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Abstract. When integrating numerous in-car information and assistance sys-
tems, a consistent way of spatial distance presentation for drivers is required. A 
common practice is to use discrete textual information (e.g. 500 meters) in 
combination with a graphical bar representing relative spatial information. 
Hitherto there exists no design consistency with respect to bars for distance il-
lustration. Contemporary solutions differ in terms of movement direction (up-
ward vs. downward), composition type (decreasing vs. increasing), or alignment 
(horizontal vs. vertical). We conducted a driving simulator experiment to inves-
tigate user preferences, perceived location, and eye gaze data for a meaningful 
subset of bars in a dynamic scenario. When approaching a traffic event (road 
works), one out of four vertical bar alternatives indicated the current distance. 
Subsequently, the associated horizontal bar type (decreasing or increasing) vis-
ualized the driverÕs spatial progress within the road works section. Our results 
indicate, that drivers prefer upwards-moving approach bars and progress bars 
decreasing from left to right. Eye-tracking data supports usage of decreasing 
bars instead of increasing bars. Accordingly, we elaborated an initial version of 
design guidelines for bars representing relative spatial information for local 
events. On this basis we implemented approach and progress indicators, which 
were adopted for numerous use-cases in a large field operational test for Vehi-
cle-2-X Communication. 
Keywords: Distance; Assistance; Design; Usability Evaluation; In-car; Driv-
ing. 

1 Introduction  

During the last decades, awareness regarding intuitive driver interfaces has constantly 
increased. With a rising number of in-vehicle information systems (IVIS) and ad-
vanced driver assistant systems (ADAS) being integrated, coherent presentation of 
information is crucial for drivers to understand contents immediately. Although mul-
timodal presentations open new options, common graphical displays will not become 



dispensable for automotive applications. Due to visual driver distraction while glanc-
ing at the display, it is necessary to reduce glancing times to a minimum by intuitive 
presentations. This is one fundamental design principle for interaction with IVIS [1]. 

One of the frequently required functionalities of in-car displays is spatial distance 
presentation, e.g. in todayÕs navigation systems when a maneuver point comes up 
(e.g. turn right in 300m). In cases of events that can be pinpointed to a location, we 
use the term spatial approach visualization. Additionally, modern ADAS require 
visual presentation of spatial validity, e.g. visualizing the remaining section where a 
traffic sign is valid. In this case of traffic events having an areal extend, we name it 
spatial progress visualization. Although in general HCI progress is well researched 
[2Ð7], the automotive domain lacks both a common concept, as well as design guide-
lines for implementations of spatial approach and progress. We found a general ten-
dency of numerical distance presentation (e.g. 300 meters) in combination with a 
graphical progress bar representing relative spatial information when investigating 
hitherto existing distance presentation in diverse system types. For presentation of 
spatial information, there exist many plausible variants, and unfortunately no design 
consensus could be observed. Nevertheless, three major design factors could be de-
rived: First, there exist two general orientations of the bar (horizontal vs. vertical), 
second, the bar can be filled or emptied with some kind of filling (increase vs. de-
crease), and third, the movement direction can be manipulated (up vs. down or left vs. 
right respectively). Moreover, color-coding is sometimes used for urgency emphasis. 

In this paper we examine these different design factors with the help of a user 
study. Our goal was to find parameter combinations, which are preferred by drivers, 
perceived fastest, and minimize glancing times. Accordingly, a suitable driving task 
was designed and implemented via the openDS driving simulator [8] and an eye 
tracker was used to measure glance durations while driving. Based on our results, we 
suggest general design guidelines for spatial approach and progress in the automotive 
domain. These guidelines have already been applied to a Human-Machine Interface 
used in a large field operational test with over 20 novel ADAS (simTD). 

2 The simTD HMI  

The simTD project1 comprises one of the largest field operational tests for Vehicle-2-X 
Communication Networks (V2X) and its applications. In this domain, cars communi-
cate with other entities using different wireless communication technologies where 
`X` denotes the communication partner. These are typically other cars, road infra-
structure like signal lights, or traffic management authorities. simTD investigates estab-
lished V2X use-cases in real traffic scenarios around the Hessian city of Frankfurt/ 
Main, Germany with a fleet of 120 cars. One of the goals of the project is to evaluate 
the effect of V2X-based applications on traffic and driver. It is currently the largest 
field operational test in this domain. Drivers are not only advised ÒexpertsÓ to the 
simTD system but also novices. Especially for this type of drivers it is of utmost im-

                                                             
1 http://www.simtd.de/ 



portance that the Human-Machine Interface (HMI) of the system is intuitive, non-
distractive and features a consistent integration of all use-cases. It consists of a main 
area where the most relevant information is displayed and an additional area in the 
upper part containing six slots for additional information of parallel applications. 
Using two virtual buttons, the driver can also access a map and an option screen (see 
Figure 1). The Automotive group at Òdouble-blindedÓ is responsible for developing 
and evaluating the HMI concept in simTD prior to the field operational test. 

