Driving behaviour of drivers with Mild Cognitive Impairment and Alzheimer’s Disease: A Driving Simulator Study
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Introduction - Background

"Driving at the simulator” assessment

TABLE 1 Tests of within and between subjects in rural and urban road environment

OF THE N/

,\./c

TRANSPORTATION RESEARCH BOARD

ATIC

TABLE 3 Parameter estimates of the repeated measures GLM — Lateral control measures

NAL ACADEMIES

Rural Road Urban Road Rural Road Urban Road
* The task of drivi res the ability to recei informat th iving si o T on e
. € 1as . Or driving requires the .a I y O TECeIve Sensory Information, process tnhe || @ quarter'cab drIVIng simulator manufactured by the FOERST Company Tests of Within-Subjects | Tests  of ~ Between- | Tests of Within- Tests of Between- _ _ _ _ . ' _
mfgrmanon, ano! to make proper, tmelwudgment; ;md responses. - | * 3 LCD wide screens 42" (full HD: 1920x1080pixels) - total field of view 170 degrees. Contrasts Subjects Effects Subjects Contrasts | Subjects Effects Parameter Estimates | Low Traffic Volume | High Traffic Volume | Low Traffic Volume | High Traffic Volume
* Various motor, visual, cognitive and perceptual deficits can affect the ability to drive and * validated against a real world environment (FSource Traffic) | (FSource D|sease)| (FSource Traffic) | <F50urce Dlseasle) \?epek:ldent EStd. So. | B EStd. Sig. EStd. Sig. | B EStd. Sio.
lead to reduced driver fitness and increased crash risk. - ° ~ : VAl VAl PTYaLe PTYalLe arlaie rror ot ot rror
. More specifically discases affecting a persons bran functioning (e.g. presence of * Atfirst, one practice drive (usually 10-15 minutes) Mean speed (km/h) 17,292 000  [24634  ,000% 20,327 000  |6,000 ,004** Intercept| 1,49 0,02 61,98 ,000* |1,61 0,02 72,60 000~ |2,96 0,10 28,86,000 | 3,06 0,10 29,69 ,000%*
- . : . . c T * Afterwards, the participant drives ' approximately 10 minutes each 69,665 000%*  |14218  ,000%*  |9,569 003*  |,294 746 Lateral * z
specific brain pathology due to neurological diseases as Alzheimer's disease) may . ' . P P q d.ﬁctwo SeSZIOnS.( PP . Y ) ;Aeacr:'hee[’dway (,Séc) . 156 - 066" J66 498 S 078+ position VIS QUOS bR (GS e GOS80 (SR (ORS00 e Qss AR L7968
significantly impair the person's driving ability. Each session corresponds to a different road environment: eaction time (miliseq ' ' , : , , ' : o1 ADl0OL 005 022 823 |00l 004 033 744 |017 028 062 541 |05 028 184 071"
: : y . : : ° - : - : - Lateral position (m) 106,116 ,000%* 375 ,689 5,690 ,021** 2,552 ,085*
* Neuropsychological parameters associated with driving performance are reaction time, a rural route (2.1 km long), single carriageway, zero gradient, mild horizontal 2Rl . N N Control 0,00 0 0 0
. . , , » d Lateral position variability | 29,125 ,000 4,840 ,011 430 ,515 1,374 262 -~ -~ - -~
V|Sua| atten’uonl Speed Of percep‘“on and proceSS”’]gl and genera| Cogm’uve and curves an Steering angle — | 3ee e . i - . - o IIntercept 0,30 0,01 31,52 ,000 0,27 0,01 29,16 ,000 1,56 0,10 15,84 ,000 1,52 0,10 15,35,000
: : - - - - ' / / / / / / / Latera _ _ wx | _ %
executive functions. | | | - an urban route (1.7km long), at |ts.b|gger part dual camagevyay, ;eparated by e o T e 003+ . oae= | oz o i - Sosition MCI[-0,04 0,02 -2,33 ,023** |-0,03 0,02 -1,82 ,073* [021 019 1,11 273 |020 019 1,02 ,312
