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This study was conducted to examine the usage effects 
of an augmented reality head-up display (AR-HUD) 
system on the risk perception and psychological changes 
of drivers. To do so, we conducted an experiment to collect 
the driver response times for vehicles and pedestrians as 
their risk perception behavior, and used a driving 
behavior determinants questionnaire consisting of 
Problem Evading, Benefits/Sensation Seeking, Anti-
Personal Anxiety, Anti-Personal Angry, and Aggression 
factors for collecting the psychological characteristics of 
the drivers. Thirty drivers were randomly assigned into an 
in-vehicle AR-HUD using group and a control group. As a 
result, the Anti-Personal Anxiety and Anti-Personal Angry 
factors were negatively correlated with the response time 
for the control group. In contrast, these results were not 
shown for the in-vehicle AR-HUD system using group. 
These results indicate that the in-vehicle AR-HUD system 
may partially induce a relaxation of tension or stress for 
drivers with a high level of interpersonal anxiety. 
Therefore, the in-vehicle AR-HUD system might 
contribute to not only the visual safety driving behaviors 
of drivers, but also to their psychological driving safety 
with specific characteristics. 
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I. Introduction 

Science and technology have improved the safety of motor 
vehicles, enabling additional behaviors such the operation of 
navigation devices or smartphones. In addition, motor vehicles 
have become an indispensable part of our lives. 

Although motor vehicles and traffic roads are becoming 
safer than in the past, traffic accidents owing to driver 
distractions and additional behaviors still occur. There are large 
numbers of vehicles and pedestrians on the roads, and drivers 
are therefore occasionally under stress.  

Studies on driver stress have therefore been conducted. One 
such study reported meaningful results on the relationship 
between the physiological changes in drivers and their driving 
behaviors, such as steering-wheel angle corrections, velocity 
changes, and time responses under incremental stress 
conditions [1]. In another study, the use of an interactive 
prototype that displays the emotions of the driver indicated that 
driver stress is reduced when compared to the driver’s original 
state [2]. In [3], speech modeling of the drivers for the 
classification of stress, including the short speech utterances of 
the drivers, was studied. In addition, another study attempted to 
recognize human emotions using physiological signals [4]. 

The National Highway Traffic Safety Administration 
reported that driver-distraction accounted for 10% of all fatal 
crashes, 18% of injury crashes, and 16% of all motor vehicle 
traffic crashes in 2012 [5]. An adaptive multimodal in-vehicle 
information system that can be used to estimate driver 
distractions was recently proposed [6]. Furthermore, for greater 
convenience, efficiency, and the safe manipulation of drivers, 
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one study proposed a novel human-machine interface (HMI) 
user-interface/user-experience (UI/UX) system based on the 
recognition of diverse gestures that is applicable to an in-
vehicle infotainment system [7]. 

Based on the results of these studies, we expect to be able to 
understand the cause and effect of driver distractions because 
emotions and stress also affect driver behaviors and states. 

In particular, a head-up display (HUD) technology is being 
developed for decreasing the visual distractions of drivers, and 
such technology is being launched in a number of commercial 
products. 

1. Effects of a Head-up Display on Driver Behaviors  

Drivers acquire more than 90% of their driving-related 
information from their visual perception. Unlike other 
perception types, visual perception can be used to accurately 
obtain the driving information over a long distance, as well as 
for the movement direction, trajectory, and speed of the vehicle. 
Other types of perception can be used to obtain the driving 
information for only a close distance or narrow range of area 
[8].  

For a visual interface that concentrates the driver’s attention 
on the road ahead, one possible solution is the use of an HUD. 
In most cases, a driver’s visual and cognitive driving-workload 
can be improved through clever human factor engineering 
combined with an HUD and obstacle detection technologies 
[9]. In particular, to deal with obstacles, new approaches for 
vehicle tracking and nighttime vehicle detection were proposed 
to improve the stability and robustness [10], [11]. In addition,  
a two-step pedestrian detection was used to reduce the 
computation time of the algorithm, and an iterative particle 
repropagation method was proposed to enhance its tracking 
accuracy [12]. 

An HUD shows the driving information exactly where the 
drivers need it–directly in their line of sight. Therefore, drivers 
can receive all of their important information, such as the 
vehicle speed, warning signals, and indicator arrows for 
navigation, without looking down at the instrument panel or a 
secondary display [13]. 

Since General Motors first began developing automobiles 
equipped with an HUD in 1999, many other companies (for 
example, BMW, PSA Group, and Cadillac) have also 
developed vehicles with an installed HUD [14]. The 
development of HUD technologies has made it possible to 
provide information within the driver’s field of view. 

The sensitivity of visual cues leads a person to conduct their 
current task, which is known as selective visual attention [15]. 
In addition, according to the visual design, searching based on 
color has been shown to be the fastest search method when 

compared to size, brightness, or geometric shape [16]. In other 
words, the various time-to-collision (TTC) indicating colors of 
AR information appearing on an HUD might be encouraging 
as a visual cue for the driver’s selective attention to be directed 
toward the item the HUD is highlighting. 

Therefore, a method for providing information using an 
HUD will speed up the driver’s decision making during a risky 
situation because the information presented on the HUD 
operates as a cue. 