 

Figure 1. The simTD HMI depicting three virtual screens and symbol area. 

The V2X use-cases evaluated can be classified into three categories: Safety, traffic 
efficiency, and value added services. Many events belonging to these use-cases are 
location-based, i.e. they pinpoint to a certain geographical position. Moreover, some 
events are valid for a certain road segment, e.g. road works. Table 1 lists a shortened 
selection of use-cases, which are investigated in simTD. Altogether, there are over 25 
use-cases tested within the project. We refer the interested reader to the full list of 
selected functions in [9]. Especially warning functions, e.g. congestion warning, need 
to be displayed way before the actual event. Those approaches to upcoming events 
should be presented to drivers in a consistent way for all use-cases. Besides text-only 
information, the use of graphical information via progress bars can be found in sever-
al navigation systems. We analyze different realizations and have a look what can be 
learned from general HCI research in the following section. 

Table 1. Some selected simTD use-cases involving approach and/or progress information. 

Category Use-case 
Safety Lost Cargo Warning 
Safety Congestion Ahead Warning 
Safety Animals on the Road Warning 
Safety Approaching Emergency Vehicle Warning 
Safety Road Weather Warning 
Efficiency Traffic Sign Assistant 
Efficiency Road Works Information System 

3 Background 

Since the beginning of HCI research, design and display of progress is considered 
important and useful. For example, Myers in [7] concludes that especially for long-



lasting tasks users prefer this kind of progress display. In traditional HCI, the design 
of progress was established even before graphical user interfaces were common. It 
was implemented using ASCII characters (cf. Figure 2a). 

 

Figure 2. Design of progress in different Operating Systems (b)-(g) and in ASCII code (a). 

Nowadays, horizontal filling bars (from left to right) constitute a common imple-
mentation on Desktop Operating Systems and mobile devices. With Windows 2000 
and Windows XP, segmented bars were invented but replaced by continuous bars in 
Windows Vista/7 (Figure 2, (c), (f), (d)). Modern versions of all major Desktops come 
with an animation of the barsÕ fill color either ÒpulsatingÓ from left to right (Win-
dows) or ÒribbedÓ from right to left, e.g. in Mac, see Figure 2, (g). One might think 
this change was invented because of advances in technology such as increased com-
puting power or in order to make the graphical user interface more appealing. But 
interestingly, according to [3], this type of bars result in statistically significant short-
er perceived duration times when compared to their static counterparts. Another ap-
proach is hiding the actual progress from the user and displaying another one, as in-
vestigated in [4]. Harrison et al. applied non-linear functions for progress bars and 
found that users have a strong preference for speed-ups towards the end. On the other 
side, according to their results, users tend to tolerate slow-downs at the beginning 
better than towards the end. For tasks with dynamic completion, like defragmenting a 
hard-drive, such a non-linear progress bar is considered useful. Such a progress bar, 
on the other hand, is not appropriate for linear tasks. Other approaches try to exploit 
colors or different kinds of modalities. For example in [2],  six combinations of colors 
are considered: blue/red for progress bar foreground color and cyan/orange/gray for 
background color. Furthermore, [6] encode progress into a series of vibrotactile pulses 
while [5] use auditory cues. To conclude, so far, researchers above all tried to reduce 
the subjective perception of waiting time, either by visual means, or by applying non-
linear functions to progress bars. 

However, these strategies should only be applied, when progress of the actual task 
is hidden from the user. In the automotive domain this decoupling between actual and 
displayed spatial information is neither given nor desired. Quite contrary, it is essen-
tial that both coincide as exactly as possible, e.g. during a spatial approach to a ma-
neuver point. Besides that, transferred to our domain, Harrison et al. suggest in [4] to 
represent linear tasks by linear progress. Also, the use of animations in the automotive 
context might induce visual distraction. 






