* These parameters show considerable decline with age or at the presence of cognitive guardrails. Two traffic controlled junctions, one stop-controlled junction and one  significant at 90%, ** significant at 95% variabilityy AP 002 002 131 194 002 002 099 324 |017 027 064,525 |048 027 180 078"
impairments and are associated with the probability of accident involvement. roundabout are placed along the route. Control| 0,00 0 0 0
e Two traffic scenarios examined: Results-Repeated measures GLM - Longitudinal control measures (Table 2): Intercept| -1,79 0,08 -21,99,000% |-1,95 0,09 -21,68,000* | 6,97 0,20 34,37,000% |7,34 0,29 24,96 000"
Main objective: o | ' i _ ' Steering
: ow traffic conditions (Q=300 vehicles/hour) . . . MCI-0,10 0,13 -0,77 444 |023 015 157 ,121 |014 039 035,729 |-038 0,57 -0,67 ,506
e Analvze the drivin erformance of drivers with o _ » B , * AD and M patients drive at significantly lower mean speed compared to healthy angle
Yy g p High traffic conditions (Q=600 vehicles/hour) drivers, both at low and high traffic volumes, in both rural and urban areas ws AD| 0,05 0,16 028 ,777 |-013 0,17 -0,76 452 | 0,55 0,55 1,00 ,324 |020 0,80 0,25 ,807
Alzheimer's - disease  (AD) —and = Mild —Cognitive || o Consequently, in total, each participant drives 4 trials of the simulated routes. * AD drivers’ speed is significantly lower than MCJ, in both traffic volumes in rural road, Control 0,00 0 0 0
Int[pEIEn! Bvicl, oy mesns ©f & eiving simuletor || During each trial, 2 unexpected incidents whereas in urban road the two groups have almost the same speed Intercepti 17,75 0,31 57,74 ,000% 117,65 0.26 67,98 ,000** (22,87 0,75 30,37,000** |22,46 1,33 16,92,000**
eXperImeﬂt h d | d . : ¢ .f. | | h . Steenng i i i i -
Methodol . are scheduled to occur: AD patients have significantly longer mean headway compared to healthy drivers (and angle MCI-0,76 0,50 -1,51 ,135 |-1,09 042 -2,57 ,012** | 037 145 025,801 |165 256 064,523
€ .O O Ogy- | | * sudden appearance of an animal (deer or compared to MCI group) at both traffic volumes in rural area variability AD|-0,51 059 -0,85 ,397 |-1,56 0,50 -3,11 ,003** |-0,82 2,04 -0,40,689 |0,10 3,60 0,03 ,978
[ J . . oo
Various driving performance. Measures are exammed n donkey) on the roadway (photo), and * M patients seem to have significantly longer mean headway compared to healthy Control| 0 0 0 0
both rural and urban environment and the driving * sudden appearance of a child chasing a ball drivers only at high traffic volume in urban road * significant at 90%, ** significant at 95%
performa_nce. of drivers impaired by the above on the roadway or of a car suddenly getting * In both traffic environments impaired drivers have about 0.5 sec longer reaction times . . .
pathologfleé, . Corgpi/'l'ed to thgt of hfad_thy co&trglsl.by out of a parking position and getting in the B than the healthy ones in rural road Conclusions -Discussion
MISEINS O Hefperiree) Meesuies GemerEl Lineeir MoekRling road. * Reaction times in urban road are improved for the impaired drivers * Summarizing the results, AD and MCI drivers were found to drive at significantly lower