An HUD was suggested for reducing the number of 
collisions and improving the driver’s ability to maintain the 
proper following distance when compared with a head-down 
display under low-visibility conditions [17]. 

In addition, the application of an HUD system can reduce the 
driver’s response time during an emergency situation and allow 
the driver to more consistently control their driving speed [18]. 
Moreover, the use of an HUD reduces driver distractions and 
improves driving safety, and is estimated to contribute to up to 
25% fewer vehicle crashes [19].  

An augmented reality HUD (AR-HUD) system was recently 
reported to provide all detected vehicle and pedestrian 
information through a transparent display installed in front of 
the driver that fits the driver’s view [20]. 

2. Effects of Augmented Reality Technology on Driver 
Behaviors 

Safe driving requires the driver’s attention, visibility, view, 
optimal traffic signs, a smooth ride, and a number of different 
available roads [21]. 

AR-HUD differs from a normal windshield HUD because 
the reflected information appears to be part of the driving 
situation itself. Therefore, the drivers will become aware of a 
critical situation even faster than without the use of an AR-
HUD. In addition, it supplements the exterior view of the 
traffic conditions in front of the vehicle through augmented 
virtual information provided to the driver [13]. 

AR can improve an awareness of other road vehicles and 
pedestrians surrounding the driver. In addition, it can be used to 
increase the saliency of important elements in the driver’s view 
and has the potential to enhance the driver’s situation 
awareness. All drivers, regardless of age, can benefit through a 
trickle-down effect [22]. 

First, the drivers respond more quickly to lane change 
information when it is directly augmented into their perspective 
over the road surface, as compared to being displayed through 
2D icons [23]. 

Second, in the context of safety-related applications, 
augmenting a realistic human-machine interaction view 
provides drivers with a higher perceived level of safety than 
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with a conventional HMI visualization style, despite the higher 
visual complexity. In addition, one study found that the more 
complex the safety recommendation that the human-machine 
interaction has to communicate, the more the drivers perceive 
an augmented realistic HMI visualization as a valuable support 
[24]. 

In addition, an AR-based navigation system causes drivers to 
spend more attention looking ahead on the road than does a 
non-AR system [25]. 

During a non-augmented traffic situation, information such 
as lane markings and road signs has proven to be very useful 
for indicating static traffic aspects. In contrast, AR can be used 
to provide dynamic markings that can adapt to changing 
contextual traffic situations to better regulate a driver’s traffic 
behaviors [22]. 

In this way, automotive AR can potentially enhance a 
driver’s experience by providing a new visual modality that 
can overlay information over the driver’s field of view [26]. 

3. Relationship between Driver Characteristics, Risk 
Perception, and Driving Behaviors 

In relation to driving behavior, risk perception refers to “the 
subjective experience of risk in potential traffic hazards [27].” 
Inexperienced drivers who have low levels of altruism and 
high levels of anxiety and anger tend to underestimate 
objective risk factors in a presented traffic environment. This is 
related to risky behaviors such as speeding [28]. In addition, 
drivers with low adaptive capability in a physical/social 
environment and high levels of anxiety have experienced a 
relatively greater number of traffic accidents [29]. 

For many drivers, trying to follow digital route guidance in 
an unfamiliar place during heavy rush-hour traffic can cause 
sensory overload and high anxiety, and can compromise safety. 
A new HUD technology is aimed at mitigating and even 
preventing such scenarios [30]. If we focus on driver behaviors, 
accidents are likely to occur when the drivers make mistakes or 
drive improperly when misjudging driving risks. Such driving 
behaviors can be caused by four main factors: speeding, drunk 
driving, fatigue, or distractions [31].  

However, the driver response time is not only affected by the 
traffic situation that the drivers experience, but also by their age, 
psychological state, personality, and attitude [32].  

One’s state of anxiety is interactively determined by their 
personal traits and situational stress [33]. It has often been 
found that anxiety impairs performance, especially when the 
task being performed is complex and demands attention [34]. 
In addition, stress directly elicited by driving can be used to 
predict lapses and violations within a driving environment [35]. 

Moreover, anxiety and diverse factors such as a lack of 

experience, emotions, day-dreaming, tension, fatigue, lack of 
sleep, weather changes, frost, heat, biorhythms, aggression, a 
bad mood, conflicts, stress (workload), alcohol, drugs, smoking, 
and pain affect one’s level of concentration [36]. 

However, anxiety is not necessarily bad. Anxious personality 
types have shown faster reaction times to threatening situations, 
and at the same time, can quickly process more threatening 
circumstances [37]. 

Therefore, this study aims to determine the effect of an in-
vehicle AR-HUD system on a driver’s response behavior and 
psychological characteristics. Additionally, we tried to confirm 
the difference in effectiveness of an in-vehicle AR-HUD 
system between normal and risky drivers. 

II. Method 

1. Participants 

Thirty male drivers and one female driver participated in this 
experimental study. These participants were randomly assigned 
into two groups: an in-vehicle AR-HUD system user group (16 
participants) and a control group (15 participants). 

However, we excluded the driver data of both the female (in-
vehicle AR-HUD system user group) and two of the male 
(control group) drivers from the final statistical analysis 
because the female driver had less than one year of driving 
experience, and the two male drivers showed a response of less 
than 50% to the total experimental stimuli.  

