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H I G H L I G H T S

� What does interfere with the virtual task of driving?

� Older adults require a longer adaptation time to the driving simulator.

� Main predictors of braking time are age e muscle strength.

A R T I C L E I N F O A B S T R A C T

Context: Many studies show the importance of evaluating the adaptation time of subjects in a virtual driving envi-

ronment, looking forwards to a response as closest as a possible real vehicle.

Objectives: This study aimed to identify and analyze the adaptation to the driving simulator in older adults and

middle-aged adults with and without a distraction, and a secondary aim was to identify predictors of safe perfor-

mance for older adults’ drives.

Design: Male and female middle-aged adults (n = 62, age = 30.3 ± 7.1 years) and older adults (n = 102,

age = 70.4 ± 5.8 years) were evaluated for braking time performance in a driving simulator; cognition perfor-

mance assessment included the Mini-Mental State Examination; motor evaluation included ankle flexor muscle

strength with the isokinetic dynamometer and handgrip strength; the postural balance was evaluated with Timed

Up and Go test, with and without a cognitive distraction task.

Results: Older adults (men and women) and middle-aged adult women require more time to adapt to the driving

simulator. The distractor increases the adaptation time for all groups. The main predictors of braking time for

older women are age, muscle strength, and postural balance associated with distraction, and for older men, mus-

cle strength.

Conclusions: Age, sex, and distractor interfere in the adaptation of the virtual task of driving in a simulator. The

evaluation model developed with multi-domains demonstrated the ability to predict which skills are related to

braking time with and without the presence of the distractor.
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Introduction

Driving is a task that involves a fast and dynamic interaction of hear-

ing, vision, cognition, and psychomotor skills, which may be compro-

mised by the aging process and lead to an increased risk of accidents.1

According to the Insurance Information Institute.2, in the United States,

older drivers are the second largest group of individuals involved in fatal

accidents.

In traffic, subjects need to keep their attention steady and divided to

make correct decisions, but cognitive and auditory stimuli within (radio,

mobile phones, and conversations) or outside of the vehicle (horns,

headlights, and pedestrians) can be distracting and hinder driving. The

mobile phone has been evaluated as an important factor of distraction,

and a potential cause of accidents.3−6

Many studies evaluated the effect of distractors during the driving

task in the driving simulator. There is an adaptation period for the use of

the driving simulator (virtual environment) before the evaluation,

excluding the learning effect of the equipment, for the closest result to

that obtained in driving a real vehicle.7 There are only a few studies on

the adaptation time (motor and cognitive) for the use of the driving sim-

ulator, especially in older adults.7

Thus, this study aimed to identify and analyze the adaptation to the

driving simulator in older adults and middle-aged adults with and with-

out a distraction; and the secondary aim was to identify predictors of the

safe performance of older adult drivers.

Methods

Experimental design, local and ethics

This was a cross-sectional study conducted was performed at the

Motion Study Laboratory of the Institute of Orthopedics and Traumatol-

ogy, Hospital das Clínicas, University of S~ao Paulo School of Medicine,

approved by the Ethics Research Committee (protocol number: 0468/

10).

Participants

The authors evaluated 164 males and females divided into two

groups: 102 individuals over 65 (70.4 ± 5.8 years), recruited at the Geri-

atrics Outpatient Department of Hospital das Clinics, School of Medi-

cine, University of S~ao Paulo; and 62 middle-aged healthy adults

between the ages of 30 and 40 (39.3 ± 7.1 years). The inclusion criteria

were: to have a valid driver’s license during the past five years; regular

driver (at least two days per week); the absence of vestibular, proprio-

ceptive, auditory, neurological, and/or mental impairment; not using

any medication that could affect the ability to drive; the absence of dis-

eases or surgeries in the lower limb, surgeries that could influence the

mobility; without any functional limitations regarding the joint range of

motion from the ankle, knee, and hip. Subjects who, for any reason,

were unable to carry out one or more of the proposed evaluations were

excluded from the study.

