
Introduction

In Japan, an increasingly aging population has been 
accompanied by an increase in automobile accidents. In 
2016, drivers aged 75 and older caused 13% of all fatal 
accidents [1]. Such accidents are associated with age- 
related cognitive decline [2, 3]; thus, cognitive evalua-
tions are now mandatory to renew the licenses of drivers 
over 75. According to the National Police Agency, 

enforcement of this new law resulted in 1,120,000 indi-
viduals undergoing cognitive function testing between 
March and September 2017. Examination resulted in 
300,000 aging drivers to be diagnosed with possible 
dementia; 697 (0.23%) had their licenses suspended or 

driving ability via a written cognitive function test ad-
ministered during license renewal. 

Pre-driving (i.e., driving simulation) and practical 
driving (i.e., road driving) tests can be incorporated 
into comprehensive evaluations aiming to help disabled 
individuals resume driving. The Trail Making Test 
(TMT)— assessing attention, visual search, information 
processing speed, and executive function—is used for 
neurophysiological aspects of pre-driving evaluations 

-
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tal State Examination (MMSE) also measures cognitive 
function; it may be administered when evaluating an 
older driver. A study using standardized road driving 
evaluations, neurophysiological examinations, and med-
ical tests to assess Alzheimer’s patients found that the  
MMSE usefully predicted older adults’ driving ability 
[8]. However, others have suggested that cognitive 
function tests, such as the MMSE, cannot adequately 
determine the driving ability of older adults with early- 
stage dementia [9]. Pre-driving evaluations of this nature 
—even those that include neurophysiological examina-

-

of driving evaluations [10]. Additionally, among older 
adults, cessation of driving has been associated with 
a worsening of depressive symptoms [11, 12] and the 
shrinking of one’s social network [13]. Therefore, new 
research is needed that examines diagnostic methods 
under which older adults and individuals with cranial 
trauma may resume or continue driving.

Hazard perception (HP), the process of responding 

[14], is a critical ability for safe automobile operation; 
it is “the ability to read the road and anticipate forth-
coming events” [15, 16]. Further, research indicates that 
HP is related to processes such as “anticipation” and 
“surprise” [14, 17]. HP paradigms have been used in 
evaluations wherein several minutes of driving footage 
are played for participants who must identify hazardous 
events as they occur [18]. However, these methods do 
not assess participants’ real-time behavior in response to 
hazards. Consequently, it is imperative that evaluations 
of automobile driving ability include tests that examine 
the entire chain of processes from HP to vehicle opera-
tion. 

The palmar sweating response (PSR) and electro- 
dermal activity (EDA) occur when humans are surprised 
or perceive hazards. PSR is an indicator of “mental 
sweating” or “emotional sweating” [19]. It can closely 

 
22]. The PSR can also be elicited by situations in which 
one “steels oneself” in response to unfamiliar situations 
or by higher-order neurological activity, like mental 

-

the cerebral cortex, the central mechanism is closely 
related to the limbic system [23, 24]. The amygdala, an-
terior cingulate gyrus [25], and insula [26] are involved 

eccrine sweat glands and can be broadly differentiated 
into skin potential activity (SPA) and skin conductance 
activity (SCA) based on the methods used to measure 

skin response (GSR) or skin conductance response 
(SCR).

One study measured participants’ GSR during driv-

tension during driving tasks [30]. Further, research mea-
suring drivers’ SCR found a strong correlation (r = 0.95) 
between driving SCR and brake pressure, with SCR 
occurring 0.2 seconds prior to accelerator release and 1.9 
seconds prior to braking [31]. In a study showing video 

novice drivers [20]. Research that involved playing HP 
video clips to three experimental groups of drivers— 
training drivers, novice drivers, and experienced drivers 
—showed that the SCR of experienced drivers was 
twice that of novice drivers and three times that of train-
ing drivers, suggesting that HP is a skill learned through 
driving experience [32]. The above results indicate that 
PSR and EDA are experimental measures that can ap-
propriately evaluate drivers’ HP ability.

