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ABSTRACT

This  paper  focused on the effects  of  interface  complexity of  HUDs on drivers’ driving performance and self-
perception. During the experiment, participants  need to perform four tasks, namely car-following, lane changing,
speed  control,  and  response  to  an  urgent  event, all  with  either  of five  randomly chosen  HUD interfaces with
different  levels of complexity shown to the drivers. The questionnaires to investigate drivers’  driving easiness,
satisfaction, efficiency, mental workload and task complexity were collected immediately after finishing the tasks.
Results showed that both perceived effectiveness and satisfaction have reverse “U” shape relationship with HUD
interface complexity. This paper made a contribution to interface design of HUDs on automobiles as well as  made
suggestions on information complexity design, which can improve drivers’ driving performance and safety. 
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INTRODUCTION

In recent years, smart devices of automobiles have been developed rapidly. Head-up display (HUD) is one of them.
HUD can present data without requiring users to look away from their usual viewpoints. It was originally developed
to help pilots operate aircrafts, especially military aircrafts, more safely. The first use of HUD technology was in
1988, and it was introduced to the automobile industry by General Motor (GM) and Pontiac models (Smith and Fu,
2011). Nowadays, some automobiles have  been  equipped with an HUD in front of their windshields. HUD has
become an essential device in most luxury vehicles, but it is not widely used in daily life. As for the design of HUD,
there can be many different kinds of information on the display, such as speed, warnings, gas level, gear position,
radio setting, temperature, position navigation and so on, which can help the driver operate safely and efficiently.

HUD on Driving Performance

In prior studies, some found that HUDs could make some positive effects on driving performance. The use of HUDs
can improve driving control and driving safety (Charissis, 2006). Drivers’ response time to an urgent event is faster
with an HUD than that with a HDD (head-down display), and speed control is also more consistent with an HUD
(Liu and Wen, 2004). In addition, mental workload can also be decreased, and it is good for first time users (Liu,
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2003). Drivers feel safe and satisfied when they are driving with a HUD (Tonnis and Lange et al., 2007). With an
HUD, drivers may have a clear viewpoint of the driving task, making driving more efficient. At the same time, it can
reduce complexity of driving. In 2003, Yung-Ching Liu investigated difference in driving performance between
drivers’ attention on HUDs under low and high road conditions (Liu, 2003). However,  there are also some bad
effects on using HUDs, such as focal distance may affect drivers’ accommodation and perception of actual objects
while driving.  Meanwhile, HUD images may clutter or block drivers’ view and affect  visual attention (Tufano,
1997). As for the measurement of driving performance, Yung-Ching Liu used mental workload and speed control
(Liu and Wen, 2004). Some researchers also use error rates and response time in their study.

Since HUDs have effects on driving, interface design of HUDs is very important. Watanabe and Yoo et al. studied
the effect of HUD warning location on drivers’ response and performance enhancement (Watanabe and Yoo et al.,
1999).  Other  researchers  developed a full-windshield HUD interface  to  improve drivers’  spatial  awareness  and
response  time  under  low  visibility  conditions  (Charissis  and  Papanastasiou,  2010).  Shana  Smith  used  Kansei
engineering to produce a new HUD which is more acceptable based upon consumers’ feelings and demands. Since
driving is a heavy visual task, drivers need a visual interface to help them focus their attention on the road ahead.
HUDs have been used to reduce drivers’ visual and cognitive workload, without any physical interaction (Smith and
Fu, 2011). The results of their paper can also be used to customize an HUD presentation image, which caters to the
drivers’ feelings and emotions. Tonnis et al. built a virtual bar and projected it in front of a car using an HUD, to
assist drivers in longitudinal and lateral control (Tonnis and Lange et al., 2007). 

Information Complexity on Driving Performance

Previous researches have shown that decisions are affected by uncertainty ambiguity and limited human capacity. It
is hardly possible for anyone to be observant of everything at the same time. It is important to take into account what
is known about limitations of human information processing (Svensson and Angelborg-Thanderez et al.,  1997).
Moray cited research where attempts were made to decide what is the optimal number of elements in decision
making in  uncertain  situations.  Normally  it  is  not  an  advantage  to  have more than seven elements.  The same
conclusions are valid for  judgment and estimation. The numbers  even appear also in applied research  on pilot
performance (Moray, 1986). Miller found that humans cannot discriminate between more than half a dozen one-
dimensional entities; nor can they handle more objects in their short term memory or control more content in their
attention (Miller, 1956).