Procedures

All subjects agreed to participate in the study by reading and signing

the informed consent form. After that, they answered a questionnaire

with personal information, socio-demographics, and driving history.

Assessments

Cognitive assessments

Mini-Mental State Examination (MMSE) consists of 11 items (30-

point) that assess domains of orientation, short-term memory, attention,

and visual space.8

Motor assessments

Timed Up and Go Test (TUG)- Comprised of mobility, transfers, gait,

agility, strength, and postural balance that are measured in TUG. Func-

tion test was performed with and without distractors as a cognitive task.

The subjects performed the task of standing up from a chair, walking

with a usual speed for ten feet, turning back, and sitting again. Time (in

seconds) was measured. The TUG with distraction was performed with

the same test adding the task of verbalizing animals’ names.9

Isokinetic Dynamometry: Maximal dynamic strength of plantar flexor

muscles of the dominant and non-dominant limb was measured using

the isokinetic dynamometer (Biodex System 2, USA). Subjects were

placed in a seated position with support in the distal region of the thigh

and the sol resting on a rigid plate. The axis of the ankle joint was

aligned with the mechanical axis of the dynamometer with the knee

at 30° of flexion. Subjects were held in position with one pelvic and two

thoracic belts, and velcro bands over the distal portion of the thigh and

the area of the metatarsals in the dorsal region of the foot. Three sub-

maximal attempts were performed to become familiarized with the

equipment procedure. Verbal encouragement was given throughout the

trials to motivate the subjects. Two tests were performed with five repe-

titions at the angular velocity of 30°/s, starting with the dominant limb.

For the data analysis, the measurements of the second test (10) were

considered. The following variables were used: Peak Torque corrected

for Body Weight (PT/BW) given in percentage (%), and Total Work per-

formed on the five repetitions (TW) given in Joules (J).10,11

Hand Grip strength: The Jamar® dynamometer was used. The sub-

jects remained seated with their arms parallel to the body, shoulder

adducted, elbow flexed at 90°, and forearm and wrist in a neutral posi-

tion. Three measures were performed in the dominant and non-domi-

nant hands in an intercalated fashion, with an interval of one minute

between trials. For analysis, the average of the three values obtained in

kilogram-force (kg/f) was used.11

Driving simulator test

The authors used the FOERST brand simulator, Car-Simulator

“Trainer” Type F12PT. The specific task of driving was applied on a

highway with single lanes and without traffic. The parameter used was

the braking time. Subjects were instructed to sit in the simulator, adjust

the seat and seatbelt and start the equipment with a key, similar to that

used in real vehicles. The “reaction time” test was used, in which the

word “stop” appeared randomly during the course and would indicate

that subjects should brake. The braking time (in seconds) was collected

between the appearance of the “stop” command and the subject pressing

the brake with the right foot. This command was repeated five times and

at the end of the 3.3 km course, five measurements of the braking times

and the time taken to complete the course were collected.11 The proce-

dure was repeated with the driver holding a conversation (as a distrac-

tor) with the evaluator about family and home aspects.

Statistical analysis

The data was analyzed in SPSS Statistics 22.0 for Windows (SPSS,

Inc.). Descriptive data were presented by means and standard devia-

tions. The 5% level of significance was used in the statistical analysis.

The normality and homogeneity of variances were confirmed by the Kol-

mogorov-Smirnov and Levene tests, respectively.

To observe the effect and interaction (repetitions * age * sex * dis-

tractor) between the groups, the authors used the analysis of variance

with repeated measurements and the Bonferroni test with the post-hoc

for multiple comparisons.

Simple linear regression (forward mode) was performed to investi-

gate whether independent variables predict braking performance, sepa-

rated by sex, and with or without the distractor with the older adults.

The variables were included in the following order:

Model 1: Sociodemographic; Model 2: Cognitive and sociodemographic,

and Model 3: Sociodemographic, cognitive, and motor. The multiple
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linear regression model was used to associate the independent variables

with braking time, separated by sex and with or without the distractor.

