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In chapter 5 an innovating statistical analysis
methodology has been developed and presented in
order to investigate all the critical parameters that
affect reaction time, accident probability, driving
performance and driving errors.

The developed methodology consists of five
individual analyses:
» Descriptive analysis
» Analysis of variance
» Regression analysis
» Principal Component Analysis
» Structural Equation Model analysis

VWV WV

All different statistical analyses provide remarkable
findings for this PhD dissertation research.

Descriptive Statistics

Analysis of variance

Regression Principal Component
Models Analysis

Structural Equation Modeling
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» In the first statistical step, the descriptive
analysis of all the experiment variables took
place, which allows for a first understanding of
the large number of parameters examined.

+—— Upper Extreme - Maximum

«—— Upper Quartile - 75th percentile

» 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.

+— Median

«—— Lower Quartile - 25th percentile

+—— Whisker

» A correlation table is investigating any of a broad

class of statistical relationships between driving AR L“""'_E' Ext.reme ' M'“'“'!““"
simulator variables o «—— Qutlier - single data point
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All three cerebral pathologies examined lead to lower b _’h

driving speeds in all examined conditions (AD group has ,
the lowest mean speeds among the other participants) ~ p =

AD group in urban area with low traffic volume when
using the mobile phone have higher variability in steering
angle

AD and PD groups have the worst reaction times (40%
worse than controls)

The mobile phone use has a significant effect on
reaction time for AD and PD groups

AD and PD drivers have the highest accident probability,
and especially when conversing on the mobile phone
their accident probability is climbing to 50%.

High traffic volume leads to more mistakes for all
participants, as it is a more complex environment.
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» The first ANOVA 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, steering angle
variability, time to lane crossing, time to collision, time to
collision variability, reaction time and accident probability.

» The second ANOVA regarding questionnaire about the driving
habits and the driving behaviour indicated that:

» 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 significance; it means that
this group of drivers tries to self-requlate their driving.

MY 1
......
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In the third statistical step, within the framework of the explanatory analysis, the development