technigues.

Research questions:
| * How MCI and AD affect various measures of driving

speeds compared to the healthy control group drivers in every examined condition

Aﬂa|ySIS data and methods * AD drivers in rural environment have even lower mean speed compared to the

TABLE 2 Parameter estimates of the repeated measures GLM - Longitudinal control measures

performance * Repeated Measures General Linear Model (GLM) Rural Road Urban Road MCI drivers, but in urban roads their speed is approximately the same |
* How these diseases interact with road and traffic || , 140 participants have participated in the experiment in 15 months time Parameter Estimates | Low Traffic Volume | High Traffic Volume | Low Traffic Volume | High Traffic Volume || This reduced. speed results under glven ambient trafﬂc conditions in Increased
parameters. e 30 eliminated due to simulator sickness iseues Dependent - : - : - 3 - : hea-dways. in rural roads, however in urban environment there are statistically
* 35 participants of age <55 years old eliminated too for age representativity reasons HETEIAE Error o Error 'g' Error i Error g significant differences in mean headways only for MCI drivers in high traffic volume
NG oreos s NSRF o Intercept] 479 1,2 39,7 000~ | 453 10 456,000 | 337 09 375,000%| 304 07 439,000+ || * MCI and AD drivers have significantly longer reaction times in rural road in both
\ S {""& u e Z 007208 || ¢ The analysis is thus based on /5 participants (49 males): Mean MCI -61 20 -3,1,003*|-62 16 -39 ,000%*| -49 17 -28,007%| -37 13 -2,8,007* traffic volumes compared to the control group
;_{\%? European Union ¢, ,.mm,.,,s,,,m}m’lhlLu;;e;niumon * 38 healthy “controls” (mean age 66.4) S'(Ok?sg AD|-140 23 -60,000%(-134 19 -70 000 | -44 24 -18 079* | -46 19 -25,017+|| ® In urban area, they have longer reaction times, but only in low traffic volume this
— * 14 AD patients (mean age 74.6) Controll 0 0 0 0 difference is significant
Drivi : Iat : t e 23 MCI patients (mean age 68.3) Intercept] 46,6 48 98 000 | 224 47 47 000 | 486 52 94 ,000%| 238 23 103,000+ || * MCIdrivers have slightly better reaction times than the AD group in most cases
rIYIng simuia _Or eXperImen . . . ) l\;ean MCl 124 78 16,120 |120 77 16,123 | 75 99 08 460 | 120 45 27 ,009* | e MCI patients drive more cIoser to the right border of the road in urban area and
Distract research project | * between-subject variable: the presence of a disease (AD or MCJ) Y AD[404 92 44 ,000%(513 91 56 ,000%| 43 139 03,760 | 73 63 12,250 in both traffic volumes, whereas AD drivers only in high traffic volume in urban area
* Neurologists - Medical/neurological assessment: * within-subject variables: the traffic scenario (low or high traffic volume). conrol 0 0 . e A cignificantly high bility of the lateral position is highliahted for AD diver
* The first assessment concerns the administration of a full clinical medical, , A signiicantly igher variabiiity of the 1ateral position 1 [iiglnielmiztel e Sl
. . . . o Drivin erformance measures exam|ned' . Intercept 923,1 154,0 6,0 ,000** 996,3 159,1 6,3 ,000** |1294,5 66,6 19,4 ,000** 1284,2 63,0 204 ,000** N h|gh trafﬂc Vo|ume N urban area
ophthalmological and neurological evaluation, in order to well document the gp S : Reaction VCl4S19 2507 19 059 |5306 2591 21 043+ | 1981 1160 17 092* | 1391 1914 12 260
characteristics of each of these disorders. * Longitudinal control measures: Mean speed, Headway, Reaction time (mﬁ:gg AD|S803 7967 20 054* |a464 7667 17 007* | 2962 1657 18 078* | 2097 1705 12 220 || - J1'€ MOre complexis the driving environment the more the AD dnvers have dlfﬂcu'ty
* Neuropsychologists-Neuropsychological assessment: * |ateral control measures: lateral position and steering angle (+variability) Control 0 0 0 0 in maintaining the position of the vehicle on the lane
* The second assessment concerns the administration of * significant at 90%, ** significant at 95% * In rural area impaired groups have low steering variability in
a series of neuropsychological tests and psychological - ' - high traffic volume that is a result of their conservative drivin fj
- behavioural une)sgi/onnairges to the parti?ipénts vv%wich RGSUltS AL ST EETES (el 1) Results - Repeated measures GLM - Lateral control measures (Table 3): - Tk?e age and gender distributions of the populationsg seem
cower g large spectrum Of Cognitive Functions: * Trafﬁ; vqlume has a signi_ﬂcant effect on mean speed, IniSeli h.eac.iyvay and Iateral * There are no significant differences in lateral position except for high traffic volume in balanced at the present time, however Sample representativity A
visuospatial ar)d verpbal ep|sod|c and.vvorkmg memory, position in bpth road environments, whereas lateral position variability and steering urban area where impaired groups drive at longer distance from the central road axis should be improved in the next steps of the ongoing experiment, j‘J §
general.selectlve and divided attention, reaction time, angle variability only on rural.road - compared to healthy ones in order to eliminate the possibility that the differences of the BIR A (
processing speed, psychomotor speed etc. * The presence of a cerebral disease affect mean speed and reaction time in both road || « MCI drivers in rural area and AD drivers in high traffic volume in urban road have a diving behaviour are a result of age distribution. ) ﬁi C
¢ TransportaUC)n Eng|neer5 - Dr|V|ng at the simulator: environments . N o Signiﬂcant increase in the Variabi“ty of the lateral position
* The third assessment concerns the driving behaviour * The presence of a cerebral disease affect mean headway, lateral position variability and ||« Statistically significant differences are not observed for mean steering angle, or for the Acknowledgement | | | | | |
by means of programming of a set of driving tasks steering angle variability only in rural roads and lateral position only in urban road variability in the steering angle between control group and impaired drivers, except for | [ research was carried out within the framework of the Operational Program ‘Education and Lifelong Learning: of the National
. drivi . | = At : : : . . . Strategic Reference Framework (NSRF), namely the Research Funding Program: THALES. Investing in knowledge society through
INto a riving simu ator ror dirrerent rving scenarios. environment. the rural road and the hlgh traffic volume for both |mpa|red groups the European Social Fund, co-financed by the European Union (European Social Fund - ESF) and Greek national funds.