Only the variables that showed association with p ≤ 0.05 were included

in the final model. These variables were ranked from the lowest to the

highest p-value. Independent variables were added to the model using

stepwise forward selection (for example: variables were added one by

one according to their position in the sequence). Only the independent

variables with p ≤ 0.05 remained in the final model.

Results

The baseline analysis is presented in Table 1.

During the driving task without the distractor, adaptation during the

repetitions (tests 1 to 5) (F1.4 = 15.3; p < 0.001) was affected by the

groups (F1.3 = 35.1; p < 0.001), but not by the interaction (repetitions

* groups) (F1.19 = 0.9, p = 0.53). Multiple comparisons with the Bon-

ferroni test showed that the older women (Test 1 and 3, p = 0.01) and

the older men (Test 1 and 3, p = 0.004) adapted to the simulator after

the third attempt. The middle-aged adult women maintained a constant

value between the tests without significant differences, thus there was

no adaptation process, and the middle-aged adult men adapted in the

second repetition (Test 1 and 2; p= 0.05) (Fig. 1).

Comparing the groups by age and sex (without distractor) was

observed that there were significant differences between the older

women and older men (p = 0.04); middle-aged adult women and men

(p = 0 < 0.001) and middle-aged adult men and older men (p < 0.001);

older adults and middle-aged adults (p < 0.001) and middle-age adult

women and middle-age adult men (p < 0.001) in the adaptation time

(Fig. 1).

Still in the driving task in the presence of the distractor, the adapta-

tion during the repetitions (Tests 1 to 5) (F(4) = 4.546, p = 0.001) was

affected by the group (F(3) = 44.775, p < 0.001). The interaction

between group*repetitions was significant (F(19) = 7121.8, p < 0.001)

(Fig. 1).

The older women didn’t present adaptations during the five repeti-

tions (F(4) = 0.829, p=0.508) as well as middle-aged adult women (F

(4) = 0.604, p = 0.661) and middle-aged adult men (F(4) = 1.263,

p= 0.287). The older men adjusted in the last test (p= 0.057) (Fig. 1).

Comparing the groups by age and sex (with distractor) the authors

observed that there were significant differences between the older

Table 1

Demographic characteristics of the older adults and Middle-aged adult group.

Older adults Middle-aged adults

Women (n= 51) Men (n= 51) Total (n= 102) Women (n=31) Men (n= 31) Total (n= 62)

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Age (years) 68.0 (4.5) 72.5 (5.7) 70.4 (5.8) 41.3 (6.9) 38.0 (6.9) 39.3 (7.1)

Years licensed 38.8 (7.7) 47.0 (8.9) 42.8 (9.2) 18.0 (6.4) 17.8 (7.3) 17.9 (6.6)

Years of education 12.5 (2.8) 12.5 (3.3) 12.6 (3.0) 16.1 (3.3) 15.3 (1.5) 15.7 (2.5)

MMSE 27.5(2.2) 27.5 (2.4) 27.5 (2.3) 28.1 (1.6) 28.3 (2.0) 28.3 (1.8)

Hand grip (kgf) (DS) 26.1 (5.3) 40.1 (9.0) 33.2(10.2) 29.6 (6.1) 49.7 (7.0) 39.7 (12.0)

Hand grip (kgf) (NDS) 23.7 (3.8) 36.3 (8.3) 30.1 (9.0) 27.0 (4.6) 47.1 (8.4) 37.0 (12.1)

PT/BW (%) 64.2 (23.6) 82.9 (34.4) 73.5 (30.8) 87.2 (34.4) 111.4 (38.2) 99.5 (38.1)

Total work (J) 60.3 (41.4) 96.5 (54.5) 78.4 (51.5) 85.7 (39.0) 139.4 (68.0) 113.0 (61.5)

