels of the latent variable "driving performance” that reflected a
broad range of driving indexes and were associated with significantly worse “reaction
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time”. Also, the clinical conditions of AD and PD were associated with a negative impact
on accident probability. Finally, none of the clinical groups showed a significantly
increased amount of driving errors. Latent variable “neuropsychological state” had a
positive effect on all outcome variables. Latent variable “neurological state” had a

significant positive effect on “driving performance”, “driving errors” and reaction time,
whereas, its impact on accident risk was not statistically significant.

Moving on to the impact of other risk factors on driver behaviour, conversation with
the passenger was not found to have a critical impact on driving performance, driving
errors and accident probability, indicating that drivers don't alter their driving behaviour
in an important way under this type of distraction, but they have worse reaction time.
On the other hand, mobile phone use had a significant negative effect on “driving

nonu

performance”, “accident probability” and “reaction time” but not on “driving errors”.
Advanced age had a significant negative impact on “driving performance”, “driving
errors” and reaction time, whereas, its impact on accident risk was not statistically
significant. Urban area had a significant negative impact on “driving performance”,
whereas its impact on “driving errors”, reaction time and accident probability was
positive. Low traffic conditions affected positively the “driving performance”, whereas
it hadn't any significant impact on “driving errors”, reaction time and accident
probability. Nonetheless, the parameter that renders originality to this analysis is the
development of latent variables for the evaluation of driving behaviour that
encompasses a variety of indexes. In addition, another novel element is the application
of multivariate SEM models that make the exploration of the unique impact of

neurological diseases affecting cognitive functions feasible on driving behaviour.

The fourth innovation of this PhD dissertation is derived also from the key research

findings and concerns the comparative performance analysis of drivers with different
neurological diseases affecting cognitive functions. The results indicated AD as the
riskiest group of drivers (had the greatest impact on accident probability and driving
performance and almost the greatest on reaction time), followed by PD, whereas the
group of MCI is considered as safer compared to the other two examined brain
pathologies.

Finally, the fifth innovation of this PhD dissertation concerns the effect of distraction the

performance of drivers with MCIl, AD and PD, by exploring driving while conversing with
a co-passenger and driving while conversing through a handheld mobile phone.
Exploring and quantifying the impact of distraction on drivers with MCI, AD and PD has
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not been addressed so far among the international scientific community. It appeared
that overall, the distraction conditions didn't have such a significant impact on driving
performance measures in the group of controls, in contrast with the findings extracted
from the patients’ groups regression analyses in which the impact of distraction
and especially the mobile phone use, was detrimental. In particular, the reaction
time of drivers with brain pathologies increased more than 30% under the driving
condition with the use of mobile phone, whereas in the group of cognitively intact
drivers the equivalent increase was about 10%. Moreover, the group of drivers with
neurological diseases affecting cognitive functions had a striking increase of the risk of
being engaged in a car accident when using a mobile phone. Also, the presence of a
conversation with a passenger had an impact on the driving performance of the
patients, but of a smaller magnitude as compared to the case of the mobile phone use.

The results of this PhD dissertation can be exploited in the development of
recommendations and measures for addressing all aspects of impaired driving due to
neurological diseases affecting cognitive functions. The application of this methodology
revealed also a number of open issues for further research in the inter-disciplinary field
of driving behaviour and brain pathologies (i.e. periodically assess the driving
behaviour of patients with cerebral diseases over time). It is important to mention that
every driver with a neurological disease affecting cognitive functions should be
treated individually, through a modern interdisciplinary driving evaluation
including medical, neurological and neuropsychological criteria for safe driving and of
course assessment of driving performance through simulator tasks or on-road trials.
Additionally, it should be in positive direction an effective monitoring of drivers that are
at-risk for developing an underlying neurological condition that is associated with
unsafe driving and the development of interventions that have the capacity to improve
or preserve the driving fitness of older individuals and of drivers with cerebral diseases.

Overall, the results of this PhD thesis can potentially contribute to a significant reduction
of road accidents and fatalities, if the data and the results be exploited by the
authorities in order to implement appropriate road safety policy directions
regarding the vulnerable group of drivers with neurological diseases affecting
cognitive functions. Enhanced understanding of the medical, behavioural and social
issues related to impaired driving due to neurological diseases affecting cognitive
functions will lead to more appropriate driver training and licensing, criteria for driver
license renewal for persons belonging to vulnerable groups, more appropriate
legislation and awareness campaigns.
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Exktetapevn MepiAnyn

H mapovoa Aldaktopikry Alatpifry amoteAel pio SIEMIOTNHOVIKN TIPAYHATEI TWV
EPELVNTIKWY TIESIWV TNG KUKAOPOPLOKNG CUUTIEPLPOPAG KOl CUPTIEPLPOPAG OSLKAG
QOPAAELOG ATIO TN Mid, KOL TWV VEUPOAOYLKWYV TIOBNCEWV TIOU £TTNPEALOLVV TLG VONTLKEG
Asrtoupylieg amo tnv dAAN. O otox0o¢ TNG AdaKTopIkNG ALXTPLPNRG eival n avaAvon Tng
CUHTIEPLPOPAG KUKAOPOPIAG KL AGPAAELNG 0OSNYywWV pE VEUPOAOYIKEG TTAONOELG,
Tov emnpea{ouvv TG vonTikéG Asrtovpyieg. Eldikotepa, eival umo Siepsvvnon n
ETILPPON) OLYKEKPLUEVWV EYKEPOAIKWY TIONTEWVY aTNV 08NyLKN €Tid00N, 0Ta 0SNYLIKA
AGOn, oto xpovo avtidpaong kat otnv TBavoTnTa oatuxApatog. H odnyikn
OUMTIEPLPOPA e€eTALETAL OE OPOVG KUKAOPOPIOG KL QTPAAELOG KOL Ol VEUPOAOYLKEG
ToBNoELG TIov eMNPEAOVV TIG VONTIKEG AEITOUPYLEG QPOPOVV aOoBevelq e PEYAAN
OUXVOTNTA ELPAVLIONG OTO YEVIKO TIANBLONO, OTIwg N Nooog Alzheimer (AD), n Nooog
Parkinson (PD) kat n ‘Hmtia Nontikr) E€acBévnon (MCI).

O otox0¢ TNG AdokTopIkNG ALXTpLPrG KOAVPONKE WG EENG:

» oxedladovtag Kat epappolovTag EVo LEYAANG KALHOKOG TTELPARA OE TIPOCOOLWTH
odrynong

» QVOTITUCCOOVTOG Pla TTPWTOTUTH HEBodoAoyia yia Tnv a&loAdynon Tng EMLPPONG
TWV VEVPOAOYIKWVY TIOBNCEWV TIoU €mNPedlOUV TIG VONTIKEG AELTOUPYiEG OTNV
odnykn emidoan, AapBavovtag vOYy Ta VEUPOWUXOAOYIKA Kol SNUOYPAPIKA
XOPOKTNPLOTIKA TWV 0dNywv KaBwg Kol T XOAPOAKTNPLOTIKA KUKAOPOPILOG Kat
08LKNG OOPAAELOG

» TIOOOTLIKOTIOWWVTAG TNV EMPPON] TWV VEUPOAOYIKWV TOoEwWvV TOUL
ennpeadouv TIG vonTikéG AstToupyieg amevdeiag otnv odnywkn emidoon, ota
0dnyKa AdBn, oto xpovo avtidpaong Kat oTnV TIBAVOTNTA ATUXNUATOG

» ouykpivovTag TNV odnyikn enidoon Twv 0dnNywv e SLAPOPETIKEG VEVPOAOYLKEG
aoBgvelec Kal

» €€eTAlOVTOG TNV EMPPON TNG AMOCTINCNG TNG TPOCOXNHG TOU 08nyou OTLG
ETLOOCELG TWV 0ONYWV HE VONTIKEG SLATAPOXEG.

H mapovoa Awdoktopikny Alatplry HEAETA TNV OAANAETIIOPAON TWV VEUPOAOYLIKWVY
00BeVELWV TIOU EMNPEACOUV TLG VONTIKEG AELTOVPYIEG, GAAWV OXETIKWY TIAPOAUETPWV
(ONUOYPOAPIKWY, LOTPIKWY KOl VEUPOWUXOAOYIKWY K.Q.), OTIWG €Tiong oSlLKWV Kol
KUKAO(OPLOKWY OUVONKWVY Kol TNG OomMOOTIAoNG TNG TIPOCOXNG O OXEON ME TNV
odNylkn ouumEpLpopd. H ouvSUOOTIK EMIPPON AUTWYV TWV TOAPAUETPWV
«KA€WL&» 0TNV 08NYIKN €midoon, ota 0dnylk& AdBn, ato Xpdvo avTidpaong KoL aTnv
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TBavoTNTa aTLXAHATOG B TPOGSWOOLVV Yvwan TIou Ba elval WBLLTEPWE XPAOLUN
0TNV AVAALVGON KUKAOPOPIOG KOl ATPAAELOG TWV 0SNYwWV.

Aedopevng TnG cAANAETIiS paan g SLAPOP WV EMGTNHOVIKWYV TESIWV 0TN Slepevivnon
NG HEWWMEVNG 0dNYLKNG €TtidooNG AOyw VEUPOAOYIKWY acBevVELWV TIOV ETINPEACOUVV
TIG VONTIKEG AELTOUPYIEG (AVTIKEILEVO GUYKOLWVWVIOAOYOU HNXOAVIKOU, VEUPOAOYOU KOL
veLPOWUXOAOYOU), N ALSOKTOPLKN AlXTPLPr) oUTH) KOAUTITEL EVO EPEVVNTLKO TIESIO ULOG
TPOPAVOUG KOl HOVOSIKAG SLEMIOTNHOVIKAG PUONG, TO OTOI0 OpwG &gV €xel
epguvnBOel 0To TaPeABOV. H avdAuon Twv VEUPOAOYIKWVY aoBevelwv TIou emtnpedlouv
TIG VONTIKEG AELITOUPYLIEG KOL SNUOYPAPLIKWV KAl VEUPOYUXOAOYLKWY XOAPOAKTNPLOTIKWVY
o€ oUVOVOOUO e TNV 0dNYLKN €Tidoan TOU YeVIKOU TTANBUOUOU ATOTEAEL Evav TIOAU
KPIOLO TOMED KO TAUTOXPOVO IO LEYAAN EPEVVNTIKNA TIPOKANGN.

Mpokelpevou va emiteuxBouv oL aToxoL TNG ASaKTOopLKAG AlaTpLPpng, akoAouBnBnkav

Tégoepa Sakplta peBodoloyika Bpata:

1o. Ektevng BpAoypa@ikn avookoTmnon,

20. MeBodoAoyikn TpoagyyLan,

30. IXeSLOOPOG KOl EQOPUOYN EVOG HEYAANG KAILOKOG TIEPAUATOG O€ TIPOCOUOLWTH
odnynong, Kal

40. AVATITUEN KOl €QOPHUOYN MG KAWOTOHOU OTOTIOTIKAG peEBodoAoyiag kat
avAaAuonc.

H emokomnon tng ASakToplkng Alatpipng mopouotaleTal OTO EMOUEVO OXNHA:

Kawvotopa
Kivntpo, f ETUOTNHOVIKN
OTOXOG Mee'; 5 ?::lm OLVEOPOPE —=,  Aopn
KO OKOTIOG il KO OVOHEVOHEVO
0@éAn
2 ;e sgm;.ovmn« v MNepdpoata o8
wOényu(n : fyii] oupmeppopd =1'tpo<m|.wu.utr] > MCI, AD, PD
/ UTEPLPOPE
< Odfynon  —=> o8Ik . Kat o8nyiKn
A NevpoAoyikéc abroeigmou ennpeaiovy — emiSoan
j aoiAeLa TIG vonTikéG Aettoupyieg (MCI, AD, PD)
ApXEG oXeSIOHOY 0O8nyol
s TIEPAUATWY OE TIPOTOHOLWTH > SeikTeg "_BMseoéohoyiu Tovoun
b EUPOAOYIKEG Kal VEUPOYUXONOYIKEG i b heBoSohoyiag
EIKTEC KIVNTIKWY KAt (XVG)\UU']C
C apxE oxedlaopon TIKWY Beiwmuurs
ﬁ 3 ) ~—=>AE10A6ynon 061ynong 6ToV TPOGOHOU T Aciypa Agé‘nwl ; ir] Tehn Baoh
d "w_':g:,"\"n ~— =  Neupoloywr afloAéynon  —=> meipapatoc ¢ Szt:léc\:‘mv AeSoptvwy
TEPAROTOC = Nevpoyuxoloywki agoddynon  —= , Ko ETimed o (225 oelpéc X
x ~— > EpWTNHATOAOYIO CUNTIEPLPOPEG ~— e’ > TUHHETENOVTEG) ene&epyaoiag 1113 othAeq)
—_— Meptypa@ikn AvéAvon MovtéAa AvéAuon Aopikd .
ZTOTIOTIKY AxoTIopaG MoAwdpopnang Koprwv MovTtéAa Z""ewn'
- . A apayovTwy T == EEohoswy o LTOTIOTIKWY
; . (70 Tevikeupeve: AvoAVoEWY
| 1 I (126 Trivoked) (2 mivakeg ANOVA) TpoiLKe MovTéha) (4 AKIT) (4 AME)
ZuvBean
EMokOTNon —= kau MeMovtiké
; TIPOKANOELG
KOUVOTO{EG
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Apxikd, ota TmAaiolr Tou KepoAaiov 2, TPAYHOATOTOWONKE ML EKTEVAG
BBAoypa@iky avaokomnon, €£eTalovtag TNV odnylK CUUTIEPLPOPA Kol OSIKA
AOPAAELD, TPOTIOVG Q&LOAOYNONG TNG OONYLIKNG CUUTIEPLPOPAC, TA XOPAKTNPLOTIKA
TWV TIPOCOUOWTWY 08AYNOoNG, TIG VEUPOAOYIKEG aoBevele TIOU eMNPEAlOVV TIG
vonTikeg Aettoupyieg (MCI, AD, PD) kot Twg outeg oL madnoelg emnpedl(ovv tnv
odnykn emidoon.

M0 CUYKEKPLUEVD, HETA ATIO HEPLKA LOTOPLKA OTOLXELX YLt TNV 081yNCN QUTOKLVATOU
KOL TO BOOIKA XOPOAKTNPLOTIKA KOl TIG SeLOTNTEG IOV €vag 08NYyOC Ba TIPETEL VA €XEL,
TIOPOVOLACTNKE ML  ElOCyWYH Y& TNV O8lKR Oao@AAElx KAl TNV 0dnywn
CUHTIEPLPOPQA, L LOLALTEPN EUPOCT OTN CNUACIX TOU AVOPWTILVOU TAPAYOVTa KoL
NG vonTikng Asttoupyiag o€ autég. EmimAsov, vmoypappiotnkav ot kivbuvol tng
aTOOTIOCONG TNG TPOCOXNG TOu 0dnyou KAt Tnv odnynon Kot ot Tilaveg
OVTIOTOOWLIOTIKEG OTPATNYLIKEG TIG OTIOEG Ol 08nyol XPNOLOTIOOUV O OUTEG TLG
ouvONkeg 0odNynong. XTn OUVEXELR, TPOXWPWVTOG TIPOG TOUG TPOTIOUG TIOU N
EMOTNMOVIKA KOWOTNTA OTOTIHA Kol oloAoyel TNV 0dNYIKH CUPTIEPLPOPQ,
€EETAOTNKAV TO TIAEOVEKTAUATA KOl OL TIEPLOPLOUOL TWV TIELPAPXTWY O TIPAYHATIKEG
OUVONKEC 0TO SPOO, KAL TIELPAUATWY O TIPOCOUOLWTH, O BABOG PEAETEG KOl EPEVVEG
KO EPWTNUATOAOYLY, KOL KATOANEXUE OTO CUUTIEPACHO OTL N 0ONyNON O€ TELPAPATA
TIPOCOUOLWTN TIPOCPEPEL EVOL ATPOAEG TIEPPBAANOV, PHeYaAUTEPO SElypa EAEYXOU, KOL
MEYOAN TIOKIAIQL aTtO oLVONKeEG SOKIUWY, OUWG TIAOXEL amo TipoPARupata «learning
effects», «(oA&Sa 0TOV TIPOCOUOLWTH», KAl VPYNAO KOOTOG.

MopdAAnAa, n avaokomnon 1nG PlBAloypagiag €loXwpnoE O  TOMEIC TWV
VEUPOAOYIKWY TaONoswvV Tou  emnpedlOVV TG VONTIKEG AELTOUPYlEG  Kal
eMkeVIpWONKe ot €&Ng tpelg: ‘Hma Nontikg EEaoOévnon (MCI), Néco Tou
Alzheimer (AD), kot Noco tou Parkinson (PD). To kUplo pEPOG TNG AVOIOKOTINGNG
oUTNG TEPLEAAUBOVE OPKETEG MEAETEG, OL oOToleq emeTpePav TNV e€aywyn
OUMTIEPAOUATWY OXETIKA UE TIG 0ONYIKEG SVOKOAIEG TWV 0dNYyWV IOV TIACXOUV OO
MCI, AD ko PD.

MeAeTwvtag gpyacieg pe odnyoug pe MCI, outég mou g€etdlouv TNV 0dNYKNA
emidoon HEOW TIEPOAUATWY 08MYNONG OE TIPAYUATIKEG CUVONKEG, SLATIIOTWVETAL TIWG
oL aoBeveig autol, TTapoAo Tov PBlwvouv avemaioBNnTeG aAAayEG OO0V APOPA TLG
08NYLKEG Toug eTLOOTELG, ival og B¢an v 0Snyouv pe ao@aAsla. QoToOo0, evtoTideTal
eval eTimedo SUOAELTOUVPYIOG OUYKPLTIKA HME TOUG VYLEIG MAPTUPEG TIPAYMO TIOU
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onpaivel 0Tl €€akoAouvBouv va amoTeAOUV [ opdda piokou 00OV a@opd TNG
0dnynaon toug, Tov SikatoAoyel Tn otevn emiBAeWn Tou.

E€etalovtag peAéteg ywx aoOeveic pe AD, n odnylk Toug ammodoon MELWVETAL
ONMOVTIKA OTO TIELPAUATO OE TIPAYHATIKEG OONYIKEG CUVONKEG, OAAG KOL TIELPAUATO OE
TIPOCOUOLWTH 08AYNONG AVOPEPOLV XELPOTEPEG ETILOOOEL 0ONYNONG O OUYKPLON UE
TOUG LVYLEIG MAPTUPEG O SLAPOPEG OONYLKEG TIAPAUETPOVG.

O peAéteg ywx Toug aa@eveic pe PD, avo@Epouv OTL N IKOWOTNTAX 08RyNonG Toug
glval mpoPAnpaTikh, Kuplwg AOYW voNnTIKAG €§aoBevnong. EmumAgov, «nxnpeg»
OUOKOALEG 08 TIOAAEG OSNYLKEG TIAPAUETPOUG PALVETAL VO UTIAPYXOLV O€ 0dNyovg pe PD
KOXTW QMo QmalTnTIKEG OUVONKeg 0drynong oL omoieg mepAapfavouy ouénuevo
YVWOTIKO QOpTiO.

Ev ouvexeia, avamtuxBnke po kavotopa peBodoloyia oTATIOTIKNAG AVAALCNG OTOV
TOMEX TNG AELOAOYNONG TNG 0ONYLKAG CUUTIEPLPOPAG OOEVWV E VONTIKEG TIOONTELG
VEUPOAOYIKWY atTiwv. AuTr n kovotopa pe@odoloyikl mpooiyylon Paciotnke
opxIKA oTn PBPALOYPAPIK: OVOOKOTINGN OC0V QPOPA OTIG OAPXEC OXESLAOHOU
TIELPOUATWY  TIPOCOMOLWTH  08NYyNONG  VEUPOAOYLKWY  KOL  VEUPOWUXOAOYIKWY
TIELPAUATWY, TIAPAUETPOUG AVAAUVONG OSNYLKNAG ETIIO0ONC, TIOPAUETPOUG VEUPOAOYLKNG
KOl VEUPOWUXOAOYIKNG KATAOTAONG Kol LEBOSOUG OTATIOTIKAG AVAAUONG.

Mo OUYKEKPLPEVD, OO0V aPOPA TN HeBOSOAOYIKN TIPOCEYYLON, ATMOKCAVPONKE OTL O
TELPOUATIKOG OXESLAOHOG €EVOG TELPANATOG OFf MPOCOHOWWTH odnynong o
uTtopovoe va sival «within» 1 «between-subject» 1 «full factorial» kot vmapyxouv
TIOOVEG HEBOSOAOYIKEG «OTTENEG» TIOL TIPETIEL VO ANPOOVV LTIOYN KATA TO OXESLATUO
EVOG TIEPAUATOG. H ouumepLpopd Tou 0dnyou gival Eva TTOALSLACTATO PALVOREVO, TO
omoilo onuaivel OTL Oev UTIAPXEL ML OUYKEKPLUEVN KOl MEUOVWHEVN OSNyLKN
TIUPAUETPOG, TIOV VAL UTIOPEL VO CUAAGPEL TNV ETILPPON TWV VEVPOAOYLKWVY TIOBNTEWVY
TIov eMNPeAlOLV TIG VONTLIKEG AstTovpyieg otnv odnynon. Mo to Adyo auTtod, uTTAPXOouV
TIOAAEG SrapopeTikeg pEBodol kat deikteg a&loAoynong tng odnylkng emidoong, ot
ouvnBsotepol amd Toug omoioug TEpapPAvouY TIAEVUPLKOUG SeikTeg odnynong,
KT pNkog Seikteg 0dnynong, xpovoug avtidpaong, Kivnon Twv HATUwV TNV
odnynon kat SeikTeG AsLTOUPYIAG TOU EYKEPAAOUL.

MNopdAANAQ, Tpokelpevou var aflohoynBei n odnykn emidoon Twv aoBsvwv e
VEUPOAOYLKEG 0oBEVELEG TIOV €TNPEALOVV TIG VONTIKEG AELTOUPYIEG, €KTOG OO TO
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nelpopa odAynong Eival amopaitnTog KOl O OXESIAOHOG VEUPOAOYIKWVY KO
VEUPOYPUXOAOYIKWY TIELPARATWY. O VEUPOAOYLKOG TIELPOAUATIKOG OXeSLONOG B
TIPETIEL VAL loXOANOEl e TTOAAOUG TOEIG MVAUNG TIPOCAVATOALGUOU OTO XPOVO Kal
0TO XWPO, HE TO VEUPLKO aVOPWTILVO GUOTNHO, TIG KABNUEPIVEG SPAOTNPLOTNTEG, TN
OLVOLOONPOTIKY KXTAOTOON, TN CUMTIEPLPOPA VTIVOU KOL TIG KIVNTIKEG LkavoTnTteg. O
VELPOWUXOAOYLIKOC TIELPAUATIKOG OXESLATHOC Bt TIPETIEL VO X OANOEL e TA YVWOTIKA
Tedla CUVOALKH VONTIKA KATAOTOON, AEKTIKA) MVAUN KOl HAONON, TN AEKTIKN UVARN
EPYOCLOg, TNV OTITIKA OAPWON, XWPELKA UVAUN KOl HABnaon, omTikoXxwpLkA avtiAnyn
KOL MVAUN €PYOOIOG, KATOOKEVAOTIKN KAVOTNTA, TPOCOXN/TANPOPOPIiEC Yot TNV
TaxutnTa  enefepyaoiag/avtiAngng  €TAEKTIK Kol  SLPOVUEVN  TIPOCOXN),
EKTEAEOTIKEG AELTOVPYIEG KO YUXOKIVNTLKA ETTAXYPUTIVNON.

H peBodoloyikn) avaokomnon £dsie OTL avaAuon AavBoavouowv HETAPANTWVY Kol
ELOLKOTEPA TEXVIKEG LOVTEAOTIOINONG HE XPNON SOUIKWY HOVTEAWV EELOWOEWV SV EXEL
ToTE TpaypatononBsl oTto TMapPeABOV OTOV TOPEX TNG OONYIKNG CUUTIEPLPOPAG
08NYWV HE VEUPOAOYIKEG TIAONOELG, TIOU €TNPEACOVV TIG VONTIKEG AlTOVpYieG. MNa To
AOYO aUTO Ko 0Ta TTAQOLA TNG TIapovaag ALSaKTOPLKAG AlaTpLpng, avartuxOnke pua
TPWTOTUTN oTATIOTIKN HEBodoloyia, n omoia amoteAsital and mévte Bpata:
a) MNeprypa@kn Ztatiotikn, B) AvaAuon Awaomopdg, y) Movteda MoAwdpopnong, o)
AvdéAuon Kopuwv Mapayoviwy, kat €) Aopikd Movtéda E§lowoswv.

Ev ouvexeilo, ota mAaiola tou KepoAaiov 4, Baocwlopevol otn PLBALOYpA@IK Kot
HEOOSOAOYIKN OVOOKOTINGT, OXESLAOTNKE KAl Mpaypatomo}Onke éva peyaAng
KAlpokag meipapa o MpogopowwT odynong otov Topéa Metagpopwv Kal
Juykowwviokng Ymodoung touv EMUII, mouv wg otoxo eixe tnv a&loAdynon tng
0ONYLKAG CUUTIEPLPOPAG TWV ACOEVWV LE VEUPOAOYLKEG TIAONTELG TIOV €TTNPEACOLV TIG
VONTLKEG Asttoupyieg. O 0TOXOG TOU KEPOAQOU QUTOU Elval VO TIAPOUCLATEL TNV
TElpapaTIKN Slodikaoia 1000 og eMiMeSO €VVOLOAOYIKOU TAQLOIOU KAl EPOAPUOYNG,
KoOw( €TONG VA ATTOTUTIWOEL TIG PBACIKEG TIAPAUETPOUG KATAYPAPNG KL GUAAOYNG
TWV SeSopeEvwV.

To Teipap o oXESLAOTNKE OLETILOTNUOVIKA KL TIEPLEAAUPOVE SUO ETILOTNUOVLIKEG OPADEC:

ZuykowwvioAdyoug Mnxavikovg tou EBviko Metoofiov MoAutexveiou (EMIT),

NeupoAdyoug, NeupopuxoAdyoug kat Wuyxiatpo tng B’ NevpoAoyikng KAwvikng Tou

MNoavemotnuiov ABnvwv oto Mavemotnuokd Mevikd Noookopeio «ATTIKON». Ot

kKA&SOL a€loAOYNoNG NTAV TPELG:

» O8nynon oTtov TPOCOoHOWTH: APXLKA, TIPAYUATOTIOONKE O OXESIAOUOG KAl N
EQPOAPHUOYH TOV TIEPAUATOG OTOV TIPOCOHOWTH, KAOWG OTOTEAEL Eval KALVOTOWMO
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otolxelo TG Mapovoag ALSAKTOPLKNAG AlaTPLBAG, EMITPETOVTAG VA KaAuPBoUV oL
TLOAUTIAOKEG TIPOKANCELG TNG. ‘'OAX TA ATOUIKA HEPN TOU TIELPAUATOG OXESLAOTNKOV
KOL EQOAPUOOTNKAV TIPOOEKTIKA AQUPBAVOVTOG LUTIOWLV TOUG TIEPLOPLOUOVE KOL TIG
OVAYKEG TIOV EVTOTIOTNKAV OE QVTIOTOLXO TIEPAUATA OE TIPOTOUOLWTH 0drRynong
OTtO AAAEG UEAETEG.

» latpikn/vevpoloywkyp a&odoynon: H Sevtepn afloAdynon a@opd TNV
TPAYUATOTIONON  aG TAAPOUG KAWLKNAG, OQOOAUOAOYLKNAG KOl VEUPOAOYLKNG
0&LOAOYNONG, TIPOKEIHEVOL VA  KOTOYPOPOUV TA XOAPOKTNPLOTIKA TnG KA&Oe
e&eTalOpeVNG eyKEPOAKNG TtadBnong (MCI, AD, PD) TwV GUPHETEXOVTWV.

» Neuvpoyuxoloywkn a&loAdoynon: H tpitn agloAdoynon a@opd tn xopnynon WMag
OEIPAG VEUPOWUXOAOYIKWY OOKIHOOLWY KOl  YUXOAOYLKWY  EPWTNHATOAOYIWV
OUUTIEPLPOPAG OTOUG OUMpeTEXOVTEG. Ol OOKIMEG TIOL  TIPAYUATOTIOBnKav
KOAUTITOUV €VA VPV PACHUA YVWOTIKWY AELTOUPYLWV: OTITIKOXWPLKN KOL AEKTIKA
MVAMN, ETUAEKTIKA Kol SLUPOVHEVN TIPOCOXN, XPOVO avTidpaong TaxuTNTA
ene€epyaoiog, PuxXoKNTIKA TOXUTNTA KATL

H melpapoatikn Stadikaoia epLeAGUPave:
» M doklpaoTikn Stadpopn (sfoksiwon pe Tov TpocopolwT)
» M Stadpopn €KTOG TTOANG (2, 1km urkog, pia AwpiSa avd kateuBuvon, 3m TAGTOG AwpiSac)
» M Stadpopun evtog MOANG (1,7km prAKog, 0TO PeyohITEPO péPOG 2 Awpideg avd katevBuvaon,
3.5m mA&Ttog Awpidac)
» Avo GEVAPLX KUKAOPOPLOKOV POPTOU YL KABs Stadpoun:
»  Qum: XaNAOG KUKAOQOPLAKOG pOpTog (Q=300 oxnpato/wpa)
»  Qu: YPNASG kukhopoplakdg @dpTtog (Q=600 oxApata/wpa)
» TPELG KATATTATELG ATTOGTIAONG TIPOCGOXNG YLa KABE Stadpoun:
» Ameplomaotn odrynon
» O0énynon pe TauTtdxPOVN CUVORIALL e GUVETILRATN
» Odnynon e TAUTOXPOVN CUVOMAIX HECTW KIVNTOU TNAEQWVOU
» Avo anpooueva CUUBAVTA Yot KAOE VTIO-OLOOPON):
» Za@Vikn €i0060¢ evog (wov 0To SPOUO (EKTOG TTOANG)
»  ZOPVIKA EUPAVION €VOG TTALSLOU va KUVNYAEL Mo PTIGA 0TO SPOUO 1 EVOG AUTOKLVITOU VO
ELOEPYETAL OTO SPOpO e&epXOpEVO amo o Béan oTdBpevong (evtdg TTOANG)

JUVOAIKG N TIANPNG TIELPOUATIKA Sladikaoia TepleAduBove Swdeka UTO-SLOPOEC.
‘OAeg auteg oL ouvBnkeg avaABnkav pe «full factorial within-subject» oxediaopo.
ErumAgov, S1apopeg GAAEG TTTUXEG TOU OXESLOOHOU TIPOUCLACTNKAV OXETIKA UE TN
«(oAASO OTOV TIPOCOUOLWTH», ME Ta Bgpata oulATnong TA CUPPBAVTQ, KAl TNV
TUXQLOTIOINGN TWV UTIO-SLASPOPWY, KOBWE KAl TO TWE TIPOYPOUMATIOTNKAV T
oevapla odrnynong. EmmAgoy, oL VEUPOAOYIKEG KAl OL VEUPOWUXOAOYIKEG SOKIUOTLEG
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TIPOVCLACTNKAV OVOAUTIKA, KABWG KAL TO EPWTNUAXTOAOYLO 0SNYIKNG CUUTIEPLPOPAG
OXETIKA UE TIG OONYLKEG OUVNOELEG TWV CUPHUETEXOVTWV.

Mo Toug OKOTIOUG AUTAG TNG ASakTopKAG AlaTpLBAg, «EAafav ov&ovta aplBuo» Kot
&ekivnoav TNV mepopaTikn - Sladlkaoia  TIou  TEPLypAPnKE  vwpitepa 274
OUMMETEXOVTEG, 49 amd TOoug OToloUG OTOKAEIOTNKAV QT TN OUVEXELX TOU
TIELPAUATOC, €EATIOG TOV YEYOVOTOG OTL QVTLHETWTILOAV TIPOPANHAT AOyw (oAAdaG
OTOV TIPOCOMOLWTN OTd TNV Oopxn Tou Telpdpatoc. Etol to Selypa odnywv mou
OAOKANPWOE TNV TElpapaTikn Stadikaoio teptAapPavel 225 ouppetéxovteg (76%

avipeg - 24% yuvaikeg): 133 aoOeveig 225
HE VEUPOAOYLKN agBeveLa TTOV eTtnpealeL ;
, , , OUETEXOVTE

TIG EYKEPOAIKEG AeLTOoupYieg (28 aaBeveig yvvmicx(‘ﬂ%) b
ue AD, 45 pe MCI, 25 pe PD, kau 35 45 MCI (20%)

, , . ] 28 AD (12%) Moot
00oBevelG pe KATO AAAN VEUPOAOYLKN) 25PD (11%) 77436

. ; , 32 AN\t (16%) j

EVKE‘-PO(NK"] T[O(enon) KOl 92 UVlElC (76% avTpeg - 24% yuvaikeg)

MeonAikeg
XWPLG KATIOLL VEUPOAOYIKN EYKEPOALIKN : ATA+AT Xp.

maOnon. AmO TNV OMTIK ywvia TNng
nAwkiag, TPEIG NAKIOKEG  OUASEG

avamtoxbnoav Kot XwpIiotnKav WG | ogp
€€Ng 30 Néot Odnyoi (nAkia<34), 42 W
MeonAwkeg Od8nyoi (35<nAwkia<54) 28 AD
kat 153  HAwwpévor  Odnyoi
(nAwia>55)

Itn ovvexela avamtuxOnkoav €&t Awakpitd Emimeda Emegepyaciag Agdopévwv
Mpocopowwt O8QYNONG, TIPOKEIPEVOL VO QVTLLETWTILOTEL KATAAANAQ N HEYGAN Kall
SLOPOPOTIOLNKEVN TTOCOTNTA TWV SESOUEVWV TIOV CUAAEXONCOV KAl VO KATOXANEOLV O€
eva apxeto, ov epAapfavel OAa ta dedopEva yla OAOUG TOUG 08NYoUG ATtO OAEG TLG
a&lOAOYNOELG, TO OTOI0 AVOAVONKE HEOW HLOG ELOIKAG KOl KAXLWVOTOHOU HEBOSOUL
OTATIOTIKNG avAAuong:

» PLO. Traffic Session Original Log Apxeia (900.txt apxeiot cuvolké ~ 60.000 oelpég To KaBEvX)
» PL1.Driver Original Data Excel Apxgiat (225.xis apxgio ouvoh.~4 @iAa~60.000 Gepéc TO KaBEva)

» PL2.Driver Processed Data Excel Apxeia (225.xls apxeio cuvol.~2 @uMa~60.000 oelpég To kaBéva)
» PL3. All Drivers Processed Data Excel Apxeio (1 .accdb apxeio ~ 20 skart. osipéc x 40 gTAAEQ)
» PL4. All Drivers Summary Data Excel Apxeio (1 xIs apxeio~ 2.700 ogipég x 40 0THAEC)

» PL5. All Assessments Processed Data Apxeio (1 xIs apxeio~225 oeipég x 1.113 oThAEQ)
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J1a mAaiola epyaciwy Tou Kepoahaiov 5, To apxeio «All Drivers and All Assessments
Processed Data», avoAUONKe OTATIOTIKA MHEOW MIAG EWBIKAG KOl TPWTOTUTING
OTATIOTIKNG HeEBOSOAoyiag avaAuong 1o mpwTto Prua, &Aafe xwpax N

TEPLYPAPLKY] OTATIOTIK] OAWV Twv SeSopévwv TOU TEPAMATOG, N OTOolX
ETUTPETIEL IO TIPWTN TIPOOEYYLON KAl KOTAVONON TOU MHEYGAOU aplOpov Twv
TIXPAUETPWV TIOV €EETAOTNKAV. EISIKOTEPQ, TIPAYUATOTIOIRONKE LA ETILOKOTINON OAWV
TWV  METAPANTWY TIOL €€AYEL O TIPOCOMOWWTNG EPELVWVTIOG TNV  ETILPPON
OUYKEKPLUEVWY OSNYIKWVY XOPOKTNPLOTIKWY OF ETIAEYUEVEG OONYLKEG TIAPAUETPOUG.
AvamtoxOnkav 126 Siaypappata «boxplots» cuvoxetiCovtag Tn péon TaxVTNT, TN
XPOvoamoataon, TNV TAEVPLKN Bgon, Tn SlakVPovVon TNG ywviog Tou THOVIOU, TO
XPOVo avtidpaong TNV TOAVOTNTA ATUXNMATOG Kol T odnylka AAGOn, pe Tov
KUKAO(OPLOKO QOPTO, KOl TNV TEPLOXN odnynong, avaAoya HE TNV nNAia 1 tnv
EYKEPOALKN KATAOTOON TWV CUUUETEXOVTWV.

Jto Sevtepo  Prua, mpayupatomow)Onke  AvéAuvon AwakOpaveng (ANOVA)

TIPOKELUEVOU VA TIPOKVJOUV Ol OTATIOTIKA ONUAVTIKEG SLPOPEG OTOUG SLAPOPOUG
Oeikteg 0dnykng emidoong, mouv g§ayovtatl and TNV odryncn OTOV TIPOCOHUOLWTH.
AkplBeatepa, mpaypatomoBnkav dvo AvoAvoelg Atokvpoavong (ANOVA) y tov
TPOCOLOPIONO TWV OTATIOTIKA ONUAVTIKWY Sla@OpwV OTOVG OelkTeG 0ONYLIKNG
enidoong, mou &§NxBnoav amd TNV 08rynon OTOV TPOCOMOWWTH KOl OTO TIG
TV TN OELG TTIOV €€NXON0OV OO TA EPWTNHATOAOYLO CUUTIEPLPOPAG, HETAED TwV SVO
OMASWV: OPASA EAEYXOU TWV LYLWV KoL OpAda aoBevwv.

210 TpiTo 0TAdL0, OTO TMAQIOLO TNG TIPOKATAPKTIKAG AVAAUONG, TIPAYUATOTIOONKE N

avantuén osipag MovtéAwv MaAvdpopnong oxeTIKA UE TIG PACLIKEG TIAPAUETPOVG
0ONYLKAG €TLE00NG, TIPOKELUEVOL VAL EKTLUNOEL N ETILPPON TWV EYKEPOAIKWY VOOWV Kall
TWV XOPOKTNPLOTIKWY 0dNynong ot ELOIKEG TIOPAUETPOVG OSNYLKAG €TLOOCNG KOl
EUUECD OTNV OBNYLKA CLUTIEPLPOPA Kol TNV OOLKA QOQPOAELR. M0 GUYKEKPLUEVA
e&nxOnoav 28 Mevika MNpapptkd Movtéda (GLM) oxeTikd pe tnv enidpaon twv MCl, AD
kKot PD otn: péon taxuTnTo, XPOVoamooTaon, TASUPLIKN B€on, Slakvpavaon ywviag
TILOVLIOV, XPOVO avTidpaong o€ ATPOCHEVA CUMPBAVTQ, TIOAVOTNTA ATUXNUOTOC, KOl
ooNYlk& AGONn kot 42 Tevikad Tpappikd MovTtéAa OXETIKA HE TNV emidpaon TG
amOOTAONG TNG TPOCOXNG Yl Toug idoug Oeikteg 0dnylkng emidoong pe
TiponyoLpeva, Twv acBevwv pe MCl, AD kat PD kat Twv uylwv.

210 T€TaPTO 0TAdlo, vAomonOnkav Téooeplg AvaAuoelg Kopuwv Mapayoviwv
OXETIKA Pe TNV 0dnyLkn emidoon, Ta odnyka A&BN, TN VELPOWUXOAOYLKH KATATTOON
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KO(L TN VEUPOAOYLKN KATAOTOON, TIPOKELUEVOU VA SLEPEVVNOEL TIOLEC «TIOPATN POVUEVES»
METOPANTEG elval IO VYNAK CUOXETIOUEVEG PE TOUG KUPLOUG TIOPAYOVTECG KOl TTOCOL
TIOPAYOVTEG ATIALTOVVTAL YL VO TIEPLYPAYOUV E ETIAPKELN TX SESOUEVAL.

To TEPMTO Kol TEAEVTAIO BAPA, TIOU QMOTEAEL KOl TOV TUPAVA TNG OTATIOTIKNAG

avaAuong, TepAaUPavel TNG e@opuoyn Teoadpwv Aopikwv Movtélwv EElowoswv
(AME) yia pwtn QOPA OTO EMIOTNHOVIKO eSO TNG 0ONYLKAG CUUTIEPLPOPAS TWV
08NYWV WE VEUPOAOYIKEG OOBEVELEC TIOU ETINPEACOVV TIG VONTLKEG AELTOVPYIEG. 2TO
TAaiolo TNG avaAuong AavBavouowv PETAPANTWY Kat pe BAon TOUG TTOPAYOVTEG TIOU
e&NxOnoav amod TNV TponyouvEVn avaAuon, avanrtoxOnkav téocoepig AavOdavouoeg
HETABANTEG: «0dnyLKN eTidoon», «0dnylka AGON», «VEUPOAOYIKN KATACTOON» KOl
«VEVPOWUXOAOYLKI) KATAOTAON», TIPOKELPEVOL Va eloaxBouv ota téoospa AME.

Ot akOAovBoL TtevTe 0dnyLkol deikteg oxnUatiCouv TNV TIAPAPETPO TIOU AVTAVAKAA TN
AavOavouvoa petafAnTti «odnykn emidoon»: a) pEon ToxLTNTA, ) SlaKVPOVON
TAEVPLKAG B€ong, y) SlakVpavon ywviog Tuovioy, §) HEon Oxeon OTo KLBWTLO
TAXUTATWY, KAl €) XPOvog ylwa aAdayn Awpidag. Ot akoAouvBol tEéooeplg odnytkol
Seikteg oxnuoatiCouv TNV MOPAPETPO TIOL AVTAVAKAX Tn AavOdvouoa petafAnti
«odnywa AaOn»:. o) ektO0¢ TNG Awpidag P) xTumApata oto  otnbaio
OOPOAELNG/TIPOCTATEVTIKA KOAWVAKLY, V) TIAPAPLATELS TOV opiou TaxvuTnTag Kat 8)
amoTopa  @pevapiopata. Ot akOAovBolL Téoosplg veupouxoloyikol  SeikTeq
oxnuatiCouv TNV TOPAPETPO TIOU AVTAVOKAX Tn AavOavoucoa petafAnti
«vgupoPuxoloyikny kataotaon»: o) Witkin's Embedded Figure Test, [) Brief
Visuospatial Memory Test, y) Comprehensive Trail Making Test - 1, ko 8) Hopkins Verbal
Learning Test. TéAog, oL akOAouvBol TE€ooeplg veupoloyikol Seikteg axnuati(ouv tTnv
TIOPAUETPO TIOU  OVTIAVOKAG Tn AavOdavouvoa MeTaffAnT) «VEUPOAOYIKN
Kataotaon»: o) Tandem Walking Errors, ) Tandem Walking Time, y) Patient Health
Questionnaire (PHQ-9) kau 8) Foot Tapping Errors.

Ta téooepa AME avamtixBnkav pe 0TOX0 TNV TTOCOTIKOTIOINGN TNG EMLPPONG Twv MC,
AD kat PD, Tng amoonaong tng TTPOCSoxXNG TOu 08NnNyov, TWV XOPOAKTNPLOTIKWY TOU
0dNyovy, TNG VEUPOAOYLKNG KAl VEUPOWUXOAOYLKNG KATAOTAONG KoBWG Kol Twv
08IKWV KOl KUKAOQPOPLOKWY CUVONKWVY amevBeiog aTnv 0dnylk ] CUNTIEPLPOPE, N
omoia eKPPAETAL HE TIG TIAPATNPOVHEVEG HETABANTEG XPOVOG avTidpaong kot
TOaAVOTNTA ATUXHHATOG KOt HE TIG AavOdvouoeg petafAntég «odnykn emidoon»
Kat «odnywka Aadn». Ta teooepa Sla@opetikd AME avoamtuooovial Omwg
TIEPLYPAPOVTAL YPAPIKE OTO OKOAOLOO oxNUa Kal emtegnyovvTal KATwoL:
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Steering Angle
Lateral position variability
variability Average Gear
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e crossing

Tandem Walking: ) Withm's Emeett!ded
Errors ] - gHces
Tandem Walking: ) Brl:;e\:‘?:oséas?al
Completion Time y
: ‘ f Comprehensive Trail
Patient Health Neupo- Mgking Test (1)

Questionnaire (PHQ-9) Nevpoloyiki lpUXOAOYlKﬂ

Tapping ] Pl KATAOTAON
Errors o ~d B

Mapdyovreg Kwvdivo

Hopkins Verbal
Learning Test (RI)

KwnTo TnAépwvo

HAwia
- Speed Limit Sudden
N Violations Brakes
MNep ®opToQ
Hits of Outside
Sidebars Road Lines

pagikn
T(POCEYYLON ;
: MeéavornTa
avauong |
AME ATuyrHarog

210 mpwTo Kat to dsvutepo AME, 0 0TOX0(G €ival N TTOCOTIKOTIOINGON TNG ETILPPONG TWV
VEUPOAOYLIKWY TIOBNCEWV TIOV €TNPEACOLV TIG VONTIKEG AELTOVPYLEG, TNG ATOOTIAONG
TNG TIPOCOXNG TOV 08NYOV, TNG NALKIAG, TOU KUKAOPOPLOKOU (POPTOU KAL TOU OSLKOU
TEPIPAANOVTOC Yla TIG TIOPATNPOVUEVEG METAPANTEG «XPOVOG avTidpaong» kot
«TOAVOTNTA ATUXAHATOG». ETITTALOV, AVOAVETAL N TIOCOTIKOTIOINEV ETILPPON TWV
SV0 AavBovouowv UETOPBANTWY OXETIKA UE TN VEUPOAOYLKH KOl VEUPOWUXOAOYLKN
KOTAOTOON TWV 08NYWV OTLIG TIOPATNPOVUEVEG HETAPBANTEG. LTO TPITO KAl TETAPTO
AME, ot Baotkeég AavBavouoeg PETABANTEG AVTAVOKAOUV TNV «0dNYIKN £idoan» Kal
Ta «odnytkd A&On» kol 0 OTOXOG €lval N TOCOTIKOTONON TNG ETLPPONG TWV
VEUPOAOYLIKWY Q0OEVELWV TIOU TNPEACOVV TIG VONTLKEG AELTOUPYIEG, TNG ATIOCTIOCNG
TNG TPOCOXNG, TWV XOPAKTNPLOTIKWY TOU 08NyoU, TOU KUKAOPOPLOKOU (POPTOU KOl
Tou 08lKOU TEPIBAANOVTOG OTnV «0dnylKn €midoon» Kal Ta «0dnylKa AdBn».
EmmpooBetwg oavoAVETaL N TIOOOTIKOTIOLNUEVN — €TIppony  TNG  AavBdvouoag
METAPBANTNG «VEUPOAOYLKN  KOATAOTAON» Kol TNG AavBavouvoag HeTafANTNG
«VEVPOWUXOAOYLKH KATAGTAON» TWV 08NywV 0TI AavBAvouoeg HETAPBANTEG «OSNYLKN
emidoan» Kol «0dNyLKA AdOn».
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210 onpeio auTtd Ba TAPOVCLACTOUV TA KUPLOTEPO CUUTIEPACHATO TIou €§nxOnoav
and TNV Topovoa ASoktoplkr)  Awatplfry, €oTik{ovTag OTNV  KALWWOTOMX
ETOTNUOVIKI] CUVELCWPOPA KAl OTrn oUVOeon Twv TMAfov aELlOTIPOCEKTWY KOl
EVOLAPEPOVTWVY ATIOTEAECUATWY TG £PEVVAG AUTAG. TO KAWVOTOWO ETILOTNUOVIKO
TPOlOV  TNGg Tmapovoag ASaKTOplkAG AlTPBAG OCUYKEVIPWVETAL OF TIEVTE
TIPWTOTUTIEC, OTIWC TtapovatdlovTal KATwOL:

5 KawvoTtopieg AtdakTopikne Atatpipnc

YAomoinon evog MeB030AOYIKEG HoyN puag
HEYAAOU BLETULOTNHOVIKOU g :
TElpaparog, mov | =
nepthapBavel arpt m
WYUXONOYLKA Kat |
odnytkn a&ohoynon

MocoTikomoinon
TNG ETUPPOIC TWV
VEUPOAOYIKWY TABHoEWV
TIOV EMNPEALOLY TIG
VONTIKEG AELTOLPYIES,
OTN GUHTEPLPOPA
KukAopopiag
" Kat acpdAelag
LUVKPITIKI . 7wvodnyiv  [lpoaBlLoplopoe
avahuon emidoong TWV EMNTWOEWV THG
| 00Nywv e DIPOPETIKES | quéomaonG TG MPOCOXfG
VEUPOAOYLKEGATABNOELG ‘ OTLG 0dNYIKEG EMUOOOELG

TIov EMNPEALOLY EPEUVINTIKA L e e
TLG VONTIKEG : aoBEvele
AeLToupyie eupnpara y

YAomoinon evog peyaAov SLEmMoTHHOVIKOU TIEIPAUATOG, IOV TIEPIAaUPBAvEt
aTpikn, Yyuxodoyikn kot odnyikn aéioAoynon

H mpwtn kawotopia tng mapovoag Adaktoptkng Alatpipng sivatr peBodoloyikov
TeEpleEXxoEVOL. O  OXESIAOHOG kot 1N vAomoinon &vog HeYGAnG KAipakog
SLEMLOTNHOVIKOU MELPAUATOG, TIOV TIEPAABAVEL SVO ETOTNUOVIKOUG KAASOUG, Evay
EVOLAPEPOVTOG OUYKOWVWVIOAOYOU HNXOVIKOU, KOL EVOV LOTPLKOU EVOLAPEPOVTOC
(VEUPOAOYLKOU KOl VEUPOWUXOAOYLKOV), ATIOTEAEL KEVTPLKI) GUVIOTWON TNG TIAPOVCOG
AdokTtoplkng Awatpfng. AOYyw TNG OUMMETOXNG OUTWV TWV  SLAPOPETIKWVY
ETILOTNMOVIKWVY KAGSWV TIOU EUTIAEKOVTOL OTNV TIAPOVOX £pELVA AOYyw TG 0drynong
TWV VEUPOAOYIKWY Q0BEVELWV TIOV EMNPEACOUVV TIG VONTIKEG AELTOVPYIEG (AVTIKEIIEVO
EVOLOPEPOVTOG GUYKOWWVIOAOYOU HNXAVIKOU, VEUPOAOYOL Kol VEUPOWUXOAOYOL),
outn) N ASoktoplkn Altplpr) KOAUTITEL éva TIESIO €peuvag e TIPO@OVE, OAAG OxL

30



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

TIPOoNyoLpEVWG e&eTalOpeVN SLETILOTNOVIKN QUON. MO CUYKEKPLUEVQA, OL TITUXEG TNG
OONYLIKAG OUUTIEPLPOPACG KOl  OOPAAELRG TIOU  €EETAOTNKOV  NTAV  EYYEVWG
OLETILIOTNUOVIKEG, KOl TO TIEPOUA TIOU OXEOLAOTNKE TEPNOUPAVEL TPELG TUTIOUG
a&loAdynong:

» O8Rynon otov mpocopowwTtH (12 uno-Siadpopéc 0dynong ~ 1,5 wpa'): H
mpwtn agloAdynon a@opd& TNV 0dNyLlK CUUTIEPLPOPA TIPOYPAUMUATI(OVTIOG Eva
«OET» SLOSPOPWY Yyl 08ynon OTOV TIPOCOHOLWTH 0OAYNONG Ot SLAPOPETIKEG
OUVONKEG TIEPLOXWV KAl KUKAO@opiag. H Ttuxalomoinon tng oepdg He TNV omoia
odNyNoav TIG ETUUEPOVG OLOOPOMPEG Ol CUMUETEXOVTEG, O OPKETOG XPOVOQ
SOKIHAOTIKAG 08NyNoNg yla €§0IKelwan e TO TEPIPAAAOV TOL TIPOCOMOLWTH, KAL N
EPELVA YL TO PEATIOTO QpOUO SLaPOPETIKWY cuvBnkwv odnynong Bswpouvtal
OXEOLOOTIKEG KALVOTOMLEG TOV TIELPAUATOG.

» latpwkn/veupoloyikny agoAdynon (19 téot ~ 2 wpeg): H dsutepn agloAdynon
QPOPA TNV TIPAYUATOTOINON MG TANPOUG KAWIKNG OPOBOAMOAOYIKAG Kol
VEUPOAOYLKNG a&LOAOYNONG, TIPOKELEVOU VA KATAYPAPOUV TA XAPAKTNPLOTIKA TNG
K&Be e€eTadopevng eyke@oAkng tadnong (MCI, AD, PD) TwV OCUMHUETEXOVTWV.

» Neuvpopuxoloykn aéloAoynon (20 téot ~ 2,5 wpeg): H tpitn a&loAdynon agopa
TN XOPNYynon MOG OELPAG VELPOWUXOAOYIKWY SOKIHAOIWY Kol YUXOAOYLIKWY
EPWTNUATOAOYIWY CUUTIEPLPOPAG OTOUG OUMpETEXOVTEG. Ol SoKlaoieg Tov
TIPAYUATOTIONONKOV  KOAUTITOUV  €Val €EUPYU  PACHUO YVWOTIKWY  AEITOUPYLWV:
OTITIKOXWPLKI KOL AEKTLIKN UVAMN, ETUAEKTIKA Kol SLAPOVPEVN TIPOCOXN, XPOVO
avTidpaong, TaxUTNTA MEEEPYaTiog, YUXOKIVNTIKE TOXUTNTA KATL

JuvoAikd, 225 odnyoi (133 acbBeveig pe MCl, AD kot PD kot 92 vylelq pApTUPEQ)
TIEPACAV OAN TNV TIEPAUATIKA Stadlkaoia peca o SLAoTnpa 2 €Twv. To peyeBog ouTod
Tou Selypatog Bewpeital HEYAAO KOl OVTITTPOCWTIEVTIKO, TO OTIOIO £XEL UEYAAN
onpooio, AapBavovtog uTtoYn Toug TIEPLOPLOUOVE TOU OXESLACHOV TIOU TIPOEPXOVTOL
arnto TN Otebvn PBAoypopio. O TPWTAPXIKOG OTOXOG Yot TO OXEOLONO TOU
TIELPAUATOG ATAV oo TN pia TAeupd va eival og B€on OAOL Ol CUMHETEXOVTEG VA
TEPACOVV OO OAEG TI( OTIAUTOUMEVEG VEUPOAOYLIKEG KOl VEUPOWUXOAOYLKEG
0ELOAOYNOELG, TO EPWTNUATOAOYLO KOL TO TIEIPAPO OTOV TIPOCOUOLWTH 081ynang Kal
oo TNV OAAN TAsUpA n Sladlkaoia va MV €ival TIOAY QMALTNTIKR Yl TOUG
OUHUETEXOVTEG EITE CWHATIKA EITE PUXLIKA (ELOIKA YL T ATOPX UE VEUPOAOYLKEG
IO oELG IOV EMNPEALOVV TIG VONTLKEG AELTOUPYIEC). Mo TO OKOTIO OUTO OL 6 WPEG TWV

' Mepimov 40’ kaBapric 08Aynong + 15" SOKIMACTIKAG 081yNong + 35 MIKPWY SLOAEIUPATWY
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OUVOAIKWY  LOTPLKWY, VELPOWYUXOAOYIKWY Kol 0dnynong OTOV  TIPOCOMOLWTNA
SOKLUOOLWY XWPLoTNKOV O€ TPELG NMEPEG.

Epoapuoyn plag mpwToTUTNG KAl OAOKANPWHEVNG SIETTITTNHOVIKNG
HeBodoAoyiag oTatioTikny§ avaivong Aavlavovowv pustofAnTwv

H &gUtepn kawotopia tng mopovoog ASaktoplkng Awxtplpng esival emiong
neBoSoAoyLKN, TIPOTEIVOVTOC TNV EPAPOYT TEGEAPWVY AavOavouowv peTaBAnTwy,
TIOU KAAUTITOUV KOl TOUG TPELG TOHELG AUTHG TNG SLEMoTNHOVIKIG AlSaKTOPIKAG
AwxTp g «odnywkn emidoon» kol «odnytk& A&On», TTOL TPOEPXOVTAL ATIO TO
Tielpapa 0TOV TIPOCOUOLWTH 08NYNONG «VEUPOAOYLKH KAXTACTACN» TIOU €EQYETAL
OO TN VEUPOAOYIKN PAon SeSOPEVWV KOl «VEVPOYPUXOAOYLK] KATACTACN>» TIOU
TIPOEPXETAL OO TN VEUPOWUXOAOYLK PBdaon OeSOHEVWY, TIPOKEIUEVOL VO
dnuovpynoouv teéoogpa AME. O t€oogplg AavBavouaoeg HeTaBANTEG avamTuxOnkav
ME TN XPNON TWV TIO KPIiowv OSEKTWVY (VEUPOAOYLKOL, VEUPOWUXOAOYLKOL, Kol
odnytkol) Ttov pogpxovTal amo T Avaivoelg Koplwv MNapayovtwv.

AtepeuvnTikn  AvaAuon  KOpwwv  TMopayoviwv — Tpaypatomon|dnke  yut  va
Tipoodloplotel ool odnykol SeikTeg eixav TN HEYOAUTEPN OUVELOQPOPA OTO VA
TIEPLYPAYOUV KOL VO EPUNVEVCOLV UE Tn MeYoAUTEPn okpifela tn AavBavouvoa
HETAPANT «odnywkn emidoon». Ot akoAovBol mevte odnywkol Seikteg oxnpatiCouvv
TNV TIOPAUETPO TIOL avTaAvaKA& Tn AavOdvouca petafAnty «odnykn enidoon»:
Q) HEON TaXVTNTA, ) StakVpavVOon TAEVPLIKAG BEong, y) SLAKVPOVON ywviog TIHOVLIOY,
5) peon oxeon 01O KIPWTLO, KAl €) XPOVOG yla aAAayr) Awpidag.

EmumpooBeta, Stepeuvntikr) Avaluon Koplwv Mapayovtwy TpayuatoTorOnke yio va
Tipoodloplotel ool odnyikol OeikTeq €lxav TN MEYOAUTEPN OUVELCPOPA OTO VA
TEPLYPAYOUV KOl VO EPUNVEVOOLV HE TN HeEYoAUTEPN okpifelax tn AavBdavouvoa
HETOPANTH «odnykda AaOn». Ou akoAovBol téooeplg odnytkol deikteg oxnuatiCouvv
TNV TIOAPAUETPO TIOU AVTAVAKAA T AavOavoucsa peTafAnTh «odnyika Aadn»: o)
EKTOC TNG Awpidag, B) XTUTHUTA 0TO 0TNOAO ACPOAEIOC/TIPOOTATEVTIKA KOAWVAKLY,
y) TIAPAPLACELG TOU 0plov TaXVTNTAG KOL 8) ATIOTOUX (PPEVOPITUATA.

Baowlopevol atny idla mpoaogyyton, mpaypatono|nke StepeuvnTikn Avaiuon Koplwv
MopayovTwy ylx va TPoodloplotel ool veupouxoloyikol Seikteg eixav N
MEYOAUTEPN OUVELCPOPA OTO VA TIEPLYPAPOUV KOL VA EPPNVEVCOLV HE TN UEYOAUTEPN
oakpifeta tn AavBdvovoa HeTAPANTH «veupoPuXOoAoyIKH Kataataon». Ot akdAovBol
TE0OEPLG VEupOoLXoAoyLkol deikTeg oxnUaTi(ouv TNV TTIAPAUETPO TIOU AVTAVOKAA TN
AavOavouoa petafAnty «veupoPpuxoloylky kataataon»: o) Witkin's Embedded
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Figure Test, B) Brief Visuospatial Memory Test, y) Comprehensive Trail Making Test - 1,
ko &) Hopkins Verbal Learning Test.

EmmpooBetwg, dtepeuvntikry Avaiuon Kuplwv Mapayovtwy TpayuatonomBnke ylo
VO TIPOCSLOPLOTEL TTOLOL VEUPOAOYLIKOL SEIKTEG ElxaV TN LEYOAUTEPN CUVELCPOPA OTO VX
TEPLYPAYOUV KOl VO EPUNVEVOOLV HE TN MeyoAUTEPn akpifewad tn AavBdvouvoo
METOPANTH «VEVPOAOYIKN KATAOTAON». TEAOG, Ol akOAouBOoL TEOOEPLG VEUPOAOYLKOL
OelkTeEG OXNUATICOVV TNV TIAPAUETPO TIOU AVTAVOKAX Tn AavOdvouvoa petafAnTi
«veupoAoykn kataotaon»: o) Tandem Walking Errors, ) Tandem Walking Time, y)
Patient Health Questionnaire (PHQ-9) kau &) Foot Tapping Errors.

H avaAuon AavBavouowv PeTABANTWY EMETPEPE VA OCNUAVTIKO ETILOTNUOVIKO Pripa
TIPOG TA EUTIPOG, ATIO ATIOOTIAOUATIKEG AVOAVCELG O MLl BaBUTEPN KOl CUVOUVATTIKNA
avAAuon Tng dtemoTnHovikAG aAANAETiS paong LeTa&y TWV TTAPAyOVTWVY KvdUvov,
TNG VEUPOAOYLKNG KATAOTAONG, TNG VELPOWUXOAOYIKNG KATAOTAONG, TWV OSNYIKWVY
emSO0EWY, TWV 0dNylKWV AcBwv, Tou Xpovou avTidpaong katl TG TBavoTnTag
ATUXNUATOG OE ATIPOCHUEVA GUUBAVTAL.

Oswpeital pax pedodoloyikn mMpwrtoTuTtia TG Atdaktopikng AtxtpiBrg, OtTL oL
AavBavouoeg PETAPANTEG IOV AVTAVOAKAOUV TO VEUPOAOYLKO KOl VEUPOWUXOAOYLKO
eminedo (VEUPOAOYLKH KATAOTAON KAl VEUPOWUXOAOYLKH KATAOTAON) CAANAETILS pOUV
He AAeG AavBavouoeg peTafAnTEG 06nyNnong (08nykeg eTdO0eLg, AdBN 0drynong) Kot
ME GAAEG TIOAPOTNPOVUEVEG OONYLKEG HETABANTEG OTIWG O XPOVOG avTidpaong Kat n
TOVOTNTA ATV MATOG.

lMoooTikomoinon TG emMPPONG TWV VEUPOAOYIKWY TTaBoswv mov emnpea{ouv
TIG VONTIKEG AELTOUPYIEG, TTN) CUUTTEPLPOPA KUKAOPOPIaG KAl ATPAAELAG TWV
oénywv

H tpitn kowvotopia sival n TOCOTIKOTOINON TNG EMPPONG TWV VEUPOAOYLIKWY
TIoBNCEWV TIOV €TTNPEALOVV TIG VONTIKEG AELTOVPYLEG, OTN CUUTIEPLPOPA KUKAOPOPILaG
KOl QOQAAELOG TWV 0dNywV, KATL TIov Bswpeital OTL €lval 0 TTUPAVOG GUTAG TNG
ASaKTOPIKAG ALATPLPNC, OXETIKA HE TA PACIKA EPEVVNTIKA EPWTAUATA. TA TPIX TIPWTX
BAMOTA OTATIOTIKAG AVAAUONG, OTOKOAUTITOUV OTHTIOTIKA ONHUAVTIKEG Slapopég
HETAEV TNG OUAdSaG TWV aoBevwv pe veupoAoyikég tadnoeLg tov mpoafaAAouv
TG VONTIKEG AELTOUPYIEG KOL TWV UYlWV HE TAPOHOLA SNHOYPAPLKA
XOUPOAKTNPLOTIKA OE XPKETEG TIUPAHETPOUG 0dNYLKAG eTidoong.
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Ewdikotepa ta levikevpéva Mpoaputkd Movteda TMoAwvdpopnong mou e€nxOnoavy,
£delfav OTL Kal oL TPELG opddeg aocBevwy BpiOnkav va odnyolv o€ oNUAVTIKA
XaHnAotepn Méon ToxVTNTA (MAvw omo 20% XaunAdtepn) Kol Slatnpovoav
MEYOAVTEPEG XPOVOATIOOTATELG (TTAVW amtd 20% PEYOAVTEPEC) OE GUYKPLON HE TOUG
LVYLELG 0ONYOoUG TNG OMASOG EAEYXOU OTIC QYPOTLKEG KOl OOTIKEG 0O0VG TOOO Of
XOHNAOUG 600 Kol o€ VPYNAOUG KUKAOPOPLOKOUE POPTOUG. AVOAVOVTAG TA TIAEUPLIKA
HETPA EAEyxOL TtapatnpnOnke OtL ol acBeveic pe MCl odrjynoav o Kovta oto
8edl0 Gkpo TOU SPOHOUV OTNV COTIKN TEPLOXN KAl OTOUG SVO KUKAOPOPLOKOUG
(POPTOUVG KA, TTNV AYPOTLKA TIEPLOXN, N OpAda PD gixe xaunAn StakVpoavon Tng ywviog
TOU TIHOVIOU 0€ LYNAO POPTO KUKAOPOPIAG AOYyWw TNG XAUNANG TOUG TaXUTNTAC, TNG
ouvTNPENTIKAG 0O8NyNoNg TOuG Kol (0wg auTto va gival pot avtioTaBuLoTikn
OUUTIEPLPOPA.

Me tn xpnon Twv Mevikevpevwy Mpoppikwv MovteAwv MNoAvSpOpnong ava@opika Le
TO XPOVO avTidpaong Twv agBeVWV O€ ATPOCHEVA CLUUBAVTA, TIaPATNPHONKE 6TL OL
aoBeveiq iXov ONUAVTIKA HEYXAUTEPOUG XPOVOUG OVTISPAONG Ot OAEG TIG
ouVvOnKeg IOV €€€TAGTNKAV, O GUYKPLON HE TNV AVETIOPN VONTIKA opada. A&idel va
ETONUAVOEL OTL OL XpOVOL aVTIOPATNG TOUG NTaV TiEpLocoTepo amod 40% xelpoTePOL
amod ekelvoug TNG opadag eAeyxou. Mpoxwpwvtag otnv TBAVOTNTA ATUXAHUATOG,
ONHAVTIKA VPNASTEPN TTOAVOTNTA ATUXHHATOG AVIXVEVONKE yia TRV opada AD
o€ OAeq TIG e€eTalOPEVEG OLVONKEG (N TIBAVOTNTA ATLXAMATOG YLt TNV opdda AD Atav
mavw aro 20%) kat yio tnv opada twv MCl kat PD povo os aatikr ieploxn. AvtiBeta,
ol aaBeveic kat ol vyLeig Sev gixav Slawopeg ot 0dNYLKA AGBON TIov €kavav KATA TN
SLapKELa TNG 08 yNOoNG OTO TEIPAPA TOV TIPOCOMOLWTH 08rynaong.

AUTO TO HEPOC TNG AVAAUCNG SELXVEL TIEPALTEPW TIWG N EEEALEN TNG VOTOUL (SnAadr) amod
tnv MCI otnv AD) odnysl o€ TteplogoTEPO evtova TPORARHATA Kot SUOKOALEG OTNV
08NYyNaON O€ OPKETEG OONYLKEG TIAPAUETPOVG EAEYXOV. Evw N pelwpévn péon toxLTNTQ,
Ol OVENMEVOL XPOVIKOL SLoXWPLOpOL Katl N 0odnynon To KovT& oto dg€l cUVOPO TOL
Spopov pmopel va BewpnBel emw@EeAng yo TNV 081K ao@dAsla, Sdedopévou OTL
QVTOVOKAG €VQ TILO OUVTNPNTIKO KOl TIPOCEKTIKO MOTIBO 0drlynong n apvnTiKA
enidpaon oto Xpovo avrtidpaong kot TRV TOAVOTNTAG ATUXHHATOG UTIEPVIKA
OAd UTA Kal 08NyEi 08 GUVOAIKA EMIKIVOUVN 08NYLKN] CUUTIEPLPOPA.

H avaAvon Stakvpavong ANOVA Sepeivnoe T EPWTNUATOAOYLO CUUTIEPLPOPAG KL
avepepe 0TL oL odnyot pe MCl, AD kat PD €xouv emiyvwon Twv HELWHEVWY 0SNYLKWVY
Toug emdocewv. Me Bdon Ta TOPATAVW, EEAYETAL TO OCUUTEPOACHA OTL Ol
e&eTalOMEVEG VONTLKEG SlaTapaxeg 0OnNyouv og TIPOPANUATIKA OSNYLIKN CUUTIEPLPOPA
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TIOV OPWG VAT TUCOEL CTPATNYLIKEG AVTIOTAOHLONG TNG OSNYIKIG CUNTIEPLPOPAG,
AOyw NG emiyvwong Twv odnywv yla TNV odnylkn Toug emidoaon, Ttou ekPPALETAL UE
MELWMEVN TOXVTNTO, aOENCN TWV XPOVIKWY SLOXWPLOUWY ATtO TOV TIPOTIOPEVOEVO,
TILO CLUVTNPENTLKA TOTIOOETNON TOU OXAUATOG (KO, KXTA CUVETIELR, AlyOTEPOUG EALYLOVG
KOl TIPOOTIEPATELCG).

TENOC, TPOXWPOUUE OTNV avéAuon AME OxeTIK& HE TA XOUPOKTNPLOTIKA TNG
CUHTIEPLPOPAG TWV 0dNYywV (TTAPATNPOVHEVEG UETAPRANTEG «XPOVOG avTidpaong»
KOL «TIOOVOTNTA ATUXAUATOG», Kol AavBavouaoeg peTafAnTeg «odnykn emidoan» kat
«0dNylKA AAGON»), Ta POACIKA TIOCGOTIKX OCUMTIEPACHOTA YL TOUG TIPORAETITIKOUG
TIOXPAYOVTEG TNG avaAvong AME OxeTIKA Pe VEUPOAOYLKEG aoBeveLeG TTOV eTtNPEX(OUVV
TIG VONTIKEG AELTOUPYIEG.

Ot odnyoi pe MCl, AD kat PD cuvoAilk& 081ynoav cnUavTIK& XELPOTEPA OO O,TL
Ol UYLEIG HAPTUPEG OXETIKA HE TIG TEGOEPLG EEETA(OUEVEG TIXPAUETPOUG OSNYLKNG
GUUTIEPUPOPAG. [1L0 CUYKEKPLPEVD, CUVOEBNKAV E ONUAVTIKA XOUNAOTEPQ ETITTES O
™G AavBavouoag PeTaBANTAG «0dnylkn emidoon», IOV AVTAVOKAOUOE VO €UPU
Qaopa SelKTWV 08NYyNOoNG Kol CUCXETIOTNKAV HE ONUOVTIKA XELPOTEPO «XPOVO
avTidpaong». Emiong ot kAwikeg ouvOnkeg Tng AD kat PD ouvdebnkav pe apvnTikn
ETPPON OTNV «TIBAVOTNTA ATUXNUATOG». TEAOG, KU oo TIG KAWVIKEG OpAdEG Sev
£6€1&E ONUAVTIKA ENUEVN TTOCOTNTA «OdNYLKWV AaBwv».

Ta gupnuOTa OXETIKX UE Toug ooBeveiq pe AD kot PD Atav otnv ovopeVOUEVN
KatevBuvon Kal glval CUPPWVA UE TIPONYOUHEVEG EPEVVEG TIOU SeiXVOUV OUOKOAIEG
oTnV odnyLkn eidoon Twv SVO KAWVIKWY OPASWY TOCO GTNV TEPITTWON TNG 0dnynong
O€ TIPOCOMOLWTN 000 KOl O€ TIEPLUTTWOELG AELOAOYNONG TNG 0ONYNONG OE TIPAYHATIKEG
ouvOnkeg oto Spopo. ‘Ooov apopd Toug aabeveic pe MCl, n TTapovoa avAAVCN HE TN
xpnon AavBovouowv MPETAPANTWY TIOU OELOAOYOUV €va €UPU PACUO OSNYLIKWVY
SElKTWV, SelXVEL HIL ONHAVTIK& XELPOTEPN 08NYIKN €Tidoon os oUYKPLON ME TOUG
VYLELG HAPTUPEG. AlOTLOTWONKE OTL TIOPA TOVG XELPOTEPOUG XPOVOUG avTIdPAONG, TIG
08NYLKEG TOVG ETISOTELG KAl TNV TIBOVOTNTA ATUXAUATOC, T 08NyKA& Toug AdOn &¢
SLEPEPAV ONUAVTIKA ATIO TLG LYLEIG HAPTUPEG.

