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The Use of Driving Simulators in Psychological Research

Driving simulators are important research tools that help to assess drivers’ be-
havior. The article reviews which topics are studied with driving simulation in psy-
chological journals, what kinds of driving simulation might be used, how many partic-
ipants are necessary for such research to be publishable, and what kind of variables
might be used. The text might be useful for psychologists when they plan to conduct
research using a driving simulator.
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Driving simulators are valuable research tools that allow studying the
complex activity of driving. This text analyzes articles published in psychologi-
cal journals where some kind of driving simulation has been used for psycholog-
ical research. First, we described the content of the studies. Second, we analyzed
the kind of technology used for the driving simulation, including the kind of
information acquired and used in the driving simulation, and how large the sam-
ples were. Third, we demonstrated the differences between social psychological
research and research in other branches of psychology, and we performed an
analysis in which cases driving simulator were beneficial for the research.

We originally planned to analyze how driving simulators are used in per-
sonality and social psychology. We searched journals in the Web of Science
category “Psychology, Social” for the words “driving simulator”. The search
resulted only in six articles that use driving simulation in research. We decided
to add articles from other psychological areas into the analysis and searched for
articles published in journals in Web of Science categories “Psychology, Exper-
imental”, “Psychology, Applied”, and “Psychology, Multidisciplinary”. We ex-
cluded articles that studied behavior under the influence of drugs or alcohol and
studies about motion/simulator sickness, and we also did not include two studies
from the same author about similar topics. This resulted in an additional 21 arti-
cles being included in the analyses below. If a study used driving simulation as
one of multiple studies in the article, we refer only to the content and results of
the overall study and not to the studies which did not use driving simulation.

Research questions studied when employing driving simulators
in psychological journals

In the following paragraphs we describe the analysis of 27 articles. The
first type of social psychological study that used a driving simulator concerns
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the influence of making stereotypes salient about driving behavior. Lambert et
al. [1] found that for elderly drivers who read documents stating that elderly
people are bad drivers and that reported accidents committed by elderly drivers
(a stereotype threat condition), working memory capacity was positively related
to following distance and negatively to brake reaction time. These effects were
not observed for drivers who had not read such texts. Terror management theory
postulates that people’s awareness of one’s own mortality leads to anxiety and
terror, which people fight by pursuing the enhancement of their self-esteem. The
mortality salience hypothesis states that making people aware of their own mor-
tality leads to the enhancement of their effort for self-esteem. Taubman Ben-Ari
et al. [2] used a driving simulator to test this hypothesis and showed that for par-
ticipants for whom driving was important for their self-esteem, the making mor-
tality salient led to faster driving. Making mortality salient had no effect for
those for whom self-esteem driving was not important. If participants received
positive feedback, the effect of mortality salience on the connection between
driving speed and the importance of driving for self-esteem vanished.

Other types of studies search for the effect of some social influence, like
peer influence or the self-concept, on driving. Jackson and Blackman [3] used a
driving simulator to test the hypothesis that the higher cost of a possible acci-
dent, the lower the number of accidents is. When the penalty was higher, partic-
ipants exceeded the speed limit less often. Fischer et al. [4] found that partici-
pants who watched risky scenes from movies (as compared to those who
watched neutral scenes), had a larger number of accidents during a video game,
accelerated up to 160 km/h more quickly, needed less time to drive through a
race course, and drove with higher maximum speed. Shepherd et al. [S] were
interested in how social pressure influences risky driving behavior in a
PlayStation driving game. Participants who heard pro-risky comments (e.g., “Go
faster!””) drove faster and had more accidents than those who heard neutral
comments and anti-risky comments (e.g., “You’re driving too fast.”). Conner et
al. [6] found that speeding correlates with the intention to speed and positive
attitudes about speeding, the number of accidents in the last five years, the sub-
jective norm about speeding, and the perceived behavioral control over speed-
ing. Speeding correlates negatively with age, driving experience, the moral norm
not to speed, and the anticipated regret for such behavior. Similar research has
been conducted by Elliot, Armitage, and Baughan [7], who report that the mean
speed in a simulator was negatively correlated with the attitude that speeding is
bad, the negative subjective norm about speeding, and the intention to avoid
speeding. Brewster et al. [8] found that people who write down their intention
not to speed in certain situations speed less frequently in those situations than
people who had written down their intention not to speed in a different situation
or who did not write down any intention.