Eustase found that when more than seven simultaneous threats were presented to the pilot, his outcome, in terms of
number of omissions and errors, radically deteriorated (Easterbrook, 1959). Way et al. stressed the importance of
reducing  display  clutter  and  making  critical  information  more  evident  (Way  and  Martin  et  al.,  1987).  Other
researchers have done some analysis on the cognitive information complexity. Kushwaha found that all the nine
Weyuker  properties  have  been  satisfied  by  cognitive  information  complexity  measure  and  hence  established
cognitive information complexity measure based on information contained in the software as a robust and well-
structured one (Kushwaha and Misra, 2006).

Preceding literatures showed that there were lots of researches on HUDs, especially for the information presentation
and the effect on drivers. Driving performance and self-perception are way to measure whether the design of HUD is
user-centered or effective for driving. However, the interface complexity design is widely used in aviation, which is
not a consideration on the study of HUDs on vehicles before. There are many surveys on information complexity,
but few on HUD designs.  Thus  this paper aims to study the effects of interface complexity of HUD on driving
performance and self-perception, so that it can provide useful advices on HUD designs, which will improve the
drivers’ driving performance. 

METHODOLOGY

In order to investigate the influence of interface complexity on driving performance and self-perfection and gather
sufficient information to analyze, a questionnaire, which investigated the entire different hypotheses, statements and
tendencies,  is  essential.  Meanwhile,  it  is  necessary to classify the questionnaire into three parts  with each part
researching  on  demographics,  easiness,  interface  complexity  and  satisfaction  on  account  of  keeping  the
questionnaire’s  validity.  Thus,  the  most  frequent  7-point  Likert-scale  questionnaire  from  strongly  disagree  to
strongly agree was used.   
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Firstly,  in order  to keep the inter  consistency of different  parts of this questionnaire,  we use three independent
questions with respect to each dependent variable. And all of these questions were either collected from the widely
used CSUQ questionnaire (Computer System Usability Questionnaire) and SUS questionnaire (the System Usability
Scale) or revised according to our experiment request (Lewis, J. R.，1995; Bangor, A. et al, 2008). Secondly, each
participant would immediately receive one paper of questionnaire to evaluate the current HUD interface in case that
they may forget their real feeling after the experiment. Thirdly, all the answers given by the participants would be
checked whether this data satisfied the normality assumption. And for those data, which don’t satisfy, a throwing-
out or changing will be done to them. Then, we would check if there is good internal consistency among every three
questions and whether they all examine the same dependent variable by checking the value of Chronch Alpha of the
answer.  Fourthly,  one-way ANOVA with LSD ( α=0 . 01 )  would be carried  out  to  find out  whether  there  is
significant difference between the interface complexity and driving performance and self-perception. Finally, we
will discuss the result of this study in detail and compare our findings with literatures. At the same time, we also
explain every detail finding and limitation and point out the future research direction. 

Participants

Twenty  participants  (all  males,  mean  age=23.7,  SD=3.81),  who are  students  of  a university, took  part  in  the
experiments. All of them have a driving license and driving experience. They also have experiences in a virtual
environment and used a driving simulator before, such as video game car driving simulator.

Tasks

The experiment contains four tasks, which are car following, lane changing, speed control, and response to an urgent
event. The participant will drive in a virtual city road. Firstly the participant will have a one-minute straight drive
following a car, and then the participant will change his lane to left and then right. Secondly the participant will turn
left on a cross, then go straight and stop before a sidewalk. During the experiment, the participant must follow a car
once, change his lane five times, turn left once and stop before a sidewalk. When the participant finishes this task, he
will fill out the questionnaire. The driver needs to repeat it five times. Every time the interface on the HUD will be
changed, and the five images will be shown randomly to the driver.

Apparatus

This experiment  was taken in a full cockpit simulator, which consists of a modified car and a  projection
system. The HUD we use is made of a projector and a film. We put this film on the windshield of the
car, and let the projector projects the HUD images when the driver is driving. In this way, we can show
the interface that designed to the participant (see Fig.1). The software we use is Vega Prime. 