The average age and driving experience of the participants 
are shown in Table 1. There was no statistically significant 
difference between the two experimental groups. 

2. Experiment 

A. Experimental Stimulus and Test-Bed 

We conducted our experiment using a video clip collected 
from real traffic environments and a real test vehicle. The data 
were collected in Yuseong-gu, Daejeon, Korea, as shown in 
Fig. 1.  

The playback time of the experimental video clip was about 
6 min. The video clip contains experimental stimuli including 
the risk of a rear-end collision with a preceding vehicle, the risk 

 

Table 1. Age and driving experience of the participants (standard 
deviation). 

 AR-HUD group Control group 

Age 35.27 (6.76) 39.08 (6.46) 

Driving experience 11.07 (5.90) 14.85 (6.00) 
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Fig. 1. Driving scenario path.  
 

Table 2. Driving events and path positions. 

Event Position Times 

Preceding vehicle E1-E2-E5-E6 4 

Pedestrian E3-E7 2 

Cutoff vehicle E4-E8 2 

 

 
of a collision with pedestrians on a crosswalk, the risk of a 
collision with a cutoff vehicle, and a normal driving situation 
that was not controlled by the researchers, as shown in  
Table 2. 

However, for the risk of a collision with a cutoff vehicle 
(E4, E8), it seems that a dangerous situation was not properly 
induced to the participants. In addition, the characteristics of 
the preceding vehicle stimulus and the pedestrian stimulus 
remained from the beginning until the end when the drivers 
completely responded. However, in this experiment, the 
cutoff vehicle stimulus had both its own characteristics and 
those of the preceding vehicle stimuli. In addition, the cutoff 
vehicle initially operated as the cutoff vehicle near an 
adjacent lane, and after it moved into the same lane, its 
characteristics changed to those of a preceding vehicle. We 
found that the response time for the cutoff vehicle stimuli of 
the participants had two mixed response times for the cutoff 
and preceding vehicles. The response behavior of the 
participant was different from our initial experimental 
purpose of providing cutoff vehicle stimulus. We therefore 
determined that the mixed responses of the participants were 
not an accurate response to an accurate stimulus. According 
to this judgment, we excluded data on the cutoff vehicle 
stimuli from our final analysis. 

The drivers from the in-vehicle AR-HUD system using 
group watched a video clip made by simply adding AR 
information to an original clip. Danger information regarding 
detected vehicles and pedestrians was displayed based on the 
TTC levels as AR technology through an HUD, as shown in  
Fig. 2. The original video clip was used for the control group. 

In addition, we made a training video clip that allowed  

 

Fig. 2. AR-HUD system presentation information: risk of (a) rear-
end collision with a preceding vehicle, (b) pedestrian on a 
crosswalk, and (c) collision with a cutoff vehicle. 

(a) 

(b) 

(c) 

 

 

Fig. 3. Indoor location test-bed including a kiosk HUD. 

Beam projector 

HUD

Windshield Integrated 
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Keyboard

Monitor
180” screen

50” HUD image

 
 
portions of the video that did not reflect the intention of our 
experiment to be cut out. The purpose of the training video clip 
was to make sure that the participants became familiar with the 
driving speed and distance presented through a kiosk-HUD 
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device. 
We conducted the experiment on an indoor test bed that 

included kiosk HUD devices. The indoor-test bed consisted of 
a 180-in screen, a beam projector, an HUD device, a life-sized 
windshield, and a PC for collecting the driver response data 
and for running the integrated SW, as shown in Fig. 3. 

B. Driving Behaviors: Driver Response Times 

We collected the response times of the participants under 
both precautionary and risky situations, including vehicles and 
pedestrians suddenly appearing in front of them. To do so, we 
explained to the participants that they should press the spacebar 
of the keyboard when they wanted to brake to avoid a collision 
with a vehicle or pedestrian. In addition, we calculated their 
response time under both the objective precautionary and risky 
situations during which AR information was displayed in a 
different color according to each TTC level. 

C. Driving Behavior Determinants 

A driving behavior determinants (DBD) questionnaire was 
used in this study to collect the psychological information of all 
of the drivers, including their driving characteristics and 
attitudes. 

The questionnaire was developed based on the risky 
behaviors, human factors, psychological characteristics, and 
general attitudes of Korean drivers. 

The DBD was divided into two levels: a DBD level and a 
driver’s reckless driving level. The DBD level consists of five 
factors: Problem Evading, Benefits/Sensation Seeking, Anti-
Personal Anxiety, Anti-Personal Angry, and Aggression. The 
meaning of each factor of the DBD level is as follows. First, a 
high score for Problem Evading means that the respondent has 
a tendency to avoid or give up rather than try to solve a 
problem they are facing. Second, a respondent with a high 
score for Benefit/Sensation Seeking has a tendency to seek a 
sense of thrill from dangerous behavior and to benefit from a 
situation in which a conflict occurs in terms of what they wish 
to pursue and the societal regulations that they have violated. 
The respondents who score high on the Anti-Personal Anxiety 
factor are likely to be reluctant to come forward in front of 
others and have difficulty in forming new relationships. The 
Anti-Personal Angry factor is similar to the Anti-Personal 
Anxiety factor in terms of the inadaptability of interpersonal 
relationships; however, a distinction in this factor is the 
expression of negative aspects in an aggressive form. Finally, 
the Aggression factor has intrinsic characteristics and does not 
have a specific cause or object. The range of reliability of the 
DBD level showed a Cronbach’s α value of 0.71 to 0.86. In 
addition, the level uses a seven point Likert scale (strongly 

disagree to strongly agree) [38]. 
In addition, the reckless driving level consists of Speeding, 

Inexperienced Coping, Wild Driving, Drunken Driving, and 
Distraction. The results of the correlation between two levels 
indicate that an inappropriate level of DBD is highly correlated 
with dangerous driving behaviors and the strong possibility of a 
traffic accident [38].  