MopoAa AUTA, N TTUPAUETPOG TTOU KAOLGTA TPWTOTUTIN TNV AVAAUCH QUTH £ival N
avamtuén  AavBavouowv petafAntwyv  ywar  tnv  ofloAdynon  TnG  0dNYLKNG
OUMTIEPLPOPAC, TIOL TIEPIAXUPAVEL PLX TTOLKIALX SEIKTWV. ETUTTAEOV, EVOl GAAO KOUWVOTOMO
otolxelo eivat n gpappoyr Twv ToAvpeTapAntwy AME, Ttou K&vouv Tnv e€epevivnon
TNG HOVASIKAG KOl EEAXTOUIKEVHEVNG EMIMITWONG TWV VEUPOAOYLIKWY TIAONTEWV TIOV
eMNPEACOLVV TIG VONTLKEG AELTOUPYIEG EPLIKTH OTNV 0ONYLKH CUUTIEPLPOPAL.
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H AavBavouoa petafAnTh «veupoPuxXoAoyLK KATAaTAoN>» ixe OeTikA enidpaon og
ONeG TG METOPANTEG 0ONnylKAG ouumeppopds. H  AavBdvovoo  petafAnth
«VEUPOAOYIK] KATAOTAON» €£ixe onuUavTikn Oetikr emidpaon oTnv «0dnylkn
entidoon», oo «0dNyLkd AdBnN» KoL aTo XPOVo avtidpaong, evw n emidpaon tng otnv
TOVOTNTA ATUXAMATOG SV ATOV OTATIOTIKA ONUOVTIKA. H veupoAoyikr Kot
VELUPOWUXOAOYLKN) KOTAOoTOOoNn @Qaivetal va ennpedlel TNV 0SnNyLlKr CUHPTIEPLPOPA
KOWC avTaVOKAX TO €TMiTESO TOU OUVTOVIOMOU TWV KIWVACEWV TOU avOpwTilvou
OWHMATOG KL TNG OTABEPOTNTOG TNG CUUTIEPLPOPAC AUPEVOG, KOL APETEPOU AELTOVPYEL
0f YVWOTIKA Tmedia, OmMwg n UVAUN epyaciag TANpo@opieg ylx TNV TaXVTNTA
enegepyaoiog KaL TNV OTITIKA TIPOCOXN.

H ocuvoptAdia pe to cuvemiPatn S¢ Ppebnke va €xeL kKploun emidpaon otnv odnyLkn
entidoon, ota 0dnylKa& AGOn kat aTnv TBAVOTNTA ATUXNHATOG, ATIOSEIKVUOVTOG OTL OL
odnyol &g peTafAAAOUVV TNV 0SNYLKH CUUTIEPLPOPA TOUG KATW IO aUTO TO £(60¢ TNG
QTOOTIACNG TNG TIPOCOXNAG, OAAG £XOUV XELPOTEPO XPOVO avtidpaong. ATO TNV &AAN
TIAEUPQ, N XPRON TOVU KIVNTOU TNAEPWVOU £iXE ONUAVTIKA APVNTIKN ETUTTWON TNV
«0dNnyLKn emidoon», 0To «XPOVo avTidpaAaNG», 0TNV «TIBAVOTNTA ATUXNUATOG» OAAL
OXL OTa «0dNYIKA AdBn». H apvntikn emidpacn TNg xprong Tou KvnTtou ThAEQWVOU
oTNV 0dnylkr ouumeplpopd pmopel va e&nynbel mpooBétovtag Tto poAo Svo
CUVEPYATLIKWVY HNXAVIGHWYV: TIPWTOV, AOYW TOV OYKOU TWV CWHUATIKWVY KL VONTIKWY
TIOPWV, TIOL 0L 0dNyol SLBETOLV yLa vt 08NYNCOLV KOl VO LAGOUV TOUTOXPOVA KOL
OTO KWVNTO TNAEPWVO Kot SEVTEPOV, VIOBETWVTAG PO AVTIOTAOULOTIKI) CUUTIEPLPOPQ,
TIOV LOO@OPICEL LOVO €V MEPEL TIG EMUTTWOELG TNG ATOOTIOONG TNG TIPOCOXNG OTN
OUVOALK 0ONYLKN GUUTIEPLPOPAL.

H tpoxwpnuévn nAkia gixe onpAvVTIK opvNTIKA EMIMTWON 0TNV «0dNYLIKN €id0o0N»,
ot «0dNYK& AdBn» Kkal O0To XPOvo avtidpaong €vw O QVTIKTUTIOG TNG OTnV
TOVOTNTA ATUXAUATOG SEV ATAV OTATIOTIKX ONUAVTIKOC. ‘OTIWwG LVTTOSELKVVETAL ATIO
TNV ONPOVTIKA OPVNTIKA ETILPPON TIOV TIapaTtnPnOnke ota tpla povteda AME, o poAog
NG TPOXWPNUEVNS NAKIOG 0TNV 08NYLKN CUUTIEPLPOPA PAIVETAL VO YEVIKEVETAL KOL
OTNV OPASA EAEYXOV TNG HEAETNG, N OTIOLX TIEPLEAGUPAVE T VONTIKA AOLKTO ATOC.

H aotikn eploxn sixe oNUOVTIKN 0pVNTIKN ETUTTWON 0TNV «0dNYIKNA €midoan», eVvw
0 QVTIKTUTIOC TNG OTa «0dNYyKA& AdBn», 0To Xpodvo avtidpaong Kot aTtnv TBavoTnTA
ATUXNMATOG NTav BeTIK. Evdexopevwg To TLo oLVOeTO TEPIPAAAOV TNG QOTLKAG
Teploxng avénoe Ta emimeda TPoooxng, odnywviog £T0L O AlyoTEPO AAON
0dnyNnong, KAAUTEPOUG XPOVOLG avTIdPAONG KAl IKPOTEPN TIOVOTNTA XTUXHATOG.
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Ot KUKAOWOPLaKEG CUVONKEG XAUNAOU POPTOV ETNPEACAV OETIKA TNV «0dNYLKN
enidoon», evw Sev eixe kapia onuavtiki enidpaon ota «0dnylk& AdBn», oTo XPOVO
avTidpaong kal otnv TOavVOTNTA OTUXAMATOG, TO OTOI0 ATAV &val EVOLAPEPOV
gupnua. Xe ouvOAKeG LVYNAOU KUKAOQPOPLOKOU @OPTOU, TO TOAUTIAOKO 0O8Lkd
mepBaAov, ovpmepAapBavopevwy TIOAAWVYV  AANAETOPACEWY HETAEVD TWV
OXNHUATWYV EXEL YL EVTEAWG OPVNTIKN €Tidpaon otnv odnytkn emidoaon.

ZUyKpITIKY) avaAuon emidoon odnywv ue StapopeTIKEG mabnasig mov
EMNPEA{OUV TIG VONTIKEG AELTOUPYIES

H Ttétaptn kovotopia tng mapovoag AdakToplkng Alatplfig mapdystal emiong
omo T BOCIKA EPEVVNTIKA EPWTNHATA KAl APOPA TH CUYKPLTIKA OGVAAUCH TWV
ETSO0EWV TWV 0ONYWV UE SLAPOPEG VEVUPOAOYIKEG TIABONOELG IOV €TNPEX(OVV TIG
VONTIKEG AEITOUPYIEG. XTO TIPONYOUMEVO UTIOKEPAAQLO, Ta Téooepa AME Tou
TEPAOUPAVOLY TIG TPELG eEeTALOUEVEG VEVPOAOYLKEG a0DEVELEG IOV EMNPEAlOVV TIG
VONTIKEG AElTOUpYieq €060V ONUAVTIKA XELPOTEPO XPOVO avTidpaong kot
«0dNyKéG EMBO0ELG» Yo TOVG 0dnyoug e MCI, AD kat PD o€ GUYKPLON UE TOUG VYLEIG
MapTUPEC. ETumAgov, ol kAwikeg ouvBnkeg AD kot PD ouvdeBnkav pe apvnTikn
ETMPPON YK TNV TIOAVOTNTA ATUXNHUATOG.

Mnyaivovtag éva PAUo TIPOG TA EUTIPOG, Ol EKTLUNOELS TWV TIOPOPETPWY TWV
Tecoapwv AME Sivel Tnv gukatpia va ouykplBoUv oL TPeLg eEeTACOPEVEG VEUPOAOYLKEG
0oBgveLeg TTOV eNPEACOLVV TIG VONTLKEG AELTOVPYLEG HETAEY TOUG, OO0V YOPA TNV
ETPPON TOUG OTA TEOOEPD EEETACOPEVA XAPOAKTNPLOTIKA OONYLKNG CUUTIEPLPOPAG,.
MpwTtov, n enidpaon Twv PD kat AD givat mMOAU Mo eml{jHix 66OV aPopd TO
XPOVO avTidpacong, os ouykpLlon pe Tig eTuntwoelg tng MCL. Eldikotepa, n PD odnyetl
oe avgnon 0,38 SsutepoAémTwy TOou xpovou avtidpaong n AD odnyel oe avénon
niepimov 0,33 deutepoAemTwv TOu Xpovou avTidpaong kot n MCl og avénon 0.1
SdevtepoAéntou. H Samiotwon autr €xel peydAn onpaocio 6oov a@opd TNV odLkA
QOPOAELD, €Teld oL VYPYNAOTEPOL XpOvol avTidpaong eival ToAU miBavov va
0dnNynoouvv g peyoAVTEPN TIOAVOTNTA ATUXUATOG.

MpAypaTy, TPOXWPWVTAE O0To emMOpeVOo AME, n OUYKPLTIKA ovOaAvon TWV TPLWV
e€eTO(OMEVWV VEUPOAOYIKWY a0BEVELWV TIOU EMNPEACOUV TIG VONTIKEG AELTOVPYIEG
akoAouBei To 81o poTifo. H MCI Sev eixe kapio onpavtiki emidpoon otnv mBavoTnTa
atuxNuatog, evw n AD avénoe tnv mBavotnta atuxinatog kata 16% kaw n PD
kata 10%. O xelpdTEPOL XpOVOL avTidpaong Twv acBsevwv pe AD kat PD odiynoe oe
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HeyoAUTEPN TIBavOTNTA aTuXNaTOoC. Eival agloonueiwTto OTL, apdAo ov n PD eixe
MEYOAVTEPN APVNTIKA ETILPPON OTO XpOvo avtidpaong amnd tnv AD, n AD odnynoe ot
1,6 POPEG PEYOAUTEPN TIOVOTNTA ATUXAUATOC aTtO TNV PD. AVOQOPIKA e T 0SNYLKA
AGON, Koo Ao TIG TPELG EYKEPOALKEG TIOONOELG OEV ElXE ONUAVTLIKN ETSPOON 08 AUTY,
evw n AD &gixe TNV WOXUPOTEPN APVNTIKA EMPPoONR oTnv odnywkn emidoon,
akoAouBovpevn amto tnv MCI, kat émetan n PD.

JuvoPidovTtag, Ol TECOEPLG OUYKPLTIKEG OVOAUCEL OONYIKAG OCUUTIEPLPOPAG TWV
odnywv pe SlaPopeg VEUPOAOYLKEG 00BEveElEC TIOU €MNPEAOVV  TI VONTIKEG
Asrtoupyleg, £6ei&av Toug aoBeveiq pe AD wg TNV Mo MPOBANHATIK) OHASA TWV
odnywv pe To XEPOTEPO 08NYLKO TIPOWIA (peyaAVTEPN ETLPPON 0TV TIOAVOTNTA
ATUXNUATOG KOl oTnv odnylkn €midoon, svw €iXav Kol TO MEYOAUTEPO XPOVO
avTidpaong), akoAouvBovpevn omd Tnv PD, evw n opdda twv MCl Bswpeital
QOPOAETTEPN OE OUYKPLON UE TIG AAAEG SVO €€ TACOUEVEG EYKEPOALIKEG TIOOOAOYIEG.

lpoadloploudg Tng emMppPons THG XMOCTTACNG TG TTPOCOXHG OTHV 08NYIKN
emidoon Twv aoBsvwv ue sykepalikég maBoloyisg

TEAOG, N TTEUTTN KAWVOTORIA U TAG TNG ALSOKTOPLKNG AlTpLpng apopd TnV emidpaon
TNG AOCTIOCNG TNG TTPOCOXNG OTNV 0dNYLKN emidoon Twv odnywv pe MCI, AD kot PD,
SLEPELVWVTOG TNV 08MYNGCN HE TAUTOX POV CUVOMIALL PE EVO UTIOTIOEUEVO CUVETILRATN
KoL TNV 00Nynon ME TOUTOXPOVN OCUVOMAIL HE ML (POPNTN KWNTF OCUOKEUN
TnAspwvou. H Slepelivnon Kal TTOoOTIKOTIOINON TNG eMidpaong TNG Amoomaong TG
TIPOCooxNG otoug 0dnyoug pe MCl, AD kot PD dev €XEL QVTIMETWTILOTEL PEXPL ONMEPD
amod tn SLEbvr) EMOTNHOVIKA KOWOTNTA. PAVNKE OTL OL KATAOTACELG ATTOCTIOONG TNG
TIPOOOXNG OE YEVIKEG YPOUUEG OEV €lXaV TOOO ONUAVTIKN €TidpOON O QAPKETOUG
Seikteg 0dnykNg emidoong otnv opdda Twv vylwv odnywv, ot avtibson pe TA
EUPAMOTA TIOL TIPOEKLYOV YL TI( OMASEG TWV acOevwv pHéow TWV AVAAVGEWV
TaAWVSPOUNONG, OTI( OTOIEG N ETIPPON TNG AMOCTIACNG TNG TPOCOXNG KO
WBaitepa n xprion Tou KwntoU TnAs@wvov, ATav Wlatépwg em{Hix 6gov
oPOPA TNV O0SNYLKN CUHTIEPLPOPA.

EldikdTEPQ, 0 XpOVOG avTiSpaong Twv 0dnNywv e eyKePaALkEG TTaBoAoyieg augnOnke
TeEPLoooTeEPo amo 30%, oTnv kKatdotaon odnynong ME Tn XPNon Tou Kwntov
TnNAspwvov, (oL aoBeveic pe AD av&noav toug xpovoug avtidpaong Toug Katd 50%,
EKTOEEVOVTAG TOUG OTA 3.5 SELTEPOAETTA), EVW OTNV OUASA TWV LYLWV, N aVTioTOLXN
ovgnon Atav iepinov 10%. ETumAgov, n opdda Twv 0dNywv e VEUPOAOYLIKEG ATOEVELEG
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Tov emNPEXOVV TI{ VONTIKEG AEITOUPYIEG €lXE MIX EVIUTIWOLOKN aUénon Tou
KlVSUVOU va EUTTAOKOUV GE ATUXNHA EVW XPNOLHOTIOLOUCAV TO KVNTO TNA{Ppwvo
(otoug aoBeveiq pe AD kot PD umnpxe mavw amo 30% mlavotnta atuxnUaToq).
YJUYKEKPLPEVD, TIApaTNPENONKe To TipoavaPepBev poTiBo Twv gupnuATWY, TIAPA TO
YEYOVOG OTL OL 0dnyol pe VELPOAOYLKEG aoBgveleq TIOU eTNPEACOUV TIG VONTIKEG
AslToVpyieq MpoomABbnoav va TIPOCOPUOCOUV TN CUUTEPLPOPA 0SAYNONG TOUC,
MELWVOVTOG O€ ONMOVTIKO BaBud tnv taxutnTa 0drnynong Kat TNV XpovoamooToon
KOTA TN XPHOoN Tou KvNToU TNAEPWVOU.

ATIO TNV GAAN TIAEUPQ, N OUASA EAEYXOU OEV ETNPEACTNKE QMO TNV ATOCTIOCN TNG
TIPOCOXNG ME KvNTO TNAEPwVoO. ETtiong, n cuvoptdia pe ouvermBatn eixe avriktumo
oTnVv odnyKkN £midoon Twv acBevwy, aAAX HIKPOTEPNG KAIHOKAG OE CUYKPLON LE TNV
TepIMTWON TNG XPNONG TOU KvnToL ThAepwvou. EdikdTEPa, 0TO TTAQICLO AUTAG TNG
ouvONnkng odnynong uTnpxe Ko 0§uvan TG SLYopAg 0TO XPOVO avTidpaaong Kat
oTNV TBAVOTNTA ATUXAHATOG METAED TNG OPASAG TwWV A0BEVWVY KAl TWV VONTIKA
QVETIAPWY CUMPETEXOVTWVY, 0AAX HOVO yla TIG opadeg MCI kaw PD o€ aoTikr) Tteploxn.
JUVOAIKQ®, N CUVOMIALC e CUVETILRATN &€ PAIVETAL VO £XEL APVNTIKEG CUVETIELEG OTNV
TIAELOVOTNTA TWV e§eTa00eVTWVY cLVONKWVY 0dNyNaonNG.

To 08nyko TPOPIA TWV ATOUWV HE VEUPOAOYLKEG OTOEVELEG IOV TIPOTRAAOLY TIG
VONTLKEG AELTOVPYIEG, CUUPWVA HE T TTOTEAECUATO OUTA, GAAa&E PL{IKA VTIO TNV
TIO ATTOLTNTIKN KATAoTHoN 08ynong mov neptAapfavel tTn Xprion Tou Kivntou
TNAg@WVoL. JuumepaiveTal OTL N TTAPAAANAN ekTeEAeon SVO gpyactwy, dnAadn Tng
odnNynong Kat Tng XPNnong €vog Kwntouv TnAspwvovu, TomoBetei TNV opdda Twv
odnywv pe eyke@alAikég TaBnoeig oe Waitepa evdaAwtn Oéon, Aoyw TG avAaykng
dlaipeang Tng TPOCoxNG TOUG (KATL 0TO OTIolo £X0UV SUOKOAL) OTO TTAICLO AUTAG TNG
TALTNTIKNAG OVVONKNG 06NyNoNG. ZUHEWVA HE QUTAV TNV TIPOCEYYLON, N 0dNyLKN
KOTAOTOON HE OUVOUAIO pe OUVETILRATN, TIOL gival PETPLOG SUOKOAIOG Kol omatTel
gmiong amo Toug 0dnyoug eva oplopevo emimedo dlaipeong TnG TMPOCOXNG, &ixe
owENUEVN aPVNTLKH ETLPPON OTNV 08NyLKN emidoon Twv atopwv pe AD kat PD, oA A&
0€ UKPOTEPO PAOUO CUYKPLTIKA UE TNV TIEPITITWON TOU KVNTOU TNAEPWVOV.

Ailel va onuewwBel OTL otnv katdotaon odAynong HE TN CLVOMIAIG PE KLVNTO
TNA£pwvo, oL odnyoi pe MCI, AD kot PD epappocav avTIOTABOULOTIKY) OTPATNYLKH YL
N HElWON TNG TOXVTNTOG TOLVG, OAAX O€ QUTH TNV TIEPITITWON TO ATIOTEAECUA OEV NTAV
ETUTUXEG, OTIWG PaiveTaL ATtO TNV €vtovn avgnaon tTng TBavOTNTOG ATUXAUATOG.
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MeAAovTikn épsuva

2Tnv tapovoa ALSaKTopLkr AlaTtplBr avamtuxOnke o TpwtoTuTN HeB0SOAOYIKN KL
OTOTIOTIKN OEA YIX TNV aVAAUON TNG EMIOPACNG TWV VEVUPOAOYIKWY TIOBNCEWY IOV
eMNPeAdOVV  TIC VONTIKEG AEITOUPYiEG TWV  OSIKWVY KAl  KUKAOQOPLOKWY
XOPOKTNPLOTIKWY KOl TNG OmoOoTmaong Tng TMPOoOoXNG Tou 0dnyou otnv odnylkn
ouuTeplPopd. H gpappoyn autng tng peBodoAoyiog amokdAvYe emiong U OsLpd
QVOLXTWV DEPATWY YIX TIEPALTEPW EPEVVA OTOV SLETILOTNHOVIKO TOMEX TNG OONYLKAG
OUUTIEPLPOPAG KOL TWV EYKEPOALKWVY TIABOAOYLWV.

MNpwTtov, o€ HEANOVTIKEG EpguveG Ba PTtopovoe va eVvioxuBel To peyeBog Tou Selypatog
6oov aopa Tov TANOuouo (TteplocdTepol ouppeTexovTeg pe MCl, AD kot PD), 6cov
aPopa TO £id0G¢ TWV VEUPOAOYIKWY TAONCEWV TIOU EMNPEACOUV TIG VONTLKEG
Asitoupyileqg  (ouppetéxovteg pe  REM  Swotapoxy  ouumeplpopds  UTvov,
METWTIOKPOTAYPLKI) AVOLY, EYKEPOALIKO ETIELTOSLO, OKANPUVON KXTA TIAAKOG K.A.TL. £XOUV
MEYBGAO eVOLOPEPOV OOOV APOPA TNV OSNYLKI CGUUTIEPLPOPA TOUG Kol Ba prtopovoav
va loaXBouv aTnV £pgLVA) Kol 66OV aPopa& TNV TomoBesia kat Tnv tpoéAguan (oL
odnyot MCIl, AD kat PD otnv EAGdSa pmopel €xouv Slopopeg otnv odnyikn
OUMTIEPLPOPA GUYKPLVOHEVOL PE 0ONYOUG TWV (Slwv TTABNCEWV TOV EYKEPAAOU TIOV
Couv og AANEG XWPEG).

ErumAcov, Ba eixe evOla@epov pia peAAOVTIKN Epguva TTou Ba aloAoyei tepLlodika
TNV 0SNYLKI CUUTIEPLPOPA TWV ACBEVWV UE EYKEPOALKEG TTaBNOELG O fABog Xpovou
(TLX. TElpOUA TIPOCOUOWWTN 08NyNong Of OUVOUOOUO HE VEUPOAOYLIKEG KOl
VELPOWUXOAOYIKEG aELOAOYNOELG, KABe XPOVO), TIPOKELUEVOU VX TIPOCSLOPLOTEL OE
oo BaOHO n €€€ALEN TNG VOOOU EMISELVWVEL TOUG SLAPOPOUG 08NYLKOUG SEIKTEG.

H mpwtomoplokn peBodoAoyLkn TtpooeyyLon, N OTOla ATIOTEAELTAL ATTO TNV EPAPUOYN
Twv AME Baowlopevn otn dnpovpyia AavBavouowv (Un ToPATNPOUVHUEVWV)
HETAPANTWY, Ba uTtopoVOE Va avamTuXOel TIEPATEPW KAL VO EPOPUOCTEL KOl 08 QAN
TOVWG YEVIKOTEPD ETILOTNUOVIKA Ttediar 0ONyIKNG CLUTIEPLPOPAC. Emtiong pmopel va
EKTIUNOel n emippon TMOAMwWY GAAWV TAPAUETPWY OSHYNONG, ATPKWY KL
VEUPOYUXOAOYLKWVY OTO XPOVOo avtidpaong otnv mBavotnTta ATUXAMATOG, OTLG
0ONYLKEG eTIOOTELG, KL OTA AAON TWV 08NYWV PE EYKEPOAALIKEG SLATAPOXEG, KOABWG Kall
OAAWV SNUOYPAPIKWY XOPOKTNPLOTIKWY OTIWE TO GUAO, TO HOPPWTIKO eTtimedo, Kal
n odnytkn sumetpia. Emiong, Oa propovcav va avantuxBolv kat va SiepguvnOouv
MEPLOCOTEPEG AavOavouoeg petaBAnTtég, avaloya pe tn Paon Sdedopévwy Kat Ta
ELOIKA EPEVVNTIKA EPWTNHATA.
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Tehog, Ba mpemel va avamtuxBel autr n kawotopa peBodoloyia o SLAPOPETIKOVG
TUTIOUG a§LOAOYNONG TNG CUUTIEPLPOPAG TWV OSNYWV HE VEUPOAOYIKEG TIAONOELG TTOV
eMNPEALOVV TIG VONTIKEG AELTOVPYIEG. MO CLUYKEKPLUEVA, OTIWG N EPapuoyn Twv AME
XPELAETAL EVA HEYOAO OYKO SESOUEVWV UE APKETEC TIOPAPETPOVG, Tat AME pmopouv
va avantuxXOouv oe peAéteg épeuvag TESIOU Kol Of UEAETEG TIPAYHATIKNG
odnynong oto SpOpO TPOKEIPEVOL Vo eKTIUNOEl N €MPpor TwWV TAPAYOVTWY
KlvOUVoU ameuBeiag 0Tn OUVOALKN 0dnyLKN €TiO00N KOl CUUTIEPLPOPA KUKAOPOPLaG
KOl ao@OAELOG Twv aoBevwv pe MCl, AD iy PD.

MeAAovTikég TPOKANOELS

Ta o@eAn omd TNV Tapovoa ASakToplkn AlTpifr) eival Kol EMOTNHOVIKA Ko
KOIVWVIKOOLKOVOMIK&. Ta EMIOTNUOVIKA O@EAN a@opouv Tn PeAtiwon 1ng
UTIAPXOVOOG YVWONG YlO TOUG HNXOVIOUOUG HELWHEVNG OSNYLKNG €TdOONG KOl TNG
odnywkng emidoong os ampoopeva oupPavta, kKaBwg kot Tig peBodoAoyieg yla to
OXEOLOOUO Kal TN SleEaywyn TEPAPATWY OE TIPOCOUOLWTH. TA KOLVWVIKOOLKOVO KA
OPEAN aopoLV Tn BeATiwaon TNG 0SIKNG AoPAAELaG, TIou Ba TIPETEL Vo eTiTEVXOEL
MOALG oL pnxoviopol TIPOBANPOTIKAG OSNYLIKNAG CUUTIEPLPOPAG AOYW VEUPOAOYLKWV
TaONoswv oV eMNPeAlOVV TIG VONTLKEG AElTOoVpYieg Yivouv KaAUTepa Kat BabuTtepa
KOTOVONTOL KOl OV TLHETWTILOTOUV KATOAANAWG.

Ta amoTteAéopata auTng TG AdakTopikng Alatplfig pmopouv va aglomonouv yia
TNV AQVATTTUEN CUCTACEWVY KOl HETPWYV YLK TNV OVTIHETWTILON OAWV TWV TITUXWV
NG MPOPANMATIKNAG 08nyNoNnNg AOYyw VEVPOAOYLIKWY TIABNOEWV IOV €TNPEXOVV TIG
VONTIKEG AELTOUPYLEG, OTWG O  EYKALPOG EVTOTIOMOG TOU  TPOPAAUATOG N
OTIOTEAECUATIKOTNTA TWV HETPWVY PBeATiwong tng 0ONYLKNG OCUUTIEPLPOPAS TWV
NAIKIWHEVWY KOL TWV OTOPWVY HE EYKEPOAIKEG OLOTOPOXEG, N eKTaidevon Kol Ta
TIPOYPAUUOTA KATAPTIONG Yl O0@OAR 0ONyNnon Kol OVTIUETWTILON OTPOCUEVWV
OUMPAVTWY, TA ELOIKA HETPO YL CUYKEKPLUEVEG OUASEG VYNAOU KivdUVOL Kal T
LOTPLKA KOl VEUPOAOYLIKA KPLTAPLA YLt TNV Ao@OAr odrynon Kat n mapakoAovdnon
TWV «ETUKIVEUVWVY» 0SNywVv.

MeAAOVTIKOG 0TOXO0G €ival N PeATiwon Tng 0dnylkng emidoong Twv TPORANUATIKWY
0ONYWV YEVIKA, OAAX KOL € ATIPOTUEVA CUUBAVTA ELOLKOTEPQ, KABWG KaL N TpowOnon
TNG YVWONG TWV KATAOTACEWY 08yNong TIou Ba TIPETIEL VO ATTOPEVYETAL ATIO ATOU
TIOV OIVIIKOLV O€ €UTIOOEIC OHASEG. KAT& OUVETIELR, T ATOTEAEOUATA TNG ALOAKTOPLIKNAG
AlTPIPAC, EKTOC OO £pEUVA OTOUC TOMEIC TNG OBIKAG OOQPAAEING Kol TNG
LATPLKAG/VEVpOoAoYyiag, eival LOLAITEPOU EVOLOPEPOVTOG KAl OTLG AKOAOUOEG OUADEG:
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» ZTOUG LOUVOVTEG TNG OSIKAG ACPAAELRG TIOU EUTIAEKOVTOL OTI OLaSLKOCLEG
ekmaidevong Twv 0dnywv, tn Xoprynon adslwv kat tnv agloAdynor| Toug.

» ZTOUG VEUPOAOYOUG 1l GAAOUG EMAYYEARATIEG TIOU EUTIAEKOVTOL OTN Bepameia,
TapakoAovBnon kot agloAdynon Twv aTOPWV HE VEUPOAOYIKEG TIOONCELG TTOU
EMNPEALOVV TIG VONTIKEG AELTOVPYIEG.

» ZTIG OLKOYEVELEG TWV NALKIWHEVWVY KAl TWV ATOPWVY HE EYKEPOALKEG TTOONOELG,
(1Blwg PEOW BNUOCLWV EKTTPATELWY, TNG SLAXVONG TWV TTANPOPOPLWV KATL).

O POCSLOPLOPOG ETUTUXNIEVWV EYKALPWY TIPOPAETITIKWY TIAPAUETPWY TNG OONYLKAG
IKOVOTNTOG O atopa pe AD ota apxika otadia fp MCl Ba eTutpgel TNV avamtuén
KOTELOLVTHPLWVY YPOPUWY KAl EBVIKWY TIOALITIKWY TIPAKTIKWY BEATIWONG TNG 08LKAG
agaielog (Mamayswpyiov, 2016). Eivat onUavTiKo va ava@EPoupe 0TL KABE 0dnyog
HE veEUpOAOYIKH acBévela TTou emnpeadel TIG EYKEPAALKEG AElTOUPYieg Oa TEpéTEL
Vo aVTIHETWTI(eTaL EEXWPLOTA, HECA QMO HIX CUYXPOVN OLEMIOTNHOVIKN
a&loAdynon odnynong CUPTIEPIAOUBOVOUEVWY TWV LOTPLKWY, VEUPOAOYLKWY KOl
VEUPOWUXOAOYIKWV KPLTNPILwV ylat TNV ao@aAr odriynan kat Tnv a&loAdynon QuUOLKA
NG odnylkng emidoong peEoa omd TEPAUATO OE TIPOCOMOLWTH odnynong 1 o€
TIELPAUATA OTO OPOHPO OE TIPAYHATIKEG 0ONYIKEG ouVONKeG. EumAgov, Ba mpemel va
elval og BeTIkn KaTELOLVON KX ATIOTEAEGTHATIKN TTAPaKOAOVONoN TwV 05Nywv oV
Bplokovtal og Kivouvo yla TNV avamTuén ULOG VTTOKEIMEVNG VEVPOAOYLKNG TIABNoNg,
TIOV OXETICETAL PE PN Ao@OAn 08rynaon Kol TNV avATTLEN TIAPEUPATEWY, TIOU £XOUV
TNV IKAVOTNTA VA BEATIWOOLY, 1 va SLATNPROOVV TNV KATAAANAOTNTA Yl 0drynon
TWV NAKKIWHUEVWY OTOUWYV KOl TWV 08NYWV UE EYKEPOAAIKEG TIOONTELG.

Ev katakAeidl, T amoteAéopata TNG Tapovoag ASAKTOPLKNG AT HTtopovv v
OUVAUEL VO OUVELOQEPOUVV OE ONMUOVTIKN HEIWON TwV OSIKWY ATUXNUATWY Kol
Bavatwy, eav Ta dedopéva kat Ta armoteAéopata aglomotnd®ovv KatdAAnAa amo
TIG APXEG TIPOKELUEVOU VA EPAPHOCOUV TIG KATAAANAEG TIOALTIKEG TIPAKTIKEG Yl
TNV 08K AGPAAELX, OGOV QPOPA TNV EVOAWTN OHAS 0ONYWV HE VEUPOAOYLKEC
aoBéveleg Tou emnPedlOUV TIG VONTIKEG Asttoupyieq. KoAutepn kotavonon Ttwv
LOTPLKWYV, KOL KOWWVIKWY BEPATWY KAl BEUATWY CUUTIEPLPOPAG, TIOV OXETI(OVTAL UE
MELWHEVN 0BNYLKA LKAVOTNTA AOYW VELPOAOYIKWY TAOACEWY TIOU €TtNPEA(OUVV TLG
VONTLKEG AstToupyieg Ba odnynoel oe l8LKN ekmaideuon Twv odnNywv Kol Xoprnynon
adelwv 08NyNONG, O€ TILO CUYKEKPLPEVO KOL QUOTNPA KPLTAPLA YLt TNV AVAVEWON TNG
adelag 0dnynong ylx T ATOMO TIOU OVAKOUV OTIG OUTEG eumtoBeilq ouddeg, o€
KXTOAANAOTEPN VvopoBeoia, kaBwg kol ekoTpateie svawgbntomoinong Tou
TIANBUOHOV.
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Introduction

1.1. Motivation

Road accidents constitute a major social problem in modern societies, accounting
for more than one million road accidents per year in EU-28 (2.900 per day) with
consequences 1,4 million injured and 26.000 fatalities (70 per day) (WHO, 2015). Despite
the fact that road traffic casualties presented a constantly decreasing trend during the
last years, the number of fatalities in road accidents in several countries and in Greece
in particular is still unacceptable and illustrates the need for even greater efforts with
respect to better driving performance and increased road safety (OECD, 2013).

The European Commission has adopted an ambitious Road Safety Programme which
aims to cut road deaths in Europe between 2011 and 2020 (EU Commission-
Transport-Road Safety, March 2016) (Figure 1.1). The programme sets out a mix of
initiatives, at European and national level, focussing on improving vehicle safety, the
safety of infrastructure and road users' behaviour.

40000

30000

20000

Target 2020
EU fatalities

10000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2m 2012 2013 2014 2015 2016 2017 2018 2019 2020
Source: - CARE (EU road accidents database)

Figure 1.1. Road fatalities in the EU since 2001 (http://ec.europa.eu/roadsafety)
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Human factors are the basic causes in 65-95% of road accidents (Sabey and Taylor,
1980; Salmon et al., 2011; Treat, 1980). The accurate evaluation of crash causal factors
can provide fundamental information for effective transportation policy, vehicle design,
and driver education. Dingus et al., (2016) through a methodology developed at Virginia
Tech Transportation Institute (VTTI), suggested that crash causation has shifted
dramatically in recent years, with driver-related factors (i.e., error, impairment, fatigue,
and distraction) present in almost 90% of crashes. The results also definitively showed
that distraction is detrimental to driver safety, with handheld electronic devices having
high use rates and risk.

A critical driver-related human factor includes cerebral diseases. A number of
neurological diseases affecting cognitive functions may affect driving
performance in the general population and particularly in the elderly. Older drivers
generally exhibit a higher risk of involvement in a road accident (Baldock et al., 2007;
OECD, 2008).

Executive functions which decline over age are of critical importance regarding
driving performance. Diseases affecting a person's brain functioning (e.g. presence of
specific brain pathology due to neurological diseases affecting cognitive functions as
Alzheimer's disease, Parkinson’s disease, cerebrovascular disorders (stroke), effect of
pharmaceutical substances used for the treatment of various disturbances), may
significantly impair the person's driving performance, especially when unexpected
incidents occur. A number of prevalent neurological diseases may be involved, ranging
from very mild to severe states that include Parkinson’'s or Alzheimer's disease,
Cerebrovascular disease etc. (Wood et al., 2005; Cordell et al., 2008; Cubo et al., 2009;
Frittelli et al., 2009).

Mild Cognitive Impairment (MCI), which is considered to be the predementia stage of
various dementing diseases of the brain, is a common neurological disorder that may
be observed in about 16% of individuals over 64 years old in the general population
(Ravaglia et al., 2008), a percentage that increases further if individuals with mild
dementia are also included. Recent studies suggest that MCl is associated with impaired
driving performance to some extent (Frittelli et al, 2009), as it is characterized by
attentional and functional deficits, which are expected to affect the driver's ability to
handle unexpected incidents. Moreover, self-reported road accident involvement was
correlated with future diagnosis of dementia (Lafont et al., 2008).
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Regarding Alzheimer’s disease, although research findings suggest that individuals with
this disease may still be fit to drive in the early stages (Ott et al., 2008), they may show
visual inspection and target identification disorders during driving (Uc et al., 2005).
Moreover, the associated impairment in executive functions appears to have a
significant effect on driving performance (Tomioka et al., 2009), especially when
unexpected incidents occur. Studies regarding Parkinson disease are less conclusive in
terms of the impact of its clinical parameters on driving abilities (Cordell et al., 2008;
Cubo et al, 2009). Although these conditions have obvious impacts on driving
performance, in mild cases and importantly in the very early stages, they may be
imperceptible in one’s daily routine yet still impact one’s driving ability.

Neuropsychological measures pertain to cerebral disease, as well. They are the
neurocognitive measures of neurological diseases affecting cognitive functions, and for
that reason they are directly linked to driving performance. These parameters are
measured on the basis of reaction time, visual attention, speed of perception and
processing, and general cognitive and executive functions. The tasks with the highest
sensitivity to driving performance involve speed of visual processing, especially as
measured by the Useful Field of View test, attention (e.g. selective attention, divided
attention, etc.) and executive functions (Bieliauskas, 2005, de Raed & Ponjaert-
Kristoffersen, 2000, Mathias & Lucas, 2009). These tasks show considerable decline even
with normal age and are associated with the probability of accident involvement (Clay
et al., 2005, Lunsman et al., 2008).

In summary, various parameters may affect the driving performance of individuals with
neurological diseases affecting cognitive functions, including demographic, medical,
neurological and neuropsychological parameters. The aforementioned neurological
diseases affecting cognitive functions and other related parameters are rather common
in the general population, especially in older adults, and may have an important effect
on driving performance, especially at unexpected incidents, which has not been
investigated sufficiently.

Taking into account that the percentage of the elderly in society is increasing
(Baldock et al., 2007), while at the same time the level of motorization also increases
(Yannis et al., 2011), the need for investigation and comparative assessment of the
impact of these conditions on driving performance becomes a high priority.
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1.2. Objectives and scope

This thesis is an inter-disciplinary effort entering the scientific fields of traffic and safety
behaviour of drivers on one hand and neurological disease affecting cognitive functions
on the other.

The objective of the present inter-disciplinary PhD thesis is the analysis of traffic
and safety behaviour of drivers with neurological diseases affecting cognitive
functions. More specifically, the impact of certain brain pathologies on driving
performance, driving errors, reaction time and accident probability is examined. The
driving behaviour is examined in terms of both traffic and safety behaviour and the
neurological diseases affecting cognitive functions concern Alzheimer's disease (AD),
Parkinson’s disease (PD), and Mild Cognitive Impairment (MCI), in their mild stages.

More analytically, the sub-objectives of this PhD thesis are the following:

» Design and implementation of a large driving simulator experiment

» Development of an original methodology for the assessment of the impact of
drivers' neurological diseases affecting cognitive functions on their driving
performance taking also into account their neuropsychological and demographic
characteristics as well as the main road safety and traffic characteristics.

» Quantification of the impact of neurological diseases affecting cognitive functions
directly on driving performance, driving errors, reaction time and accident probability

» Comparative performance analysis of drivers with different neurological diseases

» ldentification of the impact of distraction on the performance of drivers with
cerebral diseases

The PhD thesis aims to capture the interaction of neurological diseases affecting
cognitive functions, other related parameters (i.e. demographic, medical, and
neuropsychological) as well as road and traffic conditions, and driver distraction with
respect to driving behaviour. The combined effect of these key parameters on driving
performance, driving errors, reaction time and accident probability reflects directly
road safety according to the conceptual framework (Figure 1.2).
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Figure 1.2. Conceptual framework of the PhD thesis

Critical neurological diseases affecting cognitive functions is derived from the literature
review, which include both conditions observed in the general population as well as
those pertaining to various vulnerable groups, e.g. the elderly, which collectively
comprise a significant proportion of the general population. Neuropsychological
parameters, which may be critical in everyday driving, are also derived. Driver
performance in general is also affected by the road and traffic environment e.g. urban
and rural areas, high or low traffic. The selection of parameters therefore concerns:

» Neurological diseases affecting cognitive functions

» Demographic parameters

» Road and traffic conditions parameters

» Neurological and Neuropsychological parameters

» Driver distraction

Given the interaction of several scientific areas in research of impaired driving due to
neurological diseases affecting cognitive functions (transportation engineering,
neurology and neuropsychology), this PhD thesis covers a field of research with an
obvious and unique interdisciplinary nature, which has not been examined in the past.
The analysis of the neurological diseases affecting cognitive functions and other
demographic and neuropsychological characteristics in combination with the driving
performance of the general population, is a very crucial domain and a scientific
challenge at the same time. This PhD thesis’ goals, despite their high frequency of
appearance in the general population and especially in the elderly, haven't been
adequately investigated, especially by applying driving simulator experiments.
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1.3. Methodology steps

In order to achieve the objectives of this PhD dissertation, 4 discrete methodological

steps were followed (Figure 1.3):

»

»

»

»

Extensive literature (Chapter 2) covering
several fields of the driving performance
analysis of drivers with  neurological
diseases affecting cognitive functions
examining in a comprehensive way driving
behaviour and road safety, ways to assess
driving  behaviour, driving simulator
characteristics as well as neurological
diseases affecting cognitive functions (MClI,
AD and PD) and how these cerebral
diseases affect driving performance.

Methodological approach (Chapter 3)
based on review regarding simulator
experiment, neurological and
neuropsychological  design  principles,
driving  performance, cognitive and
neurological state measures and statistical

ANALYSIS

Figure 1.3. Methodology steps

analysis methods.

Design and implementation (Chapter 4)
of a highly original large-scale driving simulator experiment. Based on the
methodology review which was carried out and presented in the previous chapters,
a large driving simulator experiment took place at the Department of Transportation
Planning and Engineering of the School of Civil Engineering of the National Technical
University of Athens aiming to assess driving performance of patients with
neurological diseases affecting cognitive functions.

Development and application (Chapter 5) of innovative statistical analysis
methodology including five different types of analysis. The data collected from the
driving simulator experiment, the neurological and neuropsychological assessments
and the respective questionnaires, which configured the master database, are
analyzed by means of a dedicated and innovative statistical analysis method. The five
steps are: descriptive analysis, analysis of variance, regression modeling techniques,
Principal Component Analysis and finally, Structural Equation Modeling techniques
using latent variables.
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1.4. Innovative scientific contribution and expected benefits

In the present PhD thesis, the performance of drivers with neurological diseases
affecting cognitive functions is explicitly considered for the first time in the
international literature. Because of the integration of the different scientific disciplines
involved in impaired driving research (traffic engineering, neurology and
neuropsychology), this PhD dissertation covers a research field with an obvious but not
previously exploited multidisciplinary nature.

The analysis of the combined effect of neurological diseases affecting cognitive
functions and other demographic and neuropsychological parameters on the driving
performance of individuals from the general population is both critical and challenging.
The above questions have not been adequately examined in the literature, especially in
simulation experiments, despite their high prevalence in the general population of
drivers, especially the elderly.

The identification of specific impaired driving mechanisms for each condition
examined, in combination with other potential normal or pathological parameters, is
expected to provide an improved understanding and new insights regarding the causes
of poor driving performance. Such results are expected not only to complement existing
knowledge, but also to improve the existing methods of analysis and the tools used in
the traffic engineering and neuropsychological research on the topic.

The methodological framework proposed in the present PhD thesis, based on the
combined assessment of trafficc medical, neurological and neuropsychological
parameters on driving performance can be extended to other related research areas on
road safety, such as driver drowsiness or fatigue, driving under the influence of alcohol
or drugs, etc. and thus broaden the research perspective in the field.

The results of the PhD dissertation can be exploited in the development of
recommendations and measures for addressing all aspects of impaired driving due to
neurological diseases affecting cognitive functions, such as the effectiveness of
measures for the improvement of the performance of older or impaired drivers,
education and training for safe driving and dealing with unexpected incidents, special
measures for specific high-risk groups and medical, neurological criteria for safe driving
and monitoring of drivers at risk for presenting a condition that is associated with unsafe
driving.
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The expected benefits from the present PhD thesis will be both scientific and
socioeconomic. The scientific benefits concern the enhancement of existing knowledge
on impaired driving mechanisms and driving performance at unexpected incidents, as
well as the methods for designing and conducting simulator experiments. The
socioeconomic benefits concern the improvement of road safety that will be achieved
once impaired driving mechanisms due to neurological diseases affecting cognitive
functions are better understood and explicitly tackled.

1.5. Structure

The PhD thesis is organized as follows (see also Figure 1.4):

Chapter 2 constitutes the main part of the entire literature review and consists of
several parts. Starting with a review of driving behaviour parameters, an overview of
human factors related to driver behaviour is presented as well as cognitive functions
critical for safe driving. Then, as the present research is based on a large driving
simulator experiment, information regarding the validity and fidelity of driving
simulators are presented. Proceeding to the central part of the literature review, an
exhaustive review on driving simulator studies on driving performance of patients with
neurological diseases affecting cognitive functions takes place followed by a
comparative analysis assessment of the existing driving simulator and on-road
experiments, allowing for conclusions to be drawn with respect to methodological and
statistical limitations of existing studies and setting the key research questions for the
present PhD thesis.

Chapter 3 describes the methodological approach of the present research. In the
beginning, the most common types of measures are recorded including lateral control,
longitudinal control, reaction time, eye movement and workload measures. Then, the
theoretical background for the selected statistical analysis is provided and finally a
synopsis sets the key methodological research questions.

In Chapter 4, all steps of the driving simulator experiment are presented including
the experimental design, driving scenarios, procedure of the experiment, behaviour and
memory questionnaires, data base and processing as well as sample characteristics.
More specifically, first the overview of the experiment is presented including information
regarding the driving simulator, the inclusion criteria and the simulator sickness. Next,
all different driving scenarios are analytically presented, the procedure of the
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experiment, the different phases of the experiment are presented and special attempt
is given to familiarize with the simulator. Finally, two questionnaires (Driving behaviour
Questionnaire and Self-Assessment and Memory) are presented, details regarding the
large data base and the processing are recorded while sample characteristics are
provided.

Chapter 5 presents the results of the modeling methodology that has been
developed in order to achieve the objectives set out in this PhD thesis. The methodology
consists of several steps as followed below: In the first step, in order to analyze the large
dataset, a descriptive analysis took place. Then, regression analysis, through generalized
linear models, was developed in order to estimate the effect of neurological diseases
affecting cognitive functions, driver, road and traffic risk factors on selected key driving
performance parameters. In the third step, principal component analysis took place
aiming to estimate the key driving simulator variables that underline driving
performance, driving errors, neuropsychological state and neurological state. Finally,
structural equation models were implemented in order to investigate all the critical risk
factors that affect driving performance, driving errors, reaction time and accident
probability.

In Chapter 6, the conclusions including a synthesis of the results take place answering
all the research questions that have been raised in this PhD dissertation and setting out
the scientific contributions of the present research. At last, some future steps for further
research in the scientific field of driving behaviour and neurological diseases affecting
cognitive functions are presented.
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11dDLE e

Literature Review

2.1. Driving
2.1.1. Etymology of car driving and automobile

Driving most often refers to the controlled operation and movement of a motorized
vehicle, such as a car, truck, or bus. The origin of the term driver, as recorded from the
15th century, refers to the occupation of driving working animals, especially pack horses
or draft horses.

A car is a wheeled, self-powered motor vehicle used for transportation and a product
of the automotive industry. Most definitions of the term specify that cars are designed
to run primarily on roads, to have seating for one to eight people, to typically have four
wheels with tyres, and to be constructed principally for the transport of people rather
than goods (Fowler & Fowler, 1976).

The verb “to drive” in origin means "to force to move, to impel by physical force". It
is first recorded of electric railway drivers in 1889 and of a motor-car driver in 1896. Early
alternatives were motorneer (Century Dictionary, 1891), motor-man, motor-driver or
motorist.

The word "car" is believed to originate from the Latin word carrus or carrum ("wheeled
vehicle"), or the Middle English word carre (meaning cart, from Old North French).
"Motor car" is attested from 1895, and is the usual formal name for cars in British English.
The word "automobile" is a classical compound derived from the Ancient Greek word
autds (a0tdg), meaning “self', and the Latin word mobilis, meaning "movable”. It
entered the English language from French, and was first adopted by the Automobile
Club of Great Britain in 1897. Over time, the word "automobile" fell out of favour in
Britain, and was replaced by "motor car".
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2.1.2. Historical facts of car driving

The first working steam-powered vehicle was designed - and most likely built - by
Ferdinand Verbiest, a Flemish member of a Jesuit mission in China around 1672. It was
a 65-cm-long scale-model toy for the Chinese Emperor that was unable to carry a driver
or a passenger (Setright, 2004). It is not known if Verbiest's model was ever built.

Although several other German engineers (including Gottlieb Daimler, Wilhelm
Maybach, and Siegfried Marcus) were working on the problem at about the same time,
Karl Benz generally is acknowledged as the inventor of the modern car (Stein, 1967).
In 1879, Benz was granted a patent for his first engine, which had been designed in
1878. Many of his other inventions made the use of the internal combustion engine
feasible for powering a vehicle. His first Motorwagen was built in 1885 in Mannheim,
Germany. He was awarded the patent for its invention as of his application on 29 January
1886 (under the auspices of his major company, Benz & Cie., which was founded in
1883). Benz began promotion of the vehicle on 3 July 1886, and about 25 Benz vehicles
were sold between 1888 and 1893, when his first four-wheeler was introduced along
with a model intended for affordability. They also were powered with four-stroke
engines of his own design.
Emile Roger of France, already
producing Benz engines under
license, now added the Benz car
to his line of products. Because
France was more open to the
early cars, initially more were
built and sold in France through
Roger than Benz sold in
Germany. In August 1888
Bertha Benz, the wife of Karl
Benz, undertook the first road
trip by car, to prove the road-

worthiness of her husband's
Figure 2.1. The original Benz Patent-Motorwagen, first built

Invention. in 1885 and awarded the patent for the concept

Nowadays the car industry has enormously developed. It was estimated in 2010 that the
number of cars had risen to over 1 billion vehicles, up from the 500 million of 1986
(Sousanis, 2011).
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2.1.3. The task of driving

Driving in traffic is more than just knowing how to operate the mechanisms which
control the vehicle; it requires the ability to receive sensory information, process the
information, and to make proper, timely judgments and responses (Waller, 1980, Freund,
2005). The basic characteristics, a smooth driver should have are:

» Concentration
» Concentration is to be able to keep your mind on the task of driving
» Anticipation (defensive driving)
» Observing the driving environment for hazards
» Reading into things that are happening around you, which in turn will lead you
into defensive driving
» Taking precautions before they happen in the interest of your well-being and
other road users
» Physical skills
» Starting the vehicle's engine with the starting system and setting the
transmission to the correct gear
» Depressing the pedals with one's feet to accelerate, slow, and stop the vehicle,
and if the vehicle is equipped with a manual transmission, to modulate the
clutch
» Steering the vehicle's direction with the steering wheel
» Operating other important ancillary devices such as the indicators, headlights,
and windshield wipers
» Mental skills
» Making good decisions based on factors such as road and traffic conditions,

~

evasive maneuvering, skid control, steering and braking techniques,
understanding vehicle dynamics, and right- and left-hand traffic
» Memory and Perception
» Procedural memory, working memory, visuo-spatial perception
» Attitude and Self-discipline
» Stay calm and tolerant in all possible circumstances

~

» Knowledge
» Deep knowledge of the Traffic Code
» Semantic knowledge
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2.2. Driving Behaviour and Road Safety

The driver’s behaviour may include many aspects, such as the perception of traffic
conditions, decision-making, vehicle operation, using mobile phones and navigation
systems, talking to other people in the vehicle, eating, drinking, applying cosmetics,
looking around, etc. The vehicle operation includes longitudinal and lateral driving,
which reflects the perception of the road, decision-making, and driver’s intention and
action, such as car following, lane change, lane keeping, acceleration and deceleration,
etc. Longitudinal driving behaviour mainly focuses on vehicle movement along the
driving direction, while lateral driving behaviour mainly focuses on vehicle movement
perpendicular to the driving direction. These features represent the variation of vehicle
states and the relationship with other vehicles when the driver operates on the
accelerator/brake pedal, steering wheel, gear, and in-vehicle switches. The vehicle state
can be quantified as position, speed, acceleration, and steering angle and rate (single
vehicle trajectory), as well as distance headway, time headway, and time to collision
(inter-vehicle relationship).

The driving traits, quality, and performance of the driver depend on physiology,
psychology, knowledge, culture, traffic laws and regulations, driver's experience and
temper, and brain health. The driver characteristics may also be classified by skills and
styles, such as prudence (aggressive vs. prudent), stability (unstable vs. stable), conflict
proneness (risk prone vs. risk avoidance), skillfulness (non-skillful vs. skillful), and self-
discipline (law-abiding vs. violation frequent).

Road traffic safety refers to methods and measures for reducing the risk of a person
using the road network for being killed or seriously injured. The users of a road include
pedestrians, cyclists, motorists, their passengers, and passengers of on-road public
transport, mainly buses and trams. Best-practice road safety strategies focus upon the
prevention of serious injury and death crashes in spite of human fallibility (which is
contrasted with the old road safety paradigm of simply reducing crashes assuming road
user compliance with traffic regulations). Safe road design is now about providing a road
environment which ensures vehicle speeds will be within the human tolerances for
serious injury and death wherever conflict points exist (International Transport Forum,
2008).
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Road accidents constitute a major social
problem in modern societies, accounting for more
than 1.2 million fatalities in 2013 worldwide (WHO,
2015) (Fig. 2.2), 25.000 in Europe and 879 in Greece
(EL.STAT. 2014). Furthermore, human factors are
the basic causes in 65-95% of road accidents
(Sabey and Taylor, 1980; Salmon et al.,, 2011; Treat,
1980). The remaining factors include the road
environment (road design, road signs, pavement,
weather conditions etc) and the vehicles
(equipment and maintenance, damage etc.), as well
as combinations of these three contributory

factors.
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Figure 2.2. Number of road traffic

deaths, worldwide, 2013

Every year more than 1 million people die on the roads all over the world, and

another 20 to 50 million sustain nonfatal injuries as a result of road traffic accidents.

These injuries and fatalities have an immeasurable impact on the families affected,

whose lives are often changed irrevocably by these tragedies, and on the communities
in which these people lived and worked (WHO, 2015).

Road accidents are estimated to be the eighth leading cause of fatalities globally,

with an impact similar to that caused by many communicable diseases, such as malaria

(Lazano et al., 2012) and the leading cause of fatalities for young people aged 15-29
years (WHO, 2015) (Fig. 2.3). Economically disadvantaged families are hardest hit by
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Figure 2.3. Top ten causes of death among people aged
15-29 years, 2012

both direct medical costs and
indirect costs such as lost wages

that result from these injuries. At

the national level, road traffic
injuries result in considerable
financial costs, particularly to

Indeed,
road traffic injuries are estimated

developing economies.

to cost low- and middle-income
countries between 1-2 % of their
gross national product, estimated
at over US$ 100 billion a year
(Jacobs, 2000).
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Road accident fatalities have been steadily increasing in many low- and middle
income countries, particularly where rapid motorization has not been accompanied
sufficiently by improved road safety strategies. While better communication could, in
theory, result in a reduced need for road travel, and thus lower the exposure to risk of
road traffic injuries, in practice the combination of increased road transportation and
better and continuous forms of communication may be detrimental to the global road
safety picture (WHO, 2014).

Focusing on road accidents, a number of factors have been identified as affecting the
likelihood of a road traffic injury, and limiting the exposure to these risk factors is critical
to the success of efforts to reduce road traffic injuries. For example, there is now a large
area of scientific research demonstrating the increased risk of road traffic fatalities and
injuries resulting from human factors, such as excessive or inappropriate speed, drink—
driving, non-use of seat-belts, child restraints or motorcycle helmets and driver
distraction (Elvik, 2004; Pedden et al., 2004).

Despite the fact that road traffic casualties presented a constantly decreasing trend
during the last years, the number of fatalities in road accidents in several countries and
particularly in Greece is still unacceptable and illustrates the need for even greater
efforts with respect to better driver behaviour and increased road safety (OECD, 2008).
Golias et al, (1997), suggested that the necessary recommendations for the
improvement of the road safety level should include formulating a national road
safety policy, monitoring road safety both in aggregate and disaggregate levels,
speeding up interventions for infrastructure improvement in both the interurban and
urban road network, conducting information and education campaigns, retraining road
users in safer traffic behaviour, and upgrading requirements for a driver's license.

Finally, several types of experiments on assessing driving behaviour exist, such as
naturalistic driving experiments, driving simulator experiments, on road experiments, in-
depth accident investigations and surveys on opinion and stated behaviour. Focusing
on driving simulators, they allow for the examination of a range of driving performance
measures in a controlled, relatively realistic and safe driving environment. Driving
simulators, however, vary substantially in their characteristics, and this can affect their
realism and the validity of the results obtained. Despite these limitations, driving
simulators are an increasingly popular tool for measuring and analyzing driver
distraction, and numerous studies have been conducted, particularly in the last decade
(Regan et al., 2008).
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2.2.1. Human factors in driving behaviour

Human factors research examines the way people interact with various aspects of the
world and aims to make these interactions safer, healthier, and more efficient. This
interdisciplinary field of research has a wide scope of application, spanning road safety,
healthcare delivery, physical, cognitive, and technological systems. In the context of
safety features and road safety, human factors research aims to understand the
driver’s role in the safe operation of his or her vehicle. Various factors contribute to
how a person behaves in the driver’s seat, including environmental, psychological, and
vehicle design factors. The goal of human factors research is to expose these factors,
determine the extent of their influence on driver performance, and modify road or
vehicle design to reduce unsafe behaviour and improve driver performance. Vehicle
safety features are part of a safe-driving system that includes human factors: the various
ways that drivers interact with these features will help determine both how safe the
driver is and how effective those safety features are.

The Traffic Injury Research Foundation's (TIRF) nation-wide 2012 survey revealed that
some drivers admit that they would engage in unsafe driving practices like distracted
driving and speeding if they knew that their vehicle was fully equipped with modern
safety features. This is a clear example of human factors affecting the overall amount of
safety benefit that these drivers can expect to see as a result of driving a vehicle with
safety features. However, not all human factors are this obvious. A general lack of
familiarity with how safety features work may have a subtle yet negative influence on a
driver's ability to benefit from safety features.

Human factors are not necessarily limited to unsafe driving behaviour like excessive
speeding and tailgating. Age, driving experience, attention level, and vehicle
maintenance can all have an effect downstream on the performance of safety features.
Drivers are an indispensable part of the road safety system, so factors that affect drivers
accordingly affect road safety in general.

Examination of the operator plays a large role in transportation psychology. While many
external factors influence traffic safety, internal factors are also significant. Some factors
include:

» Decision-making

» Demographics

» Distraction
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» Detection Thresholds

» Drugs and alcohol

» Driving training and experience

» Familiarity with vehicle and environment

» Fatigue

» Inattention

» Perception-reaction time- response to the unexpected
» Risky behaviours

» Stress and panic

According to Petridou & Moustaki (2000), human factors may include factors that
reduce the driver's capability to meet traffic contingencies, in long or short term, or
factors that modulate risk taking while driving (Table 2.1).

Table 2.1. Human factors affecting driver behaviour and safety (Petridou & Moustaki, 2000)
Reduce capability to meet traffic contingencies

Long - Term Inexperience
Old age
Disease and Disability
Accident proneness
Alcoholism and drug abuse
Short - Term Drowsiness, fatigue
Acute alcohol intoxication
Short — term drug effects
Binge eating
Acute psychological stress
Temporary distraction

Modulate risk taking while driving

Long - Term Overestimation of capabilities, ‘'macho’ attitude
Habitual speeding
Habitual disregard of traffic regulations
Indecent driving behaviour
Non-use of seat belt or helmet
Inappropriate sitting while driving
Accident proneness
Alcoholism

Short - Term Moderate ethanol intake
Psychotropic drugs
Motor vehicle crime
Suicidal behaviour
Compulsive acts
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Old age, disease and disability are among the key factors which may result in reduced
capability to drive safely. Older drivers are more likely to have cognitive, motor and
sensor-perceptual deficits that could affect their driving performance even in the
absence of overt disease. The elderly driver, however, is often able to compensate for
minor functional declines by adjusting driving behaviour. Nevertheless, several diseases
and disabilities may reduce older driver's capability of driving.

2.2.2. Cognitive functions critical for safe driving

Driving is a complex task that requires possessing sufficient cognitive, visual and
neurological state. The driver must have adequate motor strength, speed and
coordination. Perhaps more importantly, higher cognitive skills including
concentration, attention, adequate visual perceptual skills, insight and memory
need to be present. Higher cortical functions required for driving include strategic and
risk taking behavioural skills, which involve the ability to process multiple simultaneous
environmental cues in order to make rapid, accurate and safe decisions. The task of
driving requires the ability to receive sensory information, process the information, and
to make proper, timely judgments and responses (Waller, 1980; Freund et al., 2005).

Cognitive functions related to driving may be categorized into the following six
neuropsychological domains (Reger et al., 2004):

» Mental status - general cognitive functions
» Attention - concentration

» Executive functions

» Language - verbal functioning

» Visuospatial skills and visual perception

» Memory

Laberge (1997) made a distinction between three aspects of attention: selection,
preparation and maintenance. Selection is a rapid process, which typically is used in
search tasks to separate a target from distractors. Preparation is a slower process, which
occurs when an individual recruits attention in order to concentrate on an upcoming
stimulus without being distracted by irrelevant events. Maintenance of attention is the
ability to allocate attention toward a stimulus source over a relatively long duration of
time. Several researchers (Parasuraman & Nestor, 1991; Duchek et al., 1998) have argued
that selective attention is most specific to driving deficits in older drivers, or in drivers
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with some pathological condition (e.g. dementia). Identifying important information in
the environment while ignoring irrelevant information may be important driving skills.

Drivers may compensate for declines in selective attention by driving more slowly,
thereby allowing more time for information processing (Hakamies and Blomqvist, 1993).
However, safe driving requires that a number of complex decisions are made while
selecting attention between concurrent tasks, in a limited time frame.

The importance of visuo-spatial and visuoconstructive skills to driving has been
highlighted in several studies (Johansson and Lundberg, 1997) Safe drivers must
position the car accurately on the road and manoeuvre the vehicle correctly. Visuo-
spatial skills are also important to judging distances, predicting the development of
traffic situations and well perceive vehicle placement in space. Visuo-spatial deficits are
commonly observed in older drivers, especially with early dementia, represented by a
disturbance in formative activities such as assembling, building, and drawing, so that the
individual is unable to assemble parts in order to form a whole (Benton, 1994).

Although attention and visuo-constructional skills represent a necessary foundation of
driving ability, these competencies, similarly to all cognitive skills, require adequate
supervision by the executive system of the brain (Royall, 2000). Executive abilities are
thought to be important for dual task coordination, and necessary for car positioning,
maintaining safe distances, driving on roundabouts, journey planning, estimating risk,
for adapting behaviour such as adjusting speed to traffic conditions and for making
judgements and taking quick decisions in face of unexpected incidents (Radford &
Lincoln, 2004).

2.2.3. Driver distraction

Driver distraction constitutes a particular human factor of road accident causation.
Driver distraction is generally defined as “a diversion of attention from driving, because
the driver is temporarily focusing on an object, person, task or event not related to
driving, which reduces the driver's awareness, decision making ability and/or
performance, leading to an increased risk of corrective actions, near-crashes, or crashes”
(Regan et al., 2008). More specifically, driver distraction involves a secondary task,
distracting driver attention from the primary driving task (Donmez et al., 2006; Sheridan,
2004) and may include four different types: physical distraction, visual distraction,
auditory distraction and cognitive distraction.
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The use of different, and sometimes inconsistent, definitions of driver distraction
can create a number of problems for researchers and road safety stakeholders. First, the
lack of consistent definitions across studies can make the comparison of research
findings difficult or even impossible, as even seemingly similar studies can be examining
slightly different concepts and measuring different outcomes. Inconsistent definitions
can also lead to different interpretations of road accident data and, ultimately, to
different estimates of the role of distraction in accidents. These issues highlight the need
to develop a common, generally accepted definition of driver distraction.

Driver distraction is part of the broader category of driver inattention. What
distinguishes distracted driving from inattentive driving is the presence of a specific
event or activity that triggers the distraction (Regan et al,, 2005). Conversely with driver
distraction, very few definitions of driver inattention exist in the literature, and those that
do, like driver distraction, vary in meaning. Lee et al. (2008) for example, define driver
inattention as “diminished attention to activities critical for safe driving in the absence
of a competing activity”. In this framework, Regan et al. (2005) proposed that: “Driver
Inattention” means insufficient or no attention to activities critical for safe driving and
“Driver distraction” is just one form of driver inattention, with the explicit characteristic
of the presence of a competing activity.

There are four types of driver distraction: physical distraction, visual distraction, auditory
distraction, and cognitive distraction. A distracting activity involves one, or more of
these. The act of operating a hand-held cell phone for example, may involve all four
types of distraction (Breen, 2009)

» Physical distraction when the driver has to use one or both hands to manipulate the
telephone to dial a number, answer or end a call instead of concentrating on the
physical tasks required by driving (Young et al., 2003).

» Visual distraction is caused by the amount of time that the drivers’ eyes are on the
cell phone and off the road or, while talking over the telephone, looking at the road
but failing to see. The use of cell phones that display visual information (e.g. reading
SMS) while driving will further distract drivers' visual attention away from the road
(Dragutinovits and Twisk, 2005).

» Auditory distraction can occur when the driver is startled by the initial ringing of the
telephone or by the conversation itself.

» Cognitive distraction involves lapses in attention and judgment. It occurs when two
mental tasks are performed at the same time. Conversation competes with the
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demands of driving. Listening, alone, can reduce activity in the part of the brain
associated with driving by more than a third. The extent of the negative effects of cell
phone use while driving depends on the complexity of both cell phone conversations
and of driving situation. The more difficult and complex the conversation, the
stronger its effects on driving performance. The more difficult the driving situation,
the more impact the telephone conversation can be expected to make (SWOW, 2008).

Driver distraction factors can be subdivided into those that occur outside the vehicle
(external) and those that occur inside the vehicle (in-vehicle). Driver distraction factors
that occur inside the vehicle seem to have greater effect on driver behaviour and safety.
Horberry et al. (2006) confirm that in-vehicle distraction sources have a more important
effect on driver performance, compared to the increased complexity of the stimuli
received from the road and traffic environment. Moreover, a couple of studies report
that external distraction factors are less than 30% of the total distraction factors (Stutts
etal., 2001; Kircher, 2007). Other studies specify that external distraction factors account
for less than 10% of all distraction factors (Sagberg, 2001; MacEvoy et al., 2007).

It is noted that a recent exhaustive research conducted in the Great Britain, in which the
effect of more than 70 road accident contributory factors was examined, driver
distraction was found to be a contributory factor in only 3% of all accidents. Out of this
3%, in-vehicle distraction sources accounted for 2%, whereas external distraction
sources accounted for only 1% of all accident contributory factors (Department for
Transport, 2008).

Moreover, a study carried out by Patel et al. (2008) examined perceived qualitative
characteristics of 14 driver distractions. Survey participants were asked to complete a
questionnaire in which ranked a list of distractions according to certain criteria. Table
2.3 shows the mean perceived risk ratings of each of the 14 driver distractions. The
highest perceived risk ratings were associated with the use of cell phones, followed by
'looking at a map or book' and 'grooming'. The lowest perceived risk ratings were
associated with 'listening to music', 'talking to passengers' and 'looking at road signs'.
It is noted that advertising signs and landscape have a non-negligible perceived risk
level as external distraction sources.
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Table 2.2. Perceived risk associated with driver distraction (Patel et al., 2008)

Driver Distraction Hazard Risk rating Lower limit Upper limit
Listening to music 3.3 1.2 4.8
Talking to passengers 3.8 2.0 5.0
Looking for/at road signs 42 3.0 6.0
Satellite navigator use 4.6 3.0 6.0
Hands-free kit use 4.7 3.0 6.0
Looking at Landscape 5.2 3.0 7.0
Adjusting device 5.3 4.0 7.0
Smoking 53 3.0 7.0
Looking at advertising sign 5.7 4.0 8.0
Eating or drinking 6.3 5.3 8.0
Looking for object 74 6.0 9.0
Grooming/make-up 8.5 8.0 10.0
Looking at a map or book 8.5 8.0 10.0
Mobile phone use 8.6 8.0 10.0

More analytical results on the actual relative importance of different distraction factors
was sought in the reports of the 100-Car naturalistic driving study carried out in the
USA. Table 2.3 shows results on the odds ratio (i.e. increased risk) of engaging in various
secondary distracting tasks over “just driving” (statistically significant results are in bold).
A significant odds ratio indicates an important increase in risk associated with that

activity.
Table 2.3. Odds ratio for secondary task (NHTSA, 2008)
Type of Secondary Task Odds Ratio
Reaching for a moving object 8.82
Insect in vehicle 6.37
Reading 3.38
Applying makeup 3.13
Dialling hand-held device 2.79
Inserting/retrieving CD 2.25
Eating 1.57
Reaching for non-moving object 1.38
Talking/listening to a handle-held device 1.29
Drinking from open container 1.03
Other personal hygiene 0.70
Adjusting the radio 0.50
Passenger in adjacent seat 0.50
Passenger in rear seat 0.39
Child in rear seat 0.33
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These results suggest that “reaching for a moving object” is associated with the highest
risk, increased by more than eight times compared to just driving, followed by “reading'
and 'applying make-up”, increasing risk by more than 3 times. Subsequently, the use of
mobile phone is associated with 2.8 times increased accident risk.

2.2.3.1. Compensatory behaviour

One fundamental question regarding the effect of distraction on driving performance is
whether and how drivers self-regulate their driving to compensate for any decrease
in attention to the driving task. Surprisingly, very little research has been conducted to
specifically address this issue. Rather, research has focused on identifying the particular
performance impairments associated with distraction activities (Haigney et al., 2000).

It is important to recognize, however, that not all changes in driving performance
associated with non-driving tasks are indicative of driver impairment, and research
suggests that drivers do engage in a range of conscious and unconscious compensatory
behaviours in order to attempt to maintain an adequate level of safe driving (Poysti et
al., 2005).

Compensatory or adaptive behaviour can occur at a number of levels ranging from the
strategic (e.g., choosing not to use a cell phone while driving) to the operational level
(e.g., reducing speed) (Alm and Nilsson, 1995; Lamble et al.,, 2002). At the highest level,
drivers can choose to moderate their exposure to risk by choosing not to engage in a
potentially distracting task while driving. Research has shown, for example, that older
drivers’ driving performance is impaired to a greater degree than younger drivers when
using a cell phone and this results in compensatory behaviour at the highest level; many
older drivers choose not use a cell phone while driving (Alm and Nilsson, 1995; Lamble
et al., 2002).

At the operational level, several studies have shown that drivers attempt to reduce
workload and moderate their exposure to risk while interacting with in-vehicle devices.
They do this through a number of means: decreasing speed (Alm and Nilsson, 1990;
Burns et al., 2002; Haigney et al., 2000; Rakauskas et al., 2004), increasing inter-vehicular
distance (Jamson et al., 2004; Strayer and Drews, 2004; Strayer et al., 2003), changing
the relative amount of attention given to the driving and non-driving tasks in response
to changes in the road environment (Brookhuis et al., 1991), and accepting a temporary
degradation in certain driving tasks (Brookhuis et al., 1991; Harbluk et al., 2002).
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Several on-road and simulator studies have found that drivers tend to decrease their
mean speed when engaging in a secondary task (Haigney, 2000; Rakauskas, 2004). The
observed reductions in speed while engaging in a secondary task could be the result of
drivers modifying their performance goals and accepting a sub-optimal level of driving
performance, or the result of drivers simply allocating too much attention to the
secondary task and insufficient attention to the primary driving task. Both of these
explanations can have road safety implications, resulting from the driver either not
allocating sufficient resources to the driving task and, hence, any potential hazards in
the road environment, or because the driving performance standard that they are willing
to accept may be below that needed for safe driving in certain situations.