Figure 1. State Key Laboratory of Automobile Safety and Energy

As for the HUD interface,  after we found out the dependent and independent variables,  we used these items to
design five HUD image samples.  It represents five levels of the interface complexity of HUD from No.1 to No.5.
The information on the interface is increasing from speed to road condition and navigation. The images are shown as
below (see Fig.2). 
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Fig.2 Interfaces of five HUD designs

Procedure

Participants will spend about 40 minutes to finish the experiment, including an introduction, a driving training, a
series  of  driving  tasks,  and  filling  out  the  questionnaires.  Firstly,  we  will  give  a  detailed  introduction  to  the
participant about the HUD and  the participant will fill out the personal information questionnaire. Secondly, the
participant will have driving simulation training. Thirdly, the participant will finish the driving tasks mentioned
above and fill out the questionnaire. After all of this the participant will get his/her remuneration. 

RESEARCH FRAMEWORK

The main objective of this study was to measure the influence of HUD interface complexity on drivers’ driving
performance and self-perception, which can be measured in terms of perceived complexity, subjective effectiveness,
easiness, satisfaction, mental workload, and driving task complexity. Firstly, measuring perceived complexity of
these five HUD interfaces can not only provide us with drivers’ real feeling of HUD interface complexity, but it is
also  a  good form of  checking  the  consistency  between  designed  interface  complexity  and  perceived  interface
complexity (Liu, Y., & Wen, M., 2004). Secondly, measuring subjective effectiveness, easiness, and satisfaction is
of  great  importance  since these measurements  demonstrate  drivers’  feelings and thoughts in the whole driving
process (Koss, B., & Sieber, A., 2011). In addition, drivers are the ultimate users and purchasers of HUDs and
hence,  drivers’  satisfaction  and  preference  are  the  most  vital  standards  of  checking  the  effectiveness  of  HUD
interfaces (Kiefer, R. J., 1998). Thirdly, it is also of great significance to measure drivers’ mental workload and
driving task complexity. For one thing, drivers’ mental workload is a measurement which reflects drivers’ mental
requirement and occupation and will play an important role in influencing drivers’ driving performance in the long
run.  For  another,  measuring  driving task  complexity can  offer  drivers’  subjective  efforts  in  the  whole driving
process and undoubtedly is a vital index (Wolffsohn, J. S. et al, 1998).  

According to the existing researches and a short interview with experienced drivers, a total of 5 hypothesizes are
proposed as follows.

Hypothesis  1a:  Both  the  most  complex  and  the  simplest  HUD interface  will  not  bring  drivers  with  the  best
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perceived effectiveness, thus, the effectiveness curve should be reverse “U” shape (Chu, K. et al, 2008).

Hypothesis  1b: Similar  to  Hypothesis  1a,  there  should be  a  reverse  “U” shape relationship between interface
complexity and perceived easiness.

Hypothesis 1c: Similar  to Hypothesis 1a and Hypothesis 1b, there should be a reverse “U” shape relationship
between interface complexity and satisfaction.

Hypothesis 2a: With the increasing of HUD interface complexity, the amount of information that HUD provides is
also increasing; thus, there should be a positive relationship between HUD interface complexity and drivers’ mental
workload (Frey, T. W., 2001).

Hypothesis  2b: Similar  to  hypothesis  above,  there  should  be  a  positive  relationship  between  HUD  interface
complexity and driving task complexity.

RESULTS

Perceived complexity

One-way ANOVA with LSD ( α =0.01) was conducted among these HUD interfaces. Results show that there is a
significant difference between perceived complexity and HUD interface complexity: F (4, 95) =83.740, p<0.001.

Fig.3 Comparison of mean perceived complexity between different interfaces

As for significance among these interfaces,  except for the HUD interface No.1 and No.2, the left ones all have
significance between each other (p<0.01). We could also see an increasing trend of interface complexity (see Fig.3).

Subjective Effectiveness

Similar method was also conducted to examine the relationship between subjective driving effectiveness and HUD
interfaces, and there is a significant difference between them, F (4, 95) =3.983, p=0.005 (see Fig.4).
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Fig.4 Comparison of mean effectiveness between different interfaces

There  is  a  nonlinear  relationship between subjective  driving effectiveness  and HUD interface  complexity.  It  is
obvious to see that drivers’ subjective effectiveness increases when the interface complexity increases from interface
No.1 to No.3. However, there is a significant  decreasing trend from interface No.3 to No.4. To step further, three
interfaces, namely No.1, No.2 and No.4, have significant differences with interface No.3 (p=0.008, p=0.001 and
p=0.002 respectively). 