Phoning while driving reduces the driver’s attention; however, this effect
could be reduced if the communication partner has more information about the
driver’s actual situation. Janssen et al. [9] showed that when the sounds of driv-
ing or the sound of a driver’s heartbeat are shared with the person who is on the
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other end of the call, the driver reacts more quickly to changes of speed of an-
other leading car. If sounds are shared, callers have shorter talk segments. Gas-
par et al. [10] found that collision risk during dangerous merging events was
reduced when the partner with whom the driver was talking could see the same
view as the driver.

A driving simulator might also be used to assess how people think about a
car, specifically with the perception that it has human characteristics. Waytz et
al. [11] let their participants drive either in a normal car or in a car which con-
trolled its own steering and speed (agentic car). Some participants who drove the
agentic car were told that car’s name was Iris, it had a gender (female), and used
a voice to speak to the participants while driving (anthropomorphic car). They
thought the car could feel, anticipate, and was smarter in the anthropomorphic
condition than in the agentic condition, and more in the agentic condition than in
a normal condition. They trusted the car more in the anthropomorphic condition
than in the agentic condition and more in the agentic condition than in the nor-
mal condition. They were asked how much they blamed the car for a crash
which occurred during the scenario and they blamed the car more in the anthro-
pomorphic condition than in the normal condition. However, they blamed the
car more in the agentic condition than in the anthropomorphic condition.

Studies using a driving simulator to assess the influence of personality on
driving are quite rare in personality journals. Morton and White [12] found that
while people with a higher score in the fearful personality trait (FFFS) drive un-
der stress, they have a larger braking distance at intersections. Obsessive passion
relates to a strong desire to perform an activity which is not under the person’s
control. Harmonious passion also relates to a strong desire to perform the activi-
ty, but this desire is under control. Philippe et al. [13] found that an obsessive
passion for driving correlates with aggressive behavior, while harmonious pas-
sion for driving does not.

Many studies using a driving simulator deal with the influence of cogni-
tive or perceptual overload on driving. Active fatigue is caused by cognitive
overload from overly frequent activity. Passive fatigue is caused by a long-term
monotonous task. Saxby et al. [14] found that drivers with an induced active
fatigue condition felt more distress than normal, while drivers in passive fatigue
condition felt lower engagement than normal. Drivers with active fatigue avoid-
ed collisions more often than drivers without fatigue, while drivers with passive
fatigue avoided collisions less often. Lying is more cognitively demanding than
telling truth; therefore, liars have less available cognitive resources and they are
prone to cognitive overload. Gawrylovicz et al. [15] found that drivers with cog-
nitive overload induced by lying increased their speed and have a longer reac-
tion time. Murphy and Greene [16] showed that drivers are less likely to notice
an unexpected pedestrian under a high perceptual load. Blalock et al. [17] re-
searched connections between cognitive load and the ability to remember mov-
ing and stationary objects in a simulated environment. People with no load were
more accurate than people under cognitive load. People asked about stationary
objects were more accurate than people asked about moving objects. People un-
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der cognitive load were worse in the accuracy of answers to questions about
moving objects than people in the no-load condition. However, there was no
difference between people under and without cognitive load for the questions
about stationary objects. Janssen and Brumby [18] let their participants complete
a set of dual-processing 30-second drives where they had to dial a number while
driving. The distance from the center of the lane was larger and the dialing was
quicker in the dialing-focused tasks than in the steering-focused tasks. Watson et
al. [19] researched the effect of dual tasks (driving and recalling words from
memory) on memory and driving performance. Participants were slower to press
the brake pedal and had a slightly elongated follow distance in the dual tasks as
compared to when they should only drive. They also remembered fewer items
and became increasingly reliant on reconstructive forms of memory in the dual
task as compared to when they should only recall words.

