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INTRODUCTION

Since about a half-century, several demographi@ldements result in a continuous rise in
the number of older adults in industrialized coigstr An OECD report predicted that one
guarter of the population of its members countwikbe aged 65 or older by 2050 (OCDE,
2012). Consequently, the number of older adultsttenroads is increasing. Driving is a
complex activity which required visual, psychomoamd cognitive functions. Normal ageing
entails a decrease in visual, psychomotor and tggrabilities which could affect drivers’
safety (Anstey et al., 2005). Older drivers aregutslly more fragile and vulnerable than
younger ones, and present a major risk of injunyndua road accident (Lafont and Laumon,
2003). In order to deal with the deteriorationtwit health, some older drivers are stressed in
certain traffic situations and choose (or are aajgto stop driving (Hakamies-Blomqvist and
Wabhlistrom, 1998). This solution has noticeable tiegaconsequences such as the social
isolation or the increased risk of depression (Boet al., 2013; Edwards et al., 2009b).
However, by ageing, older drivers also use compengastrategies consisting of the
avoidance of difficult situations (e.g. driving rgight, in bad weather, or during rush hours),
or an individual adaptation (e.g. by increasingsatlistances or reducing speed; Ball et al.,
1998; Donorfio et al., 2009; Gabaude et al., 2H06lland and Rabbitt, 1992; Molnar and
Eby, 2008). These strategies define the driving-regiulation, which consists in the
behavioral adaptation of the driver to maintain afesdriving despite the age-related
functional decline (Donorfio et al., 2008). A carteself-regulation of driving is based on a
correct calibration, which consists in a fair baarbetween the assessment of skills and the
task demands (Kuiken & Twisk, 2001). Self-regulatgirategies used by the drivers, aiming
at reducing task demands, depend on: i) the cosedtiassessment of driving skills, ii) the
correct evaluation of the task complexity, and tii¢ correct choice of the adapted behavior
(De Craen, 2010). Ageing is associated with theainmpent of lower level skills, based on
cognitive, sensory and motor functioning (Siren &mg, 2013). This functional decline
causes a discomfort while driving and leads theedrio self-regulate his driving (Meng &
Siren, 2012). However, this pattern of actions a$ always fulfilled and drivers with low
cognitive performance are more inclined to incdiyeself-regulate their driving (Baldock et
al., 2008; Wong et al., 2012). Finally, the awas=snef cognitive difficulties is essential to
correctly adapt the behavior (Anstey et al., 208%) appears to be a key factor in the self-
regulation of driving (Meng & Siren, 2012). To cdude, the improvement of both the
awareness of cognitive difficulties and the cogeitberformance by itself is important to help
older drivers correctly self-regulate their drivinghavior.