Easiness

One-way  ANOVA  was  conducted  between  easiness  and  HUD  interfaces,  and  results  indicate  that  there  is  a
significant difference between them: F (4, 95) =4.643, p=0.002. Drivers’ feeling of easiness decreased when the
HUD interface complexity increased (see Fig.4), which was beyond our expectation. Three interfaces, namely No.1,
No.2 and No.3, have significant differences with interface No.5 (p<0.01, p=0.001 and p=0.004 respectively). As for
the interface No.4 and interface No.5, significance was found at the 0.05 level (p=0.011).

Fig.5 Comparison of mean easiness between different interfaces

Satisfaction

One-way ANOVA was conducted between satisfaction and HUD interfaces,  and results indicate that  there is a
significant difference between them, F (4, 95) =6.515, p<0.001. As shown in Fig.6, there is an increase of drivers’
satisfaction when the HUD interface complexity increases from interface No.2 to No.3 (p<0.01), which is the same
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as No.2 to No.5 (p=0.005). Nevertheless, we can also receive that drivers’ satisfaction begin to decrease when it
comes to HUD interface No.3 and interface No.4 (p=0.054).

Fig.6 Comparison of mean satisfaction between different interfaces

Mental Workload

In addition to measure drivers’ subjective feelings in the driving process, we also wonder the influence of HUD
interface complexity on drivers’ mental workload. This is of great importance since high mental workload in driving
implies underlying dangers, such as tiredness, distraction, and etc. Significance was found between mental workload
and interface complexity, F (4,95)=4.933, p=0.001.Results were shown in Fig.7.

Fig.7 Comparison of mean mental workload between different interfaces

As shown in Fig.7, there is a significant increase of drivers’ mental workload when the HUD interface changes from
interface No.2 to No.4 (p=0.001) and No.5 (p=0.004),  which is the same as No.1 to No.4 and No.5 (p<0.01).
Besides, we can also see a marginally significant increase of drivers’ mental workload from interface No.3 to No.4
(p=0.099) and a slightly decrease of mental workload from interface No.4 to No.5. 

Driving Task Complexity 

Though we have examined the perceived complexity of HUD interfaces, another interesting question is that whether
the  relationship  between driving  task complexity  and HUD interfaces  is  the  same as  the  relationship  between
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perceived complexity and HUD interfaces.  Significance was found between them, F (4,95)= 8.417, p<0.001.  And
results were shown in Fig.8.

Fig.8 Comparison of mean driving task complexity between different interfaces

As demonstrated in Fig.8, in general, there is an increase of driving task complexity when HUD interfaces change
from interface No.1 to No.5. In addition, we can also obtain that there is a significant difference in terms of mean
driving task complexity between HUD interface No.1 and No.3, No.4, No.5 (p=0.003, p=0.009 and p<0.01) and
interface No.2 and No.5 (p<0.01). 

DISCUSSION

Perceived complexity.  Perceived complexity of these five interfaces is dominantly in accord with the amount of
information displayed on each interface.  That is, the more complex the HUD interface was designed, the more
complex the drivers would perceive. This result was also an illustration that the complexity of HUD interface would
really determine the perceived complexity of drivers who used it. Among all these five HUD interfaces, interface
No.4 and interface  No.5 are  the most complex ones for  drivers  and interface  No.1 and interface  No.2 are  the
simplest ones.

Subjective effectiveness. There is a significant increase of subjective driving effectiveness when the HUD interface
complexity is growing and there also is a significant decrease when the HUD interface complexity is too high. This
means the hypothesis that there should be a reverse “U” shape relationship between HUD interface complexity and
effectiveness has been proved, that is, there is an optimal HUD interface complexity existing in terms of subjective
effectiveness.  However,  in  the  existing  researches,  optimal  interface  complexity  was  found  related  to  user
characteristics,  which means optimal interface complexity is different mutually (JH Carlisle, 1974; TJ Massaro,
1996).