Based on this, the authors proposed a discriminant function 
that can be used to discriminate drivers according to the DBD 
level and predict their reckless driving behaviors through a 
standardization procedure [39].  

Therefore, in this study, we collected the DBD level data of 
the participants simply to determine whether they are a risky 
driver or not. 

D. Experimental Procedure  

First, we described the purpose of our study to the 
participants, and then played them the training video clip. The 
participants watched the training video clip until they became 
familiar with the speed and distance of the video scene, which 
was presented using the indoor kiosk HUD test bed. Next, the 
participants were instructed regarding the response form and 
allowed to ask questions about the experiment. We provided a 
range of answers to avoid affecting their response behaviors. 
When the above procedure was finished, the participants 
conducted the main experiment. Finally, they filled in a 
questionnaire set composed of the DBD (37 questions) and 
basic information (age, driving experience, and so on). 

E. Data Analysis 

A data analysis of this study was conducted using data 
collected from 28 of the participants, with data from both the 
female (in-vehicle AR-HUD system using group) and two 
male (control group) drivers described earlier being excluded.  

In addition, the cutoff vehicle stimuli were also excluded 
from the data analysis because the average response time and 
standard deviation of the participants were higher than 
expected, and the situation seemed to not be particularly risky 
to the participants. 

We used the statistical program, SPSS 14.0, to confirm   
the difference in the response time and psychological 
characteristics of the participants owing to the use of the in-
vehicle AR-HUD system. In addition, the relationship between 
the response time and psychological characteristics was 
analyzed through a correlation and regression analysis, and we 
conducted an analysis of variance (ANOVA) to confirm the 
difference between the driving conditions and experimental 
groups. 
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III. Results 

We conducted this study to confirm the effects of the in-
vehicle AR-HUD system usage on a driver’s response behavior 
and psychological characteristics. The average response time 
and average DBD score of the participants, including the five 
factors, are presented in Table 3. The results of the ANOVA 
indicate that there was no statistically significant difference 
between the two experimental groups. 

A. Results Based on the Relationship between Driver’s 
Response Time and DBD  

We conducted a correlation analysis to confirm the relationship 
between the participant’s response time and their psychological 
information for both the in-vehicle AR-HUD system using group 
and the control group, which are shown in Table 4. 
 

Table 3. Response time and DBD of the participants (standard 
deviation). 

 AR-HUD Control 

Preceding vehicle 0.41 (1.26) 0.58 (0.90) Objective risky 
situation Pedestrian –0.60 (0.66) –0.76 (0.66)

Preceding vehicle 1.94 (1.31) 2.11 (0.96) Objective 
precautionary 

situation Pedestrian 0.05 (0.49) –0.05 (0.49)

DBD 3.30 (0.68) 3.07 (0.78) 

Factor 1. Problem Evading 2.83 (0.79) 2.60 (1.01) 

Factor 2. Benefits/Sensation Seeking 3.04 (1.24) 2.61 (0.85) 

Factor 3. Anti-Personal Anxiety 3.53 (0.86) 3.50 (1.10) 

Factor 4. Anti-Personal Angry 3.94 (0.70) 3.68 (1.00) 

Factor 5. Aggression 3.37 (1.10) 3.24 (1.05) 

 

 

As a result, during a precautionary situation for the in-vehicle 
AR-HUD system using group, only the Benefit/Sensation 
Seeking factor was positively correlated with the response time 
for the preceding vehicle stimulus (r = 0.54, p < 0.05). The 
Anti-Personal Anxiety factor was only negatively correlated 
with the response time to the preceding vehicle and the 
pedestrian stimulus for the control group (a risky situation for a 
vehicle, r = –0.59 and p < 0.05, and for a pedestrian, r = –0.76 
and p < 0.01; and a precautionary situation for a vehicle, r =    
–0.58 and p < 0.05, and for a pedestrian, r = –0.79 and p < 
0.01). In addition, both the DBD level and Anti-Personal 
Angry factor were only negatively correlated with the response 
time for the pedestrian stimulus (r = –0.61, p < 0.05; and r =  
–0.57, p < 0.05, respectively). 

Further, we also conducted a regression analysis to confirm 
how the psychological characteristics of the driver affected 
their response behavior.   

As a result, we found that only the DBD level of the drivers 
had a significant impact on their response time for the control 
group (F(1,11) = 6.51, p < 0.05, and adjusted R2 = 0.32). In detail, 
among the five factors, only Anti-Personal Anxiety had a 
significant impact on the response time (F(5,7) = 4.61, p < 0.05, 
adjusted R2 = 0.60, t = –3.25, and p < 0.05). 