Various interventions have been designed to helpradrivers to use adaptive self-regulation
strategies and maintain their driving safe. Firstlf-assessment and self-screening
guestionnaires have been useful to reveal drivatgted difficulties and to initiate discussion
with family and relatives about keep driving orgsio(Eby et al., 2003; Holland and Rabbitt,
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1992; Levasseur, et al., 2013; Molnar et al., 20TQus, although these questionnaires were
effective to improve self-awareness, there is atdifference between declared self-regulation
and real, applied self-regulation. Second, edunatioterventions in which an occupational
therapist reminds older drivers about driving rulgises recommendations for a safer driving
and information about age-related difficulties dibt improve the on-road driving
performance (Bédard et al., 2004), nor prove amgslctrrate reduction (Ker et al., 2005;
Nasvadi and Vavrik, 2007). Furthermore, this tydeirdgervention could even have the
opposite effect and activate the stereotype thoéahe elderly. This concept reflects the
psychological effect of the stereotype on olderltadthe behavior of a person who perceives
the stereotype threat tends to confirm the negateeotype of the group to which he belongs
(Steele and Aronson, 1995). This stereotype hasgative effect on older adults’ driving-
related cognitive performances (Chapman et al.4p@hd driving performance (Joanisse et
al., 2013), and prevent older drivers in corredgff-regulate their driving (Motak 2011).
Third, educational interventions coupled with pigadt driving training (on-road or with a
driving simulator) showed an improvement of drivikgowledge regarding traffic rules and
road safety (Bédard et al., 2008; Marottoli 20Gf)¢d on-road transfer of the driving skills
trained on simulator (Lavalliere et al., 2012; R@eoand Fisher 2009; Roenker et al., 2003).
Finally, in parallel with the improvement of selirareness, several studies have assessed
training programs benefits on driving abilities @fler adults. Training physical abilities
through aerobics, fitness or stretching improvecknshoulders, and back flexibility leading
to better vehicle handling, visual scanning, andreanenirrors controls, inducing an
improvement of driving skills and on-road drivingrformance (Caragata et al., 2009;
Marottoli et al.,, 2007). In addition, even thougbguitive training improved cognitive
abilities relevant for the driving safety (Marmeteiet al., 2009), contradictory results have
been found regarding the benefits of cognitiveniraj on simulated driving performance
(Cassavaugh and Kramer, 2009; Gaspar et al., Zdidler et al., 2010). A training aimed at
processing speed and visuospatial abilities redtloedhumber of dangerous maneuvers on a
driving simulator and allowed seniors to keep dariyvionger (Edwards et al., 2009a, c).

To conclude, educational programs are not sufftcienmprove the driving performance of
older drivers, educational and practical trainimggsams are more effective, but are costly,
and finally, cognitive training programs, which areeaper, present advantages for driving
safety but, they need to be confirm on the roadci2pancies of these findings can assumed
to be due to the different levels of self-awarengssent in older drivers. Indeed, people
whom are aware of their own abilities could usep#eid strategies learnt during these
programs. However, people whom are not aware of then abilities could not take full
advantage of the content of these programs (Me&gré&n, 2012).

Our study is based on the hypothesis that olderedtitraining needs are not the same
depending on the self-assessment of their cognélvéties, and how they regulate their
driving activity. Indeed, a correct self-assessnwdrtheir cognitive abilities would lead them



to correctly adapt their behavior, and consequentyrectly self-regulate their driving
activity. Among these cognitive incorrect estimatowve could distinguish two categories of
people: over-estimators (OE), who are people thimkhey have cognitive abilities higher
than same-aged people, whereas they are not; ater-astimators (UE), who are people
thinking they have lower cognitive abilities thaanse-aged people, whereas they are not.
Thus, an intervention aiming to improve the selaesness of cognitive abilities of older
drivers could allow OE to reduce their risk of injuexposure, and UE to regain self-
confidence and keeping them driving longer. Thersfthis intervention attempts seniors to
keep driving in safe conditions.

The purpose of this study was to compare the effuess of two training programs: a pure
cognitive training and a cognitive training coupledth the experience of driving in a
simulator specifically aimed at older drivers with cognitive self-assessment bias.
Effectiveness of the training was evaluated onsiléassessment of older drivers’ cognitive
abilities and on their cognitive and driving perfances. The first hypothesis was that the
cognitive training would allow drivers to becomeaae of their cognitive abilities, thanks to
feedback on performance received all along thenitrgi program. As this training was
focused on cognitive functions required while drgyi the second hypothesis was that the
driving simulator immersion would allow the transtd the training benefits on the road, by
improving the driving performance. As the experitisnstill in progress, this paper presents
preliminary results.

