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Abstract. This paper presents an overview of research on the behaviour of drivers in simulated accident situations. The
research was carried out by the authors of this work as a part of a research N N509 549 040 funded by the National
Science Centre including new accident situations. The paper presents a description of the methodology and imple-
mentation of research on a track. During the tests, the simulation concerns about an accident risk situation involving
pedestrians and passenger cars intruding the road area. In contrast to earlier research carried out by the authors, the
scenario included the possibility of a pedestrian ‘entering’ from behind a curtain, both from the left and from the right
sides of the road. This was possible thanks to a specially developed test stand. The paper analyses the values of driver’s
reaction times characteristic to driver’s impact on: acceleration control pedals, service brake and steering wheel. In ad-
dition to the determination of average reaction time values and the regression line for the test group of 30 drivers, the
assessment of the frequency of drivers taking individual defensive reactions was carried out.

Keywords: traffic safety; collision; road accidents; regression equation; simulation.

Introduction

Currently, reconstruction and analysis of traffic acci-
dents are carried out using sophisticated computerized
systems for traffic simulation and reconstruction of their
movement. Most of them can generate a computer ani-
mation of a reconstructed accident situation, so that it
can be presented in a film form. Such presentation of
reconstruction results has some advantages. Therefore,
the reconstruction result is presented not as complicat-
ed calculations which are not understandable to people
outside the industry, but as a film, in other words, as
a scene, where background environment can be a real
scene of an accident.

Unfortunately, we need to realize that this simula-
tion can be very suggestive and influence the feelings of
recipients (including the court), and possibly even with
committed errors, can have a very significant impact on
the outcome of the proceedings. The end result of ju-
dicial proceedings concerning the accident depends on
how a road accident reconstruction will be carried out,
including determining the scope of the guilt and penalty
values of individual participants of the analysed road ac-
cident. The credibility of the reconstruction carried out
by an expert depends on many factors.

A very important factor is the correct choice of
input parameters, which during simulation prepara-
tion time is used by a court expert by introducing them
to the software. A part of the necessary parameters is
contained in police documents, many others need to
be selected by an expert alone are based on the expert’s
own experience, and many others are selected based on
recommendations from professional literature. These
factors include e.g.: the coefficient of surface friction,
driver’s reaction time, or a restitution coefficient.

According to the values of various parameters
adopted for the computer simulation, a fairly large range
of uncertainty may occur in a carried out simulation.
Applied computational models show a strong sensitivity
to the change in the value of a number of parameters
used for calculations.

One of the parameters, the value of which can
significantly affect the result of a simulation is ‘driver’s
reaction time’. This is the time that lasts from the time
of accident risk, to the start of driver’s influence on the
vehicle control mechanisms i.e. steering wheel, pedals
and gears.

It is also unrealistic to determine the reaction time
for a specific driver as the driver’s reaction time can be
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determined at any given moment by a number of cir-
cumstances, for example, Connor et al. (2002).

Available literature contains many test results of
drivers’ behaviour in emergency situations, including
their reaction time. Large variety of testing methodolo-
gies and how to analyse the results, involves a large va-
riety of presented reaction times. In view of the diverse
types of research, it is difficult to identify the best of the
proposed research methods, and thus regards to obtain
reaction times, as the only true and validity.

1. Review of Research Methods
Reaction Time of Drivers

Methodology of driver reaction time is very different. It
depends, to a large extent, on the environment in which
it is implemented. As they can be conducted on dedi-
cated test stands (for psychological testing), in driving
simulators or on test tracks, their method of implemen-
tation is significantly different (Green 2000; Hugemann
2002).

Reaction times are determined in studies of driver’s
reactions to various stimuli. Among the stimuli that act
on a driver we may find simple and complex stimuli.

In a study on simple stimuli, the task of a driver is
the reaction to one of the elements of the car control e.g.:
brake pedal or steering wheel.