An increase in following distance is another compensatory behaviour that has been
displayed by drivers while they are interacting with in-vehicle devices (Strayer et al.,
2003; Jamson et al., 2004; Yannis et al.,, 2010). Interestingly, although the drivers in all
three studies attempted to compensate for their reduced attention to the roadway by
adopting longer following distances, in many cases this increased headway was often
inadequate to avoid collisions with other road users.

Another compensatory behaviour drivers have been found to engage in when
interacting with in-vehicle devices is to change the amount of attention they allocate to
the primary and secondary tasks at any given time in response to changes in the driving
environment (Chiang et al., 2004; Brookhuis et al., 1991). It thus, appears that the amount
of attention drivers are willing to allocate to the performance of a secondary task is
situation dependent and may change across driving environments and task types.

2.3. Assessing driving behaviour

In this section, an extended literature review is carried out regarding all available
experiment types of assessing driving behaviour. More specifically, benefits and
limitations are presented regarding naturalistic driving experiments, driving simulator
experiments, on road experiments, in-depth accident investigations and surveys on
opinion and stated behaviour. In the end, a comparative assessment of experiments for
the assessment driver behaviour is taking place.
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2.3.1. On-road experiments and driving performance

In on-road experiments studies, an instrumented vehicle is equipped with
instrumentation to take recordings of a variety of aspects of driving (Rizzo et al.,
2002) (Fig. 2.4). These technologies include GPS, video-cameras, sensors,
accelerometers, computers,
and radar and video lane
tracking systems. On-road
experiments attempt to gain
greater insights into the
factors that contribute to road
user accident risk and the
associated accidents factors at
specific conditions. These
investigations are conducted
by trained experts from
multiple disciplines to collect
as much useful information as
possible, to be of maximum
benefit in answering current
research questions and any

that may arise in the future
(Wadley et al., 2009; Bowers et
al., 2013; Okonkwo, 2009).

Figure 2.4. An instrumented vehicle used for on-road studies

On road driving evaluations are generally considered to be the gold standard method
for determining driving fitness (Odenheimer et al., 1994; Di Stefano & McDonald, 2003)
as a large degree of control over the variables that affect driving behaviour occurs. On-
road testing, also provides the opportunity to examine driver competency, as drivers
perform actual driving activities and includes aspects of driving that may not be easily
replicable by other testing means (Ball & Ackerman, 2011).

On the other hand, on road studies can be criticized because they do not collect data
over a longer time period and in response to selected interventions, as in more
naturalistic settings as in naturalistic driving studies. Another methodological issue is
that the studies utilizing instrumented test vehicles typically have at least one researcher
present, at the very least, to give navigation directions. On other occasions a second
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researcher is present to make other observations about the driver’'s behaviour. However,

these types of studies do offer unique data collection opportunities with respect to the

concurrent use of multiple methods and are of high cost (Ball and Ackerman, 2011).

2.3.2. Naturalistic driving experiments and driving performance

Naturalistic driving is a relatively
new research method for the
observation of everyday driving
behaviour of road users. For this
purpose, systems are installed in
participants' own vehicles that
register vehicle manoeuvres, driver
behaviour (such as eye, head and
hand manoeuvres) and external
conditions (Fig. 2.5). In a Naturalistic
Driving study, the participants drive
the way they would normally do, in
their own car and without specific
instructions or interventions. This
provides very interesting
information about the relationship
between driver, road, vehicle,
weather and traffic conditions, not
only under normal  driving
conditions, but also in the case of
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Figure 2.5. Naturalistic driving data collection

incidents or accidents (SWOW, 2010). (FHWA-HRT-12-040, 2012)

Naturalistic Driving Experiments offer much wider perspectives in understanding normal

traffic behaviour in normal everyday traffic situations. Researchers study issues that

cannot be investigated in a lab because participants feel as they are not involved in an

experiment as there is no experimenter present, there are no experimental interventions

or aims that participants can guess and act for. Furthermore, there is the possibility to

observe conflicts, near crashes or even actual crashes in real time without potential

biases of post-hoc reports. Moreover, a naturalistic study can contribute to clarifying

the prevalence of fatigue and distraction amongst drivers and the related accident risk,

to clarifying the interaction between road and traffic conditions and road user
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behaviour, to understanding the interaction between car drivers and vulnerable road
users in different circumstances, to specifying the relationship between driving style and
vehicle emissions and fuel consumption, and many other aspects of traffic participation
that are difficult to study by means of traditional research (Regan et al., 2012).

On the other hand, a first and important disadvantage of naturalistic studies is that, by
definition, in a naturalistic study there is no experimental control of the various variables
that potentially affect the behaviour of the road user. This means that naturalistic studies
data results in correlation between particular variables and road user behaviour, but not
in unambiguous causal relationships, while traffic incidents are very rare. Secondly, it is
generally assumed that in a naturalistic study, drivers behave as they normally do,
because after a while they forget that they participate in a study and that they are being
observed all the time. There are indeed strong indications that this is what actually
happens, but so far, strict scientific proof is lacking. A third related issue is that drivers
in the study sample participate on a voluntary basis. Therefore, it cannot be ruled out
that there is a self-selection bias and that the volunteers differ in relevant aspects from
non-participants. Hence, the observed behaviour may not always be representative of
the whole population. However, the direction and the approximate size of such a bias
can be established and taken into account by using carefully designed background
questionnaires (Van Schagen et al,, 2011).

2.3.3. Driving simulator experiments and driving performance

Driving simulators allow for
the examination of a range
of driving performance
measures in a controlled,
relatively realistic and safe
driving environment (Fig. 2.6).
Driving simulators, however,
vary substantially in their
characteristics, and this can
affect their realism and the
validity of the results obtained.

Figure 2.6. Driving simulator
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More specifically, driving simulators have a number of advantages over on-road studies.
First they provide a safe environment for the examination of various issues using
multiple-vehicle scenarios, where the driver can negotiate very demanding roadway
situations. Second, greater experimental control can be applied in driving simulators
compared with on-road studies, as they allow for the type and difficulty of driving tasks
to be precisely specified and any potentially confounding variables, such as weather, to
be eliminated or controlled for. Third, the cost of modifying the cockpit of a simulator
to allow for the evaluation of new in-vehicle systems may be significantly less than
modifying an actual vehicle. Finally, a large range of test conditions (e.g., night and day,
different weather conditions, or road environments) can be implemented in the
simulator with relative ease, and these conditions can include hazardous or risky driving
situations that would be too difficult or dangerous to generate under real driving
conditions (Papantoniou et al., 2013).

The use of driving simulators as research tools does, however, have a number of
disadvantages (Blana & Golias, 2002). First, data collected from a driving simulator
generally include the effects of learning to use the simulator and may also include the
effects of being directly monitored by the experimenter. Second, driving simulators,
particularly high-fidelity simulators, can be very expensive to install. Simulator
discomfort / sickness is another problem encountered with simulators and is particularly
pronounced in older drivers (Papantoniou et al., 2013).

2.3.4. In-depth accident investigation

In-depth accident investigations are conducted by trained experts from multiple
disciplines to collect as much useful information as possible in order to describe the
causes of accidents and injuries. The aim of these studies is to reveal detailed and factual
information from an independent perspective on what happened in an accident by
describing the accident process and determine appropriate countermeasures.

In depth accident investigations allow the factors contributing to an accident to be
identified. In addition, research into injury prevention relies on in-depth data to identify
injury outcomes in different impact scenarios, including vulnerable road users, and how
the interaction between different vehicle types affects injury outcome. Data from in-
depth accident investigations have also been utilized in the area of development as a
tool to identify ideas for new products and to evaluate the expected effectiveness of
new safety systems.
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On the other hand the basic disadvantage regarding in-depth accident investigations is
the insufficient reconstruction evidence which exist in each case investigated as well as
the long period which is required for the final investigation results (Hill et al., 2012).

2.3.5. Surveys on opinion and stated behaviour

In stated behaviour surveys, a reference questionnaire is built, based on a list of
selected topics and a representative sample of population is interviewed. The survey
approach can employ a range of methods to answer the research questions such as
postal questionnaires, face-to-face interviews, and telephone interviews.

They produce data based on real-world observations allowing investigating new
situations, outside the current set of experiences. Furthermore, the breadth of coverage
of many people or events means that it is more likely than some other approaches to
obtain data based on a representative sample, and can therefore be generalizable to a
population. Moreover, surveys can produce a large amount of data in a short time for a
fairly low cost, making it easier to planning and delivering end results.

On the other hand, the nature of questions is often hypothetical and the actual
behaviour is not observed, while the data that are produced are likely to lack details or
depth on the topic being investigated (Kelley et al., 2003).

2.3.6. Experiments overview

From the above, it can be deduced that each method for assessing driver behaviour, in
the general population and in particular in the elderly, may have different advantages
and limitations (Table 2.4).

On-road studies, and their fully naturalistic versions, are considered to be more
appropriate for the assessment of fitness to drive (Ball and Ackerman, 2011), however,
simulators are also widely used, due to the safety and control over the experiment
conditions, and despite their lower reliability. Questionnaire surveys are a very common
tool for assessing various human factors of driving performance in the elderly (Vardaki
& Karlaftis, 2011), yet they suffer from the known limitations of self-reported
information.
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Experiment type

On road

Naturalistic
driving

Driving
simulator
experiments

In-depth
accident
investigation

Surveys on
opinion and
stated
behaviour

Table 2.4. Comparative assessment of experiments

Method / tools

Instrumented
vehicle

Systems installed in
participants' own
vehicles

Driving simulator

Trained experts
investigate the
causes of an actual
accident

Questionnaire

Advantages

Large degree of control
over the variables,
examination of driver
competency

Understanding normal
traffic,
observation of conflicts

Safe environment,
greater experimental
control,

large range of test
conditions

Identification of the
factors contributing to an
accident,

research into injury
prevention

investigate new
situations,

large amount of data in a
short time,

low cost

Limitations

Data collection for a short
period,

in response to selected
interventions,

high cost

No experimental control of
variables,

traffic incidents are very rare,
driver behaviour may not be
representative,

learning effect,
simulator sickness,
very expensive

Insufficient reconstruction
evidence,
long time period

Hypothetical questions,
data lack details,
self-reported data

Consequently, the selection of method for the assessment of driver performance should

be carried out in accordance to the specific objectives or research questions of the

assessment, the time-frame and the infrastructure or resources available etc.

All types of experiments should carefully follow some basic experimental design

principles, allowing for reliable analysis of the data in order to provide appropriate

answers to the research questions examined. Moreover, there are various other analysis

challenges that need to be addressed when assessing driving ability, such as the

selection of appropriate and relevant driving performance measures, the application of

appropriate analysis techniques, and the reliability and validity of the analysis.
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2.4. Driving simulator experiments

Driving simulators have been used to explore aspects of driving since 1960s. The main
application areas of today driving simulators have been to investigate acceptability
issues of innovative transport elements, to evaluate the safety concept (e.g. possible
increase of accidents due to new road design, in-vehicle device), to the credibility and
transferability of the simulator results to the real world as well as to the training of
drivers.

Driving simulators have been used as research aids in a number of civil engineering,
transport, psychology and ergonomics fields such as: innovative road design (e.g. testing
the design of new tunnels, innovative highway design and road delineation, traffic
calming); intelligent transport systems (e.g. new in-vehicle navigation systems, Head-
Up-Displays, active pedals); impaired driver behaviour (driving behaviour affected by
drugs, alcohol, severe brain damage, fatigue) and vehicle dynamics and layout (e.g.
testing ABS, 4-wheel drive; vehicle interior design).

In this framework, in the beginning of the present chapter, advantages and limitations
of driving simulators are recorded while the terms fidelity and validity are further
investigated. Finally, the syndrome of simulator sickness is presented.

2.4.1. Advantages and limitations

A number of known advantages and disadvantages about driving simulators are the
following (Regan et al., 2008).

Advantages:

» Has the capability to place drivers into crash likely situations without harming them,
such as when they are using drugs, fatigued, engaging in police pursuits, during
extreme weather, using new technologies, among other dangerous activities.

» Many confounding variables that occur in on-road driving can be controlled when
driving simulation is used (e.g., weather, traffic, lighting, frequency of vulnerable road
users, wind, potholes, proportion of vehicle types, irrational or unexpected behaviour
of other drivers, and so forth).

» All of the sensory details of the real world are not used by drivers anyway. Perceptual
information (Gibson, 1986) for driving is knowable and can be faithfully reproduced
using simulators.

82



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

»

»

»

»

»

Events or scenarios can be identically repeated for each participant.

Simulators offer cost savings through flexible configurability so that a wide range of
research question can be addressed (Jamson, 2001).

Low-cost, low-fidelity simulators in the right hands can address a wide variety of
interesting research questions.

Driving simulation is compelling and elicits emotional reactions from drivers that are
similar to those of actual driving.

Simulators are good at assessing driver performance or what a driver can do (Evans,
2004).

A structured driver training curricula can be set up and run for new drivers and for
some skills, transfers to the open road (Pollatsek et al., 2006)

Limitations:

»

»

»

»

»

»

»

Simulated crashes do not have the same consequences as a real crash and may affect
subsequent behaviour. Crashes in a simulator may have an unknown psychological
impact on participants.

These confounding or interacting variables that occur in the real world also need to
be understood and, since they cannot be fully recreated in simulators, are not
necessarily amenable to testing (as yet). In other words, understanding driver
behaviour is in the interacting details.

The real world can never be perfectly reproduced (for now). The important
combinations of real-world information and feedback that are important to driving
are not completely known.

Each exposure of trial affects responses to subsequent exposures.

High-end simulators, such as NADs, require considerable hardware and software
development to address a limited number of research questions.

Low-cost simulators can be imprecise and inflexible and therefore do not address all
needs.

Drivers do not believe in the authenticity of the simulation at a fundamental level and
responses are based on this perception.

Simulators are not able to address questions of driver behaviour, which is what a
driver does do in their own vehicle (Evans, 2004).

The extent that the driver training transfers to on-road skills is not known nor is the
relative cost-effectiveness of such programs (Jamson, 2001).
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2.4.2. Fidelity

Fidelity refers to the level of realism inherent in the virtual world. The closer a
simulator approximates real-world driving, in terms of the design and layout of the
controls, the realism of the visual scene, and its physical response characteristics, the
greater fidelity it is reported to have (Godley, Triggs & Fildes, 2002; Triggs, 1996).
Numerous dimensions of fidelity have been proposed, many of which relate to the
simulator’'s technical or physical characteristics, but these characteristics may not
necessarily correspond to the degree to which the simulator replicates the driving
experience.

Rehmann et al. (1995), proposed that there are four interrelated dimensions of
simulator fidelity:

» Equipment fidelity refers to the degree to which the simulator replicates the
appearance and feel of the real — world system, in terms of the layout of the vehicle
cockpit and the size, shape, color, and position of the vehicle / system controls.

» Environmental fidelity concerns the extent to which the simulator replicates motion
and visual cues, and other sensory information from the real — world environment.

» Objective fidelity refers to the degree to which a simulator replicates its real world
counterpart in terms of dynamic cue timing and synchronization (e.g., timing of the
visual cues matching steering inputs).

» Perceptual or psychological fidelity, is concerned with the degree to which the
driver perceives the simulation to be a believable reproduction of the real driving
task, and the degree to which the driver's pattern of interaction with the driving
environment and system controls corresponds to real — world driving.

The level and type of fidelity required by a simulator depends on the type of research
being conducted. It has been suggested that higher fidelity levels are required for
research where the results of the simulation are used to draw conclusions about real-
world driving performance, as when assessing whether interaction with an in-vehicle
device distracts drivers (Triggs, 1996).

In terms of the specific aspects of simulator fidelity that are most important for
distraction research, little research exists that can be used to guide this decision.
However, knowledge regarding what driving performance measures are affected by
distraction can provide some useful insights into what aspects of simulator fidelity might
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be important. For example, distraction, particularly visual distraction, has been shown to
affect drivers’ ability to maintain lateral position (Engstrom et al., 2005; Greenberg et al.,
2003). In turn, a lack of motion and visual cues has been shown to affect the precision
of lateral position control to a greater extent in simulators than actual vehicles, because
the absence of visual and kinesthetic feedback leads to a decreased ability to select
appropriate steering corrections (Reed and Green, 1999; Blaauwm 1982). Thus, it
appears that environmental fidelity, and the precise replication of motion and visual
cues in particular, is important for the accurate measurement of the effects of distraction
on lateral control. Distraction has also been shown to affect drivers’ visual scanning
patterns and their ability to detect events occurring in the periphery (Engstrom, et al,
and Ostlund, 2005; Recarte and Nunes, 2003), suggesting that a display screen with a
wide field of view is important to be able to capture the effects of distraction on the
detection of objects or events occurring in the driver's peripheral field of view. A
simulator’s fidelity can thus affect how sensitive it is to the effects of distraction.

The location of the in-vehicle system under evaluation, relative to the driver and the
roadway, and the type and layout of its controls are also important. The location of the
system in the simulated vehicle and its visual angle from the road should match precisely
its placement in real vehicles because its distance from the forward view directly
contributes to the degree of distraction it imposes on drivers. For example, a study on
monitor location within the vehicle revealed that as the downward viewing angle of the
display increased, the drivers’ ability to detect that they were closing in on a lead vehicle
decreased (Asoh, Kimura and Ito, 2000). In addition, the types of controls used and their
layout should be consistent across the simulated and real systems. Discrepancies in the
location and design of the in-vehicle system between simulated and real vehicles may
lead drivers to interact with the system differently in the simulator and, thus, lead to
driving performance being differentially affected across the simulated and real-world
environments.

2.4.3. Validity

Simulator validity typically refers to the degree to which behaviour in a simulator
corresponds to behaviour in real-world environments under the same condition
(Kaptei et al., 1996; Blaauw, 1982). The best method for determining the validity of a
simulator is to compare driving performance in the simulator to driving performance in
real vehicles using the same driving tasks (Blaauw, 1982). A number of studies have
examined driving simulator validity and have generally found good correlations
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between simulated driving performance and driving performance on real roads (Kaptei
et al, 1996; Engstrom et al., 2005).

There are two types of validity: absolute validity and relative validity. If the numerical
values for certain tasks obtained from the simulator and actual vehicles are identical or
near identical, absolute validity is said to have been achieved (Godley et al., 2002; Harms,
1992). Relative validity is achieved when driving tasks have a similar affect (e.g., similar
magnitude and direction of change) on driving performance in both the simulator and
real vehicles (Harms, 1992). Although limited, research has generally found that
simulators demonstrate good relative behavioural validity for many driving performance
measures, although absolute validity has rarely been demonstrated (Godley et al., 2002;
Reed and Green, 1999; Blaauw, 1982; Harms, 1992; Carsten et al., 1997; McLane and
Wierwille, 1975)

2.4.4. Simulator sickness

Simulator sickness has been a source of concern from the earliest days of simulator
development and application (Reason, 1978; Casali and Frank, 1988). Not every
individual experiences simulator sickness to the same extent, even in identical situations.
Reason’s (1978) neural mismatch model of sensory conflict theory states that
susceptibility is a product of an individual’s overall experience with motion sickness.

Like motion sickness, simulator sickness has been described as a syndrome because of
the breadth of its symptoms, including headache, sweating, dry mouth,
drowsiness, disorientation, vertigo, nausea, dizziness, and vomiting (Kennedy et al.,
1993; Cobb et al,, 1999). Cobb et al. (1999) have also documented a negative effect on
psychomotor control, believed to be the product of simulator sickness. Moreover, user
characteristics such as age, experience, gender, illness, mental rotation ability, and
postural instability play key roles in determining whether a participant will become sick.

Older adults tend to be more susceptible to simulator sickness than younger
participants (Roenker et al., 2003). Additionally, simulator sickness may vary by exposure
time; Cobb et al. (1999), have suggested that simulator sickness symptoms steadily
increase for up to one hour during exposure to a virtual environment before returning
to nominal levels 15 min later. During this adaptation period, however, some subjects
may become too ill to continue and thus never reach the 1-h mark.
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Finally, changes in scene content may affect the likelihood and severity of simulator
sickness (Jones et al., 2004). While some researchers view simulator sickness as a type
of motion sickness which occurs in a simulated environment, there are several reasons
to treat motion sickness and simulator sickness as related but separate maladies. To
begin with, motion sickness appears to occur in a larger portion of the population and
tends to be more severe than simulator sickness. Additionally, a key indicator of motion
sickness, drowsiness, does not necessarily indicate simulator sickness (Kennedy et al.,

1993). Furthermore, eye movement disturbances are more common in simulator
sickness.

2.5. Neurological diseases affecting cognitive functions

The brain is the body’s control center. It's part of the nervous system, which also includes
the spinal cord and a large network of nerves and neurons. Together, the nervous system
controls everything (Figure 2.7) from the five senses to the muscles throughout the
body.
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Figure 2.8. An oversimplified approach of localization of brain
functions (Biological psychology, 2004)
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Cognition is "the mental action or process of acquiring knowledge and understanding
through thought, experience, and the senses.” It encompasses processes such as
knowledge, attention, memory and working memory, judgment and evaluation,
reasoning and "computation”, problem solving and decision making, comprehension
and production of language, etc. Human cognition is conscious and unconscious,
concrete or abstract, as well as intuitive (like knowledge of a language) and conceptual
(like a model of a language). Cognitive processes use existing knowledge and generate
new knowledge.

The processes are analyzed from different perspectives within different contexts,
notably in the fields of linguistics, anesthesia, neurology, psychiatry, psychology,
education, philosophy, anthropology, biology, systemics, logic, and computer science.
These and other different approaches to the analysis of cognition are synthesized in the
developing field of cognitive science, a progressively autonomous academic discipline.
Within psychology and philosophy, the concept of cognition is closely related to
abstract concepts such as mind and intelligence. It encompasses the mental functions,
mental processes (thoughts), and states of intelligent entities (humans, collaborative
groups, human organizations, highly autonomous machines, and artificial intelligences)
(Blomberg, 2011).

Thus, the term's usage varies across disciplines; for example, in psychology and
cognitive science, "cognition" usually refers to an information processing view of an
individual's mental/psychological functions. It is also used in a branch of social
psychology called social cognition to explain attitudes, attribution, and group dynamics
(Sternberg & Sternberg, 2009). In cognitive psychology and cognitive engineering,
cognition is typically assumed to be information processing in a participant's or
operator’'s mind or brain (Blomberg, 2011).

When the brain is damaged, it can affect many different aspects of cognition, including
memory, sensation, language, perception, attention, executive functions and even the
whole personality of a person. Brain disorders include any conditions or disabilities that
affect the brain. This includes those conditions that are caused by illness, genetics, or
traumatic injury. This is a broad category of disorders, which vary greatly in symptoms
and severity.

Cognitive disorders are a category of mental health disorders that primarily affect
learning, memory, perception, and problem solving, and include amnesia, dementia, and
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delirium. Causes vary between the different types of disorders but most include damage
to the memory networks of the brain (Guerrero, 2008; Torpy, 2008). Treatments depend
on how the disorder is caused (trauma, degenerative disease etc.). Medication is the
most common treatments; however, for some types of disorders such as certain types
of amnesia, treatments can suppress the symptoms but there is currently no cure like in
case of Alzheimer’s disease (Torpy, 2008; Torpy, 2010).

Overall, there are more than 350 neurological diseases and disorders, out of which
approximately 35 are the most known to affect cognitive functions. Within the
framework of this PhD dissertation, the neurological disorders affecting cognitive
functions that were chosen to be examined are: Mild Cognitive Impairment (MCI),
Alzheimer’s disease (AD), and Parkinson’s disease (PD). The reason was that these
three neurological diseases affecting cognitive functions have preoccupied the
international literature the most and are considered to be the most widespread in the
modern societies regarding the fields of neurology and neuropsychology.

2.5.1. Mild Cognitive Impairment (MCI)

Petersen et al., (1995) has described the concept of Mild Cognitive Impairment (MCI)
as a cognitive state that lies between normal aging and dementia. Persons with MCl
exhibit cognitive decline beyond what is expected to be normal for age, but they are
overall functioning well and do not meet criteria for dementia. This condition has been
studied intensively for over 30 years. The term MCI was first employed in 1988 and
subsequently has been linked with a lot of possible etiologies and several terms
(Reisberg et al., 2008). A typical MCI patient is one who has a memory impairment
beyond what is felt to be normal for age, but is relatively intact in other cognitive
domains. Accordingly, the criteria proposed for MCI by Petersen et al. (2001) refer to:

» Memory complaint, corroborated by an informant

» Objective memory impairment

» Normal general cognitive function

» Normal activities of daily living

» Absence of dementia

Because the concept of MCl has been derived from clinical settings, MCI definitions are
continually being revised. Therefore, at present we can distinguish the following clinical
subtypes for the MCl concept, according to Petersen (2004):

» Amnestic MCl
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» Multiple domain (with a memory deficit) MCl
» Multiple domain (without a memory deficit) MCl
» Single nonmemory domain (i.e. with executive functioning deficits) MCI

Along with multiple definitions, different etiologies have been proposed for MCl. More
specifically, MCI can evolve as a result of a neurodegenerative process, such as
Alzheimer's disease (AD); most of the subjects with memory loss will progress to AD at
a rate of 10%-15% per year (Petersen et al, 2001). Another possible cause for the
appearance of MCl is vascular dementia, secondary to small vessel disease (Petersen et
al, 2001). The two MCI subtypes induced from this medical condition are the multiple
domain MCI and the single domain MCl (nonmemory domain, i.e. with executive
functioning deficits). Other etiologies or causes reported for the MCl condition are brain
trauma and metabolic disturbance (Petersen, 2004; Winblad et al., 2004). In amnestic
MCI executive and visuospatial functions are affected even in a lesser degree (Economou
et al., 2007).

2.5.2. Alzheimer’s disease (AD)

Alzheimer's dementia (AD) is increasingly being recognized as one of the most
important medical and social problems in older people in industrialized and non-
industrialized nations (Yiannopoulou & Papageorgiou, 2013) and accounts for 60% to
70% of cases of dementia (Burns, 2009; WHO, 2015).
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Figure 2.9. Comparison of a normal aged brain (left) and the brain of a person with Alzheimer's (right)

It is a chronic neurodegenerative disease that usually starts slowly and gets worse over
time (Burns, 2009; WHO, 2015). The most common early symptom is difficulty in
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remembering recent events (episodic memory loss) (Burns, 2009). As the disease
advances, symptoms can include problems with language, disorientation (including
easily getting lost), depression, loss of motivation, not managing self-care, and
behavioural issues (Burns, 2009; WHO, 2015). As a person's condition declines, they often
withdraw from family and society (Burns, 2009). Gradually, bodily functions are lost,
ultimately leading to death. Although the speed of progression can vary, the average life
expectancy following diagnosis is eight to ten years (Querfurth & LaFerla, 2010; Todd et
al., 2013).

The cause of Alzheimer's disease is poorly understood (Burns, 2009). About 70% of the
risk is believed to be genetic with many genes usually involved (Ballard et al., 2011).
Other risk factors include a history of head injuries, depression, or hypertension (Burns,
2009) and several vascular risk factors. The disease process is associated with plaques
and tangles in the brain (Ballard et al., 2011). A probable diagnosis is based on the history
of the illness and cognitive testing with medical imaging and blood tests to rule out
other possible causes. Initial symptoms are often mistaken for normal aging (Burns,
2009). Examination of brain tissue is needed for a definite diagnosis (Ballard et al., 2011).
Mental and physical exercise, and avoiding obesity may decrease the risk of AD (Ballard
et al, 2011).

No treatments stop or reverse its progression, though some may temporarily improve
symptoms (Yiannopoulou & Papageorgiou, 2013; WHO, 2015). Affected people
increasingly rely on others for assistance, often placing a burden on the caregiver; the
pressures can include social, psychological, physical, and economic elements (Thompson
et al,, 2007). Exercise programs are beneficial with respect to activities of daily living and
can potentially improve outcomes (Forbes et al, 2013). Treatment of behavioural
problems or psychosis due to dementia with antipsychotics is common but not usually
recommended due to there often being little benefit and an increased risk of early death
(NICE, 2014).

In 2015, there were approximately 48 million people worldwide with AD (WHO, 2015).
It most often begins in people over 65 years of age, although 4% to 5% of cases are
early-onset Alzheimer's which begin before this (Mendez, 2012). It affects about 6% of
people 65 years and older (Burns, 2009). In 2010, dementia resulted in about 486,000
deaths (Lozano et al., 2012).
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2.5.3. Parkinson'’s disease (PD)

Parkinson’s disease (PD) is a degenerative disease of central nervous system that
have an impact mainly on motor function. Symptoms of PD may vary from person to
person and include: tremor, slowness of movement (bradykinesia), rigidity, flexed
posture, shuffling gait or postural instability, impaired posture and balance, loss of
automatic movements. Later, thinking and behavioural problems may arise, with
dementia commonly occurring in the advanced stages of the disease, and depression
being the most common psychiatric symptom. Other symptoms include sensory, sleep,
and emotional problems. The main motor symptoms are collectively called
"parkinsonism", or a "parkinsonian syndrome". The main pathological finding in PD is
the death of cells that secrete dopamine in the pars compacta region of the substantia
nigra’ (Figure 2.10) (Fritsch et al,, 2012; Gazewood et al.,, 2013).

Parkinsons Disease

Non-Parkinson's

red nucleus

- reticular formation

cerebral aqueduct Substantia Nigra

Superior colliculus

Figure 2.10. Comparison between a normal aged brain’s substantia nigra and the respective of a
person with PD

Levodopa (L-Dopa), an amino acid precursor of dopamine, and a number of dopamine
agonists, are at present the basic therapy for the motor symptoms of PD. Moreover,
cognitive decline may be apparent to patients with PD. Attentional difficulties, executive
dysfunction, impairment of visuospatial abilities and decline in episodic memory are
considered to be the most frequently reported deficits (Dubois & Pillon, 1996). In 2013
PD was present in 53 million people and resulted in about 103,000 deaths globally

2 A brain structure located in the mesencephalon (midbrain) that plays an important role in reward,
addiction, and movement
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(GBD, 2013). Parkinson's disease is more common in older people, with most cases
occurring after the age of 50.

2.6. Neurological diseases affecting cognitive functions and driving
performance

Driving performance can be affected by a wide variety of medical conditions, such as
dementia (Ott & Daiello, 2010). MCI constitutes a medical condition that, as previously
noted, mildly affects cognitive functions. In a similar manner, according to the most
recent literature, MCI patients may experience an increased level of driving difficulties
in comparison to their healthy counterparts without, however, being characterized as
unsafe drivers (Fritteli et al., 2009; Kawano, et al., 2012; Olsen et al., 2014). So far, the
literature investigating driving performance in the MCI population is relatively sparse
(O’ Connor et al, 2010).

Researchers suggest that individuals with AD are more than three times more likely to
get involved in a car accident than age-matched drivers without primary degenerative
dementia (Massie & Campbell, 1993; Tuokko et al., 1995). However, it is generally
accepted that the accident probability in patients with dementia rises above acceptable
rates beyond the third year of the disease (Drachman et al., 1993). Moreover, severity of
cognitive and functional impairment has been correlated with worse driving
performance as measured by the Clinical Dementia Rating (CDR) (Dubinsky et al, 2001).

In their review, Man-Son-Hing et al. (2007) indicated that, in comparison to healthy
controls, AD patients have an impaired driving ability when tested with on-road driving
experiments and driving simulator assessments. On the other hand, there are some
studies which argue that not all patients with AD are unable to drive, especially in the
earlier-mild stages of the disease (Carr et al., 2000; Perkinson et al., 2005). Due to the
variance in the progression of symptoms in AD, most neurologists, neuropsychologists
or transportation practitioners are faced with the critical question in everyday practice
regarding the proper time for dissuading patients from driving, as ability to drive is an
important factor of daily life that is of critical importance for preserving mobility,
independence and self-confidence in the elderly (Gardezi et al., 2006; Johnson et al,
2013).

Several studies have investigated the driving capacity of patients with PD and have
attempted to detect significant predictors, in many cases successfully, of driving
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competence or incompetence in the specific clinical group. Because driving is a multi-
domain task that engages various aspects of cognitive functions and motor functioning,
studies investigating fitness to drive in patients with PD have used a large variety of
measures for predicting driving capacity. The multimodal clinical picture of PD appears
to influence in a negative fashion the performance of various activities of everyday life,
including driving, as indicated by research that shows that PD patients have an increased
risk to be engaged in car accidents (Uc & Rizzo, 2008; Uitti 2009). Dubinsky et al., 1991
conducted a retrospective study that included patients with PD and found PD patients
to have increased accident probability, which indicates that the association between the
level of motor functioning in patients with PD and car accident engagement is an area
that warrants further investigation.

The significance of administrating neuropsychological tests in order to evaluate the
driving performance of those in the early stages of dementia and those who are
cognitively intact concerns the international literature. The Mini Mental State
Examination (MMSE) is considered to be the most commonly used index for the
evaluation of general cognitive ability and a lot of studies suggest a consistent
relationship between driving performance and MMSE (Brown et al., 2004; Lesikar et al,,
2002; Uc et al,, 2005). Useful Field of View (UFQV) is a computerized test examining
visual attention and more specifically processing speed, divided attention, and selective
attention.

A lot of studies examined and confirmed the predictive validity of UFOV regarding
driving performance (Brown et al., 2005; De Raedt et al., 2001; Owsley et al, 1991;
Paccalin et al., 2005; Uc et al., 2004; Whelihan et al, 2005). The Driving Scenes Test of the
Neuropsychological Assessment Battery (Stern et al., 2003; Brown et al., 2005) was
developed as a measurement of visuospatial attention skills considered to be important
in driving ability. Finally, tests that appear to be efficient predictors of driving
performance evaluating executive functions are: Porteus Maze Test (Grace et al., 2005;
Ott et al., 2003), Trail Making Test - Trails A and B (Dawson et al., 2009; Ott et al., 2008;
Paccalin et al., 2005; Reger et al., 2004; Szlyk et al., 2002) and Clock Drowning Test (De
Raedt et al., 2001; Freund et al,, 2002; Ott et al., 2000).

In the following chapters, an exhaustive literature review regarding the driving
performance of drivers with the three examined neurological diseases affecting
cognitive functions (MCl, AD and PD) is presented.
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2.6.1. Drivers with MCI

2.6.1.1. Driving performance of drivers with MCl

In this chapter, eight studies that examine the driving performance of patients with
MCI (4 through on-road assessment and 4 through driving simulator experiment) are
presented and the critical parameters assessing the driving performance of this group
of patients are extracted. In Table 2.3, all following studies and their basic results are
presented.

Snellgrove, (2005) evaluated the driving behaviour of patients with MCl through an on-
road driving experiment. Results indicated that 50% of patients with MCI failed the
driving test because of a series of driving errors: left and right turn errors, general driving
errors and late braking related to poor planning and observation skills, difficulty to
control the vehicle's speed, poor car positioning in the lane, pedal confusion and lack of
defensive driving.

More driving errors were made also by MCI participants in another study (Bowers et al.
2013).The authors examined the highway and non-highway driving skills of 11 patients
with MCI. Results suggested that 8 MCI patients were rated as “at risk” committing
driving errors such as, highway, observation, planning, speed control and indication
errors.

Wadley et al. (2009) investigated the driving performance of 46 adults with MCl and 59
cognitively intact older adults using an on road driving experiment. All participants went
through a neurological and neuropsychological examination and a visual screening. The
on-road assessment was carried out using a standardized route with clear weather
conditions, with a duration of 45 minutes, under the supervision of a certified driving
rehabilitation specialist blind to the participants’ group status. Participants’ driving
behaviour was rated on a 5 point Likert scale and included several driving indexes, such
as lateral position, gap judgment, turning, maintaining proper speed, stopping distance,
signaling, obeying traffic signs, pre-turn and post-turn position, headway, steer
steadiness, pre-crossing and post-crossing position and proper scanning of driving
space. The results indicated significant differences between the MCI and the control
group regarding lateral position and left-hand turns.
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Frittelli et al. (2009) investigated the driving performance of 20 patients with mild AD,
20 patients with MCl and 20 controls, of similar demographic characteristics, using a
driving simulator experiment3. All participants were administered the Stanford
Sleepiness Scale, the MMSE and a simple visual reaction time test. The driving simulation
task included a two-lane urban road about 6km long with good visibility conditions, and
a variety of events. Results indicated significant performance differences between AD
patients, MCI participants and normal controls in mean time to collision and number of
off-road events. The authors concluded that mild AD significantly affects driving
behaviour, whereas MCl has a limited impact on driving skills, and proposed that studies
should target the investigation of accident risk.

A study that indicated no statistically significant differences between MCI drivers and
healthy controls is that of Devlin et al. (2012). They investigated the brake patterns of
older drivers with MCl when approaching junctions, as compared to their age-matched
healthy counterparts, through a portable driving simulator. Fourteen drivers with MCI
and 14 healthy controls with similar demographics and self-reported collisions
experienced in the past 2 years, participated in the study. Researchers designed a brief
driving scenario incorporating a number of intersections and monitored driver foot
movements. All participants went through cognitive, vision and physical assessments.
Screening included the administration of the MMSE, the Rapid Pace Walk test (see
Appendix for definition), the Trail Making Test-part B (TMT-B), a reaction time task and
a test for visual acuity. Overall, driving performance of MCl patients was worse than that
of cognitively intact individuals but there was no statistically significant difference in any
of the driving indexes, or in any of the neuropsychological and motor measures between
the two groups.

Kawano et al. (2012) focused on identifying the specific cognitive characteristics of MCl
patients that may predict safe driving performance. They designed a case control study
and compared the driving performance of 12 patients with MCl, 26 elderly controls, and
19 young healthy adults using a simulated driving test. The driving evaluation task
included a road tracking task, a car-following task, and a harsh braking task. The MClI
group performed significantly worse than the normal older adults on the car-following
task and significantly worse than the normal young adults on the car-following task and
the road-tracking tasks. The authors suggested that differences in driving performance
between MCI drivers and their age-matched counterparts may be due to poor flexibility

3 This study could be considered in the next section as well, because AD patients were also examined
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and impaired visual attention, warranting the close supervision of the MCI driving
population.

Griffith et al. (2013) indicated that drivers with amnestic MClI made more driving errors
than cognitively intact individuals, in an on-road task. Driving variables that were
examined included crossing intersections, merging, turning at junctions, exiting the
interstate, changing lanes, driving on straight stretches and taking turns. The authors
indicated difficulties in lateral position of patients with MCl, suggesting a link between
the MCI and difficulties in positioning the vehicle in the lane. These visuospatial deficits
by MCI patients are explained by the findings of Economou et al., (2007).

Finally, in a study conducted by our research team (Pavlou et al., 2015a) we investigated
the driving behaviour of drivers with neurological diseases affecting cognitive functions
through a driving simulator experiment. More specifically, the objective of this research
was the analysis of the driving performance of drivers with (AD) and (MCl)*, on the basis
of a driving simulator experiment, in which healthy “control” drivers and drivers with
neurological diseases affecting cognitive functions drove in different driving scenarios,
following a thorough neurological and neuropsychological assessment. The driving
scenarios included driving in rural and urban areas in low and high traffic volumes. The
driving performance of drivers impaired by the examined pathologies (AD and MCI) was
compared to that of healthy controls by means of Repeated Measures General Linear
Modeling techniques. In this paper, a sample of 75 participants (38 healthy controls, 14
AD patients and 23 MCI patients was analyzed and various driving performance
measures were investigated, including speed, lateral position, steering angle, headway,
reaction time at unexpected events etc., some in terms of their mean values and some
in both their mean values and their variability. The results suggested that patients with
AD and MCI performed significantly worse than the cognitively intact individuals, and
there were common driving patterns for both neurological diseases. More specifically,
drivers with the above cerebral diseases had significantly lower speeds, kept larger
headways compared to healthy drivers, appeared to have difficulties in positioning the
vehicle on the lane, and had longer reaction times.

4 This study could be considered in the next section as well, because AD patients were also examined
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2.6.1.2. Self-assessment of driving status of patients with MCl

Examination of self-assessment of driving performance in patients with MCI also
has divergent results. According to some researchers, drivers with MCl seem to maintain
a good level of self-awareness as regards driving ability (Okonkwo, 2009), although self-
awareness of deficits in MCI patients is controversial (paper accepted for publication,
Fragkiadaki et al., 2016). Drivers with MCl reduce their driving frequency at a faster rate
that cognitively intact individuals and they avoid difficult driving situation in a similar
patterns as patients diagnosed with dementia (O' Connor 2010; 2013, Keay et al., 2009).

On the contrary, a study by Meng et al. (2013) reported that, although cognitively
impaired individuals (mean score MMSE: 25) are self-aware of their cognitive difficulties,
they do not report the same as regards their driving abilities while cognitively intact
older drivers in the particular study seemed to perceive changes in driving ability and
reported driving-related discomfort. However, in the particular study no comparison to
objective measures of driving performance was reported.

A recent qualitative study (Johnson et al,, 2013) investigated the views of seven MCI
individuals regarding decision making on driving cessation. Maintaining agency
emerged as the key issue considering the analysis of the results. That is, MCl participants
valued driving to preserve their autonomy, independence, control and - for the male
participants only - masculine identity. Moreover, participants reported that, although,
they would respect and consent to their general practitioner’s advice to stop driving,
they would have preferred to decide to stop driving themselves or to self-regulate their
driving (i.e., slower driving, avoiding peak hours). The authors suggested that involving
elderly individuals with MCI in the decision about driving cessation, would lead to
enhanced quality of life in this population, and highlighted the symbolic importance of
driving to male drivers.

In a recent study by Vardaki et al., (2016) a number of variables (age, memory
assessment and self-report of driving avoidance and global driving ability) were utilized
in order to predict probable diagnosis of MCI. From the aforementioned variables, only
the self-report of global driving ability was statistically significant in predicting diagnosis
of MCI.
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2.6.1.3. Prediction of driving behaviour of patients with MClI

Bowers et al., 2013, assessed the highway and non-highway driving skills of 11
individuals with MCI. Eight were rated as being at risk committing highway, observation,
planning, speed control and indication errors. The best four-test combination,
identifying high risk drivers with 95% specificity and 80% sensitivity (.91 area under the
curve (AUQ)) included the Mini Mental State Examination (MMSE), Useful Field of View-
subtest 2, visual acuity and contrast sensitivity. The best single predictor with an AUC of
.84 was the UFOV-subtest 2. The authors concluded that it is imperative to establish test
batteries, both sensitive and specific, with high predictive power of at risk drivers.

In a study conducted by our research team (Beratis et al., 2015- submitted) we explored
the impact of depressive symptomatology in the MCI population. We examined 24
individuals with MCl and 16 cognitively intact individuals. For the assessment of
depressive symptomatology we used the Patient Health Questionnaire (PHQ-9) along
with a simulator driving assessment and a battery of neuropsychological tests. Our
results indicated that the presence of depressive symptoms may be correlated with a
number of driving variables in MCl patients that included longitudinal parameters,
namely average speed, average headway distance and headway distance variation as
well as lateral parameters, such as lateral position variation and average wheel position.
What is more, significant associations were also present with measures directly linked
with the possibility of a road accident, such as actual number of crashes, hits of side bars
and number of speed limit violations. Similar associations between depressive
symptoms and driving performance were not found in the analysis of the control group.
Hence, this pattern of findings, at least in terms of effect size as indicated by the larger
correlation coefficient values, appears to be specific for individuals with MCI.

2.6.1.4. Conclusions

In this review, the question of driving competency in the MCI population was
addressed. Several studies were examined, including the assessment of driving ability
through on-road testing, driving on a simulator and questionnaires. Regarding the
driving performance of drivers with MCl compared to that of healthy controls, as the
review of driving simulator and on-road experiments indicated, a summarized Table (2.5)
is presented below:
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Table 2.5. Review regarding driving performance of patients with MCl
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However, these conclusions are to be considered with some caution; given the small
number of existing studies and their methodological variability, it is not yet safe to draw
final conclusions. It is thereby noted that on-road assessments, simulator studies and
self-report questionnaires have different objectives, advantages and limitations.

In addition to these different methodological properties of the experimental procedures,
the designs of the experiments show very considerable variability, in terms of the driving
performance measures used (e.g. number of errors for the on-road assessments, speed
and lateral position for the simulators, self-reported driving frequency in the
questionnaires), the duration of the assessment, the confounding factors controlled for
etc., making it difficult to compare the results. It has also been emphasized that there is
notable variability in the neuropsychological tools used to complement the assessment
- while the related selection criteria for forming the batteries are often unclear -, making
it difficult to validate the association of each tool with driving ability.
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Of those studies assessing driving competence through on road testing, it seems that
MCI patients, although they experience subtle changes in their driving competence are
still able to drive. However, a level of impairment compared to healthy controls is
generally being reported meaning that they still constitute a population at risk that
warrants close supervision.

In accordance to the relative heterogeneity of outcomes of the on-road assessment
studies, authors investigating driving competency through simulators also resulted in
ambiguous findings. One study showed a limited impact of MCI on driving ability (i.e.
mean time to collision), one study investigating brake patterns found no significant
differences between MCI and healthy controls, whilst the third study presented
significant differences in driving performance in a car following and in road tracking
tasks.

Although MCI people preserve their awareness regarding their driving ability they
experience changes in their driving behaviour such as poor scanning and observation
of traffic and road signals, confusion with pedals and lack of anticipatory or defensive
driving, errors on left turns and poor lane control. Studies involving the self-assessment
of MCI population with regards to their driving status highlighted the great importance
that driving holds with regards to their dependence and reported decline in driving
frequency driving difficulties, situational avoidance, avoidance of unfamiliar areas and
high traffic roads.

In a study by Olsen et al (2014) the question whether patients with MCI are safe to drive
was addressed under the presence of unclear driving guidelines and assessment
methods for the particular group. As the authors suggest, current guidelines in the
United Kingdom do not distinguish memory impairment in a continuum from mild
deficits to the level of dementia, resulting in a rather hazy interpretation of the term
“cognitive impairment”. What is more, no driving assessment is strictly required when
concerns arise and it depends on the clinician to refer the patient for further evaluation.
The authors also draw significant concern of the psychological and social consequences
of screening for cognitive impairments resulting on a diagnosis and on the possible
necessity for implementing driving restrictions. In conclusion, the lack of unified
guidelines and evaluation tools across countries and the avoidance of timely driving
assessment due to the negative impact on the patients’ quality of life deter proper
diagnosis and treatment in individuals with cognitive deficits.
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Overall, while most on-road studies have shown that MCl patients are fit to drive, studies
on a simulator environment have demonstrated that individuals with MCI are deficient
in a number of variables compared to their healthy counterparts. Detection of deficient
MCI drivers is critical for road safety. Prediction of driving fitness seems to be possible
by neuropsychological tests and/or neurological or psychiatric measures (Beratis et al.,
2015 — submitted). However, prediction of specific errors is still lacking in the literature
or scarce.

Papageorgiou et al, (2014) indicated that neurological and neuropsychological
measures are useful predictors of driving performance indexes of individuals with MCI.
Measures assessing balance and movement coordination, visuospatial memory, speed
of attention and information processing speed made the most important contribution
on predicting various indexes of driving performance in the MCI group.

It may be interesting to note that, in addition to the general consensus among existing
studies on the effect of MCl on driving performance, some known driving patterns often
adopted by the general elderly population, are also identifiable in the MCI population,
such as the awareness of physical and often cognitive decline, the adoption of
compensatory strategies (e.g. driving at lower speeds, avoiding complex driving
conditions etc.). However, the degree to which these patterns and compensatory
strategies may have a positive or negative effect on their eventual crash risk is a most
challenging research question.

Consistent with previous reports regarding levels of cognitive functioning, MCI
constitutes an intermediate stage between normal aging and dementia. With regards to
driving competence, this statement reflects an issue that requires further investigation.
It has been argued that an interaction between the progressing of the pathology and
the impaired driving exists for these individuals, making it difficult, and most interesting
for further investigation, to conclude whether the stage of the disease is a predictor of
driving ability or vice-versa.

Due to the heterogeneity of the MCI population, in terms of etiology, symptoms and
evolvement, the systematic monitoring of the MCl population is stressed in all studies.
Future studies, preferably by applying longitudinal designs, could expand our insight in
the nature and particularities of driving ability in patients with MCI.
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2.6.2. Drivers with AD

2.6.2.1. AD and driving ability

The risk of motor vehicle crashes for cognitively impaired individuals was first
reported in 1967 (Waller, 1967). In the following years, many researchers have
demonstrated that persons with dementia in the moderate or severe stage are incapable
of driving (Johansson & Lundberg, 1997) and have been reported as contributing to
hazardous driving (Brown and Ott 2004; Ernst et al. 2010; Johansson and Lundberg,
1997; Dubinsky et al., 1992; Rizzo et al,, 2001; Uc et al., 2005; Uc et al., 2006; Ott 2008;
Ernst et al. 2010), posing a significant risk to individual and public road safety (Man-
Song-Hing et al., 2007; Reger et al,, 2004; Lincoln et al., 2009) with increased possibility
of getting lost (Kaszniak, Nussbaum, & Allender, 1990; Eby et al.,, 2012; Uc et al., 2004)
or even cause crashes as pedestrians (Gorrie et al.,, 2008).

Lucas et al., (1988), reported that 30% of patients diagnosed with dementia had been
involved in a car accident since the initial report of their cognitive symptoms. Other
researchers found that individuals with Alzheimer’s disease are 2.5 to 4.7 times more
likely to be involved in a car crash than age-matched drivers without primary
degenerative dementia. Indeed, the risk for crashes in demented patients rises above
control rates beyond the third year of the disease (Drachman & Swearer, 1993), and
patients with a score on the Clinical Dementia Rating scale (CDR) (Morris, 1993)
exceeding one point (corresponding to moderate stage dementia) have worse driving
performance when compared to patients with a CDR=0.5 (corresponding to
questionable dementia or MCI) (Duchec et al., 2003; Stein & Dubinsky, 2011). In fact,
higher CDR scores have been associated with poorer driving in several studies (Dubinsky
et al., 2000; Hughes et al., 1982).

A systematic review conducted by Man-Son-Hing et al. (2007), clearly demonstrates that
patients with AD perform more poorly on driving ability tasks when compared to control
groups, both in on-road and driving simulator evaluations, and are more likely to drive
slowly or off-road, and to have difficulties when attempting left turns (Uc et al., 2005;
Cox et al, 1998). However, the duration of the disease forms only a very tenuous
relationship with driving ability (Friedland et al., 1988; Reuben, 1991) and not all patients
are incapable of driving, especially in the earlier stages of the disease (Perkinson et al.,
2005, Trobe et al., 1995; Carr et al., 2000; Brown & Ott 2004; Ernst et al.2010; Withaar et
al. 2000). Patients with very mild to mild AD may still be safe drivers, especially when
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substantial driving experience, available through procedural memory, helps an
individual to compensate for impairments (Piersma et al., 2016). Anderson et al. (2007)
found that memory impairment does not impair most aspects of the driving
performance of experienced drivers, but may increase safety risk under conditions of
distraction.

According to the American Academy of Neurology (Iverson et al, 2010) and the
Alzheimer's Association, a diagnosis of dementia is not, in and of itself, a sufficient
reason to withdraw driving privileges; instead, the withdrawal of driving privileges
should be based on the individual’s driving ability. Although there is general consensus
among professional organizations for recommending cessation of driving to patients at
the moderate and severe stage of the disease, proper guidelines for those at the early
stages of the disease are debatable. Given this evidence, it is particularly important to
determine the cognitive or functional factors most likely to contribute to driving
impairment among those with AD, especially when taking into account that a vast
majority of patients with AD are active drivers (Mauri et al., 2014).

2.6.2.2. Driving performance of drivers with AD

In this chapter, thirteen studies that examine the driving performance of patients
with AD (5 through on-road assessment and 8 through driving simulator experiment)
are presented and the critical parameters assessing the driving performance of this
group of patients are extracted. In Table 2.4, all following studies and their basic results
are presented.

Hunt et al. (1997) evaluated the reliability of a standardized road test and found that
failure rate on the road test for the group of controls was 3%, for patients with very mild
AD was 6 times higher, and for patients with mild AD was 14 times higher. They
concluded that dementia adversely affects driving performance even in its mild stages,
although some AD patients drive safely for some time after the start of the disease. A
traffic-interactive, performance-based road test that examines cognitive behaviours,
provides an accurate and reliable functional assessment of driving behaviour. Likewise,
Fitten (1995) showed that individuals with mild AD perform significantly worse on an
on-road assessment than control subjects, with the demented group driving at slower
speeds and making more driving errors.
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More driving errors were made also by AD participants in another study (Bieliauskas et
al, 1998). They investigated the performance of 9 individuals with AD and 9 age-
matched controls on neuropsychological testing on an on-the-road driving test. Patients
with AD differed significantly from controls on all neuropsychological tests, measures of
driving error and reaction times. Although certain general cognitive measures appeared
to predict some driving errors for those with AD, neuropsychological tests showed
relatively weak overall power in predicting measured driving errors, consistent with most
of the literature.

Uc et al. (2004), aimed to assess navigation and safety errors during a route-following
task in drivers with AD. Thirty-two subjects with probable AD of mild severity and 136
neurologically normal older adults were tested on a battery of visual and cognitive tests
of abilities that are critical to safe automobile driving. Each driver also performed a
route-finding task administered on the road in an instrumented vehicle. Main outcome
variables were number of a) incorrect turns, b) times lost, and c) at-fault safety errors.
The drivers with mild AD made significantly more incorrect turns, got lost more often,
and made more at-fault safety errors than control subjects, although their basic
vehicular control abilities were normal. The navigational and safety errors were predicted
using scores on standardized tests sensitive to visual and cognitive decline in early AD.
The authors concluded that drivers with AD made more errors than neurologically
normal drivers on a route-following task that placed demands on driver memory,
attention, and perception.

Ott et al. (2008) examined the driving impairment of patients with dementia, in order to
focus on the driving abilities primarily impaired in this kind of cerebral disease. For that
purpose, they examined 84 individuals with clinically diagnosed AD and 44 cognitively
intact individuals of similar demographic characteristics. They assessed the participants
over a period of 3 years during which they went through cognitive, neurologic, visual
and physical evaluations, and the participants’ family informants provided the
experimenters with information regarding accident history and traffic violations history.
All subjects also participated in an on-road driving evaluation two weeks after the
medical assessment. The results indicated that, overall, individuals with AD had worse
driving performance than the control group, they had more accidents and presented a
more significant deterioration of their driving performance over the years. However, the
level of driving impairment depends on the stage of the disease and the demographic
characteristics.
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Dawson et al. (2009) aimed to measure the association of cognition, visual perception,
and motor function with driving safety in AD. For that purpose, 40 drivers with probable
early AD and 115 elderly drivers without neurologic disease underwent a battery of
cognitive, visual, and motor tests, and a driving simulator experiment. A composite
cognitive score (COGSTAT) was calculated for each subject based on eight
neuropsychological tests. Drivers with AD committed an average 10 more safety
errors/drive compared to drivers without AD; the most common errors were lane
violations.

Eby et al. (2012) compared the driving performance of drivers with mild dementia to
that of healthy controls without any cerebral disorder, on an on-road experiment. The
objective of this project was to use in-vehicle technology to describe a set of driving
behaviours that may be common in individuals with early stage dementia and compare
these behaviours to a group of drivers without cognitive impairment. Seventeen drivers
with a diagnosis of early stage dementia, who had completed a comprehensive driving
assessment and were cleared to drive, participated in the study. Participants had their
vehicles instrumented with a suite of sensors and a data acquisition system, and drove
1-2 months as they would under normal circumstances. Data from the early stage
dementia group were compared to similar data from an existing dataset of 26 older
drivers without dementia. In general, the driving performance of the two groups was
not significantly different. However, the group of mild AD was found to have lower
driving speed, was more unlikely to use their seat-belt and had disorientation issues.
More specifically, the early stage dementia group was found to have significantly
restricted driving space relative to the comparison group. At the same time, the early
stage AD group drove as safely as the comparison group. Few safety-related behavioural
errors were found for either group. Wayfinding problems were rare among both groups,
but the early stage dementia group was significantly more likely to get lost.

Cox et al. (1998) indicated that AD patients when operating a driving simulator are more
likely to have difficulty comprehending and operating the vehicle, drove outside the
road lines, drove at significantly slower speed than the permitted limit, hit the brakes
with little pressure when it is necessary, had difficulties with left turns and had a worse
driving performance overall.

Frittelli et al. (2009) compared 20 patients with mild AD and 20 patients with MCI (as
clustered by the CDR scores) with a group without any cognitive decline on a driving
simulation task. Participants with mild AD had worse performance on two simulated
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driving indexes: a) mean time to collision and b) number of off-road events. Visual
reaction times were worse in the mild AD group and had a marginal correlation with
their performance on the simulator.

Rizzo et al. (2001) studied the response of 18 drivers with AD and 12 healthy controls of
similar age to a vehicle incursion at an intersection in a high-fidelity simulator (lowa
Driving Simulator). The results indicated increased crashes for the AD group,
inappropriate or too slow control responses, and inattention 5 sec preceding a crash
event. Measures of lateral control and longitudinal vehicle control on the uneventful
segments before the intersection varied within restricted ranges and did not differ
significantly between the two groups. Interestingly, the authors suggest in their
discussion that by manipulating task demands in a simulated environment, that is by
increasing “exposure” of cognitively impaired drivers and posing sufficient challenge, it
is possible to observe safety errors of different types and infer crash risk through these
observations.

Uc et al. (2006) tested avoidance of rear-end collisions in 61 drivers with AD and 115
elderly controls, all holding valid driving licenses, using a high fidelity driving simulator.
Indexes of driving performance used were the standard deviations of mean steering
wheel position, mean speed change, mean number of large steering adjustments (>6)
per minute. The response of the AD subjects in collision avoidance situations was less
effective than that of the control group. Although the likelihood of rear-end collisions
in AD drivers was not significantly higher, they were less quick to react and were more
likely to respond in an unsafe manner, by suddenly slowing down or stopping before
reaching the intersection. Drivers with AD had poorer vehicle control than cognitively
intact drivers, based on significantly increased variability and a tendency for increased
speed variability in baseline driving circumstances under low traffic conditions on an
uneventful segment of two-lane highway. Poorer vehicle control at baseline predicted
unsafe outcomes in the complex driving condition at the intersection, suggesting that
basic driving performance measures in the driving simulator can predict outcomes in
high risk situations.

Finally, Vaux et al. (2010) studied how the ability of participants with neurodegenerative
disease (AD or PD)> to detect impending collisions differed from that of cognitively
intact subjects of comparable age in a low-fidelity simulator (6 AD patients, 8 PD patients
and 18 healthy controls). Performance on a battery of standardized neuropsychological

> This paper could be considered in the next section as well, because PD patients were also examined
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tests suggested early cognitive decline in the AD and PD group. The dependent variables
were the collision detection sensitivity, indicating the ability to detect collision, and
independent variables were the number of obstacles and time to collision. The results
suggest that drivers with AD and PD required additional time to detect impending
collisions, which likely impairs their ability to avoid collision events measured by the
current simulation task. Impairments on the collision detection tasks in the
neurodegenerative disease group reflected a variety of combined disturbances of visual-
sensory processing, motion processing, attention, visuospatial skills and executive
functions, as implied by the association between poor collision sensitivity and poor
performance on tests of cognition and visual attention.

2.6.2.3. Neuropsychological contributions to driving assessment in AD

The predictive validity of neuropsychological tests for estimating the driving
ability of patients with dementia and thus making recommendations about their driving
status would be expected to correlate with their performance on on-road evaluations.
However, within dementia samples, most neuropsychological tests correlated poorly
with on-road test variables, with the exception of tests of visuospatial perception and
attention—concentration (Reger et al., 2004).

As studies regarding the assessment of driving ability in older individuals and patients
with AD accumulate, a growing body of research underscores the importance of
administering neuropsychological tests to estimate the driving ability of both healthy
adults and those in the early stages of cognitive decline. However, studies investigating
the relationship between performance on neuropsychological tests and fitness to drive
have yielded ambiguous results. This ambiguity underscores the importance of
developing appropriate cognitive screening batteries in order to achieve a valid and
reliable prediction of driving competence in patients with AD who may be at risk to drive
(Hunt et al., 1993).

For example, Trobe et al. (1996) examined scores on neuropsychological tests as
predictors of adverse driving events. They reviewed the crash and violation rates of 143
licensed drivers with Alzheimer's disease and 715 licensed drivers as control subjects.
The results showed that neuropsychological performance could not predict future
crashes or violations. However, other studies examining the same question have
concluded that there is a correlation between driving ability and neuropsychological
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variables, especially those measuring attention and executive skills (Uc et al., 2005; Elkin-
Frankston et al., 2007).

The MMSE is the most commonly used measure for the evaluation of general cognitive
ability among the elderly. A number of prospective and review studies have examined
performance on the MMSE in relation to driving abilities, with variable results. Although
the inconsistency of the MMSE as a predictor of driving ability has been shown in a
number of studies (Uc et al., 2005; Fitten et al., 1995; Adler & Kuskowski, 2003; Paccalin
et al., 2005), other studies suggest a consistent relationship between the two (Brown &
Ott, 2004; Fox et al., 1997; Lesikar et al., 2002).

Attention, particularly visual attention, was one of the first functions identified in the
literature as an important cognitive factor in relation to driving. Deficits in attention are
present even in the early stages of AD, when individuals are more likely still to be driving.
Selective attention, the ability to focus on a specific stimulus among others occurring
simultaneously, is more specific to driving deficits than other components of attention,
such as divided and sustained attention (Duchek et al., 1997; Parasuraman &Nestor,
1991). More specifically, selective attention refers to the ability to identify the important
information in the environment, while ignoring the irrelevant, and presumably is critical
for driving skills (Duchek et al., 1998).

The development of visual attention tests, administered via computers, has yielded
greater consistency in findings than more traditional neuropsychological tests. The
Useful Field of View (UFOV) is a computerized test examining the visual area available
in a single glance, without head or eye movements and may also serve as a measure of
the ability to detect, identify and localize a target among distracting stimuli. It was
developed by Ball et al., (1993) and appears to be a valid predictor of driving ability.
Using logistic regression models, Sims et al. (1998) found that a 40% reduction in UFOV
was correlated with increased crash involvement. Moreover, Owsley et al. (1991) have
suggested that statistical models incorporating the UFOV and the Dementia Rating
Scale (DRS) have been useful in predicting the frequency of accidents in groups of older
drivers. Thus, it appears that measures of selective attention are good predictors of
driving in the elderly population, especially those with Alzheimer's disease. Additionally,
based on the findings from these computerized visual attention tasks, the Driving
Scenes Test of the Neuropsychological Assessment Battery (Stern & White, 2003) was
developed as a measurement of visuospatial attention skills considered to be important
in driving ability. Brown et al (2005) suggested that the aforementioned
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neuropsychological test appears to have good ecological validity for real-world driving
ability in normal and very mildly demented older adults.

Tasks measuring executive functions have also been reported to correlate with on-
road tests of driving ability (Uc et al., 2005; Ott et al., 2003; Reger et al., 2004; Brown &
Ott, 2004; Szlyk et al., 2002; Whelihan et al., 2005). More specifically, the Porteus Maze
test, the Trail Making Test, particularly Part B and the Clock Drowning Test appear to be
effective predictors of driving ability. Etienne and her collaborators (2013) studied
mental flexibility in patients with early AD and how this function may affect driving
performance. They found that AD patients had a significant worse performance in
mental flexibility test than the control group and this deficit was linked to the deficit
they showed in the driving simulator flexibility tests.

Episodic memory is one of the first functions to show decline in Alzheimer’s disease,
although it has not been considered a primary factor in driving ability. Yet Szlyk et al.
(2002) found that Logical Memory (Immediate Recall condition) of the Wechsler
Memory Scale-Revised (WMS-R), a measure of anterograde episodic verbal memory,
had a significant relationship with several driving measures, such as lane boundary
violations. Similarly, Uc and colleagues (2004) found that the Rey Auditory Verbal
Learning Test recall condition could serve as a predictor of incorrect turns, number of
times lost, and at-fault safety errors. Anderson (2007) found a positive association
between neuropsychological tests (Rey Auditory, Verbal Learning Test (AVLT) and
Complex Figure Test Recall (CFTR) with prospective crash rate.

As seen so far, a number of studies have examined a variety of neuropsychological tests
as predictors of driving ability but not all tests have yielded conclusive results. For
example, Hunt et al. (1993) in a study of on-road driving performance concluded that
several neuropsychological measures (WMS-R Logical Memory, Benton Visual Retention
Test (BVRT), Trail Making Test - Trails A, Boston Naming Test, Wechsler Adult Intelligence
Scale - R (WAIS-R), Digit Symbol correlated with driving performance. Although Verbal
Fluency was not related to driving performance in this study, it was associated with
driving performance using a driving simulator in another study. By contrast, Fox et al,,
(1997) did not find any relationship between the neuropsychological measures
employed (Visual Form Discrimination Test, Judgment of Line Orientation Test, Trail
Making Test - Trails Trails A and B, BVRT, and WAIS-R subtests) and an on-road driving
evaluation.
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A meta-analysis by Reger et al. (2004), revealed a significant relationship between
neuropsychological functioning and driving ability, as measured by on-road tests and
off-road tests. Visuospatial perception may play a critical role in accurately positioning
the car on the road and operating it, in judging distances and in predicting the
development of traffic situations; thus, visuospatial tests may be particularly helpful in
evaluating driving ability and in identifying unsafe drivers. Impairments of visuospatial
abilities is often a primary symptom in early Alzheimer’s disease and other dementias,
especially under more complicated task demands. Reaction time has also been found to
be impaired significantly in patients with Alzheimer's disease on an on-road driving
evaluation. In the study of Dawson et al. (2009), those neuropsychological tests that
reliably predicted fitness to drive in individuals with Alzheimer's disease were measures
of working memory (BVRT), visuoconstructional skills (Complex Figure Test-Copy),
motor function (Functional Reach), and visual search and visual motor speed (Trail
Making Test-Part A).

Szlyk and colleagues (2002) examined the relationship between a neuropsychological
test battery and driving simulation performance. Their battery was formed based on a
survey answered by 125 neuropsychologists inquiring about the kinds of
neuropsychological tests in use for driving ability screening. According to the results of
the survey, a battery of nine cognitive tests was developed: the Seashore Rhythm Test,
Logical Memory from the WMS-R (Immediate and Delayed Recall conditions), Visual
Reproduction from WMS-R (Immediate and Delayed Recall conditions), Trail Making
Test (Parts A and B), Digit Span, Digit Symbol, Block Design, Visual Form Discrimination
and the Zoo Map Test. A group of patients with suspected dementia participated in a
driving simulation task in which they had significantly more lane boundary crossings
and slower driving speed than control participants. Number of lane boundary crossings
was correlated with the greatest number of neuropsychological test variables and
poorer cognitive performance overall. More specifically, Trails A and B and immediate
recall on Logical Memory (WMS-R), correlated with the largest number of driving
measures.

2.6.2.4. Conclusions

In this review, the question of driving competency in the AD population was
addressed. Several studies have shown impaired in driving in on-road, as well as
simulation experiments, among patients with AD. However, as subgroups of these
patients have been found to be capable of driving, an accurate prediction of fitness to
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drive is crucial for patients with AD. Regarding the driving performance of drivers with
AD compared to that of healthy controls, as the review of driving simulator and on-road
experiments indicated, a summarized Table (2.6) is presented below:

Table 2.6. Review regarding driving performance of patients with AD
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More specifically, several studies have clearly demonstrated that driving performance
declines considerably in individuals with AD and several on-road and simulator studies
indicated worse driving performance for AD group compared to healthy controls in
several driving measures. However, the research findings are less conclusive when it
comes to the early stages of the disease, such as MCl or mild dementia. In these cases,
there is variability in the type of cognitive functions impaired, as well as in the degree
of impairment, and the degree to which these impairments are associated with driving
abilities. Further research should therefore focus on this group of early stage AD
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patients. In particular, longitudinal studies would be required in order to monitor the
progression of the disease with respect to driving performance; in this framework, it may
be worth investigating whether a decline in driving performance is a predictor of
progression of the AD, or vice versa.

The awareness of these individuals in terms of the effect of the disease on their driving
ability may also be a key aspect of further research. It has been demonstrated that early
AD patients may attempt to compensate for their reduced driving skills by limiting the
number and length of own driving trips, by avoiding demanding driving situations (e.g.
nighttime, adverse weather, unfamiliar road network etc.) and by driving at reduced
speeds. However, it is possible that their reduced exposure and the avoidance of certain
situations may further compromise their driving performance. Moreover, the driving at
reduced speed may, under certain conditions, have positive or negative effect on the
traffic safety of these drivers.

Research priorities in the field should further address the association of on-road and
simulator evaluations in terms of driving ability of individuals with dementia. Both
experimental approaches have different advantages and limitations, and researchers are
challenged to tradeoff between safety and control over the experimental conditions,
with unfamiliar or unrealistic conditions. Most importantly, the optimal driving
performance measures need to be identified, given that each method uses different
measures (e.g. number of errors are the typical measures for on-road assessments, while
speed, lateral control and reaction time are the most common measures of driving
performance in simulator studies).

The neuropsychological literature suggests that performance on tests measuring
selective attention, visuospatial abilities, and, to a lesser extent, executive functioning
and memory, may predict the ability to drive safely in dementia. It is worth mentioning
that attention, visuospatial skills and executive functions have been noted as the most
critical functions for safe driving in several studies, as they appear to affect important
driving tasks, such as journey planning, wayfinding, positioning and maneuvering the
vehicle (e.g. left-turns), judging distances and predicting the development of driving
situations, estimating risk and adapting speed etc. These findings make sense
intuitively.

As Brown and Ott (2004) suggest, the ability to properly process visual information and
to organize and monitor multiple stimuli at once are critical components of driving.

113



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

However, due to the moderate relationships of the neuropsychological tests with driving
measures and individual variability, relying only on these tests for making
recommendations regarding future driving restrictions for patients with dementia may
be inadequate. In addition, although individual neuropsychological tests have shown a
certain degree of relationship with driving measures, no single neuropsychological
variable can consistently and reliably predict driving behaviour. Rather, different
neuropsychological measures may be related to different aspects of driving behaviour.
Ideally, neuropsychological tests should be used in combination with other measures,
such as findings from a neurological assessment and the administration of actual or
simulated road tests, to make driving recommendations.

2.6.3. Drivers with PD

2.6.3.1. PD and driving ability

A retrospective study published in the early 90s that included 150 PD patients and 100
controls found that PD patients with more severe motor impairment as assessed by
the Hoehn & Yahr (H&Y) scale experience an increased risk for car accidents (Dubinsky
et al, 1991). In particular during the 3-year period prior to the conduction of the study,
PD patients with H&Y stages 2 & 3 were involved in more motor vehicle accidents
(MVAs) when compared either to patients with H&Y stage 1 or to normal controls. Also,
epidemiological information from Germany suggests that 15% of the patients with PD
holding an active driving license were engaged in car accidents during a period that
covered the past five years (Meindorfner et al., 2005). Notably, the presence of sleeping
disturbances while driving appeared to significantly increase the risk for car accidents in
the specific clinical group. Limitations of the aforementioned study are the lack of a
control group as well as the low participation rate that could induce selection bias, thus
masking the actual frequency of car accidents in patients with PD.

However, findings from a recent prospective cohort study did not reveal differences in
crash risk between patients with PD and controls even after adjusting for age, education,
gender, and miles driven per week at baseline (Uc et al., 2011). Nonetheless, the specific
study revealed significantly greater rates of driving cessation in drivers with PD as
compared to those of the control group. Hence, a possible reason for not detecting an
increase crass risk in patients with PD could be explained by the decision of those
individuals that were more impaired to stop driving before their actual engagement in
a car accident. Increased rates of driving cessation in patients with PD were also found
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in a retrospective study that took place in France (Lafont, Laumon, Helmer, Dartigues, &
Fabrigoule, 2008). Moreover, the specific study also showed absence of a significant
association between PD and car crashes. However, a noticeable limitation of this work
is the self-reported nature of the information about the number of crashes. In addition,
the small number of cases with PD in the analyzed sample could reduce in a critical way
the power of study.