of Regression Models took place regarding key performance parameters

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

Parameter Estimates of the GLM Parameter Estimates of the GLM Parameter Estimates of the GLM
Dependent variable: Mean Speed (km/h) Dependent variable: Reaction Time (millisec) Dependent variable: Accident Probability
Model: (Intercept), Disease, No distraction Condition Model: (Intercept), Disease, No distraction Condition Model: (Intercept), Disease, No distraction Condition
Low Traffic High Traffic Low Traffic High Traffic Low Traffic High Traffic
Hypothesis Test Hypothesis Test Hypothesis Test Hypothesis Test Hypothesis Test Hypothesis Test
Parameter sid. [wald chi . sid. wald chi . Parameter std. {wald chi . std. [wald Chi : Parameter std. |wald chi . std. |wald Chi .
B | Bmor | Square | S B | Bmor | Square | Sig- B | Emor | Square ol s B | Emor | square | Sig. B | Emor | square &) Sig. B | Emor | Square df| Sig.
(Intercept) | 44,8 | 1.2 | 15083 | 1| 0,000 | 42,1 | 1.0 | 19423 |1 | 0,000 g (Intercept) |1625,9| 86,3 | 3547 | 1| 0,000 [1752,7| 984 | 3169 |1 | 0,000 g (Intercept) | 0,13 | 0.0 11,2 |1 0,001] 0,04 00 14 (10238 g
{5 L 15
MCI =53 | 17 92 (1|,002|-50| 15 | 1.8 |1 ,001 % MCI 379,7 (1301 | 85 |1| ,004 | 4309 (1504 86 |1 ,003 % MCI -0,01| 0.1 00 (1],916 (0,09 ]| o0 32 |1 ,072 %
AD -10,8| 20 | 282 (1| ,000 | -84 | 17 | 258 |1 ,000 é AD 829,7 |1506| 304 |1| ,000 | 7486 (1705| 193 |1| ,000 ;:;': AD 0,15 | 0.1 54 (1] ,020 [ 0,19 | 01 11,6 |1 ,001 ;:_s':
PD -93 | 21 196 |1 ,000 | -83 | 18 | 202 (1] ,000 PD 584,0 |1580| 137 |[1| ,000 | 5526 (1941 81 |1| ,004 PD -0,03| 0.1 02 |1|,691 |0,04]| 01 04 |1 .51
Controls | 0° 0 Controls | o 0 Controls | 0° 0°
(Scale) 63,8087 7.9 47.559°| 5.8 (Scale) 250242.06% 42053.0 50300457 613443 (Scale) 068° | 0,0 055° | 0,0
Hypothesis Test Hypothesis Test Hypothesis Test Hypothesis Test Hypothesis Test Hypothesis Test
Parameter Std. {wald chi . Std. |wald chi . Parameter std. [wald chi . std. wald chi . Parameter std. [wald chi . std. [wald chi .
B | Emor | Square " S9 | 8 |emor Square "l Sie- B | Emor | Square “ 59| 5 |emor Square | Sig- B | Emor | square w59 | 5 | Emor Square df| Sig.
(Intercept) | 30,1 | 09 | 10474 [ 1| 0,000 | 27,8 | 07 | 14171 | 1| 0,000 § (Intercept) |1385,8| 69,9 | 3927 | 1| 0,000 |1323,6| 551 | 5771 |1 0,000 g (Intercept) [ 0,07 | 0.0 | 28 [1(0095[0,10| 00 | 47 |1]|0030]|] &
15
MCI -20 | 14| 20 |1].,160 | -23 | 11 45 |1 ,034 ':: MCI 51,1 (1021 03 |[1| 617 | 1759 | 820 | 46 |1 ,032 'g MCI 0,16 | 0.1 62 |1|,013 0,15 | o1 44 (1] ,037 'g
-] [1°] 1]
AD -43 | 16 70 (1|,008 | -42 | 13 | 104 |1 ,001 = AD 476,8 (1189 161 |1| ,000 | 3613 | 996 | 132 (1| ,000 -g AD 0,23 | 0.1 96 |1(,002]020] 01 53 |1 ,021 82
> >
PD -38 | 19| 41 |1]|,042|-31| 14 | 47 |1],030 PD 2325 |1330| 31 (1| ,080 [ 2651 (1079 60 |1|,014 PD 012 | o1 | 20 |1|,156)|019( o1 | 42 |1|,042
Controls | 0° 0° Controls | o 0 Controls | 0° 0°
(Scale) 33.815°| 47 10,695°| 2.8 (Scale) 166258,12° 241233 103214,40% 154725 (Scale) 066° | 0,0 o76° | 0.0

a.5at to zero because this parametar is redundant.
b. Mairmum likelihood estimate.

a. Set to zero because this parameter isredundant.
b. Maimum likelihood estimate.

a.5at to zero because this parameter is redundant.
b. Maximum licelihood estimate.
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» 42 General Linear Models regarding the effect of distraction on mean speed, time headway,
lateral position, steering angle variability, reaction time at unexpected incidents, accident
probability, and driving errors of patients with MCI, AD and PD and controls.

Parameter Estimates of the GLM
Dependent variable: Reaction Time (millisec)
Model: (Intercept), Distractor

Parameter Estimates of the GLM
Dependent variable: Reaction Time (millisec)
Model: (Intercept), Distractor

Parameter Estimates of the GLM
Dependent variable: Reaction Time (millisec)
Model: (Intercept), Distractor