TUGT (s) 7.6 (2.0) 7.7 (2.3) 7.6 (2.1) 6.1 (1.7) 5.7 (0.9) 5.9 (1.4)

Cognitive TUGT (s) 8.9 (3.3) 8.8 (2.9) 8.9 (3.1) 6.5 (2.0) 5.7 (0.9) 6.1 (1.6)

Breaking time (s) (with conversation) 1.2 (0.3) 1.1 (0.2) 1.2 (0.3) 1.1 (0.3) 0.8 (0.1) 1.0 (0.2)

Breaking time (s) (without conversation) 1.2 (0.3) 1.1 (0.2) 1.1 (0.3) 1.0 (0.2) 0.8 (0.1) 0.9 (0.2)

M, Mean; SD, Standard Deviation; MMSE, Mini-Mental State Examination.

Fig. 1. Different groups (age and genre) comparing breaking time with and without distraction.
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women and middle-aged adult women and middle-aged adult men and

older men (p < 0.001); older men and middle-aged adult women and

middle-aged adult and older adults (p < 0.001) and between middle-

age adult women and men (p < 0.001) in the time of adaptation

(Fig. 1).

The linear regression model for the analysis of braking time as a

dependent variable in older adults is shown in Table 2. In model 1, the

independent variables age and the number of years licensed

explain 16% of the braking time in the non-distractor situation and

23% with the distractor. In model 2, the independent variables age, the

number of years licensed, and cognitive domain explains 17% of braking

time without the distractor and 23% with the distractor. In model 3, the

independent variables age, number of years licensed, cognitive domain,

and motor explain 38% of braking time without the distractor and

35% with the distractor.

Table 3 shows the linear regression model for analysis of braking

time as a dependent variable in the older adults group. In model 1, the

independent age and number of years licensed variables to

explain 1% of the braking time in the non-distractor situation and

11% with the distractor. In model 2, the independent variables age, the

number of years licensed, and the cognitive domain explains 18% of

braking time without the distractor and 11% with the distractor. In

model 3, the independent variables age, number of years licensed, cogni-

tive domain, and motor explain 12% of braking time without the distrac-

tor and 21% with the distractor.

Table 4 shows the predictors of braking time with and without the

distractor in older adult drivers divided by sex. The cognitive TUGT

explained 18% of braking time in older adults without the distractor.

The age and hand grip strength of the non-dominant side together

explained 30% of the braking time of the distracted older women. In the

older men, the hand grip strength of the dominant side explained 8% of

braking time with the distractor.

Discussion

Age, sex, and the presence of a distractor interfere with the adapt-

ability to perform the critical tasks of driving in the driving simulator,

such as braking. In older women, TUG with distraction (dual task: cogni-

tive and motor), age, and muscle strength were the most determinant

factors in the braking time, a distinct behavior of the older adults, in

which only muscle strength was identified as a factor.

Older women and older men required more attempts to adapt to the

driving simulator than middle-aged adults men. These results are similar

to those of Kawano et al.12 who report that these differences occur

because middle-aged adults are more adapted to virtual environments

like in daily activities. Ball et al.13 reported that older adults have a defi-

ciency in divided and selective attention and the ability to rapidly pro-

cess visual information, factors that may justify the longer adaptation

time. The need for an adaptation period in a virtual environment of the

driving simulator can be transferred, for example, to driving different

vehicle models. Thus, a recommendation, particularly for older drivers,

would be to avoid driving unfamiliar vehicles in the most dangerous

conditions (at nighttime, in the rain, and on high-speed highways).

Women (older adults and middle-aged adults) require more attempts

to adapt to the driving simulator, which is different from the results of

Sahami and Sayed,7 who did not find differences between the sexes con-

cerning the average speed adaptation, although a smaller sample size

of 24 subjects was evaluated in this study.