METHOD

Participants

Participants included in our study came from thé&e 3dove cohort, comprising 1200 older
drivers aged at least 70 years. The self-assesshémeir cognitive abilities was determined
comparing the objective and subjective cognitivefgygenances. The comparison between
results from two cognitive tests (the Wechsler Dymbol Substitution Test and the Trail
Making Test parts A and B) and normative data (fpmrformance of people having the same
age and the same educational level) resulted inobjective cognitive performances. By
crossing these data with the subjective ones delledhanks to a self-assessment
guestionnaire, three profiles of drivers emergedian-estimators (UE, 15% of the cohort, or
180 drivers), correct estimators (CE, 42% of thioct or 502 drivers), and over-estimators
(OE, 43% of the cohort, or 508 drivers) (Lafonakt 2014). One hundred and twenty drivers



(OE and UE), recruited from the cohort, are expedte be included in our study. The
inclusion criteria were: drive at least three thang kilometers per year, have a computer
connected to Internet (essential to complete tlymitiwe training), not susceptible to motion
sickness or have vertigo or Meniere’s disease I@erto restrict the number of participants
sick on the driving simulator), and have a visuality higher than 5/10th at the Monoyer’s
test.

Experimental design

The experimental design of the study consistedhef ‘training” factor comprising two
conditions: “cognitive training” (CT), “cognitiverdining coupled with driving simulator
immersion” (CT + DS), and “control activity”. Perfoances were compared between
baseline and after three months of activity (tranior control). Three groups were
constituted: 40 participants (20 OE and 20 UE)grenfng a computerized cognitive training
(36h); 40 participants (20 OE and 20 UE) performthg same cognitive training (35h)
associated with a driving simulator immersion (Idnd 40 participants (20 OE and 20 UE)
performing a control activity (36h of reading).

Computerized cognitive training program

A collaboration with a company specialized in cdgei training (named Scientific Brain
Training, or SBT) was conducted. SBT developedamitng program called Happyneuron®.
The effectiveness of this training method has lemen among seniors exempt of pathology
(Croisile, 2006). Twenty exercises with 15 diffigulevels each from the Happyneuron®
program were used in our study. These exerciseg specifically focused on functions
required in the driving activity as: attention (8ecises, with, for example, exercises aiming
at clicking on moving ladybugs as often as possiblele ignoring the distractions; or
evaluating the speed of moving object), memory Xér@ses, with, for example, exercises
aiming at memorizing itineraries through differaa@untries; or location of monuments in
different cities across the world), executives fiores such as updating, flexibility, or
planning (4 exercises, with, for example, exerceesng at rebuilding the tower of rings by
making strategic moves), and visuo-spatial abdi{# exercises, with, for example, exercises
aiming at guessing from which point of view thetpres were taken). Another collaboration
has been involved with an e-learning company, Sgmethich contributed to provide the
technologic support for the study’s realizationorArthis mutual work came up a learning
management system (LMS) allowing our participamtscomplete the different cognitive
exercises. Hence, each participant had his/herp@sgonal account in which he/she could log
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in and complete his/her daily activity and couldt geformation about his/her last
performances and progression on this program. Tuoéce of the cognitive exercise was
made by a virtual coach, whom also chose the ditifdevel following a progression rule: if
the exercise was successful (100%), the participassed to next level, if the score was
comprised between 70 and 99%, the participant meedaat the same level, and if the score
was below 70% three times in a raw, the participgent down to the lower level. After
completing an exercise, the participant got a faekkabout his/her performance: the score
obtained (in percent), the average reaction timd,asentence that encouraged the trainee to
continue. Participants were told to train threersqer week during twelve weeks.

Driving simulator experience

The study was carried out in an instrumented fab-¢ixed-base simulator (308 Peugeot).
This simulator consisted in virtual reality-basesual and audio systems, a computer
program for vehicle motion simulation, and a hashputer system for simulating the driving

environment. The road scene was projected in that,flon five screens (220 x 165 cm and
1024 x 1280 pixels) which provided an approximat@°zhorizontal and 40° vertical view of

the virtual environment. Force feedback was pravidierough the steering wheel, and
auditory feedback was delivered in the form of eegiand outside noises. Driving

performance parameters were captured at 60 Hz thhensensors from the equipment (brake,
accelerator and steering wheel). The simulator alss equipped with a CAN-bus system to
send/receive information to/from the car. The saod was also equipped with cameras
(front view: traffic and infrastructure; driver wie visual activity and verbalizations; driver

and environment view: overall behavior of the drimed pedals use). Microphones allowed
interaction between the driver and the experimelfeeg. give the instructions to the

participant at the beginning of the simulation).