Parameter Estimates of the GLM

Dependent variable: Reaction Time (millisec)
Model: (Intercept), Distractor

AD group PD group Control group
Hypothesis Test Hypothesis Test Hypothesis Test
Parameter Std. - ! Parameter : Parameter :
Wald Chi df Slg. Std. |Wald Chi df Sig. Std. |Wald Chi df Sig.
B Emor | Square @ B Emor | Square o B Emor | Sguare ©
(Intercept) 2489 (1265| 3875 |1 0,000 g (Intercept) 2217 |156,1| 2016 |1 0,000 E (Intercept) 1660 | 514 | 1042,2 1 0,000 E
Conversation | -33 [1819] 00 |1 857 Ts“ Conversation | 37 |2250| 00 |1] 860 || ® Conversation | -60 | 737 | o7 |1| #15 || ®
- - : - :
Mobile phone |[1246|033| 95 1] ,002 | &= Mobile phone | 792 [3122| 64 [1] 011 || &= Mobile phone | 93 |s73| 11 |1] 287 [[ &=
No distraction | 0° No distraction | 0° No distraction | 0°
(Scale) 35576.7500 107204.9 (Scale) 0123341,347)148482.0 (Scale) poz23se70] 250158
Hypothesis Test Hypothesis Test Hypothesis Test
Parameter Sid. - . Parameter - Parameter -
Wald chiy Sig. Std. |\ Wald chiy . Sig. . | Wald Chiy Sig.
B | Emor | Square - B | Emor | Square - B | Emor | Square ©
(Intercept) 1782 | 8109 | 4733 |1 0,000 E (Intercept) 1579 | 87,0 | 3291 |1 0,000 E (Intercept) 1344 | 530 | 6436 |1 0,000 g
Conversation | 65 1355 02 (1] 629 || & Conversation | 487 [1299| 141 (1| 000 || & Conversation | 76 [767| 10 [1]| 319|| &
= = : E=
Mobile phone | 164 |2088| o5 |[1| 431 |[ S Mobile phone | -14 2041 o0 [1]| 946 || S Mobile phone | 115 [93a| 15 1] 219 [ S
No distraction | ¢ No distraction | 0 No distraction | 0°
(Scale) 21345075 411027 (Scale) poas19.502 380813 (Scale) 24620.578) 220852

Hypothesis Test
Parameter :
Std. |wald Chi | Sig.
B Emor | Square g
(Intercept) 2096 | 713 | 8636 |1|0,000 || &
Conversation | -91 |00g| 08 |1] 365 || £
Mobile phone | 343 |1355| 64 |1] 011 =
No distraction | 0°
(Scale) 11902.492] 419306
Hypaothesis Test
Parameter :
Std. |wald Chi o Sig.
B Error Square P
(Intercept) 1505 | 486 | 9608 | 1| 0,000 E
Conversation | 199 | 702 | s0 |1| 005]|| §
=]
Mobile phone | -56 [1047| 03 [1| 595 || =
No distraction | 0*
(Scale) 46249.419] 177353

a.5et to zero because this parameter is redundant.
b. Maximum likelihood estimate.

a. Set to zero because this parameter is redundant.
b. Maximum likelihood estimate.

a. Sat to zero because this parameter is redundant.
b. Maximum likelihood estimate.

a. et to zero because this parameter is radundant.
b. Maximum likelihood estimate.




Dimosthenis I. Pavlou =

Step 3 - Synthesis of Regression analyses 1/2 omog sy (3]

affecting cognitive functions”

]

-

C

MCI, AD and PD drivers compared to healthy controls Compensatory e
_ Cognitive dificit
Rural | Urban Comment behaviour
L d " £ patients i 222;:2::3::?:;:;23 Reaction time and accident
OWer speed 1or all groups ot patients in R probability
Mean SPEEd ‘ ‘ all examined contitions variability
Controls
. Larger headways for AD and PD group in MCl
Time headway ' rural area

PD
‘ More closely to the right border for the

Lateral pDSItIDn MCI group in urban road

» The disease leads to more pronounced
Lower variability in steering angle for the driving impairments in several longitudinal
~~ iPD group in rural area in high traffic

or lateral control measures

Steering angle
variability

Reaction time Larger reaction times for all groupsof 3 Pgtients have a more conservative and

patients in all examined contitions . . o

cautious driving pattern
o bl ot conditos md o » The compensatory behaviour of the first
the MCI and PD groups in urban area mechanism is not sufficient to

»> » ¢
» »

Accident probability

counterbalance the driving deficits due to
cognitive impairments

Driving errors No significant differences
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MCI, AD and PD drivers compared to their undistracted driving

» The driving profile of individuals with
neurological diseases affecting
cognitive functions changed

Comment radically under the more demanding
Lower speed! for MCI group in rural foad when using mobile driving condition that included the

Conversation
with passenger
Mobile phone
use

Mean speed

phone
use of a hand-held mobile phone
:;gb;rel::::;ayfnrl‘.‘ldgmupmruralmadwhenusmg » In the dflVlng Condltlon W|th ’[he