Future longitudinal studies by studying large cohorts of drivers with PD could add to
our knowledge about the presence or not of an increased crash risk in drivers with PD
as well as about the parameters that play a role on the levels of driving cessation in the
specific clinical group. Notably, in a recent study it was found that only subjective
feelings of a decline in driving performance and not objective measures of cognitive
functioning and simulated driving performance played a role on the driving cessation
of patients with PD (Stolwyk et al., 2015).

2.6.3.2. Indicative predictors of driving capacity of drivers with PD

Considerable effort has been directed toward the identification of neuropsychological
measures that can serve as predictors of fitness to drive in individuals with PD. An
indicative neuropsychological test that has been identified in several studies as predictor
of driving skills in patients with PD is the Trail Making Test (TMT), especially part B of
the specific test (Amick, Grace, & Ott, 2007; Classen et al., 2009; Grace et al., 2005).
Abilities such as visual search, motor speed, and spatial skills are examined in both parts
of the test (Crowe, 1998; Gaudino, Geisler, & Squires, 1995). In addition part B assesses
aspects of executive control, such as mental flexibility and task shifting (Beratis,
Rabavilas, Kyprianou, Papadimitriou, & Papageorgiou, 2013; Kortte, Horner, &
Windham, 2002; Olivera-Souza et al., 2000). In the study of Amick et al. (Amick et al.,
2007) a significant association was found between a greater number of driving errors
and a poorer performance on the parts A and parts B of the TMT in drivers with PD that
underwent an on-road driving evaluation. Similarly, drivers with PD that were
characterized as unsafe according to their on-road driving performance had important
difficulties on the part B of the TMT (Grace et al., 2005). Along the same vein, the study
of Classen et al. (Classen et al., 2009) found in patients with PD that the part B of the
TMT was significantly associated with the overall driving performance and the number
of driving errors during an on-road assessment.
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One more neuropsychological test that previous research has associated with driving
skills of individuals with PD is the Useful Field of View (UFV) (Classen et al., 2009; Classen
etal, 2011; Uc, Rizzo, Johnson, et al., 2009). The UFV is a computerized test that assesses
various aspects of visual perception and attention, namely central vision and processing
speed, divided attention, and selective attention (Ball & Owsley, 1993). In the study of
Classen et al. (Classen et al., 2009) a strong correlation between UFQV risk index and the
divided attention subtest with both the global rating score and the number of errors
made during an on-road driving test was observed in patients with PD. In the same
group of patients the correlations with other cognitive tests ranged from weak to
moderate. A more recent study by the same research group also revealed the capacity
of UFV to serve as a central predictor of driving fitness in patients with PD (Classen et
al., 2011). Participants underwent an on-road driving evaluation and a number of visual,
cognitive, and motor tests. In PD patients the divided attention subtest of the UFV
showed the highest correlation with the pass/fail driving outcome and the number of
maneuver errors.

The identification of UFV as a strong predictor of driving ability in patients with PD
indicates the central involvement of impaired visual perception and visual attention in
the driving difficulties commonly observed in the specific clinical group. Nonetheless,
UFV is a computerized test that could be sensitive to various subject variables. Also,
when using tests like the UFV, it is important to take under consideration the influence
of primary aspects of visual functioning that could be impaired because of the
neuropathology of PD. This is especially the case for contrast sensitivity (CS) that appears
to commonly deteriorate in cases of PD because of the use of dopamine as
neurotransmitter by cells within the retina (Bodis-Wollner & Tzelepi, 1998; Harnois & Di
Paolo, 1990; Parkinson, 1989).Therefore, a good recommendation when using the UFV
or other similar tasks related to visual attention is to include in the same analysis CS
measures, in order to study the unique contribution of each predictor after controlling
for their shared variance.

Another test that research findings support its capacity to serve as predictor of driving
fitness in individuals with PD is the Rey-Osterreith Complex Figure (ROCF) (Amick et al.,
2007; Grace et al., 2005; Uc, Rizzo, Johnson, et al., 2009). Notably, the aforementioned
studies found associations between the ROCF test and driving performance during on-
road testing procedures. This classical neuropsychological test assesses multiple
cognitive domains, such as visual perception, visual spatial organization, motor
functioning, executive skills, and non-verbal memory (Strauss, Sherman, Spreen, &
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Spreen, 2006). As in the case of the TMT, the ROCF puts a substantial load on multiple
cognitive domains that are required in order to achieve adequate driving functioning.

2.6.3.2. Driving performance of drivers with PD

In this chapter, ten studies that examine the driving performance of patients with
PD (7 through on-road assessment and 3 through driving simulator experiment) are
presented are presented and the critical parameters assessing the driving performance
of this group of patients are extracted. In Table 2.5, all following studies and their basic
results are presented.

Heikkila et al. (1998) evaluated the driving ability of 20 patients with PD and 20 age-
matched and sex-matched healthy controls by a structured on-road driving test. All
participants were also assessed by the test package of the Austrian Road Safety Board
(see Appendix for definition). Patients with PD showed significantly worse driving
performance than control subjects in all neuropsychological tests. The number of driving
errors correlated with performance on tests of all the cognitive domains investigated by
the test package in both groups (except for the visual memory test). Slowness of visual
processing, errors in perception, and slowness in recalling visual material, explained 62%
of the variance in driving errors in the group of PD.

Grace et al. (2005) evaluated 18 patients with PD and 21 healthy elderly controls with a
standardized on-road driving test and a battery of neuropsychological tests that
measure visuospatial skills, psychomotor speed, memory, and executive functioning.
Based on their performance on the road test, the patients were classified as either safe
(n=11) or unsafe drivers (n=7). Unsafe drivers with PD differed significantly from safe
drivers with PD on the delayed recall condition of the Hopkins Verbal Learning Test-
Revised (see Appendix for definition), on the Rey-Osterrieth Complex Figure (see
Appendix for definition) (ROCF), on TMT-B. Also, the severity of the disease, as
determined by the Hoehn and Yahr scale (see Appendix for definition), was significantly
linked to unsafe driving in PD patients.

Uc et al.,, (2006) aimed to assess the ability for visual search and recognition of roadside
targets and safety errors during a landmark and traffic sign identification task in drivers
with PD. Seventy-nine drivers with PD and 151 neurologically normal older adults went
through a battery of visual, cognitive, and motor tests. The drivers were asked to report
sightings of specific landmarks and traffic signs along a four-lane commercial strip
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during an experimental drive in an instrumented vehicle. The PD drivers identified
significantly fewer landmarks and traffic signs, and they committed more safety errors
than control subjects, even after adjusting for baseline errors. The cognitive and visual
deficits associated with PD resulted in impaired visual search while driving, and the
increased cognitive load during this task worsened their driving safety. The strongest
predictor for safety errors was the difference between the two conditions of the TMT
that is considered to be a measure of executive functioning that controls for the
influence of psychomotor speed and visual search.

Singh et al. (2007) aimed to explore the driving problems associated with PD and to
ascertain whether any clinical features or tests predict driver safety. The driving ability
of 154 individuals with PD referred to a driving assessment center was determined by a
combination of clinical tests, reaction times on a test rig and an in car driving test. The
majority of cases were able to continue driving although 46 individuals required an
automatic transmission and 10 others needed car modifications. Ability to drive was
predicted by the severity of physical disease, age, presence of other associated medical
conditions, particularly dementia, duration of disease, brake reaction, time on a test rig
and score on a driving test. Overall, most individuals with PD were safe to drive, although
many benefited from car modifications or from using an automatic transmission.

Lee and al. (2007) explored the validity of driving simulator technology in assessing
drivers with PD. Fifty PD patients and 150 healthy controls of similar demographics
participated in the study. The criteria for assessing the simulator and on-road tests were
combined by principal component analysis (PCA), while an overall simulated driving
index and a road assessment index were developed for the PD group and the control
group. The indices were significantly different in the experimental and control groups.
In the simulated driving test, the drivers with PD performed significantly less safely than
the controls. Participants with PD tended to drive slower in response to road hazards,
and were unable to control speed and movement of the steering wheel, to apply the
brakes smoothly, to address two tasks simultaneously, and to make quick decisions and
judgments.

Uc et al. (2009) studied the driving performance of 84 patients with PD and 182 elderly
controls. Participants went through an on-road drive test with an instrumented vehicle
and were subjected to visual, motor, and cognitive tests similar to those used in their
previous studies (Uc et al., 2006a; Uc et al., 2006b). The findings indicated that in addition
to age and global cognitive function, decline in visual attention (UFOV), motion
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perception, far visual acuity, constructional skills (CFT-copy), and visual memory (CFT-
recall) predicted total driving errors. There was no significant association with motor
dysfunction. However, although driving errors were more frequent in the drivers with
PD, approximately 25% of them had error counts similar to the median errors of the
control drivers.

Classen et al. (2011) used screening tests administered by a certified driving
rehabilitation specialist and by PD specialty neurologists to develop a model to predict
on-road outcomes for patients with PD. The authors administered a battery of screening
tests to 41 patients with PD and 41 age-matched control participants before on-road
testing. They used statistical models to predict actual on-road performance. The PD
group had a higher failure rate, indicating more on-road errors. For the PD participants,
the UFOV Subtest 2 and Rapid Pace Walk were responsible for most of the variance in
the on-road test. The model accurately categorized pass-fail outcomes for 81% of PD
patients. Clinical screening batteries may be predictive of driving performance in PD.
The identification of UFOV in individuals with PD as a strong predictor of on-road driving
ability indicates the central involvement of impaired visual perception and visual
attention in the declined driving ability of PD patients.

Ranchet et al. (2013) aimed to determine the role of cognitive impairments in specific
executive functions on driving performance of patients with PD. For this purpose, 19
patients with mild to moderate PD and 21 healthy controls matched for age, education,
and driving experience were tested using a neuropsychological battery assessing global
cognitive abilities, updating, flexibility, and inhibition. Participants also underwent a 45-
minute road test in which they were scored by a driving instructor and a second
experimenter. To separate "at-risk" drivers from safe drivers, a composite driving
indicator was calculated from the Test Ride for Investigating Practical Fitness to Drive
score, the penalty score from the observation grid, and the number of safety
interventions made by the driving instructor. The authors found out that 8 out of 40
participants (all PD patients) were rated as “at risk”.

Finally, a study carried out by our research team (Pavlou et al, 2015b) aimed in
investigating the driving performance of drivers with PD in a driving simulator
experiment, in which healthy participants and PD patients drove in different driving
scenarios. Sixty-two participants participated, 21 PD patients and 41 demographically
matched control drivers. The driving scenarios included driving in rural area in low and
high traffic volumes and driving on a motorway. The driving performance of PD was
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compared to that of healthy controls by means of a generalized linear model (GLM)
which was developed in order to estimate the effect of the examined disease in driving
behaviour. Various driving performance measures were examined, including speed,
lateral position, steering angle, headway distance, reaction time at unexpected events,
accident probability, some in terms of their mean values and some in both their mean
values and their variability. Moreover, another factor indicating driving behaviour was
examined: maneuvers through work-zone segments in motorway. The results showed
that PD patients performed significantly worse than the control group. More specifically,
they drove at significantly lower speeds and with larger headway compared to healthy
drivers, had higher reaction times, were more likely to have an accident in the work-
zone segment of the motorway, had difficulties in positioning the vehicle in the lane and
had difficulties in dealing with demanding tasks.

2.6.3.4. Comparison of cognitive and motor measures

In studies that have applied multivariate models, cognitive measures appear to be
stronger predictors than motor indexes of driving fitness in patients with PD. For
example, the study of Uc et al. (Uc, Rizzo, Johnson, et al., 2009) found that certain
cognitive measures, such visual attention, constructional skills and visual memory could
predict total driving errors, whereas this was not the case for motor dysfunction. Also,
no significant associations between measures of motor function (UPDRS-motor,
Tapping speed, Walking Speed) and driving errors were observed in another study of
the same research group. On the contrary, the reduced driving performance of patients
with PD was linked to the functioning of various cognitive domains (Uc et al., 2007).
Driving simulator research has also revealed a similar pattern of results. Executive-
related measures and measures of information processing speed were associated with
the majority of the driving measures, while a limited number of significant correlations
between the driving measures and motor symptoms of the disease, as measured by the
motor-UPDRS were observed (Stolwyk, Charlton, et al., 2006).

A study that utilized a univariate statistical approach showed significant associations
between driving fitness and specific items of the motor component of the Unified
Parkinson Disease Rating Scale (UPDRS-motor) scale, namely postural stability, facial
expression and neck rigidity (Grace et al., 2005). Also, the severity of the disease, as
determined by the Hoehn and Yahr scale, was significantly linked to unsafe driving in
PD patients. Nonetheless, the findings of the specific work are limited because of the
absence of a multivariate model that would have the capacity to assess the unique
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contribution of each predictor. According to simulator data, motor measures and not
only cognitive variables could have a central role as predictors of driving fitness under
low visibility conditions that require sufficient response speed in order to avoid a crash
(Uc, Rizzo, Anderson, et al, 2009). Prospective research could add to the existing
knowledge by studying the role of cognitive and motor measures and their interaction
under various demanding driving conditions. Finally, a parameter that may explain why
motor measures do no generally show a strong connection with driving performance in
patients with PD could be the positive association that exists between motor dysfunction
and driving cessation in the specific clinical group (Crizzle, Myers, & Almeida, 2012).

2.6.3.5. Conclusions

However, as subgroups of these patients have been found to be capable of driving, an
accurate prediction of fitness to drive is crucial for patients with PD. Regarding the
driving performance of drivers with PD compared to that of healthy controls, as the
review of driving simulator and on-road experiments indicated, a summarized Table (2.7)

is presented below:
Table 2.7. Review regarding driving performance of patients with PD
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Several lines of previous research indicate that driving capacity in patients with
PD is mainly compromised due to cognitive deficits that accompany this clinical
condition. Notably, measures that engage executive, attentional and visuospatial
resources show strong associations with driving fitness in individuals with PD. These
three domains have been found to be crucial for safe driving in numerous studies (Adler,
Rottunda, & Dysken, 2005; Asimakopulos et al., 2012; Mathias & Lucas, 2009), as they
affect primary driving tasks such as journey planning and route choice / way-finding,
positioning and maneuvering the vehicle (e.g. left-turns, merging etc.), judging
distances and predicting the development of driving situations, estimating risk and
adapting driving behaviour (e.g. speed).

Moreover, pronounced difficulties in indexes of driving performance seem to appear in
drivers with PD under demanding driving conditions that involve increased cognitive
load (e.g. dual-tasking, distraction, way-finding etc.). However, care should be taken the
dual tasking or distraction conditions that are applied to require a similar amount of
resources from all drivers independently of whether they belong to a clinical or the
control group in order to compare their driving performance under balanced conditions.

The current knowledge about the driving performance of patients with PD is based both
on on-road and simulator studies, two different methodological approaches with
different advantages and limitations. For example, an important advantage of driving
simulator experiments is that they provide the opportunity to test the driving
performance of patients with PD under demanding driving conditions, whose
assessment is very difficult or even unethical during on-road driving evaluations.
Moreover, driving simulator procedures provide a detailed analysis of driving behaviour
that increases our insight about the underlying reasons that lead to driving errors or
even to crashes. However, a limitation of driving simulator testing compared to on-road
testing is that its validity has not been established yet in samples that include older
individuals with an underlying neurological disorder.

Prospective studies by combining information from on-road evaluations and simulator
designs could reach to more solid conclusions about the role and the effect size of
various predictors on driving performance measures. Also, an objective of future
research should be the development of a wider array of cutoff scores with the use of
larger and more representative samples of patients with PD. This kind of information
can facilitate decisions about the restriction or total loss of driving privileges.
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For improving our insight, the use of multiple measures that assess various domains
appears to be essential, because this approach permits the extraction of the unique
effect of each predictor as well as the estimation of its relative importance. Moreover,
the combination of cognitive measures with brain imaging data could refine the
methods currently used for assessing the driving ability of patients with PD (Weathers,
Kotagal, Bohnen, & Chou, 2014).

Other issues that should be considered is the matching of the control group and the
group of PD patients for age, gender and driving experience, as well as the sample size
to be large enough for conducting the statistical procedures with sufficient power. Also,
the disease stage of the PD patients should be defined together with the enclosure of
sufficient information about the medication regime and medication status during the
driving process as well as during the time of the neurological/neuropsychological
assessment. Inclusion criteria for the selection of patients with PD should include the
presence of a valid driver’s license, regular and not occasional car driving, a score equal
to or less than 1 on the CDR (Morris, 1993), and a score between 1 and 3 in the scale of
Hoehn & Yahr. On the other hand, exclusion criteria that should be considered are
alcohol or illicit substance use, and the presence of significant neuropsychiatric
symptoms related to PD (i.e. agitation, delusions, hallucinations).

Based on the findings of the previous studies it appears that various cognitive measures
could be helpful in detecting individuals with PD that have impaired driving skills.
However, neurological and neuropsychological testing should be viewed as one part of
the screening process that could help the evaluation of the driving capacity of patients
with PD and should not be used in isolation, because this practice could lead to
imprecise decisions that can have dangerous consequences (Beratis et al., 2015).

Future studies by expanding the existing bounds of knowledge can further our
theoretical and practical insight about the link that exists between cognitive dysfunction
due to PD and driving fitness under various driving conditions and environments.

2.6.4. Drivers with MCI, AD and PD and distraction

Driver distraction constitutes a particular human factor of road accident causation.
Driver distraction is generally defined as “a diversion of attention from driving, because
the driver is temporarily focusing on an object, person, task or event not related to
driving, which reduces the driver's awareness, decision making ability and/or
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performance, leading to an increased risk of corrective actions, near-crashes, or crashes”
(Regan et al., 2011).

More specifically, driver distraction involves a secondary task, distracting driver attention
from the primary driving task (Donmez et al., 2006; Sheridan, 2004) and may include
four different types: physical distraction, visual distraction, auditory distraction and
cognitive distraction.

Driver distraction factors can be subdivided into those that occur outside the vehicle
(external) and those that occur inside the vehicle (in-vehicle). Driver distraction factors
that occur inside the vehicle seem to have greater effect on driver behaviour and safety.
Horberry et al., (2006) confirm that in-vehicle distraction sources have a more important
effect on driver performance, compared to the increased complexity of the stimuli
received from the road and traffic environment. Moreover, certain studies report that
external distraction factors are less than 30% of the total distraction factors (Stutts et al.,
2001; Kircher, 2007). Other studies specify that external distraction factors account for
less than 10% of all distraction factors (Sagberg, 2001; MacEvoy et al., 2007).

According to accumulating evidence, one of the most important in-vehicle distractors
appears to be the use of mobile phone (Burns et al., 2002; Dragutinovits et al., 2005;
McEvoy et al., 2005; Sagberg 2001). Patel et al., (2008) by assessing 14 common types
of driver distraction, concluded that the highest perceived risk appeared in the case of
mobile phone use, whereas “conversing to passengers” was considered as one of the
distractors with the lowest perceived risk. Also, the greater distraction load of the mobile
phone use, as compared to the conversation with passengers, was documented by
NHTSA (2008). In particular, the use of mobile phone was associated with more than 3
times increased accident risk compared to “conversing with a passenger”.

Previous research has examined the influence of driver demographics like age and
gender on driving performance under driving conditions with distraction. A greater
negative impact on the reaction time of older drivers compared to young drivers that
used a mobile phone was reported by Caird et al,, (2008). Along the same vein, a driving
simulator experiment conducted by Nilsson and Alm (1991) showed that elderly drivers’
reaction time to an unexpected event was significantly larger than that of young drivers
when distracted by a mobile phone conversation.
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Within the group of older drivers, measures of cognitive functioning appear to moderate
the link between distraction and driving performance (Cuenen et al,, 2015). However, to
the best of our knowledge previous research has not focused on the role of
distraction on the driving behaviour of patients with MCI, AD or PD, three common
neurological conditions with a high prevalence in the group of older drivers.

2.7. Synthesis of review findings

The objective of the present PhD thesis is the analysis of the effect of neurological
diseases affecting cognitive functions on driver behaviour and road safety. Within this
framework, an exhaustive literature review was carried out and presented in this
chapter examining in a comprehensive way driving behaviour and road safety, ways to
assess driving behaviour, driving simulator characteristics as well as neurological
diseases affecting cognitive functions (MCl, AD and PD) and how these cerebral diseases
affect driving performance (Figure 2.11).

Driving =éssessing driving 3 Simulator s e

ihe Fa;k of Behaviotn behaviour experiments e
driving gndf Neurological diseases —= performance
road satety affecting cognition (MCI, AD, PD)

Figure 2.11. Chapter 2 outline

The main part of this review included the review of several studies, which allowed the
drawing of conclusions about the driving deficits of drivers suffering from cerebral
diseases, such as MCI, AD and PD and the critical parameters assessing the driving
performance of these group of patients were extracted. From all these complementary
reviews several specific conclusions are extracted and presented here-in.

Regarding driving behaviour of patients with MCI:

» The conclusions are to be considered with some caution; given the small number
of existing studies and their methodological variability, it is not yet safe to draw final
conclusions.

» The designs of the experiments show very considerable variability, making it
difficult to compare the results.

» Of those studies assessing driving competence through on road testing, it seems that
MCI patients, although they experience certain changes in their driving competence
they are still able to drive.
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However, a level of impairment compared to healthy controls is generally being
reported meaning that they still constitute a population at risk that warrants close
supervision.

Although MCI people preserve their awareness regarding their driving ability they
experience changes in their driving behaviour such as poor scanning and observation
of traffic and road signals, confusion with pedals and lack of anticipatory or defensive
driving, errors on left turns and poor lane control.

Studies involving the self-assessment of MCl population with regards to their driving
status highlighted the great importance that driving holds with regards to their
dependence and reported decline in driving frequency driving difficulties, situational
avoidance, avoidance of unfamiliar areas and high traffic roads.

Studies on a simulator environment have demonstrated that individuals with MCI
are deficient in a number of variables compared to their healthy counterparts.
Detection of deficient MCI drivers is critical for road safety.

Prediction of driving fitness seems to be possible by neuropsychological tests
and/or neurological or psychiatric measures. However, prediction of specific errors
is still lacking in the literature or scarce.

Some known driving patterns often adopted by the general elderly population, are
also identifiable in the MCI population, such as the awareness of physical and often
cognitive decline, the adoption of compensatory strategies.

MCI constitutes an intermediate stage between normal aging and dementia. With
regards to driving competence, this statement reflects an issue that requires further
investigation.

Previous research has not focused on the role of distraction on the driving
behaviour of patients with MCI.

Future studies, preferably by applying longitudinal designs, could expand our
insight in the nature and particularities of driving ability in patients with MCI.

Regarding driving behaviour of patients with AD:

»

»

»

Driving performance declines considerably in individuals with moderate or severe
dementia.

Longitudinal studies would be required in order to monitor the progression of the
disease with respect to driving performance; in this framework, it may be worth
investigating whether a decline in driving performance is a predictor of progression
of the AD, or vice versa.

The awareness of these individuals in terms of the effect of the disease on their
driving ability may also be a key aspect of further research.
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Early AD patients may attempt to compensate for their reduced driving skills by
limiting the number and length of own driving trips, by avoiding demanding driving
situations (e.g. nighttime, adverse weather, unfamiliar road network etc.) and by
driving at reduced speeds.

However, it is possible that their reduced exposure and the avoidance of certain
situations may further compromise their driving performance. Moreover, the driving
at reduced speed may, under certain conditions, have positive or negative effect on
the traffic safety of these drivers.

Research priorities in the field should further address the association of on-road
and simulator evaluations in terms of driving ability of individuals with dementia.
The optimal driving performance measures need to be identified, given that each
method uses different measures (e.g. number of errors are the typical measures for
on-road assessments, while speed, lateral control and reaction time are the most
common measures of driving performance in simulator studies).

The neuropsychological literature suggests that performance on tests measuring
selective attention, visuospatial abilities, and, to a lesser extent, executive functioning
and memory, may predict the ability to drive safely in dementia.

Ideally, neuropsychological tests should be used in combination with other
measures, such as findings from a neurological assessment and the administration of
actual or simulated road tests, to make driving recommendations.

Previous research has not focused on the role of distraction on the driving
behaviour of patients with AD.

Regarding driving behaviour of patients with PD:

»

»

»

»

Previous research indicate that driving capacity in patients with PD is mainly
compromised due to cognitive deficits that accompany this clinical condition.
Moreover, pronounced difficulties in indexes of driving performance seem to
appear in drivers with PD under demanding driving conditions that involve increased
cognitive load (e.g. dual-tasking, distraction, way-finding etc.).

However, care should be taken the dual tasking or distraction conditions that are
applied to require a similar amount of resources from all drivers independently of
whether they belong to a clinical or the control group in order to compare their
driving performance under balanced conditions.

The current knowledge about the driving performance of patients with PD is
based both on on-road and simulator studies, two different methodological
approaches with different advantages and limitations.
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» Moreover, driving simulator procedures provide a detailed analysis of driving
behaviour that increases our insight about the underlying reasons that lead to
driving errors or even to crashes.

» Prospective studies by combining information from on-road evaluations and
simulator designs could reach to more solid conclusions about the role and the
effect size of various predictors on driving performance measures.

» For improving our insight, the use of multiple measures that assess various domains
appears to be essential, because this approach permits the extraction of the unique
effect of each predictor as well as the estimation of its relative importance.

» Other issues that should be considered is the matching of the control group and
the group of PD patients for age, gender and driving experience, as well as the
sample size to be large enough for conducting the statistical procedures with
sufficient power.

» Also, the disease stage of the PD patients should be defined together with the
enclosure of sufficient information about the medication regime and medication
status during the driving process as well as during the time of the
neurological/neuropsychological assessment.

» Various cognitive measures could be helpful in detecting individuals with PD that
have impaired driving skills.

» However, neurological and neuropsychological testing should be viewed as one
part of the screening process that could help the evaluation of the driving capacity
of patients with PD and should not be used in isolation, because this practice could
lead to imprecise decisions that can have dangerous consequences.

» Future studies by expanding the existing bounds of knowledge can further our
theoretical and practical insight about the link that exists between cognitive
dysfunction due to PD and driving fitness under various driving conditions and
environments.

Overall, the driving behaviour and safety characteristics of patients with
neurological diseases affecting cognition, haven’t been examined, in-depth, so far
by the international literature, and thus there is a gap that this PhD thesis is going
to fill in, mathematically by innovative statistical techniques.

Table 2.8 presents the studies and the driving measures in which drivers with cerebral
diseases have significant differences with the healthy controls, in a summary format.
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Methodologmal Approach

This chapter includes the methodological approach of the present PhD thesis. Firstly, an
innovative methodological approach is a central component of this research. For this
purpose, an extended literature review (presented in chapter 2) took place in order to
investigate the key driving performance measures and the statistical analyses
implemented in the scientific field of driving performance of drivers with neurological
diseases affecting cognitive functions. Based on this literature review, the critical
driving performance measures are selected and a unique statistical methodology is
developed for the investigation of the effect of cerebral disorders on driving
performance, driving errors, reaction time and accident probability.

In the beginning of this chapter, driving performance measures examined in driving
simulator experiments are presented and analyzed including lateral control, longitudinal
control, reaction time, gap acceptance, eye movement and workload measures.
Furthermore, a list of the most common driving simulator dependent variables is cited.
Next, based on the literature review presented in chapter 2, regarding statistical
methods implemented in driver performance experiments, an innovative statistical
methodology analysis is developed which consists of the following phases. The first
phase concerns the development of regression models regarding key performance
parameters of the database. Such models are often used in driver behaviour analysis in
order to estimate the effect of cerebral diseases on specific driving performance
parameters and indirectly on driving behaviour and road safety. The second phase of
the analysis methodology, is the central component of the PhD thesis as for the first
time latent analysis is implemented on driver behaviour research regarding patients with
neurological diseases affecting cognitive functions. The aim of this attempt is to
estimate directly the effect of driver, road and traffic environment characteristics both
on driving performance, driving errors, reaction time and accident probability. In order
to achieve this target, latent models analysis is implemented including Principal
Component Analysis and Structural Equation Models (SEMs). Within this framework, the
theoretical background of all steps of the selected statistical analyses are presented in
this chapter. Finally, a synopsis of the overall methodology is presented.
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3.1. “Driving at the simulator” experimental design principles

There is a variety of ways that an experiment can be designed. For example, subjects can
all be tested under each of the treatment conditions or a different group of subjects can
be used for each treatment. An experiment might have just one independent variable
or it might have several. This section describes basic experimental designs and their
advantages and disadvantages.

3.1.1. Within or between-subjects designs

Within-subjects factors refer to the variables of interest that are measured for all
subjects, i.e. the variables pertaining to the experiment conditions. On the other hand,
between-subjects factors refers to the variables that apply only to some subjects. In the
driving simulator experiment these are typically subject variables, such as demographic
variables and participant type where part of the subjects are tested for some of the
experiment conditions, while the rest of the subjects are tested for the remaining
experiment conditions. In several cases, a mixture of both types of design will be
involved, given that there are variables which are by nature between-subject (e.g.
gender, as a participant can be either male or female) while others can be within-subject
(e.g. driving with distraction or without distraction - a condition that can be tested for
all subjects). A mixed factorial design includes both within-subjects and between-
subjects factors.

An advantage of within-subjects designs is that individual differences in subjects' overall
levels of performance are controlled. This is important because subjects invariably will
differ greatly from one another. In an experiment on problem solving, some subjects
will be better than others regardless of the condition they are in. Similarly, in a study of
blood pressure some subjects will have higher blood pressure than others regardless of
the condition. Within-subjects designs control these individual differences by
comparing the scores of a subject in one condition to the scores of the same subject in
other conditions. In this sense each subject serves as his or her own control. This typically
gives within-subjects designs considerably more power than between-subjects designs.
That is, this makes within-subjects designs more able to detect an effect of the
independent variable than are between-subjects designs.
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Within-subjects designs are often called "repeated-measures" designs since repeated
measurements are taken for each subject. Similarly, a within-subject variable can be
called a repeated-measures factor.

3.1.2. Full factorial or fractional factorial design

Each experiment is based on a combination of conditions, resulting from the
combinations of levels of the variables of interest. The complete combination of all levels
of the variables of interest results in a full factorial design. In several cases, however, a
fractional factorial design may be opted for, by eliminating some of the combinations
of levels of the variables examined, on the basis of appropriate criteria (McLean and
Anderson, 1984), especially when the number of variables is high, resulting to an
unmanageable full factorial design. More specifically, a fractional factorial design is most
often based on a full factorial design of some key variables of interest, complemented
with selected combinations of these variables with other variables of interest
(Montgomery, 2000).

3.1.3. Methodological gaps of driving simulator designs

Furthermore, the review of the literature referring to experiments using a driving
simulator reveals that there is a number of recurrent threats to validity when conducting
driving simulator experiments in particular, namely (Caird & Horrey, 2011):

» Failure to adequately screen participants: Vision or health problems of certain
individuals may contribute to experimental error that masks or distorts effects. It's
crucial to use appropriate tests to screen drivers;

» Generalization issues: Tasks, population samples and environments are not similar
to whom or what you wish to generalize. It is crucial to qualify results according to
generalizability limitations. Researchers should include similar tasks, samples and
environments to desired generalizations;

» Drop out due to simulator sickness: Properties of the simulator or activities in the
simulator cause participants to become sick. A possible solution is to reduce
maneuvers that require a sweeping motion such as left or right turns;

» Non randomization of participants, treatments or events: Treatments,
participants or events are not randomly assigned to levels of the independent
variable. Events are predictably located within drivers. The solution is simple:
Randomize;
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» Range or carry-over effects: Multiple treatments are experienced by the same

participant. The order of treatment and experience causes asymmetric effects. It's
crucial to use between-subjects designs for different treatment levels.

All these possible threats need to be taken into account in the design of the present
simulator experiment.

3.2. Dependent measures for simulator studies on older drivers

A variety of different dependent measures are used to assess driver performance
and the choice of variables is in part dictated by the research question. Investigators
should be wary of ceiling and floor effects when testing different age groups no matter
what dependent measure they choose. Pilot testing can help ensure that the task is
neither too easy nor too difficult to reveal age differences.

This chapter reviews a range of assessment measures that have been used in order to
assess the impact of cerebral disorders on driving performance including lateral control,
longitudinal control, reaction time, eye movement and workload measures. Finally, a list
of the most common driving simulator dependent variables is cited and some general
remarks are provided.

3.2.1. Longitudinal control measures

A range of longitudinal control measures can be examined in driver behaviour and
human factors research. Two of the most common are speed and headway (Figure 3.1)
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Figure 3.1. Speed and headway icon
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which are further analyzed below. Overall, longitudinal measures assess how well
drivers achieve or maintain a certain target speed (Trick & Caird, 2011). However, it
is pertinent to take into consideration that compared to younger drivers, older drivers
take longer to accelerate to the posted speed limit (Strayer & Drews, 2004) and brake
over longer distances (Caird et al., 2007). There is evidence that older drivers try to stop
with more precision, compared to younger drivers and, in general, they are more
inclined to value accuracy over speed. It is important to consider this possibility when
designing instructions and, if possible, it may be beneficial to try to assess whether
participants are putting differential emphasis on speed or accuracy.

The relationship between speed and accidents is widely recognized in the road safety
community and as such, speed is a commonly used dependent variable in
transportation human factors research. Speed maintenance is an essential driving skill
and it can be related to tactical decisions (Michon, 1989). For older drivers, the most
common pattern is to adopt slower speeds to increase available reaction time (Chu,
1994). Older drivers and especially drivers with cerebral diseases may use this strategy
in order to exert some control over their circumstances and compensate for age-related
and cerebral-related increases in reaction time. When age comparisons are made,
driving speeds are typically more variable within a given drive in samples of older drivers.
In general, driving speeds are about three to five kilometers per hour slower in older
drivers, but this may change depending on the posted speed limit of a roadway (Milloy
& Caird, 2011).

Because fewer perceptual cues to depth are available in a simulator, drivers may have
difficulty calibrating their speed, a problem which may be exacerbated by reductions in
image contrast (Horswill & Plooy, 2008). Also, older drivers have a smaller pupil diameter
(limiting the amount of light reaching the retina) and reduced contrast sensitivity. Scialfa,
Adams and Giovanetto (1991) argue that older drivers are generally less sensitive to how
fast they are traveling, but this effect has not been replicated in a simulator to this point.
Nonetheless, given that depth cues are less available in the simulator and given that
these cues may be even less effective for older drivers than young, before testing begins
it is essential to provide participants with opportunities to learn how to calibrate their
speed appropriately in the simulator. In particular, it is vital to have a warm-up period
where drivers are encouraged to repeatedly check the speedometer and then the
roadway. Because participants may lose track of how fast they are going when they
become preoccupied with other things, during this warm-up period it is a good idea to
provide occasional verbal prompts to remind drivers to monitor their speed.

135



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

Another measure of longitudinal control is headway. Headway can be defined in terms
of the distance to a lead vehicle or the time-to-contact. The distribution of headways
for a given driver may reflect following preferences and the need to respond to
surrounding traffic. Older drivers or drivers with cerebral diseases who maintain a
greater headway may have others pull into their headway gap (Trick & Caird, 2011).
Certain drivers attempt to block others from pulling into a gap ahead, though at this
point, there has never been a scenario designed to assess this behaviour. Furthermore,
there are no simulations that measure how drivers accommodate to other drivers
changing lanes, though it seems very plausible that such a scenario would reveal age
differences. Research on this topic is a logical extension of automated vehicle algorithms
(Kearney & Grechkin, 2011) but it has not been the focus of study.

3.2.2. Lateral control measures

Lateral control measures assess how well drivers maintain vehicle position within a
lane (Figure 3.2).

. = j" 7 .,HIV
N ~ Tiare #
LATERAL POSITION VARIABILITY
LATERAL Y

POSITION B
POSITION A

y

BORDER OF THE ROAD

Figure 3.2. Lateral position and lateral position variability icon

These include standard deviation of lane position, lane excursions, and deviations within
a lane to increase clearance of other vehicles and road users (for example, moving left
to avoid a cyclist). Lateral control measures can be sensitive to eyes off the road from
distractions, perceptual-motor declines, and some cognitive declines (Trick & Caird,
2011). However, lateral control measures are also affected by the handling
characteristics of the driving simulator, and the simulator vehicle may differ markedly
from the one that the participant normally drives. Older drivers may have more
problems adapting to these differences in handling, and this may be especially
problematic when frequent right and left turns are required. Consequently, it is vital that
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older participants be given adequate practice so that they can get used to how the
simulator vehicle handles.

3.2.3. Reaction time measures

An obvious way to measure differences in driving performance is to look for age-
differences in collisions, but collisions are relatively rare and, as a result, perception
response times are often measured (Trick & Caird, 2011). There are a variety of
different reaction time measures, and different issues emerge depending on the event
that gives rise to the response. For example, one common scenario requires drivers to
respond to lead-vehicle braking (Strayer & Drews, 2004). Complications emerge when
this scenario is used with older drivers. Because older drivers often adopt larger
following distances than younger drivers, they may avoid a collision even though they
take longer to brake in response to lead-vehicle braking (Milloy & Caird, 2011). Another
way to measure performance on this task is to assess minimum headway: how close the
driver comes to a lead vehicle when it brakes (Caird, Chisholm, & Lockhart, 2008).

There are also studies that measure reaction times to sudden hazards that emerge
from the periphery: pedestrians, cyclists, or vehicles that travel into the path of the
driver (Trick & Caird, 2011). Response times can be measured in different ways: if a
pedestrian walks into the roadway, detection time could be defined as the time from
the appearance until the eyes of the driver land on the pedestrian (i.e., fixation) followed
by an adequate avoidance of the pedestrian. More commonly, perception response time
(PRT) is defined as the time from first appearance of the hazard until the driver places
his or her foot on the brake. Perception and response time can be further fractionated.
Perception time is the time from appearance of the hazard until the driver removes his
or her foot from the accelerator and response time is the length of time from leaving
the brake until placing it on the brake (Olson & Farber, 2003). PRT is used to determine
whether drivers can respond adequately to traffic control devices, signs, and road
geometry, and it is an essential component of many design assumptions (Staplin et al.,
1998). Accident reconstructionists use PRT to determine if a driver responded with due
care and attention when a crash has occurred. Estimated PRT falling outside of certain
distributions are used to infer proportional blame (Olson & Farber, 2003).

A variety of other reaction time measures require drivers to respond to the appearance
of a probe stimulus, for example, the sudden illumination of a light-emitting diode
within the vehicle (Lamble, Kauranen, Laakso, & Summala, 1999). In this type of study,
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participants are required to do two things at once: drive (the primary task) and respond
to the probe (the secondary task). The assumption is that attention is shared between
tasks. If there are more attentional resources to be shared, or if the driving task demands
fewer resources for a given individual, then response to the secondary task should be
more efficient. Thus, these probe response time tasks are an index of the amount of
“spare” attention available for secondary tasks. A number of reviews have addressed a
range of common response time measures (Green, 2000; Summala, 2000). Older drivers
typically take longer to respond to these stimuli (Olson & Sivak, 1986). This may indicate
that they have less “spare” attention, but it may also show that older drivers are more
cautious and place a greater emphasis on driving than carrying out secondary tasks.

3.2.4. Eye movement measures

It has become increasingly common to use eye movement systems in driving
simulator studies, but there are a number of pragmatic considerations that make it
difficult to measure eye movements when testing older drivers (Trick & Caird, 2011).
First, the eye tracking or her glasses. Our experience is that about three-quarters of older
drivers can be calibrated, but this is dependent on the system that is used and the
acquisition of calibration expertise by research assistants (Caird et al., 2011). Reflections
of the infrared beam from eyeglass lenses and frames may interfere with obtaining a
reliable corneal reflection; loss of eye movement data can result.

In  general, head-mounted
systems (Figure 3.3) may restrict
head movements because of the
cordsa that exit the mounting
band on the back of the head.
Restriction of head movements
due to age-related loss of range
of motion may be confused with
this imposed restriction. This is a
problem in studies that measure
head movements, such as those
investigating eye-head
relationships when participants
perform lane change maneuvers.

Sorting out the various baseline

Figure 3.3. Head-mounted device tracks the eye movements
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restrictions imposed by head-mounted systems would require a separate study. Dash-
mounted eye movement systems also have limitations in calibration and reliability over
the course of an experiment. For instance, detecting the position of the eye and gaze
relative to the environment may be difficult because many older drivers wear corrective
lenses. Loss of data and unbalanced cells must be properly analyzed (Tabachnick &
Fidell, 2006).

A large number of different eye movement measures can be collected. Often they
require time-consuming data reduction and extraction. (Caird et al., 2011; Pollatsek et
al, 2011). Given the difficulties inherent in collecting eye movement data from older
drivers and the amount of work necessary in extracting the results, it is especially
important for researchers to think carefully before including eye movement measures
in their study.

What will knowing the total fixation duration or the total length of time extracting
information from a location necessarily tell you about an older driver, a disease, a
roadway modification or technology? Are there proxies of eye movements that can
provide insight into the same question without incurring the same time costs? For
example, when testing the impact of using a new in-vehicle interface, it may be as
effective to measure time to task completion (time to use the interface) or an aspect of
driving performance (Trick & Caird, 2011).

Variations on fixation frequency and duration are common. Definitions of these
measures can be found in Green (2007). Older drivers typically look at an object longer
and more frequently to extract the same information from it as younger drivers (Ho et
al., 2001). In addition, older drivers look at a sign later (when they are in closer proximity)
given restrictions to legibility - an effect that may be even more pronounced when
testing is conducted in a driving simulator (Kline & Dewar, 2004; Caird et al., 2011).

3.2.5. Workload measures

There is still no universally accepted definition for mental workload. One proposed
definition is: “Mental workload is a hypothetical construct that describes the extent
to which the cognitive resources required to perform a task have been actively engaged
by the operator” (Gopher, 1986). Another definition of mental workload proposed by
Verwey (2000) is that “mental workload is related to the amount of attention required
for making decisions.” Just defining the concept of workload is not enough; there must
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also be a way to measure it. Since there is not even an accepted definition of workload,
it is not surprising that there is not a single way to measure it either. There are three
main classifications for measurement of workload: physiological, subjective, and
performance-based measures (Miller, 2001).

3.2.5.1. Subjective measurement

Subjective measurement of levels of workload is based on the use of rankings or scales
to measure the amount of workload a person is feeling. Subjective workload measures
are devoted primarily to the intermittent question-answer type response to varying
levels of workload. The two main types of scales used to measure subjective workload
are unidimensional and multidimensional scales (Miller, 2001).

Unidimensional rating scales are considered the simplest to use because there are no
complicated analysis techniques. The unidimensional scale has only one dimension.
Generally, the unidimensional scale is more sensitive than the multidimensional scale
(De Waard, 1996). The multidimensional workload scale is considered to be a more
complex and more time consuming form of measurement, and has from three to six
dimensions. The multidimensional scale is generally more diagnostic (De Waard, 1996).

Several simple subjective mental workload scales have been developed to measure an
individuals' perceived workload. Some of the main scales used in the driving domain
include NASA-task Load Index (TLX), Rating Scale Mental Effort (RSME), Situation
Awareness Global Assessment Technique, Driving Activity Load Index (DALI) (Miller,
2001).

3.2.5.2. Physiological measurement

Physiological measurement of workload is a factually based concept that relies on
evidence that increased mental demands lead to increased physical response from
the body (Moray, 1979). Physiological workload measures are devoted primarily to
continuous measurement of the physical responses of the body. Most research focuses
on five physiological areas to measure workload: cardiac activity, respiratory activity, eye
activity, speech measures, and brain activity. Cardiac activity is measured through heart
rate, heart rate variability, and blood pressure. Respiratory activity measures the amount
of air a person is breathing in and the number of breaths in a given amount of time. Eye
measures mainly include horizontal eye movements, eye blink rate, and interval of
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closure, but there are several other
less accepted measures. Speech
measures take pitch, rate, loudness,
jitter, and shimmer into account
when determining workload. To
measure brain activity, either the
electroencephalograph (EEG)
(Figure 3.4) or electro-oculogram

(EOG) are wusually used (Miller,

2001). Figure 3.4. Measuring Driver's Mental Workload using
electroencephalograph

3.2.5.3. Performance measurement

“Performance may be roughly defined as the effectiveness in accomplishing a particular
task” (Paas & Vanmerrienboer, 1993). The two main ways to measure workload by means
of performance are primary and secondary measures. The basis for using primary and
secondary tasks to measure workload is based on the assumption that people have
limited resources (Yeh & Wickens, 1988). Derrick (1988) explains how the “tasks that
demand the same resource structure will reveal performance decrements when time-
shared and further decrements when the difficulty of one or both is manipulated.” This
means that workload can be estimated by measuring the decrease in performance by
either the primary or secondary tasks. The primary task measure is a more direct way to
measure workload than the secondary task measure, but both are used and at least
moderately accepted.

3.2.6. Summary of driving performance measures

It is considered as of major significance, a handy dependent variable list for driving
simulation. Investigators should have a good idea about the scope of variables that can
be collected and interpreted. A number of common questions arise about which
dependent variable can be measured and how to interpret each relative to past use. The
selection of dependent variables occurs based on prior use, simulation capability,
researcher expertise, practical and applied generalities, and theoretical considerations.
More succinctly, the choice of dependent variables is made based on the questions
being asked. Table 3.1 lists common, but not necessarily agreed upon, groupings of
dependent variables.

141



Table 3.1. Common driving simulation dependent variables (Regan et al., 2008)
Variable Classification | Variable
Longitudinal Control Speed
Speed Variability
Time of Distance Headway
Lateral Control Lateral Position
Lateral Position variability (SDLP)
Lane exceedances (LANEX)
Time to Lane Crossing (TLC)
Reversal Rate (RR)
Standard deviation of steering wheel angle
Steering wheel reversal rate
Reaction time Perception Response Time (PRT)
Brake Response Time (BRT)
Time to Collision (TTC)
Number of collisions
Eye Movements Glance
Eyes-off-road-time
Fixation
Percent Dwell Time (PDT)
Workload, Subjective NASA-task Load Index (TLX)
Rating Scale Mental Effort (RSME)
Situation Awareness Global Assessment Technique
Driving Activity Load Index (DALI)
Workload, Physiological Heart Rate (HR)
HR Variability
Respiration
Electroencephalography (EEG)
Skin Conductance
Crash Crash
Other Measures Entropy
Safety Margins
Navigation
Other higher-order or aggregate measures

3.3. Neurological/neuropsychological assessment design principles

A full neurological assessment is essential in order to assess the neurological state
of the participants in a driving simulator experiment, especially including patients with
neurological diseases affecting cognitive functions. The basic protocol of the medical
and neurological examination should include full assessment of motor and sensory
systems and cranial and peripheral nerves. During the medical interview a clinical
assessment of higher cortical functions (memory, language, attention, executive
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functions, and perception) as well as behavioural and emotional state should be
conducted. All patients should have a comprehensive laboratory evaluation including
blood tests, biochemistry, neuroimaging (Cerebral MRI or CT scan) and
Electroencephalography (as needed). Taking into consideration that the design of the
neurological battery of tests is beyond the scope of this PhD dissertation, the Clinical
Neurological Assessment should include the completion of basic scales which
correspond to the domains that are presented in Table 3.2.

Table 3.2. Neurological Assessment Battery
Domain Tests

Memory, orientation in time/space, judgment and .. . .
: i ) . Clinical Dementia Rating Scale (CDR)
problem solving, community affairs, home activities

Differentiation of the commonest dementia types Hachinski Ischemic Scale
Unified Parkinson's Disease Rating Scale-
Motor system motor (UPDRS-Motor),
Hoehn & Yahr Scale (H&Y)
Neuropsychological Inventory (NP,

Behaviour in relation to brain diseases 4 .g s
Frontal Behaviour Inventory (FBI)

Instrumental Activities of Daily Living (IADL),
) . Functional Activities Questionnaire (FAQ),
Daily activities . . . .
Informant Questionnaire on Cognitive Decline
in Elderly (1Q-CODE)
Emotional state Geriatric Depression Scale (GDS), PHQ-9
Parkinson’s Disease Sleeping Scale-2 (PDSS-2),
Sleep behaviour Athens Insomnia Scale (AlS),
Epworth Sleepiness Scale
Motor abilities: Gait-balance-speed Rapid Paced Walk
Motor abilities: Visual field, Ability to perceive ) o
. o . . . Head and Trunk rotation task (modified)
objects in field of view, Time of reaction.
Motor abilities: Balance, movement coordination, Alternate foot tapping (modified),

mistakes and time of execution Tandem Walking at 2 meter distance

A full neuropsychological assessment is essential in order to assess the cognitive
status of the participants in a driving simulator experiment, especially including patients
with neurological diseases affecting cognitive functions. The selection of the cognitive
tests is in accordance with one of the main goals of the neuropsychological design. That
is, to verify in specific which cognitive characteristics of individuals with MCI, AD and PD
contribute to safer driving performance and which do not. In line with this perspective,
and taking into consideration that the design of the neurological battery of tests is
beyond the scope of this PhD dissertation, neuropsychological assessment in our
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protocol is conducted by an extended battery of tests that measure a broad range of
cognitive abilities (Table 3.3).

Table 3.3. Neuropsychological Assessment Battery
Cognitive Domain Tests
Global Cognitive Status  Mini Mental State Examination, Montreal Cognitive Assessment test
Verbal Memory and Learning The Hopkins Verbal Learning Test - Revised
Verbal Working Memory Letter Number Sequencing task - Wechsler Adult Intelligence Scale-1V
Visual Scanning and Spatial The Brief Visuospatial Memory Test-Revised
Memory and Learning Driving Scenes Test - Neuropsychological Assessment Battery
: . : Line Orientation Test - Repeatable Battery of Neuropsychological
Visuospatial Perception : .
Screening, Clock Drawing Test
Visuospatial Working  Spatial Span Task - Wechsler Memory Scale
Memory Driving Scenes Test - Neuropsychological Assessment Battery
Constructional ability Clock Drawing Test
Trail Making Test - part A, Comprehensive Trail Making Test, Symbol
Digit Modalities Test, Useful Field of View, Witkin's - Embedded
Figures Test
Selective and Divided Useful Field of View
Attention Driving Scenes Test-Neuropsychological Assessment Battery

Attention/Information
Processing Speed/Perception

. . Frontal Assessment Battery, Trail Making Test-part B, Spatial Addition
Executive Functions .
Task - Wechsler Memory Scale, Clock Drawing Test

Psychomotor vigilance Psychomotor Vigilance Test

3.4. Statistical analysis methodology

To achieve the objectives set out in this PhD dissertation, an innovative analysis
methodology has been developed exploiting a set of existing and advanced statistical
mathematical models. For the development of this innovative analysis methodology all
statistical modelling limitations and needs were taken into account, as derived from the
extended literature review presented in the preview chapter.

More specifically, in the majority of the examined studies the main statistical analysis is
repeated measures ANOVA. This is probably explained by the fact that in most driving
simulator experiments, participants are asked to drive more than one time, apart from
the practice drive. Consequently, some other studies perform only descriptive statistics
tests aiming to gain general information regarding different performance measures,
while in only a few researches linear regression models are implemented.
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On the other hand, a very interesting finding from this literature review is that none of
the examined researches used latent variables and SEM analysis. This type of analysis is
used to deal with several difficult modeling challenges, including cases in which some
variables of interest are unobservable or latent and are measured using one or more
exogenous variables.

The innovative analysis methodology developed consists of the following steps:

» In the first step, descriptive statistics are used to describe the basic features of the
data as they provide simple summaries about the sample and the measures. Together
with simple graphics analysis, they form the basis of virtually quantitative analysis of
data.

» The second step concerns a preliminary analysis of variance (ANOVA) and then the
development of regression models with regard to key performance parameters.

» In the next step, Principal Component Analysis (PCA) is implemented in order to
investigate which observed variables are most highly correlated with the common
factors and how many common factors are needed to give an adequate description
of the data. This type of analysis is designed to deal with several difficult modeling
challenges, including cases in which some variables of interest are unobservable or
latent and are measured using one or more exogenous variables.

» In the final step, the central part of the statistical analysis of the present PhD
dissertation is taking place including the implementation of structural equation
models (SEM) for the first time in the scientific field of driving behaviour of drivers
with neurological diseases affecting cognitive functions. Within the framework of
latent analysis, four Structural Equation Models are implemented aiming to
investigate the quantification of the impact of driver, road and traffic characteristics
directly on driving performance, driving errors, reaction time and accident probability.

The theoretical background of the described methodology is presented at the following
sections.
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3.4.1. Descriptive analysis

—_— 4 Upper Extreme - Maximum
The large dataset exploited in the

Upper Quartile - 75th percentile

&

present research makes the descriptive
analysis of a large number of variables
essential. Within this framework, box « Median
plots (also known as a box-and-whisker
charts) is a convenient way to show

«—— Lower Quartile - 25th percentile

groups of numerical data, such as Whisker

minimum and maximum values, upper

and lower quartiles, median values, « Lower Extreme - Minimum

outlying and extreme values (Figure ® Outlier - single data point

3.5). Figure 3.5. Box-and-Whisker chart explanation

The spacing between the different parts of the box plot indicates the degree of
dispersion (spread) and skewness in the data and identifies outliers. More specifically,
regarding box plots, the line in the middle of the boxes is the median. The bottom of
the box indicates the 25th percentile. Twenty-five percent of cases have values below
the 25th percentile. The top of the box represents the 75th percentile. Twenty-five
percent of cases have values above the 75th percentile. This means that 50% of the cases
lie within the box.

3.4.2. Analysis of variance

Analysis of variance (ANOVA) is a particular form of statistical hypothesis testing
heavily used in the analysis of experimental data. A test result (calculated from the
null hypothesis and the sample) is called statistically significant if it is deemed unlikely
to have occurred by chance, assuming the truth of the null hypothesis. A statistically
significant result, when a probability (p-value) is less than a threshold (significance level),
justifies the rejection of the null hypothesis, but only if the a priori probability of the null
hypothesis is not high.

In the typical application of ANOVA, the null hypothesis is that all groups are simply
random samples of the same population. For example, when studying the effect of
different treatments on similar samples of patients, the null hypothesis would be that all
treatments have the same effect (perhaps none). Rejecting the null hypothesis would
imply that different treatments result in altered effects.
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By construction, hypothesis testing limits the rate of Type | errors (false positives) to a
significance level. Experimenters also wish to limit Type Il errors (false negatives). The
rate of Type Il errors depends largely on sample size (the rate will increase for small
numbers of samples), significance level (when the standard of proof is high, the chances
of overlooking a discovery are also high) and effect size (a smaller effect size is more
prone to Type Il error).

The terminology of ANOVA is largely from the statistical design of experiments. The
experimenter adjusts factors and measures responses in an attempt to determine an
effect. Factors are assigned to experimental units by a combination of randomization
and blocking to ensure the validity of the results. Blinding keeps the weighing impartial.
Responses show a variability that is partially the result of the effect and is partially
random error.

There are several types of ANOVA. Many statisticians base ANOVA on the design of the
experiment, especially on the protocol that specifies the random assignment of
treatments to subjects; the protocol's description of the assignment mechanism should
include a specification of the structure of the treatments and of any blocking. It is also
common to apply ANOVA to observational data using an appropriate statistical model.

Some popular designs use the following types of ANOVA:

» One-way ANOVA is used to test for differences among two or more independent
groups (means). Typically, however, the one-way ANOVA is used to test for
differences among at least three groups, since the two-group case can be covered by
a t-test. When there are only two means to compare, the t-test and the ANOVA F-
test are equivalent; the relation between ANOVA and t is given by F = t2,

» Factorial ANOVA is used when the experimenter wants to study the interaction
effects among the treatments.

» Repeated measures ANOVA is used when the same subjects are used for each
treatment (e.g., in a longitudinal study).

» Multivariate analysis of variance (MANOVA) is used when there is more than one
response variable.

147



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

3.4.3. Regression analysis

Linear regression is one of the most widely studied and applied statistical and
econometric techniques, for numerous reasons. First, linear regression is suitable for
modeling a wide variety of relationships between variables. In addition, the assumptions
of linear regression models are often suitably satisfied in many practical applications.
Furthermore, regression model outputs are relatively easy to interpret and communicate
to others, numerical estimation of regression models is relatively easy, and software for
estimating models is readily available in numerous “non-specialty” software packages.
Linear regression can also be overused or misused. In some cases the assumptions are
not strictly met, and suitable alternatives are not known, understood, or applied
(Washington et al,, 2011).

It should not be surprising that linear regression serves as an excellent starting point for
illustrating statistical model estimation procedures. Although it is a flexible and useful
tool, applying linear regression when other methods are more suitable should be
avoided. This chapter illustrates the estimation of linear regression models, explains
when linear regression models are appropriate by setting several assumptions and deals
with generalized linear models (GLMs).

3.4.3.1 Assumptions of linear regression models

Linear regression is used to model a linear relationship between a continuous
dependent variable and one or more independent variables. Most regression
applications seek to identify a set of explanatory variables that are thought to covary
with the dependent variable. In general, explanatory or “casual” models are based on
data obtained from well-controlled experiments, predictive models are based on data
obtained from observational studies, and quality control models are based on data
obtained from a process or system being controlled. Whether explanatory variable cause
or are merely associated with changes in the dependent variable depends on numerous
factors and cannot be determined on the basis of statistical modeling alone
(Washington et al,, 2011).

There are numerous assumptions (or requirements) of the linear regression model.
When any of the requirements are not met remedial actions should be taken, and in
some cases, alternative modeling approaches adopted. The following are the
assumptions of the linear regression models (Washington et al., 2011).
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»  Continuous dependent variable Y

» Linear-in-parameters relationship between X and Y

»  Observations independently and randomly sampled

» Uncertain relationship between variables

» Disturbance term independent of X and expected value zero
» Disturbance terms not auto-correlated

» Regressors and disturbances uncorrelated

3.4.2.2 Generalized linear models

In statistics, the generalized linear model (GLM) is a flexible generalization of ordinary
linear regression that allows for response variables that have error distribution models
other than a normal distribution. The GLM generalizes linear regression by allowing the
linear model to be related to the response variable via a link function and by allowing
the magnitude of the variance of each measurement to be a function of its predicted
value (Washington et al,, 2011).

Generalized linear models were formulated as a way of unifying various other statistical
models, including linear regression, logistic regression and Poisson regression (Hastie
and Tibshirani, 1990). Hastie and Tibshirani (1990) proposed an iteratively reweighted
least squares method for maximum likelihood estimation of the model parameters.
Maximume-likelihood estimation remains popular and is the default method on many
statistical computing packages. Other approaches, including Bayesian approaches and
least squares fits to variance stabilized responses, have been developed.

A key point in the development of GLM was the generalization of the normal distribution
(on which the linear regression model relies) to the exponential family of distributions.
This idea was developed by Fisher (1934). Consider a single random variable y whose
probability (mass) function (if it is discrete) or probability density function (if it is
continuous) depends on a single parameter 8. The distribution belongs to the
exponential family if it can be written in the form (Eq. (3.1)):

f(y;0)=s(y (@) G

Where a, b, s, and t are known functions.
The symmetry between y and © becomes more evident if Eq. (3.1) is rewritten as Eq.
(3.2):
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f(y;6) = expla(y)b(6) +c(6)+d(y)] 62)
Where s(y) = exp[d(y)] and t(B) = exp[c(O)].

If a(y) =y then the distribution is said to be in the canonical form. Furthermore, any
additional parameters (besides the parameter of interest 0) are regarded as nuisance
parameters forming parts of the functions a, b, ¢, and d, and they are treated as though
they were known. Many well-known distributions belong to the exponential family,
including - for example - the Poisson, normal, and binomial distributions. On the other
hand, examples of well-known and widely used distributions that cannot be expressed
in this form are the student’s t-distribution and the uniform distribution (Washington et
al, 2011).

3.4.4. Principal Component Analysis

In many analyses, the initial steps attempt to uncover structure in data that can then
be used to formulate and specify statistical models. These situations arise predominately
in observational settings - when the analyst does not have control over many of the
measured variables, or when the study is exploratory and there are not well-articulated
theories regarding the structure in the data. There are several approaches to uncovering
data structure. Principal Component Analysis (PCA) is widely used as an exploratory
method for revealing structure in data.

PCA is a statistical procedure that uses an orthogonal transformation to convert a set of
observations of possibly correlated variables into a set of values of linearly uncorrelated
variables called principal components. The number of principal components is less than
or equal to the number of original variables. This transformation is defined in such a way
that the first principal component has the largest possible variance (that is, accounts for
as much of the variability in the data as possible), and each succeeding component in
turn has the highest variance possible under the constraint that it is orthogonal to the
preceding components. The resulting vectors are an uncorrelated orthogonal basis set.
The principal components are orthogonal because they are the eigenvectors of the
covariance matrix, which is symmetric. PCA is sensitive to the relative scaling of the
original variables.

PCA is mostly used as a tool in exploratory data analysis and for making predictive
models. PCA can be done by eigenvalue decomposition of a data covariance (or
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correlation) matrix or singular value decomposition of a data matrix, usually after mean
centering (and normalizing or using Z-scores) the data matrix for each attribute (Abdi &
Williams, 2010). The results of a PCA are usually discussed in terms of component scores,
sometimes called factor scores (the transformed variable values corresponding to a
particular data point), and loadings (the weight by which each standardized original
variable should be multiplied to get the component score) (Shaw, 2003).

PCA can be thought of as fitting an n-dimensional ellipsoid to the data, where each axis
of the ellipsoid represents a principal component. If some axis of the ellipse is small,
then the variance along that axis is also small, and by omitting that axis and its
corresponding principal component from our representation of the dataset, we lose only
a commensurately small amount of information.

PCA is mathematically defined (Jolliffe, 2003) as an orthogonal linear transformation that
transforms the data to a new coordinate system such that the greatest variance by some
projection of the data comes to lie on the first coordinate (called the first principal
component), the second greatest variance on the second coordinate, and so on.

PCA begins by noting that n observations, each with P variables or measurements upon
them, is expressed in an 77 x P matrix X (Washington et al., 2011):

X117 X1p
Xoop =1 ¢ : (3.3)

xnl xnp

PCA is not a statistical model, and there is no distinction between dependent and
independent variables. If the PCA is useful, there are K < n principal components, with
the first principal component:

Z,= anXi+aixz+...+aipXp (3.4)
which maximizes the variability across individuals, subject to the constraint
ar?+ail+...+app’ =1 (3.5)
Thus, VAR [Z;] is maximized given the constraint in Eq. 3.5, with the constraint imposed

simply because the solution is indeterminate otherwise because one could simply
increase one or more of the a; values to increase the variance. A second principal
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component Z; is then sought that maximizes the variability across individuals subject to
the constraints that a;7?+as?+...+asp? =1 and COR [Z3,Z2]=0. In keeping, a third principal
component is added subject to the same constraint on the a; values, with the additional
constraint that COR [Z3,Z2,Z3]=0. Additional principal components are added up to P,
the number of variables in the original dataset.

The eigenvalues of the sample variance-covariance matrix X are the variances of the
principal components. The corresponding eigenvector provides the coefficients to
satisfy Eq.3.5. The symmetric P x P sample variance-covariance matrix is given as:

[sz(xl) s(xy,x5) o S(xlfo)]

R e

S(XP:X1) S(XI.D;XZ) 52(:9513)

The diagonal elements of this matrix represent the estimated variances of random
variables 1 through P, while the off-diagonal elements represent the estimated
covariances between variables.

The sum of the eigenvalues Ar of the sample variance-covariance matrix is equal to the
sum of the diagonal elements in S?[X], or the sum of the variances of the P variables in
matrix X, that is:

A1+A2+...+Ap=VAR(x1)+ VAR(x2)+...+ VAR(xp) (3.7)

Because the sum of the diagonal elements represents the total sample variance and the
sum of the eigenvalues is equal to the trace of S?[X], then the variance in the principal
components accounts for all of the variation in the original data. There are P eigenvalues,
and the proportion of total variance explained by the j™ principal component is given
by:

4
Ai+Ax++Ap

VAR]- = , Jj=12,...P (3.8)

With the basic statistical mechanics in place, the basic steps in PCA are (Manly, 1986):

» Standardize all observed variables in the X matrix

» Calculate the variance-covariance matrix, which is the correlation matrix after
standardization
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» Determine the eigenvalues and corresponding eigenvectors of the correlation matrix
» Discard any components that account for a relatively small proportion of the
variation in the data.

3.4.5. Structural equation models (SEMs)

Structural equation models represent a natural extension of a measurement model,
and a mature statistical modelling framework. The SEM is a tool developed largely
by clinical sociologists and psychologists. It is designed to deal with several difficult
modelling challenges, including cases in which some variables of interest to a researcher
are unobservable or latent and are measured using one or more exogenous variables,
endogeneity among variables, and complex underlying social phenomena (Washington
et al,, 2011).

When measurement errors in independent variables are incorporated into a regression
equation (via a poorly measured variable), the variances of the measurement errors in
the repressors are transmitted to the model error, thereby inflating the model error
variance. The estimated model variance is thus larger than if no measurement errors are
present. This outcome would have deleterious effects on standard errors of coefficient
estimates, and goodness-of-fit (GOF) criteria, including the standard F- ratio and R-
squared measures. If parameters are estimated using ordinary least squares then
parameter estimates are biased and are a function of the measurement error variances.
The SEM framework resolves potential problems by explicitly incorporating
measurement errors into the modelling framework. In addition, the SEM model can
accommodate a latent variable as a dependent variable, something that cannot be done
in the traditional regression analysis.

Major applications of SEM include:

» Causal modeling, or path analysis, which hypothesizes causal relationships among
variables and tests the causal models with a linear equation system. Causal models
can involve either manifest variables, latent variables, or both;

» Confirmatory factor analysis, an extension of factor analysis in which specific
hypotheses about the structure of the factor loadings and intercorrelations are tested;

» Second order factor analysis, a variation of factor analysis in which the correlation
matrix of the common factors is itself factor analyzed to provide second order factors;
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» Regression models, an extension of linear regression analysis in which regression
weights may be constrained to be equal to each other, or to specified numerical
values;

» Covariance structure models, which hypothesize that a covariance matrix has a
particular form. For example, you can test the hypothesis that a set of variables all
have equal variances with this procedure;

» Correlation structure models, which hypothesize that a correlation matrix has a
particular form. A classic example is the hypothesis that the correlation matrix has the
structure of a circumplex (Guttman, 1954; Wiggins, Steiger, & Gaelick, 1981).

3.4.5.1. Basic concept

SEM'’s have two components, a measurement model and a structural model. The
measurement model is concerned with how well various measured exogenous variables
measure latent variables. A classical factor analysis is a measurement model, and
determines how well various variables load on a number of factors or latent variables.
The measurement models within a SEM incorporate estimates of measurement errors
of exogenous variables and their intended latent variable. The structural model is
concerned with how the model variables are related to one another. SEMs allow for
direct, indirect, and associative relationships to be explicitly modeled, unlike ordinary
regression techniques with implicitly model associations. It is the structural component
of SEMs that enables substantive conclusions to be made about the relationship
between latent variables, and the mechanisms underlying a process of phenomenon.
Because of the ability of the SEMs to specify complex underlying relationships, SEMs
lend themselves to graphical representations and these graphical representations have
become the standard means for presenting and communicating information about
SEMs (Washington et al., 2011).

Like factor and principal components analyses, SEMs rely on information contained in
the variance-covariance matrix. Similar to other statistical models, the SEM requires the
specification of relationships between observed and unobserved variables. Observed
variables are measured, whereas unobserved variables are latent variables — similar to
factors in a factor analysis - which represent underlying unobserved constructs.
Unobserved variables also include error terms that reflect the portion of the latent
variable not explained by their observed counterparts. In a SEM, there is a risk that the
number of model parameters sought will exceed the number of model equations
needed to solve them. Thus, there is a need to distinguish between fixed and free
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parameters - fixed parameters being set by the analyst and free parameters being
estimated from the data. The collection of fixed and free parameters specified by the
analyst will imply a variance-covariance structure in the data, which is compared to the
observed variance-covariance matrix to assess model fit.

There are three types of relationships that are modeled in the SEM. An association is a
casual (not causal) relationship between two independent variables, and is depicted as
a double headed arrow between variables. A direct relationship is where the
independent variable influences the dependent variable, and is shown with a directional
arrow, where the direction of the arrow is assumed to coincide with the direction of
influence from the exogenous to the endogenous variable. An indirect relationship is
when an independent variable influences a dependent variable indirectly through a third
independent variable. For example, variable A has a direct effect on variable B, which
has a direct effect on variable C: so variable A has an indirect effect on variable C. Note
that in this framework a variable may serve as both an endogenous variable in one
relationship, and an exogenous variable in another.

Figure 3.5 shows a graphical representation of two different linear regression models
with two independent variables, as is often depicted in the SEM nomenclature. The
independent variables X; and Xz shown in rectangles, are measured exogenous
variables, have direct effects on variable Y, and are correlated with each other. The
model in the bottom of the Figure reflects a fundamentally different relationship among
variables. First, variables X3 and X4 directly influence Y,. Variable X4 is also directly
influenced by variable X3. The SEM model shown in the top of the Figure implies a
different variance - covariance matrix then the model shown in the bottom of the Figure.

O

The models also show that

although the independent
variables have direct effects on

the dependent variable, they
the g

do not fully explain
variability in Y, as reflected by
the error terms, depicted as
ellipses in the Figure. The
additional error term, error 3, is

that portion of variable X4 not & ﬂ

fully explained by variable Xs.

Latent variables, if entered into
Figure 3.5. Example of SEM
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these models, would also be depicted as ellipses in the graphical representation of the
SEM (Washington et al., 2011).

An obvious issue of concern is how these two different SEMs depicted in Figure 3.9 imply
different variance-covariance matrices. The model depicted in the top of Figure 3.9
represents a linear regression model with two independent variables that covary, such
that

Y1 = Bo + Bi1X1 + B2Xz + error; (3.9

The model depicted in the bottom of the Figure represents two simultaneous
regressions:

Y2 = Bo + B3X3 + B4X4 + error: (3.10)
X4 = Bo + BsX3 + errors (3.11)

In this second SEM model, the variable X4 serves as both exogenous and an endogenous
variable. The collective set of constraints implied by these two SEMs determines the
model implied variance-covariance structure. The original correlation matrix is
completely reproduced if all effects, direct, indirect, and correlated, are accounted for in
a model. This saturated model is uninteresting simply because there is no parsimony
achieved by such a model. Without compromising the statistical validity of the model, a
natural goal is to simplify an underlying complex data generating process with a
relatively simple model. How the path is drawn in the development of SEMs determines
the presumed variance-covariance matrix.

3.4.5.2. Fundamentals of structural equation modeling

The focus here is to provide a general framework of SEMs, to demonstrate how the
parameters are estimated, and to illustrate how results are interpreted and used.

Structural equation models, similar to other statistical models, are used to evaluate
theories or hypotheses using empirical data. The empirical data are contained ina P x P
variance-covariance matrix S, which is an unstructured estimator of the population
variance-covariance matrix X. A SEM is then hypothesized to be a function of Q unknown
structural parameters (in parameter vector 6), which in turn will generate a model-
implied variance-covariance matrix Z(6). All variables in the model, whether observed or
latent, are classified as either independent (endogenous) or dependent (exogenous). A
dependent variable in a SEM diagram is a variable that has a one-way arrow pointing to
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it. The set of these variables is collected into a vector n, while independent variables are
collected in the vector &, such that (Bentler and Weeks, 1980).

n=Pn+yE+e 8.12)

Where  and y are estimated vectors of coefficients that contain regression coefficients
for the dependent and independent variables, respectively, and € is a vector of
regression errors. The exogenous factor covariance matrix is represented as @ = COV
[£, €], and the error covariance matrix as ¢ = COV [g, €']. The variance-covariance
matrix for the model in Equation 3.13 is:

Z(e) - G.(|_B)-1.y.¢.yT.(|_B)-1T.GT (3.13)

Where G is a selection matrix containing either 0 or 1 to select the observed variables
from all the dependent variables in n. There are P? elements or simultaneous equations
in Equation 6, one for each element in £(6). Some of the P? equations are redundant,
however, leaving P*=P(P-1)/2 independent equations. These P* independent equations
are used to solve the unknown parameters 6, which consist of the vector B, the vector
v, and @. The estimated model-implied variance-covariance matrix is then given as ().