A simple conversation (distractor) interfered with the ability to adapt

to the driving simulator. No similar studies were found for comparison;

however, it is an important finding because conversations with other

occupants in a vehicle are common in actual driving environments, and

can, therefore, cause accidents. Strayeret et al.14 attribute these deficien-

cies to the cognitive domain by diverting attention during the processing

of information necessary to drive safely the vehicle.

Table 2

Linear regression model using braking time with and without distraction as a dependent variable in the older women (n= 51).

Variables Model 1 Model 2 Model 3

β SE β SE β SE

Without distraction

Socio-demographic domain

Age (years) 0.411 0.011 0.439 0.011 0.249 0.011

Years od licensed (years) -0.023 0.006 -0.026 0.006 0.060 0.006

Cognitive domain

MMSE -0.011 0.020 -0.080 0.021

Years of education (years) 0.116 0.016 0.170 0.018

Motor Domain

Hand grip (kgf) (DS) -0.259 0.012

Hand grip(kgf) (NDS) 0.067 0.017

PT/BW (%) -0.383 0.003

Total work (J) 0.359 0.002

TUGT (s) -0.102 0.040

Cognitive TUGT (s) 0.390 0.024

R square 0.16 0.17 0.38

With distraction

Socio-demographic domain

Age (years) 0.481 0.012 .480 .013 .346 .014

Years od licensed (years) -0.004 0.007 -0.003 0.007 0.046 0.008

Cognitive domain

MMSE -0.008 0.023 0.066 0.025

Years of education (years) 0.003 0.018 0.008 0.021

Motor Domain

Hand grip (kgf) (DS) -0.058 0.015

Hand grip(kgf) (NDS) -0.194 0.020

PT/BW (%) -0.174 0.004

Total work (J) 0.173 0.002

TUGT (s) -0.051 0.048

Cognitive TUGT (s) 0.246 0.028

R square 0.23 0.23 0.35

β, Beta Value; SE, Standard Error; MMSE, Mini Mental State Examination; kgf, Kilogram-force; DS, Dominant Side; NDS, Non-Dominant Side; PT/BW, Peak Tor-

que corrected for Body Weight of the ankle’s plantar flexors; J, Joules; TUGT, Time Up Go Test; s, seconds.
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The multifactorial model, including demographic, motor, and cogni-

tive, was able to explain 38% (without distractors) and 35% (with dis-

tractors) in older women and 12% (without distractors) and 21% (with

distractors) in the older men, in the braking time, which’s a key action

for safe driving. The distractor factor acts on motor and cognitive

responses and needs to be considered in the development of interven-

tions to improve vehicular operating capacity in older adults. Anstey

et al.15 and Alonso et al.11 showed that cognitive and physical factors

are related to safe driving. Safe driving requires an accurate assessment

of each situation, rapid processing of information for decision-making,

and fast response.

The regression model showed that cognitive TUG performance

explained 18% of braking time in older women. Asimakopulos et al.16

report that the adequate execution of the dual task (driving) associating

the breaking function with motor responses is fundamental for safe

driving: to understand what happens in the environment and to respond

at an appropriate time.

In older women, age and muscle strength explained 30% of the brak-

ing time, in the presence of the distractor. Awadzi et al.17 demonstrated

that women have a greater risk of traffic accidents due to lower muscle

strength. Dykiert et al.18 states that the action of estrogen on the cingu-

late cortex can affect the attention system of women and impair driving

performance. Another important socio-cultural factor is the lower expe-

rience and frequency with which women drive in comparison to men in

the same family.19

Some of the findings of this study, which relate the functional and

cognitive losses of aging to the changes in driving, were already known,

and there is a vast amount of literature on this subject, which is certainly

very present due to the aging of populations.11,20 However, the question

of adapting or learning new tasks involving the integration of motor and

cognitive activity with quick decision-making, such as driving, can be

hampered by distractions such as conversation, age, and sex. For older

adults, some usual occurrences such as using a new vehicle, driving in

unfamiliar places, or using guidance technologies can act as distractors

(double task) and can decrease safety.