B. Results of Response Behavior between Risky and Normal 
Drivers 

We tried to confirm the difference in effectiveness of the in-
vehicle AR-HUD system between normal and risky drivers. To 
do so, we divided the participants into two groups, a normal 
driver group and a risky driver group, for both the in-vehicle 
AR-HUD group and the control group. We also applied the 
discriminant function proposed in [39]. 

The data on the drivers’ response time and DBD levels are 
shown in Table 5. We conducted an ANOVA based on these data. 
 

Table 4. Relationship between response time and DBD for both the AR-HUD using group and the control group. 

Conditions DBD Problem Evading Benefits/Sensation Seeking Anti-Personal Anxiety Anti-Personal Angry Aggression

R: vehicle 0.41 0.42 0.51 –0.04 –0.09 0.40 

R: pedestrian 0.07 0.10 0.11 –0.30 0.01 0.29 

P: vehicle 0.43 0.43 0.54* –0.01 –0.14 0.41 
AR-HUD 

P: pedestrian 0.40 0.39 0.40 0.15 0.03 0.31 

R: vehicle –0.27 –0.27 0.07 –0.59* –0.20 0.04 

R: pedestrian –0.40 –0.51 0.12 –0.76** –0.19 –0.06 

P: vehicle –0.28 –0.24 0.02 –0.58* –0.20 0.01 
Control 

P: pedestrian –0.61* –0.42 –0.17 –0.79** –0.57* –0.39 
R: risky situation 
P: precautionary situation 

* p < 0.05, ** p < 0.01 
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Table 5. Driver response time and DBD for risky and normal driver 
groups. 

Normal drivers Risky drivers 
 AR-HUD  

(N = 8) 
Control   
(N = 8) 

AR-HUD  
(N = 7) 

Control   
(N = 5) 

R: vehicle –0.30 (1.22) 0.47 (0.97) 1.22 (0.71) 0.75 (0.85)

R: pedestrian –0.81 (0.77) –0.86 (0.71) –0.36 (0.45) –0.59 (0.61)

P: vehicle 1.16 (1.24) 2.05 (0.98) 2.83 (0.71) 2.22 (1.03)

P: pedestrian –0.13 (0.50) 0.00 (0.61) 0.26 (0.40) –0.15 (0.25)

DBD 2.92 (0.46) 2.64 (0.57) 3.73 (0.64) 3.77 (0.50)

Factor 1 2.61 (0.85) 2.20 (0.62) 3.07 (0.69) 3.23 (1.27)

Factor 2 2.22 (0.55) 2.11 (0.55) 3.98 (1.15) 3.40 (0.60)

Factor 3 3.56 (0.73) 3.31 (1.25) 3.48 (1.06) 3.80 (0.84)

Factor 4 3.83 (0.69) 3.15 (0.86) 4.07 (0.75) 4.53 (0.46)

Factor 5 2.60 (0.78) 2.60 (0.75) 4.24 (0.66) 4.27 (0.45)

R: risky situation 
P: precautionary situation 
Factor 1: Problem Evading 
Factor 2: Benefits/Sensation Seeking 
Factor 3: Anti-Personal Anxiety 
Factor 4: Anti-Personal Angry 
Factor 5: Aggression 

 
As a result, the risky drivers showed a longer response time 

to the preceding vehicle than the normal drivers regardless of 
the use of the in-vehicle AR-HUD system (risky situation, 
F(1,26) = 6.09 and p < 0.05; and precautionary situation, F(1,26) = 
5.78 and p < 0.05). However, the response time to the 
pedestrians showed no significant difference between the 
normal and risky driver groups. 

An ANOVA was further conducted to confirm the difference 
in response time between the in-vehicle AR-HUD system 
using group and the control group for both normal and risky 
drivers. 

For the normal drivers, there was no statistically significant 
difference between the in-vehicle AR-HUD system using 
group and the control group.  

However, the risky drivers from only the in-vehicle AR-
HUD system using group had a statistically significant longer 
response time to the preceding vehicle under both risky and 
precautionary situations (F(1,13) = 8.39 and p < 0.05; F(1,13) = 
9.75 and p < 0.01, respectively). In addition, as with the other 
pedestrian results, the response times to the pedestrians also 
showed no significant difference between the normal and risky 
drivers. 

IV. Discussion 

We conducted this experimental study to determine the 

effectiveness of the in-vehicle AR-HUD system usage on a 
driver’s response behavior and psychological characteristics. In 
addition, we tried to confirm the difference in effectiveness 
between normal and risky drivers. To do so, we measured the 
response time and collected the DBD information on the 28 
remaining male drivers. 

One notable result of this study is regarding the pedestrian 
stimulus. The response times of the drivers who participated in 
the control group were faster than those tested for the in-vehicle 
AR-HUD system using group, although the difference was not 
statistically significant. This indicates that there is a possibility 
that the drivers relied on the in-vehicle AR-HUD system to 
provide AR information regarding precautionary and risky 
situations based on the TTC levels. In other words, the drivers 
might have conservatively determined the risk of a preceding 
vehicle or pedestrian when they did not receive additional 
information. Therefore, a further study will need to be 
conducted on this topic. 