Model identification in SEM can present serious challenges. There are Q unknown model
parameters (comprising 6), which must be solved using P* simultaneous independent
equations. There are two necessary and sufficient conditions for SEM identification. The
first is that the number of simultaneous equations must be equal to or greater than the
number of unknown model parameters, such that Q<P* The second is that each and
every free model parameter must be identified, which often is difficult (Hoyle, 1995).
Once the SEM has been specified, and identification conditions are met, solutions for
the parameters are obtained. Parameters are estimated using a discrepancy function
criterion, where the differences between the sample variance-covariance matrix and the
model-implied variance-covariance matrix are minimized. The discrepancy function is:

F = F (S, 2(8)) (3.14)

Different estimation methods in SEM have varying distributional assumptions, and in
turn require different discrepancy functions. For example, maximum likelihood (MLE)
estimated model parameters, which requires that specific distributional and variable
assumptions are met, are obtained using the discrepancy function:
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Fme = LN | 2(6) | +TRACE[2(6)'S] - LN|S|-p (3.15)

For detailed discussions on other discrepancy functions and corresponding estimation
methods, including MLE, generalized least squares (GLS), asymptotically distribution-
free (ADF), scale-free least squares (SLS), unweighted least squares (ULS), and Browne's
method (Arbuckle and Wothke, 1995; Hoyle, 1995; Arminger et al., 1995).

A useful feature of discrepancy functions is that they are useful for testing the null
hypothesis that Ho: 2(6)=2, where

X2= F(n-1)= X2 (a, P*-Q) (3.16)

This equation shows - given that the model is correct, variables are approximately
multivariate normally distributed, and the sample size is sufficiently large — that the
product of the minimized discrepancy function and sample size minus one is
asymptotically chi-square distributed with degrees of freedom equal to P*-Q. Also, it is
g straightforward to show that SEM parameter estimates are asymptotically unbiased,
consistent, and asymptotically efficient (Hoyle, 1995).

Equation 3.12 needs to be applied with care. Its unsuitability as a criterion for model
assessment and selection was pointed out early in SEM theory development because
the test statistic is largely a function of sample size (Bentler and Bonett, 1980; Gullikson
and Tukey, 1958; Joreskog, 1969). Thus, the X best serves the analyst in the selection of
the best from competing models estimated on the same data, and whose absolute value
should be evaluated with respect to sample size on which the statistic is estimated.

3.4.5.3. Non-ideal conditions

As previously mentioned, ideal conditions in SEM include multivariate normality of
independent variables, the correct model functional form, independent and dependent
variables measured on the interval or ratio scale, and a sufficiently large sample size. A
large number of studies have been conducted to assess the impact of continuous yet
non-normal variables on SEMs (Browne, 1984; Chou et al., 1991; Finch et al., 1994; Hu et
al, 1992; Kline, 1998). Non-normality can arise from poorly distributed continuous
variables or coarsely categorized continuous variables. Non-normality is detected in a
number of ways, including box plots, histograms, normal probability plots, and by
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inspection of multivariate kurtosis. Numerous studies have arrived at similar conclusions
regarding the impact of non-normality in SEMs. The X? test statistic becomes inflated as
the data become more non-normal. In addition, the GLS and MLE methods of parameter
estimation produce inflated X? test statistics with small sample sizes, even if multivariate
normality is satisfied. In addition, model GOF indices are underestimated under non-
normality and non-normality leads to moderate to severe underestimation of standard
errors of parameter estimates.

There are several remedies for dealing with non-normality. The asymptotically
distribution-free estimator (ADF) is a GLS estimation approach that does not rely on
multivariate normality (Browne, 1984). The ADF estimator produces asymptotically
unbiased estimates of the X? test statistic, parameter estimates, and standard errors. The
scaled X? test statistic, developed by Satorra and Bentler (Satorra, 1990), corrects or
rescales the X2 test statistic so that it approximates the referenced x? distribution.

Bootstrapping is a third method for dealing with non-normal samples. Bootstrapping is
based on the principle that the obtained random sample is a fair representation of the
population distribution, and by resampling from this sample, estimates of parameters
and their standard errors obtained are reliable estimates of the true population
parameters. Efron and Tibshirani (1986) have demonstrated that in many studies the
sampling distribution is reasonably approximated by data obtained from a single
sample. Details of the bootstrap approach to SEM is provided in Bollen and Stine (1992).

Nominal and ordinal scale variables also cause problems in SEMs - resulting in biased
estimates of X2 test statistics and estimated parameters and their standard errors. One
approach, developed by Muthen (1984), consists of a continuous/categorical variable
methodology (CVM) weighted least squares estimator and discrepancy function, which
results in unbiased, consistent, and efficient parameter estimates when variables are
measured on nominal and ordinal scales. However, this estimator requires large sample
sizes (at least 500-1.000 cases), and is difficult to estimate for overly complex models
(Hoyle, 1995). Other approaches include variable re-expressions (Cattell and Burdsal
1975), variable transformations (Daniel and Wood 1980; Emerson and Stoto 1983), and
alternating conditional expectations and Box-Cox transformations (De Veaux, 1990).

Interactions and nonlinear effects arise frequently in the modeling of real data. In SEM,
interactions and nonlinear effects present challenges above and beyond those
encountered in simple linear regression. There are two general approaches to handling
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these problems; the indicant product approach, and the multisample approach. The
indicant product approach is only well developed for multiplicative cases, and requires
a centering transformation. The multisample approach is more flexible, avoids some
multicollinearity and distributional problems associated with the product indicant
approach, and is suitable under the widest range of conditions (Rigdon et al., 1998).
Most currently available SEM software packages can accommodate the multisample
approach.

3.4.5.4. Model goodness-of-fit measures

Model Goodness-of-Fit (GOF) measures are an important part of any statistical model
assessment. GOF measures in SEMs are an unsettled topic, primarily as a result of lack
of consensus on which GOF measures serve as "best” measures of model fit to empirical
data (Arbuckle and Wothke, 1995). Several researches are implemented discussing these
debates and a multitude of SEM GOF methods such as Mulaik et al., (1989), MacCallum
(1990), Steiger (1990), Bollen and Long (1993), Arbuckle and Wothke (1995).

Several important concepts are routinely applied throughout SEM GOF tests that enable
the assessment of statistical models. A saturated model is a model that is perfectly fit to
the data - the variance-covariance structure is completely unconstrained and represents
an unappealing model. It is the most general model possible, and is used as a standard
of comparison to the estimated model. Because the saturated model is as complex as
the original data, it does not summarize the data into succinct and useful relationships.
In contrast, the independence model is constrained such that no relationships exist in
the data and all variables in the model are independent of each other. This model
presents the “worst case” model. The saturated and independence models are typically
viewed as two extremes within which the best model lies.

There are a large number of GOF criteria available for assessing the fit of SEMs. Several
important and widely used GOF measures are described below, however the majority of
them can be found in the references provided.

The first class of GOF indices includes measures of parsimony. Models with few
parameters are preferred to models with many parameters, providing that the important
underlying model assumptions are not violated. This modeling philosophy is born by a
general desire to explain complex phenomena with as simple a model as possible. Three
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simple measures of parsimony are the number of model parameters Q, the degrees of
freedom of the model being tested df=P*-Q and the parsimony ratio:

PR= d/d; (3.17)

where d is the degrees of freedom of the estimated model and d; is the degrees of
freedom of the independence model. The PR represents the number of parameter
constraints of the estimated model as a fraction of the number of constraints in the
independence model (a higher PR is preferred).

There are several GOF indices based on the discrepancy function F. As stated previously,
the x? test statistic, derived from the discrepancy function, needs to be treated with care
because it is dependent largely on sample sizes - small samples tending to accept (fail
to reject) the null hypothesis, and large samples tending to reject the null hypothesis.

The X2 statistic is the minimum value of the discrepancy function F times its degrees of
freedom. The p-value is the probability of obtaining a discrepancy function as large as
or larger than the one obtained by random chance if the model is correct, distributional
assumptions are correct and the sample size is sufficiently large. The statistic X?> /(model
degrees of freedom) has been suggested as a useful fit measure. Rules of thumb have
suggested that this measure (except under ULS and SLS estimation) should be close to
1 for correct models. In general, it is recommended that this statistic should lie less than
5, with values close to 1 being preferred (Byrne, 1989; Carmines and Mclver, 1981; Marsh
and Hocevar, 1985).

Another class of fit measures is based on the population discrepancy. These measures
rely on the notion of a population discrepancy function (as opposed to the sample
discrepancy function) to estimate GOF measures, including the noncentrality parameter
(NCP), the root mean square error of approximation (RMSEA), and PCLOSE, the p-value
associated with a hypothesis test of RMSEA < 0.05. For details on these measures the
reader should consult Steiger et al. (1985) and Browne and Cudeck (1993).

Information theoretic measures are designed primarily for use with MLE methods, and
are meant to provide a measure of the amount of information contained in a given
model. There are many measures used to assess fit in this class. The Akaike information
criterion (Akaike, 1987) is given as
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AIC = 2Q - 2LL(6) (3.18)

where Q is the number of parameters and LL(6) is the log-likelihood at convergence.
Lower values of AIC are preferred to higher values because higher values of -2LL(6)
correspond to greater lack of fit. In the AIC criterion a penalty is imposed on models
with larger numbers of parameters, similar to the adjusted R-square measure in
regression. The Browne-Cudeck (1989) criterion is similar to AIC, except it imposes a
slightly greater penalty for model complexity than does AIC. It is also the only GOF
measure in this class of measures designed specifically for the analysis of moment
structures (Arbuckle and Wothke, 1995). Other GOF measures in this category include
the relative fit index (RFI), the incremental fit index (IFl), the Tucker-Lewis coefficient, and
the comparative fit index (CFl), discussion on which is found in Bollen (1986), Bentler
(1990), and Arbuckle and Wothke (1995).

3.5. Synopsis of methodology

This PhD thesis aims to investigate the effect of road, traffic, risk factors and the effect
of neurological diseases affecting cognitive functions on driver behaviour and road
safety. Within this framework, one of the main objectives of the overall research is the
development of an innovative statistical analysis methodology in the field of driving
behaviour of drivers with cerebral diseases. This innovative methodological approach is
based on literature review regarding simulator experiment, neurological and
neuropsychological design principles, driving performance, cognitive and neurological
state measures and statistical analysis methods (Figure 3.6).

Simulator experiment Driving
design principles = measures = Statistical
analysis

Neurological and Cognitive,motor methodology

Neuropsychological design principles >skiIIs measures

Synopsis of
'methodology

Figure 3.6. Methodological approach of this PhD thesis

Regarding the methodological review presented in this chapter, it revealed that:

» The driving simulator experimental design could be within or between-subject or
full factorial and there are possible methodological threats that are need to be taken
into consideration when designing an experiment.
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» Driver behaviour is a multidimensional phenomenon which means that no single
driving performance measure can capture all effects of neurological diseases
affecting cognitive functions.

» A lot of different methods and measures exist for evaluating driving performance the
most common of which include lateral control, longitudinal control, reaction
time, eye movement and workload measures.

» The selection of the specific measures should be guided by the nature of the task
examined as well as the specific research questions.

» The neurological experimental design should deal with several domains: memory,
orientation in time/space, motor system, daily activities, emotional state, sleep
behaviour and motor abilities.

» The neuropsychological experimental design should deal with several cognitive
domains: global cognitive status, verbal memory and learning, verbal working
memory, visual scanning and spatial memory and learning, visuospatial perception
and working memory, constructional ability, attention/information processing
speed/perception, selective and divided attention, executive functions and
psychomotor vigilance.

» Latent model analysis and especially structural equation models have never
been implemented in the field of driver behaviour of patients with neurological
diseases affecting cognitive functions.

Based on these literature reviews the statistical analysis research questions of the
present PhD dissertation will focus to the investigation of the effect of neurological
disease affecting cognitive functions on different road, traffic and distraction
conditions on selected driving performance measures by implementing an innovative
statistical analysis in this scientific field.

The innovative statistical analysis methodology that has been developed, and the
theoretical background of which was presented analytically in the present chapter
consists of five steps:

In the first step, the descriptive analysis of all the experiment variables takes place,
which allows for a first understanding of the large number of parameters examined.
More precisely, an overview of all variables that are provided by the driving simulator is
provided investigating the effect of specific driving characteristics on selected driving
performance measures.
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Moving on, Analysis Of Variance (ANOVA) is taking place in order to extract significant
differences in the driving performance indexes extracted from the driving simulator
assessment.

In the third step, within the framework of the explanatory analysis, the development of
Regression Models takes place regarding key performance parameters in order to
estimate the effect of cerebral diseases and driving characteristics on specific driving
performance parameters and indirectly on driving behaviour and road safety.

In the fourth step, Principal Component Analysis (PCA) is implemented regarding
driving performance, driving errors, neuropsychological state and neurological state, in
order to investigate which observed variables are most highly correlated with the
common factors and how many common factors are needed to give an adequate
description of the data.

In the fifth step, the core statistical analysis of the present PhD thesis takes place,
including the implementation of Structural Equation Models for the first time in the
scientific field of driving behaviour of drivers with neurological diseases affecting
cognitive functions. Within the framework of latent analysis, four Structural Equation
Models are developed aiming to investigate the quantification of the impact of
neurological diseases affecting cognitive functions, driver distraction, driver
characteristics as well as road and traffic environment directly on driving performance,
driving errors, reaction time and accident probability.

The results extracted by the implementation of this innovative statistical methodology
are presented thoroughly in Chapter Five.
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Driving Simulator Experiment

A central component of the present PhD thesis is the design and implementation of a
large driving simulator experiment. Based on the methodology review which was carried
out and presented in the previews chapters, a large driving simulator experiment took
place at the Department of Transportation Planning and Engineering of the School of
Civil Engineering of the National Technical University of Athens aiming to assess driving
performance of patients with neurological diseases affecting cognitive functions.

The objective of the present chapter is to present the experiment design both in
terms of conceptual framework and implementation as well to record basic
parameters regarding the data storage/processing and sample characteristics.

In the beginning, an overview of the driving simulator experiment is taking place
including details regarding the interdisciplinary research teams who contributed in the
design of the experiment. Furthermore, several other information are provided
concerning driving simulator characteristics, sample characteristics, the inclusion criteria,
and the ethical issues.

In this chapter, the design of the driving simulator experiment is deeply investigated as
it constitutes an innovating component of the PhD dissertation. Participants were asked
to drive under different types of distraction (no distraction, conversation with passenger,
mobile phone use) in different road (urban/rural) and traffic conditions (high/moderate).
In this framework, all these conditions are analyzed within a full factorial within-subject
design. Furthermore, several other relevant aspects of the design are provided
concerning dealing with simulator sickness, conversation topics, incidents, and
randomization of trials as well as how the driving simulator scenarios were programmed.

Then, the procedure of the driving simulator experiment is presented. More specifically,
the organization of the research team is provided and the oral instructions to the
participants are recorded. Furthermore, special emphasis is given to the familiarization
part, as specific performance measures were used to assess the driver’s familiarization
with the simulator before proceeding to the main part of the experiment. Then, the
process of the main driving scenarios is described.
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Moving on to the next chapters, the neurological and the neuropsychological part of
the experiment is presented, followed by the questionnaire assessment. After the
completion of the driving simulator tasks, the neurological and neuropsychological
assessments, all participants were asked to fill in a questionnaire which concerned their
driving habits and their self-stated driving behaviour. In this section, all the different
parts as well as indicative questions of the questionnaire are presented.

Finally, as the dataset form the driving simulator experiment and the questionnaires is
extremely large, information regarding the data processing are provided including data
files, data storage and the processing levels, while characteristics regarding the sample
are provided (Figure 4.1).

! ~—=-Driving at the simulator assessment——=>g;mpje scheme Development Final Master
Ov:rt\;‘lew ~—>  Neurological assessment ~—= ofthe of databases database
of the 7 ; — =
experiment ~—> Neuropsychological assessment —=. ef(perlment Data files and 225 rows x
~2> Stated behaviour - questionnaire — (225 participants) | processing levels 1113 columns)

Figure 4.1. Driving simulator experiment outline

4.1. Overview of the experiment

The large driving simulator experiment of the present PhD study was designed and
carried out in the framework of two interdisciplinary research projects:

» "DISTRACT Causes and impacts of driver distraction: a driving simulator study"
- www.nrso.ntua.gr/distract
» "DriverBRAIN Performance of drivers with cerebral diseases at unexpected

incidents” - www.nrso.ntua.gr/driverbrain

The methodological framework is based on the combined assessment of traffic,
behavioural, medical, neurological and neuropsychological parameters on driving
performance. Moreover, the aspects of driver behaviour and safety research addressed
are inherently interdisciplinary and should be examined in a more integrated manner.
For this purpose, the experiment is designed by an interdisciplinary team consisting of
two research teams:

» The Tst research team includes Transportation Engineers of the National Technical
University of Athens
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» The 2nd Research team includes Neurologists, Neuropsychologists and a Psychiatrist
of the Behavioural Neurology and Neuropsychology Unit, 2nd Department of
Neurology, National and Kapodistrian University of Athens, "Attikon” University
Hospital

The complementarity of the teams with respect to the objectives of this PhD dissertation,
which is inherently interdisciplinary, lies in the integrated analysis of a wide range of
factors that may contribute to driver behaviour, ranging from parameters of traffic flow,
road safety and driver distraction (School of Civil Engineering), medical, neurological
and psychiatric disorders (Faculty of Medicine) and neuropsychological and
psychological parameters (Department of Psychology).

The three research teams collaborate to organize and implement the simulator
experiment, which includes different stages. Each stage concerns a different scientific
field, namely the planning and implementation of the clinical, neurological, and
psychiatric evaluation of the participants, the planning and implementation of the
neuropsychological and personality evaluation of the participants, and the planning and
implementation of traffic flow scenarios in the driving simulator.

4.1.1. Inclusion criteria

To start with the very beginning of the experimental design and procedure, drivers who
participated in this experiment met certain basic criteria based on an examination of
neurologists and neuropsychologists. The detailed form is attached in Appendix. Each
participant should:

» have a valid driving license

» have driving experience of more than 3 years

» have driven more than 2500km during the last year

» have driven at least once a week during the last year

» have driven at least 10km/week during the last year

» not have important psychiatric history for psychosis or major depression

» not have any important motor disorder that prevent them from basic driving moves
» not have dizziness or nausea either as a driver or as a passenger

» not be pregnant

» not be an alcoholic or had any other drug addiction

» not have any important eye disorder that prevent him from driving safely

» not have any other disease of the Central Nervous System except for AD or PD
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In case one participant failed even in one of the above criteria, he was eliminated from
the experiment from carrying out the experiment.

4.1.2. Ethical issues

The study was approved by the Ethics Committee of the University General
Hospital "ATTIKON". Informed consent was obtained from all individuals studied; it
was explained to them that participation was on a voluntary basis and that they had the
right to withdraw any time they wished to. Participants were informed on the nature of
the study, the duration of their engagement and the type of information that they would
be asked to give during the data collection process. Also, participants were ensured of
the anonymity and confidentiality of the procedure. Finally, participation was voluntary
and no compensation was offered.

4.2. "Driving at the simulator” Assessment

The "driving at the simulator” assessment concerns the programming of a set of driving
tasks into the driving simulator for different driving scenarios. The design of these
scenarios is a central component of the experiment and includes driving in different
road and traffic conditions, such as in a rural, urban area with high and low traffic
volume. This assessment has two sessions: Urban Driving Session and Rural Driving
Session aiming to assess driving performance under typical conditions, with or without
external distraction sources.

4.2.1. Driving simulator

4.2.1.1. General

Within the framework of this PhD study, the driving simulator experiment took place,
on the 2" floor in a special room of the Laboratory of Traffic Engineering of the
Department of Transportation Planning and Engineering of the School of Civil
Engineering of the National Technical University of Athens (NTUA), where the FOERST
Driving Simulator FPF is located.
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The FOERST GmbH is a DIN ISO 9001- T
certified company while the simulator
used in the current experiment has
been manufactured by the FOERST
Company in order to serve research
purposes. Figure 4.2 is presenting the | ‘
driving simulator which consists of 3
LCD wide screens 40" (full HD), total
angle view 170 degrees, driving
position and support base. The

FOERST

Driving Simulators

dimensions at a full development are J E
230x180 cm. with a base width of 78cm. ' "

Figure 4.2. NTUA driving simulator

It features adjustable driver seat, steering wheel 27cm diameter, pedals (throttle, brake,
clutch), dashboard and two external and one central mirror that appear on the side and
on the main screen, and display in real time objects and events that are happening
behind the 'vehicle'. The controls available to the driver are: 5 gears plus reverse gear,
flash, wipers, lights, horn, brake and starter.

The virtual road environment is generated by the computer and displays the road
environment. Users can drive along the road under realistic conditions. It is highlighted
that driving conditions in the simulator cannot be absolutely identical to those perceived
by the driver in real driving, but the change of the driver behaviour does not necessarily
affect the relative influence of various parameters.

Moreover, in the specific driving simulator it is possible to simulate many conditions
between alternative types of roads (urban-interurban road, highway), in different traffic
conditions (normal - less - without - just oncoming traffic) and under different
environment (good weather, fog, rain, snow, night). Furthermore, according to the
experimental requirements, dangerous situations like unexpected appearance of an
animal during driving, or unexpected course of a leading vehicle at predetermined or
random points along the route were selected.
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4.2.1.2. Driving simulator validation

Simulator validity refers to the degree to which behaviour in the simulator corresponds
to behaviour in real-world environment under the same conditions (Kaptei et al., 1996;
Blaauw, 1982). There are two types of validity: absolute validity and relative validity. If
the numerical values for certain tasks obtained from the simulator and actual vehicles
are identical or near identical, absolute validity is said to have been achieved (Godley et
al., 2002). Relative validity is achieved when driving tasks have a similar affect (e.g.,
similar magnitude and direction of change) on driving performance in both the
simulator and real vehicles (Harms, 1992).

In order to investigate the validity of the present driving simulator another similar
research took place. The objective of this research was to compare the driving
performance of young drivers in normal and simulation driving conditions. For this
purpose, 31 young drivers aged 20-30 participated in an experimental process including
driving both in a driving simulator as well in real traffic condition at an interurban road
in the region of Paiania.

A central component of the experimental design was the driving simulator scenario
which was programmed in order to simulate with high precision the interurban road
task. Regarding the statistical analysis, lognormal regression models were developed for
the identification of the impact of driving environment (simulated and real road
conditions), driver characteristics (mileage, age, gender), as well as driving performance
variables (average acceleration, deceleration and standard deviations of them) to
average vehicle speed change.

Model results reveal that absolute values of drivers' traffic performance vary between
simulated and real driving conditions. On the contrary, relative differences of driver
behaviour at the two driving environments remain mostly the same. More precisely,
speed difference between fast and slow drivers is the same at both driving
environments, as the speed difference is also the same at the two driving environments
between drivers conversing or not conversing to the passenger. Research results allow
a clear view of the extent and manner in which driving conditions in conjunction with
driver's characteristics affect driving performance. Thus, they provide with a
substantiated explanation for the reliability of the particular simulator measurements.
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4.2.2. Familiarization with the simulator

A familiarization session or “practice drive” is typically the first step of all simulator
experiments. At this point, the coordinator assists participants to sit comfortably on the
driving simulator, explains any questions and confirms that participants feel well.

The driving simulator provides a “Free Driving” scenario (Figure 4.3) that familiarizes
the participants with the demands of an everyday drive. The greater part of the drive is
designed in an inter-urban environment, but there is also a short crossing through a
small city with traffic lights and junctions.

During the familiarization with the simulator, the following criteria must be verified
(there is no time restriction) before the participant moves on to the next phase of the
experiment (see also Annex):

» Handling the simulator (starting, gears, wheel handling etc.)
» Keeping the lateral position of the vehicle
» Keeping stable speed, appropriate for the road environment
» Braking and immobilization of the vehicle

Finally during this practice drive, two unexpected incidents take place.

Figure 4.3. Free driving - familiarization with the simulator
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4.2.3. Dealing with simulator sickness

Simulator sickness is a phenomenon that is affected
by simulator features and participant characteristics.
It produces symptoms that are similar to, but typically
less severe than those of motion sickness such as
nausea, ocular discomfort, and disorientation
(Kennedy et al., 1993). It was possible, during and after
the pilot driving, that the driver felt a mild or intense

discomfort, dizziness or nausea. In that case, the
coordinator asked the participant if he could carry on Figure 44. Simulator sickness symptom
with the experiment. In case of a negative answer, it was essential that the experiment
stopped. If the driver answered positively the experiment continued following an
adequate brake, so that the participant felt better. In case the participant was not willing
to continue, or reported - or was suspected to - experience more severe symptoms, the

experiment was cancelled.
4.2.4. Main part of the experiment - Rural and Urban driving scenarios

The design of the driving simulator experiment constitutes an innovating
component of the PhD thesis, considering that all individual parts are carefully
designed based on limitations and needs of similar driving simulators that were
reviewed in the previous chapters.

In this framework, this section presents all individual parts of the design of driving
scenarios. First, trials characteristics such as area type and traffic conditions are analyzed
and the distraction sources are examined. Then, special emphasis is given on the overall
experiment design since within- and between-subjects designs are presented, and the
full factorial or fractional factorial design implemented is further analyzed. Furthermore,
several other relevant aspects of the design are provided, with regard to conversation
topics, incidents, randomization of trials and concerning in what way the scenarios were
programmed.

Rural and Urban sessions correspond to different road environments: divided urban
arterial and undivided two-lane rural road. Figure 4.5 shows the horizontal design of the
road in the two different sessions. It is worth mentioning that a programming code has
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been developed - using the programming tool the simulator provides - in order to have
these specific routes from the various ‘'maps’ available in the simulator software.

Rural Road
.?"glart 2»*1 km
+ e
i Urban Road )
I Finish 17 km

. Start
|

Figure 4.5. Rural and urban routes

The rural route is 2.1 km long, single carriageway and the lane width is 3m, with zero
gradient and mild horizontal curves. The urban route is 1,7km long, at its bigger part
dual carriageway, separated by guardrails, and the lane width is 3,5m. Moreover, narrow
sidewalks, commercial uses and parking are available at the roadsides. Two traffic
controlled junctions, one stop-controlled junction and one roundabout are placed along
the route.

4.2.4.1. Traffic flow conditions

The effect of traffic flow on driving of patients with cerebral diseases is a key research
parameter of the present research. The simulation of ambient traffic (i.e. the behaviour
of other vehicles on the simulated road network) may be a very complex task. In some
cases, the interest might be in simulating in detail the behaviour of no more than one
or two vehicles in relation to the simulator vehicle. In other cases, such as in the present
research, the interest might be in the “global” traffic conditions experienced by the
participant during the simulated drive.
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However, it should be acknowledged that the simulation of ambient traffic in driving
simulators is much more demanding than classical traffic microsimulation, for the reason
that it should be implemented in a ‘'moving window’ framework, similarly to the driving
simulator. In fact, the simulated environment is not static. The traffic flow parameters of
the ambient traffic need to be specified in relation to the traffic parameters of the
‘moving’ simulator vehicle in the virtual environment, and within the limits of the
‘window’ corresponding to the screen view provided to the simulator driver. Most traffic
microsimulation models are not appropriate under these conditions, and the researcher
is requested to program his / her own traffic scenarios.

Recently, a promising approach was proposed by Olstam (2003) according to which,
vehicles moving ‘inside’ the ‘moving window' may be simulated in more detail, in
accordance with sophisticated traffic micro-simulation or car-following models, whereas
other vehicles in the simulated network — but ‘outside’ the moving window can be
simulated probabilistically i.e. drawn from appropriate statistical distributions.

Within the present research, a key parameter is the traffic volume experienced by the
driver, under the assumption that higher traffic volume may further impair distracted
driving. Consequently, the behaviour of specific vehicles, or their response to driver
behaviour, is not a priority for the experiment design —and can be covered by the default
traffic behaviour features of ambient traffic in the simulator. Therefore, a probabilistic
simulation of traffic conditions was opted for, and two traffic scenarios were
examined:

» Qm: Moderate traffic conditions - ambient vehicles’ arrivals are drawn from a
Gamma distribution with mean m=12sec, and variance 6%=6 sec, corresponding to
an average traffic volume Q=300 vehicles/hour, and

» Qu: High traffic conditions - ambient vehicles’ arrivals are drawn from a Gamma
distribution with mean m=6sec, and variance o=3 sec, corresponding to an average
traffic volume of Q=600 vehicles/hour.

These traffic arrivals distributions were appropriate for describing vehicle arrivals for the
given traffic flow, whereas Gamma distributions are typical for describing vehicle arrivals
for moderate to high traffic flows (Frantzeskakis and Giannopoulos, 1986). The selected
Gamma distributions were opted for post-pilot testing various alternative combinations
of distribution parameters with respect to theoretical and practical issues, including the
simulated result on the virtual screen. In Figure 4.6 the gamma distributions for
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simulated vehicle arrivals under moderate (blue panel) and high (red panel) traffic flow
scenarios are presented.

Gamma distributions for simulated vehicle arrivals

Moderate trafﬁc Qonditions

=300 vehicles/hour
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Figure 4.6. Gamma distributions for simulated vehicle time headways

4.2.4.2. Distraction conditions

After reviewing the literature, two distraction conditions were found to be more critical
with respect to driver behaviour and safety, namely conversation through mobile
phone while driving and conversation with passenger. Consequently, the distracted
driving scenarios of the simulated experiment were based on these in-vehicle distraction
causes. As already mentioned, each trial corresponds to different driving distractor and
different area type and traffic volume. The trials that demand conversation as a
distractor were covered by the following topics: family, origin, accommodation,
travelling, geography, interests, hobbies, everyday life, news, and business. It worth
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mentioning that if a participant didn't use a handheld mobile phone in their normal
driving life, they skipped this part of the experiment.

4.2.4.3. Incidents

During each trial of the experiment, 2 unexpected incidents were scheduled to occur
at fixed points along the drive (but not at the exact same point in all trials, in order to
minimize learning effects). More specifically, incidents in rural area concerned the
sudden appearance of an animal (deer or donkey) on the roadway (Figure 4.7), and

incidents in urban areas concerned a car getting out of a parking position, or the sudden
appearance of an adult pedestrian or of a child chasing a ball on the roadway (Figure
4.8).

Figure 4.8. Unexpected incident - child with ball crossing the road ("POV” view)

4.2.4.4. Scenarios design

The stages of the experimental design revealed a critical design question: "Will each
participant drive under all conditions, or will the drivers be randomly split up, so that
e.g. half of them drive in one condition and the other half in another?” In statistical
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terminology, this question is asking whether a study should be within-subject design or
a between-subject design.

Within-subject factors refer to the variables of interest that are measured for all
subjects, i.e. the variables pertaining to the experiment conditions. On the other hand,
between-subject factors refer to the variables that apply only to some subjects. With
regard to the driving simulator experiment, these are typically subject variables, such as
demographic variables and participant type where part of the subjects are tested for
some of the experiment conditions, while the rest of the subjects are tested for the
remaining experiment conditions. In several cases, a mixture of both types of design is
involved, given that there are variables which are by nature between-subject (e.g.
gender, as a participant can be either male or female) while others can be within-subject
(e.g. driving with distraction or without distraction - a condition that can be tested for
all subjects). A mixed factorial design includes both within-subjects and between-
subjects factors.

The main advantage of within-subject design is that tends to increase statistical power.
Furthermore, there are several within-subject variables in the present experiment (e.g.
driver characteristics). Therefore, a within-subject design was opted for the driving
simulator experiment.

Moreover, a full factorial within-subject design was selected in this research as shown
in Table 4.1. Full factorial or fractional factorial design means that each experiment is
based on a synthesis of conditions, resulting from the combinations of levels of the
variables of interest. The complete combination of all levels of the variables of interest
results in a full factorial design. However, in several cases a fractional factorial design
may be opted for, by eliminating some of the combinations of levels of the variables
examined, on the basis of appropriate criteria (McLean and Anderson, 1984), especially
when the number of variables is high, resulting to an unmanageable full factorial design.
More specifically, a fractional factorial design is most often based on a full factorial
design of some key variables of interest, complemented with selected combinations of
these variables with other variables of interest (Montgomery, 2000).

This design was determined after examining various full or fractional factorial design
alternatives (e.g. including night-time, or adverse weather driving conditions), and was
finalized after the careful selection of key research parameters.
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Table 4.1. Within-subject full factorial design parameters
Road Traffic Conditions

Distraction Sources

No distraction condition ° ° ° °
Conversation with passenger ° ° ° °
Conversation through mobile phone ° ° ° °

Consequently there were 2 driving sessions with up to 6 trials each (Table 4.2), which
were randomized between and within sessions. Is should be noted that whenever a
participant claimed that he, or she, does not use a mobile phone while driving under
any circumstances, the 4 trials that include mobile phone distraction were subtracted.

Table 4.2. Sessions and trials characteristics

~Length  ~Duration

Traffic Distractor

(km) (min)

1 Moderate None

2 High None 1,7 3
3 Moderate Conversation 1,7 3
4 High Conversation 1,7 3
5 Moderate Cell Phone 1,7 3
6 High Cell Phone 1,7 3
7 Moderate None 2,1 35
8 High None 2,1 3.5
9 Moderate Conversation 2,1 3.5
10 High Conversation 2,1 3.5
11 Moderate Cell Phone 2,1 35

-
N

Cell Phone

High

22,8km 40min

4.2.4.5. Sequence of trials

The first principle of an experimental design is randomization, which is a random
process of assigning treatments to the experimental units. The random process implies
that every possible allotment of treatments has the same probability. An experimental
unit is the smallest division of the experimental material and a treatment refers to an
experimental condition whose effect is to be measured and compared. The purpose of
randomization is to remove bias and other sources of extraneous variation, which are
not controllable. Another advantage of randomization (accompanied by replication) is
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that it forms the basis of any valid statistical test (Boyle, 2011). Hence the treatments
must be assigned at random to the experimental units. Randomization is usually done
by drawing numbered cards from a well-shuffled pack of cards, or by drawing numbered
balls from a well-shaken container or by using tables of random numbers.

In this experiment randomization was implemented in the sequence of the traffic
scenarios and distraction scenarios in which the participant was going to drive, but
not in the order of area type (urban/rural). Rural scenario was always first for two
reasons. Firstly because of the fact that a full randomization would demand a huge
number of participants in order to be implemented properly and secondly because the
urban area lead to more simulator sickness issues for the participants due to the more
complex driving environment that constitutes. It was concluded that full randomization
is not meaningful, as a huge number of combinations would be obtained, thus a limited
number of combinations for each variable was selected. These scenarios were randomly
assigned to participants (Table 4.3) in a counterbalanced way, so that eventually equal
proportions of similar groups of participants were assigned to each scenario.

Table 4.3. Randomized trials’ order - Possible sequences

First Second Third Fourth Fifth Sixth

1 Qu-No Qm-Mob Qum-Conv Qu-No Qu-Mob Qu-Conv
2 Qu-No Qm-Conv Qm-Mob Qu-No Qu-Conv Qu-Mob
3 Qu-Conv Qu-Mob Qu-No Qu-Conv Qu-Mob Qu-No

4 Qu-Conv Qm-No Qu-Mob Qu-Conv Qu-No Qu-Mob
5 Qu-Mob Qum-Conv Qm-No Qux-Mob Qu-Conv Qu-No

6 Qu-Mob Qm-No Qm-Conv Qu-Mob Qu-No Qu-Conv
7 Qu-No Qu-Mob Qu-Conv Qum-No Qm-Mob Qm-Conv
8 Qu-No Qu-Conv Qx-Mob Qm-No Qm-Conv Qu-Mob
9 Qu-Conv Qu-Mob Qu-No Qum-Conv Qv-Mob Qu-No
10 Qu-Conv Qu-No Qu-Mob Qum-Conv Qm-No Qv-Mob
11 Qu-Mob Qu-Conv Qu-No Qm-Mob Qm-Conv Qu-No
12 Qu-Mob Qux-No Qu-Conv Qm-Mob Qm-No Qu-Conv
13 Qu-No Qux-No Qu-Mob Qx-Mob Qu-Conv Qu-Conv
14 Qu-No Qux-No Qu-Conv Qu-Conv Qu-Mob Qu-Mob
15 Qu-Conv Qu-Conv Qu-Mob Qux-Mob Qu-No Qu-No
16 Qu-Conv Qu-Conv Qm-No Qu-No Qm-Mob Qu-Mob
17 Qu-Mob Qu-Mob Qm-Conv Qu-Conv Qm-No Qu-No
18 Qv-Mob Qu-Mob Qm-No Qux-No Qu-Conv Qu-Conv
19 Qu-No Qm-No Qu-Mob Qm-Mob Qu-Conv Qu-Conv
20 Qu-No Qu-No Qu-Conv Qm-Conv Qu-Mob Qu-Mob
21 Quy-Conv Qu-Conv Qu-Mob Qm-Mob Qu-No Qu-No
22 Qu-Conv Qu-Conv Qu-No Qum-No Qu-Mob Qu-Mob
23 Qu-Mob Qu-Mob Qu-Conv Qum-Conv Qu-No Qu-No
24 Qn-Mob Qm-Mob Qu-No Qm-No Qu-Conv Qwm-Conv
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Where:

Qm: Moderate traffic

Qx: High traffic

NO: No distraction

MOB: Cell phone

CONV: Conversation with passengers

The above scenarios were programmed by means of the R8103 Programming Tool
software version 3.4 of the driving simulator, in a scripting language supported by the
simulator environment. An extract of the source code for one indicative scenario is
provided in Annex.

4.2.4.6. Process of "driving at the simulator” assessment
The “driving at the simulator” research team consisted of:

» One researcher - coordinator of the experiment. The role of the coordinator is to
welcome and guide the participants to the room of the driving simulator, at the
specified date and time. The researcher is responsible for:

» The oral briefing and the delivery of the instructions to the participant,

» Assisting the participant during their familiarization drive,

» Assisting the participant to fill in the Self-assessment and Memory
questionnaire,

» Filling a checklist (see Appendix) for the control of the experiment with any
comments related to anything remarkable regarding the driving of the
participant,

» The monitoring for and handling of simulator sickness,

» The accomplishment of the driving simulator experiment,

» Assisting the participant in any other issue.

» One researcher responsible for the distraction tasks and the statistical editing of
the data output. The role of this researcher is:
» performing the distraction tasks during the experiment: the conversation task
and the phone call with the participant,
» assisting for any other secondary issues during the experiment,
» organizing the files generated from the participants’ driving and editing
statistically the data.
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As mentioned before, following the familiarization drive and the necessary short brake,
rural and urban areas followed. Within each road type, two traffic scenarios and
three distraction conditions were examined in a full factorial within-subject

design, as shown in Table 4.2. More specifically, the distraction conditions were: no
distraction, conversation through mobile phone and conversation with passenger. The

traffic  scenarios  were: Qwm: BT
Moderate traffic conditions (Figure
4.9) and Qx: High traffic conditions
(Figure 4.10). For rural area each
participant drove approximately
12,6km within about 20min in total.
After the end of each trial (when the

driver reached a spot with road Figure 4.9. Rural area-moderate traffic volume
works obliging the driver to stop

the vehicle - Figure 4.11), the screen
instantaneously turned black for a
few seconds, and restarted at the
beginning of the route for the next
trial. When the participant drove all
six routes (2,Tkm each for 3,5min),
was having a break. As mentioned, Figure 4.10. Rural area - high traffic volume
each trial was about a different
driving distractor and different
traffic volume. In addition two
unexpected events were set, where
the reaction of each driver was
recorded. For urban area (Figure
4.12) each participant drove

approximately 10,2km within about Figure 4.11. End of rural trial
20min in total. After the end of
each trial, the screen

instantaneously turned black and
restarted at the beginning of the
next trial. After the completion of
all six routes (1,7km each for

3,5min), the participant had a
break.

Figure 4.12. Urban area high traffic volume
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4.3. Neurological Assessment

Motor abilities are necessary for the safe operation of basic vehicle controls. Lower limb
function is needed to quickly shift the right foot from the accelerator to the brake in an
emergency situation, and to apply the correct pressure on the gas and brake for smooth
stopping and speed control (Staplin, et al., 2003b). Upper limb control is required to
operate the steering wheel to safely maneuver the car around obstacles and to operate
secondary controls (directional signals, lights, ignition, etc.) Neck and trunk rotation are
needed to shift one’s gaze in each side visualizing better the space, amplifying the visual
field, in order to change lanes, overtake, during the parking maneuver, before crossing
an intersection. (Staplin, et al., 2003b).

The Medical/Neurological assessment concerns the administration of a full medical,
clinical and neurological evaluation including a thorough medical and neurological
examination and taking of a detailed background history of all the participants, in order
to identify the existence of disorders (MCI, AD and PD) affecting cognitive functions. The
Clinical Neurological Assessment includes the completion of the following 14
neurological scales/tests + 4 specific motor speed/coordination tests +
ophthalmological examination (2.5 hours of testing in total) :

Clinical Dementia Rating Scale (CDR)

Hachinski Ischemic Scale (HIS)

Unified Parkinson’s Disease Rating Scale-motor (UPDRS-Motor)
Hoehn & Yahr Scale (H&Y)

Neuropsychological Inventory (NPI)

Frontal Behaviour Inventory (FBI)

Instrumental Activities of Daily Living (IADL)

© No A W=

Functional Activities Questionnaire (FAQ)

Informant Questionnaire on Cognitive Decline in Elderly (IQ-CODE)
Geriatric Depression Scale (GDS)

PHQ-9

Parkinson’s Disease Sleeping Scale-2 (PDSS-2)

_ A A a0
wn = o

Athens Insomnia Scale (AIS)

—
»

Epworth Sleepiness Scale

15. Rapid pace walk
16. Head and trunk rotation modified
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17. Alternate foot tapping modified
18. Tandem walking

The Medical History of the patient is the information obtained by the physician by
asking specific questions directly to the patient himself, or indirectly to a person which
is familiar with the patient, in order to formulate a diagnosis and provide or not an
appropriate medical treatment. From the History of the present illness the physician
obtains details about the current problem of the patient. Likewise from the Past Medical
History the medical personnel obtain information about illnesses or
surgeries/operations in the past, through the Drug history information about current or
previous drug therapy of the Patient.

In the Medical examination the blood pressure, the cardiac rhythm and pulse, are being
measured. The basic scheme of neurological examination consists of: Assessing the
higher mental functions (Intellect, memory, personality and mood), the
communication capability (speech), testing the cranial and the peripheral nerves,
evaluating the motor and sensory functions. Through the medical history and the
neurological examination the clinician should classify the participant as cognitively
(Mentally) Healthy or as a person with Mild Cognitive Impairment (MCI) or with
Dementia.

The Clinical Dementia Rating Scale (CDR) (Morris et al., 1993) includes the clinical
(through the interview with the patient and one of his/her family members) the
evaluation of the following cognitive domains: memory, orientation in time/space,
judgment and problem solving, community affairs, home activities and hobbies,
personal hygiene. The CDR permits the evaluation and the grading of the participant's
cognitive decline (CDR=0 corresponds to cognitively normal, CDR=0.5 corresponds to
the state of MCI, while CDR>1 means dementia (mild dementia=1. Moderate
dementia=2, severe dementia=3).

The Hachinski Ischemic Scale (HIS) represents a brief clinical tool helpful in the
differentiation of the commonest dementia types, Dementia of Alzheimer's Type (DAT)
and Vascular Dementia (VaD). A cut-off score < 4 for DAT and > 7 for VaD has a
sensitivity of 89% and a specificity of 89% (Moroney 1997).

Scales such as the UPDRS-motor (Unified Parkinson’s Disease Rating Scale) and H&Y-
modified (Hoehn and Yahr) scales are administered in order to obtain precise
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information about the motor system. The UPDRS-motor scale (Goetz et al., 2008) offers
not only a detailed description but also a quantification of the EPS. Speech, Facial
Expression, Tremor (at rest, postural or action type), rigidity, rapidity and width or
alternate movements, arising from chair and Gait are some of the main features that are
being evaluated in this scale. The Hoehn and Yahr scale is a commonly used system for
describing how the symptoms of Parkinson's disease progress. It was originally
published in 1967 in the journal Neurology by Melvin Yahr and Margaret Hoehn and
included stages 1 through 5. Since then, a modified Hoehn and Yahr scale was proposed
with the addition of stages 1.5 and 2.5 to help describe the intermediate course of the
disease. The H&Y scale measures mainly the quality-expansion of the extrapyramidal
signs (EPS): In stage O there are not EPS, in stage 1 there are EPS unilaterally, in stage 2
the EPS are bilateral, without impairment of balance, in stage 3 the EPS compromise the
balance enough to bring postural instability, but the patient is still independent, in stage
4 the symptoms are with the patient still able to walk or stand unassisted and finally, in
stage 5 the patient is wheelchair bound or bedridden unless aided.

The emotional state of all the participants is evaluated through Patient Health
Questionnaire (PHQ-9) scale (Cameron et al,, 2008) and GDS (Geriatric Depression
scale) (Sheikh et al., 1986) , while the sleep behaviour is evaluated through Athens
Insomnia Scale (Soldatos et al., 2000) and Epworth sleepiness scale (Johns 1991).

The PDSS-2 (Parkinsonian Disease Sleeping Scale-2) (Chaudhuri et al, 2002) is
additionally administered to the Participants with Parkinson Disease.

The Neuropsychiatric Inventory (NPI) (Cummings 1997) and the Frontal Behaviour
Inventory (FBI) (Kertesz et al., 1997) are used for evaluating the participant’s behaviour
in relation to brain diseases. The NPI assesses 12 neuropsychiatric-behavioural domains:
Hallucinations, Delusions, Agitation/aggression, Dysphoria/depression, Anxiety,
Irritability, Disinhibition, Euphoria, Apathy, Aberrant motor behaviour, Sleep and night-
time behaviour change, Appetite and eating change, evaluating their frequency and
severity. The NPl is administered by the clinician to the caregiver. The caregiver is usually
a family member involved in the daily care of the patient. In the FBI domains such as
apathy, emotional indifference, inattention, loss of insight, the presence of
comprehension deficit and many others are being evaluating. The FBI has been designed
to detect and grade neuropsychiatric-behavioural disorders associated with disorders
of the frontal lobes.
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Daily activities are evaluated with the IADL scale (Instrumental Activities of Daily
Living) (Lawton 1969), the FAQ (Functional Activities Questionnaire) and the 1Q-
CODE (Informant Questionnaire on Cognitive Decline in Elderly) (Jorm et al., 1991).
The short-term change in daily activities (weeks to month) is evaluated through scales
such as the Instrumental Activities of Daily Living (IADL) and Functional Assessment
Questionnaire (FAQ). The IQ-CODE helps in the corroboration of the patients complaints
about his/her cognitive deficits (most often in the domain of memory).

Other administered inventories for behaviour discrimination are the Adult Self-Report
Scale-V1.1 (ASRS-V1.1) and the Simple Screening Instrument for Substance Abuse Self-
Administered Form. The information from the aforementioned scales-test, from
Neuroimaging (cerebral MRI or CT scan) and specific blood tests (General blood count,
electrolytes, Liver and Kidney function tests, thyroid hormones, Vit.B12, Folic Acid levels,
autoimmune antibodies) and the Clinical examination and interview is used in order to
make a correct diagnosis of the patient’s disease.

Motor speed/coordination tests

Additionally, during the neurological assessment those motor abilities related to driving
performance were evaluated by the: Rapid Paced Walk, Head and Trunk rotation task
(modified), Alternate foot tapping (modified), Tandem Walking at 2 meter
distance, Tandem Walking at 2 meter distance (modified). In the next paragraphs a
brief description of all these tests will be presented.

» Rapid paced walk
The participant is invited to cover a distance of 3+3 meters long, as quickly as
possible. A measuring tape is laid on the floor, pulled out to its full 3 meter length,
and locked open at this length. The patient walks next to the measuring tape, turns
at the end, and walks back to the start position. The total walking distance is 6 meter.
The examiner says, "l want you to walk along side of this tape measure (tape line) to
the end, turn around, and walk back here as quickly as you can." The examiner records
the time involved.
Parameters to be evaluated: Gait-balance-speed.
Conclusion: Time>7.5sec: 2.5x Time>9sec: 3x possibility to get involved in car
accident or to commit traffic violation (Staplin et al. 2003).
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»

»

Head and trunk rotation modified

The patient does this test while seated in a chair. The examiner stands 3.5 meters
behind the client at a pre-marked location, and holds up a random number of fingers
while the client is facing straight forward. The examiner delivers the instruction, "Just
as you would turn your head and upper body to look over your right shoulder to back
your car or change lanes, please turn and tell me as quick as possible, how many fingers
| have raised and return to the straight forward position". The fingers is raised for only
1 second at each time. This task is repeated three times towards to Right and
afterwards, three times to the Left. The examiner records whether the client can
accurately identify the number of fingers raised. The examiner records the correct and
the false answers to both sides.

Parameters to be evaluated: Visual field, Ability to perceive objects in field of view,
Time of reaction.

Application: Ability to change direction while driving. Ability to park.
Conclusion: To be evaluated

The Head and Trunk rotation task, was introduced for the first time from Marottoli
(Marottoli et.al 1998) and later from Staplin (Staplin et al., 1999). In that task the
participant had to turn his head only one time to each side. Failure to this task was
related to poor driving performance with higher possibility to get involved to car
accident. In comparison with head and trunk rotation proposed by Marottoli, in which
the participant has to make one head turn at each side, in the modified Head-Trunk
rotation task the participant have to make three turns to each side. This task remains
to be evaluated.

Alternate foot tapping modified

This task is performed while the participant is seated. The examiner places on the
floor a piece of paper (A4 format page) in front of the participant, at a distance of 40-
50cm from the front edge of the chair. The participant have to touch their right foot
to the floor 5 times alternately on each side of the A4 paper moving from one side
to the other on every tap. The total number of taps is 10. The participant must make
sure to lift the foot sufficiently high in order to keep the paper steady. The examiner
records the mistakes and the time involved. In the foot tapping test proposed by
Marottoli et.al, 1994 the participant while seated was invited to move his right foot,
over a 2" 3-ring binder, placed at a distance of 16 to 24 inches from the front edge
of the chair. In our study a modification of this test was used.
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» Tandem Walking - 2m
The patient is invited to walk
through a straight line 2m long in
heel-toe mode (Figure 4.13), with
simultaneous aloud number
counting from number zero to 20
subtracting 2 numbers at each time
(0-2-4-6-...), and then from number
20 to zero subtracting 2 numbers at
each time (20-18-16-..). Balance,
movement coordination, mistakes
and time of execution are to be

evaluated.

Ophthalmological Examination

Figure 4.13. Tandem Walking Test

Finally, all patients and control subjects went through a complete ophthalmological

examination (Figure 4.14) including assessment of visual acuity, visual field examination,

color vision test, slit lamp biomicroscopy, slit lamp fundus examination with super field

Figure 4.14 Ophthalmological Examination

]iﬁ % | ' f

lens after pupil dilation by using
tropicamide and phenylephrine
hydrochloride. Finally macular thickness
and macular volume were measured with
optical coherence tomography (OCT). All
the participants should have best
corrected visual acuity better than 10/10.
Their ophthalmic history should be free
of any retinal vascular occlusive disease,
glaucoma or any other ocular disease.
Eyes with posterior pole pathology such
as macular degeneration, diabetic
retinopathy, glaucoma suspect, or
glaucoma and patients with media
opacification such as cataract that
obstruct ocular and OCT examination
were excluded.
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4.4. Neuropsychological Assessment

The neuropsychological assessment includes a detailed screening of various cognitive
domains with the use of appropriate tools. The elected neuropsychological tests cover
a large spectrum of cognitive functions: visuo-spatial and verbal episodic memory,
working memory, general, sustained, selective and divided attention, reaction time,
psychomotor speed, mental flexibility and task shifting etc. More specifically, the
following 20 neuropsychological tests (2.5 hours of testing in total) were
administered to all participants. A detailed review of the utility of these tests for
cognitive evaluation in neurodegenerative diseases can be found in Joint Programme
Neurogenerative Disease Research Strategic Research Agenda 2016 (JPND-SRA 2016).

» Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975): MMSE
is a test of general cognitive functioning. Components that are assessed are: a)
attention, b) time and space orientation, c) memory, d) language, and e) visuospatial
skills.

» Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005): MoCA is a brief
(10-15 minute) 30-point cognitive screening instrument which has proved useful in
identifying patients with dementia and with mild cognitive impairment (MCI).
Individual items on the MoCA are divided into 5 cognitive-specific domains
(attention/executive function, visuospatial, language, memory, and orientation) The
attention/executive function items include Trail Making Test B (1 point), digit span (2
points), target detection (1 point), verbal fluency (1 point), abstraction (2 points), and
serial seven subtraction (3 points). The visuospatial items include clock drawing (3
points) and cube copying (1 point). The language items include object naming (3
points) and sentence repetition (2 points). The memory items include recall of 5
previously presented words (5 points). The orientation items include 6 orientation-
based questions (6 points)

» Clock Drawing Test ATVE |

¢

The participant is asked to draw a clock face (0
with numbers and the hands at twenty to 8/ 47, 57

four (Figure 4.15 presents four examples kit

visual-spatial, constructional, and executive
abilities (Strauss, Sherman, & Spreen, 2006).
Figure 4.15. Clock Drawing Test example

from our participants). It primarily relies on £ 1} ’
l
R
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»

»

»

»

»

Phonemic fluency: In this version the examinee must produce orally as many words
as possible beginning with a specified letter during a fixed period of time, usually one
minute.

Semantic fluency: The most common category is “animals” and the examinee is
asked to produce as many animal names as possible within a one-minute interval.
Cognitive functions that are considered to be engaged by the specific tasks are: word
knowledge, episodic memory, working memory, speed of processing information,
and effortful self-initiation (Strauss et al., 2006).

Frontal Assessment Battery (FAB; Dubois, Slachevsky, Litvan, & Pillon 2000): The
FAB takes about 10 minutes to be administered. It consists of six subtests that explore
neurocognitive processes related to the frontal lobes: conceptualization (Similarities
task), mental flexibility (Phonological Lexical Fluency task), motor programming
(Luria's motor series), sensitivity to interference (Conflicting Instructions task),
inhibitory control (Go-No-Go task) and environmental autonomy (evaluation of
Prehension Behaviour). Each subtest is scored between 0 and 3; a composite score
ranging between 0 and 18 indicates whether or not executive dysfunction is present
and, if yes, its severity.

Upper Limb apraxia screening test: This test aims at detecting ideomotor apraxia.
The task that the examinee has to perform is to correctly imitate hand gestures that
are made by the examiner.

Letter Number Sequencing (LNS; Wechsler, 1997a): A series of numbers and letters
are read aloud to the participant in a mixed-up order at an approximate rate of one
item per second. The participant is instructed to recall first all numbers in numerical
order and then all letters in alphabetical order. LNS is considered to engage the
executive component of working memory because it does not only require the
temporary storage of information, but also the manipulation of the information that
is temporarily maintained (Emery, Heaven, Paxton, & Braver 2008; Shelton, Elliott, Hill,
Calamia, & Gouvier, 2009).
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»

»

»

Spatial Span Task
(Wechsler, 1997b): This task
is a variation of Corsi's

(@)

block-tapping test (Lezak,
Howieson, & Loring, 2004)
and is considered as a
measure of visuospatial
working memory (Figure
4.16). It is part of the 3rd
Edition of the Wechsler
Memory Scale (Wechsler, Figure 4.16. Spatial Span Task example

1997b). Participants are shown a white board with raised, equally-sized blue blocks.

In the Forward condition, the experimenter taps the blue blocks in a sequence and
participants attempt to repeat the correct order. In the Backwards condition, the test
procedure is the same, except that participants have to repeat the tapped sequence
in the reverse order. Both conditions are composed of eight sets of items with two
trials in each set. The sequence length is two for trial 1 and increases by one for each
successive set. Administration is terminated if participants miss both trials of any set.
Scores reflected a sum of the total number of correct trials from the Forward and
Backward conditions.

Symbol Digit Modalities Test (Smith, 1991): A coding key is presented consisting of
nine abstract symbols, each paired with a number, and the respondent is required to
scan the key and write down (written form) or say orally (oral form) the number
corresponding to each symbol, as rapidly as possible. It is considered to measure
speed of information processing.

Driving Scenes Test-Neuropsychological Assessment Battery (NAB; White &
Stern, 2003): Participants are presented with a drawing of a driving scene (Figure 4.17)
as viewed from behind the wheel. After a 30 sec exposure, participants are shown
another similar picture, and are asked to identify new, different or missing items
relative to the previous scene. The test measures working memory, visual scanning,
attention to detail and selective attention.
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Figure 4.17. Driving Scenes Test-Neuropsychological Assessment Battery

» Useful Field of View (UFOV; Ball
& Owsley, 1993): The UFV (Figure
4.18) is a computerized test that
captures both speed of visual
attention as well as ability to focus
visual attention despite distractors
and was developed especially for
the assessment of driving fitness
in various populations. It includes
three subtests that assess various
aspects of visual perception and
attention, namely central vision
and processing speed, divided
attention, and selective attention.

" Task 4

Figure 4.18. Useful Field Of View Test
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»

»

»

»

Psychomotor Vigilance Test (PVT): PVT is a computerized test that is considered to
measure sustained attention, alertness, and vigilance. In the version that is used in
the present study the participants should click the left mouse button as soon as
possible, after the appearance of red numbers in a box that is placed in the center of
the screen. The red numbers appear at random times and the test lasts 2 minutes.
The specific version of the test is free ware and is retrieved from the Sleep Disorders
Center at Florida, USA.

Hopkins Verbal Learning Test-Revised (HVLT-R; Benedict, Schretlen, Groninger, &
Brandt, 1998): HVLT-R is a brief verbal learning and memory instrument. It consists of
a 12-item word list presented in three consecutive trials. Also, the test includes a
delayed free recall and a recognition trial. The recognition task consists of 24 words,
12 from the recall list, 6 distracters that are semantically related to the recall items,
and 6 unrelated words.

Brief Visuospatial Memory Test-Revised (BVMT-R; Benedict, 1997): BVMT-R s
used as a measure of visuospatial memory (Benedict, 1997). The test consists of six
geometric designs that are shown for a period of 10 seconds. Subjects are asked to
reproduce the drawings immediately after each trial. They are instructed to draw them
as accurately as possible and in the correct location on the answer sheet. Each
reproduction is awarded 2 points if it is reproduced accurately and is placed correctly.
One point is given to those responses that are either placed appropriately or drawn
correctly. Those designs that are missing from the answer sheet or for which no
recognizable attempt is found are scored 0. The range of possible scores extends
from 0 to 12 for each free recall trial. The “total

learning” score is the sum of scores across the three \
learning trials. Subjects are asked to reproduce the —
designs for a fourth time, approximately 25 minutes
. : . : 6 7
after the learning trials. This score, computed with 8
9

7

Figure 4.19. JLO Test

4 5

the same criteria used in the immediate recall trials, 3 \\
. . 2 \
provides a measure of “delayed recall.” This delayed —

reproduction is followed by recognition testing,

composed of the six targets interspersed with an
equal number of distractor Figures.

Judgment of Line Orientation Test (JLO; Benton, et al., 1994): JLO is considered to
measure visuospatial perception (Figure 4.19). The respondent is required to identify
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which two lines, from a multiple-choice array, match the directions of the lines on the
stimulus card.

» Witkin's Embedded Figure Test (Witkin et al., 1971): The participant is required to
locate simple geometric figures within larger complex designs. It measures the ability
to distinguish a target object from an organized visual field. According to their
performance, the participants can be categorized as having “Field-dependent
cognitive style” or “Field-independent cognitive style”. “Field-dependent cognitive
style” means that the perception is dominated by the overall organization of the
surrounding field whereas “Field-independent cognitive style” indicates the ability to

break-up parts of the field discretely from an organized ground.

» Spatial addition test (Wechsler, 2009): The Spatial Addition test is part of the
Wechsler Memory scale-Fourth Edition (WMS-1V) and is considered as a measure of
visuospatial working memory that puts a heavy load on the executive component of
the working memory schema. Initially, the examinee is shown a grid with blue dots,
red dots, or both for 5 seconds. Then the examinee is shown a second grid with
additional dots. Finally, the examinee must add the spatial locations of the blue dots
that were presented in both grids and ignore any red dots. Specifically, the instruction
that is given to the examinee is to respond by placing blue or white cards in an empty
grid (blue for location of blue, white for subtracting 2 blues in the same location).

» Trail Making Test (TMT; Reitan, 1979): The I

version of the TMT (Figure 4.20) used has two @ @j

subtasks Part A (TMT-A) and Part B (TMT-B). Each |(1s) 7 @)
subtask is shown on a white paper (A4 dimension) @": @ -
and the participants are asked to connect w@

randomly located circles, as fast as possible. Part A QJ
includes circles with numbers only (1-25) that have —~

to be connected in numerical order, while Part B | (13) 2 . (24)
includes circles with both numbers (1-13) and () Y

letters (A-M) that have to be connected '\?/“'/-1\

alternately. Abilities such as visual search, motor I@ . ' ) S
speed, and spatial skills are examined in both parts .;@. ) ?) 2 =
of the test. In addition, part B is considered to (\/1;_ @ @ \B)

assess aspects of executive control, such as mental I

flexibility and task shifting (Strauss et al., 2006). , . ,
Figure 4.20. Trail Making Test Part A
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» Comprehensive Trail Making (CTMT; Reynolds, 2002): The CTMT consists of five
trails that assess psychomotor speed, visual scanning, sequencing, task
switching/cognitive flexibility, attention, inhibition, and distractibility. Trail1 of the
CTMT, like Part A of the original TMT, instructs participants to draw a line connecting
numbered circles in ascending order as quickly as possible. For Trail 2, participants
connect numbered circles in ascending order from 1 to 25 while ignoring 29 empty
distractor circles that are included to assess inhibition and distractibility. Trail 3
includes 13 empty distractor circles and19 distractor circles with line drawings inside,
providing a further measure of visual scanning, attention, and distractibility. On Trail4,
participants connect numbers from 1 to 20, 11 of which are Arabic numerals, whereas
the other nine are written words. Trail 5 is similar to TMT-B in which the participant
not only alternates between numbers and letters in sequence but also includes five
empty distractor circles. Trails 4, 5 were included to assess different types of task-
switching abilities, thus increasing the sensitivity of the CTMT to brain dysfunction.

4.5. Self-stated driving behaviour questionnaire

After completing the driving simulator tasks, participants were asked to fill a
questionnaire concerned their driving habits and their driving behaviour. The
questions were chosen carefully on the basis of the existing literature on drivers’ self-
reported behaviour. The sections of the questionnaire were: driving experience - car use,
self - assessment of the older driver, distraction-related driving habits, emotions and
behaviour of the driver, anger expression inventory during driving, and history of
accidents, near misses, and traffic violations

The driving experience section included questions about the driving experience and
driving habits of the participants that were used in analysis as potential moderating
factors for the evaluation of driving simulator performance. The section also
incorporated questions that examine the driving experience of the participants in
different driving environments or situations, e.g., frequency of driving during rush hour,
thus providing more detailed information on the driving experience of the participants.

The self-assessment of the older driver section included two sub-sections. The
questions of the first one required the self-evaluation of the perceptual-motor and the
safety skills of the driver. The items of the section were derived from the Driver Skill
Inventory (Lajunen & Summala, 1995), with adaptations and modifications by the
research team. This section employs a 4-point scale (from weak to strong), in order to
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prevent the bias of responses that cluster in the middle. The section included an original
questionnaire, developed by the research team, which asked the participants to rate
their driving skills in relation to their skills of 5 years ago. The rating scale ranged from
no difference to significantly worse with respect to driving in different conditions (on a
highway, at night, in heavy traffic, etc.). In addition, participants rated whether or not
they avoid each one of the conditions included, how often, and if so, whether their
avoidance was attributed to their own hesitation, the discouragement of their family, or
other reasons. This section offered valuable information on self-awareness of possible
driving impairment, as well as possible compensatory mechanisms to avoid safety risks.
A questionnaire that inquired about the frequency of various driving difficulties was also
included, on a 5-point scale (never-always). The information provided in this section was
related to the driving performance of the drivers in the different conditions of the driving
simulator experiment.

The distraction-related driving habits section included an original questionnaire,
developed by the research team, that inquired about the attitudes of the participants
with respect to distracting behaviours, e.g., use of cell phone in the city in heavy traffic.
The questionnaire employed a 4-point scale (not at all dangerous-very dangerous). The
section also included two questions on engaging in distracting behaviours, on a 4-point
scale (never-many times), and questions on the use of behavioural adaptations when
engaging in distracting behaviour, e.g., slowing down and driving more carefully, on a
5-point scale (never-always). The information provided by this section were specifically
related to performance in the distraction conditions of the driving simulator experiment.

The anger expression inventory section measured different aspects of the emotions
and behaviours of the drivers. It included questions on the frequency of engaging in
quarrels (0-9+ times a year); questions on safety behaviours, e.g., driving under the
influence of alcohol, on a 4-point scale (not at all-very frequently); and a driving anger
scale, adapted and modified by the research team from the Driving Anger Expression
Inventory (Deffenbacher et al, 1994), rated on a 4-point scale (almost never-almost
always). The results of this section were related to performance in those conditions of
the driving simulator more likely to result in impatience or anger, e.g., driving in heavy
traffic. Moreover, the results of the section enter further analyses in order to construct
an instrument that may be utilized in future research on driver behaviour. The history
of accidents, near-misses and traffic violations section aimed to elicit specific
information on the above, measured in terms of frequency of occurrence (0-9+ times in
total, or in the past 2 years, depending on the section).
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4.6. Sample characteristics

Within the framework of the present PhD dissertation, 225 participants went through
the whole experimental procedure that was described analytically in the above chapters,
between February 2013 and April 2015. More specifically, 225 participants went through
the driving at the simulator assessment, the neurological assessment, the
neuropsychological assessment, and the questionnaire assessments. In the present
section sample characteristics are presented regarding driver parameters (age, gender,
education, experience) as well as driving characteristics. For the purpose of this study
274 participants started the driving simulator experiment that was described
analytically in the above chapters. 49 participants were eliminated from the study
because they had simulator sickness issues from the very beginning of the driving
simulator experiment.

Thus, the sampling scheme included 225 participants (76% males - 24% females)
(Figure 4.21):
» 133 “patients” with a neurological disease affecting cognitive functions:
» 28 AD patients,
» 45 MCI patients,
» 25 PD patients,
35 patients with other neurological disorders affecting cognition

X

» 92 “Controls” without any cognitive disorder

From the age perspective, three age groups were developed and the sampling scheme
is also divided as follows:
» 30 Young participants (age<34 years old)
» 28 Controls
» 2 patients with other neurological disorders affecting cognition
» 42 Middle Aged participants (35 years old<age<54 years old)
» 30 Controls
» 2 MCI patients
» 5 PD patients
5 patients with other neurological disorders affecting cognition

¥

» 153 Old participants (age>55 years old)
» 34 Controls
» 43 MCI patients
» 28 PD patients
» 20 PD patients
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» 28 patients with other neurological disorders affecting cognition

225

participants
92 Controls (41%) —
45 MCI (20%) 30
28 AD (12%) Young
25 PD (11%) BE b
35 Others (16%) /19
(76% males - 24% females) Middle Aged
S A7A+4]yo0.

153 oid

689+81y.0.

Controls

Figure 4.21. Sample Scheme of the PhD thesis

In the next step of this sample scheme presentation we will focus on the 153 old
participants. This specific group is inserted in the majority of the regression analyses and
it is of critical importance that there are no significant differences between the group of
old patients (MCI, AD and PD) and the group of old healthy controls. In Table 4.4, the
between-group comparisons in age, driving experience, number of days driven per week
and kilometers per week, in the number of years of education, the total accidents and
accidents in the past two years, and their self-reported levels of simulator sickness
(caused by the driving simulator) are presented for the group of older drivers (> 55 years
old). There were not statistically significant differences in the demographic
characteristics of the two groups.
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Table 4.4. Comparison of patients with neurological diseases affecting cognitive functions and of the Control group
without neurological history on various demographics with the use of the Wilcoxon Rank Sum Test (age >55 y.o.)

“MCI, AD, PD “Control”
. P-values

Patients” group group
Age, y, mean+SD 71.2+7.2 64.1+6.6 0.122
N, M/F (Gender) 91, 59/32 34, 25/9 0.141
Driving experience, y, mean+SD 41.3+5.8 38.7+2.8 0.271
Days/week, median (range) 4 (2-7) 5(2-7) 0.359
Kilometers driven/week? median (range) 3 (2-5) 3 (2-5) 0416
Accidents (2 years) - reported, median (range) 0 (0-0) 0 (0-0) 1.000
Education, y, mean+SD 12.1£3.5 13.5+£2.2 0.812
Simulator sickness® - reported, median (range) 0.23 (0-3) 0.18 (0-3) 0.726

31=1-20km; 2=21-50km; 3=50-100km; 4=100-150 and 5>150
b Question: Did you feel dizzy at the simulator? 0=Not at all, 1=Just a little, 2=To some extent, 3=A lot

Moreover, boxplots charts are PhD Old Sample Size
Age Box and Whisker Plots

presented regarding age, years of
education and driving experience

of Controls, MCI, AD, and PD I?
participants (Figures 4.22, 4.23, ?I

4.24). With regard to the

interpretation of boxplots, it Control MCI AD PD
Figure 4.22. Participants >55 years old: age box-plots

should be noted that the spacing
between the different parts of the PhD Old Sample Size

Years of Education Box and Whisker Plots

box plot indicates the degree of
dispersion (spread) and skewness
in the data and identifies outliers.
More specifically the line in the
MCI AD PD

middle of the boxes is the median,
and the bottom of the box
indicates the 25th percentile.
Twenty-five percent of cases have PhD Old Sample Size

Years of Driving Experience Box and Whisker Plots
the 75th percentile. Finally, half of

the cases lie within the box. i) s it

Figure 4.24. Participants >55 years old: driving experience

values below the 25th percentile.
The top of the box represents the
75th  percentile.  Twenty-five
percent of cases have values above
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4.7. Development of databases - data files and processing levels

In this section, considering the extremely large dataset from the driving simulator
experiment, information regarding the data processing are provided including data files,
data storage and the processing levels in order to conclude to the Master Database
and the Final Master File which will be used for all the statistical analyses that will be
presented in the next chapter.

At first one Driver Control File was stored with basic information for each driver and
for every assessment leg aiming to support the execution of the experiments. This file
was used and filled in by several members of the experiment team, and its aim was
basically the scheduling of the driving simulator, the neurological, and
neuropsychological assessments. Moreover it contains basic information about all
participants.

Then, we constructed 6 discrete Driving Simulator Data Processing Levels:
» Processing Level 0. Traffic Session Original Log Files

» Processing Level 1. Driver Original Data Excel Files

» Processing Level 2. Driver Processed Data Excel Files

» Processing Level 3. All Drivers Processed Data Excel File

» Processing Level 4. All Drivers Summary Data Excel File

» Processing Level 5. All Drivers and All Assessments Processed Data File

The driving at the simulator experiment data storage was performed automatically at
the end of each experiment. The data was stored in text format (*.txt). The simulator
records data at intervals of 33 to 50 milliseconds which means that each second
measured values for each variable up to 30 times. At first, 33 variables were recorded in
each session.