An example of research results in which there was
the stimulation by such stimuli are studies conducted
by Burckhardt et al. (1981). Two vehicles were involved
in the experiment carried out by them. A tested driver
steering a test passenger car reacted to brake lights il-
luminated in a car in front. Tests for each of the drivers
followed one after another and lasted about one hour.

A similar method was also used in research con-
ducted later in the study by Nishida (1999). In another
paper (Froming 2008) a driver responded to light pulse
coming from the unit lights stuck on the windscreen,
and on a ring tone placed in a cabin (Térnros 1995).

The values of drivers’ reaction times can be affected
by a variety of factors related to environment, driver’s
behaviour and vehicle. These include, for instance, the
state of environment, weather, driver’s age, driver’s emo-
tional state, psycho-motor performance of a driver, pres-
ence of alcohol, drugs, medicine and other similar sub-
stances in driver’s body (Hindmarch 2004; Oxley et al.
2006; Keall et al. 2004; Ogden, Moskowitz 2004; Zéller,
Hugemann 1998).

Many studies often conducted in a much simplified
way, are implemented to determine the effect of various
factors on driver’s reaction time. Such factors consid-
ered in paper by Consiglio et al. (2003), Alm and Nils-
son (1995) is driver’s distraction, loss of focus caused by
a telephone conversation conducted on a mobile phone
(with or without a hands-free set), listening to the radio
in a car or talking to a passenger. According to Consiglio
et al. (2003), a red test lamp with of 50 mm diameter was
placed at a distance of 2 m from the eyes of a driver. The
experiment measured driver’s reaction time between the
activation of the red light, the beginning of ‘releasing’ an
accelerator pedal and starts to press a brake pedal.

45

The above-mentioned test methods have, however,
a fundamental defect. These include driver’s reaction to
a relatively simple stimulus. While analysing accident
situations, we should realize that in real road situations,
a driver reacts mainly to complex stimuli.

In order to avoid an accident, a driver performs
various manoeuvres: braking and bypassing, and the
amount of information that he/she is exposed to is also
significant. Paper by Magister et al. (2005) describes the
study of the reaction to complex stimuli which use light
stimulator stuck to the windscreen. This approach has
been criticized in many works such as Green (2000),
Zoller and Hugemann (1998).

Similar studies were also carried out in a number of
projects aimed at building an assistant system to avoid
accidents. Such studies used inflatable mock-ups made
of thick film - ‘balloon’ type, characterized by a real
shape and dimensions of a vehicle. They could be used
to implement two test scenarios referred to as ‘violent
braking’ and ‘violent bypass.

Drivers’ behaviour tests carried out at special meas-
uring stands may be connected with reaction time which
is determined for disabled drivers or drivers after dis-
eases or surgeries. They may be conducted, among oth-
ers, to determine the suitability of such persons in road
traffic, time of their full recovery, rehabilitation progress,
etc. These tests were carried out including persons after
orthopaedic surgery such as total replacement of a knee
joint (Spalding et al. 1994) or the hip joint (Ganz et al.
2003). The tests also concern the reaction time of drivers
(Baulk et al. 2001) in the state of tiredness, sleepiness
(Connor et al. 2002), fatigue (Philip et al. 2005) and un-
der the influence of alcohol, for example, Oxley et al.
(2006), Zaranka et al. (2011). Many studies are con-
ducted for ill drivers, with the aim to stress the impact
of diseases such as Parkinson on drivers’ psycho-motor
performance (Madeley et al. 1990).

In recent years, a research to some selected specific
accident scenarios on roads or test tracks are carried out.
An example of such a study could be the one described
in paper by McGehee et al. (2000) in which a vehicle
intruded the crossroads perpendicularly. Another exam-
ple can be tests for the reaction to a small children bike
(Krause et al. 2007), ball (Dettinger 2008) pushed out
(from behind parked cars in the right lane) or a card-
board box (Hillenbrand 2007) thrown onto a lane.