We developed a computer-based driving simulator 
apparatus [33] to assess drivers’ HP abilities. Actual 
automobile parts were used for the steering wheel, 
accelerator, and brake pedal, which were connected to 
a spring-based system to provide appropriate resistance 
and feedback. Steering wheel, accelerator, and brake 
pedal responses were measured using a potentiometer 
connected to a computer via an analog-to-digital (A/D) 
converter. These responses were recorded alongside the 
output signals of a perspiration meter (SKINOS SKN-
2000) and a skin potentiometer (SKINOS SPN-01;  
Fig. 1). 

Pre-recorded digital driving footage was played on 
an LCD monitor. Participants were instructed to perform 
appropriate mock driving operations using the testing 
apparatus. The footage shown to participants had an 

long, 1 km course through narrow residential streets. An 
automatic car was used in the recording. The maximum 
recorded speed was 40 kph with an average speed of 12 
kph. The footage contained scenes requiring participants 
to predict hazards, such as “jogger approaches from the 
opposite direction” and sudden hazard scenes, such as 
“pedestrian runs out from a side street.” A green-arrow 
blinker synced with the footage, indicating the direction 
participants would need to turn at intersections (Fig. 
1-a). 

This driving simulator employed only real-world 
footage to maintain the reality of visually perceived 
information. However, the steering wheel, accelerator, 
and brake pedal were not linked to the footage itself. 
Therefore, even if the brake pedal were to be depressed, 
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the car in the footage would not slow. Participants as-
sumed the role of the vehicle’s driver and operated the 
steering wheel, accelerator, and brake consistent with 
the movements seen on screen. PSR, SPR, and brake 
operation responses matched to hazard scenes in this 
type of driving simulation test are largely similar across 
participants [33]. This study aimed to use a driving 
simulation test to compare the PSR, SPR, and brake 
operation performance of older and young adult drivers 
during hazard and hazard prediction scenes.

Material and Methods

Participants
Older adults above the age of 60 (n = 43; 18 men, 

Mage = 69.8 years, SD = 5.7) 
and young adults (n = 36; 8 men, 28 women; age range 

Mage = 21.3, SD = 2.8) provided written informed 
consent before participating in this experiment. The 
older adult group comprised healthy individuals attend-
ing health classes in the Matsumoto region. The older 
adult group had an MMSE of 24 or higher with no 
observed decline in cognitive function. The older adults 
drove daily with 10 plus years of experience each. The 
young adult group comprised primarily college students 
and all had a driver’s license, but their driving expe-
rience was within a few years except for one. No one 
drove daily. 

Experimental Design

of scenes. The “hazard prediction scene” was where 
the road narrowed with poor visibility, near a fence and 
hedge, that required depressing the brake and slowing 
before making a left turn at a T-junction. The sudden 
emergence of a pedestrian from a side street to the right 
while the driver was proceeding straight down an alley-

from the start of both scenes, we checked for the pres-
ence or absence of brake operation and summarized the 
results in a frequency distribution table. Then we com-
pared the PSRs of the group that activated brakes with 
the group that did not and examined factors that affected 
the presence or absence of brake operation. Finally, we 
compared the latencies of brake operation and SPR re-
sponses of the two driver groups during the hazard and 
hazard prediction scene.

Procedure

PSR elicited by the driving simulation test was measured 

of the participant’s left thumb, where the moisture con-
tent of 1 cm2 of skin was measured via the ventilation 
capsule method. SPR was measured with bipolar leads 

participant’s left forearm, the ball of the left thumb, and 
a reference electrode placed in between (Fig. 1-b).

Before the driving simulation test, each participant 
practiced mock driving in the simulator using footage 

that the participant could correctly operate the steering 
wheel, accelerator, and brake pedal, we played the test 

a. b.

Fig. 1.  Driving Simulation Test. 
(a) The subject was asked to operate the steering wheel, accelerator, and brake according to the scene displayed on the screen. 
(b)  PSR was measured by placing a sweating meter probe on the palm of the subject’s left thumb. SPR was measured by bipolar 

induction, in which a skin electrometer electrode was applied to the subject’s left forearm and left thumb ball, and a reference 
electrode was placed between the electrodes.
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and SPR responses, as well as the analog signals from 
the steering wheel, accelerator, and brake pedal, were 
recorded at a sampling frequency of 100 ms after A/D 
conversion. This research complied with the tenets of 
the Declaration of Helsinki and was conducted with the 
approval of the ethics board of the Shinshu University 
School of Medicine (approval code 2073).