Before the first driving session, participants dran an urban scenario during 10 minutes to
familiarize with the car and the virtual realitywvilge. Three 20-minute simulated driving
sessions were completed by each participant ofetterimental CT + DS group. Five
training scenarios were performed during each dgigimulator session: pedestrian crossing,
intersection with traffic lights, vehicle followingdeft-turn, and overtaking on a highway.
These situations were chosen after a literaturewewon the situations perceived as complex,
avoided by older drivers, or with a high crash riskllemand et al., 2013). Three difficulty
levels were available for each trained situatioachEparticipant began the simulated drive at
the easiest level. Thanks to an algorithm develapeaur laboratory and assigning penalty
points depending on the driver's behavior, a pentorce score between 0 and 100 was
calculated for each situation. When the score vegmleor less than 50/100, the participant
remained at the same level and retried an equivaieration during the next driving session.
When the score was higher than 50/100, a high&culify level situation was unlocked and



presented to the participant during the next dgvsession. Feedback was given to the
participant after each driving situation througbcaeen placed inside the vehicle. If the score
was less than 50/100, the feedback consisted addheational goals waited to reach the next
level. Conversely, if the participant successfuldgmpleted the exercise, the feedback
congratulated him/her and indicated the progrestica higher difficulty level. To avoid the
test-retest effect, alternative learning situatitiasl been developed. Hence, the participant
could not face the same situation twice.

Neutral control activity

The control group followed an activity inspired bye work of Smith and colleagues to
observe an involvement in the program during thsikyhours of computer activity (Smith, et
al., 2009). The principle was to replicate as maslpossible the experimental conditions of
the experimental groups, through the type of agtivts support, and duration. Participants
from the control group were instructed to readcteti posted on the SAFE MOVE platform
and answer to simple quiz. Each article was adglessinly once and various themes of
reading were offered to satisfy tastes and intere$teach driver. Moreover, as for the
cognitive training, participants received feedbaokstheir quiz performance. This activity
was not supposed to contribute to the improvemérntognitive functions solicited while
driving because only focused attention and shont-t@emory were involved in this reading
exercise.

Evaluation

Cognitive evaluation

The cognitive performance was objectively evaluatedthe Trail Making Test and the Digit
Symbol Substitution Test. The cognitive performanes also evaluated subjectively, with a
self-assessment questionnaire composed of fivetiqnesThe participants had to rate his/her
own cognitive abilities on Likert scales, compatedsame-aged people. For example, a
guestion about focused attention was “Comparecetple of the same age, is it more or less
difficult for you to concentrate?” The participamd to answer on a five-point scale ranging
from “Much less difficult” to “Much more difficult’” A self-assessment score was calculated
by adding the responses obtained at the differaastipns. In addition, the Useful Field Of
View test (UFOV®) was performed to assess the spéguiocessing and visual attention of
our participants. This computerized test of visatgéntion took place on a computer provided



with a 17” screen. It included three subtests, ss8g the processing speed, the divided
attention, and the selective attention.

Driving evaluation

The on-road driving evaluation was conducted byiard) instructor seated at the right of the
driver, in an instrumented vehicle. This car w& speed manual transmission 307 Peugeot,
fitted with dual controls and dual rear-view misoBensors were placed on pedals to record
driver's actions. Other sensors recorded steerihgelvangle, car speed, distance travelled,
indicators use, and GPS position. These data vee@ded on an onboard computer. These
records were used to retrospectively analyze dribehavior (e.g. sudden braking,
inappropriate speed, etc.) throughout the trip. €kperimental vehicle was also equipped
with video cameras to collect information about dneer’s behavior in real driving condition
(front view: traffic and infrastructure, rear viewraffic, driver view: visual activity and
verbalizations, driver and driving instructor vieanerall driver behavior and actions of the
instructor). The road trip lasted about 40 minutes28 km traveled. During the first ten
minutes, the participant drove to familiarize withe vehicle. The route combined: urban
circuit, suburb and rural circuits and a sectiomiing road / highway. During this course, the
participant experienced different infrastructurpdy (intersections, roundabouts, insertions or
ring-road exits, or lane changes). The driving rindbr gave the direction to the driver
throughout the trip. Two different but equivaleotd trips were performed at baseline and
post-training to avoid the test-retest effect.