In Processing Level “0” the traffic session original log files extracted from the driving
at the simulator experiment are placed. More specifically there are two .txt files per driver
(lodfile.txt, errorfile.txt) per driving area (Rural/Urban). Thus there are four files per driver
(4x225 drivers=900 files in total). Each line of these files corresponds to each
measurement (30 measurements per second). In Table 4.5 all these 33 variables the
simulator record and extract are presented and explained:
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Variable
Time
X-pos
y-pos
Z-pos
road
richt
rdist
rspur
ralpha
Dist
Speed
Brk
Acc
Clutch
Gear
RPM
HWay
DLeft
DRight
Wheel
THead
TTL
TTC
Acclat
Acclon
EvVis
EvDist
ErrINo
ErrlVal
Err2No
Err2Val
Err3No
Err3Val

Table 4.5. Driving simulator variables

Explanation

current real-time in milliseconds since start of the drive.
x-position of the vehicle in m.

y-position of the vehicle in m.

z-position of the vehicle in m.

road number of the vehicle in [int].

direction of the vehicle on the road in [BOOL] (0/1).
distance of the vehicle from the beginning of the drive in m.
track of the vehicle from the middle of the road in m.
direction of the vehicle compared to the road direction in degrees.
driven course in meters since begin of the drive.

actual speed in km/h.

brake pedal position in percent.

gas pedal position in percent.

clutch pedal position in percent.

chosen gear (0 = idle, 6 = reverse).

motor revolvation in 1/min.

headway, distance to the ahead driving vehicle in m.
distance to the left road board in meter.

distance to the right road board in meter.

steering wheel position in degrees.

time to headway, i. e. to collision with the ahead driving vehicle, in seconds.

time to line crossing, time until the road border line is exceeded, in seconds.

time to collision (all obstacles), in seconds.

acceleration lateral, in m/s?

acceleration longitudinal, in m/s?
event-visible-flag/event-indication, 0 = no event, 1 = event.
event-distance in m.

number of the most important driving failure since the last data set

state date belonging to the failure, content varies according to type of failure.

number of the next driving failure (maybe empty).
additional date to failure 2.
number of a further driving failure (maybe empty).

additional date to failure 3.
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Moving on to the Processing Level “1”, the driver original data files are placed (225
drivers=225 files in total). More specifically one excel file per driver is implemented
including 4 sheets: rural-data (~60.000 rows), urban-data (~60.000 rows), rural-errors
(~30 rows) and urban-errors (~30 rows). Each line corresponds to each measurement
(30 measurements per second).

For the purposes of Processing Level “2": Driver Processed Data Files, apart from the
33 variables extracted from the simulator, we added some other columns regarding the
sequence of the trials, the traffic volume and the distraction condition that every groups
of rows corresponds to, reaction time and crash if there was any. There is one excel file
per driver (2 sheet per logfile-rural/urban~60.000 rows each) in which processed data
per driver is added (225 drivers=225 files in total). There are 2 sheet per logfile and
each line corresponds to each measurement (30 measurements per second). In Figure
4.25 the first rows of a participant’s file at Processing Level “2" is presented as an
example.

PersoniC Trial Traffi Distractc State ~ Time x-pos y-posz-pos road richt rdist rdisth rspur ulph: Dist SpeeiBrk Acc Clutc|Gear RPM HWay DLeft DRigiWhee THead TTL TTC  AccLi AccLiEvenl EvVis EvDist ioDat Reac Crast

D288 1QH NO SPEEDO 45 224 0 155 1 0 5 -395 2 0 0 0 2 100 1 0 10000 12 12 8 10000 10000 10000 0 0 0 0 100000 7dffs: 0 0
D288 1QH NO SPEEDO 79 2,24 0 155 1 0 5 -395 2 0 0 [ 0 100 100 1 0 10000 12 1.2 8 10000 10000 10000 0 Q 0 0 100000 7dff8: 0 0
D288 1QH NO SPEEDO 112 224 0 155 1 0 5-395 2 0 0 o0 0 100 100 1 010000 1.2 1.2 8 10000 10000 10000 O 0 0 0100000 7dff8I 0 0
D288 1QH NO SPEED O 162 224 0 155 1 [ 5 -395 2 0 0 0 0 100 100 1 0 10000 12 12 8 10000 10000 10000 0 a 0 0 100000 7dffa: 0 0
D288 1QH NO SPEEDO 195 224 0 155 1 0 5 -395 2 0 0 0 0 2 100 1 0 10000 12 12 & 10000 10000 10000 0 0 0 0 100000 7dff8: 0 0
D288 1QH NO SPEED O 228 224 0 155 1 0 5 -395 2 0 [1] 0 0 2 100 1 0 10000 12 12 8 10000 10000 10000 0 ] 0 0 100000 7dffs: 0 0
D288 1QH NO SPEED 0 262 2,24 0 155 1 0 5 -395 2 0 0 0 0 2 100 1 722 10000 12 1.2 8 10000 10000 10000 0 a 0 0 100000 7dff8: 0 0
D2gs 1QH NO SPEED O 295 224 0 155 1 0 5 -395 2 0 0 o0 0 2. 100 1 73910000 1.2 1.2 8 10000 10000 10000 0 0 0 0100000 7dff8] 0 0
D288 1QH NO SPEED O 328 224 0 155 1 [ 5 -395 2 0 0 0 0 2 100 1 754 10000 12 12 8 10000 10000 10000 [ a 0 0 100000 7dffa: ] 0
D288 1QH NO SPEED O 361 224 0 155 1 0 5 -395 2 0 0 0 0 2 100 1 766 10000 12 12 & 10000 10000 10000 0 0 0 0 100000 7dff8: 0 0
D288 1QH NO SPEED O 395 224 0 155 1 0 5 -395 2 0 0 0 0 2 100 1 777 10000 12 1.2 8 10000 10000 10000 0 ] ] 0 100000 7dffs: 0 0
D288 1QH NO SPEED 0 428 224 0 155 1 0 5 -35 2 0o 0 0 0 2 100 1 786 10000 1.2 1.2 8 10000 10000 10000 O 0 0 0100000 7dfig. 0 0
D288 1QH NO SPEED O 461 224 0 155 1 [ 5 -395 2 0 0 0 0 2 100 1 793 10000 12 1.2 8 10000 10000 10000 0 a 0 0 100000 7dffa: 0 0
D288 1QH NO SPEEDO 494 -218 0,2 1859 2 0 400 0 15 0 0 0 0 2 100 1 798 10000 07 085 8 10000 10000 10000 0 0 0 0 100000 7dff8: ] 0
D288 1QH NO SPEED O 528 -218 0,2 1859 2 0 400 0 15 0 0 0 0 2 100 1 803 10000 07 0,85 8 10000 10000 10000 0 [ 0 0 100000 7dffs: 0 0
D288 1QH NO SPEEDO 561 -218 0,2 1859 2 0 400 0 15 0 0 [} 0 2 100 1 806 10000 07 085 8 10000 10000 10000 0 Q 0 0 100000 7dff8: 0 0
D288 1QH NO SPEED 0 594 -218 0.2 1858 2 0 400 0 15 0 0 0 0 2100 1 809 10000 0.7 085 8 10000 10000 10000 O 0 0 0100000 7dff8I 0 0
D288 1QH NO SPEEDO 627 -218 0,2 1859 2 0 400 0 15 62832 1] 0 0 2 100 1 812 10000 0,7 085 8 10000 10000 10000 0 a 0 0 100000 7dffa: 0 0
D288 1QH NO SPEEDO 661 -218 0,2 1859 2 0 400 0 15 0 0 0 0 2 100 1 814 10000 07 085 8 10000 10000 10000 0 0 0 0 100000 7dff8: ] 0
D288 1QH NO SPEED O 694 -218 0,2 1859 2 0 400 0 15 0 0 0 0 2 100 1 816 10000 07 0,85 8 10000 10000 10000 0 [} 0 0 100000 7dffs: 0 0
D288 1QH NO SPEEDO 727 -218 0,2 1859 2 a 400 0 15 0 0 0 0 2 100 1 818 642 07 085 8 10000 10000 10000 0 Q 0 0 100000 7dff8: 0 0
D2gg 1QH NO SPEED 0 760 -218 0.2 1859 2 0 400 0 15 0 0 o0 0 2 100 1 820 642 07 085 8 10000 10000 10000 O 0 0 0100000 7dff8I 0 0
D288 1QH NO SPEED O 794 -218 0,2 1859 2 0 400 0 15 0 [ 0 0 2 100 1 81 642 07 085 8 10000 10000 10000 0 a o0 0 100000 7dffa: 0 0
D288 1QH NO SPEEDO 827 -218 0,2 1859 2 0 400 0 15 62832 0 0 0 2 100 1 823 642 07 085 & 10000 10000 10000 0 0 0 0 100000 7dff8: 0 0

Figure 4.25. Example of a driver's processed data files

Moving on to Processing Level “3” all drivers processed data files are inserted in a
database in *.accdb format. 225 drivers’ data in two area types, in two traffic volumes,
in three distraction conditions that correspond to more than 200 hours of driving at
the simulator, develop a master .accdb database with more than 20 million rows x
40 columns (6 GB of data).

Then, in Processing Level “4", data reduction techniques are being developed and all
drivers’ summary data are extracted using specific queries. There is one master excel file
for all drivers. Each driver corresponds to 12 rows (2 areas x 2 traffic volumes x 3
distraction conditions) which include summarized data for each driving trial regarding
mean values and their variabilities of the 33 driving variables as well as the reaction
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times and accident probabilities of each trial. Thus this file includes 2.700 rows x 40
columns.

Finally, Processing Level “5”: All Drivers and All Assessments Processed Data File
include the data from the previous processing level added with the data extracted from
the neurological, neuropsychological and the questionnaire assessments. A
reconstruction is carried out in order to have a Final Master File with one row per
participant including all summarized “driving at the simulator” data, all
neurological data, all neuropsychological data and all data from the
questionnaires.

This Final Master File, which was extracted in both .xIs and .csv formats, includes in
total:

» 225 rows x 1.113 columns:

» (225 participants) x (7 general information variables + 535 driving at the
simulator variables® + 321 questionnaire variables + 250 neurological and
neuropsychological variables).

This Final Master File will be examined and analyzed by an innovative statistical
methodology, and the results of all analyses will be presented thoroughly in the
following chapter.

® because 12 trials per driver were reconstructed in one row

202



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

Statistical Analysis

In th t chapter, the dat llected o e
nthe prese.:n. ¢ ?p ef the da a. coflecte Descriptive Statistics
from the driving simulator experiment, the
neurological and  neuropsychological

assessments and the respective

Analysis of variance

questionnaires, which constructed the
master database, are analyzed by means of
a dedicated and innovative statistical Regression Principal Component

analysis method. The choice of this Models Analysis

method was based on the limitations and
needs of statistical analysis methods, which Structural Equation Modeling
were analyzed in the literature review part

Figure 5.1. Statistical analysis method

on driver experiments. The overall statistical
analysis method consists of five steps, namely a descriptive analysis, analysis of variance
(ANOVA), regression modeling techniques, Principal Component Analysis (PCA) and
finally, Structural Equation Modeling techniques using latent variables. The five
individual steps of the overall statistical method are presented in Figure 5.1. It should
be noted that both regression and PCA analyses are parts of the explanatory and
preliminary analysis of the database and are considered to be crucial for the
development and application of the SEMs.

In the first step, the descriptive analysis of all the experiment variables takes place,
which allows for a first understanding of the large number of parameters examined.
More precisely, an overview of all variables that are provided by the driving simulator is
provided. Then, several boxplots are presented investigating the effect of specific driving
characteristics on selected driving performance measures. Furthermore, a correlation
Table is investigating any of a broad class of statistical relationships between driving
simulator variables.

Moving on, two analyses of variance (ANOVA) are presented regarding significant
differences in the driving performance indexes extracted from the driving simulator
assessment and in the answers extracted from the behaviour questionnaires, between
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two groups: groups of healthy controls and patients with neurological diseases affecting
cognitive functions.

Then, in the framework of the explanatory analysis, the development of Regression
Models takes place regarding key performance parameters such as average speed,
lateral position, average headway, steering angle variability, reaction time of drivers at
unexpected incidents, accident probability and driving errors.

In the next step, Principal Component Analysis (PCA) is implemented regarding
driving performance, driving errors, neuropsychological state and neurological state, in
order to investigate which observed variables are most highly correlated with the
common factors and how many common factors are needed to give an adequate
description of the data.

In the fifth step, the core statistical analysis of the present PhD thesis takes place,
including the implementation of Structural Equation Models (SEMs) for the first time
in the scientific field of driving behaviour of drivers with neurological diseases affecting
cognitive functions. Within the framework of latent analysis, four Structural Equation
Models are developed aiming to investigate the quantification of the impact of
neurological diseases affecting cognitive functions, driver distraction, driver
characteristics as well as road and traffic environment directly on driving performance,
driving errors, reaction time and accident probability.

5.1. Descriptive analysis

In the present research the large dataset exported from the driving simulator experiment
as well as the driving behaviour and self-assessment questionnaires make the
descriptive analysis of a large number of variables essential. In the beginning several
boxplots are presented in order to explain the effect of age and neurological diseases
affecting cognitive functions on several driving performance measures extracted from
the driving simulator experiment.

Finally, a correlation table is investigating any of a broad class of statistical relationships
between driving simulator variables. With regard to the interpretation of boxplots, it
should be noted that the spacing between the different parts of the box plot indicates
the degree of dispersion (spread) and skewness in the data and identifies outliers. More
specifically:
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» The line in the middle of the boxes is the median

» The bottom of the box indicates the 25th percentile. Twenty-five percent of cases
have values below the 25th percentile.

» The top of the box represents the 75th percentile. Twenty-five percent of cases have
values above the 75th percentile.

» Half of the cases lie within the box.

The 7 driving performance measures that were examined are:

» Mean speed (mean speed of the driver's vehicle along the route, excluding the small sections in
which incidents occurred, and excluding junction areas)

» Time headway (time distance between the front of the simulator vehicle and the front of the
vehicle ahead)

» Lateral position (vehicle's distance from the central road axis in meters)

» Steering angle variability (the standard deviation of steering angle)

» Reaction time at unexpected incidents (time between the first appearance of the incident
on the road and the moment the driver starts to brake in milliseconds)

» Accident probability (the proportion of unexpected incidents resulting in accidents, to total

incidents)

¥

Driving errors (outside road lines, hit of sidebars and speed limit violations)

5.1.1. Descriptive analysis by age group (Control group)

For the purposes of this analysis, the control group (92 Healthy Controls) is isolated and
the effect of age is examined regarding several critical driving performance measures,
in rural and urban areas, low and high traffic volumes, in no distraction condition.
The sample scheme is divided in three categories:

» Young (age<34 years old) 28 Healthy Controls
» Middle Aged (35 years old<age<54 years old) 30 Healthy Controls
» Old (age>55 years old) 34 Healthy Controls

Firstly, regarding mean speed of healthy participants in no distraction condition it is
observed that in both rural and urban driving areas the advanced age leads to lower
mean driving speeds - old group has the lowest mean speed in every condition.
Moreover it is observed that in urban area drivers of all ages are slower than in rural
roads. Figure 5.2 presents the average speed of control drivers per area type (rural/urban
area), traffic volume (low/high) and age group (young, middle aged, older) in no
distraction condition.
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Figure 5.2. Mean speed - Controls, rural and urban areas, low and high traffic volumes, no distraction condition
Moving on to another longitudinal control driving measure namely time headway of
healthy participants in no distraction condition it is observed that older drivers in high
traffic volume have larger time headways than young or middle aged participants.
Overall, young participants keep at least 15% shorter headways than the other two
groups in all driving conditions. Figure 5.3 presents the time headways of control drivers
per area type (rural/urban area), traffic volume (low/high) and age group (young, middle
aged, older) in no distraction condition.
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Figure 5.3. Time Headway - Controls, rural and urban areas, low and high traffic volumes, no distraction condition
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Moving on to the first lateral controls driving measure namely the lateral position of
healthy participants in no distraction condition and after highlighting that positive
values mean driving more closely to the right border of the road, it is observed that
older drivers tend to place the vehicle more closely to the right border of the road,
whereas young drivers tend to place the vehicle more closely to the left as expected.
Lateral position in urban road cannot be compared to that of rural area because of the
different width of the lane and the different number of lanes.

Figure 5.4 presents the lateral position of control drivers per area type (rural/urban area),
traffic volume (low/high) and age group (young, middle aged, older) in no distraction
condition.

Lateral Position Low Traffic No distraction Lateral Position High Traffic No distraction

$

Lateral Position Low Traffic Mo distraction Lateral Position High Traffic No distraction

50 50

Young MiddleAged

45 45

40 40

Figure 5.4. Lateral position-Controls, rural and urban areas, low and high traffic volumes, no distraction condition

Moving on to the second lateral controls driving measure namely the steering angle
variability of healthy participants in no distraction condition, it is observed that older
drivers have little variability in wheeling angle that they use during driving, except for
the urban area in low traffic road condition. Figure 5.5 presents the steering angle
variability of control drivers per area type (rural/urban area), traffic volume (low/high)
and age group (young, middle aged, older) in no distraction condition.
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Moving on to the reaction time of healthy participants in no distraction condition, it is

observed that older drivers have much larger reaction times than the other two groups
(at least 20% larger reaction times in all examined conditions). Figure 5.6 presents the
reaction time of control drivers per area type (rural/urban area), traffic volume (low/high)
and age group (young, middle aged, older) in no distraction condition.
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Regarding accident probability of healthy participants in no distraction condition, it is
observed that in rural area in low traffic condition young drivers have an accident

probability of more than 20%. In urban area though, older drivers appear to have the
higher accident probability in both traffic environments. Figure 5.7 presents the accident

probability of control drivers per area type (rural/urban area), traffic volume (low/high)
and age group (young, middle aged, older) in no distraction condition.
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Figure 5.7. Accident probability - Controls, rural and urban areas, low and high traffic volumes, no distraction
Regarding driving errors of healthy participants in no distraction condition, it is observed
that except rural area and high traffic condition, in all other conditions all control drivers
have the same results. Figure 5.8 presents the driving errors of control drivers per area
type (rural/urban area), traffic volume (low/high) and age group (young, middle aged,
older) in no distraction condition.
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Figure 5.8. Driving errors - Controls, rural and urban areas, low and high traffic volumes, no distraction condition
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5.1.2. Descriptive analysis by clinical group

For the purposes of this analysis, the “old” group (125 participants) is isolated (for
representativeness reasons the young group, the middle aged group and the patients
of "other” neurological diseases are eliminated from the analysis) and the effect of
cerebral diseases is examined regarding several critical driving performance measures,
in rural and urban areas and low and high traffic volumes.

The sample scheme is divided in four categories:

» Controls 34 Healthy Controls (age>55 years old)
» MCI 43 patients with MCI (age>55 years old)
» AD 28 patients with AD (age>55 years old)
» PD 20 patients with PD (age>55 years old)

Furthermore, the effect of the in-vehicle distraction is examined. Thus, there are three
distraction conditions: no distraction, conversation with passenger, and
conversation through hand-held mobile phone.

For each driving measure there are 2 driving areas (rural/urban), 2 traffic
environments (low/high) and 3 distraction conditions (no distraction, conversation
with passenger and conversation through hand-held mobile phone) for the 4 examined
groups of older drivers (12 Figures for each driving measure in total). Dark green color
corresponds to rural area, no distraction condition, green corresponds to rural area,
conversation with passenger, light green corresponds to rural area, mobile phone
conversation condition, dark blue color corresponds to urban area, no distraction
condition, blue corresponds to urban area, conversation with passenger, light blue
corresponds to urban area, mobile phone conversation condition. In order to better
understand and more easily detect the differences between the results of all examined
conditions, all Figures are presented below (Figures 5.9 - 5.15) and then a discussion will
follow.
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To begin with mean speed (Figure 5.9) of older drivers, regarding neurological disease
affecting cognitive functions, it seems that all 3 cerebral pathologies lead to lower
driving speeds in all examined conditions. Especially, AD group, overall, has the lowest
mean speeds among the other participants in almost every condition. AD group has at
least 20% lower speed compared to their healthy controls counterparts. Moreover, the
in-vehicle distraction and the traffic volume seem to have no effect in mean speed of all
examined groups. Finally, the urban area leads to lower speeds for all participants.

Moving on to another longitudinal control measure, namely time headway (Figure
5.10), we can detect differences of similar characteristics with the mean speed profiles
between the groups. More specifically, overall all groups of patients keep larger
headways compared to healthy controls of similar age. AD participants keep the largest
headways among all four groups, which was expected as they have the lowest mean
speeds. Regarding the effect of distraction, we can identify that the mobile phone use
leads to larger headways for the AD group, whereas the other three groups seem to stay
unaffected by the distraction conditions regarding the headway they keep. Moreover,
the high traffic volume has an obvious impact on headways of all participants. Finally,
the urban area constitutes a more complex environment and for that reason we can
detect that headways for all examined groups are lower by at least 35%.

Regarding lateral position (Figure 5.11) of participants, and after highlighting that
positive values mean driving more closely to the right border of the road, in rural road
the AD group in distraction condition of mobile phone tends to move the vehicle more
closely to the left border of the lane. No other differences are easily detectable by this
descriptive analysis regarding lateral position and further statistical analyses are
required in order to result in specific conclusions.

Another important lateral control measure is the variability of the steering angle
(Figure 5.12). In rural road patients with neurological diseases affecting cognitive
functions seem to have lower variability of their wheeling angle, whereas in urban area
this difference is not so pronounced. AD group in urban area with low traffic volume
when using the mobile phone have higher variability in steering angle. Overall, only
slight differences can be identified and further statistical analyses are needed in order
to result in specific conclusions regarding both lateral control measures (lateral position
and variability of steering angle).
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Moving on to the safety measures, namely reaction time, accident probability and
driving errors, some more pronounced results appear. It was observed that controls have
the best reaction times (Figure 5.13) overall in rural area, whereas AD and PD groups
have the worst reaction times (more than 40% worse reaction times than the control
group). Then, the mobile phone use has a significant effect on reaction time for AD and
PD groups. Finally, conversing with passenger doesn’t seem to have an important effect
on reaction time in all examined groups.

On the other hand, in urban area the differences in reaction times between the groups
are less pronounced, yet detectable. It seems that the conversation with passenger
distraction task has an effect in all groups. AD participants seem to have the worst
reaction times in urban area. Finally, AD and PD sample in mobile phone use in urban
areas was very small (less than 5 participants-due to simulator sickness issues), thus the
mobile phone use results for these two groups are not significant. It is important to
mention that the reaction times in urban area cannot be compared to the ones in rural
area, because of the fact that the incidents are totally different between the two driving
environments and because of the fact that urban session was always second for
representativeness reasons (thus it is obvious that the reaction times are getting better
through driving time for the majority of the participants). Finally, traffic volume, has a
little impact on reaction times of all examined groups.

Regarding accident probability (Figure 5.14), it is observed that, overall, patients have
a higher accident probability compared to the group of controls in both rural and urban
driving environments. It is easily detectable that AD drivers have, in all conditions, the
higher accident probability, and especially when conversing on the mobile phone. In
that case their accident probability is climbing to more than 60%. Participants with PD
have also a significantly higher accident probability when using the mobile phone. In
rural road environment, it seems that conversation with passenger doesn’t increase the
possibility of causing an accident for all examined groups. In urban area the differences
between the groups are approximately the same with the rural area. Controls have the
lowest accident probability overall and conversation with passenger doesn’'t seem to
have any impact on it. Finally, traffic volume, has a little impact on reaction times of all
examined groups.

Last but not least, we examined the driving errors of participants (Figure 5.15) and
interesting results showed up. Overall, patients with MCI, AD or PD seem to make the
same or even less driving errors than healthy controls. Then, high traffic volume leads
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to more mistakes for all participants, as it is a more complex environment. AD group in
rural area seem to get affected by the mobile phone distraction condition and,
compared to the undistracted condition, they make more than double driving errors.
Overall, the differences are not easily detectable by descriptive statistics and deeper
statistical analyses are required.

5.1.3. Individual driving measures of patients with MCI, AD and PD

This descriptive analysis aims to compare the individual driving performance
measures of patients of MCI, AD and PD to the typical values of healthy controls. The
sample scheme used is the same with the previous chapter (125 older drivers). For each
driver, the following driving performance measures are calculated and examined: a)
mean speed, b) mean speed variability, ) time headway, d) time headway variability, e)
lateral position, f) lateral position variability, and g) reaction time at incidents. All these
driving indexes are compared to the range of “typical” values of the respective
distribution of healthy drivers: control groups’ mean values minus one standard
deviation and plus one standard deviation include 68.26% of the values of healthy
controls (according to the normal distribution). For the purpose of this study, this area
is defined by our research team as the “typical area” (Figure 5.16). The individual driving
indexes of all participants with cerebral diseases were compared to the “typical area” of
the control group, in rural and urban driving environment and the results are presented
in the next sections.

Normal,
Bell-shaped Curve

<—"Typical Area”—-

0.13% 13.59% 3413% 34.13% 13.59% 2.14% 0.13%

-40 -30 -20 -10 0 +10 +20 +30 +40

Figure 5.16. Normal distribution - “typical area” of this analysis:
Control groups’ mean values minus one standard deviation and plus one standard deviation

5.1.3.1. Mean speed

In Figures 5.17 and 5.18, the mean speed profiles and the mean speed variability profiles
of patients with neurological diseases affecting cognitive functions are compared to the
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control’s “typical area” (blue box represents the “typical area” in the rural area, whereas
the brown box represents the “typical area” in the urban area) and several significant
results are extracted; overall, 51% of the patients had extremely low mean speeds
(below the lower limit of the control's "typical area”). Especially the group of AD
patients drove significantly slower than the controls at the 68% of the cases. As
expected, the speed was lower in urban area for all participants. Then, only 6% of the
patients with neurological diseases affecting cognitive functions drove too fast,
compared to the healthy controls. Regarding the mean speed of the PD and AD group,
only the 35% of these drivers were inside the “typical area”. Finally, drivers with a brain
pathology had significantly lower speed variability (43% of the cases) than the group
of controls. It is notable that 11% of PD drivers had significantly high speed variability

in rural area.
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Figure 5.17. Mean speed individual profiles of patients compared to healthy controls
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Figure 5.18. Mean speed variability individual profiles of patients compared to healthy controls

5.1.3.2. Time headway

In Figures 5.19 and 5.20, the time headway and the time headway variability profiles of
patients with neurological diseases affecting cognitive functions are compared to the
control’s “typical area” (blue box represents the “typical area” in the rural area, whereas
the brown box represents the “typical area” in the urban area) and several significant
results were extracted; 44% of the drivers with a brain pathology in rural area have
kept very large time headways, but in urban area this percentage was significantly
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lower (12%). No AD or PD patient kept a headway which was below the lower limit of
the “typical area”. Also, 20% of the patients had very large variability in their time
headways whereas 12% of drivers with a brain pathology had significantly lower.
It is important to mention, though, that regarding the variability of time headway in all
groups of patients, at least 6 drivers out of 10 were inside the “typical area”.
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Figure 5.19. Time headway individual profiles of patients compared to healthy controls
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Figure 5.20. Time headway variability individual profiles of patients compared to healthy controls
5.1.3.3. Lateral position

In Figures 5.21 and 5.22, the lateral position and the lateral position variability profiles
of patients with neurological diseases affecting cognitive functions are compared to the
control’s "typical area” (blue box represents the “typical area” in the rural area, whereas
the brown box represents the “typical area” in the urban area) and several significant
results were extracted; 32% of patients in urban area drove closer to the right border
of the road (positive lateral position values indicate longer distance from the central
axis of the road). Overall, 40% of drivers with cerebral disease were out of the “typical
area”, regarding the lateral position of the vehicle. Also, more than 1 out of 5 patients
had very high variability in their lateral position. Especially for the group of AD in
rural roads, 30% of this particular group had extremely high lateral position variability,
despite the fact that the lane was narrow in rural area. It is important to mention that
the rural route was single carriageway and the lane width was 3m, whereas the urban
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route was (at its bigger part) dual carriageway, and the lane width is 3.5m. Thus, the
positioning of the vehicle cannot be compared between the two road environments.

Overall, at least 30% of the patients group were outside the “typical area” regarding
lateral position variability.
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Figure 5.21. Lateral position individual profiles of patients compared to healthy controls
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Figure 5.22. Lateral position variability individual profiles of patients compared to healthy controls
5.1.3.4. Reaction time

In Figure 5.23, the reaction time profiles of patients with neurological diseases affecting
cognitive functions are compared to the control’s “typical area” (blue box represents the
“typical area” in the rural area, whereas the brown box represents the “typical area” in
the urban area) and several significant results were extracted; the group of patients
significantly deviated from the reaction time of the control group. More than 50% of
participants with a brain pathology in rural area and 26% in urban area had
significantly larger reaction times than the control group. In rural area 70% of the
patients with neurological diseases affecting cognitive functions had reaction times
larger than 2 seconds. Especially for the AD and the PD groups, the 42% of these
participants were above the upper limit of the “typical area” in both rural and
urban driving environments. It is important to mention that the reaction times of the
rural area cannot be compared of the reaction times in urban area because all
participants drove firstly in rural area and then in urban area for reasons that we
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presented in chapter 3. Finally, no patient was below the lower limit of the “typical area”,

regarding the reaction time.
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Figure 5.23. Reaction time individual profiles of patients compared to healthy controls
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Before proceeding to the main statistical analysis steps, a correlation Table was
developed in order to investigate any of a broad class of statistical relationships
between driving simulator variables. For this purpose, a Pearson's correlation
coefficient table was developed and presented in Table 5.1 regarding all continuous
variables extracted from the driving simulator. Pearson's correlation coefficient (r) is a

measure of the strength of the association between the two variables. Positive
correlation indicates that both variables increase or decrease together, whereas negative
correlation indicates that as one variable increases, so the other decreases, and vice

versa.
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Space Headway| 0
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Time Headway

Time to lane change
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Table 5.1. Correlation Table
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Table 5.1 determines the relationships between 12 driving performance variables.
Results indicate that that the highest correlation is between average speed and average
gear (0,730) as expected. Furthermore, average speed is highly correlated with the lateral
position of the vehicle. On the other hand, the reaction time of drivers at unexpected
incidents and the accident probability have low correlation coefficients with the
variables indicating that there is not a strength correlation between these pairs of
variables.

It should be noted that a correlation can only indicate the presence or absence of a
relationship, not the nature of the relationship. Correlation is not causation. For this
purpose several types of analysis are implemented in the next steps in order to deeply
investigate the relationship of these driving performance variables.

5.2. Analysis of variance

In this chapter two analyses of variance (ANOVA) are presented regarding significant
differences in the driving performance indexes extracted from the driving simulator
assessment and in the answers extracted from the behaviour questionnaires,
between two groups: groups of healthy controls and patients with neurological diseases
affecting cognitive functions.

More specifically, the “old” group (125 participants) is isolated (for representativeness
reasons the young group, the middle aged group and the patients of “other”
neurological diseases are eliminated from the analysis) and the effect of neurological
disease affecting cognitive functions is examined regarding several critical driving
performance measures, in rural and urban areas.

The sample scheme is divided in two categories:
» Controls 34 Healthy Controls (age>55 years old)
» Patients 91 patients with AD, MCI or PD (age>55 years old)

5.2.1. Driving simulator measures
In the present section, analysis of variance is implemented in order to identify several

differences between the group of patients and the group of controls regarding the
driving simulator measures (Table 5.2).
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Table 5.2. ANOVA - driving simulator indexes - controls vs patients
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The analysis of variance indicated that the presence of a neurological disease affecting
cognitive functions was found to significantly affect mean speed, mean speed variability,
time headway, time to collision variability and reaction time in both road environments.
The two examined groups have statistically significant differences in time to line crossing
and time to collision in rural area, whereas the two groups had differences in steering
angle variability and accident probability only in urban areas.
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5.2.2. Stated behaviour

All 125 older drivers who participated in our study were requested to fill in a
questionnaire about their driving habits and their driving behaviour. The questions
were chosen carefully on the basis of the existing literature on drivers’ self-reported
behaviour. The sections of the questionnaire were:

» Driving experience - car use

» Self -assessment of the older driver

» Distraction-related driving habits

» Emotions and behaviour of the driver

» Anger expression inventory during driving

» History of accidents, near misses, and traffic violations

The sample scheme is divided in two categories:
» Controls 34 Healthy Controls (age>55 years old)
» Patients 91 patients with AD, MCI or PD (age>55 years old)

The 125 questionnaires were collected and analyzed through Analysis of Variance
techniques. Statistically significant differences between the control group and the
group of patients with cerebral diseases were found in 33 questions (Table 5.3.):

Table 5.3. Questions in which control group had statistically significant differences with the group of
patients

ANOVA

. Sum of Mean
Controls vs Patients

Squares df Square
During the last 6 months how often did you drive at night?
During the last 6 months how often did you drive at rush hours?
During the last 6 months how often did you drive at motorways?
During the last 6 months how often did you drive at unknown areas?
During the last 6 months how often did you drive at urban area?

During the last 6 months how often did avoid driving because you were afraid of your
driving performance?

How would you assess your driving performance in comparison with 5 years ago?

How would you assess your driving performance in comparison with 5 years ago in
low traffic in quiet road?

How would you assess your driving performance in comparison with 5 years ago in
urban area with high traffic?

How would you assess your driving performance in comparison with 5 years ago in a
road with many turns?

How would you assess your driving performance in comparison with 5 years ago in an
unknown area?
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Q1.15.10 How would you assess your driving performance in comparison with 5 years ago
regarding lane changing?

Q1.15.12 How would you assess your driving performance in comparison with 5 years ago

regarding left turns?

How would you assess your driving performance in comparison with 5 years ago

regarding driving alone?

How would you assess your driving performance in comparison with 5 years ago

regarding overtaking?

Q1.15.14

Q1.15.18

Do you avoid driving in wet road?
Q1.16.15 Do you avoid conversing with passenger while driving?
Q1.18.1 Do you have divided attention difficulties while driving?

Q1.18.3 Do you have difficulties in perceiving other vehicles or pedestrians that suddenly
getting close to your vehicle?

Q1.18.6 Do you think you have reaction time in unexpected incidents difficulties?
How dangerous do you think it is to converse with a passenger while driving in urban
area with high traffic volume?
How dangerous do you think it is to converse with a passenger while driving in urban
area with low traffic volume?
How dangerous do you think it is to converse with a passenger while driving in rural
area with high traffic volume?
How dangerous do you think it is to converse with a passenger while driving in rural
area with low traffic volume?

Q1.21 During the last month how often do you converse with a passenger while driving?

01.22 :uring the last month how often do you converse through your mobile phone while

riving?

Q1.23.1 When conversing with passenger | slow down and drive more carefully

Q1.23.2  When conversing with passenger | increase my headway distance

Q1.23.3  When conversing with passenger | drive to the right border

01.32.6 How often do you think that the other drivers shouldn't be permitted to drive while
driving?

Q1.32.20  How often do you slow down in order to irritate other drivers while driving?
How often do you think that there is no point to get involved in an argument with
some other driver while driving?
How often do you just try to admit that there are bad drivers in the streets while
driving?

Q1.32.29

Q1.32.30

Before analyzing and discussing the results, for a more distinct picture, mean values of
the answers were extracted in order to identify the differences between control group
and patients’ group in the specific questions that the analysis indicated statistical
differences (Table 5.4.).
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Table 5.4. Questions in which control group had statistically significant differences with the group of
patients
Answers — Mean values Possible answers

ANOVA Controls vs Patients
Controls Patients 2 3 4 5

once in

Q111 During the last 6 months how often did you drive at night? 4,05 3,40 two

months

onceina once a twice a
month week week

oncen onceina once a twice a
3,58

i i i 2
During the last 6 months how often did you drive at rush hours? 4,70 two month week week

months

During the last 6 months how often did you drive at 383 302 oncen onceina oncea | twicea
’ ’

two
motorways?

month week week
months

During the last 6 months how often did you drive at unknown 293 1.80 :;Ze in onceina oncea | twicea
’ ’

month week week
months

areas?

once in

. . . i twi
During the last 6 months how often did you drive at urban area> 5, 47 4,59 ol two :‘n:;;n : :::a vx':: :
months

Many

During the last 6 months how often did avoid driving because 1 , 20 1 , 53 | Never Rarely S ey

you were afraid of your driving performance?

How would you assess your driving performance in comparison Quite Alittle | No Alittle
3,29 2,75

5 . Better
with 5 years ago? worse worse difference better

How would you assess your driving performance in comparison Quite Alittle | No
2,98 2,82

with 5 years ago in low traffic in quiet road? worse worse difference

How would you assess your driving performance in comparison 288 272 Quite Alittle | No
with 5 years ago in urban area with high traffic? ' ' worse worse difference

How would you assess your driving performance in comparison Quite Alittle | No
2,88 2,65

with 5 years ago in a road with many turns? worse worse difference

How would you assess your driving performance in comparison 278 247 Quite Alittle | No
with 5 years ago in an unknown area? ' ’ worse worse difference

How would you assess your driving performance in comparison it Alittl N
Q1.15.10 ) ¥ y gp . P 295 yX:i] Qute ItHE ©
with 5 years ago regarding lane changing? U U worse | worse difference

How would you assess your driving performance in comparison Quite Alittle | No
2,98 2,78

1.15.12 ) / .
with 5 years ago regarding left turns? worse | worse difference

How would you assess your driving performance in comparison it Alittl N
Q1.15.14 y Y ap E 2,93 2,73 i e °

with 5 years ago regarding driving alone? worse | worse difference

How would you assess your driving performance in comparison Quite Alittle | No
2,91 2,63

1.15.18 ) / : )
with 5 years ago regarding overtaking? worse worse difference

Q1167 Do you avoid driving in wet road? 3,59 3,23 | Aways | Often Sometimes

11615 Do you avoid conversing with passenger while driving? 3,58 3,17 | Aways | Often Sometimes

21181 Do you have divided attention difficulties while driving? 1,69 2,19 | Never | Rarely | Sometimes Always

Do you have difficulties in perceiving other vehicles or
Q1.183 V ) > ) L . 1 45 1 87 Never Rarely Sometimes Always
pedestrians that suddenly getting close to your vehicle? ' '

Do you think you have reaction time in unexpected incidents .
difficulties? 'l ,47 1 ,80 Rarely Sometimes Always

How dangerous do you think it is to converse with a passenger 1.98 297
while driving in urban area with high traffic volume? ' '

Alittle Quite

How dangerous do you think it is to converse with a passenger 1.79 232 . e
ittie uite
while driving in urban area with low traffic volume? ' '

How dangerous do you think it is to converse with a passenger 214 203
while driving in rural area with high traffic volume? ! !

Alittle Quite

How dangerous do you think it is to converse with a passenger
Alittl Quit
while driving in rural area with low traffic volume? 1 ' 64 2’ 20 - -

During the last month how often do you converse with a 319 2 85
passenger while driving? ! ’

Rarely Sometimes

During the last month how often do you converse through your 2 56 164
’ ’

Rarel Sometimes
mobile phone while driving? g
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When conversing with passenger | increase my headway
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When conversing with passenger I drive to the right border 255 < 3,50 mmmmm-

How often do you think that the other drivers shouldn't be
permitted to drive while driving?

520 How often do you slow down in order to irritate other drivers

while driving?
How often do you think that there is no point to get involved in
an argument with some other driver while driving?

05230 How often do y_'ou jl.!sf try to admit that there are bad drivers in 317
the streets while driving? '

Q1.32.29

ANOVA indicated several interesting results in which patients with neurological diseases
affecting cognitive functions have statistically significant differences in their answers
compared to the healthy control group:

» Patients with neurological diseases affecting cognitive functions avoid driving at
night, at rush hours, at motorways, at unknown areas and at urban areas in a
significant level compared to healthy controls of similar demographics.

» Patients admit that during the last 6 months they avoid driving because they are
afraid of their driving performance.

» Patients self-assess their driving performance as worse, than 5 years, in a lot more
driving occasions compared to healthy controls.

» Patients avoid driving in wet roads and avoid conversing with a co-passenger
while driving.

» Patients admit having difficulties in their reaction time, in divided attention
conditions, and in perceiving other vehicles or pedestrians that suddenly getting
close to their vehicle.

» Moreover, patients think that conversing with a passenger while driving is a quite
dangerous condition and they avoid doing so. In the case they doing so, they try to
drive more carefully, drive to the right border of the road, try to increase their
headway.

» Patients with MCI, AD or PD, rarely converse through their mobile phone while
driving.

» Finally, control group, as they report, they seems to be a little angrier while driving
than the group of patients. The self-awareness of the patients about their cognitive
declines may force them to be more calm and focused on the task of driving.

Summarizing the results regarding the usual driving routines of the participants, the
self-assessment about their driving frequency, their driving performance, and their
possible avoidance of driving, several interesting comments could be extracted; patients
self-reported, that they are likely to avoid using their vehicle because they are afraid of
their driving abilities which they admit that have been deteriorated over the years. This
awareness of deteriorated driving performance due to brain pathologies is of notable
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significance; it means that this group of drivers tries to self-regulate their driving. This is
a quite interesting finding as it is not clear in the literature that at least AD patients have
self-awareness of their deterioration of their driving performance.

Moving on to the results regarding their opinion about in-vehicle driver distraction
(conversation with passenger or mobile phone use) and how they deal with it, patients
believe that conversing with passenger is dangerous and they avoid to do so. Patients
claim that conversing with a co-passenger is at least a quite dangerous action regarding
road safety. Additionally, they self-report that when conversing with passenger while
driving, they speed down, keep larger headways, and drive to the “right” border of the
road in order to compensate their driving behaviour. The control group, on the contrary,
claim that this kind of distraction is a little or no dangerous at all.

The take-home message of the current analysis is that drivers with brain pathologies are
aware of their deterioration of their driving performance, and they try to compensate
their driving behaviour by either conservative driving, or even they avoid driving. They
consider in-vehicle distraction as quite dangerous and taking into account that they are
aware about their cognitive decline, they avoid such driving conditions or they follow
compensatory patterns.

5.3. Regression analyses
5.3.1. Driving performance measures of patients

In the present section, linear regression analysis is implemented in order to identify
several sets of explanatory variables that covary with specific driving performance
measures of the driving simulator dataset.

Linear regression is used to model a linear relationship between a continuous
dependent variable and one or more independent variables. Furthermore, the
generalized linear model (GLM) is a flexible generalization of ordinary linear regression
that allows for inclusion of dependent variables that have error distribution models
other than a normal distribution. The GLM generalizes linear regression by allowing the
linear model to be related to the response variable via a link function. It also allows the
magnitude of the variance of each measurement to be a function of its predicted value.
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For the purposes of this analysis, the “old” group (125 participants) is isolated (for
representativeness reasons the young group, the middle aged group and the patients
of "other” neurological diseases are eliminated from the analysis) and the effect of
neurological disease affecting cognitive functions is examined regarding several critical
driving performance measures, in rural and urban areas and low and high traffic
volumes. The sample scheme is divided in four categories:

» Controls 34 Healthy Controls (age>55 years old)
» MCI 43 patients with MCI (age>55 years old)
» AD 28 patients with AD (age>55 years old)
» PD 20 patients with PD (age>55 years old)

Only undistracted driving is under examination within the framework of this analysis
regarding the following driving performance measures:

» Mean speed

» Time headway

» Lateral position

» Steering angle variability

» Reaction time at unexpected incidents

» Accident probability

» Driving errors

5.3.1.1. Mean Speed

The relationship between speed and accidents is widely recognized in the road safety
community and as such, speed is a commonly used dependent variable in transportation
human factors research, especially when neurological diseases affecting cognitive
functionality is examined. In Figure 5.24 the parameter estimates of four generalized
linear models (GLM), on the dependent variable of the mean speed in: a) low traffic
volume rural area, b) low traffic volume urban area, c) high traffic volume rural area and
d) high traffic volume urban area is presented.
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Parameter Estimates of the GLM
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Figure 5.24. GLM - Mean Speed/undistracted driving

In all four models statistically significant differences are detected. More analytically, all
three group of patients drive significantly slower than the controls in all examined
conditions (except for the MCI group in low traffic volume in urban area). Cerebral
diseases appear to have a significant effect on driver mean speed in rural driving
environment. AD drivers’ speed was the lowest among all groups of patients in all
conditions. It seems that traffic volume and rural or urban area doesn't affect
significantly the speed of any examined group.

5.3.1.2. Time headway
One of the major contributors to accidents is the headway between two vehicles, when

it is too short to allow the following driver to react appropriately to sudden braking by
the leading vehicle. The headway between two vehicles can be expressed in terms of
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time and space. In Figure 5.25 the parameter estimates of four generalized linear models
(GLM), on the dependent variable of the time headway in: a) low traffic volume rural
area, b) low traffic volume urban area, c) high traffic volume rural area and d) high traffic
volume urban area is presented.

Parameter Estimates of the GLM
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Figure 5.25. GLM - Time headway/undistracted driving

The examined neurological diseases affecting cognitive functions appear to have a
significant effect on mean headway in rural roads but only for AD and PD patients: they
had significantly larger mean headway compared to healthy drivers at both traffic
environments (they keep approximately double headway than healthy controls). This
was observed for MCI drivers too, but the confidence level was not significant. AD and
PD drivers had much longer mean headway compared with the MCI drivers. These
results are intuitive, given that lower speeds naturally result in larger headways, for a
given distribution of ambient traffic on the road network. It is also noted that headways
at low traffic volumes were longer for all driver groups, which is also intuitive. Cerebral
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diseases appear not to have a significant effect on mean headway in urban roads
though. Patients’ time headways are not so far from the headways the controls keep. Of
course traffic volume has a significant effect on headways of all examined groups as
expected.

5.3.1.3. Lateral position

Lateral position refers to the position of the vehicle on the road in the relation to the
left border of the lane in which the vehicle is travelling and it is an indicator on how well
the driver maintains the vehicle on the driving simulator environment. In Figure 5.26 the
parameter estimates of four generalized linear models (GLM), on the dependent variable
of the lateral position in: a) low traffic volume rural area, b) low traffic volume urban
area, ¢) high traffic volume rural area and d) high traffic volume urban area is presented.

Parameter Estimates of the GLM
Dependent variable: Lateral Position (m)
Model: (Intercept), Disease, No distraction Condition
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b. Maximum likelihood estimate.

Figure 5.26. GLM - Lateral Position/undistracted driving
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Regarding vehicle lateral position in rural area, it is reminded that the width of the
driving lane was 3m (quite narrow), so the drivers didn't have so much flexibility in
positioning their vehicle on the lane. Thus, there were no significant differences in lateral
position for the drivers. Positive values indicate driving more closely to the right border
of the road.

Regarding lateral position in urban area, MCl patients appeared to drive at longer
distance from the central road axis compared to healthy drivers, both at high and at low
traffic volumes (statistically significant at 95% confidence level for high traffic volume
and 90% for low traffic volume). This was observed only in urban road environment; the
width of the driving lane was 3,5m, there were 2 lanes in most part of the route, so there
were opportunities for overtaking and there were choices in positioning the vehicle on
the road. It seems that urban area constitutes a more complex driving environment for
the patients and leads them to drive more closely to the right border of the road, this
was significant only for the MCI group though.

5.3.1.4. Steering angle variability

Steering angle variability is a critical lateral control measure that refers to the
smoothness of the use of the wheel by the driver and it is an indicator on how smooth
and gentle the driver maintains the vehicle on the driving simulator environment. In
Figure 5.27 the parameter estimates of four generalized linear models (GLM), on the
dependent variable of the steering angle variability in: a) low traffic volume rural area,
b) low traffic volume urban area, c) high traffic volume rural area and d) high traffic
volume urban area is presented.
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Parameter Estimates of the GLM
Dependent variable: Steering Angle Variability (dec
Model: (Intercept), Disease, No distraction Condition
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Figure 5.27. GLM - Steering angle variability/undistracted driving

Overall, the only statistically significant difference was detected for PD drivers in high
traffic area with high traffic volume. In particular, PD drivers have restricted steering
angle variability in this driving condition and this is maybe a compensatory behaviour.

5.3.1.5. Reaction time

The next regression analysis regards the reaction time of drivers at unexpected incidents.
Since range of reaction time measures can be examined including number of missed
events, number of incorrect responses, reaction time and reaction distance, in the
present experiment reaction time is measured at specific unexpected incidents. In Figure
5.28 the parameter estimates of four generalized linear models (GLM), on the dependent
variable of the reaction time in: a) low traffic volume rural area, b) low traffic volume
urban area, c) high traffic volume rural area and d) high traffic volume urban area is
presented.
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Parameter Estimates of the GLM

Dependent variable: Reaction Time (millisec)
Model: (Intercept), Disease, No distraction Condition
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Figure 5.28. GLM - Reaction time/undistracted driving

Significant differences in the driving behaviour of healthy drivers and patients were also
identified as regards the drivers’ reaction time at unexpected incidents in rural roads. In
both traffic conditions all group of patients had at least 0.4 sec longer reaction times
than the healthy ones. This difference was found to be statistically significant at 95%
confidence level for all patient groups and both traffic volumes. Especially for the AD
group who has the significantly worst reaction times among all groups, they had
more than 0.7 sec larger reaction times than control ones. Then, regarding the reaction
times in urban road, they appeared to be improved for the MCl, AD and PD drivers
compared to the rural road. They were more closely to the reaction times of the control
group, yet they are significantly worse than that of controls. Once again, AD group had
the worse reaction times overall. Finally, the traffic volume doesn’t seem to have a
significant effect on reaction time.
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5.3.1.6. Accident probability

The next regression analysis regards the accident probability in unexpected incident.
The accident probability constitutes the most significant road safety measure. In Figure
5.29 the parameter estimates of four generalized linear models (GLM), on the dependent
variable of the accident probability in: a) low traffic volume rural area, b) low traffic
volume urban area, c) high traffic volume rural area and d) high traffic volume urban
area is presented.

Parameter Estimates of the GLM
Dependent variable: Accident Probability
Model: (Intercept), Disease, No distraction Condition
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Figure 5.29. GLM - Accident probability/undistracted driving

Several interesting results were extracted from this regression analysis. Firstly, AD
participants in all 4 driving conditions had significantly higher accident probability
by 15%-23% compared to healthy controls of similar demographics. Then, PD
participants had significantly worse accident probability than the controls only in urban
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area in high traffic volume (the most complex driving environment of all four). MCI
patients didn’t have significant differences with the control group in rural road, but on
the other hand they had higher accident probability in urban driving environment. This
is an important finding as MCI group is characterized clinically only by memory
impairment with well reserved every day and professional functioning.

5.3.1.7. Driving Errors

In Figure 5.30 the parameter estimates of four generalized linear models (GLM), on the
dependent variable of the driving errors (hits of sidebars + outside road lines + speed
limit violations) in: a) low traffic volume rural area, b) low traffic volume urban area, c)
high traffic volume rural area and d) high traffic volume urban area is presented.

Parameter Estimates of the GLM
Dependent variable: Driving Errors
Model: (Intercept), Disease, No distraction Condition
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b. Maximum likelihood estimate.

Figure 5.30. GLM - Driving errors/undistracted driving
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No statistically significant differences were detected in this regression analysis between
any of the patients’ groups and the heathy group.

5.3.2. Patients with neurological diseases affecting cognitive functions and
distraction

In the present section, the effect of in-vehicle distraction is examined regarding the
driving performance measures of the three clinical groups (MCl, AD, and PD) and the

control group through GLM techniques.

The sample scheme is the following:

» Controls 34 Healthy Controls (age>55 years old)
» MCI 43 patients with MCI (age>55 years old)
» AD 28 patients with AD (age>55 years old)
» PD 20 patients with PD (age>55 years old)

No distraction condition, conversation with passenger and conversation through
handheld mobile phone are examined within the framework of this regression analysis
regarding the following driving performance measures in rural and urban areas:

» Mean speed

» Time headway

» Lateral position

» Steering angle variability

» Reaction time at unexpected incidents
» Accident probability

The aim of this regression analyses is to examine the effect of in-vehicle distraction in
the three clinical groups with cerebral diseases and the control group, regarding the
driving performance measures in which they have significant differences with their
undistracted driving.

5.3.2.1. Control group
In Figures 5.31-5.36 the parameter estimates of twelve generalized linear models (GLM),

on the 6 dependent driving performance variables regarding the group of controls in:
a) rural area and b) urban area, are presented.
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Figure 5.35. GLM - Effect of distraction - Figure 5.36. GLM - Effect of distraction -
Reaction time of the Control group of older Accident probability of the Control group of

Investigating the effect of distraction in the group of healthy controls of similar
demographics with the groups of patients, only in three conditions significant
differences were detected: The mobile phone use lead to larger headways in rural roads,
and the conversation with passenger lead to higher steering angle variability on rural
roads and slightly lower accident probability in urban area.

It appears that the distraction conditions (even the mobile phone use while driving)
don't have any significant impact on several driving performance measures in the group
of controls overall, in contrast with the findings extracted from the patients’ groups
regression analyses in whom the impact of distraction and especially the mobile phone

use, was detrimental.

5.3.2.2. MCl group

In Figures 5.37-5.42 the parameter estimates of twelve generalized linear models (GLM),
on the 6 dependent driving performance variables regarding the MCl group in: a) rural

area and b) urban area, are presented.
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Figure 5.41. GLM - Effect of distraction - Reaction time Figure 5.42. GLM - Effect of distraction - Accident
of the MCI group probability of the MCI group

Investigating the effect of distraction in the group of MCI several interesting results
are extracted. Mobile phone use has a significant impact on mean speed, time headway,
steering angle variability, reaction time and accident probability of MCI drivers. More
specifically, in rural area mobile phone use leads to lower speed and larger headways,
leads to decreased steering angle variability in urban area, to larger reaction time and
higher accident probability in a significant level. On the other hand, the effect of
conversation with passenger isn't that detrimental as it leads to larger reaction time and
higher accident risk in urban driving environment only.

5.3.2.3. AD group

In Figures 5.43-5.48 the parameter estimates of twelve generalized linear models (GLM),
on the 6 dependent driving performance variables regarding the AD group in: a) rural
area and b) urban area, are presented.
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Figure 5.47. GLM - Effect of distraction -
Reaction time of the AD group

Figure 5.48. GLM - Effect of distraction -
Accident probability of the AD group

Investigating the effect of distraction in the group of AD several interesting results
are extracted but much less than of the MCI group. More specifically, significant
differences were detected only in rural area, where AD patients when using the mobile
phone while driving they tend to drive more closely to the left border of the road,
compared to the undistracted condition, in a significant level of 90%, and they have
significantly larger reaction time and higher accident probability in mobile phone
condition compared to the undistracted driving.

5.3.2.4. PD group

In Figures 5.49-5.54 the parameter estimates of twelve generalized linear models (GLM),
on the 6 dependent driving performance variables regarding the PD group in: a) rural
area and b) urban area, are presented.
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Figure 5.49. GLM - Effect of distraction -
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Investigating the effect of distraction in the group of PD significant differences were
detected only in two variables, namely the reaction time and the accident probability;
More specifically, PD patients in rural area when using the mobile phone while driving
they have significantly larger reaction time and higher accident probability compared to
the undistracted driving. Finally, in urban area, when conversing with passenger, they
have significantly longer reaction time and higher accident probability compared to the
undistracted driving, but not when using their mobile phone.
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5.4. Principal Component Analysis

A distinct part of the analysis is devoted to the estimation of driving performance and
driving error factors using the variables that are recorder from the driving simulator
experiments, and the neurological and the neuropsychological state using the
variables derived from the neurological and neuropsychological databases respectively.

In statistics, an exploratory Principal Component Analysis (PCA) is used in the early
investigation of a set of multivariate data to determine whether the factor analysis model
is useful in providing a parsimonious way of describing and accounting for the
relationships between the observed variables. For the purpose of this study, this type of
analysis will determine which observed variables are most highly correlated with the
common factors and how many common factors are needed to give an adequate
description of the data. As described in the database characteristics, the driving
simulator dataset consists of different types of variables. In this dissertation, in the fourth
step of the statistical analysis, PCA analysis is implemented aiming to estimate the key
measures that underline driving performance, driving errors, neurological state and
neuropsychological state.

In all PCA analyses a common method of varimax rotation was used. Varimax rotation is
an orthogonal rotation of the factor axes to maximize the variance of the squared
loadings of a factor (column) on all the variables (rows) in a factor matrix, which has the
effect of differentiating the original variables by extracted factor.

5.4.1. Driving performance principal component analysis

Firstly, a PCA is performed to investigate which observed continuous variables from the
driving simulator experiment are most correlated with the common factors that
underline driving performance. In addition, it allows us to determine how many common
factors are needed to obtain an adequate description of the data.

In this PCA analysis 21 variables are included in the driving simulator database under
consideration. Table 5.5 presents a matrix of loadings for each of the variables. The
factors presented in the Table indicate how much the variable explains its corresponding
factor. It should be noted that small loadings (<0.500) are conventionally not printed
(replaced by spaces), to draw attention to the pattern of the larger loadings. Moreover,
all variables have been sorted regarding the loadings.
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Table 5.5. Driving simulator variables PCA loadings

Driving Performance Variables (simulator)
Rotated Component Matrix®

Factor 1
StdLateralPosition 923
TTLAverage ,905
StdWheelAverage 900
. WheelAverage 845
@ _E LateralPositionAverage 835
";l ‘ﬁ HWayAverage -, 738
W = StdHWayhverage - 708
€ £ StdTTLAverage 666
A ~
E 20 StdTTCAverage Ef]
£ . TTCAverage Ff'-f'j
O w DBrakefverage 353
E é StdBrakeAverage 553 Factor 2
Y £ AverageSpeed J76
& 2 TheadAverage -.697
¥ 5 RalphaAverage 677
= E StdRalphaAverage 669 3
5 8 StdevAverageSpeed 637| Factor
- 5 GearAverage 753
@ O StdGearAverage 751
= -F,i,' StdRpmAverage 664
E = RpmAverage 573
7] E a Rotation converged in 6 iterations.
g -E Total Variance Explained
w EEO Rotation Sums of Squared Loadings

Component 1 E 3
Total 8.5 5.7 2.2

% of Variance 38,5 25,7 10,1
Cumulative % 38.5 64,2 74,3

Results from the first PCA analysis indicate that three factors are best fitted regarding
this specific database extracted from the simulator experiment. These three factors
represent 74.3% of the overall database.

Regarding the first factor (representing the 38.5% of the overall database), lateral
position variability, time to line crossing and steering angle variability have the three
highest loadings amongst all variables. This reveals that the first factor represents lateral
control measures which indicates how well drivers maintain their vehicle position. In the

251



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

second factor (representing the 25.7% of the overall database), average speed has the
highest loading indicating that the second factor represents the longitudinal measure
of speed. In the third factor (representing the 10.1% of the overall database), average
gear has the highest loading, and with the other three loadings of variability of gear use,
rounds per minutes and variability of rounds per minute indicating that the third factor
represents the use of the gearbox.

The present PCA analysis investigated which observed variables are most highly
correlated with the common factors and how many common factors are needed to give
an adequate description of the driving performance data extracted from the simulator
experiment. In the next step, in order to implement structural equation models on the
specific database only one latent variable will be developed to estimate the overall
driving performance. The variables which are selected to be included in the latent
analysis and underline the latent variable “driving performance” are the three variables
with the highest loadings of the first factor which represents the 38,5% of the dataset
(variability of the lateral position, time to line crossing and variability of the steering
angle), and the variables with the highest loadings of the next two factors (average
speed and average gear use) which represent 257% and 10,1% of the dataset
respectively. Thus, the variable “driving performance” could be adequately described by
the aforementioned 5 variables covering the 74.3% of the driving simulator
database.

5.4.2. Driving errors principal component analysis

Driving error has long been a focus of road safety research. As a result, a range of
methods have been developed to specifically measure this concept, including the Driver
Behaviour Questionnaire (Reason, 1990). Estimates suggest that driving error is a causal
factor in 75% (Hankey et al., 1999), and even up to 95% (Rumar, 1990) of road accidents
and, thus, is a significant contributor to road accident.

The objective of this explanatory PCA on driving errors is to estimate which variables
obtained from the driving simulator experiments have the bigger estimate on driving
error. For this purpose, a PCA analysis was implemented in which six driving
performance variables consisted the respective database. In Table 5.6 the loadings of
the respective variables are recorded indicating how much each variable explains the
factor. It should be noted that small loadings (<0.500) are conventionally not printed
(replaced by spaces), since the focus is drawn to the pattern of the larger loadings.
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Table 5.6. Driving error PCA loadings

Driving Errors Variables (simulator)
Rotated Component Matrix®

Factnr1
= HitOfSideBars 763
® 5  OutsideRoadLines 717
2 HighRoundsParMinut 550 Factor 2
S ﬁ 2 HighRoundsPerMinute 550
E "_::-1. £ .2 SuddenBrakes 706
- — el
0 § T § SpeedlimitViolation 679
o & = = EngineStops -.546
;E E -g E & Rotation converged in 3 iterations.
S s 2 Total Variance Explained
o o =
5 = Rotation Sums of Squared Loadings
b E E E Component 1 2
g = Total 2,1 1,2
L E % of Variance 356 20,8
Cumulative % 35,6 56,4

Results from the second PCA analysis indicate that two factors are best fitted regarding
this specific database extracted from the simulator experiment. These two factors
represent 56.4% of the overall database. Regarding the first factor (representing the
35.6% of the overall database), hits of sidebars and outside road lines have the two
highest loadings amongst all variables. In the second factor (representing the 20.8% of
the overall database), sudden brakes and speed limit violations have the two highest
loadings.

The present PCA analysis investigated which observed variables are most highly
correlated with the common factors and how many common factors are needed to give
an adequate description of the driving errors data extracted from the simulator
experiment. In the next step, in order to implement structural equation models on the
specific database only one latent variable will be developed to estimate the overall
driving errors. The variables which are selected to be included in the latent analysis and
underline the latent variable “driving errors” are the two variables with the highest
loadings of the first factor which represents the 35,6% of the dataset (hits of sidebars
and outside road lines), and the two variables with the highest loadings of the
second factor which represents the 20.8% of the dataset (sudden brakes and speed
limit violations). Thus, the variable "driving errors” could be adequately described by the
4 aforementioned variables covering the 56.4% of the database.
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5.4.3. Neurological assessment principal component analysis

The scope of the present PCA analysis is to explore the capacity of various
neurologically-related measures to predict the driving behaviour of individuals with
common neurological disorders, such as AD, PD and MCI. The neurologically-related
measures that were elected as potential predictors of driving behaviour covered a broad
range of areas that included measures of functionality, neuropsychiatric symptoms,
depressive symptoms, disease severity, sleeping abnormalities and cognitive status. In
this PCA analysis 19 variables extracted from the neurological assessment are under
consideration. Table 5.7 presents a matrix of loadings for each of the variables. The
factors presented in the Table indicate how much the variable explains its corresponding
factor. It should be noted that small loadings (<0.500) are conventionally not printed
(replaced by spaces), to draw attention to the pattern of the larger loadings. Moreover,

all variables have been sorted regarding the loadings.
Table 5.7. Neurological PCA loadings

Neurological Variables
Rotated Component Matrix®

Factor 1
EvalF_Tapping_Errors 838
Evalsc_FBltot 698
, Evalsc_CDRtot BT2
. § Evalsc_NPltot 649
w —— -
W * |ADLBothGenders 647
==
o E Evalsc_MMSEtot -443 Fa:tnrz
& g EvalPHQ_Nine 865
t o Evalsc_GerDeprScale 849
£ Z EvalAthens_In_Scale 656|Factor 3
3_ _g EvalTandemWalking_Errors 882
E g EvalTandemWalking_RMNC_Errors 859
E £ EvalTandemWalking_RNC_Time 530 Factor 4
& & EvalTandemWalking_Time 874
S = -
E pad EvalR_P_Walk ,?’9:: 5
‘T E EvalF_Tapping_Time ,591|Factor
= E Evalsc_Hachinski_score 7 6
2 =, EvalEpworth S Sc -535|Factor
-I-l-u—_ T Dttt O o i -
@ ©O EvalH_T_Rotation_Right Glb
e 2 —— m—— -
o = = PRotation converged in 11 iterstions.
E E Total Variance Explained
E E Rotation Sums of Squared Loadings
w s Component 1 2 3 4 5 6
Total 3.1 2,7 2.5 1.9 1.7 1.6
% of Variance 16,3 14,2 13.3 9.8 9,1 8.6

Cumulative % 16,3 30,5 43,8 53.6 62.7 714
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Results from the third PCA analysis indicate that six factors are best fitted regarding this
specific database. These six factors represent 71.4% of the overall neurological database.
Regarding the first factor (representing the 16.3% of the overall database), the variable
“foot taping errors” has the highest loadings amongst all variables. In the second factor
(representing the 14.2% of the overall database), patients health questionnaire 9 has the
highest loadings amongst all variables. In the third and fourth factors (representing the
13.3% and 9.8% respectively of the overall database) tandem errors and tandem walking
time have the highest loadings amongst all variables.

The present PCA analysis investigated which observed variables are most highly
correlated with the common factors and how many common factors are needed to give
an adequate description of the neurological state and the neurological data. In the next
step, in order to implement structural equation models on the overall database, only
one latent variable will be developed to estimate the overall neurological status. The
variables which are selected to be included in the latent analysis and underline the latent
variable "neurological state” are the first variables with the highest loadings of the
first four factors which represent the 53.6% of the dataset (foot tapping errors,
patients health questionnaire 9, tandem walking errors and tandem walking time). Thus,
the variable “neurological state” could be adequately described by the aforementioned
4 variables covering the fields of emotional state and motor abilities: balance, movement
coordination, mistakes and time of execution.

5.4.4. Neuropsychological assessment principal component analysis

The scope of the present PCA analysis is to explore the capacity of various
neuropsychologically-related measures to predict the driving behaviour of individuals
with  common neurological disorders, such as AD, PD and MCI. The
neuropsychologically-related measures that were elected as potential predictors of
driving behaviour covered a broad range of areas that included measures of Verbal
Memory and Learning, Verbal Working Memory, Visual Scanning/Memory and Learning,
Spatial Memory and Learning, Visuospatial Perception, Visuospatial Working Memory,
Constructional ability, Attention/Information Processing Speed/Perception, Selective
and Divided Attention, Executive Functions, and Psychomotor vigilance.

In this PCA analysis 32 variables extracted from the neuropsychological assessment are
under consideration. Table 5.8 presents a matrix of loadings for each of the variables.
The factors presented in the Table indicate how much the variable explains its
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corresponding factor. It should be noted that small loadings (<0.500) are conventionally

not printed (replaced by spaces), to draw attention to the pattern of the larger loadings.

Moreover, all variables have been sorted regarding the loadings.

Table 5.8. Neurological PCA loadings

Neuropsychological Variables
Rotated Component Matrix®

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Factor 1
EvalCTMT_1 -, 805
EvalCTMT_3 -.794
EvalCTMT_2 -T773
EvalTMT_A - 752
EvalCTMT_4 -.743
EvalVigilanceTest =717
EvalUFV_2 -,651
EvalCTMT_S -.569
EvalTMT_B -.557
Evalsc_Wer_Fluency_Letter 542
Evalsc_VER_FLUEM_ANIMALS 524
EvalUFV_3 _503|Factor 2
EvalBVMTTotal ,850
EvalBVMT2Trial 841
EvalBVMT3Trial 812
EvalBVMT 1 Trial 792
EvalBVMTDelayed 784
EvalBVMTRI 596| Factor 3
EvalHopkinsRI 827
EvalHopkinsTotal 760
EvalHopkins2Trial 749
EvalHopkinsRecognition T47
EvalHopkinsDelayed 24
EvalHopkins3Trial T2
EvalHopkins 1Trial 668| Factor 4
EvalEmbeddedTest 794
EvalSpatialSpan_For 683
EvalSpatialSpan_Back 617
EvalSDMT _Written 559
EvalSDMT_Oral 555
EvalSpatialAddition ,551| Factor 5
EvalEVMTRecognition ,843|
a Rotation converged in 7 terations.
Total Variance Explained
Rotation Sums of Squared Loadings
1 2 3 4 5
Total 7.8 7.1 6.3 4.8 1.4
% of Variance 22,2 20,4 18.0 13,7 3.9
Cumulative % 22,2 42,6 60,5 74,3 78,2
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Results from the fourth PCA analysis indicate that five factors are best fitted regarding
this specific database. These five factors represent 78.2% of the overall
neuropsychological database. Regarding the first factor (representing the 22.2% of the
overall database), the variable “Comprehensive trail making test 1" has the highest
loadings amongst all variables. In the second factor (representing the 20.4% of the
overall database), brief visuospatial memory test has the highest loadings amongst all
variables. In the third and fourth factors (representing the 18% and 13.7% respectively
of the overall database) Hopkins verbal learning test - RI and Witkin's embedded figure
test have the highest loadings amongst all variables.

The present PCA analysis investigated which observed variables are most highly
correlated with the common factors and how many common factors are needed to give
an adequate description of the cognitive functions and the neuropsychological data. In
the next step, in order to implement structural equation models on the overall database,
only one latent variable will be developed to estimate the overall neuropsychological
status. The variables which are selected to be included in the latent analysis and
underline the latent variable “neuropsychological state” are the first variables with the
highest loadings of the first four factors which represent the 74.3% of the dataset
(comprehensive trails making test, brief visuospatial memory test, Hopkins verbal
learning test - RI, and Witkin's embedded figure test). Thus, the variable
“neuropsychological state” could be adequately described by the aforementioned 4
variables covering the fields of verbal memory learning, spatial memory learning,
processing speed, visual scanning and attention.

5.5. Structural Equation Modeling

For the purposes of this chapter which is the core 295
of the statistical modeling of this PhD participants
. . 92 Controls (41%) "
dissertation, the whole sample scheme was 45MC1 (0% 30
. . . . 28 AD (12%) Young
included in the analysis (Figure 5.55). Four latent 25PD(11%) @753
32 Others (16%) 5
variables were developed namely, “driving (16% makes 24% females) Vidde el
AtATyo.
performance”, “driving errors”, “neurological
n " M n 28
state” and “neuropsychological state” in order to  / sssoye

implement four Structural Equation Models |20

(SEMs). The four latent variables were developed Figure 5.55. Sample

using the most critical indexes (neurological, scheme of SEM analysis
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neuropsychological, and driving measures) extracted from the PCA analyses of the

previous chapter and thoroughly discussed.

The exploratory PCA analysis was
performed for investigating which
driving simulator indexes had the
most important contribution on
explaining the higher order factor
"driving performance” (Figure 5.56),
and was described in the previous
section. Based on the factor loadings
that were extracted, the following five
driving measures (out of a set of 21
variables assessing driving behaviour)
had the highest loadings in their

factors and were placed under the
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Figure 5.56. Latent variable - driving performance

factor that was considered to reflect driving performance: a) average speed, b) lateral

position variability, c) steering angle variability, d) average gear, and e) time to

line crossing, covering the 74.3% of the driving simulator database.

Speed Limit
Violations

Hits of Outside
Sidebars Road Lines

Sudden
Brakes

Figure 5.57. Latent variable - driving errors

In addition, an exploratory PCA
performed  for
which

simulator indexes had the most

analysis  was
investigating driving
important contribution on
explaining the higher order factor
"driving errors” 5.57).

Based on the factor loadings that

(Figure

were extracted, the following four
driving measures (out of a set of 6
variables assessing driving errors)
had the highest loadings and were
placed under the factor that was

considered to reflect driving errors: a) speed limit violations, b) hits of sidebars, c)
outside road lines and d) sudden brakes, covering the 56.4% of the database.
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Based on the same approach,
exploratory PCA analysis was
performed for investigating
which neurological measures
had the
contribution on explaining the

most important

higher order factor
“neurological state” (Figure
5.58). The factor loadings that
were extracted, indicated that
the

neurological measures (out of

four following

Tandem Walking:

Errors

Patient Health

Questionnaire (PHQ-9)

Tapping :
Errors

Tandem Walking:

Completion Time [N

Neurological

state

Figure 5.59. Latent variable - neurological state

a set of 19 neurological tasks) had the highest loadings in their factors and could

describe sufficiently the factor that was considered to reflect neurological state: a)

Tandem Walking Errors, b) Tandem Walking Time, c) Patient Health Questionnaire

(PHQ-9) and d) Foot Tapping Errors, covering the 53.6% of the neurological database.

Neuropsychological
state

Witkin's Embedded
Figure Test
g, \ Brief Visuospatial
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Nl Comprehensive Trail
: Making Test (1)

k! Hopkins Verbal
Learning Test (RI)

Figure 5.58. Latent variable - neuropsychological state

Finally, an exploratory PCA
analysis was performed for
which
tests

investigating
neuropsychological
assessing aspects of motor
had the
contribution

fitness most

important on
explaining the higher order
factor “neuropsychological
state” (Figure 5.59). Based on
the factor loadings that were
extracted, the following four

neuropsychological tests (out

of a set of 32 variables assessing cognitive fitness) were placed under the factor that
was considered to reflect neurological state: a) Witkin's Embedded Figure Test, b)
Brief Visuospatial Memory Test, ¢) Comprehensive Trail Making Test - 1, and d)
Hopkins Verbal Learning Test, covering the 74.3% of the neuropsychological

database.
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The main statistical analysis contribution of this PhD dissertation is the
implementation of the four SEMs, since SEMs have never been utilized before in the
scientific field of neurological diseases affecting cognitive functions and driving. SEMs
allow both response and explanatory latent variables to be linked by a series of linear
equations. The goal of structural equation models is used essentially in order to explain
the correlations or covariances of the observed variables in terms of the relationships
these variables have with the assumed underlying latent variables and the relationships
postulated between the latent variables themselves.