Many studies on the behaviour of drivers in case
of emergency situations are also conducted in a virtual
environment (for example, Lee ef al. 2002). In the study
described in paper by McGehee et al. (2000) the behav-
iour of drivers in both the simulator and on the track
were observed. In the simulator, the beginning of an
emergency situation was the obstacle of a vehicle pic-
ture in 1:1 scale projected on the screen. The track used
a foam mock-up of equal dimensions with a photo of a
car obstacle.

Number of this type of study, available in literature,
is relatively small and it discusses only some special cases.

The studies of the authors conducted in 2004-2005
(Jurecki, Stanczyk 2009, 2011a, 2011b) used a styrofoam
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mock-up entering into the road area when it reaches the
proper distance from an obstacle test vehicle (Fig. 1).
The study was conducted at a simulated crossroads of
two two-lane, two-way roads, with reduced visibility (by
the use of double-sided curtains) in both the left and
right sides. The behaviour of a driver was recorded using
specialized equipment installed in the test vehicle. These
studies were also conducted in a driving simulator and
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Fig. 3. Diagram of ‘Scenario 2’

the results have been published in papers by Guzek et al.
(2006), Jurecki and Stanczyk (2011a, 2011b).

Other studies carried out by the authors conducted
in the years 2006-2010, included three different acci-
dent situations. The first of the realized - ‘Scenario I’
(Fig. 2), aimed at the simulation of the situation when
a passenger car (1-st mock-up) enters perpendicularly
on the crossroads from the right side of the road, while
from the opposite direction, another vehicle was mov-
ing in the direction of the tested car (2-nd mock-up)
(Stanczyk et al. 2010).

Next scenario carried out by the authors named
‘Scenario 2’ was a situation in which the pedestrian en-
tered perpendicularly the road in front of an oncoming
vehicle. Pedestrian was moving on the right side of the
road on the right lane (Fig. 3) (Staniczyk et al. 2011).

Another realized scenario named ‘Scenario 3’
mapped a situation where a truck enters in front of an
oncoming vehicle from a traverse road from the right
side. This vehicle was passing perpendicularly through
the crossroads of two-lane roadway. In such a situation
both lanes were blocked (it was impossible to bypass it)
(Fig. 4) (Stanczyk et al. 2012).

The next implemented ‘Scenario 4" used pedestrian
mock-ups which entered from the side in the road area,
both from the left and right side of the road (Fig. 5).

This is what differed significantly this scenario from
previously ‘Scenario 2’ realized ones.

Sidewalk Sidewalk

lorry mock— up

curtain curtain

Place of stop of

research vehicle Research vehicle

road barriers

Traffic cones

Fig. 4. Diagram of ‘Scenario 3’

Fig. 5. Photos from the realization of ‘Scenario 4’
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2. Methodology of Research
Carried Out on the Test Track

‘Scenario 5’ was considered in the studies analysed in
this paper. This was the most complex scenario carried
out by the authors. Diagram and examples photo of this
scenario has been presented in Fig. 6.

Obstacles simulating accident risk were pedestrian
mock-ups entering from the left or right sides, and a car
mock-up entering across from the right side of the road
at the same time.

The authors initiating research into reaction time
of drivers in an accident risk, in this scenario, simulated
two different accident situations, which will be analysed
in the following paper (Fig. 6):

- situation A - a pedestrian mock-up enters the
road area from the left side, and a vehicle mock-
up from the right side;

- situation B - a pedestrian mock-up and a vehicle
mock-up entering the road area from the right side;

- the goal of this study was to examine how a
seemingly small modification of a scenario (as
opposed to ‘Scenario 4’) - the use of one more
additional mock-up (passenger car/vehicle) will
affect achieved reaction time results, both in
terms of quantity and quality;

- in previously conducted studies on the reaction
time for a pedestrian entering from the left or
right side, the reaction time for pedestrians en-
tering from the left side were longer. Currently,
it was expected that for situation A (a pedestrian
from the left side), the differences of time values
will be even greater, as in this case, mock-ups en-
tered both lanes. In situation B, left lane was free,
so under certain TTC (Time To Collision) values,
a driver could, in a more resolute way, choose an
avoidance manoeuvre;