Age and sex interfere in the period of adaptation of the individual to

the new task (driving in a simulator). Driving simulator studies require a

period of adaptation so that the evaluation is closer to actual driving

conditions.7 The need for a longer adaptation period is not restrictive for

driving, but the drivers must know their limits, thus ensuring greater

safety.

Requirements for older drivers for vehicular operating capacity

would need to be broader, as the functional and cognitive losses of aging

are insidious and affect people in different ways.11

Some study limitations are related to the multifactorial ability neces-

sary for driving. Some other variables, not addressed in the present

research, such as vision and more specific cognition, may also interfere.

Table 3

Linear regression model using braking time with and without distraction as a dependent variable in the older men (n= 51).

Variables’ Model 1 Model 2 Model 3

β SE β β SE

Without distraction

Socio-demographic domain

Age (years) -0.064 0.008 -0.080 0.008 0.031 0.010

Years od licensed (years) -0.082 0.005 -0.67 0.005 -0.107 0.006

Cognitive domain

MMSE -0.006 0.017 -0.007 0.021

Years of education (years) -0.051 0.013 -0.086 0.014

Motor Domain

Hand grip (kgf) (DS) -0.132 -0.008

Hand grip(kgf) (NDS) 0.325 0.009

PT/BW (%) 0.391 0.002

Total work (J) -0.382 0.001

TUGT (s) -0.032 0.039

Cognitive TUGT (s) 0.124 0.031

R square 0.01 0.18 0.12

With distraction

Socio-demographic domain

Age (years) 0.252 0.007 0.221 0.008 0.073 0.009

Years od licensed (years) 0.125 0.005 0.155 0.005 0.203 0.005

Cognitive domain

MMSE -0.022 0.015 -0.055 0.018

Years of education (years) -0.101 0.011 -0.171 0.012

Motor Domain

Hand grip (kgf) (DS) -0.409 0.007

Hand grip(kgf) (NDS) 0.124 0.008

PT/BW (%) 0.048 0.002

Total work (J) -0.005 0.001

TUGT (s) -0.017 0.035

Cognitive TUGT (s) -0.054 0.028

R square 0.11 0.11 0.21

β, Beta Value; SE, Standard Error; MMSE, Mini-Mental State Examination; kgf, Kilogram-force; DS, Dominant Side; NDS, Non-Dominant Side; PT/BW, Peak Tor-

que corrected for Body Weight of the ankle’s plantar flexors; J, Joules; TUGT, Time Up Go Test; s, seconds.

Table 4

Multiple Stepwise Linear Regression for predictors of braking time with and

without distractor in the older adults divided by sex.

Older women β SE p r2Adjusted

Without distractor

Cognitive TUGT (s) 0.428 0.013 0.002 0.18

With distractor

Age (Years) 0.433 0.10 0.001 0.30

Hand grip (kgf) (NDS) -0.05 0.002 0.008

Older men

With distractor

Hand grip (kgf) (DS) -0.294 0.004 0.036 0.08

β, Beta Value; SE, Standard Error; MMSE, Mini-Mental State Examination; kgf,

Kilogram-force; DS, Dominant Side; NDS, Non-Dominant Side; PT/BW, Peak

Torque corrected for Body Weight of the ankle’s plantar flexors; J, Joules;

TUGT, Time Up Go Test; s, seconds.
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The driving simulator does not accurately reflect real-life situations, but

it is very useful for assessing the skills required to drive, for safety, con-

trol, and standardization of the tests performed.

Conclusion

This study showed that cognitive and physical factors are related to

safe driving, and functional and cognitive losses of aging to the changes

in driving.

An important contribution of this study is that drivers’ companions

should avoid distracting them, even with a simple conversation, as this

reduces vehicle driving safety.

In addition, maintaining physical activity and/or physical exercise,

prioritizing muscle strength, is an important task to keep these elderly

people driving longer, as well as to work on their cognitive functions.
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