In the first SEM, the objective is the quantification of the impact of neurological
diseases affecting cognitive functions, distraction, age and road and traffic environment
on the observed variable “reaction time”. Additionally, the quantified impact of two
latent variables regarding neurological state and neuropsychological state of the drivers
on the observed variable “reaction time” is analyzed.

In the second SEM, the objective is the quantification of the impact of neurological
diseases affecting cognitive functions, distraction, age and road and traffic environment
on the observed variable "accident probability”. Additionally, the quantified impact of
two latent variables regarding neurological state and neuropsychological state of the
drivers on the observed variable “accident probability” is analyzed.

In the third SEM, the key latent variable reflects the underlying “driving errors” and
the objective is the quantification of the impact of neurological disease affecting
cognitive functions, distraction, driver characteristics and road and traffic environment
on driving errors. Additionally, the quantified impact of two latent variables regarding
neurological state and neuropsychological state of the drivers on the latent variable
“driving errors” is analyzed.

In the fourth SEM, the key latent variable reflects the underlying “driving
performance” and the objective is the quantification of the impact of neurological
disease affecting cognitive functions, distraction, driver characteristics and road and
traffic environment on driving performance. Additionally, the quantified impact of two
latent variables regarding neurological state and neuropsychological state of the drivers
on the latent variable “driving performance” is analyzed.
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The four different structural equation models are developed as described graphically in
the next Figure (Figure 5.60) and explained below:
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Figure 5.60. Structural Equation Models

The overall aim of the present analysis is to investigate all the critical factors that affect
reaction time, accident probability, driving errors and driving performance. The
structure of the presentation for each individual SEM is the following:

In the beginning, the description of the structural equation model is presented including
all the variables in both steps of the model. This is followed by a first graphical approach,
which helps to better understand the objective of this specific analysis. Then, a summary
Table including all parameter estimates is presented. More specifically, in the upper part
of the Table the variables that create the new latent (unobserved) variable are recorder
with the respective parameters (estimate, Standard error, t-statistic, probability). In the
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lower part of the Table, the second phase of the SEM is presented including the
regression analysis parameter estimates.

In order to evaluate the overall suitability of the whole SEM four summary goodness-
of-fit measures are reported:

» Standardized Root Average Square Residual (SRMR)
» Root Average Square Error of Approximation (RMSEA)
» Comparative Fit Index (CFI)

» Tucker Lewis Index (TLI)

All the goodness-of-fit measures were further analyzed in previous sections. It is noted
that values of the SRMR range between zero and one, with well-fitting models having
values less than 0.08. The appropriate acceptable cut-off point for the RMSEA has been
a topic of debate, but in general it lies within 0.06 and 0.08, while 0.07 is often considered
as having the general consensus. For the final two goodness of fit measures, the
Comparative Fit Index (CFl) and the Tucker Lewis Index (TLI) values larger of 0.90 or even
0.95 are advised.

Then, the path diagram of the model is presented. Path analysis was introduced by
Wright (1934) as a method for studying the direct and indirect effects of variables. The
quintessential feature of path analysis is a diagram showing how a set of explanatory
variables can influence a dependent variable under consideration. How the paths are
drawn determines whether the explanatory variables are correlated causes, mediated
causes, or independent causes.

It is worth mentioning that each latent variable is an unobserved variable that has no
established unit of measurement. Therefore, in order to define the unit of measurement
of each latent variable, a non-zero coefficient (usually one) is given to one of its observed
variables as an indicator (i.e., reference variable). Finally, model results are discussed and
specific conclusions are extracted regarding each Structural Equation Model.

5.5.1. SEM regarding reaction time
In the first SEM we explored the impact of various latent and observed variables on

reaction time. More specifically, the objective is the quantification of the impact of
neurological diseases affecting cognitive functions, distraction, age, road and traffic
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environment, neurological state and neuropsychological state on the observed variable
“reaction time” (Figure 5.61).
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Figure 5.61. Structure of Reaction time SEM

After the initial SEM analysis approaches, the traffic flow was not found to affect
significantly the dependent variable and for that reason this variable was eliminated
from the final SEM. The following predictors were included in the analysis:
» Disease - MCI
— drivers with Mild Cognitive Impairment
» Disease - AD
— drivers with Alzheimer’s disease
» Disease - PD
— drivers with Parkinson'’s disease
» Area - Urban
— an urban route at its bigger part dual carriageway, separated by guardrails, lane width is
3.5m, narrow sidewalks, commercial uses and parking are available at the roadsides
» Age - Old
— (drivers older than 55 years of age)
» Distraction - Conversation
— distraction task: conversation with passenger, while driving
» Distraction - Mobile phone
— distraction task: conversation through a hand-held mobile phone, while driving
» Neuropsychological state (Latent)
» Witkin's Embedded Figure Test
» Brief Visuospatial Memory Test
» Comprehensive Trail Making Test (1)
» Hopkins Verbal Learning Test (RI)
» Neurological state (Latent)
» Tandem Walking: Errors
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» Tandem Walking: Completion Time
» Patient Health Questionnaire (PHQ-9)

» Foot taping errors

The estimation results are presented in Table 5.9.

Table 5.9. Estimation results of the reaction time SEM
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Latent variables Est. Std.err| Z-value P(>|z|)
Neuropsychological State (latent 1)
Witkin's Embedded Figure Test 1.000
Brief Visuospatial Memory Test 1.962 0.048 40.927 <.001
Comprehensive Trail Making Test (1) -6.752 0405 -16.685 <.001
Hopkins Verbal Learning Test (RI) 0.415 0.020 20.818 <.001
Neurological State (latent 2)
Tandem Walking: Errors 1.000
Tandem Walking: Completion Time 5.557 0.873 6.364 <.001
Patient Health Questionnaire (PHQ-9) 9.956 2416 4120 <.001
Foot taping errors 0.829 0.170 4.885 <.001
Regressions Est. Std.err| Z-value P(>|z])
Reaction Time
Disease - MCl 103.575 52.205 1.984  .047
Disease - AD 327.075 87927 3492 <.001
Disease - PD 381.056  88.544 4304 <.001
Urban Area -345309 33260 -10.382 <.001
Advanced Age 190.137  43.877 4333 <.001
Distraction - Conversation 80.614  37.769 2.134  .033
Distraction - Mobile Phone 225921  54.088 4177 <.001
Neuropsychological State (latent) -20.899 6.464 -3.233  <.001
Neurological State (latent) -789.943 226.670 -3485 <.001
Summary statistics ML
Minimum Function Test Statistic 1928.87
Degrees of freedom 81
Goodness of fit
SRMR 0.138
RMSEA 0.132
CFI 0.722
TL 0.702
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A critical finding that supports the validity of the overall SEM is that the contribution of
the observed variables on the construction of the latent variables (neuropsychological
state and neurological state) was in all cases statistically significant. Also, regarding the
regression analysis, all predictors had a significant contribution on the prediction of the
reaction time. Finally, the obtained goodness-of-fit measures are generally close to the
respective limits.

In this SEM, reaction time is the dependent observed variable while the independent
variables include a diagnosis of a cerebral disorder (AD, PD or MCI), neuropsychological
state, neurological state, driver distraction, area type, and drivers’ age. Regarding the
effect of cerebral disorders on reaction time, it was found that the presence of MCl, AD
or PD had a significant negative impact on reaction time. Concerning the effect of age,
young and middle-aged drivers were found to outperformed older drivers in term of
reaction time.

Moreover, neuropsychological state and neurological state that are commonly impaired
in patients with cerebral disorders had a significant unique contribution on predicting
better reaction times. Regarding the effect of in-vehicle distraction, both distractors
were found to have a statistically significant negative effect on reaction time. Finally,
regarding area and traffic characteristics, the results indicate that area type is a critical
factor affecting drivers’ reaction time as in urban areas reaction time was significantly
affected in a positive way. On the other hand, traffic conditions didn't appear to
influence reaction time significantly.

The respective path diagram of the SEM is presented in Figure 5.62. Blue lines express a
significantimpact on better reaction time, red lines express a significant impact on worse
reaction time and grey lines express the absence of a statistically significant association
(grey lines correspond to variables that are not included in the model). Furthermore,
dashed lines indicate which variables create the latent ones, while continuous lines
indicate which variables exist in the regression part of the SEM. Finally the label values
represent the parameter estimates.

265



Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions
A Doctoral Thesis by Dimosthenis I. Pavlou

STRUCTURAL

Equarion 'I
MobeL

Tandem Walking:

Witkin's Embedded
Errors Figure Test
56 1> - +1.00 ,"\
Tandem Walklng p< 00] I"\\ Reactlon +1.96
Completion Time  [AtalRARAKD

R ZRRY  Brief Visuospatial
. - I - <
‘ . L : i - B Memory Test
o ‘;I\ . 1 \l
+
Patient Health Sl
Questionnaire (PHQ-9) [N

2N 615
g Comprehensive Trail
% Neurological , Neuropsychological et
\, » state ’
Tapping e

3_\3\ Hopkins Verbal
0<.001 ;001)21 Learning Test (RI)
Distraction: Mobile phone

Distraction: Conversation

+381.06 Advanced Age
p<.001

Urban Area

() latent Variable
D Observed Variable

—> Significant positive impact on the variable
——> Significant negative impact on the variable
== Positive association with variable

== » Negative association with variable

Figure 5.62. Path diagram of the reaction time SEM
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5.5.2. SEM regarding accident probability

In the second SEM we explored the impact of various latent and observed variables on
accident probability. More specifically, the objective is the quantification of the impact
of neurological diseases affecting cognitive functions, distraction, age, road and traffic
environment, neurological state and neuropsychological state on the observed variable
"accident probability” (Figure 5.63).

Neuro-
psychological
state

Neurological

state

(" Risk Factors )
D
Mobile phone

\& >

Accident

Probability

Figure 5.63. Structure of Accident Probability SEM

After the initial SEM analysis approaches, the distractor “conversation with passenger”,
the traffic flow, the presence of MCl, the age and the latent variable “neurological state”
were not found to affect significantly the dependent variable and for that reason they
were eliminated from the final SEM. The following predictors were included in the
analysis:

»

»

»

»

»

Disease - AD

Disease - PD

Area - Urban

Distraction - Mobile phone

Neuropsychological state (Latent)
» Witkin's Embedded Figure Test
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» Brief Visuospatial Memory Test
» Comprehensive Trail Making Test (1)
» Hopkins Verbal Learning Test (RI)

The estimation results are presented in Table 5.10.

Table 5.10. Estimation results of the accident probability SEM

Latent variables Est. Std.err Z-value P(>|z))
Neuropsychological State (latent 1)
Witkin's Embedded Figure Test 1.000
Brief Visuospatial Memory Test 1.989 0.047 42238 <.001
Comprehensive Trail Making Test (1) -7.022  0.375 -18.740 <.001
Hopkins Verbal Learning Test (RI) 0421 0.018 23.199 <.001
Regressions Est. Std.err| Z-value P(>|z])
Accident Probability
Disease - AD 0.162 0.062 2.146 .032
Disease - PD 0.104 0.060 2.017 .041
Urban Area -0.063 0.027 -2.306 .021
Distraction - Mobile Phone 0.054 0.036 1.909 .049
Neuropsychological State (latent) -0.023 0.004 -5612 <.001
Summary statistics ML
Minimum Function Test Statistic 711.78
Degrees of freedom 21
Goodness of fit
SRMR 0.125
RMSEA 0.135
CFI 0.699
TLI 0.659

A critical finding that supports the validity of the overall SEM is that the contribution of
the observed variables on the construction of the neuropsychological state was
statistically significant. Regarding the regression analysis, 5 predictors had a significant
contribution on the prediction of the accident probability. The neurological state didn’t
have a critical contribution on the dependent variable of accident probability and for
that reason it was eliminated from the model. Finally, the obtained goodness-of-fit

measures are in general terms close to the respective limits.

268



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

In this SEM, accident probability is the dependent observed variable while the
independent variables include a diagnosis of a cerebral disorder (AD and PD),
neuropsychological state, driver distraction through mobile phone, and area type.
Regarding the effect of cerebral disorders on accident probability, it was found that the
presence of AD or PD had a significant negative impact on accident probability (no
significant effect was found for the group of MCI). Concerning the effect of age, young
and middle-aged drivers were not found to have any significant difference with the older
drivers concerning the accident probability.

Moreover, neuropsychological state (but not neurological state) that are commonly
impaired in patients with cerebral disorders had a significant unique contribution on
predicting lower accident probability. Regarding the effect of in-vehicle distraction,
although conversation with passenger didn't have any significant influence on accident
probability, the mobile phone use appeared to have a negative impact on having more
accidents.

Finally, regarding traffic and area characteristics, the results indicate that traffic volume
is not a critical factor affecting drivers' accident probability as in low traffic volumes the
accident probability wasn't significantly affected. On the other hand, it seems that the
rural area lead to more addidents than urban area.

The respective path diagram of the SEM is presented in Figure 5.64. Blue lines express a
significant positive impact on accident probability (lower accident probability), red lines
express a significant negative impact on accident probability (higher accident
probability) and grey lines express the absence of a statistically significant association
(grey lines correspond to variables that are not included in the model). Furthermore,
dashed lines indicate which variables create the latent ones, while continuous lines
indicate which variables exist in the regression part of the SEM. Finally the label values
represent the parameter estimates.
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5.5.3. SEM regarding driving errors

As presented in the methodological chapter, several driving measures exist for the
evaluation of driving errors, the selection of which should be guided by a number of
general rules related to the nature of the task examined as well as the specific research
questions. In this section, latent variable “driving errors” is defined as a new, unobserved
variable, within the framework of latent analysis. Consequently, the effect of cerebral
disorders such as AD, PD or MCl, as well as the role of in vehicle distraction (conversation
with passenger or conversation through mobile phone), traffic load (low traffic volume
or high traffic volume), road environment (rural area or urban area) and the age of the
participants, is estimated directly on the latent variable “driving errors” (instead of being
estimated on individual driving error measures) (Figure 5.65).

Neuro-

Neurological psychological

state

state

(" Risk Factors
o

\& >/

Figure 5.65. Structure of Driving Errors SEM

More specifically, in this third SEM the latent variable reflects the underlying driving
errors of the participants and is based on driving errors variables extracted from the PCA
analysis of the previous section:
» Speed limit violations
— how many times per trial, the driver extended the speed limit
» Hits of sidebars
— how many times per trial, the vehicle hit the sidebars in the right
» Outside road lines
— how many times per trial, the vehicle crossed over road lines
» Sudden brakes
— how many times per trial, the driver suddenly used the brake for no reason
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In the second part of the SEM, driving errors is the dependent variable while the
independent variables include a broad set of predictors. After the initial SEM analysis
approaches, distractor “conversation with passenger”, distractor “mobile phone”, the
traffic flow, and the presence of all three examined neurological diseases affecting
cognitive functions, were not found to affect significantly the dependent variable and
for that reason they were eliminated from the final SEM. The following predictors were
included in the analysis:
» Area - Urban
» Age - Old
» Neuropsychological state (Latent)

» Witkin's Embedded Figure Test

» Brief Visuospatial Memory Test

» Comprehensive Trail Making Test (1)

» Hopkins Verbal Learning Test (RI)
» Neurological state (Latent)

» Tandem Walking: Errors

» Tandem Walking: Completion Time

» Patient Health Questionnaire (PHQ-9)

» Foot taping errors

The estimation results are presented in Table 5.11.

Table 5.11. Estimation results of the driving errors SEM

Latent variables Est. Stderr| Z-value P(>|z|)
Driving Errors (latent 1)
Speed Limit Violations 1.000
Hits of Sidebars 1.000 0.421 2374  .018
Outside Road Lines 0.059 0.034 1.961 .048
Sudden Brakes 7.731  2.339 3.306 <.001

Neuropsychological State (latent 2)

Witkin's Embedded Figure Test 1.000

Brief Visuospatial Memory Test 1.955 0.046 42238 <.001
Comprehensive Trail Making Test (1) -6.799  0.391 -17.385 <.001
Hopkins Verbal Learning Test (RI) 0416 0.019 21.553 <.001

Neurological State (latent 3)

Tandem Walking: Errors 1.000
Tandem Walking: Completion Time 5.537 0.875 6.326 <.001
Patient Health Questionnaire (PHQ-9) 9.128 2127 4292 <.001
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Foot taping errors || 0.748 0.144 || 5191 <.001
Regressions Est. Stderr| Z-value P(>|z|)
Driving Errors
Urban Area -0.027  0.015 -1.960  .047
Advanced Age 0.106  0.033 3.230 <.001
Neuropsychological State (latent) -0,005 0.002 -2236  .025
Neurological State (latent) -0.113  0.064 -1.992 .048
Summary statistics ML
Minimum Function Test Statistic 1445.72
Degrees of freedom 73
Goodness of fit
SRMR 0.118
RMSEA 0.125
CFI 0.720
TLI 0.669

A critical finding that supports the validity of the overall SEM is that the contribution of
the observed variables on the construction of the latent variables (driving errors,
neuropsychological state and neurological state) was in all cases statistically significant.
Also, regarding the regression analysis, only four predictors had a significant
contribution on the prediction of the latent variable “driving errors”. Finally, the obtained
goodness-of-fit measures are generally close to the respective limits.

In the first part of the model, increased driving errors (the latent variable) are positively
associated with hits of sidebars, outside road lines, and high rounds per minute. It should
be kept in mind that the selected driving errors measures which create the latent variable
have the highest loadings in the respective explanatory factor analysis presented in the
previous section.

In the second part of the SEM, "driving errors” is the dependent variable. Regarding the
effect of cerebral disorders on driving errors, it was found that the presence of MCI, or
AD, or PD is not significantly associated with driving errors. The two latent variables
namely the neurological state and the neuropsychological state, as predictors, appeared
to reduce, in a significant way, the driving errors. Regarding the effect of in-vehicle
distraction, none of the two distractors was found to have a statistically significant effect
on driving errors. Finally, regarding area and traffic characteristics, the results indicate
that area type is a critical factor affecting drivers' errors as in the urban area driving
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errors were less comon than in the rural driving environment. Age also influence driving
errors since advanced age was associated with increased amount of driving errors.
Finally, traffic volume didn’t have an impact on driving errors.

The respective path diagram of the SEM is presented in Figure 5.66. Blue lines express a
significant impact on reducing driving errors, red lines express a significant impact on
increasing driving errors and grey lines express the absence of a statistically significant
association (grey lines correspond to variables that are not included in the model).
Furthermore, dashed lines indicate which variables create the latent ones (first part of
the SEM), while continuous lines indicate which variables exist in the regression part of
the SEM. Finally the label values represent the parameter estimates.
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5.5.4. SEM regarding driving performance

As presented in the methodological chapter, several driving performance measures exist
for the evaluation of driving performance, the selection of which should be guided by a
number of general rules related to the nature of the task examined as well as the specific
research questions. In this section, driving performance is defined as a new, unobserved
variable, within the framework of latent analysis. Consequently, the effect of cerebral
disorders such as AD, PD or MCl, as well as the role of in vehicle distraction (conversation
with passenger or conversation through mobile phone), traffic load (low traffic volume
or high traffic volume), road environment (rural area or urban area) and the age of the
participants, is estimated directly on driving performance (instead of being estimated
on individual driving performance measures) (Figure 5.67).
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psychological
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(" Risk Factors )
D
Mobile phone
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Figure 5.67. Structure of Driving Performance SEM

More specifically, in this first SEM the latent variable reflects the underlying driving
performance of the participants and is based on driving performance variables extracted
from the factor analysis of the previous section:

» Average Speed
— refers to the mean speed, in km/hr, of the driver along the route, excluding the
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small sections in which incidents occurred, and excluding junction areas

~

» Lateral Position Variability
— refers to the variability (standard deviation) of the lateral position of the vehicle

~

» Steering Angle Variability
— refers to the variability (standard deviation) of the mean steering angle during
the driving in degrees

~

» Average Gear
— refers to the average chosen gear (0 = idle, 6 = reverse) of the simulator gear-
box along the driving route
» Time to Line Crossing
— refers to the time to line crossing, time until the road border line is exceeded, in
seconds

In the second part of the SEM, driving performance is the dependent variable while the
independent variables include a broad set of predictors. After the initial SEM analysis
approaches, distractor “conversation with passenger”, was not found to affect
significantly the dependent variable and for that reason it was eliminated from the final
SEM. The following predictors were included in the analysis:

» Distraction - Mobile phone

» Area - Urban

» Traffic - Low

» Disease - AD

» Disease - PD

» Disease - MCI

» Age - Old

» Neuropsychological state (Latent)
» Witkin's Embedded Figure Test

» Brief Visuospatial Memory Test

>~

» Comprehensive Trail Making Test (1)
» Hopkins Verbal Learning Test (RI)

» Neurological state (Latent)
» Tandem Walking: Errors
» Tandem Walking: Completion Time
» Patient Health Questionnaire (PHQ-9)
» Foot taping errors

The estimation results are presented in Table 5.12.
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Table 5.12. Estimation results of the driving performance SEM

Latent variables Est. Std.err| Z-value P(>|z])
Driving Performance (latent 1)
Average Speed 1.000
Lateral Position Variability -0.098 0.003 || -29.483 <.001
Steering Angle Variability -0.373  0.028 | -13.303 <.001
Time to Line Crossing -12.102 0483 | -25.039 <.001
Average Gear 0.049 0.002 | 29.762 <.001

Neuropsychological State (latent 2)

Witkin's Embedded Figure Test 1.000

Brief Visuospatial Memory Test 1.962 0.047 || 41.964 <.001
Comprehensive Trail Making Test (1) -6.803 0.390| -17.430 <.001
Hopkins Verbal Learning Test (RI) 0416 0.019( 21.553 <.001

Neurological State (latent 3)

Tandem Walking: Errors 1.000

Tandem Walking: Completion Time 5777 0.937 6.166 <.001

Patient Health Questionnaire (PHQ-9) 9.101 2.077 4382 <.001

Foot taping errors 0.721 0.134 5.363 <.001
Regressions Est. Std.err| Z-value P(>|z])

Driving Performance

Disease - MCI -0.772  0.267 | -2.889 .004

Disease - AD -1.066  0.329 -3.237 <.001

Disease - PD -0.705 0336 -2.100 .036

Urban Area -13.902 0.390 | -35.638 <.001

Low Traffic Conditions 0414 0.185 2.245 .025

Advanced Age -1.296  0.235| -5.521 <.001

Distraction - Mobile Phone -0.604 0223 -2.701 .007

Neuropsychological State (latent) 0.082 0.026 3.174 .002

Neurological State (latent) 3.765 0.871 4320 <.001
Summary statistics ML

Minimum Function Test Statistic 3517.01

Degrees of freedom 146

Goodness of fit

SRMR 0.122
RMSEA 0.124
CFI 0.755
TLI 0.700
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A critical finding that supports the validity of the overall SEM is that the contribution of
the observed variables on the construction of the latent variables (driving performance,
neuropsychological state and neurological state) was in all cases statistically significant.
Also, regarding the regression analysis, all predictors had a significant contribution on
the prediction of the latent variable “driving performance”. Finally, the obtained
goodness-of-fit measures are generally close to the respective limits.

In the first part of the model, driving performance (the latent variable) is positively
associated with average speed and average gear and negatively associated with time to
line crossing and lateral position variability. It should be kept in mind that the selected
driving performance measures which create the latent variable have the highest loadings
in the respective explanatory PCA analysis presented in the previous section.

In the second part of the SEM, driving performance is the dependent variable while the
independent variables include a diagnosis of a cerebral disorder (AD, PD or MCI),
neuropsychological state, neurological state, driver distraction, area type, traffic volume
as well as drivers' age. Regarding the effect of cerebral disorders on driving
performance, it was found that the presence of MCI, or AD, or PD has a significant
negative impact on driving performance. Concerning the effect of age, young and
middle-aged drivers were found to outperformed older drivers in term of driving
performance.

Moreover, neuropsychological state and neurological state that are commonly impaired
in patients with cerebral disorders had a significant unique positive contribution on
predicting driving performance. Regarding the effect of in-vehicle distraction,
conversation with the passenger was not found to have a statistically significant effect
indicating that drivers do not change their driving behaviour while conversing with a
passenger compared to undistracted driving. On the other hand, the hand-held mobile
phone use had a significant negative association with driving performance. Finally,
regarding area and traffic characteristics, the results indicate that area type is a critical
factor affecting drivers’ performance as in urban areas driving performance was
significantly affected in a negative way. Traffic conditions also influence driving
performance since the presence of a low traffic volume had a significant positive
association with driving performance.

The respective path diagram of the SEM is presented in Figure 5.68. Blue lines express a
significant positive impact on driving performance, red lines express a significant
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negative one and grey lines express the absence of a statistically significant association
(grey lines correspond to variables that are not included in the model). Furthermore,
dashed lines indicate which variables create the latent ones (first part of the SEM), while
continuous lines indicate which variables exist in the regression part of the SEM. Finally
the label values represent the parameter estimates.
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5.6. Discussion

In chapter 5 an innovating statistical analysis methodology has been developed and
presented in order to investigate all the critical parameters that affect driving behaviour
and especially reaction time, accident probability, driving performance and driving
errors in the final statistical step. The developed methodology consisted of five
individual analyses:

1. Descriptive analysis

2. Analysis of variance

3. Regression analysis

4. Principal Component Analysis

5. Structural Equation Model analysis

All different statistical analyses provide remarkable findings for this PhD dissertation
research, which will be discussed thoroughly in the following sub-chapters.

5.6.1. Discussion of descriptive statistics

Within the framework of descriptive statistics, 126 boxplots were developed
correlating mean speed, time headway, lateral position, steering angle variability,
reaction time at unexpected incidents, accident probability, and driving errors, with
traffic volume, driving area, regarding age and cerebral disease of the participants. The
basic conclusions of the descriptive analysis of the large database are presented below.

For the purposes of this first analysis, the control group was isolated and the effect of
age was examined regarding several critical driving performance measures, in rural and
urban areas, low and high traffic volumes, in no distraction condition. The sample
scheme was divided in three categories of healthy participants with no brain pathology:
28 Young, 30 Middle Aged, and 34 Older drivers. Several interesting results were
extracted from the 28 boxplots of this analysis are the following.

In both rural and urban driving areas the advanced age led to lower mean driving
speeds - old group had the lowest mean speed in every examined condition, a finding
that highlights the conservative driving attitude of older drivers and probable self-
regulation. In urban area drivers of all ages were slower than in rural roads. As expected,
older drivers in high traffic volume had larger time headways than middle aged and
especially young participants who kept at least 15% shorter headways than the other
two groups in all driving conditions.
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Moving on to the lateral control measures, older drivers tended to place the vehicle
more closely to the right border of the road, whereas young drivers tend to place the
vehicle more closely to the left as expected taking into account their driving
aggressiveness compared to the older drivers who tend to be more conservative. Older
drivers had little variability in wheeling angle that they used during driving, except for
the urban area in low traffic road condition, but more importantly they had much longer
reaction times than the other two groups (at least 20% larger reaction times in all
examined conditions).

Regarding the accident probability, in rural area and in low traffic condition young
drivers had an accident probability of more than 20%. In urban area though, older
drivers appeared to have the higher accident probability in both traffic environments.
Finally, regarding driving errors of healthy participants in no distraction condition, it is
observed that except rural area and high traffic condition, in all other conditions all
control drivers have the same results.

For the purposes of the second part of the descriptive analysis, the “old” group was
isolated and the effect of neurological disease affecting cognitive functions was
examined regarding several critical driving performance measures, in rural and urban
areas and low and high traffic volumes. The sample scheme was divided in four
categories: 34 Healthy Controls, 43 MCI, 28 AD and 20 PD drivers. Furthermore, the
effect of the in-vehicle distraction was examined. Thus, there are three distraction
conditions: no distraction, conversation with passenger, and conversation through
hand-held mobile phone. Several interesting results were extracted from the 84 boxplots
of this analysis are the following.

Firstly, all three cerebral pathologies examined led to lower driving speeds in all
examined conditions, which is in line with the literature (Eby et al., 2012; Uc et al., 2006).
Especially, AD group had the lowest mean speeds among the other participants in
almost every condition. They also had at least 20% lower speed compared to their
healthy controls counterparts. The in-vehicle distraction and the traffic volume appeared
to have no effect in mean speed of all examined groups, while the urban area leads to
lower speeds for all participants. Additionally, all groups of patients kept larger
headways compared to healthy controls, especially for the AD participants who kept the
largest headways among all four groups, which was expected as they have the lowest
mean speeds.
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The mobile phone use led to larger headways for the AD group, whereas the other
three groups seem to stay unaffected by the distraction conditions regarding the
headway they keep. Alongside, the high traffic volume had an obvious impact on
headways of all participants. It is notable that urban area, which constitutes a more
complex environment, led to lower headways for all examined groups by at least 35%.

As the lateral measures are concerned, in rural road, the AD group, in distraction
condition of mobile phone tended to move the vehicle more closely to the left border
of the lane and at the same time in rural road all patients seemed to have lower
variability of their wheeling angle, whereas in urban area this difference was not so
pronounced. AD group, in urban area, with low traffic volume, when using the mobile
phone had higher variability in steering angle, which means that this group had
difficulties on this driving condition.

Regarding the reaction time, healthy controls had the best reaction times overall in
rural area, whereas AD and PD groups had the worst reaction times (more than 40%
worse reaction times than the control group). But even worse the mobile phone use had
a significant negative effect on reaction time for AD and PD groups. AD participants
seem to have the worst reaction times in urban area. Conversing with passenger, though,
didn’t appear to have an important effect on reaction time in all examined groups.

Moving on to accident probability, it is observed that, overall, healthy control drivers
had a small accident probability compared to the group of patients in both rural and
urban driving environments. It is easily detectable that AD drivers had, in all conditions,
the higher accident probability, and especially when conversing on the mobile phone,
although at the same time, in their everyday lives, they haven't been involved in an
accident during the last two years (as self-reported). In that case their accident
probability is climbing to more than 60%, which is an impressive finding. PD participants
had also a significantly higher accident probability when using the mobile phone. In
rural road environment, conversation with passenger didn't increase the possibility of
causing an accident for all examined groups. In urban area the differences between the
groups are approximately the same with the rural area. Controls had the lowest accident
probability overall and conversation with passenger didn’t seem to have any impact on
it. Finally, traffic volume, has a little impact on reaction times of all examined groups.

Finally, regarding the driving errors, namely the hits of sidebars, the speed limit
violations and the outside road lines, in general terms, patients with MCl, AD or PD
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seemed to make the same or even less driving errors than healthy controls. High traffic
volume leads to more mistakes for all participants, as it is a more complex environment.
AD group in rural area seem to get affected by the mobile phone distraction condition
and, compared to the undistracted condition, they make more than double driving
errors.

The third and final descriptive analysis aimed to compare the individual driving
performance measures of patients of MCI, AD and PD to the typical values of healthy
controls and identify the patients who deviate significantly from the general population,
regarding their driving performance and safety measures. The sample scheme used was
the same with the previous chapter (125 older drivers). For each driver, the following
driving performance measures were calculated and examined: a) mean speed, b) mean
speed variability, c) time headway, d) time headway variability, e) lateral position, f)
lateral position variability, and g) reaction time at incidents. All these driving indexes
were compared to the range of “typical” values of the respective distribution of
healthy drivers: control groups’ mean values minus one standard deviation and plus
one standard deviation include 68.26% of the values of healthy controls (according to
the normal distribution). For the purpose of this study, this area was defined by our
research team as the “typical area”. The individual driving indexes of all participants with
cerebral diseases were compared to the “typical area” of the control group, in rural and
urban driving environments.

Highlighting the most important results, regarding the mean speed of the PD and AD
group, only the 35% of these drivers were inside the “typical area”. Moreover, in line
with the previous analyses, patients had significantly lower speed variability (43% of the
cases) than the group of controls. Comparing the 3 groups of patients, it seemed that
group of MCI drove slightly faster than the other 2 groups of patients. The low mean
speed of the group of patients and the low variability of the mean speed, indicates
conservative driving behaviour and sometimes self-regulation of their driving behaviour
caused by the self-awareness of their degraded driving performance. Overall, 40% of
drivers with neurological diseases affecting cognitive functions were out of the “typical
area”, regarding the lateral position of the vehicle. Also, more than 25% of patients had
very large variability in their lateral position (above the upper limit). 30% of the AD group
particular group had extremely high lateral position variability, despite the fact that the
lane was narrow in this area. It seems that the more complex the driving environment
is, the more the patients have difficulty in maintaining the position of the vehicle in
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the lane. Thus, the variability of the lateral position is considered to be a critical driving
performance index.

Analyzing the reaction times of the patients at unexpected incidents, it was observed
that participants with neurological diseases affecting cognitive functions had
significantly higher reaction times in both rural and urban areas in comparison to the
control group. Compared with each other, drivers with MCI seemed to have slightly
better reaction times than the groups of AD and PD in most cases. It was impressive that
in rural area 70% of the patients with neurological diseases affecting cognitive functions
had reaction times larger than 2 seconds, and no patient was below the lower limit of
the “typical area”, whereas 42% of participants with AD or PD were above the upper limit
of the "typical area” in both rural and urban driving environments. All these very large
reaction times, are findings of great significance if we take into consideration the low
mean speeds and low variabilities of the mean speeds that the groups of patients had.
The fact that these “not typical” findings that concern reaction time, are combined with
“not typical” indexes in the other driving performance measures is of great significance.

In conclusion, the take-home message of the current analysis is that quite a large
number of the drivers with neurological diseases affecting cognitive functions had
serious individual difficulties in their driving performance in comparison with the healthy
controls and their driving indexes deviated significantly from the “typical area” of the
healthy controls regarding several driving indexes. This finding is of critical importance
regarding road safety.

5.6.2. Discussion of ANOVA results

Two analyses of variance (ANOVA) were extracted regarding identification of significant
differences in the driving performance indexes extracted from the driving simulator
assessment and in the answers extracted from the behaviour questionnaires, between
two groups: groups of healthy controls and patients with neurological diseases affecting
cognitive functions. The first analysis of variance indicated that the presence of a
neurological disease affecting cognitive functions was found to significantly affect in
both road environments: mean speed, mean speed variability, time headway, time to
collision variability, and reaction time. The two examined groups had statistically
significant differences in rural area in: time to line crossing and time to collision. The
two examined groups had statistically significant differences in urban area in:
steering angle variability and in accident probability.
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Moving on to the next ANOVA regarding questionnaire about the driving habits and
the driving behaviour, ANOVA indicated several interesting results in which patients with
neurological diseases affecting cognitive functions have statistically significant
differences in their answers compared to the healthy control group. Drivers with MCI
reduce their driving frequency at a faster rate that cognitively intact individuals and they
avoid difficult driving situation in a similar patterns as patients diagnosed with dementia
(O" Connor 2010; 2013, Keay et al., 2009) and this was revealed by this analysis of this
PhD thesis as well. The take-home message of the current analysis is that drivers with
brain pathologies are aware of their deterioration of their driving performance,
and they try to compensate their driving behaviour by either conservative driving, or
even they avoid driving. This findings about compensatory mechanisms are quite
interesting, as in the literature at least for the AD patients this was not so clear so far.
Moreover, patients with neurological diseases affective cognitive functions consider in-
vehicle distraction as quite dangerous and taking into account that they are aware about
their cognitive decline, they avoid such driving conditions or they follow compensatory
patterns.

5.6.3. Discussion of regression results

Within the framework of the regression analyses the effect of the neurological diseases
affecting cognitive functions (MCl, AD and PD) on driving performance measures and
the effect of the in-vehicle distraction on patients with the examined brain pathologies
were examined and several significant results were extracted.

5.6.3.1. Undistracted driving of participants with MCI, AD and PD

For the purposes of this analysis, the “old” group (125 participants) was isolated and the
effect of neurological disease affecting cognitive functions is examined regarding
several critical driving performance measures, in rural and urban areas and low and high
traffic volumes. The sample scheme was divided in four categories: 34 Healthy Controls,
43 MCI, 28 AD and 20 PD drivers. Only undistracted driving is under examination within
the framework of this analysis regarding the following driving performance measures:
Mean speed, Time headway, Lateral position, Steering angle variability, Reaction time,
Accident probability, and Driving errors. Table 5.13 summarizes the results of the 28
regression analyses (GLMs) regarding the effect of MCI, AD and PD on driving
performance measures.
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Table 5.13. Results of the GLMs regarding the effect of MCl, AD and PD on driving performance
measures

MCI, AD and PD drivers compared to healthy controls

Rural | Urban Comment

Lower speed for all groups of patients in
Mean speed ‘ ‘ all examined contitions

Larger headways for AD and PD group in

Time headway ——— ' rural area

’ More closely to the right border for the

Lateral position MCI group in urban road

Steering angle
variability

Lower variability in steering angle for the
PD group in rural area in high traffic

' Larger reaction times for all groups of
patients in all examined contitions

Reaction time

Higher accident probability for the AD
group in all examined conditions and for
the MCI and PD groups in urban area

> » @& |

Accident probability

Driving errors No significant differences

Summarizing the results, all three groups of patients were found to drive at
significantly lower speeds compared to the healthy control group drivers in rural and
urban roads, both at low and high traffic volume. As would be expected, this reduced
speed results under given ambient traffic conditions in increased headways, both at low
and at high traffic volumes in rural roads, but only for AD and PD groups, however in
urban environment there were not statistically significant differences.

Analyzing the lateral control measures it was observed that patients with MCI drove
more closely to the right border of the road in urban area and in both traffic volumes.
Regarding the variability of this measure, in rural area, PD group had low steering
variability in high traffic volume that was a result of their low speed, their conservative
driving and maybe this is a compensatory behaviour.
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Investigating the reaction time of the patients at unexpected incidents, it was observed
that drivers with neurological diseases affecting cognitive functions had significantly
larger reaction times in all examined conditions compared with the cognitively intact
group. More specifically, their reaction times were more than 40% worse than that of
the control group. Overall, MCI drivers seemed to have slightly better reaction times
than the AD and PD groups in all cases. Moving on to the accident probability, higher
accident probability was detected for the AD group in all examined conditions and for
the MCl and PD groups only in urban area, although at the same time, in their everyday
lives, they haven't been involved in an accident during the last two years (as self-
reported). On the other hand patients and controls had not differences in the driving
errors they made during the driving session at the driving simulator experiment.

Overall, among the 3 examined groups of patients with neurological diseases affecting
cognitive functions, MCI group presented a better driving profile in terms of driving
behaviour and road safety, in line with the literature which indicates that MCl patients
may experience an increased level of driving difficulties in comparison to their healthy
counterparts without, however, being characterized as unsafe drivers (Fritteli et al., 2009;
Kawano, et al, 2012; Olsen et al., 2014). Taking into account that the literature
investigating driving performance in the MCI population is relatively sparse (O" Connor
et al, 2010), the results of this PhD dissertation regarding the MCI population are
considerable but should be considered with caution, as MCI patients presented
significant difficulties and differences with the healthy control group but not at the same
extend as the other two examined groups of patients (AD and PD).

Several lines of previous research indicate that driving capacity in patients with PD is
mainly compromised due to cognitive deficits that accompany this clinical condition.
This is suggested by this thesis as well, as PD drivers had significant differences with the
healthy control group of similar demographic characteristics. An individual approach
would be ideal for this population as there are many PD drivers who are able to drive.

Regarding the AD group, it could be classified as the worse examined group in terms of
road safety and driving behaviour by this PhD dissertation regression analyses, as it had
significant differences with their healthy control counterparts in almost every driving
measure examined. This was in line with the international literature which connects them
with a significant risk to individual and public road safety (Man-Song-Hing et al., 2007;
Reger et al., 2004; Lincoln et al., 2009). However, not all AD patients are incapable of
driving, especially in the earlier stages of the disease (Perkinson et al., 2005, Trobe et al.,
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1995; Carr et al,, 2000; Brown & Ott, 2004; Ernst et al., 2010; Withaar et al., 2000) and
this was concluded as well by the individual assessment within the framework of this
PhD dissertation, which indicated that some AD patients were inside the “typical area”
and didn’t have significant differences with the control group.

This analysis further demonstrates how the progression of the disease (i.e. from MCI to
AD) leads to more pronounced driving impairments in several longitudinal or lateral
control measures. While the reduced mean speed, the increased headways and the
driving closer to the right road border may be considered beneficial for road safety, as
they reflect a more conservative and cautious driving pattern, the results regarding
reaction time clearly suggest that this driving pattern is not adequate for safe driving. In
fact, reaction time at unexpected incidents is significantly impaired for MCl drivers, and
even more impaired for AD and PD drivers, especially in unfamiliar driving environments.
According to the literature, drivers with MCl maintain a good level of self-awareness as
regards driving ability (Okonkwo, 2009), although self-awareness of deficits in MCI
patients is controversial (paper accepted for publication, Fragkiadaki et al., 2016).
Nonetheless, little is known about self-awareness of patients with AD or PD.

Furthermore, there is clear indication for increasing difficulties in maintaining lane
position when cognitive impairment increases and when driving conditions are more
demanding. On the basis of the above, it is suggested that the examined cognitive
impairments result in driving impairments based on two mechanisms (see Figure 5.69):
» Development of compensatory driving behaviour, due to drivers’ awareness of

own deficits, expressed by reduced speed, increased headways, more conservative

vehicle positioning (and as a

Compensatory

consequence less manoeuvre and ' Cognitive dificit
overtaking); behaviour

Speed, headway, lateral

» DI’iViI‘Ig impairments related to B ] Reaction time and accident
position, steering angle

the disease itself, due to the variability probability

decline in various cognitive

Controls
domains, including neurological
state,  attention,  perception, Mcl
psychomotor speed and general PD
executive functions, expressed by
increased  reaction times at AD \/

incidents, increased steering or Figure 5.69. Mechanism of cognitively impaired driving
lane positioning variability etc.
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The results of this research suggest that the latter mechanism is prominent, and the
compensatory behaviour of the first mechanism is not sufficient to counterbalance
the driving deficits due to cognitive impairments.

5.6.3.2. Effect of distraction on participants with MCI, AD and PD

Moving towards, the goal of the following regression models is the analysis of the
impact of in-vehicle distraction on the driving behaviour of drivers suffering a brain
pathology such that of MCI, AD or PD. The sample scheme was divided in four categories
of similar demographics: 34 Healthy Controls, 43 MCI, 28 AD and 20 PD drivers. No
distraction condition, conversation with passenger and conversation through handheld
mobile phone are examined within the framework of this regression analysis regarding
the following driving performance measures in rural and urban areas: Mean speed, Time
headway, Lateral position, Steering angle variability, Reaction time and Accident
probability. Table 5.14 summarizes the results of the next 42 regression analyses
(GLMs) regarding the effect of distraction on driving performance of patients with
MCI, AD and PD and controls.

Table 5.14. Results of the GLMs regarding the effect of distraction on driving performance of patients
with MCI, AD and PD

MCI, AD and PD drivers compared to their undistracted driving

le phone

Conversation
use

Comment

with passenger

|
A' ‘ - Mobi

Lower speed for MCI group in rural road when using mobile

Mean speed phone

Larger headway for MCI group in rural road when using

Time headway mobile phone

More closely to the left border of the road for the AD group

Lateral position in rural road when using mobile phone

Steering angle
variability

No significant impact of distraction in any group

Larger reaction time for all groups in all conditions when
using mobile phone and for the MCl and PD groups when
conversing with passenger in urban road

Reaction time

Higher accident probability for all groups in all conditions
when using mobile phone and for the MCI and PD groups
when conversing with passenger in urban road

Accident probability

» B |
» » |
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This analysis focused on the effect of distraction on the driving behaviour of patients
with neurological diseases affecting cognitive functions, by exploring three distraction
conditions, namely driving without distraction, driving while conversing with a co-
passenger and driving while conversing through a handheld mobile phone. The use of
mobile phone had the most pronounced negative effect on the driving behaviour
of individuals with neurological diseases affecting cognitive functions as compared
to a group of cognitively intact individuals of similar demographics.

Overall, it appears that the distraction conditions don't have such a significant impact
on several driving performance measures in the group of controls, in contrast with the
findings extracted from the patients’ groups regression analyses in whom the impact
of distraction and especially the mobile phone use, was detrimental.

In particular, the reaction time in unexpected incidents of drivers with brain pathologies
increased on more than 30% under the driving condition with the use of mobile phone
whereas in the group of cognitively intact drivers the equivalent increase was only 13%.
Moreover, the group of drivers with neurological diseases affecting cognitive functions
had a striking increase of the risk of being engaged in a car accident when using a
mobile phone.

Notably, the aforementioned pattern of findings was observed despite the fact that the
drivers with neurological diseases affecting cognitive functions tried to adjust their
driving behaviour by reducing at an important extent their driving speed and time
headway when using a mobile phone. Also, the presence of a conversation with a
passenger had an impact on the driving performance of the patients, but of a
smaller magnitude as compared to the case of the mobile phone. In particular, under
the specific driving condition there was an accentuation of the difference on reaction
time and accident probability between group of patients and cognitive intact
individuals, but only for the MCI and the PD groups in urban area. Overall, the
conversation with passenger didn't seem to have a detrimental effect on the majority of
the examined conditions. However the groups of patients self-reported, at the
questionnaire assessment, that they consider conversation with passenger as a quite
dangerous action and they avoid doing so.

The driving profile of individuals with neurological diseases affecting cognitive functions
according to these results changed radically under the more demanding driving
condition that included the use of a hand-held mobile phone. The detection of this
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strong adverse effect of the mobile phone on the driving fitness of individuals with MCl
could be explained by their reduced cognitive resources (Aggarwal et al., 2005, Bennett
et al, 2002), especially during the performance of divided attention procedures
(Okonkwo et al., 2008). Following this perspective, it is suggested that the parallel
execution of two tasks, namely of driving and using a hand-held mobile phone, placed
the group of drivers with cerebral diseases in a particularly vulnerable position due to
the need to effectively divide their attention under this demanding driving condition.

In line with this approach, the driving condition with conversation, that is of intermediate
difficulty and also requires by the drivers to divide their attention at a certain level, had
an increased negative effect on the driving performance of individuals with AD or PD,
but of a smaller extent as compared to the case of the mobile phone. Notably, in the
driving condition with the mobile phone, the drivers with MCI, AD and PD applied again
the compensatory strategy of reducing their speed but in this case the outcome was
not successful, as indicated by the pronounced increase of their reaction time and
accident risk.

5.6.4. Discussion of PCA results

In the third part of the overall statistical methodology the implementation of four PCA
analyses was taking place in order to investigate which observed variables are most
highly correlated with the common factors of driving performance, driving error,
neurological state and neuropsychological state and how many common factors are
needed to give an adequate description of the data.

Results from the driving performance PCA analysis (including 21 variables extracted
from the simulator experiment) indicate that three factors are best fitted regarding this
specific database extracted from the simulator experiment (representing 74.3% of the
overall database). Regarding the first factor (representing the 38.5% of the overall
database), lateral position variability, time to line crossing and steering angle variability
have the three highest loadings amongst all variables. This reveals that the first factor
represents lateral control measures which indicates how well drivers maintain their
vehicle position. In the second factor (representing the 25.7% of the overall database),
average speed has the highest loading indicating that the second factor represents the
longitudinal measure of speed. In the third factor (representing the 10.1% of the overall
database), average gear has the highest loading, and with the other three loadings of
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variability of gear use, rounds per minutes and variability of rounds per minute
indicating that the third factor represents the use of the gearbox.

Results from the driving errors PCA analysis (including 6 variables regarding driving
errors from the simulator experiment) indicate that two factors are best fitted regarding
this specific database extracted from the simulator experiment. These two factors
represent 56.4% of the overall database. Regarding the first factor (representing the
35.6% of the overall database), hits of sidebars and outside road lines have the two
highest loadings amongst all variables. In the second factor (representing the 20.8% of
the overall database), sudden brakes and speed limit violations have the two highest
loadings.

Results from the neurological PCA analysis (including 19 variables extracted from the
neurological assessment) indicate that six factors are best fitted regarding this specific
database. These six factors represent 71.4% of the overall neurological database.
Regarding the first factor (representing the 16.3% of the overall database), the variable
“foot taping errors” has the highest loadings amongst all variables. In the second factor
(representing the 14.2% of the overall database), patients health questionnaire 9 has the
highest loadings amongst all variables. In the third and fourth factors (representing the
13.3% and 9.8% respectively of the overall database) tandem errors and tandem walking
time have the highest loadings amongst all variables.

Results from the neuropsychological PCA analysis (including 32 variables extracted
from the neuropsychological assessment) indicate that five factors are best fitted
regarding this specific database. These five factors represent 78.2% of the overall
neuropsychological database. Regarding the first factor (representing the 22.2% of the
overall database), the variable “"Comprehensive trail making test 1" has the highest
loadings amongst all variables. In the second factor (representing the 20.4% of the
overall database), brief visuospatial memory test has the highest loadings amongst all
variables. In the third and fourth factors (representing the 18% and 13.7% respectively
of the overall database) Hopkin's verbal learning test - Rl and Witkin's embedded figure
test have the highest loadings amongst all variables.
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5.6.5. SEMs discussion

Within the framework of latent analysis, four Structural Equation Models were
implemented aiming to investigate the impact of common neurological diseases
affecting cognitive functions (AD, PD and MCI), on “reaction time”, “accident risk”,
“driving performance” (latent), and “driving errors” (latent). Also, through this analysis,
the role of additional potential predictors of driving behaviour was explored. In
particular, the following variables were included as well, as predictors in the current
analysis:

» Distraction - Mobile phone

» Distraction - Conversation

» Area Type (Urban/Rural)

» Traffic Volume (Low/High)

» Age (255 years old/<55 years old)

» Neurological state (latent)

» Neuropsychological state (latent)

For this purpose four latent variables were constructed, namely “driving performance”,

nonu

“driving errors”, "neurological state” and "neuropsychological state”.

The variables which are selected to be included in the latent analysis and underline
the latent variable “driving performance” are the three variables with the highest
loadings of the first factor which represents the 38,5% of the dataset (variability of the
lateral position, time to line crossing and variability of the steering angle), and the
variables with the highest loadings of the next two factors (average speed and average
gear use) which represent 25,7% and 10,1% of the dataset respectively. Thus, the
variable "driving performance” could be adequately described by the aforementioned 5
variables covering the 74.3% of the driving simulator database.

The variables which are selected to be included in the latent analysis and underline
the latent variable “driving errors” are the two variables with the highest loadings of
the first factor which represents the 35.6% of the dataset (hits of sidebars and outside
road lines), and the two variables with the highest loadings of the second factor which
represents the 20.8% of the dataset (sudden brakes and speed limit violations). Thus,
the variable “driving errors” could be adequately described by the 4 aforementioned
variables covering the 56.4% of the database.
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The variables which are selected to be included in the latent analysis and underline
the latent variable “neurological state” are the first variables with the highest
loadings of the first four factors which represent the 53.6% of the dataset (foot tapping
errors, patients’ health questionnaire 9, tandem walking errors and tandem walking
time). Thus, the variable “neurological state” could be adequately described by the
aforementioned 4 variables covering the fields of emotional state and motor abilities:
balance, movement coordination, mistakes and time of execution.

The variables which are selected to be included in the latent analysis and underline
the latent variable “neuropsychological state” are the first variables with the highest
loadings of the first four factors which represent the 74.3% of the dataset
(comprehensive trails making test, brief visuospatial memory test, Hopkins verbal
learning test - RI, and Witkin's embedded figure test). Thus, the variable
“neuropsychological state” could be adequately described by the aforementioned 4
variables covering the fields of verbal memory learning, spatial memory learning,
processing speed, visual scanning and attention.

Several interesting results were extracted by the implementation of the 4 SEM analyses.
Firstly, regarding neurological diseases affecting cognitive functions drivers with
MCI, AD or PD (as compared with cognitively intact individuals of similar demographics)
were associated with significantly lower levels of the latent variable “driving
performance” that reflected a broad range of driving indexes and were associated with
significantly worse “reaction time”. Also, the clinical conditions of AD and PD were
associated with a negative impact on accident risk. Finally, none of the clinical groups
showed a significantly increased amount of driving errors.

The findings about the AD and the PD patients were in the expected direction and
are in line with previous research that indicates impairments in driving performance of
the two clinical groups both in the case of driving simulator experiments and on-road
evaluations (Dubinsky et al, 1991; Man-Son-Hing et al., 2007; Uc & Rizzo, 2008; Uitti
2009). According to previous research, it seems that MCl patients have some driving
difficulties, however their driving skills are not consistently worse than that of cognitively
intact individuals of similar age and driving experience (Devlin et al., 2012; Frittelli et al.,
2009; Kawano et al., 2012). The present analysis by utilizing latent variables that assess
a broad range of driving indexes, indicates that patients with MCI had a significantly
altered driving performance as compared to healthy controls. It was noted that despite
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their worse “reaction times”, "driving performance” and their “accident probability”, the
latent variable “driving errors” were not significantly differ from the healthy controls.

Regarding neuropsychological state and neurological state, latent variable
“neuropsychological state” had a significant positive effect on all outcome variables,
namely, “driving performance”, “driving errors”, reaction time and accident risk. The
current analysis by applying the SEM methodology indicates the importance of
neuropsychological state as a predictor of driving competence that was assessed by the
use of latent variables. Apart from the case of cerebral disorders, the role of
neuropsychological state on driving behaviour was also evident on the control group of
our study, as indicated by the main effect that was observed in all SEM models. Latent
variable "neurological state” had a significant positive effect on “driving performance”
“driving errors” and reaction time, whereas, its impact on accident risk was not
statistically significant. Neurological and neuropsychological state appear to influence
driving behaviour as they reflect the level of motor coordination and behavioural
stability on one hand and functioning on cognitive domains, such as working memory,
information processing speed, and visual attention on the other.

Regarding driver distraction, conversation with the passenger was not found to have
a critical impact on driving performance accident probability and driving errors,
indicating that drivers don't alter their driving behaviour in an important way under this
type of distraction, but they have worse reaction time. On the other hand, mobile phone
use had a significant negative effect on "driving performance”, “reaction time” and
"accident probability” but not on “driving errors”. The negative effect of mobile phone
on driving behaviour can be probably explained by the accumulating role of two
synergistic mechanisms. Firstly, due to the amount of physical and cognitive resources
that drivers allocate for performing the distraction task. Secondly, by adopting a
compensatory behaviour that however only partially counterbalances the impact of

distraction on overall driving behaviour.

Regarding age, it seems that advanced age had a significant negative impact on
"driving performance”, “driving errors” and reaction time, whereas, its impact on
accident risk was not statistically significant. As indicated by the significant main effect
that was observed in the three SEM models, the role of advanced age on driving
behaviour appears to generalize as well on the control group of our study that included
cognitively intact individuals.

297



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

Regarding area and traffic characteristics, urban area had a significant negative
impact on “driving performance”, whereas its impact on “driving errors”, reaction time
and accident probability was positive. Possibly, the more complex environment of the
urban region increased the levels of awareness, thus leading to less driving errors, better
reaction time and less accident probability. Low traffic conditions affected positively the
“driving performance”, whereas it hadn't any significant impact on “driving errors”,
reaction time and accident probability, which was an intuitive finding. In high traffic, the
complicated road environment including a lot of interactions between vehicles has a
totally negative effect on driving performance.
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Conclusions

6.1. Overview of the PhD dissertation

This research is an inter-disciplinary effort entering the scientific fields of traffic and
safety behaviour of drivers on one hand and neurological disease affecting cognitive
functions on the other. The objective of the present inter-disciplinary PhD thesis is the
analysis of traffic and safety behaviour of drivers with neurological diseases
affecting cognitive functions. More specifically, the impact of certain brain
pathologies on driving performance, driving errors, reaction time and accident
probability is under investigation. The driving behaviour is examined in terms of both
traffic and safety behaviour and the neurological diseases affecting cognitive functions
concern Alzheimer's disease (AD), Parkinson’'s disease (PD), and Mild Cognitive
Impairment (MCI), in their mild stages.

The central objective of this PhD dissertation was addressed by: a) designing and
implementing a large driving simulator experiment, b) developing an original
methodology for the assessment of the impact of drivers' neurological diseases
affecting cognitive functions on their driving performance taking also into account their
neuropsychological and demographic characteristics as well as the main road safety and
traffic characteristics, c) quantifying the impact of neurological diseases affecting
cognitive functions directly on driving performance, driving errors, reaction time and
accident probability, d) comparing the driving performance of drivers with different
neurological diseases, and e) examining the impact of distraction on the performance
of drivers with cerebral diseases.

The PhD thesis aims to capture the interaction of neurological diseases affecting
cognitive functions, other related parameters (i.e. demographic, medical, and
neuropsychological) as well as road and traffic conditions, and driver distraction with
respect to driving behaviour. The combined effect of these key parameters on driving
performance, driving errors, reaction time and accident probability might provide useful
insight on driver traffic and safety behaviour analysis.

Given the interaction of several scientific areas in research of impaired driving due to
neurological diseases affecting cognitive functions (transportation engineering,
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neurology and neuropsychology), this PhD thesis covers a field of research with an
obvious and unique interdisciplinary nature, which has not been examined in the
past. The analysis of the neurological diseases affecting cognitive functions and other
demographic and neuropsychological characteristics in combination with the driving
performance of the general population, is very crucial domain and a scientific challenge
at the same time.

This PhD thesis’ goals, despite their high frequency of appearance in the general
population and especially in the elderly, haven't been adequately investigated,
especially by applying driving simulator experiments.

In order to achieve the objectives of this PhD dissertation, four discrete methodological
steps were followed: a) extensive literature review (Chapter 2), b) methodological
approach (Chapter 3), ¢) design and implementation of a large driving simulator
experiment (Chapter 4), and d) development and application of an innovative
statistical analysis (Chapter 5).

The PhD thesis overview is presented in Figure 6.1.
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Figure 6.1. PhD Thesis Structure

Firstly, within the framework of Chapter 2, an exhaustive literature review was carried

out examining in a comprehensive way driving behaviour and road safety, ways to
assess driving behaviour, driving simulator characteristics as well as neurological
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diseases affecting cognitive functions (MCI, AD and PD) and how these cerebral diseases
affect driving performance.

More precisely, after some historical facts about car driving and the basic characteristics
and skills a driver should have, an introduction to road safety and driving behaviour
was presented with special focus on the importance of human factors and cognitive
functioning in road safety. Additionally, the risks of driver distraction while driving
were underlined and the possible compensatory strategies the drivers use in these
driving conditions. Then, moving on to the ways that the scientific community assesses
the driving behaviour, advantages and limitations of on-road experiments, naturalistic
studies, simulator experiments, in-depth investigation studies and surveys which were
examined, concluded that driving simulator experiments offer a safe environment,
greater experimental control, and large range of test conditions, but at the same time
learning effect, simulator sickness, and high cost.

Alongside, the literature review entered into the fields of neurological diseases
affecting cognitive functions and focused on the following three: Mild Cognitive
Impairment (MCI), Alzheimer's disease (AD), Parkinson'’s disease (PD). The main part of
this review included several studies, which allowed the drawing of conclusions about the
driving deficits of drivers suffering from MCI, AD and PD.

Reviewing studies about patients with MCI, of those studies assessing driving
performance through on road testing, it seems that MCI patients, although they
experience subtle changes in their driving competence are still able to drive. However,
a level of impairment compared to healthy controls is generally being reported meaning
that they still constitute a population at risk that warrants close supervision. Studies on
a simulator environment have demonstrated that individuals with MCl are deficient in a
number of variables compared to their healthy counterparts.

Reviewing studies about patients with AD, driving performance declines considerably
in individuals with AD and several on-road and simulator studies indicated worse driving
performance of AD group compared to healthy controls in several driving measures.
Moreover, early AD patients may attempt to compensate for their reduced driving skills
by limiting the number and length of own driving trips, by avoiding demanding driving
situations and by driving at reduced speeds. Ideally, neuropsychological tests should be
used in combination with other measures, such as findings from a neurological
assessment and the administration of actual or simulated road tests, to make driving
recommendations.
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Reviewing studies about patients with PD, several lines of previous research indicate
that driving capacity of patients with PD is mainly compromised due to cognitive deficits.
Moreover, pronounced difficulties in several indexes of driving performance seem to
appear in drivers with PD under demanding driving conditions that involve increased
cognitive load. The use of multiple measures, apart from driving experiments, that assess
various driving domains appears to be essential. Neurological and neuropsychological
testing should be viewed as one part of the screening process that could help the
evaluation of the driving capacity of patients with PD and should not be used in
isolation, because this practice could lead to imprecise decisions that can have
dangerous consequences.

Moving on, within the framework of Chapter 3, an innovative statistical analysis

methodology in the field of assessing driving behaviour of drivers with cerebral
diseases was developed. This innovative methodological approach is based on literature
review regarding simulator experiment, neurological and neuropsychological design
principles, driving performance, cognitive and neurological state measures and
statistical analysis methods.

More precisely, regarding the methodological approach, it was revealed that the driving
simulator experimental design could be within or between-subject or full factorial and
there are possible methodological threats that need to be taken into consideration when
designing an experiment. Driver behaviour is a multidimensional phenomenon which
means that no single driving performance measure can capture all effects of
neurological diseases affecting cognitive functions. For that reason, a lot of different
methods and measures exist for evaluating driving performance the most common of
which include lateral control, longitudinal control, reaction time, eye movement
and workload measures.

Alongside, in order to evaluate driving performance of patients with neurological
diseases affecting cognitive functions, apart from the driving experiment, neurological
and neuropsychological experimental designs are necessary. The neurological
experimental design should deal with several domains: memory, orientation in
time/space, motor system, daily activities, emotional state, sleep behaviour and motor
abilities. The neuropsychological experimental design should deal with cognitive
domains: global cognitive status, verbal memory and learning, verbal working memory,
visual scanning and spatial memory and learning, visuospatial perception and working
memory, constructional ability, attention/information processing speed/perception,
selective and divided attention, executive functions and psychomotor vigilance.
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Methodological review indicated that latent model analysis and especially structural
equation models have never been implemented in the field of driver behaviour of
patients with neurological diseases affecting cognitive functions. For that reason and
within the framework of this PhD dissertation an innovative statistical analysis
methodology has been developed, the theoretical background of which was presented
analytically and consists of five steps: a) descriptive analysis, b) Analysis Of Variance
(ANOVA), c) Regression Models, d) Principal Component Analysis (PCA), and e)
Structural Equation Models (SEMs).

Moving on, within the framework of Chapter 4, based on the literature and methodology

review, a large driving simulator experiment took place at the Department of
Transportation Planning and Engineering of the NTUA, aiming to assess driving
performance of patients with neurological diseases affecting cognitive functions. The
objective of this chapter was to present the experiment design both in terms of
conceptual framework and implementation as well as to record basic parameters
regarding the data storage/processing and sample characteristics.

The experiment was designed in an inter-disciplinary way including two research teams:

Transportation Engineers of the National Technical University of Athens (NTUA), and

Neurologists, Neuropsychologists and a Psychiatrist of the Behavioural Neurology

and Neuropsychology Unit, 2nd Department of Neurology, National and Kapodistrian

University of Athens, "Attikon” University Hospital and includes three scientific

assessment branches:

» Driving at the simulator: Firstly, the design and implementation of the driving
simulator experiment was thoroughly investigated as it constitutes an innovating
component of the PhD dissertation, allowing to address its complex challenges. All
individual experiment parts were carefully designed and executed tackling the
limitations and needs identified in similar driving simulator experiments reviewed in
the previous chapters.

» Medical / neurological assessment. The second assessment concerns the
administration of a full clinical medical, ophthalmological and neurological
evaluation, in order to well document the characteristics of each of the examined
disorders (MClI, AD, PD).

» Neuropsychological assessment: The third assessment concerns the administration
of a series of neuropsychological tests and psychological-behavioural questionnaires
to the participants. The tests carried out cover a large spectrum of Cognitive
Functions: visuospatial and verbal episodic and working memory, general selective
and divided attention, reaction time, processing speed, psychomotor speed etc.
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The procedure of the "Driving at the simulator” included:

» 1 practice drive (familiarization)

» 1 rural session (2,1km long, single carriageway, 3m lane width)

» 1 urban session (1,7km long, at its bigger part dual carriageway, 3.5m lane width)

» 2 traffic scenarios for each session:

» Qm: Moderate traffic conditions (Q=300 vehicles/hour)
» Qu: High traffic conditions (Q=600 vehicles/hour)

» 3 distraction conditions for each traffic scenario:

~

» Undistracted driving

» Driving while conversing with a passenger

» Driving while conversing on a hand-held mobile phone
» 2 unexpected incidents during each trial:

» Sudden appearance of an animal (deer or donkey) on the roadway
» Sudden appearance of a child chasing a ball or of a car getting out of a parking position.

In total, the whole experimental procedure included 12 trials. All these conditions were
analyzed within a full factorial within-subject design. Furthermore, several other
relevant aspects of the design were provided concerning dealing with simulator
sickness, conversation topics, incidents, and randomization of trials as well as how the
driving simulator scenarios were programmed. Moreover, the neurological and the
neuropsychological tests were presented analytically, followed by the questionnaire
assessment regarding their driving habits and their self-stated driving behaviour.

For the purpose of this PhD thesis 274 participants started the driving simulator
experiment that was described analytically in the above chapters. 49 participants were

eliminated from the study because of their simulator sickness issues from the very

225

beginning of the driving simulator experiment.
Thus, the sampling scheme included 225

2 o
participants (76% males - 24% females): 133 gﬂamn'ﬁl‘,’f(ﬂf)
“patients” with a neurological disease ;58“:3'((]23;)
affecting cognitive functions (28 AD patients, Al
45 MCI patients, 25 PD patients, and 35 Ralleciitiln Midde Aged

474+47yo.
patients of other cognitive disorders) and 92

“Controls” without any cognitive disorder.
From the age perspective, three age groups
were developed and the sampling scheme is
also divided as follows: 30 Young drivers
(age<34), 42 Middle Aged drivers (35<age<54)
and 153 Old drivers (age>55)

Figure 6.2. Sample Scheme of the PhD thesis
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Then, 6 discrete Driving Simulator Data Processing Levels (PL) were developed, in
order to suitably deal with the large and diversified amount of data collected:

» PLO. Traffic Session Original Log Files (900 .txt files in total ~ 60.000 rows each)

» PL1. Driver Original Data Excel Files (225 xIs files in total~4 sheets~60.000 rows each)

» PL2. Driver Processed Data Excel Files (225 xIs files in total~2 sheets~60.000 rows each)

» PL3. All Drivers Processed Data Excel File (1 .accdb file ~ 20 million rows x 40 columns)

» PL4. All Drivers Summary Data Excel File (1 xls file ~ 2.700 rows x 40 columns)

» PL5. All Assessments Processed Data File (1 xls file~225 rows x 1.113 columns)

Within the framework of Chapter 5, All Drivers and All Assessments Processed Data File,

was analyzed by means of a dedicated and innovative statistical analysis method. In
the first step, the descriptive analysis of all the experiment variables took place, which
allows for a first understanding of the large number of parameters examined. More
precisely, an overview of all variables that are provided by the driving simulator is
provided, investigating the effect of specific driving characteristics on selected driving
performance measures. 126 boxplots were developed correlating mean speed, time
headway, lateral position, steering angle variability, reaction time at unexpected
incidents, accident probability, and driving errors, with traffic volume, driving area,
regarding age and cerebral disease of the participants.

Moving on, Analysis Of Variance (ANOVA) took place in order to extract significant
differences in the driving performance indexes extracted from the driving simulator
assessment. More precisely, two Analysis Of Variance (ANOVA) were extracted
regarding identification of significant differences in the driving performance indexes
that were extracted from the driving simulator assessment and in the answers that were
extracted from the behaviour questionnaires, between two groups: groups of healthy
controls and patients with neurological diseases affecting cognitive functions.

In the third step, within the framework of the explanatory analysis, the development of
a series of Regression Models took place regarding key performance parameters in
order to estimate the effect of cerebral diseases and driving characteristics on specific
driving performance parameters and indirectly on driving behaviour and road safety.
More specifically 28 General Linear Models (GLMs) were extracted regarding the effect
of MCI, AD and PD on: mean speed, time headway, lateral position, steering angle
variability, reaction time at unexpected incidents, accident probability, and driving errors
and 42 General Linear Models regarding the effect of distraction on the same driving
performance measures of patients with MCl, AD and PD and controls.
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In the fourth step, four Principal Component Analyses (PCA) were implemented
regarding driving performance, driving errors, neuropsychological state and
neurological state, in order to investigate which observed variables are most highly
correlated with the common factors and how many common factors are needed to give
an adequate description of the data.

In the fifth and final step, the core statistical analysis of the present PhD thesis took
place, including the implementation of four Structural Equation Models (SEMs) for
the first time in the scientific field of driving behaviour of drivers with neurological
diseases affecting cognitive functions. Within the framework of latent analysis and based
on the factor loadings that were extracted from the PCA analyses, four latent variables

were developed namely, “driving performance”, “driving errors”, “neurological state”
and “neuropsychological state” in order to implement four SEMs.

The following five driving measures were placed under the factor that was considered
to reflect the latent variable “driving performance”: a) average speed, b) lateral
position variability, c) steering angle variability, d) average gear, and e) time to line
crossing. The following four driving measures were placed under the factor that was
considered to reflect latent variable “driving errors”: a) outside road lines, b) hits of
sidebars, c) speed limit violations and d) sudden brakes. The four following
neuropsychological measures could describe the factor that was considered to reflect
the latent variable “neuropsychological state” sufficiently: a) Witkin's Embedded
Figure Test, b) Brief Visuospatial Memory Test, ¢) Comprehensive Trail Making Test - 1,
and d) Hopkins Verbal Learning Test. Finally, the following four neurological tests were
placed under the factor that was considered to reflect the latent variable “neurological
state”: a) Tandem Walking Errors, b) Tandem Walking Time, c) Patient Health
Questionnaire (PHQ-9) and d) Foot Tapping Errors.

Four SEMs were developed aiming to quantify the impact of neurological diseases
affecting cognitive functions, driver distraction, driver characteristics, neurological state,
neuropsychological state as well as road and traffic environment directly on driver
behaviour characteristics, namely the observed variables “reaction time” and “accident
probability” and the latent variables “driving performance” and “driving errors”. The four
different SEMs are developed as described in the next Figure (Figure 6.3) graphically and
explained below:
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Figure 6.3. Graphical Approach of Structural Equation Model Analysis

In the first and the second SEMs, the objective is the quantification of the impact of
neurological diseases affecting cognitive functions, distraction, age and road and traffic
environment on the observed variables “reaction time” and "accident probability”.
Additionally, the quantified impact of two latent variables regarding neurological state
and neuropsychological state of the drivers on the observed variables is analyzed.

In the third and fourth SEMs, the key latent variables reflects the underlying "driving
errors” and "driving performance” and the objective is the quantification of the impact
of neurological disease affecting cognitive functions, distraction, driver characteristics
and road and traffic environment on “driving errors” and “driving performance”.
Additionally, the quantified impact of latent variable regarding “neurological state” and
latent variable regarding “neuropsychological state” of the drivers on the latent variables
“driving errors” and “driving performance” is analyzed.
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6.2. Synthesis and innovations of the PhD dissertation

In this chapter, the conclusions extracted from this PhD dissertation will be presented,
with focus on the innovative scientific contribution and the synthesis of the most
pronounced and interesting results of this research. The innovative scientific outcome
of this PhD dissertation consists of five original scientific contributions as presented
here-after (Figure 6.5).