Time headway

mobile phone, the drivers with MClI,

More closely to the left border of the road for the AD group

|
T @

Lateral pOSition R in rural road when using mobile phone AD d nd P D d pp I |€d ag d | N the
Steering angle No significant impact of distraction in any group °0 m pen > ato ry Strategy Of rEd - CI : g
variability —— = their speed but in this case the
. . La.rger reatftion time for all groups in all conditions when (9] utCO me was n O't Su CCESSfu I’ das
rmctontive) | 4 comeriog with psenge o o indicated by the pronounced
ety R it gn gt increase of their reaction time and

when conversing with passenger in urban road aCCident riSk
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The size and interdisciplinary nature of the
database lead us to implement 4 Principal
Component Analyses (PCA) regarding:

driving performance variables
driving errors variables
neurological variables
neuropsychological variables

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.

Driving Performance Variables (simulator)

Rotated Component Matrix®

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Factor 1
StdLateralPosition 923
TTLAverage 905
StdWheelAverage ,900
WheelAverage 845
LateralPositionAverage 835
HWayAwverage -, 738
StdHWayAverage - 708
StdTTLAverage 666
StdTTCAverage 631
TTCAverage 623
Brakefwerage 553
StdBrakeAverage ,553| Factor 2
AverageSpeed 76
TheadAwverage -697
Ralphafwverage 677
StdRalphafverage 669
StdevAverageSpeed ,637| Factor 3
GearAverage ,753
StdGearAverage 31
StdRpmAverage 664
EpmAverage 273
& Raotation conwver ged in G terations.
Total Variance Explained
Fotation Sums of Squared Loadings
Component 1 2 3
Total 8.5 5.7 2.2
% of Variance 38,5 25,7 10,1
Cumulative % 38.5 64,2 74,3
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P Tandem Walking

ateral position variaoii °

= Use of the most highly Errors
- | =y correlated observed Tandem Walking: |
Speed N crossing Completion Time |

variables of each
. e Patient Health i _
Dl‘iVing pI’InCIpa| CompOnen’[ Questionnaire (PHQ-9) [N Neurological

. . \ state
Performance which describe , _
Errors

adequately the data, in
order to develop four
non-observed, latent Figure Test
i : Brief Visuospatial

“driving performance”

"y " ' S Comprehensive Trall
driving errors Neuropsychological Teg

“neurological state” staie 4 e
N . " - opkins Verba
neuropsychological state BN | c:ring Test (Rl

i
4 1

Speed Limit
Violations
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» In the fifth and final statistical step, the core statistical analysis of the present PhD thesis
took place, including the implementation of 4 Structural Equation Models (SEMs) for the first
time in the scientific field of driving behaviour of drivers with neurological diseases affecting
cognitive functions.

» Structural Equation Modeling is a very general, powerful multivariate analysis technique that
includes several analysis methods and involves the evaluation of two models:

» Measurement Model

» The part of the model that relates indicators to latent factors
» The measurement model is the factor analytic part of SEM

» Path model
» This is the part of the model that relates variable or factors to one another (prediction)
» |f no factors are in the model then only path model exists
» Goodness-of-fit measures
» Standardized Root Average Square Residual (SRMR)
» Root Average Square Error of Approximation (RMSEA)

» Comparative Fit Index (CFI)
» Tucker Lewis Index (TLI)
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Steering Angle
ateral position variability . Legend o T ”
iy o = 4 |atent variables: “driving performance”,

Clserved Variable

impact on the latent

== (FVING €rrors”, “neurological state” and
“neuropsychological state”, developed by

_ Driving 17 observed variables
Errors | Petfo'manc y

Compion e R | 8 key observed variables (risk factors):
W ivsligudl | | Newro- o e MCI, AD, PD, urban area, low traffic
Newrological psychological - .
. _— ° . state Hopkins Verbal conditions, advanced age, mobile phone