Other studies concern the influence of distraction by objects on the road
or people in the car. Chan et al. [20] found that drivers keep their lane better
when there are taboo words on billboards along the road. Provocative content on
billboards might arouse the attention of drivers, so that they drive more careful-
ly. Garrison and Williams [21] researched the impact of distraction by conversa-
tion on visual attention and driving performance. During each drive, participants
passed three types of objects: billboards, signs, and hazards (e.g., stalled or
parked vehicles, etc.). Mean velocity and its variability were higher during the
distraction drive. The distraction drive also showed a higher variability of steer-
ing and participants drove closer to the lane-divider line. There were fewer gaz-
es toward objects during the distraction drive. Mean lane position varied more
near hazards than near signs. Hazards received more gazes than billboards and
billboards — more than signs.

Other studies analyzed differences in driving behavior among human
groups. Crawley et al. [22] found no difference between pregnant and non-
pregnant women while driving in a simulator. Lundqvist et al. [23] found no
difference in driving performance in a simulator between people after a stroke
and people of a similar age who hadn’t suffered stroke (although differences
were found on the real road). Raw et al. [24] found a higher difference between
car position and the center of the road for older drivers than for younger drivers
when driving fast, although the difference was not found for slower driving.

Several other themes have also been studied. Eriksson et al. [25] re-
searched how people estimate the speed needed to save time on a specific dis-
tance while driving. The lower speed participants overestimated the speed in-
crease needed to save three minutes, so they drove faster. The higher speed par-
ticipants underestimated the necessary speed increase so they drove slower than
they should have. Tozman et al. [26] researched the relationship between flow
and heart rate variability in different driving environments. They let their partic-
ipants drive in three environments to induce boredom (a straight country road
with no bends and no traffic), to fit the person’s skills (a bendy race course
without opponents, where participant should speed), and to create anxiety (a
very bendy race with nine highly skilled opponents). The flow was higher for
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the fit condition than for the anxiety condition and also higher for the anxiety
condition than for the boredom condition. The increase in task difficulty de-
creased both high-frequency and low-frequency components of heart rate varia-
bility. The low-frequency component was a predictor of flow in the anxiety and
fit conditions, and the high-frequency component only in the anxiety condition.
Antonson et al. [27] researched the effect of the surrounding landscape on driv-
ing behavior. Drivers drove in a simulator through three types of roadside envi-
ronments: open, forested, and varied. The lowest speed was for the varying
landscape, higher for the forested landscape, and the highest for the open land-
scape. Drivers in the open landscape drove more to the right than in the forested
landscape. Steering wheel grasp frequency was higher for the open landscape
than for the forested landscape.

Analysis of reviewed articles

The tables below contain an analysis concerning the types of driving sim-
ulation that were used in the selected articles (see table 1), and what the sample
sizes and the observed outcome of participants’ performance in the simulator
drives used in the 27 reviewed studies (see table 2).

Table 1
Types of driving simulation used in the reviewed studies

Fidelity Driving simulation Studies

Antonson et al. [27]; Blalock et al.
[17]; Conner et al. [6]; Elliot et al.
[7]; Garrison and Williams [21];
Lundqvist et al. [23]; Murphy and
Greene [16]; Waytz et al. [11];
Gaspar et al. [10]

Philippe et al. [13]

Realistic driving simulator (car-
like) with projection on large
High fidelity film screens (or cylindrical
screen) providing view of at
least 180° and rear-mirrors

Car-like cabin with projection
on one screen in front of the car
Driver seat with a dashboard,
steering wheel, and pedal, three |Crawley et al. [22]; Tozman et al.
large screens with a total view |[26]

of 120°

Car-like cabin, projection on
Medium fidelity  |three displays providing a view |Eriksson et al. [25]
of 180°
Driving simulator (not car-like) |Brewster et al. [8]; Janssen et al. [9];
with realistic driving controls and |Lambert et al. [1]; Watson et al. [19];
shown on three large displays Chan et al. [20]; Saxby et al. [14]
Raw et al. [24]; Jackson and
Blackman [3]; Gawrylowicz et al.
[15]

Fischer et al. [4]; Janssen and
Brumby [18]; Morton and White
[12]; Shepherd et al. [5]; Taubman
Ben-Ari [2]

Driver seat in front of a large
screen

Driving in a video/computer
Low fidelity game or simulation projected on
one display
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Table 2

Number of participants driving in simulation and dependent variables measured
in reviewed studies

Study

Number of
participants
in simulation

Observed outcome

Antonson et al. [27]

18

Speed, lateral vehicle position in the lane, and
maximum and mean variations in the frequency
of steering wheel grasping