Two grids were used to assess the driving perfoceiaone completed by the driving
instructor and the other by the experimenter. Tin@rd) instructor and the experimenter were
blind regarding to the cognitive profile of the peipant (OE or UE). The first grid is an
adapted French version of Test Ride for InvestigptiPractical fithess to drive (TRIP)
(Withaar et al., 2000). This grid assessed eleveremnkions of driving: vehicle position on
the road, vehicle tracking, speed, visual behaviogd signs, overtaking, anticipatory
reactions, communication with other road usersfrontation to specific situations (such as
left-turn or dual carriageway), vehicle handlingngral impressions of the instructor. Each of
these dimensions was evaluated as: insufficieniptiol, sufficient, good or not applicable.
The driving instructor completed this grid at thelef the course which led to a global score
on 100 points. The second grid was completed intirea during the trip by the experimenter
seated behind the driver. This pre-establishedreagenal grid consisted in a description of
the encountered situations and a list of the piatiedtiving behaviors, gathered into broader
dimensions to ease coding: visual attention, icteva with other road users, planning, lane
positioning, speed adaptation, car control handlamgl driving instructor interventions. This
detailed list of situations and potential behaviorsted the subjectivity of coding (Dobbs et
al., 1998; Lafont et al., 2010). In addition, theperimenter could mention any unplanned



event affecting the driver's behavior, or any attimake by the instructor. The video

recording allowed to complete the grid if the expenter missed an event in real time. From
this grid a penalty total score and seven penalbtstores (one for each dimension) were
calculated, based on the driver’s behavior.

Procedure

During their first visit in the laboratory, the dyiwas presented to participants and they
signed a consent form. Two evaluations took pladsaeline and after 12 weeks of training,
consisted of 2-hour sessions comprising the cognigvaluation (1 hour) and the on-road
driving evaluation (45 min). Between both, a 15rieak was given to the participant in
order to limit fatigue effect due to the cognitiaetivities performed. After baseline,
participants came back to the lab for their fingpervised session, in 6-to10-persons groups
(week 1), during which the experimenter presentedttaining program on the web platform.
Then, participants began their computerized cogmitraining or control activity at home.
Two other supervised sessions (in week 4 and weeknsisted of the presentation of normal
ageing and cognitive functioning. During these imgss participants discussed about what
they liked or disliked in the program, and expodéticulties they had encountered. Finally,
five weeks after the last supervised session (i@¢kthe post-training evaluation took place.
Participants from the CT + DS group completed t2€minute simulator driving sessions
each time they came for these supervised-sesdibesexperimental design is summarized in
the Table 1.

Table 1. Overview of the experimental design widtadled content of the evaluations and
interventions provided to older drivers. CT: cogattraining. CT + DS: cognitive training +
driving simulator experience. OE: over-estimatt/&: under-estimators.