Leaming Test (RI)

e use, and conversation with passenger

o] o v
Mobile phone
_—

\& y/

4 SEMSs: regarding the impact of the 8
key risk factors and of 2 latent variables

“neurological state” and
sl “neuropsychological state” on the observed

Qutside

Siorral variables “reaction time” and “accident

Hits of

Graphlcal Sidebars 2 C e
apgf"gag’{j Accident prObal’?lh’[}(lj %nq f[he Iat?nt ones gr|V|ng
analysis Probability errors” and “driving performance
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o . . . we Latent variables Est. Std.err| Z-value
» A critical finding that supports the validity of the Neuropsychological State (latent 1
. . . Witkin's Embedded Figure Test 1.000
OVEI'a” SEM IS that the COﬂtl’IbUtIOﬂ Of the Observed Brief Visuospatial Memory Test 1.962 0.048 40.927 <.001
. . . Comprehensive Trail Making Test (1) -6.752 0.405 -16.685 <.001
variables on the construction of the latent variables Hopkins Verbal Learning Test (RD) 0415 0020| 20818 <001
was in all cases statistically significant Neurological State (latent 2)
. . oye Tandem Walking: Errors 1.000
» All predictors (except for low traffic conditions) had Tandem Walking: Completion Time | 5557  0873| 6364 <.001
o oo o o . . Patient Health Questionnaire (PHQ-9) 9.956 2416 4120 <.001
a significant contribution on the prediction of the Foot taping errors 0829 0170] 4885 <001
reaCtlon tlme Regressions Est. Stderr| Z-value P(>|z])
» The obtained goodness-of-fit measures are ReactionTime I
generally close to the respective limits e mos gl e e
Urban Area -345.309 33.260 -10.382 <.001
Advanced Age 190.137 43.877 4333 <.001
Distraction - Conversation 80.614 37.769 2134  .033
N : Neuro- Distraction - Mobile Phone 225921 54.088 4177 <.001
eurological : )
state psychological Neuropsychological State (latent) -20.899 6.464 -3.233 <.001
state Neurological State (latent) -789.943 226.670 -3485 <.001
/" Risk Factors ) Summary statistics ML
mci | AD Minimum Function Test Statistic 1928.87
- - m Degrees of freedom 81
Goodness of fit
onversation
SRMR 0.138
RMSEA 0.132
CFH 0.722
Area Traffic TLI 0.702
e | ric
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StrucTURAL
Equation ‘I
MooeL |

Tandem Walking: Witkin’s Embedded
Errors Figure Test

: : - r‘|00 /\
Tandem Walking: LU\, i Reaction 20.90 Q7NN et Visuospatial
: A . |)< om
Completion Time 2  +1. . | p<.001 J Memory Test

// \'

-0.75
W 001 Comprehenswe Trail
Neuropsychological &= Making Test (1)
\\‘ Hopkins Verbal
"0, 42 Learning Test (RI)
p<.001

-
+9.06 T i y ‘
Patient Health p< 001/ : 'me
Questionnaire (PHQ-9) N ‘:‘
Tapping
Errors

Distraction: Mobile phone

Distraction: Conversation

+381.06 Advanced Age
p<.001

+327.08
p<.001

Urban Area

O Latent Variable
I:l Observed Variable

= Significant positive impact on the variable
——3 Significant negative impact on the variable
= = ¥ Positive association with variable

— = » Negative association with variable
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:

. . Latent variables Est. Stderr| Z-value P(>|z])
» The ContrIbUtlon Of the Neuropsychological State (latent 1)
: . Neuro- Witkin's Embedded Figure Test 1.000
Observed Varlables on the Neu;ﬂc:glcal psyc;:I?gical Brief Visuospatial Memory Test 1989 0.047 42.238 <.001
i state Comprehensive Trail Making Test (1) -7.022  0.375 -18.740 <.001
ConStrUCtlon Of Hopkins Verbal Learning Test (RI) 0421 0.018 23.199 <.001
i (" Risk Factors )
neurOpSyChOIOglcaI State m Regressions Est. Std.err| Z-value P(>|z])
was statistically significant . Accident Probability
Disease - AD 0162 0062| 2146 .032
: Disease - PD 0.104 0.060 2.017 .041
. Urban Area -0.063  0.027 -2.306 021
» 5 predictors had a Distraction - Mobile Phone 0054 0036 1909 .049
o o po o o Neur hological State (latent) -0.023  0.004 -5.612 <.001
significant contribution on S
h d . f . d = =/ Summary statistics ML
t € pre ICtIOﬂ Ol accCl ent Minimum Function Test Statistic 711.78
probablllty Acc|dent Degrees of freedom 21
-, Goodness of fit
. _ Probability R —
» The obtained goodness-of-fit RMSEA 0135
measures are generally T 0,659

close to the respective
limits
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Equation 2
MODEL |