Data Analyses
-

diately following the appearance of either the hazard or 
hazard prediction scene on the screen. Participants who 
successfully operated their brakes were placed in the 
“operation group” and those who did not were placed 
in the “non-operation group.” For the operation group, 
the time from the start of the hazard or hazard prediction 
scene to the appearance of a response waveform was 
termed brake response latency (Fig. 2-c). PSR volume 
was evaluated as the mean reaction volume over the 

the hazard or hazard prediction scene (Fig. 2-a). SPR 
response latency was evaluated as the time between 
the start of the hazard or hazard prediction scene to the 
appearance of a spike-like negative wave (Fig. 2-b). The 
data of participants who did not show a clear negative 
spike in their SPR waveforms were regarded as missing 
and were excluded from analyses.

distributions of the operation and non-operation groups 
using a chi-square test. Intergroup comparison of 
braking, PSR, and SPR response was evaluated with a 
student’s t-test. Multivariate logistic regression analysis 
with forced entry was used to determine the predictors 
of brake operation. The Hosmer–Lemeshow test was 

p > 0.05, showing 

with IBM SPSS Statistics for Windows release 25 (IBM 

level of p < 0.05.

Results

Response Waveforms Obtained During Driving Simula-
tion Test

Figure 3 shows examples of response waveforms 
obtained. In scenes with predictable hazards, and scenes 
where the participant had to suddenly react to avoid 
hazards, PSR and SPR nearly synchronized responses of 
steering wheel and brake pedal operation were observed. 
In stop scenes, during which the brake pedal was contin-
uously depressed, a decrease in PSR and SPR response 

was seen. SPR also tended to occur a few seconds faster 
than PSR.

Brake Operation and PSR Volume
The presence or absence of brake operation in the 

hazard and hazard prediction scenes is summarized in 
Table 1. In the hazard prediction scene, 23 participants 
from the older adult group were placed in the operation 
group and 20 in the non-operation group. In contrast, 
all participants from the young adult group were placed 
in the operation group. The independence of these fre-

 
( p < 0.001). In the hazard scene, all participants operat-
ed their brakes.

Table 2 displays the PSR reaction volumes of the 
older and young adult groups in the hazard and hazard 
prediction scenes. The following PSR volumes were 
observed [mg/min/cm2]—hazard prediction scene: older 
adults M = 0.38 (SD = 0.26), young adults M = 0.20 (SD 
= 0.22); hazard scene: older adults M = 0.40 (SD = 0.24), 
young adults M = 0.25 (SD = 0.28). In both scenes, the 

adult group. In the young adult group, the amount of 

the hazard prediction scene, but the PSR volume of the 
-

tween the hazard prediction scene and the hazard scene.
We compared the PSR volumes of the operation  

Fig. 2.  Measurement Method of PSR Volume, SPR Latency, 
and Brake Latency. 
PSR = palmar sweating response; SPR = skin poten-
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(n = 23) and non-operation (n = 20) subgroups of the 
older adult group in the hazard prediction scene. PSR 
volumes (mg/min/cm2) were operation group M = 0.48 
(SD = 0.19); non-operation group M = 0.31 (SD = 0.16). 

-
ly larger ( p = 0.004). 

Multivariate logistic regression analysis with forced 
entry was conducted to investigate the factors related to 
brake operation by the older adults in the hazard predic-
tion scene. Brake operation was used as the dependent 
variable. The independent variables included age, 

Fig. 3.  Changes in PSR, SPR, and Reaction Volume of Steering Wheel, Accelerator, and Brake During Driving Simulation Test. 
[A] Jogger approaches from the opposite direction; [B] Vehicle approaches from the opposite direction; [C] Participant’s vehicle 
overtakes a bicycle; [D] Participant’s vehicle turns left at T-junction (hazard prediction scene); [E] Pedestrian runs out from a side 
street (hazard scene).