- in studies carried out on the track, the way driv-
ers reacted was not imposed on them. The drivers
themselves decided about how to apply defensive
manoeuvre at a particular moment (only brak-
ing, only avoiding obstacles, or both actions at
the same time). Each of the 30 tested drivers aged
22+25, performed 10 rides for both mock-ups
entering from the left and from the right sides,
for each of TTC values in the range between
0.6+3.0 s (Table 1);

- TTC that characterizes an accident situation is
the time used in previous studies and publica-
tions of the authors (Jurecki, Stanczyk 2009,
2011a, 2011b) when determining in-time dis-
tance to an obstacle (in this work sometimes
called time risk). TTC is calculated as the quo-
tient of the distance of a vehicle to an obstacle
S to its speed V at the time of the accident risk

occurrence:
TTC= i,
\4

where: S — distance from an obstacle; V — vehicle
speed from an obstacle.

= | = ma

I | I |
SC N £ -

N | ] I

N ‘ ! T H line of visibility 55

I | I .

m | N =5

m; T N e HEEHEH
" 1 Fa > { s s
““‘““5 vehicle mock-up ﬁ“dmg
-—
g Exsausauaauasl

E i curtains E EE

m | h I

T | | .

m | | m

i I 1§ FH

m | \ I

1 | | .

I = ! an

Situation B

Fig. 6. Diagram of ‘Scenario 5’ and photo from
the analysed scenario

Tests carried out on the track used a specially pre-
pared test vehicle (Fig. 7). The task of a person driving a
test vehicle /1/ was to enter into a research section with
an appropriate constant vehicle speed V (Table 1).

At the time when a vehicle was positioned level
with an active reflector placed on the roadside /2/ (lo-
cated at the distance S proper for a particular test — see
Table 1), caused an activation of a light barrier photocell
/3/, which by means of transmitting system /4/ initiated
the movement of a left or right pedestrian mock-up /5/,
car mock-up movement /6/ and start data acquisition.
The change of trigger distance S was carried out by re-
placing the inactive reflector /7/ to an active one /2/.
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Fig. 7. Diagram of the measurement system on the track
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Table 1. Realised parameters of particular tests

TTC [s] 0.60 0.72 0.90 1.20 1.44 1.80 2.16 2.40 2.70 3.00
Speed V [km/h] 60 50 40 60 50 40 50 60 40 60
Distance S [m] 10 10 10 20 20 20 30 40 30 50

3. Instrumentation Used to the Study

Special instrumentation has been used in the current
researches. The vehicle Opel Astra G, has undergone
some adjustments necessary for the implementation of
the research. As it was expected, based on past experi-
ence of the authors (Jurecki, Stanczyk 2009), that there
will be tests with vehicle and mock-up collisions (some
parameters were particularly selected that way) the front
(plastic) bumper was demounted. It was replaced by a
specially constructed steel piping and front and roof
body covers were used. The task of new components
was to secure the vehicle from the effects of multiple
collisions with mock-ups (Fig. 8). The vehicle was also
equipped with suitable measuring equipment.

During each ride, many parameters of the tested
vehicle and characterizing the behaviour of a driver have
been recorded. The testing track consisted of the follow-
ing devices:

- data acquisition station pEEP-12 - Corrsys-Da-
tron (Kistler)® with ARMS® software and a con-
trol tablet, which enabled the collection, visuali-
zation and pre-processing of the results (Fig. 9);

- non-contact optoelectronic sensor S-350
Corrsys-Datron® which can measure the longi-
tudinal and transverse speed of the vehicle and a
vehicle drift angle (Fig. 8);

- 3 directional linear acceleration sensor of meas-
uring range +/- 2g necessary to determine the
longitudinal and lateral acceleration of a car body
block;

- potentiometer winding sensors for measur-
ing displacement of control pedals: acceleration
pedal, service brake and clutch, in order to deter-
mine the movement of each pedal - in order to
determine the driver’s reaction (Fig. 10a),

- Measurement Steering Wheel Corrsys-Datron®
which allows simultaneous measurement of the
angle, speed and turning torque (Fig. 10b).