Witkin's Embedded
Figure Test

- HOO ’l
? - Skl Brief Visuospatial
Accident
Probability

// \‘

-7.02

" Comprehensnve Trail
Neuropsychological == Making Test (1)
state

\\.j

Hopkins Verbal
- 2. u Learning Test (RI)
5 p<.001
Distraction: Mobile phone i

Urban Area

O Latent Variable

D Observed Variable

= Significant positive impact on the variable
——3 Significant negative impact on the variable
- = ¥ Positive association with variable

= = P Negative association with variable
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. . . . . me Latent variables Est. Std.err| Z-value P(>|z])
» A critical finding that supports the validity of the overall SEM  briving erers tarent s
. . . . Speed Limit Violations 1.000
is that the contribution of the observed variables on the Hits of Sidebars 1000 0421 2374 018
. . . Outside Road Lines 0.059 0.034 1961 .048
construction of the latent variables was in all case Sudden Brakes 7731 2339| 3306 <001
StatIStha | |y S I g nlfl Ca nt Neuropsychological State (latent 2)
o o o go o o . e Witkin's Embedded Figure Test 1.000
» 4 predictors had a significant contribution on the prediction Bref Visuospatial Memory Test 1955 0046 42238 <.001
. oy e ” Comprehensive Trail Making Test (1) -6.799 0391 -17.385 <.001
of the latent variable dflVIﬂg errors Hopkins Verbal Learning Test (RI) 0416 0019 21553 <.001
» The obtained goodness-of-fit measures are generally close t0  neurologicai state atent 3
o e o Tandem Walking: Errors 1.000
the respectlve limits Tandem Walking: Completion Time 5537  0.875 6326 <.001
Patient Health Questionnaire (PHQ-9) 9.128 2127 4292 <.001
Foot taping errors 0.748 0.144 5191 <.001
Regressions Est. Std.err| Z-value P(>|z])
: Neuro- Driving Errors
Neurological psychological Urban Area 0027 0015| -1960 .047
State state Advanced Age 0106 0033 3230 <.001
Neuropsychological State (latent) -0,005 0.002 -2.236  .025
f Risk Factors \ Neurological State (latent) -0.113 0.064 -1.992 .048
m Summary statistics ML
- Minimum Function Test Statistic 1445.72
Mobile phone Degrees of freedom 73
Goodness of fit
SRMR 0.118
RMSEA 0.125
\= . TLI 0.669
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affecting cognitive functions”

StrucTURAL
Equation
Mooe. | Ll L
Tandeén s Speed Limit /i\\\T\tmo -"’/r\‘ Sudd
rrors s \, +1:00 " udden

=.01 ' )
Violations g /1 +0.06 Brakes +1.00 /\

N o
. S5 U e "\ 11 p=048 g i
Tandem Walking: <001 /i T \y " - » S, 'IIU?:I Bn:ﬁf VusuosTpatlaI
—-- 30 +7.73
Completion Time 100 N A peoo % emory Test

+0.13 -0.01 A \l 6.80
Patient Health LSl : p=.025 . - gl Comprehensive Trail
Questionnaire (PHQ-9) S '~ Neurological Neuropsychological '—’—,, Making Test (1)
state
Tapping
Errors

state
\\.j \

-
‘_—_

+0.42 Learning Test (RI)

p<.001

Hopkins Verbal

Advanced Age

Urban Al'ea O Latent Variable
E] Observed Variable

p— Significant impact on reducing errors
——> Significant mpact on increasing errors
= = P Positive association with variable

= = ¥ Negative association with variable
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' Step 5- SEM regarding DRIVING PERFORMANCE -z =5 @

affecting cognitive functions”

Latent variables Est. Std.err || Z-value P(>]z|)
M . . Driving Performance (latent 1)

» A critical finding that supports S verage Speed 1.000
o e . Lateral Position Variability -0.098 0.003 || -29.483 <.001
the Valldlty Of 'th e overa I I S EM IS Steering Angle Variability -0.373 0028 -13.303  <.001
. . Time to Line Crossing -12.102 0483 | -25.039 <.001
that the Cont”bunon Of the Average Gear 0049 0002| 29762  <.001