Blalock et al. [17]

28 (+5 M)

Ability to remember objects around the road

Brewster et al. [8]

139

Percentage of critical situations when the driver
exceeded the speed limit

Chan et al. [20]

30 (+ 9 E)

Mean driving speed, root-mean-square error
[RMSE] of the driver's lateral lane position with
respect to the roadway dividing line, RMSE of
how fast the driver turns the steering wheel

Conner et al. [6]

178

Percentage of time spent driving at 10mph or
more in excess of the speed limit

Crawley et al. [22]

30 (+2 M)

Reaction time, brake time until 100 Newtons of
pressure after signal to brake, time until participant
started the maneuver, the maneuver time, gap-size
accepted, time to collision, number of collisions

Elliot et al. [7]

150

Mean driving speed, proportion of the distance
with speed limit exceeded by 10%

Eriksson et al. [25]

12

Time gain after being instructed to drive faster

Fischer et al. [4]

60

Maximum speed, time to accelerate to 160kph,
total driving time, number and type of accidents

Garrison and Williams [21]

20

Mean velocity, lane offset, steering angle, brake
pressure, gazes towards objects

Gaspar et al. [10]

24

Collisions per merging event, collisions per
braking event, percentage of correct exits taken,
mean and standard deviation of speed, follow-
ing distance, maintaining lateral lane, recogni-
tion memory for 24 road signs

Gawrylowicz et al., [15]

90

Speed, reaction time when seeing pedestrian

Jackson and Blackman [3]

14

Average speed, average speed when car is not
stopped, average speed at corners, amount of
time spent driving over 40kph and over 60kph,
maximum speed, number of times the steering
wheel passed through the zero-degree position,
time spent over the central line

Janssen and Brumby [18]

14

Distance from the center of the lane

Janssen et al. [9]

24

Time of reaction to the leading car’s speed
change, whether driver responded to speed
changes with the same pace as the leading car,
distance from the leading car

Lambert et al. [1]

39 (121 M)

Gollowing distance, brake reaction time

Lundqvist et al. [3]

60

Speed, lateral position, reaction time, time to
collision and distance to collision

Morton and White [12]

71

Meters from sign when signal first detected,
meters from hazard when brake first applied,
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Number of
Study participants Observed outcome
in simulation

force applied to brake pedal, average speed,
speed variability, standard deviation of wheel
movement

Ability to notice object different from the pre-
vious drive

Self-report questionnaire assessing driver’s
aggressive feelings, judges’ assessment of ag-
gressiveness of driver’s behavior on a vide-
otaped session

Difference between car position and the middle
of the road

Scales assessing participant feelings before and
Saxby et al. [14] 108, 168 |after a drive, ability to avoid a crash in an in-
duced collision situation

Shepherd et al. [5] 199, 103  |Maximum speed, number of accidents

Taubman Ben-Ari et al. [2] 56. 108 Average speed as assessed by judges watching

Murphy and Greene [16] 42

Philippe et al. [13] 44

Raw et al. [24] 28

videotape
Tozman et al. [26] 18 Interbeat intervals of the heart, feeling of flow
Watson et al. [19] 23 (+15 M) Brak.e-reactlon time, distance following the
leading car
Waytz et al. [11] 100 Perceived anthropomorphism of the car, trust in

car, blaming car for responsibility for crash
Note. M — removed from study due to motion sickness; E — excluded from analyses

Discussion

Psychological disciplines differ by their narrow focus (details and mecha-
nisms) or their wide focus (systems and larger processes). Cognitive psychology and
experimental disciplines are narrower, social psychology is broader [28]. The nar-
rower disciplines more often apply experimental design in research, while the
broader disciplines apply survey research design. As we can see, six of the seven
examined studies with a sample larger than 100 people belong to the area of social
or personality psychology. It seems that the studies in the areas of social and person-
ality psychology keep larger samples and the studies in other areas keep smaller
samples even when they use a similar research design.

The difference between social psychology and other disciplines could also be
seen when assessing the type of driving simulation used. The largest number of stud-
ies (10) used high-fidelity simulation, while five studies used some type of a com-
puter game. Four of five studies that used the lowest quality simulation belong to
social or personality psychology. For broader psychological disciplines details are
not such important. Therefore, it is not necessary to have realistic simulation when
conducting research. Such acceptance of imprecision would be less acceptable in
more narrow disciplines.

