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The Lane Change Test measures one aspect of driving performance, but 
other measures can be added. This paper discusses the effects of adding a 
measure for missed signs without adjusting the specified task pace. Two 
experiments with two secondary task conditions and a design with either a 
continuous or a controlled number of tasks were compared. The data 
suggest that effective tasks increase the risk of missing signs if the tasks are 
presented continuously and require drivers to take their eyes off the road. 
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1 Introduction 
Safety is important when developing new products for vehicles. In both real world 
settings and driving simulators, driving performance, one aspect of safety, can be 
measured as break reaction time, visual time off road, hazard detection, and more. One 
driving simulator tool developed to measure the influence of secondary tasks on driving 
performance is the Lane Change Test (Mattes, 2003). The Lane Change Test measures 
driving performance as the driving deviation from a normative driving route 
(DaimlerChrysler AG, 2004). This is a broad measure that covers several aspects of 
deteriorated driving performance such as late reaction to a sign, missed signs, or low 
lane keeping quality (Mattes, 2003). Several studies (Engström et al., 2005; Liang & 
Lee, 2010) have identified different influences on driving performance depending on the 
type of secondary task. The type of driving performance deterioration can help explain 
why a secondary task is distracting. As the Lane Change Test in its original form does 
not discriminate between different driving behaviours, additional metrics seem 
necessary (Rognin et al., 2007). This testing problem has been addressed by several 
studies by adding measures for correct lane changes such as missed signs and erroneous 
lane changes (Bruyas et al., 2008; Engström & Markkula, 2007; Young et al., 2011). 
However, since the Lane change Test was developed to measure the deviation from a 
normative driving route, there is a risk that added measures could produce misleading 
results. The effects of adding new measures to the Lane Change Test is important to 
study and discuss since misleading results can have the unwanted effect of developers 
choosing more demanding and less safe solutions. 
 
2 Objective 
This paper compares and discusses the effects of adding a new measure – missed signs 
– to the Lane Change Test with and without adjusting the Lane Change Test 
specifications for secondary task pace. 
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3 Method 
Two experiments with similar design but continuous or controlled secondary task pace 
were compared.  
 
3.1 Participants 
The experiment with continuous presentation of secondary tasks had 18 participants and 
the experiment with a controlled number of secondary tasks had 20 participants. None 
of the participants had previous experience with the equipment used in the study. 
 
3.2 Experimental tasks and equipment 
In both studies, the Lane Change Test was used as a primary task to simulate driving 
and measure driving performance. A Logitech Momo Racing steering wheel was used 
and the driving task was displayed on a computer screen in front of the participants 
(Figure 1). The secondary task was a simple menu selection task that was identical in 
both studies. The participants were asked to find and select a target item in a menu with 
four menu items. The target was announced through headphones and displayed on a 
small screen beneath the driving scene (Figure 1). The menu items were always the 
same, but their arrangement and the target item changed between tasks. The menu was 
displayed on a computer screen next to the driving scene and a haptic rotary device 
(Alps Haptic Commander) was used for menu interaction (Figure 1). The rotary device 
provided haptic information that matched the visual menu interface. Two conditions – 
with and without haptic information – were compared. With haptic information, the 
transition from one menu item to another was sensed and the transitions felt like soft 
ridges. When no haptic information was provided, the rotary device moved smoothly, 
without resistance. 
 

 
Figure 1. The experimental setup. The driving task is on the screen directly in front of 
the participant and the menu selection task is on the screen next to this screen. The 
target appears on the small screen below the driving scene screen and is announced via 
headphones. 
 
3.3 Lane Change Test 
In the Lane Change Test, the participants drove on a straight three-lane road on which 
no other cars were present. Road signs showing lane change information were placed 
along the road. The driving task was to keep the car within a driving lane and change 
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lanes as quickly and efficiently as possible when directed to by the signs. The driving 
speed was set at 60 km/h throughout the experiments. To reduce individual variations in 
driving performance, each participant drove one baseline without performing a 
secondary task at the beginning and at the end of the experimental session. The driving 
performance with secondary tasks was compared to a quotient between the two driving 
baselines. 
 
3.4 Task pace 
In the Lane Change Test, a continual presentation of secondary tasks while driving is 
recommended to obtain even distraction throughout the driving session. This set up was 
used in one of the experiments. Once a participant had made a menu selection a new 
target was announced through the headphones. In the other experiment, the secondary 
task pace was fixed to 12 menu selections spread out evenly during the driving round. 
The targets were announced at the same driving route locations for all participants in the 
experiment with controlled task pace.  
 