1 Neuropsychological State (latent 2)

observed variables on the < e ks e Fgure 1ot | 1000
. Vi ‘ Brief Visuospatial Memory Test 1.962 0.047 | 41964  <.001
con St ru Ct IoN Of the I atent = R Y "'g L Comprehensive Trail Making Test (1) -6.803 0390 -17.430  <.001
Performance Hopkins Verbal Learning Test (RI) 0416 0.019| 21.553 <.001

variables was in all case

Neurological State (latent 3)

1 1 1 11 Tandem Walking: Errors 1.000
Stat I St I Ca | |y S I g n I fl Ca nt looical Neuro- Tandem Walking: Completion Time 5.777 0.937 6.166 <.001
B psychological Patient Health Questionnaire (PHQ-9) | 9101 2077| 4382  <.001
state state Foot taping errors 0721 0.134 5.363 <.001
» A" redictors (exce t for em—— Regressions Est. Std.err| Z-value P(>|z))

p . . p o Risk Factors\ Driving Performance
MC m Disease - MCI 20772 0267 -2.889 .004
converSIng WIth passenger) had - Disease - AD -1.066 0.329 -3.237 <.001
M 1£3 . M : Di - PD -0.705 0.336 -2.100 .036
a significant contribution on the oo
. . . Low Traffic Conditions 0414 0.185 2.245 .025
pr9d|Ct|0n Of the Iatent Varlable Advanced Age -1.296  0.235 -5.521 <.001
“ .. ” Distraction - Mobile Phone -0.604 0223 -2.701 .007
d erl n g p e rfo rm a n Ce - - Neu ropsthoIogicaI State (latent) 0.082 0.026 3.174 .002
Area Traffic Neurological State (latent) 3.765 0.871 4.320 <.001
\& >/

Summary statistics ML

. . Minimum Function Test Statistic 3517.01

» The ObtaInEd gOOdneSS-Of-flt Degrees of freedom 146

measures are generally close to Goodness of it

. . . SRMR 0.122

the respective limits RMSEA 0124

CFI 0.755

TLI 0.700
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affecting cognitive functions”

STRUCTURAL
EQUATION

MODEL
Tandem Walking:
Errors
Tandem Walking: 8 Om L™ -
Completion Time \\‘\,7 \} +1.00 AN

7
+9.10 )

Patient Health p<.00L 7 _ r D - =
Questionnaire (PHQ-9) <““ rIVIng

Performance
Errors

p<.001

Steering Angle
variability

Lateral position

Average Gear

variability

L1y, Witkin's Embedded
Average ;’\\ :,?3(?1 037 0N Time To Line Figure Test
Speed b\ / crossing +1.00 %)
A / / \
p<. —7,. Q +1.96

A\

- Brief Visuospatial
S5 1210 Peiol Memory Test
“"\ p<.001 i
o4 \_l -6.80

+U.
9 s \"’ @ Comprehensive Trail
Neuropsychological ‘—'—‘ Making Test (1)
state
‘\: Hopkins Verbal
+0.42 Learning Test (RI)
p<.001

Urban Al’ea O Latent Variable

l | Observed Variable
———» Significant positive impact on the latent
~—> Significant negative impact on the latent

= = P Positive association with variable
= = P Negative association with variable



~Step 5 - SEM Synthesis

Reaction Accident

AnpoacBevng H. Madkov .
Tuuneplpopd kukAopoplag kat i

aopdlsiag

o0nywV e VEUPOAOYIKES Tabrioele

Time Probability

Driving
Performance

Reaction
Time

Neurological

Neuropsychological
stale

stale

Accident
Probability

DriVing Neuropsychological
Performance i

Reaction Accident
Time Probability

TIOU EMNPEALOVV TIC VONTIKEG
Aetrovpyiec”

Accident
Probability

Driving
Performance

Urban Area

Reaction

Distraction: Mobile phone

Distraction: Conversation

Probability

Distraction: Mobile phone

Driving

Performance




5 PhD Dissertation Innovations

Implementationo <Application of an
a large inter-disci . Y 9 o u al integrated
experiment involving | inter-disciplinary
' ical £ latent analysis
~methodology

