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Introduction

Information systems, which are widely integrated in vehicle, usually involve visuo-manual non-
driving tasks, increasing visual demand and decreasing driving performances [1,2]. In this context,
the display position is important as it may strongly influence the visual demand. Exisiting
Guidelines assume that installation lower than 35° of vertical eccentricity have a detrimental effect
on driving performance [3,4]. This effect results from time transition between eyes fixation
towards road and information display and increase in cognitive load [5]. For example, when using
GPS system, drivers need to move their eyes from the electronic map toward the real road
environment to make two distinct cognitive processing: physical control of the vehicle and mental
strategic decisions. As the effort required for these processing increases, the overall visual demand
also increased [6]. Thus, assessing visual demand due to specific display installation with accurate
tools is a fact of matter for traffic safety.

However, very few studies have assessed the visual demand involved by display installation. In a
related experiment [5], the authors deducted effect of display position from breaking-reaction time
to a visual stimulus, driving performance, and subjective rating while performing a non-driving
task. Detection Response Task (DRT) should be an efficient and reliable tool for that purpose. The
DRT is a standardized method, which consists in recording stimulus-response time during a
secondary task: longer reaction times and reduced hit rate are indicative of higher cognitive load.
Many researches showed that DRT is sensitive to the level of visual demand and cognitive load
implied by non-driving task [ie. 7,8,9,10,11]. Different versions of the DRT, which use visual
displays, are especially appropriate to capture the visual demand of a non-driving task. The
stimulus can be a red light located on the dashboard (Remote DRT: R-DRT), or mounted on a head
display (Head-mounted DRT: H-DRT) (Fig. 1), or a tactile stimulation (Tactile DRT: T-DRT).



Fig. 1. Left: head-mounted display; right: remote display

Sensory interference should mainly occur for the R-DRT because the stimuli appears in the visual
periphery, or entirely outside the field of view, as gaze is directed away from the location of the
DRT stimulus [12]. The H-DRT should be less sensitive to sensory interference since the stimulus
remains in the same position within the field of view [12]. However, if the eyes move relative to
the head, the H-DRT is potentially sensitive to visual eccentricity, due to the reduced sensitivity
in the visual periphery [12]. Thus, R- and H-DRT may potentially be used to capture specific
related-effect of the visual display eccentricity.

The present study aimed at investigating how visual demand is increased by the display position,
using two visual versions of the DRT. Three visuo-manual tasks involving different levels of visual
demand were compared. These tasks were performed with a display installed in two different
positions. The hypothesis was that DRT would demonstrate a higher visual demand for the lower
position than for the higher position.

Method

Sixteen drivers (25 to 45 years old) drove on a 2x2 highway in a driving simulator (CARDS3,
Technocentre Renault). They were asked to perform three non-driving tasks: two modalities of a
standardized task, and one navigation entry. Tasks were performed with an interface located in
either a low or high position.

The DRT consisted in pushing a button when a red light appeared. The button was attached to the
participant’s index finger. For R-DRT, the red light was set on the dashboard. For the H-DRT, it
was set on a head-mounted display (see Fig. 1). Reaction time and hit rate were recorded. Visual
demand was assessed by performing the two DRT versions concurrently with the three non-driving
visuo-manual tasks.

The standardized task was the Surrogate Reference task (SURT: [13]). It is a self-paced search task
with visual and manual components. It consists in locate a target (a big circle) among distractors
(smaller circles). To indicate target location, the participants pressed the left-right keypad buttons
to move a gray outline bar to the region that contained the target circle and pressed the “enter” key
to confirm their selection. Two levels of complexity (easy and hard) were set in order to vary the
level of cognitive load: difference in size and number of distractors made target easier to
discriminate for Easy SURT than for Hard SuRT condition. Task lasted 60 sec. Number of targets
correctly detected, errors, and hit rate were recorded.

Navigation entry consisted in texting a destination with a navigation system. Drivers activated the
system by touching icon of the application., a text zone and a keyboard were Then displayed. The
city name was 7 letters long. After validation, the street name was 9 letters long. After validation,
navigation started. Time from activation to starting navigation was recorded.



All tasks were performed with an interface located in high or low position (respectively 15° or 30°
of visual angle below the view axis (see Fig. 2). Navigation entry and SURT were expected to be
more demanding in low than in high position.

Fig. 2: experimental setting; display in high (left) and low position (right); arrow indicates
localization of the remote stimulus for R-DRT

Results

H- and R-DRT indicated that visual demand was higher when participants operated with the
display in the low position rather than in the high position (see Fig. 3): reaction times were slower
(F(1,15)=9.84; p<.007), and hit rate was lower (Z=2.85; p<.004).

This result was supported by tasks performance: in low position, hit rate for SURT was lower
(Z=2.94; p<.003) and navigation entry was slower (F(1,15)=7.74; p<.02).

There were some differences between H- and R-DRT. First, reaction time for H-DRT tended to be
faster than for R-DRT (F(1,15)=3.96; p=.065), but there was no significant difference according
to the display position. Then, hit rate was lower for R- than for H-DRT in low position (Z=3.39;
p<.001). In-depth analysis showed that this effect was significant when performing navigation
entry (Z=2.03; p<.05) and Hard SURT (Z=2.41; p<.02). Finally, no difference was found for Easy
SuRT, nor for H-DRT, according to display position.