Light
barrier

Sensor Corrsys - Datron
$-350

Fig. 9. Data acquisition station with the tablet
and installed software

In order to enable the implementation of the as-
sumed scenario, including independent movement of
both pedestrian mock-ups and s passenger car mock-up,
the authors used special systems driving independent
mock-ups: the left and right pedestrian and a passenger
car mock-up. To ensure the highest possible accuracy
and repeatability of the measurement, a programmable
radio-control motion control system of mock-ups was
built. A programmable system based on PLC driver ena-
bled fast modification test parameters, and automation
of measurements (Jurecki, Ludwinek 2013).

Roof schield

front shield and
front ring

reflectors controlling light barrier

Fig. 8. Research vehicle
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4. Results of Measurements

During each of several ongoing tests a lot of measure-
ment results are recorded. A typical set of diagrams
defining the behaviour of a driver in case of accident:
movement of control pedals: accelerator, brake, clutch
and steering wheel angle for one of the selected tests are
shown in Fig. 11.

Analysing the way of drivers reactions for an exam-
ple test, it can be said that it differed significantly. In this
paper the reaction time of drivers will be analysed. The
following issues will be considered:

- mental reaction time, understood as the time

from the moment an obstacle appears to the start
of removing the foot off the accelerator - tra;

| driver releases the acceleration pedal
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Fig. 11. Example of recorded characteristics of a single test
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- psycho-motor reaction time when braking, de-
termined as the time from the appearance of an
obstacles to the appearance of force on the brake
pedal - trb;

- psycho-motor reaction time during a turning,
which is determined as the time from the appear-
ance of an obstacle to the appearance of force on
the steering wheel - trt.

Results of measurements of drivers” reaction time
on the accelerator pedal shown as a function of TTC
have been presented in Fig. 12. The diagram includes
obtained, average values of reaction time on the acceler-
ator pedal, depending on the realized situation. Analys-
ing the obtained values, it can be said that the reaction
times on the accelerator pedal are determined by TTC
and grow linearly with it. The average reaction time on
the accelerator pedal for each TTC values differs very
little for situations A and B.

Linear regression lines designated for average re-
action times on the accelerator pedal set for the two
variants of the analysed scenario also confirm this fact.
The regression lines for the drivers” reaction times set
for the situations A and B are almost parallel, and the
greater TTC value, the more these lines come together.
Analysing the standard deviation of the average reaction
time on the accelerator pedal, for situations A and B, it
can be stated that they are in a similar range of about
0.15+0.35 s. Designated linear regression lines of stand-
ard deviations overlap. Analysing the coefficients of the
equation of the regression line, it can be said that standard
deviations increase slightly along with increasing TTC.

Similarly, an analysis of average reaction time set
for the brake was conducted. This analysis was also per-
formed in a function of TTC. Reaction times for brake
increase with TTC in which an accident situation is con-
sidered. Analysing the diagrams of Fig. 13, it is easy to
note that the reaction times of drivers on situations A
and B are almost identical. The differences of average
values of reaction time for the individual values of TTC
are even smaller than the reaction time to the accelera-
tor pedal.

Designated linear regression lines of average reac-
tion times obtained for both situations also confirm it. It
is worth noting that two regression lines nearly overlap,
as evidenced by coefficients of the regression line which
are very close in their value.

Standard deviations demonstrating scatter meas-
urements of reaction time of drivers to the brake pedal
reach much lower values than the ones recorded for re-
action times to the accelerator pedal. These variations
are within the limits between 0.07+0.4 s and slightly in-
crease with TTC increase.