Table 1 Participant’s Brake Operation in Hazard Prediction Scene and Hazard Scene.

Group
Operation Group

n
(%)

Non-Operation Group
n

(%)
2 p

Hazard Prediction Scene

Older Adult
n = 43

23
(53.5)

20
(46.5)

22.4 0.000*
Young Adult

n = 36
36

(100)
0

(0)

Hazard Scene

Older adult
n = 43

43
(100)

0
(0)

Young adult
n = 36

36
(100)

0
(0)

Note. Comparison of Operation Group and Non-Operation Group was conducted using the 2 test.
*p < .01.
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association between brake operation and PSR (OR = 
484.2, 95% CI [2.82, 83066.6], p = 0.02; Table 3).

Brake Response Latency
We compared the brake response latencies of par-

ticipants who were observed to brake in the hazard and 
hazard prediction scenes (Table 4). In the hazard pre-
diction scene, brake responses in the older adult group 
demonstrated a latency of M = 3.20 seconds (SD = 1.51) 
and in the young adult group M = 1.58 second (SD = 

-
cantly shorter ( p < 0.001). Furthermore, in the hazard 
scene, the older adult group demonstrated a latency of M 
= 1.26 (SD = 0.57) and the young adult group M = 0.83 
(SD = 0.34); the brake latency of the young group was 

p < 0.001). Both the older adult 
group ( p < 0.001) and the young adult group ( p < 0.001) 
showed shorter brake response latencies in the hazard 
scene versus the hazard prediction scene.

SPR Response Latency
We compared the SPR response latencies of these 

participants (Table 4). The SPR response latencies in the 
hazard prediction scene for the older adult group was M 
= 3.22 seconds (SD = 2.22) and the young adult group 
was M = 4.49 seconds (SD = 2.58); the SPR response 

( p < 0.05). In the hazard scene, the older adult group 

had a latency of M = 2.23 seconds (SD = 0.87) while the 
young adult group was M = 1.93 seconds (SD = 1.18). 
Both the older ( p < 0.001) and young adults ( p < 0.001) 
showed shorter latencies in the hazard scene than in the 
hazard prediction scene.

Discussion

In the hazard scene, which involved visually 
identifying a pedestrian running into the path of the 
vehicle and the sudden movement necessary to avoid 
this pedestrian, all participants successfully operated 
their brakes. Their brake and SPR response latencies 

scene. These reactions are prompted by different mech-
anisms than the cognitive processes underlying hazard 
prediction and may be regarded as automatic responses 
to HP. However, in the hazard prediction scene, which 
involved slowing before making a left turn into a narrow 
alleyway, all young adults operated their brakes consis-
tent with simulation footage, while nearly half (46.5%) 
of older adults failed to do so.

In the hazard prediction scene, the poor view into 
the alleyway where the participant was asked to turn 
necessitated slow, careful driving. We believe that the 
lack of brake operation in the hazard prediction scene is 
related to a decrease in predictive ability, possibly the 
result of overlooking the hazard due to inattentiveness or 

adult group contained participants who did not predict 
the possibility of a hazard.

While PSR is thought to decline as one ages [34, 
35], Table 2 illustrates that the older adult group had 
higher PSR volumes in both scenes. Increases in PSR 

-
centration and tension. We also believe that the signif-
icant difference in PSR volume between the operation 
and non-operation groups represents a difference in 
hazard prediction abilities. The PSR volume of the oper-
ation group surpassed the mean value for the older adult 

Table 2 Comparison of Palmar Sweating Response Volume of Older and Young Adult Groups.

Older Adult Group
n = 43
M (SD)

Young Adult Group
n = 36
M (SD)

t p

Hazard prediction scene
Hazard scene

t
p

0.38 (0.26)
0.40 (0.24)

0.135

0.20 (0.22)
0.25 (0.28)

0.039*

3.34
2.60

0.001**
0.011*

Note.  Comparison of Older Adult Group and Young Adult Group was conducted using the Student’s 
t test and comparison of Hazard prediction scene and Hazard scene was conducted using the 
paired t test.