5 PhD Dissertation Innovations

[TEEETTS  Methodological Application of an
a large inter-disciplinary | & original integrated

experiment involving inter-disciplinary
medical, psychological latent analysis
and driving assessment methodology

Quantification
of theimpact of

neurological diseases
affecting

cognitive functions,
on drivers’
traffic and safety

Comparative: e Identification

performance analysis of the impact of
of drivers with different | oy distraction on the
neurological'diseases ' performance of drivers
affecting cognitive research with cerebral

functions ﬁndings diseases

Figure 6.5. PhD dissertation innovations

6.2.1. Implementation of a large inter-disciplinary experiment involving medical,
psychological and driving assessment

The first innovation of this PhD dissertation is methodological. The design and
implementation of a large scale inter-disciplinary experiment which includes two
scientific branches, a traffic engineering and a neurological sciences (neurology and
neuropsychology), is a central component of the present PhD thesis. Because of the
integration of these different scientific disciplines involved in impaired driving research
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(traffic engineering, and medicine), this PhD dissertation covers a research field with
an obvious but not previously exploited multidisciplinary nature.

More precisely, the aspects of driver behaviour and safety research addressed were
inherently interdisciplinary, and the experiment was designed by an interdisciplinary
research team including three types of assessment:

» Driving at the simulator (12 driving trials~1.5 hour’): The first assessment
concerns the driving behaviour by means of programming of a set of driving tasks
into a driving simulator for different driving scenarios. Randomization among trials,
adequate practice drive and investigation of an optimum number of driving
conditions are considered as simulator experimental design innovations.

» Maedical / neurological assessment (19 tests~2 hours): The second assessment
concerns the administration of a full clinical medical, ophthalmological and
neurological evaluation, in order to well document the characteristics of each of the
examined disorders (MCI, AD, PD).

» Neuropsychological assessment (20 tests~2.5 hours): The third assessment
concerns the administration of a series of neuropsychological tests and
psychological-behavioural questionnaires to the participants. The tests carried out
cover a large spectrum of Cognitive Functions: visuospatial and verbal episodic and
working memory, general selective and divided attention, reaction time, processing
speed, psychomotor speed etc.

In total, 225 drivers (133 patients with MCI, AD and PD and 92 healthy controls) went
through the whole experimental procedure in 2 years’ time. This sample size is
considered large and representative, which is of great significance, taking into account
the design limitations extracted from the international literature.

The primary goal concerning the planning of the experiment was on the one hand to go
through all the required neurological, neuropsychological evaluations and
assessments, questionnaires and the driving simulator experiment and on the other
hand to make sure that the process is not too demanding or even overwhelming for
the participants either physically or mentally (especially for those with neurological
diseases affecting cognitive functions). For that purpose the 6 hours of total medical,
neuropsychological and simulator assessments were divided into 3 days.

" Approximately 40 minutes + 15 minutes of practice drive + 35 minutes of mini breaks during the driving
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6.2.2. Application of an original integrated inter-disciplinary latent analysis
methodology

The second innovation of this PhD dissertation is also methodological, suggesting the
implementation of four latent variables covering all three fields of this inter-
disciplinary PhD thesis: “driving performance” and “driving errors” extracted from the
driving simulator experiment, “neurological state” extracted from the neurological
database and “neuropsychological state” extracted from the neuropsychological
database, in order to construct four Structural Equation Models (SEMs). The four
latent variables were developed using the most critical indexes (neurological,
neuropsychological, and driving measures) extracted from the PCA analyses.

The exploratory PCA analysis was performed so as to investigate which driving simulator
indexes had the most important contribution on explaining the higher order factor
“driving performance”. The following five driving measures were placed under the
factor that was considered to reflect driving performance: a) average speed, b) lateral
position variability, c) steering angle variability, d) average gear, and e) time to line
crossing. In addition, an exploratory PCA analysis was performed to investigate which
driving simulator indexes had the most important contribution on explaining the higher
order factor "driving errors”. The following four driving measures were placed under
the factor that was considered to reflect driving errors: a) outside road lines, b) hits of
sidebars, ¢) speed limit violations and d) sudden brakes.

Based on the same approach, exploratory PCA analysis was performed to investigate
which neuropsychological measures had the most important contribution on explaining
the higher order factor "neuropsychological state”. The factor loadings that were
extracted, indicated that the four following neuropsychological measures could describe
sufficiently the factor that was considered to reflect neuropsychological state: a) Witkin's
Embedded Figure Test, b) Brief Visuospatial Memory Test, ¢) Comprehensive Trail
Making Test - 1, and d) Hopkins Verbal Learning Test. Additionally, an exploratory PCA
analysis was performed to investigate which neurological tests assessing aspects of
motor fitness had the most important contribution on explaining the higher order factor
“neurological state”. Based on the factor loadings that were extracted, the following
four neurological tests were placed under the factor that was considered to reflect
neurological state: a) Tandem Walking Errors, b) Tandem Walking Time, ¢) Patient Health
Questionnaire (PHQ-9) and d) Foot Tapping Errors.
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Latent analysis allowed an important scientific step forward from piecemeal analyses to
a sound combined analysis of the inter-disciplinary interrelationship between risk
factors, neurological state, neuropsychological state, driving performance, driving error
and accident probability at unexpected incidents. It is the first time and it is
considered as a methodological originality of this PhD dissertation, that latent
variables reflecting neurological and neuropsychological status (neurological state and
neuropsychological state) interact with other latent driving variables (driving
performance an driving errors) and with other observed driving variables such as
reaction time and accident probability.

6.2.3. Quantification of the impact of neurological diseases affecting cognitive
functions, on drivers’ traffic and safety behaviour

The quantification of the impact of neurological diseases affecting cognitive functions,
on drivers' traffic and safety behaviour is an innovation which is considered to be the
core of this PhD dissertation, regarding the key research findings. The first three
statistical steps, indicated statistically significant differences between the group of
patients with neurological diseases affecting cognitive functions and the healthy
controls of similar demographics in several driving performance measures.

More specifically the Generalized Linear Models that were extracted, indicated that all
three groups of patients were found to drive at significantly lower mean speed
(more than 20% lower) and had larger time headway (more than 20% larger) compared
to the healthy control group drivers in rural and urban roads, both at low and high traffic
volume. Analyzing the lateral control measures it was observed that patients with MCI
drove more closely to the right border of the road (slightly yet significantly) in urban
area and in both traffic volumes and, in rural area, PD group had low steering variability
in high traffic volume due to their low speed, their conservative driving and maybe this
is a compensatory behaviour. By the use of GLMs regarding the reaction time of the
patients at unexpected incidents, it was observed that patients had significantly larger
reaction times in all examined conditions compared with the cognitively intact group.
It is worth highlighting that their reaction times were more than 40% worse than that of
the control group. Moving on to the accident probability, significantly higher accident
probability was detected for the AD group in all examined conditions (accident
probability for the AD group was more than 20%) and for the MCl and PD groups only
in urban area. On the other hand patients and controls had not differences in the driving
errors they made during the driving session at the driving simulator experiment.
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This part of the analysis further demonstrates how the progression of the disease (i.e.
from MCI to AD) leads to more pronounced driving impairments in several longitudinal
or lateral control measures. While the reduced mean speed, the increased headways and
the driving closer to the right road border may be considered beneficial for road safety,
as they reflect a more conservative and cautious driving pattern, the negative effect
on reaction time and accident probability overcomes all of them and leads to risky
and dangerous driving behaviour.

The ANOVA investigated the self-stated questionnaires and indicated that drivers with
MCI, AD and PD are aware of their deterioration of their driving performance. On
the basis of the above, it is suggested that the examined cognitive impairments result
in impaired driving behaviour based on development of compensatory driving
behaviour, due to drivers’ awareness of own deficits, expressed by reduced speed,
increased headways, more conservative vehicle positioning (and as a consequence less
manoeuvre and overtaking). Finally and more importantly, moving on to the SEM
analysis regarding driver behaviour characteristics (observed variables reaction time and
accident probability, and latent variables driving errors and driving performance), the
basic quantified conclusions for the predictors of the SEM analysis regarding
neurological diseases affecting cognitive functions are presented in Figure 6.6.

Accident
Probability

/' Driving
 Performance

; +381.06
. p<.001
<

Figure 6.6. Impact of MCI, AD, and PD directly on the 4 examined variables
(red arrows mean negative impact, and grey no significant impact on the variable)

Drivers with MCI, AD and PD overall performed significantly worse than the
healthy controls regarding the four examined driver behaviour characteristics.
More precisely, they were associated with significantly lower levels of the latent variable
“driving performance” that reflected a broad range of driving indexes and were
associated with significantly worse “reaction time”. Also, the clinical conditions of AD
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and PD were associated with a negative impact on accident probability. Finally, none of
the clinical groups showed a significantly increased amount of driving errors.

The findings about the AD and the PD patients were in the expected direction and are
in line with previous research that indicates impairments in driving performance of the
two clinical groups both in the case of driving simulator experiments and on-road
evaluations. Regarding MCI patients, the present analysis by utilizing latent variables
that assess a broad range of driving indexes, indicates that they had a significantly
altered driving performance as compared to healthy controls. It was noted that
despite their worse “reaction times”, “driving performance” and their "accident
probability”, the latent variable “driving errors” did not significantly differ from the
healthy controls. Nonetheless, the parameter that renders originality to the present
analysis is the development of latent variables for the evaluation of driving behaviour
that encompasses a variety of driving indexes. In addition, another novel element is the
application of multivariate SEM models that make feasible the exploration of the unique
impact of neurological diseases affecting cognitive functions on driving behaviour.

Additionally, the quantification of
the impact of other risk factors on

Reaction
Time

investigation. The basic quantified Neurological Neuropsychological
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Signiﬁcant pOSitive effect on Figure 6.7. Impact directly on the 4 examined variables

“d riving performance", “d riving (blue arrows mean positive impact and grey no significant impact
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errors” and reaction time, whereas, its impact on accident probability was not statistically

significant.

Neurological and neuropsychological state appear to influence driving behaviour as

they reflect the level of motor coordination and behavioural stability on one hand and

functioning on cognitive domains, such as working memory, information processing

speed, and visual attention on the other.

Reaction

+225.92
p<.001¢” +80.62

Distraction: Mobile phone

Distraction: Conversation ACCident
Probability

Distraction: Mobile phone

Driving

Performance

Distraction: Mobile phone

Figure 6.8. Impact of driver distraction directly on the 4
examined variables (red arrows mean negative impact, and
grey no significant impact on the variable)

The basic quantified conclusions for
the predictors of the SEM analysis
regarding driver distraction are
presented in Figure 6.8. Conversation
with the passenger was found to have
a critical impact only on their reaction
time, indicating that drivers don't alter
their driving behaviour in an important
way under this type of distraction, but
have worse reaction time.

On the other hand, mobile phone use
had a significant negative effect on
“driving  performance”,  "accident
probability”, and “reaction time” but
not on “driving errors”. The negative
effect of the use of mobile phone on
driving behaviour can be probably
explained by the accumulating role of
two synergistic mechanisms. Firstly,
due to the amount of physical and
cognitive  resources that drivers
allocate to performing the distraction
task. Secondly, by adopting a

compensatory behaviour that
nevertheless only partially
counterbalances the impact of
distraction  on  overall  driving
behaviour.
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The basic quantified conclusions for the predictors of the SEM analysis regarding age
are presented in Figure 6.9. Advanced age had a significant unique negative impact
on “driving performance” “driving errors” and reaction time, whereas, its impact on
accident risk was not statistically significant. As indicated by the unique significant main
effect that was observed in the three SEM models, the role of advanced age on driving
behaviour appears to generalize as well as on the control group of the study that
included cognitively intact individuals.

Reaction Accident
Time Probability

Advanced Age

Driving
Performance

Advanced Age Advanced Age

Figure 6.9. Impact of advanced age to the 4 examined variables (red arrows
mean negative impact, and grey no significant impact on the variable)

The basic quantified conclusions for the predictors of the SEM analysis regarding area
and traffic characteristics are presented in Figure 6.10. Urban area had a significant
negative impact on “driving performance”, whereas its impact on “driving errors”,
reaction time and accident probability was positive. Possibly, the more complex
environment of the urban region increased the levels of awareness, thus leading to
less driving errors, better reaction time and less accident probability. Low traffic
conditions affected positively the “driving performance”, whereas it didn't have any
significant impact on the other examined variables, which was an intuitive finding. In
high traffic, the complicated road environment including a lot of interactions between
vehicles has a totally negative effect on driving performance.
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Figure 6.10. Impact of low traffic conditions and urban area directly to the 4 examined variables
(red arrows mean negative impact, blue positive impact and grey no significant impact on the variable)

6.2.4. Comparative performance analysis of drivers with different neurological
diseases

The fourth innovation of this PhD dissertation is
derived also from the key research findings and Reaction
concerns the comparative performance analysis of «

drivers with different neurological diseases affecting Tlme
cognitive functions. In the previous sub-chapter, it
was derived that the 4 SEMs included the 3
examined neurological diseases affecting cognitive
functions indicated significantly worse reaction
time and “driving performance” for drivers with
MCI, AD and PD compared to healthy controls.
Furthermore, the clinical conditions of AD and PD

+103.58
p=.047

+381.06

were associated with a negative impact on

accident probability. Moving one step forward, the
Figure 6.11. Quantified impact of MCI, AD,

parameter estimates of the 4 SEMs provide the and PD on reaction time

opportunity to compare the 3 examined
neurological diseases affecting cognitive functions, regarding their impact on the 4
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examined driver behaviour characteristics. Firstly, the impact of PD and AD is much
more detrimental on reaction time, compared to the impact of MCI (Figure 6.11). In
particular, PD leads to an increase of 0.38 sec of the reaction time, AD leads to an
increase of approximately 0.33 sec of the reaction time and MCI to an increase of 0.1

sec. This finding is of great significance regarding road safety, because higher reaction

time is probably leading to higher accident probability.

Accident
Probability

Figure 6.12. Quantified impact of MCl,
AD, and PD on accident probability

Indeed, moving on to the next SEM, the
comparative analysis of the three examined
neurological diseases affecting cognitive functions
follows the same pattern (Figure 6.12). MCI didn't
have any significant impact on accident probability,
whereas AD increased the accident probability
by 16% and PD by 10%. The worse reaction times
of AD and PD patients lead to higher accident
probability. It is notable that although PD had more
detrimental effect on reaction time than AD, the AD
leads to 1.6 times higher accident probability as the
PD. Moving on to driving errors, none of the three
examined brain pathologies had a significant effect
on driving
errors, whereas

AD had the highest negative impact on driving
performance, followed by MCI, followed by PD
(Figure 6.13). Summarizing, the innovative 4
comparative performance analyses of drivers with
different neurological diseases affecting cognitive
functions, indicated AD as the riskiest group of
drivers (had the greatest impact on accident
probability and driving performance and almost the
greatest on reaction time), followed by PD, whereas
the group of MCl is considered as safer compared to
the other two examined brain pathologies.

Driving
Performance

Figure 6.13. Quantified impact of MCl,
AD, and PD on driving performance
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6.2.5. Identification of the impact of distraction on the performance of drivers with
cerebral diseases

The fifth innovation of this PhD dissertation concerns the effect of distraction of the
performance of drivers with MCI, AD and PD, by exploring driving while conversing with
a co-passenger and driving while conversing through a handheld mobile phone.
Exploring and quantifying the impact distraction on drivers with MCl, AD and PD has
not been addressed so far among the international scientific community. It appeared
that overall, the distraction conditions appeared not to have such a significant impact
on several driving performance measures in the group of controls, in contrast with the
findings extracted from the patients’ groups regression analyses in whom the impact
of distraction and especially the mobile phone use, was detrimental.

In particular, the reaction time of drivers with brain pathologies increased more than
30% under the driving condition with the use of mobile phone (AD patients increased
their reaction times even 50%, catapulting them to more than 3.5 sec), whereas in the
group of cognitively intact drivers the equivalent increase was about 10%. Moreover,
the group of drivers with neurological diseases affecting cognitive functions had a
striking increase of the risk of being engaged in a car accident when using a mobile
phone (in AD and PD patients there was more than 30% accident probability when using
their mobile phone). Notably, the aforementioned pattern of findings was observed
despite the fact that the drivers with neurological diseases affecting cognitive functions
tried to adjust their driving behaviour by reducing at an important extent their driving
speed and time headway when using a mobile phone. On the other hand, control group
was unaffected by the mobile phone use distraction.

Also, the presence of a conversation with a passenger had an impact on the driving
performance of the patients, but of a smaller magnitude as compared to the case of
the mobile phone use. In particular, under the specific driving condition there was an
accentuation of the difference on reaction time and accident probability between group
of patients and cognitive intact individuals, but only for the MCI and the PD groups in
an urban area. Overall, the conversation with passenger didn't seem to have a
detrimental effect on the majority of the examined conditions.

The driving profile of individuals with neurological diseases affecting cognitive
functions according to these results changed radically under the more demanding
driving condition that included the use of a hand-held mobile phone. It is suggested
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that the parallel execution of two tasks, namely of driving and using a hand-held mobile
phone, placed the group of drivers with cerebral diseases in a particularly vulnerable
position due to the need to effectively divide their attention under this demanding
driving condition. In line with this approach, the driving condition with conversation,
that is of intermediate difficulty and also requires by the drivers to divide their attention
at a certain level, had an increased negative effect on the driving performance of
individuals with AD and PD, but of a smaller extent as compared to the case of the
mobile phone. Notably, in the driving condition with the mobile phone, the drivers with
MCI, AD and PD applied again the compensatory strategy of reducing their speed but
in this case the outcome was not successful, as indicated by the pronounced increase of
their accident risk.

6.3. Future research and challenges
6.3.1. Future research

In the present PhD thesis an original methodological and statistical concept was
developed for the analysis of the effect of neurological diseases affecting cognitive
functions, road and traffic characteristics and driver distraction on driver behaviour. The
application of this methodology also revealed a number of open issues for further
research in the inter-disciplinary field of driving behaviour and brain pathologies.

Firstly, in future research the experimental sample size could be strengthened in terms
of size (more participants with MCI, AD and PD), in terms of the type of the
neurological diseases affecting cognitive functions (participants with REM Behaviour
Disorder, Frontotemporal Dementia, Stroke, Multiple Sclerosis etc. are of great interest
regarding their driving behaviour and could be inserted in the research) and in terms
of location and origin (MCI, AD and PD drivers in Greece may present differences in
driving behaviour with drivers of the same brain pathologies living in other countries).

Moreover, it would be an interesting future research challenge to periodically assess
the driving behaviour of patients with cerebral diseases over time (i.e. driving simulator
experiment combined to neurological and neuropsychological assessments, every 1
year), in order to identify to which extent, the progression of the disease
deteriorates several driving performance measures.
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Additionally, the innovative methodological approach which consists of the
implementation of structural equation model on the basis of the creation of latent
(unobserved) variables, could be further developed and applied in more general driving
behaviour scientific fields. The effect of several other driving, medical and
neuropsychological parameters can be estimated on reaction time, accident
probability, driving performance, and driving errors of drivers with brain disorders, as
well as other demographic characteristics as gender, educational level, driving
experience. In addition, more latent variables could be developed and investigated,
depending on the experimental database and the specific research questions.

Finally, this innovative methodology should be developed on different types of
assessing driver behaviour of drivers with neurological diseases affecting cognitive
functions. More specifically, as the application of structural equation models needs a
large dataset with several parameters, SEMs can be developed on on-road and
naturalistic experiments or field survey studies in order to estimate the effect of the
risk factors investigated directly on the overall driving performance and safety behaviour
of patients with MCl, AD or PD.

6.3.2. Future challenges

The benefits from the present PhD thesis are both scientific and socioeconomic. The
scientific benefits concern the enhancement of existing knowledge on impaired driving
mechanisms and driving performance at unexpected incidents, as well as the methods
for designing and conducting simulator experiments. The socioeconomic benefits
concern the improvement of road safety that will be achieved once impaired driving
mechanisms due to neurological diseases affecting cognitive functions are better
understood and explicitly tackled.

The results of this PhD dissertation can be exploited in the development of
recommendations and measures for addressing all aspects of impaired driving due to
neurological diseases affecting cognitive functions, such as the early identification of the
problem, the effectiveness of measures on the improvement of the performance of older
or impaired drivers, the education and training schemes for safe driving and dealing
with unexpected incidents, the special measures for specific high-risk groups and the
medical and neurological criteria for safe driving and monitoring of drivers at risk for
presenting a condition that is associated with unsafe driving.
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A future goal is to improve impaired drivers' performance in general and at unexpected
incidents in particular, as well as to promote knowledge of driving situations that
should be avoided by people belonging to vulnerable groups. Consequently, the results
of the PhD thesis, in addition to researches in the fields of road safety and medicine, are
of particular interest in the following groups:

» Road safety decision makers involved in driver training, licensing and evaluation
procedures.

» Neurologists or other practitioners involved in the treatment, monitoring and
evaluation of individuals with neurological diseases affecting cognitive functions.

» Families of older people and those with neurological diseases affecting cognitive
functions in particular (through public campaigns, dissemination of information etc.).

Definition of successful early predictors of driving ability in patients with mild AD or MClI
will allow the development of thoughtful guidelines and national policies to improve
public road safety (Papageorgiou, 2016). Thus, it is important to take into consideration
that every driver with a neurological disease affecting cognitive functions should
be treated individually, through a modern interdisciplinary driving evaluation
including medical, neurological and neuropsychological criteria for safe driving and of
course assessment of driving performance through simulator tasks or on-road trials.
Additionally, it should be in positive direction an effective monitoring of drivers that are
at-risk of developing an underlying neurological condition that is associated with unsafe
driving and the development of interventions that have the capacity to improve or
preserve the driving fitness of older individuals and of drivers with cerebral diseases.

Overall, the results of this PhD thesis can potentially contribute to a significant reduction
in road accidents and related casualties, which are especially prevalent in Greece, if the
data and the results extracted from this PhD dissertation be exploited by the
authorities in order to implement appropriate road safety policy directions
regarding the vulnerable group of drivers with neurological diseases affecting
cognitive functions. Enhanced understanding of the medical, behavioural and social
issues related to impaired driving due to neurological diseases affecting cognitive
functions will lead to more appropriate driver training and licensing, criteria for driver
license renewal for people belonging to vulnerable groups, more appropriate legislation
and awareness campaigns.
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A1. INCLUSION CRITERIA FORM

1. JUYKOWWVIaKA& KpLTHpLla armokAglopov (CT)

CT1. ‘Exete SimAwpa odrjynong emipatikol oxNuatog ev oxv; NAI — OXI
(Av Ox1, amtokAeieTaw)

CT2. T1600 XPOVIA OSNYELTE; ..coovereerene
(Av <3 xpovia, amokAeieTat)

CT3. Toug teAeutaioug 12 PAveG, OO XIMOUETPO KAVOTE; -eouvererreenneeene
(Av <2.500 km, amokAsisTou)

CT3a. Toug teAevutaioug 12 pAveg TTOOEG HETAKIVIOELG KAVETE KATA EGO OPO TNV €RSOUAST;
(Av <1 petakivnon/eBdopdda, amokAsieTa)
CT3b. Toug teAsutaioug 12 pAveg MOoA XIALOUETPA KAVETE KOTA MECO OPO TNV ERSopAd;

(Av <10 km/eBfdopdda, amokAeieTar)

2. latpk& kprTtpla anokAsiopov (CM)
CM1. Noooc givat o deiktng CDR; ...,
(Av >2, amokAsisTat)
CM2. Ymdapyxel oNPAVTIKO YUXLATPLKO LOTOPLKO yia Yuxwaon; NAI - OXI
(Av val, amtokAsisTon)
CM3. ‘Exete kamola oofapr KwnTikn dtatapoxn mov va eunodidel Tnv odnynon Kavovikov
QUTOKIVATOV (Tt.X SUOKOAIQt OTOV XELPLOPO XELPOKIVNTOU KIPWTIOV TAXUTATWY, SUOKOAIX 0TN
XpPron tou TevIAA oVpmAegng); NAI - OXI
(Av val, amtokAsisTo)
CM4. ‘Exete iAyyo, vautio katd Tnv odnynan, gite wg 0dnyog, site wg ouvodnyodg NAI - OXI
(Av val, aTtokAsisTaL)
CM5.  Eiote eykvog NAI - OXI
(Av val, amokAsisTon)
CM6. Eiote aAKOOAIKOG ) €xeTe KATIOW EEAPTNON aTtd GAAeG ovaieg NAI - OXI
(Av val, aTtoKAgisTaL)
CM7. ‘Exete k&mola o@BoAuLK TTABNGON IOV VO OMAYOPEVEL VOULIKA TNV 0drynan (rtx OmTikn
o&utnta <10/20 kat yla Toug 2 oBoApovg); NAI - OXI
(Av val, amokAsisTon)
CM8. ‘Exete kamola tdBnon tov Kevtpikoy Nevpikov Xuotripatog (KNX) Tov eivat eKtog Twv
naBnoswv mov efetalovtal oTnV apovoa peAeTn (Tt ‘Oykol KNZ, ZkAnpuvon kotd MAGkag,
EmAnyia kAt); NAI - OXI

(Av val, amokAsisTat)
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A2. NEUROLOGICAL/NEUROPSYCHOLOGICAL TESTS

UPDRS-IIl. Motor Examination

0 = Normal.

1 = Slight loss of expression, diction and/or volume.

2 = Monotone, slurred but understandable; moderately impaired.
3 = Marked impairment, difficult to understand.

4 = Unintelligible.

Speech

0 = Normal.

1 = Minimal hypomimia, could be normal "Poker Face".

2 = Slight but definitely abnormal diminution of facial expression

3 = Moderate hypomimia; lips parted some of the time.

4 = Masked or fixed facies with severe or complete loss of facial expression; lips parted 1/4 inch or more.

Facial Expression

(head, upper and lower extremities)

0 = Absent.

1 = Slight and infrequently present.

2 = Mild in amplitude and persistent. Or moderate in amplitude, but only intermittently present.
3 = Moderate in amplitude and present most of the time.

4 = Marked in amplitude and present most of the time.

Tremor at rest

0 = Absent.

1 = Slight; present with action.

2 = Moderate in amplitude, present with action.

3 = Moderate in amplitude with posture holding as well as action.
4 = Marked in amplitude; interferes with feeding.

Action or Postural Tremor of hands

(Judged on passive movement of major joints with patient relaxed in sitting position. Cogwheeling to be
ignored.)

0 = Absent.

1 = Slight or detectable only when activated by mirror or other movements.

2 = Mild to moderate.

3 = Marked, but full range of motion easily achieved.

4 = Severe, range of motion achieved with difficulty.

Rigidity
(Patient taps thumb with index finger in rapid succession.)
0 = Normal.
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1 = Mild slowing and/or reduction in amplitude.

2 = Moderately impaired. Definite and early fatiguing. May have occasional arrests in movement.

3 = Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing movement.
4 = Can barely perform the task.

Finger Taps

(Patient opens and closes hands in rapid succession.)

0 = Normal.

1 = Mild slowing and/or reduction in amplitude.

2 = Moderately impaired. Definite and early fatiguing. May have occasional arrests in movement.

3 = Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing movement.
4 = Can barely perform the task.

Hand Movements

(Pronation-supination movements of hands, vertically and horizontally,

with as large an amplitude as possible, both hands simultaneously.)

0 = Normal.

1 = Mild slowing and/or reduction in amplitude.

2 = Moderately impaired. Definite and early fatiguing. May have occasional arrests in movement.

3 = Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing movement.
4 = Can barely perform the task.

Rapid Alternating Movements of Hands

(Patient taps heel on the ground in rapid succession picking up entire leg. Amplitude should be at least
3 inches.)

0 = Normal.

1 = Mild slowing and/or reduction in amplitude.

2 = Moderately impaired. Definite and early fatiguing. May have occasional arrests in movement.

3 = Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing movement.

4 = Can barely perform the task.

Leg Agility

(Patient attempts to rise from a straight backed chair, with arms folded across chest.)

0 = Normal.

1 = Slow; or may need more than one attempt.

2 = Pushes self up from arms of seat.

3 = Tends to fall back and may have to try more than one time, but can get up without help.
4 = Unable to arise without help.

Arising from Chair

0 = Normal erect.

1 = Not quite erect, slightly stooped posture; could be normal for older person.

2 = Moderately stooped posture, definitely abnormal; can be slightly leaning to one side.
3 = Severely stooped posture with kyphosis; can be moderately leaning to one side.

4 = Marked flexion with extreme abnormality of posture.
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Posture

0 = Normal.

1 = Walks slowly, may shuffle with short steps, but no festination (hastening steps) or propulsion.

2 = Walks with difficulty, but requires little or no assistance; may have some festination, short steps, or
propulsion.

3 = Severe disturbance of gait, requiring assistance.

4 = Cannot walk at all, even with assistance.

Gait

(Response to sudden, strong posterior displacement produced by pull on shoulders while patient
erect with eyes open and feet slightly apart. Patient is prepared.)

0 = Normal.

1 = Retropulsion, but recovers unaided.

2 = Absence of postural response; would fall if not caught by examiner.

3 = Very unstable, tends to lose balance spontaneously.

4 = Unable to stand without assistance.

Postural Stability

(Combining slowness, hesitancy, decreased arm swing, small amplitude, and

poverty of movement in general.)

0 = None.

1 = Minimal slowness, giving movement a deliberate character; could be normal for some persons.
Possibly reduced

amplitude.

2 = Mild degree of slowness and poverty of movement which is definitely abnormal. Alternatively, some
reduced

amplitude.

3 = Moderate slowness, poverty or small amplitude of movement.

4 = Marked slowness, poverty or small amplitude of movement.

Modified HOEHN AND YAHR STAGING

Stage 0 = No signs of disease.

Stage 1 = Unilateral disease.

Stage 1.5 = Unilateral plus axial involvement.

Stage 2 = Bilateral disease, without impairment of balance.

Stage 2.5 = Mild bilateral disease, with recovery on pull test.

Stage 3 = Mild to moderate bilateral disease; some postural instability; physically independent.
Stage 4 = Severe disability; still able to walk or stand unassisted.

Stage 5 = Wheelchair bound or bedridden unless aided.
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Geriatric Depression Scale

Choose the best answer for how you have felt over the past week:
. Are you basically satisfied with your life?

. Have you dropped many of your activities and interests?

. Do you feel that your life is empty?

. Do you often get bored?

. Are you in good spirits most of the time?

. Are you afraid that something bad is going to happen to you?

. Do you feel happy most of the time?

0 N o U WND =

. Do you often feel helpless?

9. Do you prefer to stay at home, rather than going out and doing new things?
10. Do you feel you have more problems with memory than most?

11. Do you think it is wonderful to be alive now?

12. Do you feel pretty worthless the way you are now?

13. Do you feel full of energy?

14. Do you feel that your situation is hopeless?

15. Do you think that most people are better off than you are?

PDSS-2

Please rate the severity of the following based on your experiences during the past weeak
(7 days). Plsase make a cross in the answer box

WVery often Often Sometimes Occasionally Mever
[Ths means & (This means 4 (This means 2 (Thes means 1
o 7 days a o 5 days & o 3 days & day & wesk)
weak) vk ) wamh)

1) Owverall, did you sleep well during the last 1, 1, . . .,
ek ? b h

2} Déd you have difficuity faling asleep each
night?

']

' _ 1y

3) Ded you have difficulty staying aslesp?
a

4) Déd you have restlessness of legs or arms at
nights causing disruption of sleep?

5) Was your sleep disturbed due to an urge to
move your legs or anms?

8) Did you suffer from distressing dreams at
night?

™

7} Did you suffer from distressing hallucinations
at night (seeing or hearing things that you are
told dio not esdst)?

D0 DDo
00000

&

IR
]

8) Did you get up at night to pass urine?

00
HA
[

oo

]
9) Did you fesl uncomfortable at night because '_"
you were unable to tum arcund in bed or move
dus to immobility 7

10) Did you feel pain in your amms or legs which
woke you up from sleep at night?

11) Did you have muscle cramps in your anms or
legs which woke you up whilst sleaping at
night?

12) Did you wake early in the moming with painiful
posturing of arms and legs?

W

| O

W

14) Dhd you fesl tired and sleepy after waking in
the moming?

oo o 00
|
000 OO0

?
=1

0poopo oo

|
|
]
13) On waking, did you experience tremor? |
-
—

15) Did you wake up at night due to snoring or
dificulties with breathing?

N
O
U

357

YES /NO
YES /NO
YES /NO
YES /NO
YES / NO
YES / NO
YES / NO
YES / NO
YES / NO
YES / NO
YES / NO
YES / NO
YES / NO
YES / NO
YES / NO



“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

Patient Health Questionnaire (PHQ-9)

The Patient Health Questionnaire (PHQ-9)

Patient Name Date of Visit
Over the past 2 weeks, how often have Not  Several More  Nearly
you been bothered by any of the At all Days Than Half Every
following problems? the Days Day
1. Little interest or pleasure in domg thmgs 0 1 2 3
2. Feellng down depre55ed or hopeles.s 0 1 2 3
3. Troul::-le falllng asleep staylng asleep, or 0 1 2 3
Sleepmg too much
4. Feelmg t|red or hawng I|tt|e energ’,.r 0 1 2 3
5. Poc:r appehte or Dvereatmg 0 1 2 3
6. Feellng bad abaut yaurself or that you're a 0 1 2 3

failure or haue Iet yourself or your fal‘l'll|'_v' down

7. Trc:-uble concentratmg on thmgs such as 0 1 2 3
readlng the news.paper or watchmg telewsmn

8. Mewng or speaklng 50 5|DW|}’ that ether 0 1 2 3
people could have noticed. Or, the opposite -
being so fidgety or restless that you have
been moving around a lot more than usual

9. Thoughts that you would be better off dead 0 1 2 3
or of hurting yourself in some way

Column Totals + +

Add Totals Together

10. If you checked off any problems, how difficult have those problems made it for you to
Do your work, take care of things at home, or get along with other people?
[ ] Not difficult at all [ ] Somewhat difficult [ ] Very difficult  [] Extremely difficult
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Athens Insomnia Scale (AlS)

Instructions: This scale is intended to record your own assessment of any sleep difficulty you might have experienced. Please, check
(by circling the appropriate number) the items below to indicate your estimate of any difficulty, provided that it occurred at least
three times per week during the last month.

Sleep induction (time it takes you to fall asleep after turning-off the lights)
0: No problem

1: Slightly delayed

2: Markedly delayed

3: Very delayed or did not sleep at all

Awakenings during the night
0: No problem

1: Minor problem

2: Considerable problem

3: Serious problem or did not sleep at all

Final awakening earlier than desired
0: Not earlier

1: A little earlier

2: Markedly earlier

3: Much earlier or did not sleep at all

Total sleep duration

0: Sufficient

1: Slightly insufficient

2: Markedly insufficient

3: Very insufficient or did not sleep at all

Overall quality of sleep (no matter how long you slept)
0: Satisfactory

1: Slightly unsatisfactory

2: Markedly unsatisfactory

3: Very unsatisfactory or did not sleep at all

Sense of well-being during the day
0: Normal

1: Slightly decreased

2: Markedly decreased

3: Very decreased

Functioning (physical and mental) during the day
0: Normal

1: Slightly decreased

2: Markedly decreased

3: Very decreased

Sleepiness during the day
0: None

1: Mild

2: Considerable

3: Intense
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Epworth Sleepiness Scale
Epworth Sleepiness Scale

Mame: Today's date:

Your age (Yrs): Your sex (Male =M., Female = F):

How likely are you to doze off or fall asleep in the following situations, in contrast to feeling just
tired?

This refers to your usual way of life in recent times.

Even if you haven't done some of these things recently try to work out how they would have affected
YOLL

Use the following scale to choose the most appropriate number for each situation:

0 = would never doze

slight chance of dozing
moderate chance of dozing
high chance of dozing

2
3
It is important that you answer each question as best you can.

Situation Chance of Dozing (0-3)

Sitting and reading

Watching TV

Sitting, inactive in a public place {e.g. a theatre or a meeting)

As a passenger in a car for an hour without a break

Lying down to rest in the afternoon when circumstances permit

Sitting and talking to someone

Sitting quietly after a lunch without alcohol

In a car, while stopped for a few minutes in the traffic

THANK YOU FOR YOUR COOPERATION

© M.W. Johns 199097
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Simple Screening Instrument for Substance Abuse Self-Administered Form

Directions: The questions that follow are about your use of alcohol and other drugs.
Your answers will be kept private. Mark the response that best fits for you. Answer the
questions in terms of your experiences in the past 6 months. Do not include time
incarcerated.

During the last 6 monthes....
1. Have you used alcohol or other drugs? (Such as wine, beer, hard liquor, pot, coke, heroin, or other opioids, uppers,
downers, hallucinogens, or inhalants)
__Yes__No
2. Have you felt that you use too much alcohol or other drugs?
___Yes___No
3. Have you tried to cut down or quit drinking or using alcohol or other drugs?
___Yes___No
4. Have you gone to anyone for help because of your drinking or drug use? (Such as Alcoholics Anonymous, Narcotics
Anonymous, Cocaine Anonymous, counselors or a treatment program.)
___Yes___No
5. Have you had any health problems? For example, have you:
___Had blackouts or other periods of memory loss
___Injured your head after drinking or using drugs
___Had convulsions, delirium tremens (DTs)
__Had hepatitis or other liver problems
__Felt sick, shaky, or depressed when you stopped
__Felt "coke bugs” or a crawling feeling under the skin after you stopped using drugs
__Been injured after drinking or using
___Used needles to shoot drugs
6. Has drinking or other drug use caused problems between you and your family or friends?
___Yes___No
7. Has your drinking or other drug use caused problems at school or work?
Yes No

8. Have you been arrested or had other legal problems? (Such as bouncing bad checks, driving while intoxicated,
theft, or drug possession.)

Yes No
9. Have you lost your temper or gotten into arguments or fights while drinking or using other drugs?
__Yes_No
10. Are you needing to drink or use drugs more and more to get the effect you want?
~__Yes__No
11. Do you spend a lot of time thinking about or trying to get alcohol or other drugs?

Yes No

12. When drinking or using drugs are you more likely to do something you wouldn’t normally do, such as break rules,
break the law, sell things that are important to you, or have unprotected sex with someone?

Yes No
13. Do you feel bad or guilty about your drinking or drug use?
Yes No

The next questions are about your lifetime experiences.
14. Have you ever had a drinking or other drug problem?
Yes No
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15. Have any of your family members ever had a drinking or drug problem?

Yes No
16. Do you feel that you have a drinking or drug problem now?
Yes No

Items 1 and 15 are not scored. The following items are scored as 1 (yes) or 0 (no):
_2_7_12

_3_8_13
4 9 14
_ 5 _10__16
Total Score

Preliminary interpretation of responses:

Score Degree of Risk for Substance Abuse

0 -1 None to low

2 - 3 Minimal

>4 Moderate to high: possible need for further assessment

NPI

Name of patient: Date:

Iif t: Spouse Child Other:

Please answer the Tollowing questions based on changes that have ocourred singe the patient first began 10 experience memorny problems.
Circle “yes™ only if the symptom has been present in the past month, Otherwise, crcle “no”

For each item marked “yes®:
Rate the sevenity of the symptom (how it affects the patient):  Rate the distress you expenence because of that symptom (how it

1 = Mild (noticeable, but not a significant change) affects you):
2 = Moderate (sgnificant, but not a dramatic change) 0 = Not distressing at all
3 = Severe (very marked or prominent; a dramatic change) 1 = Minimal (shghtly drstressing, not 3 problem 10 cope with)

2 = Mild {not very distressing, generally easy to cope with)

3 = Moderate (fairly distressing, not always easy to cope with)

4 w Severe (very distressing, difficult 10 cope with)

5 = Extreme or very severe (extremely distressing, unable 1o cope with)

Plinase ardwer dach question honestly and carefully. Ask for assistance if you ané nol Sure how 1o answer any queshion

Delusions Does the patient beeve that others ane stealing from him or her, or planning 1o harm him or her in some way?

Yes No Severity, 1 2 3 Destress: 0 1 2 3 4 5

Hallucinations Does the patient act as if he or she hears voices? Does he or she talk to people who are not there?

Yes No Sevenity. 1 2 3 Dotress: 0 1 F 3 4 5

Agitation or aggression s the patient stubborn and resistve to help from others?

Yes No Severity. 1 1 3 Dotress: 0 1 Ky 3 4 5

Depression or dysphoria  Does the patient act s if he or she is sad of in low spirits? Does he or she ary?

¥es No Severity, 1 2 3 Distress: 0 1 F] 3 4 5

Anxiety Does the patient become upset when separated from you? Does be or she have any other sigs of
nervousness, such as shortness of breath, sighing, being unable to relax, or fieeling excessively tense?

Yes No Severity, 1 2 3 Dotress: 0 1 2 3 4 5

Elation or euphoria Does the patient appear to feel too good or act excessively happy?

Yes No Severity: 1 2 3 Dostress: 0 1 2 3 4 5

Apathy or indifference  Does the patient seem less interested in his or her usual activties and in the actwities and plans of others?

Yes No Severity, 1 2 3 Dutress: 0 i 2 3 4 H

Disinhibition Does the patient seem 1o act impulsively? For examgle, does the patient talk to strangers as if he of she
knows. them, or does the patient say things that may hurt people’s feelings?

Yes No Severity: 1 2 3 Datress: 0 1 2 3 4 5

Irritability or lability Is the patient impatient and cranky? Does he or she have difficulty coping with delays or wasting for
planned activities?

Yes ] Seventy. 1 2 3 Dstress: 0 1 2 3 4 5

Motor disturbance Does the patient engage in repetitive activities, such as pacing arcund the house, handling buttons,
WIApgeng String, of doing other things repeatedly?

Yes Mo Severity: 1 2 3 Dastress:  Q 1 2 3 4 5

Nighttime behaviors Does the patient awaken you duning the neght, rise 100 early in the morming, or take excessive nags during
the day?

Yies No Severity: 1 2 3 Datress: 0 1 2 3 A 5

Appetite and eating Has the patient kost or gained weight, or had a change in the food he or she likes?
Yes Mo Severity: 1 2 3 Datress: 0 1 2 3 a4 5
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Frontal Behavioural Inventory (FBI)

Explain to the caregiver that you are looking for a change in behaviour and personality. Ask the caregiver
these questions in the absence of the patient. Elaborate if necessary. At the end of each question, ask
about the extent of the behavioural change, and then score it according to the following: 0 = none, 1 =
mild, occasional, 2 = moderate, 3 = severe, most of the time.

1. Apathy: Has s/he lost interest in friends or activities or is s/he interested in seeing people or doing
things?

2. Aspontaneity: Does s/he start things on his/her own, or does s/he have to be asked?

3. Indifference / Emotional Flatness: Does s/he respond to occasions of joy or sadness as much as ever,
or has s/he lost emotional responsiveness?

4. Inflexibility: Can s/he change his/her mind with reason or does s/he appear stubborn or rigid in thinking
lately?

5. Disorganization: Can s/he plan and organize complex activity or is s/he easily distractible, indecisive, or
unable to complete a job?

6. Inattention: Does s/he pay attention to what is going on or does s/he seem to lose track or not follow
at all?

7. Personal Neglect: Does s/he take as much care of his/her personal hygiene and appearance as usual,
or does s/he neglect to wash or change his/her underwear?

8. Loss of Insight: Is s/he aware of any problems or changes in behaviour, or does s/he seem unaware of
them or deny them when discussed?

9. Logopenia: Is s/he as talkative as before or has the amount of speech significantly decreased?
10. Aphasia and Verbal Apraxia: Does s/he make language or pronunciation errors or has s/he developed
stuttering or grammatical errors recently?

11. Comprehension (Semantic) deficit: Does s/he ask what words mean, has trouble comprehending
words, and/or objects, or does s/he know the meaning of words?

12. Alien Hand and/or Apraxia: Has s/he developed clumsiness, stiff hand, inability to use utensils or
appliances, or does a hand interfere with the other, or behaves as if it did not belong, or can s/he use
both hands as before?

_____Negative Behaviour Score Total of 1 - 12

13. Perseveration, Obsessions (Stereotypy): Does s/he repeat or perseverate actions or remarks? Are there
any obsessive routines or behaviours, or has s/he always been a creature of habit?
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14. Hoarding: Has s/he started to hoard objects or money excessively or has her/his saving habits
remained unchanged?

15. Inappropriateness: Has s/he kept social rules or has s/he said or done things outside what are
acceptable? Has s/he been rude, or childish?

16. Excessive jocularity: Has s/he been making jokes excessively or offensively or at the wrong time, or
has s/he always had a jocular manner or a quirk sense of humor?

17. Poor Judgment and Impulsivity: Has s/he been using good judgment in decisions, spending or driving,
or has s/he acted impulsively, irresponsibly, neglectfully or in poor judgment?

18. Restlessness / Roaming: Has s/he been roaming, pacing, walking, driving excessively or is the activity
level normal?

19. Irritability: Has s/he been irritable, short-tempered, or is s/he reacting to stress or frustration as s/he
always had?

20. Aggression: Has s/he shown aggression, or shouted at anyone or hurt anyone physically, or is there
no change in this respect?

21. Hyperorality/food fads: Has s/he been drinking or eating excessively anything in sight, or developing
food fads, a sweet tooth, eating bananas or cookies excessively, or even putting objects in his/her mouth,
or has s/he always had a large appetite and the eating habits have not changed? Has s/he lost table
manners?

22. Hypersexuality: Has sexual behaviour been unusual or excessive? This could include remarks or
undressing, or is there no change in this respect?

23. Utilization Behaviour: Does s/he seem to need to touch, feel, examine, or pick-up objects within reach
and sight, or can she/he keep his/her hands to him/herself?

24. Incontinence: Has s/he wet or soiled his or herself, or does s/he have problems that can be explained
by urinary infection or childbirth/prostate?

The scoring is intended to capture severity rather than the frequency of abnormalities.
Disinhibition Score Total of 13-24

Total Score:
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IADL

Instrumental Activities of Daily Living (IADL)

; Circie the scorng point for the statement that most closely Comesponds to the patients current
funclional adiity for each task. The examiner should compiete e scale based on Information avout the patient
from the patient Rim-Merser, INfrmants (such as the patient’s family memder of other caregiver), and recent
records.

A_ADIRY 1D use iaphons Scoe Elaunary 0008
1. Operates telephons on own Inkatve; 1 1. Does personal laundry compistely 1
I00kS Up and als NUMDErS, etc. 2. Launcers small lems; rnses siockings, etc. 1
2 Dials 3 few wel-inoWn NUMDETs 3. All laundry must be gone by others 0

3. Answers telephone but does not alal
4. Doas not use telephone at all

& I

£.Moge of transporation
1. Travels ndependently on pudiic 1

£.Shooping transportation of Arives own car
1. Takes care of al shopping needs 1 2. Aranges own ravel via tad, Dut does not 1
Independentty otheraise use public transportation
2. Shops Indepencenty for small purchases 0 3. Travels on pubic transportation when 1
3. Needs 1o be accompanied on any 3ssisted O 3CCOMPaniad Dy anothar
shopping trip 0 4. Travel imited to taxi or automodie with 0
4. Compietely unabie to shop 0 assistance of another

$. Does not travel at all 0
C_Food peeparation
1. Plans, prepares, and serves adequate 1 G _ResponsDIRy for own medications
meals Independently 1. Is responsibie for taking medication n 1
2. Prepares adequate meals Fsuppledwith 0 COmect 0053Qe6 at comect time
Ingredents 2. Takes responsidiity If medication s 0
3. Heats and serves prepared meals, of 0 preparad In advance In s2parate 00s3ges
Wur;e:tmmmw 3. Is not capadie of dispensing own medicaton 0
4. Neads 10 have meals prepared and senved 0 H._Apiizy to handie finances

1. Manages Mancial matters Incependently 1
D _Housskeaning (buogets, writes checks, pays rent and bills,
1. MaIntains house Jone or with occasional 1 goes 10 bank), coliects and keeps rack of
assistance (€.g.. "Neavy work domestic help”) Income
2. Performs light dally t3sks such 3s 1 2 Manages day-10-d3y purchases, but needs 1
dshwashing, bed making help with banking, major purchases, e,
3. Performs light dally tasks but cannot 1 3. Incapabie of handling money 0
maintain acceptabie level of cleanliness
4. Needs help with all home maintenance tasks 1 (Lawton & Brody, 1069,
5. Does not participate In any housekeeping 0
t3sks

Scoring: The patient raceives a score of 1 for each Rem ladeled A - H I s of her competence Is rated at some
minimal level or higher. Aad the 1tal points circied for A — H. The 1otal score may range from 0 - 8. A lower score

Indicates a higher ieves of dependence.

Sources:

e Cromwel DA, Eagar K, Poulos RG. The periormance of nstrumentsl activities of daily Bving scale In screening for cognitive
mparment in eiderty community resicents. J Cin Eploemiol. 2003.58(2x131-137.

¢ Laaton MP. The Anctional assessment of eiderty pecpie. J Am Oerlatr SoC. 1971,19(6465-281.

o Laston MP, Brody EM. Assessment of oider people: sef-mantaining and instrumentyl actvities of dally Iving.
Gerontologist. 1963,9(3:178-188

¢ Poiisher Research insttute. instrumentsl Activities of Dally Living Scaie (IADL). Avalisbie at:
Mt Vaww sbeamsoncenter orpPRUSOCUmentsIADL oo Accessed February 15, 2005,
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FAQ

Functional Activities Questionnaire

Administration

Ask informant to rate patient’s ability using the following scoring system:
- Dependent = 3
« Reguires assistance = 2
« Has difficulty but does by self = 1
« Normal = 0
« Never did [the activity] but could do now =0
» Never did and would have difficulty now = 1

Writing checks, paying bills, balancing checkbook

Assembling tax records, business affairs, or papers

Shopping alane for clothes, household necessities, or groceries

Playing a game of skill, working on a hobby

Heating water, making a cup of coffee, turning off stove after use

Preparing 2 balanced meal

Keeping track of current events

Paying attention to, understanding, discussing TV, book, magazine
Remembering appointments, family occasions, holidays,

medications

Traveling out of neighborhoad, driving, arranging to take buses
TOTAL SCORE:

Evaluation

Sum scores (range 0-30). Cutpaint of 9 (dependent in 3 or more activities) is
recommended to indicate impaired function and possible cognitive
impairment,

Peffer RI et al. Measurement of functional activities in older adults in the community. J
Gerontol 1982; 37(3):333-329. Aeprinted with permission of The Gerontological Socety of
America, 1030 15 Strest NW, Suite 250, Wizzhington, DC 20005 via Copynght Oearance
Canter, Inc
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1Q-CODE
1 2 3 4 5
1 Remembering things about family and friends, | Much A bit | Not much | A bit | Much
eg occupations, birthdays, addresses improved improved | change worse | worse
2 Remembering things that have happened | Much A bit | Not much | A bit | Much
recently improved improved | change worse | worse
. . Much A bit | Not much | A bit | Much
3 Recalling conversations a few days later . .
improved improved | change worse | worse
4 Remembering her/his address and telephone | Much A bit | Not much | A bit | Much
number improved improved | change worse | worse
. . Much A bit | Not much | A bit | Much
5 | Remembering what day and month it is . .
improved improved | change worse | worse
. . Much A bit | Not much | A bit | Much
6 | Remembering where things are usually kept . .
improved improved | change worse | worse
7 Remembering where to find things which have | Much A bit | Not much | A bit | Much
been put in a different place from usual improved improved | change worse | worse
8 Knowing how to work familiar machines around | Much A bit | Not much | A bit | Much
the house improved improved | change worse | worse
9 Learning to use a new gadget or machine | Much A bit | Not much | A bit | Much
around the house improved improved | change worse | worse
. . . Much A bit | Not much | A bit | Much
10 | Learning new things in general . .
improved improved | change worse | worse
. . Much A bit | Not much | A bit | Much
11 | Following a story in a book or on TV . .
improved improved | change worse | worse
. o Much A bit | Not much | A bit | Much
12 | Making decisions on everyday matters . .
improved improved | change worse | worse
. . Much A bit | Not much | A bit | Much
13 | Handling money for shopping . .
improved improved | change worse | worse
14 Handling financial matters, eg the pension, | Much A bit | Not much | A bit | Much
dealing with the bank improved improved | change worse | worse
Handling other everyday arithmetic problems,
94 yaay P ) Much A bit | Not much | A bit | Much
15 | eg knowing how much food to buy, knowing | . .
. . . improved improved | change worse | worse
how long between visits from family or friends
16 Using his/her intelligence to understand what's | Much A bit | Not much | A bit | Much
going on and to reason things through improved improved | change worse | worse
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Clinical Dementia Rating - CDR

CUKICAL DEMENTLA

CLIMICAL DEMENTIA RATING (CDR)

sxariration; may hae
pengraphic disoneniaton
el sewhene

FRATIRD (DR 0 0.5 1 2 K1
pe—
Hone Crueshionahie haid Wt Severe
1] 0.5 1 & 3
o mermory loss or slght Conslshent slight Moderaie memory Ioss; Sevene memory loss; only | Sevens memony loss;
P nconsisient hpetfuness | forpetiuiness; partdal rione: rrarked for recent gty eamed maberial only fragmenis remain
4 recoilection of svents myenis; efat iInberferes FECERed; W makeral

Thenign” forgetiiness with eversday achvites rapidy bost

= ully orened SUlly oriemed eErent for iocerane difficuity with ‘Sever dffouty afth Bme | Criented o person only
shght dificuity with Gme fame elabionships: refatonships; usually

rEreabion reiafonships onenied for place at idsoremind to Gme, ofien

Sodss SV probiems

Sight mpairnent In

Mfiocerate difficuty In

Severely impaired I

Urabie 0 make

appears nomal b casual
inspection

ouizide a family home

& handles business & Foking probiems, Feaandling probies Fanding probers | udgrments of Sohve
Judgresm & Problem | fnancial % el simikartes, and simlkaries and simikartes, and probkems.
‘Soking |udgment pood imnsiabion. | dfenences difierences; socal dferences; sodal
o past perfonmanoes |udgment =ity |udigment wswaily Impaired
maintEned
moepesndent furcion at Sight impaiment In these | Unabie o funcion Mo pretense of iIndependent Sunction outside fome
e e e im job, acthvies ndependenty al ese ol 5 Lo be
, shopping, wolunbesr and actvites athough may Appears | ST Appears too (1 1o be taken
Cammunity ATars socis groips =i b= engaged In some; | b€ 125EN o funchions to funciions. oulside a

family home

LHe ai Fome, hobbles,
i Irdedie chunl inberesis
wei mainared

L= at Fome, hoibibles,
and Inieliechal inboecks
shgntly Impained

iy simpie chores
presereed; very esriced
nieresk, poory

mainkained

Mo sigri cant fSunchion in
home

Personas Cane

Fully copable of sef-cane

Requires sesitance in
dressing, Riyghenes,

ke eping of personal
effeds

Feequires much Feelp with

peeroral canes: freguesns
NCOENSTO

Score only as decline from previous usual level due to cognitive koss, not impairment due to other factors.

Hachinski Ischaemic Score

Item No. Description Value
1 Abrupt onset 2
2 Stepwise deterioration 1
3 Fluctuating course 2
4 Nocturnal confusion 1
5 Preservation of personality 1
6 Depression 1
7 Somatic complaints 1
8 Emotional incontinence 1
9 History of hypertension 1
10 History of stroke 2
11 Associated atherosclerosis 1
12 Focal neurological symptoms 2
13 Focal neurological signs 2

A cut-off score < 4 for DAT and > 7 for VaD has a sensitivity of 89% and a specificity of
89% (Moroney 1997).
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A3. SELF-STATED DRIVING BEHAVIOUR QUESTIONNAIRE

KwdIK6g Zuppetéxovra:

Q1.0.1

OVOPATETTWVUHO ZUHPHETEXOVTA:

Q1.02

Q1.03

Huepopnvia ouptrAfpwong:
HAikia:
wos | Avipag ¢y | Tuvaika g
®ulo (kukAwoTe)
A. OAHIKH EMMNEIPIA - METAKINHZEIX
1. Néoa Xpovia odnyeiTe; o
, i a2 Nai ) OXI @
2. Lag apéoel n 0dAYNON (xukrwore);
3. Nére amokTAcaTe TRV Gde10 03AYNONG OAG;
4. Tote AMyel n adeia 0dnynong oag;
a1 Nai ) OXI @
5. EicaoTe  oaoTav emayyeApaTiog odnyog (xukraore);
ats 1 2 3 4 5 6 7
6. Mooeg nuépeg TNV EBSONADBA XPNOIPOTTOIEITE TO AUTOKIVATO
S uEpEGT BSopdda xpnaip n 20- | 50- | 100- Aev
Odg (KuKAWOTE) y Q17 <20 1 50+ ,
50 | 100 | 150 &pw
7.N6oa XINiopeTpa Tepitrou 0dnyeite TNV ERSOUADA (warvore); | 1 2 3 4 5+
8. MNooeg S1adpopég TPOYPATOTTOIEITE THV NUEPD WG 0BNYOG Aev
. ate 1-2 35 6-9 10-15 | 16-29 30+ .
(KuKAaTE)y EEP(.U
Exel . . ’ . .
9. Ymodeifte To pigo WAKOG TwV SIABPOPWY OGS OF | v | mepiopiotei E'V“'(g bl | Exel ‘(’3‘;5’195' AEV(EE)PW
XINOHETPA uhiore): ()
10. Z& oxéon pe mévTe XPOVIA TPIV N 0BAYNOT OUG uxriore):
11. Néo0 ouxva odnynoare To TEAEUTAIO EEAUNVO OTIG TTOPUKATW OUVOAKEG:
TouAdyiotov | TouAdyiotov | TouAdyiotov | TouAdyioTov TouAdaxioTov
*Snueiiote pe  To Kourdki TG emAoyric oag | KaBbhou WO QOpd TO | IO QOpd TOV | Wi Qopd T 500 popég TE0OEPIC QOPES
dipnvo piva Bdoudda 1 BSopada ™ Bdopdda

ans | NOYTQ ] @

(C]

(O]

()

(6)

anz | Y€ (WPEG KUKAOPOPIOKIS AIXUAG ] @
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4)

6

(6)

as | Me Bpoxrl‘l 1) ]

@)

4)

6

(6)

Q1114

Z¢ autokivntddpopoug i) @

)

)

)

(6)

Q1.11.5

2¢€ AyVWOoTEG TIEPIOKES 4] @

(©]

)

()

(6)
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s | EKTOC TTOANG i) @ ® ) ®) ®)
anr | EVTOC TTOANG 4] @ ® @ 5) ®)
ass | KOVTG OTNV TIEPIOXN KATOIKIOG ) @ ® o) ] ®)
Alaviovtag peydeg amooTdoel
aie , S HEYaRes s ) @ ® @ ) ®)
(>2Wwpeg)
12. Tlooeg @opég TO TeAeutaio e€aunvo MeDikd ] MoMéc
, . ., , : : IK;
amo@UyaTe emoKEWeIS Al GAAES Souheiég peto | @2 | Toté o | Zmavia @ &p s(g PopES 0PEC
auTOKIVNTO O0G €TEIDN AVNOUXEITE yId THV
0dNyNnon 00g (kukiwore);
B. AYTOAZIOAOIHXH OAHIOY
13. Moid givar Ta ad0voaTa Kai oIl T Suvard onpeia gag otnv odRynon;
, Aiyo MaAAov ,
*Snueiiote pe N 10 Kourdki ¢ emAoyr¢ oa AdUvaro , , Auvard
MIHEILAOTE e N TO KOUTAKI TS EmAoyIie oag adovaro | Suvard
ot | No 0dNYEITE PAKPIVEG ATTOOTATEIG M @ @ @
anz | Na avriAapBaveaTe aueaa Toug KivoUvoug TG KUkAogopiag (1) @ () (@
ans | Na odnyeite o€ oAigBnpod 6pdpo M @ @ @
ane | No aMadete Awpida KukAogopiag pe Gveon ) @ @) @
ans | N TTaipveTe YpARYOPEC ATTOPATEIG OTAV 0BNYEITE () @ @) @
as | N TTapapévete Wixpaiuol € ayXwrikEG KaTaoTaoelg dtav odnyeite () @ @) @
anr | Na eAEyXETE ATTOAUTA TO QUTOKIVATO Q) @ ® “@
ane | Na AQAVETE APKETA OTTOATACN ATTO TO HTTPOCTIVO AL () @ () @

Na Tpocapu6deTe TNV TaXUTNTA GOG avaAoya e TIG 0DIKES o o o “
Q1.13.9
KaTAOTACEIG

oo | H TTPOGTIEPATT, av XpeIGdeTal Q) @ ® “@
anrt | No TTAPOXWPEITE TNV TTPOTEPAIGTNTA 0AG OTAV UTTAPXE! AVAYKN () @ @) @
ane | Na Tnpeite Ta dpia Tax0TTag () @ ® @
ann | NO TTOPKAPETE e TNV OTTIOBEY () @ ® @
ann | Na TIPOGEXETE TA GAAG OXFUATA OTO SPOLO () @ @) @
anss | Na 0dnyeite ypriyopa, av xpeiadetal ) @ ® “@
e | Na 0dnyeite gT0 OKOTAO! ) @ ® “@
any | Na TIPOGEXETE TOUG TTECOUG KaI TOUG TTOBNAATES () @ @ @
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15, 16, 17. Mo ouykekpipéva, TTwg Ba agloAoyouaare Tnv 0dQyNON 0AG OTIS TTAPAKATW CUVBAKEG:
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Adyo viverai autd; (Av dev TO
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uv
aust | ‘HmIa Kivnon —
161 " X U] @) ()] (1) @) @) ) 1) @) )
o | flouxog Opouog
1 [16AN pe peyah
a2 nu IJ’Y n 0 ) @) ) @ e ) @ @)
arz | Kukhogopia
Apbuog Tayeio
Siies | APOHOS TAXEIDG m| e ) ) @ ©f @ 1) @ @)
ams | KUKhopopiag
§ EE AUTOKIVITOBPOUOG i) @ ] ) @ & @ M @ ®)
Q1155 .
auss | NOTQ | @l o ol @l e e g @ @
ass | Evrovn
Q1166 X (1) () (O] U] @) ) 4) 1) @) )
are | BPOXOTITWON
1 0dnynon oe Bpeypuévo
Siep | Odfivnon o¢ Bpeypev () @ @) (1) @ @ @ U] @ @
a7 | 0d60TPWUA
1 Apbpog pe TTOAE
S | CPOMOSH S () @ @) 1) @ @ @ U] @ @
Q1.17.8 O'Tpo(psg
Q1.159 , ,
aes | AYVWOTN TrEPIOKT} (1) @ @) (1) @ @ @ U] @ @
Q1.15.10 , ,
aen | AMayi) Awpidag () @ @) 1) @ @ @ M @ ®)
a1t | MeyGAeg aTTOOTATEIG
Q11641 i (1) (2) ()] (1) @ @) @ U] @ ®
Q1711 (>2 wpgg)
Q1.15.12 ’ .
aer | ADIOTEPEG OTPOES (1) @ @) (1) @ @ @ U] @ ®
ausis | OBAYNON VW EIOTE
Gries ] ) @ @) ) @ @ @ U @ ®
s | KOUPOTWEVOG/N
ausie | OBAYNON HOVO
at éu vn n“ S (1) (2) ®3) (1) @ @) @ 1 @ ®
a4 | gTO QUTOKIVNTO
Q1154 2ulATnon pe
g | 2ugmon p ol @ o ol @ o @ 0 @ ®
s | gUVETTIRAT
ase | XUVOMIAIG GTO
arhie e () @ @) ) @ @ @ M @ ®
atmie | KIVNTO TNAEQWVO
as | AIOGTAUPWOEIG
Q11647 | 3 (1) (2) ()] () @ @) @ U] @ ®
| ywpig anuaTodTeg
MpooTépaon o€
ats1s | UTIEQAOTIKEG 000UG
Q1.16.18 i , (1) (2) ()] () @ @) @ U] @ ®
atizie | QU0 Awpidwv
KukAogopiag

371




“Traffic and safety behaviour of drivers with neurological diseases affecting cognitive functions”
A Doctoral Thesis by Dimosthenis I. Pavlou

18. Mola a1rd Ta TTOPAKATW Kol TTOG0 CUXVA Bewpeite OTI oag XapakTnpifouv oTnv 0dRynon;

Mepikég

*Snueioote e N To Koutdkl g emiAoyric oag Moté Imavia i
Popeg

Zuyva Navra

A . ) .
o u0K9A|eg OTOV EMTIHEPIOUO T TIPOsOXIG TG " o o " o
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A . ’ .
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T0 TIPOTIOPEUGKEVO OXNua

azss | OBNYW TTIO GECIE, ETTI TOU 0500TPWUATOG ¢ @ @) @ )

_ ZupmmAnpwate kamoiov GMov 1poto alAayrig ) @ @ @ )

NG 00NYIKAG 0AG TUUTIEPIPOPAG

A. TYNAIZOHMATA KAI XYMNEPI®OPA OAHIOY

25. Nooeg popég Tov TeAEuTaio XPOVOo Biwoare Eva SIATANKTIONO pe CuveTIBATN oag KaBwg odnyoucare

(kukAwarTe),

s 0 1 2 3 4 5 6 7 8 9+

26. Nooeg popég Tov TeAeuTaio Xpovo Piwoare Eva SIATANKTIONO e 0dNYyd GAAOU OXAPATOS (xukhaore);
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s 0 1 2 3 4 5 6 7 8 9+
27. M6oeg popég Tov TeEAeUTAiIO XpOVo «APBATE OTA XEPION PE 0DNYO AAAOU OXAMATOS (kuxhiore);
o 0 1 2 3 4 5 6 7 8 9+
. ) v | KaBOhou | Imavia | Mepikég MoAU MNévrote
28. Xmmponomna ™m Jwvn " @ 000iCm | GUYVE )
A0 QAAEING (xukhwore);
29. OBnyeite UTTO TV emApEI aAKOOA OTaV €i0TE | o | KaBOMou | Zmavia | Mepikég MoAu
£¢w pe Toug PiAOUG 0TS (kukhwore); ® @ 0O0EC (3) aquYVQ w
30. OBnyeire emikivBuva yia €066 Kai Toug GAAoug | .., | KaBohou | Imdvia | Mepikég MoAU
otav €ioTe £§w e TOUS PIAOUG TG (kukhivore); o @ ©opéCm | guxva
31. It yevikéG ypoppé TOGo ouxvd odnyeite | .. | KaBolou | EImdvia | Mepikég MoAu
XWPIG VOl EIOTE GUYKEVTPWHEVOG-T (kukhaore); ® @ ©opéCm | guYVa @
E. KAIMAKA EKOPAZHE OYMOY KATA THN OAHIHEH
32. 600 ouyvd cupfaivouv Ta TTAPAKATW YEYOVOTO, KABWE 0dNyEiTE;
*Snuetdore e \ 10 KOUTAK! TG EmAoyIS aag i)(EE(?V Imavia Zuyvd zx’sﬁév
TTOTE mTavra

ant | Quvadw ETIKPITIKA ox0Ma, 6Tiwg «NUXTa TIAPES TO diTTAWUA;»
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aez | BpiCw 1OV GANO 00ny06 Suvard
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@)

(O]

Q1323 Bpl(w ToV GAAO OBHVO XGHH)\O(P(-UVG

(U]

@

@)

(O]

aze | AypIoKoITAdW TOV GAAO 0By

(U]
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(O]

azs | Kouvaw 10 KEQAAI pou amodokiyacaTiké aTtov aAAo 0dnyd

(1)

@

@)

4)

ams | YkéE@Topal Tpdyuata ommwg «NUyTa TTAPES TO diTTAwpa;»

1)

@

@

4)

szt | [pooTraBw va Byw amé 1o autokivito kal va Bpiow Tov ahho 0dnyé

1)

@

@

)

axe | [poomabw va efwBrRow Tov dAAo 0dnyd aTn akpn Tou dpdpou

(U]

@

@)

)

as | KAVW GOEPVES XEIPOVOUIES HE TO XEPI GTOV GAAO 08NYO

(U]

@

@)

)

azno | [1pooTaBw va Tpopdéw Tov Ao 0dnyod

(U]

@

@)

)

awn | [aBaivw kpion Tiow aTmd 1o TIPGVI

1)

@

@

4)

azz | Mouvi{wvw Tov GAo 0dnyo

1)

@

@

)

azs | O0nyw KateuBeiav aTov TTPOPUAAKTAPa Tou GAAOU 0dnyoU

1)

@

@

4)

aze | [pooTraBw va Bpebw UTTpoaTd aTmd Tov GAko 0dnyod

(U]

@

@)

)

azts | AKoAouBw Tov GANO 08ny6 akpIBwg amd TTicw Tou yia TTOAAA wpa

(U]

@

@)

)

azie | AvaBooPrivw Ta QuTa Hou aTov GAAo 0dnyo

(U]
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@)

(O]

aer | ETIiNOeG eummodicw Tov GAho odnyd va Trdel ekei TTou BEAel
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@

4)
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*Snueiiote e N 10 KoUTaKI TG emiAoyric aag zxsbév Zmavia Zuyvd IX:‘:56V
moTé mavra
aes | KAvw 0Toug GAAoug 0dnyous 6,11 ékavav o€ péva ) @ €) @
aze | OONyw Tax0TEPQ OTT 6,TI TTPIV U} @ @) @
aza | EmMBpadlvw yia va ekveupiw Tov dAAo 0dnyo ) 2 @) @
aza | AQAvw Ta pey@Aa ewra va @wrtiouv atov kaBpeeTn Tou dAAou 0dnyol ) 2 @) @
aez | Zg0TAW TOV BUPO HOU GTOUG GUVETTIRATES O ) @ ®) @
aez | Agv UTTOPW va NPEUROW Kal TTapapévw Bupwpévog /n 6An Tnv wpa " @ @) @
aez | EKTOVWVW TOV BUp6 pou ae GAhoug apyoTepa " @ @) @
aws | YKEQPTOMAI TIPWTA TTPOTOU QVTIOPACW U} @ € @
aes | [TpoaTrabw va oke@Tw BETIKEG AUCEIS yia va QVTILETWTTIOW TV KaTdoTaon ) 2 @) @
aez | Aivw aképa TEPITEOTEPN TTPOTOXT| GTO HPOMO, TTPOG ATTOPUYI ATUXNUATWY ) 2 @) @
aez | ATTOQACICW va Unv TIEOW OTO ETMITTEDO TOUG ) @ @) @
aez | Aéw OTOV EQUTO WO 6TI Bev agilel va EUTTAGKW 0} @ @) @
az® | ATTAG TTPOGTIABW va atmodeXTW OTI UTTAPXOUV Kal Kakoi odnyoi aTov dpouo 0} @ ® @
aes | ATIAG TTPOOTTABW va aTTOdEXTW OTI UTTAPXOUV KATAGTACEIG TTOU TIPOKAAOUV ) @ @) @
azz | Avoiyw T0 padidgwvo fi BAdw pouaIKA yia va npeuiow ) 2 @) @
aes | Kavw Tpayuara 6Twg Babiég avarvois yia va npepRow ) 2 @) @
o | FKEPTOUAI TIPAYUATA TTOU E ATTOOTIOUV OTTO TOV EKVEUPITUO OTOV dPOUO U] @ @ @
LT. IXTOPIKO XYMBANTQON
33. Méoa aruxApaTa guvoAIKd ixare wg 0dNYOS (uxhiore);
0 1 2 3 4 S 6 7 8 9+

34. Mooeg popég Ta TeAEUTaiO SUO XPOVIA, ATTOQUYATE «TNV TEAEUTAIO OTIYMA» £V ATOXNHO (ukhaore);

% 0 1 2 3 4 5 6 7 8 9+

35. Méoa aruynuata povo pe UAIKES InpiIgG sixaTe Ta TEAEUTOIO SUO XPOVIA HE TO AUTOKIVITO(KukAGoTe);

Q135 0 1 2 3 4 5 6 7 8 9 +

36. Mooa gofapd aTuyAUATA e TPAULATIONO gixaTe Ta TEAEUTAiIO U0 XPOVIA LIE TO AUTOKIVNTOKukhiore);

o 0 1 2 3 4 ) 6 7 8 9+
37. Néoeg popég Ta TeAeuTaia 300 Ypdvia, mapaBidoare Tov Kwdika 0d1kRg KukAogopiag eviw odnyoluoare
(kukAwoTe);

o 0 1 2 3 4 ) 6 7 8 9+
38. Ta teheutaio SUo xpodvia, mooeg kKATEIC gixate yio apaBdoeig Tou Kwdika 08ikng Kukhogopiog
(kukAwoTe);

Q1.38 0 1 2 3 4 5 6 7 8 9+
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... you can do it._
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