Nature of Duration and number of Content
the participants concerned
intervention

Evaluation - Before and after training - Self-assessment of cognitive abilities
- 2h each time - Objective evaluation
- All participants (N = 120) - Trail Making Test (A
and B)
- Digit Symbol

Substitution Test

- Subjective evaluation




(questionnaire)
- Cognitive evaluation
- UFOV® test
- On-road driving evaluation

- Test Ride for Investigating
Practical fitness to drive

- Behavioral observation grid

CT 36h of computerized 20 cognitive exercises with 15
cognitive training difficulty levels each
during 3 months . .
Exercises focused ont: attention,
N =40 (20 OE + 20 memory, visuo-spatial abilities,
UE) executive functions
CT +DS 35h of computerized Cognitive training
cognitive trainin . . .
du?ing 3 monthsg - ZQ pognltlve exercises with 15
difficulty levels each
1h of simulated £ ises f d on:
driving (3*20 min) - Exercises focused on:
attention, memory, visuo-
N =40 (20 OE + 20 spatial abilities, and executive
UE) functions
Driving simulator experience
- 5 scenarios with 3 difficulty
levels each
- Situations: pedestrian crossing,
intersection with traffic lights,
vehicle following, left-turn,
and overtaking on a highway
Neutral 36h of reading during Articles available on a web platform
activit 3 months . . .
y Various themes of reading provided
N =40 (20 OE + 20
UE)
Supervised 3 sessions on week 1 Informative talks about normal ageing
sessions (beginning of the and cognitive functioning

training), week 4, and
week 7

3h each time

All participants (N =




120)

Statistical analyses

Statistical analyses were performed on Statistisaf®vare. Cognitive and driving data were
statistically analyzed with repeated-measures dalyais of variance (ANOVA) using a

design with 2 groups (between subject factor: Cd @i + DS groups) X 2 time conditions
(within-subject factors: baseline and post-traifirigriving data (TRIP’s scores and penalty
scores from the behavioral grid) were transforrmed standardized z-scores.

RESULTS

Of the 120 expected participants included in oudgt 67 have finished the experiment.
Among them, 40 followed the CT (18 UE and 22 OH) aid the CT + DS program (14 UE
and 13 OE). Participants of both training grouph ribt differ in age neither in the time they
spent on the training. Characteristics of the sanapé detailed in Table 2. In addition, one
participant could not complete the UFOV® during fiest-training evaluation because of a
problem with the computer.

Table 2. Characteristics of the 67 participants. £Tognitive training group. CT + DS =
cognitive training coupled with driving simulatoxperience. UE = under-estimator. OE =
over-estimator. SD = standard deviation.

CT CT +DS
UE OE UE OE

Total

Number of
participants
Age (mean + SD

18 22 14 13 67

74627 T47+41 756+41 754+45 75& 3.

years)
Gender 62,1248 992,138 42,108 492,98 239,443
Playtime (mean= 51 3 4 10.8 27.3+11.2 29.1+11
SD hours)
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Cognitive performance

Repeated measure of ANOVA of the UFOV® data showdine effect on the processing
speed E(1, 64) = 5.68p = 0.02, partial eta-squared: 0.08), the seleatiseal attentionK(1,
64) = 16.5p = 0.0001, partial eta-squared: 0.20), and theddilivisual attentionH(1, 64) =
5.82,p = 0.019, partial eta-squared: 0.08), without aning effect. Participants of both
training groups significantly improved their visuatention performance, resulting in shorter
reaction times after training at: i) the speed ofcpssing sub-test (-28%), the divided
attention subtest (-33%), and iii) the selectiveration sub-test (-14%).

Driving performance

TRIP grid

Statistical analyses did not show any modificatbérthe TRIP’s total score~(1, 65) = 2.41,

p = 0.12) neither of the tactical compensatory stdres (1, 65) = 0.36p = 0.55), nor of the
operational sub-scord-(1, 65) = 0.86,p = 0.36) for both experimental groups. However,
participants improved their tactical sub-scoFg1( 65) = 5.69,p = 0.02) regardless the
training they completed.

Behavioral observation grid

The Spearman correlation test revealed a negabirelation between the TRIP’s total score
and the penalty total score both at baseline (.53; p < 0.001), and after training= -0.30,

p = 0.013), indicating that the fitness to drivetedmined by the driving instructor, is
associated with few driving errors, mentioned iy éxperimenter.