Nonetheless, the risk determination regarding pedestrians 
was not affected by the in-vehicle AR-HUD system usage 
under any of the conditions applied. This indicates that the 
drivers seemed to feel that the pedestrians were less dangerous 
than the preceding vehicles owing to their particular 
characteristics. Another possibility is that the pedestrians did 
not stimulate the drivers as much as the preceding vehicles. 
This issue requires confirmation through a further study. 

In addition, for a precautionary situation, for the in-vehicle 
AR-HUD system using group, the drivers with high 
Benefit/Sensation Seeking characteristics responded more 
slowly to the preceding vehicle stimulus. This result seems to 
be due to the following.  

In this study, the in-vehicle AR-HUD system provided the 
drivers with AR information based on the TTC information. 
The TTC information of the vehicles and pedestrians was 
classified as “normal-attention-precaution-risk,” and was 
provided to the drivers in different colors according to the TTC 
levels through the AR-HUD. However, it seems that the AR 
visual presentation under the precautionary situations operated 
solely as an entertainment factor. These results are related to the 
other results of the risky drivers who were discriminated based 
upon their DBD level. These drivers responded that they felt a 
sense of danger when the preceding vehicle was closer to their 
vehicle. This is different than the results of the risky drivers 
who participated in the control group. Therefore, the engineers 
and designers of an AR-HUD system will need to consider the 
driving characteristics and behavior patterns of such drivers. 

One study suggested that AR technology can provide a 
method for drivers to interface with diverse technologies using 
a visual modality integral to the driving task. In addition, there 
is a need to design both AR display technology and 
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applications in such a way that they can be hosted carefully, 
considering both the behavior and physiological constraints of 
the driver [22]. Therefore, according to the results of this study, 
we suggest that the psychological characteristics of the drivers 
and the characteristics of the other vehicles and pedestrians 
need to be considered when developing AR-HUD technologies. 

Other results showed that only the drivers in the control 
group with higher Anti-Personal Anxiety or Anti-Personal 
Angry factors, or DBD level, were more quickly to respond to 
both the objective risky situations and precautionary situations. 

Drivers are likely to experience anxiety in their experiences 
with other traffic participants such as new drivers and 
pedestrians. They will therefore act quickly and sensitively to 
the emergence of vehicles and pedestrians in order to block 
their anxiety, which could lead to psychological tension or 
stress while driving. 

These results suggest that an in-vehicle AR-HUD system 
may partly induce a relaxation of tension and stress for drivers 
with high levels of interpersonal anxiety. That is, an AR-HUD 
system might contribute positively to not only the visual safety 
driving behaviors of drivers but also to the psychological 
driving safety of drivers with specific characteristics. 

V. Conclusion 

As described above, through this study, we partially 
confirmed the effective use of an AR-HUD system. However, 
the difference in the response times of the drivers separated into 
an in-vehicle AR-HUD system using group and a control 
group was not statistically significant. This seems to be due to 
the fact that this study had a small number of participants. 
Therefore, we plan to conduct an experiment with more 
participants. In addition, it is necessary to determine how and 
when AR information should be provided to drivers with a 
high Benefit/Sensation Seeking factor while driving during a 
precautionary situation. 

Another reason for the lack of statistical significance may be 
the use of a space bar as a brake pedal. Although this was the 
easiest method for collecting the response time of the drivers, it 
has a limitation in that it is different from the real driving 
behavior of using an actual brake pedal. Therefore, we need to 
study the construction of an experimental environment that can 
collect other driving behaviors, such as operating the steering 
wheel and the accelerator and brake pedals. 

The use of AR cues for elderly drivers improved their 
detection of hazardous objects in low visibility, while not 
interfering with their detection of nonhazardous objects. This 
shows the potential for AR technology to compensate for 
deficiencies in vision as people age [40]. Therefore, it is 
necessary to study whether an in-vehicle AR-HUD system can 

be made to decrease the psychological characteristics, such as 
tension and stress, of elderly drivers. 

Risky drivers can be divided to two groups: unintentionally 
risky drivers and intentionally risky drivers [39]. Based on this 
division, it will be interesting to conduct research on the effects 
of AR-HUD system usage between these two risky driver 
groups. 

Therefore, by including such information, we plan to 
conduct a study on diverse low-visibility traffic situations (for 
example, at night time and under poor weather conditions) 
targeting both normal and risky drivers. 

Acknowledgements 

This research was funded by the Industrial Strategic 
Technology Development Program of MOTIE (10040927, 
driver-oriented vehicle augmented reality system based on a 
head-up display for driving safety and convenience). 

References  

[1] A. Lanatà et al., “How the Autonomic Nervous System and 

Driving Style Change with Incremental Stressing Conditions 

During Simulated Driving,” IEEE Trans. Intell. Transp. Syst., vol. 

16, no. 3, June 2015, pp. 1505–1517. 

[2] H. Kim and K.P. Lee, “Express Driver’s Emotion with Emoticons 

in Driving Contexts,” Proc. Annu. ACM Conf. Extended 

Abstracts Human Factors Comput. Syst., Seoul, Rep. of Korea, 

Apr. 2015, pp. 1301–1306. 