The results of the reaction time of drivers could be
a surprise, as in relation to research carried out in ac-
cordance with the ‘Scenario 2’ (Fig. 3), when there was
no obstacle to a passenger car, the results were signifi-
cantly different. What can be a reason for such a change
in driver’s reaction? Could the emergence of additional
car obstacle have such a significant impact? In the ana-
lysed scenario, the drivers’ reaction time to the accelera-
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tor is in the range 0.5+0.9 s, and in the case of the brake
0.65+1.2 s, that is much smaller than the ones recorded
in the ‘Scenario 4. It can therefore be argued that even
a slight modification of the scenario can significantly
change the way the drivers react — on the risk, both
quantitatively and qualitatively. This is a very important
observation. Many publications present studies of reac-
tion times of drivers without research methodology and
the statistical analysis method. There are no basic infor-
mation about the number of people tested, deviations
values, etc. The use of such reaction times in accident
reconstructions, without the knowledge of this very im-
portant information may be highly problematic.

Average values for reaction time for turning deter-
mined in a function of TTC, show qualitatively similar
relationships, and also increase with its increase. Aver-
age reaction time for turning manoeuvre in an accident
situation is not constant and it is included in a much
greater range (compared to the previously examined
reaction time to the accelerator and brake pedals) and
equals 0.45+1.4 s. Analysing the diagram of Fig. 14, it
can be seen that the reaction times of drivers to turning
in situation B appear to be slightly longer.

Standard deviations providing a scatter of meas-
urement results related to the reaction time to turning
manoeuvre (measured on the steering wheel) are the
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Fig. 14. The values of obtained reaction times to turning - trt

highest (in relation to the previously presented values)
and are within the limits of 0.10+0.77 s. Larger deviation
values, providing a greater diversity of values obtained
for the time of this reaction are revealed at the higher
TTC and grow along with its increase.

As the differences between average reaction times
of drivers for the considered situations A and B are very
small, and the standard deviations are similar, it was de-
cided to carry out the verification of the hypothesis of
equality of 2 average values.

The realized test for reaction times to the accel-
erator pedal at a confidence level a = 0.05 (test statistic
value |u| < 1.96), showed no evidence to reject this hy-
pothesis for the reaction time values corresponding to
9 times TTC. At the confidence level of o = 0.01 (test
statistic value |u| < 2.57) an identical confirmation can
be shown. The tests have therefore no reason to reject
the null hypothesis of equality between the two average
values. The values obtained for the test statistics values
|u| are shown in Table 2.

A similar analysis was performed for the brake re-
action time. The realized test for reaction times to the
brake pedal at a confidence level of o = 0.05 showed
in the majority of tests (8 tests out of 10) correspond-
ing to different TTC, no reason to reject this hypothesis.

Table 2. Summary of test statistics values |u| for the
accelerator reaction time

TTC [s] u o =0.05, |u| <1.96 o =0.01, |u| <2.57
0.60 0.020 + +
0.72 -3.505 - -
0.90 1.157 + +
1.20 -0.495 + +
1.44 -1.431 + +
1.80 0.978 + +
2.16 -1.561 + +
2.40 -1.573 + +
2.70 -0.506 + +
3.00 0.299 + +
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At the confidence level of oo = 0.01 the confirmation of
the hypothesis can be shown for average reaction times
for 9 times TTC. The values of obtained test statistics
values |u| are shown in Table 3. The test performed for
reaction times on the steering wheel at a confidence level
o = 0.05 showed, in most tests (9 out of 10) correspond-
ing to different TTC, no reason to reject this hypothesis.
For a confidence level of a = 0.01, the hypothesis was
confirmed for all tests. The values of obtained test sta-
tistics values |u| are shown in Table 4. The consequence
of conducted tests and confirmation of the hypothesis
of equality of average values is to treat obtained reac-
tion times of drivers for both situations A and B in the
‘Scenario 5’ as one set.

Fig. 15 shows the driver’s reaction time without
distinguishing between situations A and B for data ob-
tained in the analysed scenario.