Easiness.  Since one of our hypotheses is that drivers will not feel easy in the driving process when the interface
complexity is  too low or too high, we expect  to see a reverse “U” shape in relationship between easiness and
interface complexity. Results were shown in Fig.5. Though this result is beyond our expectation, it is still important
to pay attention to this finding. Simply speaking, one reason why drivers got less easiness when the amount of
information is increasing may be the distraction, which is caused by information shown on the HUD interfaces, is
also increasing (Olsson, S. et al.,  2000;Nowakowski,  C. et al.,  2001). Hence, drivers under condition that HUD
interface  complexity  is  high  may  not  be  able  to  keep  their  attention  on  the  road  as  easy  as  those  under  low
complexity.

Satisfaction. The  most  important  index  of  measuring  drivers’  performance  in  a  subjective  way  is  drivers’
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satisfaction under these five kinds of driving conditions. The result has verified our hypothesis that there should be a
reverse “U” shape relationship between drivers’ satisfaction and HUD interface complexity. This is a finding with
significance since it reminds both the researchers and HUD designers that appropriate complexity of HUD interface
is  highly  needed.  This  confirms  the  previous  finding  that  there  is  an  increase  of  satisfaction  when  interface
complexity increases  not too much and a decrease of satisfaction when interface complexity becomes too high
(Nielsen, J., 1993; Ahmed, S. Z., 2004).

Mental workload. There is a significant increase in terms of drivers’ mental workload when the HUD interface
changes from interface No.2 to No.4 and No.5 and marginally significant increase from interface No.3 to No.4. This
is consistent with the existing studies that driving leads to a great mental workload for the drivers by the more
complex driving context (Cantin, V. et al, 2009).

Driving task complexity. To have a comprehensive understanding  of  the  increasing  driving task complexity, we
know that the increasing information of HUD interface from No.1 and No.2 to the others is road warning, road
condition and navigation. Thus, this kind of information may occupy drivers’ attention and hence, increase driving
task complexity, which has been shown in other researchers’ work (Wickens, C. D., 1994; Wang, W., 2003).

CONCLUSION

The objective of this study is to measure the influence of HUD interface complexity on drivers’ driving performance
and self-perception. The main limitation of this study is that drivers driving in simulated driving environment may
not behave the same as when they are in the real world since simulated lane and pedestrian are somewhat different
in view. Another underlying influence on the experiment results may situate at the sample characteristic of this study
since all drivers recruited in this study are university students. Nevertheless, there are six broad conclusions that we
can conclude from this study.

Firstly,  drivers’  perceived complexity has been proved to be consistent  with designed complexity.  Specifically,
except for the HUD interface No.1 and No.2, and the left ones all have significance between each other (p<0.01).
This is also an illustration of the effectiveness of our study. Secondly, the hypothesis that there should be a reverse
“U” shape relationship between effectiveness and HUD interface complexity has been proved. To be specific, on
one hand, three HUD interfaces (No.1, No.2 and No.3) have significant differences with HUD interface No.3. On
the other hand, we can conclude from this research that HUD interface No.3 is the most welcomed and preferred one
by drivers.   Thirdly,  the hypothesis that  the easiness curve should be reverse  “U” shape has not been proved.
Specifically,  drivers’  feeling of easiness  decreased step by step when the HUD interface  complexity increased.
Fourthly, the hypothesis that both the most complex and the simplest HUD interface will not bring drivers with the
best satisfaction, and the satisfaction curve should also be reverse “U” shape has been proved. This is the most
significant finding of this study. Specifically, there is an increase of drivers’ satisfaction when the HUD interface
complexity increases from interface No.1 to No.3. However, drivers’ satisfaction begins to decrease when it comes
to HUD interface No.4 and No.5. Fifthly, the hypothesis that the more complex of the HUD interface is, the higher
drivers’ mental workload will be has been proved. To be more detailed, there is nearly no increase of drivers’ mental
workload when the HUD interface changes from interface No.1 to No.2.and from No.4 to No.5. 

Finally, in terms of driving task complexity, the hypothesis that the more complex of the HUD interface is, the
higher driving task complexity will be has been proved. This indicates that the driving task complexity is increasing
with  the  increasing  of  HUD  interface  complexity. Consequently,  this  study  has  started  with  research  on  the
relationship between HUD interface complexity and driving performance and has found some significant findings.
Though the  research  object  is  HUD interface,  it  can  also be generalized  to  similar  domain which  research  on
interface complexity.
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