*p < .05.  **p < .01.

Table 3  Multivariate Logistic Regression Analysis for Brake Opera-
tion of Older Adult Group in Hazard Prediction Scene.

Variable OR 95% CI p

Age
Gender
PSR

0.93
0.61

484.2

0.82–1.05
0.12–3.23
2.82–83066.59

0.247
0.564
0.019*

Note.  N = 43. PSR = palmar sweating response. OR = Odds ratio. CL 

*p < .05.
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group, indicating that the cognitive processes of hazard 
prediction may have elevated PSR in these individuals. 
Furthermore, in the non-operation group, the PSR 
volume was lower than the mean value for the entire 
older adult group, which suggests the absence of a sense 
of tension in non-operation participants. The results of 
the multivariate logistic regression analysis indicated 
that brake operation in the hazard prediction scene was 
not related to the age or gender of participants but to the 
PSR caused by the hazard prediction scene. 

In literature where PSR is an index, reports involv-
ing videos of a truck coming toward participants showed 
that PSR and sense of tension vary with the distance 

closer the truck is to the participant, the higher these 
values become [36]. Previous research using similar 
driving simulation tests has reported that while a clear 
increase in PSR is observed in both hazard and hazard 
prediction scenes, the timing of brake operation and 
PSR and/or SPR responses in older adults with impaired 
cognitive function does not correspond with the average 
responses seen in healthy older adults [33].

In both scenes, the young adult group operated their 

brake operation practices of older adult drivers showed 
that they tend to leave their foot on the accelerator 
longer [37] and tend to delay “switching” the foot from 
the accelerator to the brake pedal [38]. In addition, it is 
generally accepted that young adults have better visual 
search ability and faster cognitive processing than older 
adults [39]. The rapid brake operation in the young adult 

-
gests age-based differences.

We believe measurement of PSR alongside moni-
toring of brake operation is useful in evaluating the HP 
ability of older adult drivers using a driving simulator, 
particularly when evaluating the presence or absence of 
hazard prediction ability.

Limitations and Future Research

controlling for gender ratio. It is possible that the dif-

the driving simulation test outcome. Therefore, future 

age, sex, and driving experience on driving simulation 
test performance.

The driving simulator used in this experiment 
employed footage recorded with a consumer model 

simulator steering wheel, accelerator, and brake pedal 
were not linked to the footage, we could not gather 
detailed information about the appropriateness of the 
participants’ driving operations. In addition, because 
standards for PSR, SPR, steering wheel, accelerator, and 
brake responses have not been predetermined, we would 
need to collect a large number of samples and establish 
a range of standard responses to determine which re-
sponses would be considered appropriate.

The simulator’s capacity to evaluate the HP ability 
of the driver using biological indicators like PSR and 
SPR is a one strength though we only used two scenes of 
footage—one as a hazard prediction scene and the other 
as a hazard scene. Further research must distinguish 
which measurements and evaluations are appropriate for 

Table 4 

Older Adult Group
M (SD)

Young Adult Group
M (SD) t p

A Brake

Hazard Prediction Scene 3.20 (1.51)
n = 23

1.58 (0.79)
n = 36

5.39 0.000**

Hazard Scene 1.26 (0.57)
n = 43

0.83 (0.34)
n = 36

3.90 0.000**

t
p

7.54
0.000**

5.25
0.000**

B SPR

Hazard Prediction Scene 3.22 (2.22)
n = 43

4.49 (2.58)
n = 36

0.022*

Hazard Scene 2.23 (0.87)
n = 43

1.93 (1.18)
n = 36

1.31 0.196

t
p

2.72
0.008**

5.40
0.000**

Notes.  Comparison of Older adult group and Young adult group was conducted using the Student’s t test and comparison 

*p < .05. **p < .01.
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various scene and formulate testing protocols for driving 
simulations. In addition, it is necessary to examine in 
detail in the future how much the PSR, SPR and brake 

the response when actually driving on the road. Further 
research is needed to clarify the causal relationship 
between PSR and SPR responses and actual delays and 
errors in driving.
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