Table 5 lists the coefficients of the equations defin-
ing the parameters of the regression line obtained reac-
tion times to the accelerator, brake and the turn of the
steering wheel.

What are the implications of the presented equations?
In the case of such a complex scenario, we found that the
reactions of drivers may vary significantly in relation to
the seemingly similar ‘Scenario 4. An additional element
of the scenario, which was the vehicle that appears from

Table 3. Summary of test statistics values |u| for the brake
pedal reaction time

TTC [s] u o =0.05, |ul <1.96 a =0.01, |u| <2.57
0.60 0.450 + +
0.72 -1.266 + +
0.90 2.553 - +
1.20 -1.227 + +
1.44 -0.263 + +
1.80 3.245 - -
2.16 -1.482 + +
2.40 -0.722 + +
2.70 -1.567 + +
3.00 0.599 + +

Table 4. Summary of test statistics |u| for reaction time
on the steering wheel

TTC [s] u o =0.05, |u| <1.96 o =0.01, |u| <2.57

0.60 -0.136 +

0.72 -1.791 + +
0.90 -0.082 - +
1.20 0.345 +
1.44 -1.027 + +
1.80 2.519 - +
2.16 -0.994 + +
2.40 -0.036 + +
2.70 -1.616 + +
3.00 -0.919 + +
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a transverse road, caused significant changes of obtained
reaction times. This confirms the thesis that the reac-
tion time values should be determined only for similar
(specific) situations.

In the case of the analysed scenario, it occurred that
the reaction time values to situations A and B are very
similar. Hence, averaging these values can be considered
reasonable. How can this be explained? The main rea-
son is the occurrence of two obstacles at the same time.
In the analysed scenario, the extent to which the situa-
tion was complicated became less important (in terms
of reaction time of drivers) than the complexity of the
scenario itself. The table below shows in bold line regres-
sion equation coefficients shown in Fig. 15, for situations
A and B (without distinguishing between situations A
and B) reaction time values.

Having the data concerning measures taken by
drivers as for manoeuvres in each test, their usage fre-
quency by a driver was determined. The frequency of
execution of a specific manoeuvre was calculated as the
ratio of tests in which there was driver’s reaction to the
total number of realized tests. Analysing the accelerator
pedal reaction, the frequency of taking such a reaction
was determined (Fig. 16).

It is very high and in some test options, it reaches
100%. It is worth noting that the frequency of the accele-
rator reaction time for minimum values of TTC equals
values from 75+92% and then it is stabilized at a very
high level of 95+100%. The frequency of the driver’s re-
action to the accelerator pedal in this scenario is higher

144+— —= - pedal
—-# - brake pedal A
—a—  turning wheel

12—
1 /

b = 0.170°TTC + 0.581 / .
08 - - A —

— a ceme

_ .
0.6 -
.

0.4
trt = 0.313*TTC +0.212

Driver reaction time [s]

fra = 0.116°TTC + 0.417

0.2

0.6 0.72 0.9 1.2 1.44 1.8 216 24 27 3.0
TTC [s]

Fig. 15. Average reaction times for ‘Scenario 5, without
distinguishing between situations A and B

Table 5. Summary of the linear regression equation
coefficients of drivers’ reaction time

Equation tr... =a-TTC + b

Situation A B AandB
Coeflicients a b a b a b
Accelerator

pedal - tra 0.121 0.397|0.112 0.437 | 0.116 0.417

Service brake

0.165 0,563 | 0.175 0.547 | 0.170 0.581
pedal - trb

Steering wheel

(turning) - trt 0.285 0.239|0.341 0.185|0.313 0.212
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than the ones determined for ‘Scenario 4. Therefore, it
should be noted that this reaction, especially at higher
TTC, can only initiate the next reaction of a driver that
is braking associated with pressing the brake pedal.