3.5 Missed signs 
The standard measure in the Lane Change Test is the driving deviation from a 
normative driving round. In this test, however, a measure for missed signs was used. 
The Lane Change Test analysis program provides driving curves for each participant 
and driving round. These curves were manually scanned for missed lane changes. 
Missed signs were counted as the number of signs that were passed without a lane 
change. Figure 2 shows an example of a missed sign.  
 

 
Figure 2. Example of a missed sign. The white curve shows the participant driving and 
the black curve shows the normative driving route. The arrow and the two X’s show the 
current sign information directing the driver to change to the middle lane. 
 
3.6 Task completion time 
For the discussion in this paper, the task completion time was added as a measure of 
secondary task performance. 
 
3.7 Analysis 
The experiment with continuous secondary task pace had a counterbalanced within-
subjects design thus the results were analysed using the Wilcoxon signed-rank test. The 
other experiment with controlled secondary task pace had a between-subjects design, so 
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the Mann-Whitney test was used in the task completion time analyses. In both 
experiments, the missed sign analysis was performed using the Wilcoxon signed-rank 
test since individual baseline data were compared.  The α-level was set to .05. 
 
4 Results 
The secondary task condition with haptic information had significantly shorter task 
completion time than the condition with no haptic support. This was found in both the 
experiment with continuous secondary task pace (T = 34, p = .024, r = -.50) and in the 
experiment with controlled secondary task pace (U = 11.00, p = .003, r = -.66). More 
signs were missed in the experiment with continuous secondary task pace than in the 
experiment with controlled secondary task pace. In the experiment with continuous 
secondary task pace, significantly more signs were missed compared to the individual 
baselines when haptic information was provided (T = 1.50, p = .003, r = -.63), but not 
when haptic information was not provided (T = 1, p = .063, r = -.45). In the experiment 
with controlled secondary task pace, no significant increase of missed signs compared 
to the individual baselines was found for either the condition with haptic information (T 
= 3, p = .625, r = 0) or without haptic information (T = 4, p = .438, r = -.08). 
 
5 Discussion 
Although the two experiments described in this paper were close to identical, they 
produced different results. Negative results for adding haptic information was only 
found with a continuous secondary task pace. More importantly, the negative results for 
adding haptic information might be misleading.  
 
The addition of haptic information had a clear positive effect on task completion time. 
In a previous study, haptic information also had a positive effect on error rate and users 
found the haptic information helpful (Grane & Bengtsson, 2012). Why would helpful 
haptic information make participants miss signs? If the haptic information increases 
cognitive load in the task, the results could be an effect of cognitive tunnelling. The 
haptic information used some processing resources; otherwise, it would not have been 
perceived. However, further processing and analyses that demand higher cognitive 
resources was probably not needed. Rather the missed signs were an effect of the 
experimental design. With a continuous task rate, the participants solved as many tasks 
as they could. That is, the task completion time implies more tasks were solved when 
haptic information was provided. The participants had to take their eyes off the road and 
look at the displayed menu to find the target. With continuous task pace, an increased 
task rate, which is positive, also increased the time eyes were taken off the road, which 
is negative. A natural consequence of taking the eyes off road is an increased risk of not 
“seeing” obstacles on or beside the road, such as the signs in the Lane Change Test. 
With a controlled number of tasks that are held constant between participants and 
conditions, the eyes off road rate describes the visual load in the tasks rather than 
reflects an efficient task rate.  
 
The Lane Change Test is effective and reliable when two conditions are compared, such 
as in this paper. However, the method lacks ecological validity: the results do not reflect 
what would happen in real life driving. A condition that yields missed signs with the 
Lane Change Test may or may not cause drivers to miss signs in real driving. This result 
depends on the focus and priorities of the driver. However, the Lane Change Test can 
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distinguish a more demanding task form a less demanding task. Therefore, the method 
is suitable in early product development stages or in research when new areas are 
studied. However, when new measures are added to the Lane Change Test the method 
should be corrected accordingly.  
 
6 Conclusions 
When new measures are added to the Lane Change Test, the results can be misleading 
and reflect the experimental design rather than task demand. When adding a measure for 
missed signs without changing the continuous secondary task pace to a controlled 
number of secondary tasks, the missed signs could reflect the task rate. Continuous 
secondary tasks will increase the risk of missing signs if the tasks require drivers to take 
their eyes off the road. 
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