[3] R. Fernandez and R.W. Picard, “Modeling Drivers’ Speech under 

Stress,” Speech Commun., vol. 40, no. 1, Apr. 2003. pp. 145–159. 

[4] B.J. Park et al., “Analysis of Physiological Responses and Use of 

Fuzzy Information Granulation–Based Neural Network for 

Recognition of Three Emotions,” ETRI J., vol. 37, no. 6, Dec. 

2015, pp. 1231–1241. 

[5] NHTSA, Traffic Safety Facts Research Note, Distracted Driving 

2012, 2014. 

[6] H.S. Park and K.H. Kim, “Adaptive Multimodal In-Vehicle 

Information System for Safe Driving,” ETRI J., vol. 37, no. 3, 

June 2015, pp. 626–636. 

[7] J. Kim, J.H. Ryu, and T.M. Han, “Multimodal Interface Based on 

Novel HMI UI/UX for In-Vehicle Infotainment System,” ETRI J., 

vol. 37, no. 4, Aug. 2015, pp. 793–803. 

[8] A.S. Cohen, Feed Forward Programming of Car Driver's Eye 

Movement Behavior. A System Theoretical Approach. Final 

Report Volume 1, 1980. 

[9] J. Lincoln, D. Lashmet, and M. Carmean, “How a Laser HUD 

Can Make Driving Safer,” Microvision Program Brief, 

Microvision, Inc., Mar. 2007. 

[10] M.E. Yildirim et al., “Direction-Based Modified Particle Filter for 



ETRI Journal, Volume 38, Number 4, August 2016 Yoonsook Hwang et al.   765 
http://dx.doi.org/10.4218/etrij.16.0115.0770 

Vehicle Tracking,” ETRI J., vol. 38, no. 2, Apr. 2016, pp. 356–365. 

[11] K.-H. Choi et al., “State Machine and Downhill Simplex 

Approach for Vision-Based Nighttime Vehicle Detection,” ETRI 

J., vol. 36, no. 3, June 2014, pp. 439–449. 

[12] J.-W. Choi, D. Moon, and J.-H. Yoo, “Robust Multi-person 

Tracking for Real-Time Intelligent Video Surveillance,” ETRI J., 

vol. 37, no. 3, June 2015, pp. 551–561. 

[13] Continental, accessed Aug. 10, 2015. http://continental-head-up-

display.com/ 

[14] K.H. Kim, S.I. Cho, and J.H. Park, “Application of Head-Up-

Display Technology to Telematics,” Electron. Telecommun. 

Trends, vol. 23, no. 1, 2008, pp. 153–162. 

[15] R. Desimone and J. Duncan, “Neural Mechanisms of Selective 

Visual Attention,” Annu. Rev. Neuroscience, vol. 18, Mar. 1995, 

pp. 193–222. 

[16] R. Christ, “Research for Evaluating Visual Display Codes: An 

Emphasis on Colour Coding,” in Information Design, New York, 

NY, USA: John Wiley and Sons, 1984, pp. 209–228. 

[17] V. Charissis, S. Papanastasiou, and G.. Vlachos, “Comparative 

Study of Prototype Automotive HUD vs. HDD: Collision 

Avoidance Simulation and Results,” SAE World Congr. 

Exhibition, Michigan, USA, Apr. 2008. 

[18] Y.C. Liu and M.-H.Wen, “Comparison of Head-Up Display 

(HUD) vs. Head-Down Display (HDD): Driving Performance of 

Commercial Vehicle Operators in Taiwan,” J. Human-Comput. 

Stud., vol. 61, no. 5, Nov. 2004, pp. 679–697. 

[19] D.L. Hibberd, S.L. Jamson, and O.M.J. Carsten, “Managing In-

Vehicle Distraction: Evidence from the Psychological Refractory 

Period Paradigm,” Proc. Int. Conf. Automotive User Interface 

Interactive Veh. Appl., Pittsburgh, PA, USA, Nov. 2010, pp. 4–11. 

[20] H.S. Park et al., “In-Vehicle AR-HUD System to Provide 

Driving-Safety Information,” ETRI J., vol. 35, no. 6, Dec. 2013, 

pp. 1038–1047. 

[21] J. Štikar and J. Hoskovec, Přehled Dopravní Psychologie: Historie, 

Teorie, Výzkum, Aplikace, Praha, Czech Republic: Karolinum, 1995. 

[22] N.T.H. Victor et al., “User-Centered Perspectives for Automotive 

Augmented Reality,” IEEE Int. Symp. Mixed Augmented Reality-

Arts, Media, Humanities, Adelaide, Australia, Oct. 1–4, 2013, pp. 

13–22. 

[23] K.S. Park et al., “Disposition of Information Entities and 

Adequate Level of Information Presentation in an In-Car 

Augmented Reality Navigation System,” Symp. Human Interface, 

Held Part HCI Int., Beijing, China, July 22–27, 2007, pp. 1098–

1108. 

[24] P. Fröhlich et al., “Augmenting the Driver’s View with Realtime 

Safety-Related Information,” Augmented Human Int. Conf., 

Megève, France, Apr. 2010, pp. 1–11. 

[25] Z. Medenica et al., “Augmented Reality vs. Street Views: A 

Driving Simulator Study Comparing Two Emerging Navigation 

Aids,” Proc. Int. Conf. HCI Mobile Devices Services, Stockholm, 

Sweden, Aug. 2011, pp. 265–274. 