Additional results suggested that H- and R-DRT discriminated visual demand involved by the
different tasks. Thus, hit rate was significantly lower for Hard SURT than for Easy SURT (Z=3.53,
p<.001), and lower for navigation entry than for Hard SURT (Z=3.28; p<.001). There was no
difference between H- and R-DRT. Reaction time was also slower when performing Hard SURT
than Easy SURT (p<.01), but not influenced by display position. No more difference or interaction
has been founded.
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Fig. 3: left: reaction time for Task x DRT x display position; right: omission rate for Task x DRT
x display position; Nav = navigation task

Discussion

Results show some effects of the display position. Reaction time and hit rate were both affected
by a change of 15° of visual angle to perform a non-driving task. This effect confirmed results
showed by [5] and indicates that DRT is an effective and reliable tool to assess visual demand
involved by display position.

H- and R-DRT seemed to lead to some particularities in the task processing. While using R-DRT
in a low position, lower hit rate and slower reaction time indicated that distance between DRT
stimulus and display had an influence on the processing. It is consistent with the founding of Conti
et al., and Vilimeck et al. [8,11]. However, the lack of interaction suggests that H-DRT was also,
in some respect, subject to visual eccentricity effects.

Hit rate also indicated some difference in visual demand of the task. Navigation entry and Hard
SURT appeared more complex than Easy SURT. However, this difference was observed in lower
position only. Moreover, difference in DRT reaction time was found for Easy SuRT, but did not
depend on display position. Taken together, results suggested that task performance involved
specific aspects that were difficult to discriminate in the present study.

Conclusion

As expected, DRT appeared to be a relevant tool to assess visual demand involved by display
position. This is an important result since installation of information system may impact traffic
safety. The method provides benefits as it is inexpensive, easy and quick to implement. Moreover,
these results have implication on the use of DRT itself. Installation of the tested-task interface
should be carefully determined because it modulates visual demand assessment. Specific aspect of
the tested task should also be taken into consideration.

References
[1] Liang, Y., & Lee, J. (2010). Combining cognitive and visual distraction: Less than the sum of
its parts. Accident Analysis and Prevention, 42, 881-890.

[2] Carsten, O., & Brookhuis, K. (2005). Issues arising from the HASTE experiments.
Transportation Research Part F, 8(2), 191-196.

[3] Alliance of Automobile Manufacturers (AAM), Driver Focus-Telematics Working Group,
2002. Statement of Principles, Criteria and Verification Procedures on Driver Interactions with
Advanced In- Vehicle Information and Communication Systems—\Version 2.0.

[4] Japanese Automobile Manufacturers Association (JAMA), 2004. Guideline for In-Vehicle
Display Systems—Version 3.0.

[5] Wittmann, M., Kiss, M., Gugg, P., Steffen, A., Fink, M., Poppel, E., & Kamiya, K. (2006).
Effects of display position of a visual in-vehicle task on simulated driving, Applied Ergonomics,
(37) 2, 187 — 199.

[6] Pauzié A., Head Up Display in Automotive: A New Reality for the Driver, Book & eBook
“Design, User Experience, and Usability: Interactive Experience Design », Springer (ed.),
2015.



[7] Bruyas, M.-P., & Dumont, L. (2013). Sensitivity of detection response task (DRT) to the
driving demand and task difficulty. Presented at the Seventh International Driving Symposium on
Human Factors in Driver Assessment, Training, and Vehicle Design, Bolton.

[8] Conti, A., Dlugosch, C., Vilimek, R., & Keinath, A. (2012). An assessment of cognitive
workload using detection response task. In Advances in human aspects of road and rail transport
(CRC Press., pp. 735-743). Boca Raton, FL: Stanton, N. A.

[9] Harbluk, J. L., Burns, P. C., Hernandez, S., Tam, J., & Glazduri, V. (2013). Detection response
tasks: using remote, headmounted and tactile signals to assess cognitive demand while driving.
Presented at the Seventh International Driving Symposium on Human Factors in Driver
Assessment, Training, and Vehicle Design, Bolton.

[10] Ranney, T. A., Baldwin, G. H. S., Parmer, E., & Domeyer, J. (2011). Developping a test to
measure distraction potential of in-vehicle information system tasks in production vehicles (Final
Report No. DOT HS 811 463). NHTSA.

[11] Vilimek, R., Shafer, J., & Keinath, A. (2013). Effects of task and presentation modality in
detection response tasks. Engineering Psychology Nad Cognitive Ergonomics, 8019, 177-185.

[12] ISO/DIS 17488 (2016). Road vehicles — transport information and control systems —
Detection-Response Task (DRT) for assessing attentional effects of cognitive load in driving.

[13] I1SO TS14198. (2012). Road vehicles- Ergonomics aspects of transport information and
control systems - Calibration tasks for methods which access driver demand due to the use of in-
vehicle systems.