For this reason, an assessment of the frequency
of the driver’s reaction to the pedal brake was carried
out. Analysing driver’s reaction, the frequency of tak-
ing a braking manoeuvre by a driver was determined
(Fig. 17). It is worth to mention that the frequency of
taking reaction to the brake pedal for minimum TTC
values reaches from the value from 40 to 60% and is
much larger than the designated for ‘Scenario 4.

For small values of TTC, the frequency is about
40+50%, and above TTC value about 1.44+2.00 s it is
stabilized at a relatively high level of 85+100%. The sig-
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Fig. 18. The values of the frequency of the driver’s reaction
to a steering wheel

nificant difference between the reactions of the driver in
situations A and B cannot be observed.

Analysing the diagrams in Figs 16 and 17, one
might ask a questions why such a difference between
the reactions consisting in releasing the accelerator
pedal and pressing the brake pedal appears. Drivers as
a result of an accident emergency situation instinctively
react releasing the accelerator pedal and therefore start
a braking manoeuvre. The problem is that at the mini-
mum TTG, it is, in most cases, very often too late to use
service brake and drivers do not press the brake pedal.

The assessment of the frequency of the driver’s re-
action to a steering wheel is shown in Fig. 18. In contrast
to previously presented diagrams (Figs 16 and 17), it is
easy to see that the frequency to take a steering reaction
is relatively the greatest. Only for the lowest tests of TTC
0.60 to 0.72 s, it was slightly over 93%.

Above TTC value of 0.9 s, the frequency value of ex-
ecution of a steering manoeuvre is very high and equals
97+100%. An apparent difference in the frequency of
taking (not fully complete) this manoeuvre for situation
A and B cannot be shown. The frequency of steering
wheel reaction with the start of avoidance manoeuvre in
the analysed scenario is very high. In previous studies by
the authors (Jurecki, Stanczyk 2009; Stanczyk et al. 2010,
2011, 2012) especially for very small TTC values, drivers
decided to take bypass manoeuvres to avoid an obstacle
much more rarely.

Conclusions

The authors established a lot of goals while pursuing the
study of drivers in simulated accident situations. One
of them was to determine the reaction time of drivers.

Drivers’ reaction times have been shown as TTC
(Time To Collision) function. These times have an in-
creasing trend with increasing TTC, which confirms the
validity of the earlier studies of the authors.

Reaction times set for the two considered situations
in the scenario can be considered identically. Performed
statistical analysis to test the hypothesis of the equality
of two average values revealed no grounds for its rejec-
tion.

Despite big similarity of the two scenarios — ‘Sce-
nario 4’ and ‘Scenario 5 it occurred that extending the
scenario of an additional obstacle (car entering into the
area of the road from the right-hand side), ended in dra-
matical change in obtained results. This situation was a
big surprise for the authors. Obtained values of reaction
time in ‘Scenario 5 were shorter, but no difference was
observed for the case of situation A and B that differed
in side, from where the pedestrian model enters. It can
therefore be argued that the realization of the research
into drivers’ behaviour should be continued for a wide
range of possible scenarios. Another very important
finding is also that results of reaction times cannot be
used interchangeably even for seemingly similar scenari-
os. It is therefore difficult to determine how even a slight
modification of the scenario (in this case ‘Scenario 5’)
may affect obtained results.
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Linear regression and turn index equations of driv-
ers’ reaction times were also determined. In addition to
the reaction, the analysis also covered standard devia-
tion values of the reaction time values.

Analysing the frequency of taking defensive ma-
noeuvres by drivers, it can be said that most manoeu-
vres for situations A and B are similar. In the case of the
reaction to the accelerator pedal and steering wheel it
is very high. The frequency of using a service brake in-
creases from 40% for the lowest values of TTC to about
95+100% of the TTC which amounts to 1.8 s. After
this time, the frequency decreases slightly and it ranges
85+95%. Compared to previous studies of the authors,
the difference on the frequency of manoeuvres avoid-
ance should be observed. In the analysed scenario, such
manoeuvres were carried out more frequently, although
it is worth noting that the initiation of such a manoeuvre
is not equivalent to its correct (full) end.
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