[26] K. Bark et al., “Personal Navi: Benefits of an AR Navigational 

Aid Using a See-Thru 3D Volumetric HUD,” Proc. Int. Conf. 

Automotive UI Interactive Veh. Appl., Seattle, WA, USA, Sept. 

2014, pp. 1–8. 

[27] H.A. Deery, “Hazard and Risk Perception among Young Novice 

Drivers,” J. Safety Res., vol. 30, no. 4, 1999, pp. 225–236. 

[28] M.A. Machin and K.S. Sankey, “Relationship between Young 

Drivers’ Personality Characteristics, Risk Perception, and Driving 

Behaviour,” Accident Anal. Prevention, vol. 40, no. 2, Mar. 2008, 

pp. 541–547. 

[29] J.H. Kim, J.S. Oh, and S.C. Lee, “The Influences of Driving 

Behavior Determinants on Traffic Violations and Accidents,” 

Korean J. Ind. Org. Psychology, vol. 19, no. 3, 2006, pp. 349–369. 

[30] L. Brooke, “First Drive: Continental’s 2017 Augmented Reality-

Head Up Display Prototype. Presented at SAE International,” 

Accessed July 14, 2014. http://articles.sae.org/13352/ 

[31] J.S. Oh and S.C. Lee, “The Effects of Driving Behavior 

Determinants on Dangerous Driving and Traffic Accidents in the 

Reckless Drivers Group: A Path Analysis Study,” J. Korean Soc. 

Transp., vol. 25, no. 2, 2007, pp. 95–105. 

[32] S.B. Lee et al., A Study for Human Factors in Road Design – 

Focused of Analysis of Drivers’ Behavior at Intersections, Basic 

Research Reports, The Korea Transport Institute, 2001. 

[33] M.W. Eysenck, Anxiety: The Cognitive Perspective. Hove, UK: 

Erlbaum, 1992. 

[34] N. Derakshan and M.W. Eysenck, “Anxiety, Processing 

Efficiency, and Cognitive Performance–New Developments from 

Attentional Control Theory,” Eur. Psychologist, vol. 14, no. 2, 

2009, pp. 168–176. 

[35] P. Rowden et al., “The Relative Impact of Work-Related Stress, 

Life Stress and Driving Environment Stress on Driving 

Outcomes,” Accident Anal. Prevention, vol. 43, no. 4, July 2011, 

pp. 1332–1340. 

[36] D. Parker, “Driver Error and Crashes,” Workshop Modelling 

Driver Behavior Automotive Environments, Ispra, Italy, May 

2005, pp. 149–154. 

[37] H.J. Richards et al., “The Influence of Anxiety on Processing 

Capacity for Threat Detection,” Psychonomic Bulletin Review, 

vol. 18, no. 5, 2011, pp. 883–889. 

[38] J.S. Oh and S.C. Lee, “The Structure of Driving Behavior 

Determinants and Its Relationship between Reckless Driving 

Behavior,” Korean J. Psychological Social Issues, vol. 17, no. 2, 

2011, pp. 175–197. 

[39] J.S. Oh and S.C. Lee, “Discriminating Risky Drivers Using 

Driving Behavior Determinants,” Korean J. Psychological Social 

Issues, vol. 18, no. 3, 2012, pp. 415–433. 

[40] M.C. Schall Jr. et al., “Augmented Reality Cues and Elderly 

Driver Hazard Perception,” Human Factors, vol. 55, no. 3, 2013, 

pp. 643–658. 



766   Yoonsook Hwang et al. ETRI Journal, Volume 38, Number 4, August 2016 
http://dx.doi.org/10.4218/etrij.16.0115.0770 

Yoonsook Hwang received her BA and MA 

degrees in psychology from the School of 

Social Science, Chungbuk National University, 

Cheongju, Rep. of Korea, in 2007 and 2009, 

respectively. Since 2009, she has worked for 

ETRI as a research member. Her main research 

interests are traffic psychology including driver 

behaviors, driver attitudes, driving workload, driver fatigue, and 

driver’s characteristics. 
  

Byoung-Jun Park received his BS, MS, and 

his PhD degrees in control and instrumentation 

engineering, Wonkwang University, Iksan, Rep. 

of Korea, in 1998, 2000, and 2003, respectively. 

From 2005 to 2006, he was a Postdoctoral 

Fellow in the Department of Electrical and 

Computer Engineering, University of Alberta, 

Edmonton, Canada. Since 2008, he has worked as a senior researcher 

at ETRI, Daejeon, Rep. of Korea. His main research interests include 

computational intelligence, pattern recognition, granular and relational 

computing, and IT convergence. 

   

Kyong-Ho Kim received his PhD degree in 

computer science at the Korea Advanced 

Institute of Science and Technology, Daejeon, 

Rep. of Korea, in 2010. He received BS and 

MS degrees in electronic engineering at 

Kyungpook National University, Daegu, Rep. 

of Korea, in 1993 and 1995, respectively. Since 

1995, he has worked for ETRI, Daejeon, Rep. of Korea. His main 

research interests include virtual reality, augmented reality, and human-

computer interaction. 
 
 
 
 

 

 

 