Statistical analyses of the standardized scoresn fite behavioral observation grid did not
show any modification of the total penalty scofg1l( 65) = 1.67,p = 0.20) for both
experimental groups. By analyzing in detail eacmeahsion rated in the grid, repeated
measures of ANOVA showed no post training changesHhe visual attention penalty sub-
score F(1, 65) = 0.41p = 0.53), neither for the interaction with otheads users penalty
sub-scoreK(1, 65) = 0.40p = 0.53), nor for the planning penalty sub-scéi@l ( 65) = 0.98,

p = 0.32), nor for the lane positioning sub-scdfél( 65) = 0.23p = 0.63), and nor for the
driving instructor interventiond=(1, 65) = 1.28p = 0.26). By contrast, repeated measures of
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ANOVA indicated a time X training group interactiéor the speed adaptation penalty sub-
score F(1, 65) = 6.39p = 0.014), and for the car control handling penalilg-scoreK(1, 65)

= 5.19,p = 0.026). For both dimensions, these penalty solbes decreased after training for
the CT group, whereas they increased for the CTend8p.

Self-assessment of cognitive abilities

After training, the comparison between objectived aubjective cognitive data of our
participants was performed, as described above(itadt al., 2014). Results of this cognitive
self-assessment are presented in Table 3. This shlolws that, compared to baseline, half of
the participants from the CT group and a little entivan a third of those from the CT + DS
group correctly self-assess their cognitive al#itafter training.

Table 3. Self-assessment of cognitive abilitie§ddrivers at baseline and after training. CT
= cognitive training group. CT+DS = cognitive trimig coupled with driving simulator
immersion. UE = under-estimator. OE = over-estimdii = correct estimator.

CT CT+DS
Baseline Post-training Baseline Post-training
UE 18 5 14 8
OE 22 15 13 8
CE - 20 - 11

DISCUSSION

After three months of cognitive training, both gpsusignificantly improved their speed of
processing and visual attention. This result iadgoordance with a previous research in which
a cognitive training combined to physical exerciadswed a beneficial contribution on the
speed of processing and visual attention (Marnmeeletral., 2009). Our cognitive training
contained several exercises focused on visualtattereffective to enhance the width of the
useful field of view of our participants. Hence,rigapants have less difficulty to detect
peripheral visual information. Moreover, the threessions of simulated driving did not
change the visual attention performances at the \l@@st, as previously demonstrated by
Roenker and colleagues (2003). Performances dUf@V ® test are associated with crash
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risk and also on road driving performance (Balalet 1993; Owsley et al., 1991, Sims et al.,
2000, Whelihana et al., 2005). Thus, the improvermérisual attention should be associated
with a reduced crash risk and better driving penfamces.

The hypothesis was that the driving simulator abaotron would allow a transfer of the
cognitive training benefits on the road. Resultsdriving performance showed that both
training programs improved the tactical sub-scdréhe TRIP. This finding indicated that
participants improved their adaptation in termslasfe changing, safety distances, speed
regulation and anticipation regarding changesaffitr or related to unexpected events. This
finding suggests that both training programs imptbt¥he executive functioning and more
precise planning and anticipation during a completwvity: driving.