Quantification
of the dmpact of
neurological diseases
affecting
cognitive funetions,
on drivers'
traffic and safety

Comparative; R ldentification

performance analysis of the impact of
of drivers with different distraction on the
neurological/diseases performance of drivers
affecting cognitive research with cerebral

functions findings ~ diseases

Dimosthenis I. Pavlou

‘Traffic and safety behaviour * i

of drivers with neurological diseases
affecting cognitive functions”

‘t,
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' “Traffic and safety behaviour [-* o 7
n n O V a I O n of drivers with neurological diseases ¢ {\i&

affecting cognitive functions”

» The design and implementation of a large scale inter-
disciplinary experiment which includes two scientific
branches, a traffic engineering, and a medical (a
neurological and a neuropsychological), is a central E‘R =
component of the present PhD thesis. y/Ry

» Given 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.

» 6 GB of data after 1.400 hours of assessments of
225 participants, concludes to a master file



. PhD Innovation 2/5

»

»

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, “motor
skills” extracted from the neurological
database and “cognitive fitness” extracted
from the neuropsychological database, in
order to construct four Structural Equation
Models (SEMs).

Interdisciplinary interaction between latent
variables

Dimosthenis . Pavlou
“Traffic and safety behaviour (A%
of drivers with neurological diseases & § \ix

affecting cognitive functions”




Ph D I t. 3 / 5 Traffic and safety behaviour [AM&
n n O V a I O n of drivers with neurological diseases ‘:\,ﬁr 1

Dimosthenis I. Pavlou =

affecting cognitive functions’ ==

»

»

The quantification of the impact of
neurological diseases affecting cognitive
functions on drivers’ traffic and safety
behaviour is an innovation which is the
core of this PhD dissertation, regarding the
key research findings.

Patients are aware of their deterioration of
their driving skills, they try to compensate
their driving behaviour (low speeds, large
headways, low variability in the steering
angle) but they have significantly worse
reaction times and higher accident
probability than the healthy drivers.




Dimosthenis I. Pavlou

" “Traffic and safety behaviour ,i_ @
n n O V a I O n of drivers with neurological diseases - {1\

affecting cognitive functions”

» The quantified analysis of the multivariate SEMs about driving behaviour
characteristics of the drivers, indicated that:
» the presence of MCI, AD and PD has detrimental impact on reaction time,
accident probability and driving performance, whereas their impact on driving
errors isn't significant.

Driving
Performance

Reaction Accident
Time Probability
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" “Traffic and safety behaviour
n n O V a t I O n of drivers with neurological diseases

affecting cognitive functions”

RLE
feE
Y
Tl;. k
.

» 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 impact of PD and AD is much more detrimental on reaction time, comparing
to the impact of MCI

» MCI didn't _have any significant impact on accident probability, whereas AD
increased the accident probability by 16% and PD by 10%.

» 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 MCI is considered safer compared to the other two
examined brain pathologies.
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. ‘Traffic and safety behaviour i"lﬂk b
n n O V at I O n of drivers with neurological diseases \*\ ,ﬁq/

affecting cognitive functions” ==

» The fifth innovation of this PhD dissertation concerns the effect of distraction on
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 of distraction on drivers with MCI, AD and PD
has not been addressed so far among the international scientific community.

» It appeared that the distraction conditions didn’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 which the
impact of distraction and especially the mobile phone use was detrimental.



Dimosthenis I. Pavlou

affecting cognitive functions”

Future challenges 1/2 ey (53
» Sample schemes should be strengthened in terms of: -

»
»

»

» Periodically assess the driving behaviour of patients wit
cerebral diseases over time, in order to identify to which
extent, the progression of the disease deteriorates
several driving performance measures

» More latent variables could be developed and
investigated, depending on the experimental database
and the specific research questions

— =

size (more participants with MCI, AD and PD)

the type of the neurological diseases affecting cognitive functions
(participants with REM Behaviour Disorder, Frontotemporal Dementia etc. are of grea
interest regarding their driving behaviour and could be inserted in the research)
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

| (
» SEMSs can be developed on on-road and naturalistic k—, ,

experiments or field survey studies
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Future challenges 2/2
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affecting cognitive functions”

» 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

» 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, will 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