Driving simulation is an interaction between human and environment. As
such, it allows observing two kinds of measures: those measuring something that
happened in the environment during the simulation and those measuring human ex-
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perience. The first type of variable in the reviewed studies — the environment-based
variables — contains speed, the lateral position of the vehicle or the distance from
other cars, steering wheel usage, reaction time, the number of collisions, gazes to-
ward objects, and brake pressure. The second type of variable — human experience-
based variables — contains the quality of memory recognition, the change of partici-
pant’s feelings after the drive, the aggressiveness of the driver’s behavior, and the
driver’s opinion about the car.

Another question we may ask is: in which cases it was necessary to use a
driving simulation when conducting the research in the analyzed articles. First, many
of the articles researched driver’s behavior in a collision situation [11] or used the
number of collisions as a measure ([4, 10, 14 and 22]). This would not be possible in
real-life conditions. Second, other articles studied the following distance behind a
leading car ([1] and [19]) or reaction to provocations from other drivers [8]. Con-
ducting such experiments in the real environment would be possible, but there
would be a high risk for an accident. Third, a study like [16] — showing driver re-
peatedly certain static situation in a traffic —would be impossible to conduct with the
same precision in the real environment, where it is not possible to reach the same
level of control over the intervening variables.

Driving simulators are, therefore, necessary for psychological research in
some conditions. When a researcher wants to research a behavior which would be
illegal (e.g., an accident), a driving simulator is an option. A driving simulator is
also an option when a researcher wants to have an environment where they might
control the intervening variables. And driving simulators might be the safer option
when the researcher wants to study risky driving behavior.

Conclusion

The use of driving simulators in articles published in psychological journals
has been analyzed in this text. First, the content of the selected articles was de-
scribed. The type of driving simulation used, the measured outcome of the driving
simulation, and the sample sizes were also analyzed. Driving simulator usage is
quite rare in (non-transportation) psychological journals. It could be a very valuable
source for realistic psychological research because it is possible to study things like
accidents or reactions to other driver’s provocations, which would otherwise not be
possible to study. Nevertheless, researchers do not use driving simulators because
realistic research is not perceived as necessary in some parts of psychology.

The current study provides two suggestions for future researchers. First, high-
fidelity driving simulators seem to be less used in social psychology. Simulations
using devices like a computer game or PlayStation are accepted in the field. Re-
searchers who work with realistic simulators might consider conducting some re-
search that would be publishable in social psychological journals. Such research
might contain the study of other people’s influence on driving performance, social
norms and stereotype influence, driving while having an interpersonal conflict with
another person in the car, and similar themes. Second, simulator studies might also
use more human experience-based measures (e.g. the feelings of drivers in different
situations).
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KiroueBble ci10Ba: CUMYISATOP BOXKICHUS; NCUXOJIOTHS; CTEPEOTHIIBI; OTBJICYEHHE BHUMA-
HMS1; KOTHUTUBHAS TIeperpysKa.

CUMYATOPB BOXKICHUS — Ba>KHBII HCCIIEI0BATENILCKIA HHCTPYMEHT, IOMOTalOLIUI OlLie-
HUTH IIOBE/ICHUE BoxuTeNeil. B crathe paccMaTpuBaroTCsi U3y4eHHbIE MPH IOMOIM CUMYIIsi-
TOPOB BOJK/ICHHS BOIIPOCHI, OIMCAHHbIE B ICUXOJIOIMYECKUX JKYpHAIaX, ONPEeIseTCs, Kakue
CHMYJISITOPBI MOT'YT OBITH HCIIOJB30BaHbI, CKOJIKO YYaCTHHUKOB HEOOXOIMMO I IyOJIMKa-
LUK TIOZO0OHOTO MCCIIEIOBAHMS, a TAKXKE HapaMeTpbl, KOTOPHIE MOTYT OBITH HCIIOJb30BaHBI.
Crarbs MOXKET OBITH IOJIE3HA CHELMAIICTAaM B 00JIaCTH IICHXOJIOrMH, IUIAHUPYIOIIUM IPOBE-
CTHU HCCIIEJOBAHKE MPH HOMOILH CUMYJIATOpPA BOXKACHHUSL.
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