Furthermore, in this study we used another toolkssess the driving performance: the
behavioral observation grid, assessed by the expeter. Analyses showed a negative
correlation between the total penalty score oflibkavioral observation grid and TRIP total
score, which indicates the validity of this toahdeed, as the TRIP’s total score increases,
suggesting an improvement of the driving perfornearntbe total penalty score decreases.
Analysis of the behavioral observation grid demiatst that participants from the CT group
improved their speed adaptation and car controtlivag after training (for example, after
training, participants drove less slowly and bettdapted their speed choice, depending on
the driving situations), whereas participants fribvea CT + DS group made more mistakes in
these dimensions (for example, after training, ip@dnts drove more above the speed
limitations and had more difficulties with the geshifting and the speed of the engine). This
result goes against literature findings indicatm@ns on visual checking strategies, lane
changing or indicator use after a driving simuldtaming (Roenker et al., 2003; Lavalliére et
al., 2012). Contrary to our hypothesis, our drivsigiulator experience did not allow the
transfer of training benefits on the road, and ekad the opposite effect regarding speed
adaptation and car control handling. We notice tthet “speed adaptation” dimension
appeared both in the TRIP’s tactical score antiénbiehavioral observation grid. Our analysis
led to contradictory results: on one hand, the dmaaptation improved for all participants,
and on the other hand, it reduced for particip&nat® the CT + DS group. This finding could
indicate that our behavioral observation grid corgd more details on drivers’ behavior, and
allowed a more precise analysis of their drivingvéty. Another explanation could be that
the driver instructor and the experimenter didimmte the same assessment strategies. Further
research should be conducted to investigate ther-iater reliability of this driving
assessment tool. Moreover, analysis of the behavavservation grid did not show any
improvement of the visual attention while drivinfjea training, despite the improvement of
the UFOV® performances. This could be explainedHgyfact that in the driving situation,
the task was more complex than during the tesg tha size of the useful field of view of
driver can be reduced because of the high atteadtalemands induced by the driving activity
(Simoes 2003).
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Results regarding the self-assessment of cogratiéies indicated that the pure CT is more
effective than the CT + DS program to improve tbgrative self-assessment of older drivers.
Indeed, the CT program allowed half of the groupbecome CE after training (20
participants on 40), against a little more tharh&dtfor the other training program (11
participants on 27). This finding shows that thewated driving immersion did not increase
the self-awareness of cognitive abilities. We sgapthat feedback received on their driving
performances reduced participants’ self-confideritavould be interesting to analyze the
simulated driving performance of the participants.addition, both training programs are
more effective for UE than for OE (21 CE post-tmaghon the 32 initial UE, against 10 CE
post-training on the initial 35 OE). Interestinglyhen analyzing the training compliance, no
difference in the total playtime between both gowas shown. However, when examining
each training group, we notice that UE trained ificgmtly more than OE in the CT + DS
group (32h versus 22h, respectively), in contrasthat was found for the CT group (32h for
the UE versus 29h for the OE, no significant ddfese between both). One possible
explanation for this difference could be that as @T + DS group had the simulated driving
activity besides the cognitive training, the OE &yemay be, more interested in driving the
simulator than in the CT because they thought thdynot need it. To summarize, the pure
CT allows a better self-awareness of cognitiveitadsl and improves the self-confidence of
older drivers who under-estimate their cognitivelids, thanks to the feedback which
provided information on progress made. Conversaly,all participants improved after
training, we suppose that feedback comforted OEthmn feeling that they were good
performers, and it was more difficult for them trrectly self-assess their cognitive abilities.
Finally, it would be interesting to analyze datanfrthe driving simulator experience and see
if performances could explain the difference obedrsetween both groups.

CONCLUSION AND PERSPECTIVES

To conclude, first results of this study show thaB6 hours of cognitive training is more

effective to improve the self-assessment of cogmitibilities of older drivers than the same
training program coupled with a driving simulatotperience. Furthermore, UE are more
susceptible than OE to this sort of training and better cognitive self-estimators after

following the program. In addition, both cognititeaining programs enhance the useful
visual field of view of our participants during amputerized task. Nevertheless, the visual
attention evaluated during the on road driving tlests not change after training. However, all
participants show better planning and anticipatiaring the on road driving test. Thus, some
benefits of this computerized cognitive trainingh dse transferred on road. Finally, it should
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be notice that the experiment is still in progrésence, other participants from the CT + DS
group are achieving their training and other aredysill be performed later.

A limitation of this study is that some participarfelt uncomfortable when they drove the
simulator. Even if they could continue after shioréaks, this moderate simulator sickness
could have affected drivers’ performances.

As it was mentioned above, the experiment is stihoing and will end by the end of May
2015. Next analyses, including the control group] thereby performed on bigger samples,
will allow a better understanding of the effectiesn of each intervention.
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