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ABSTRACT 

The driving task is becoming increasingly automated, thus changing the driver’s role. Moreover, in-vehicle 

information systems using different display positions and information processing channels might encourage 

secondary task engagement. During manual driving scenarios, varying secondary tasks and display positions 

could influence driver’s glance behavior. However, their impact on the driver’s capability to monitor the 

partially automated driving systems has not yet been determined. The current study assessed both the effects 

of different secondary tasks (Surrogate Reference Task (SuRT) vs. text reading) and display positions (head-up 

display (HUD) vs. center console) on driver’s glance behavior during partially automated driving. Participants 

engaged in several secondary tasks that were presented on different display positions while monitoring the 

partially automated system during a simulated car following task. Different automation system failures 

regarding the lateral and longitudinal control occurred while driving. A head-mounted eye-tracker recorded the 

participants’ glance behavior. Repeated measures ANOVAs revealed that the HUD yielded considerably longer 

eyes-on display time (total and mean glance durations) than the center console. Moreover, the text reading task 

resulted in longer total and mean glance durations than the SuRT. Similar to manual driving scenarios, the 

results showed a consistent effect of display position and secondary task on the driver’s glance behavior. 

Despite the longer eyes-on display time for the HUD, its proximity to the driving environment might enable a 

faster identification of and reaction to critical situations (e.g., due to system failures).  
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1 THEORETICAL BACKGROUND  

In recent years, the driving task has become increasingly assisted (Flemisch, Kelsch, Löper, Schieben, & Schindler, 

2008; Papadimitratos, de la Fortelle, Evenssen, Brignolo, & Cosenza, 2009), which has resulted in different levels 

of vehicle automation. Based on the Society of Automotive Engineers’ (SAE) taxonomy (SAE International, 2014), 

partial automation (i.e., Level 2 automation) takes over both the lateral and longitudinal control (e.g., by 

combining adaptive cruise control and automated steering). With this level of automation, the driver’s role 

changes from an active operator performing all aspects of the dynamic driving task to more of a passive system 

monitor (Merat, Jamson, Lai, & Carsten, 2012). Allocating some driving tasks to the vehicle’s automation (e.g., 

lateral and longitudinal control) has been hypothesized (Wierwille, 1993) and shown to reduce the driver’s 

workload (Ma & Kaber, 2005; Stanton, Young, & McCaulder, 1997; Young & Stanton, 2007). However, the extra 

cognitive resources now available to the driver due to partial automation use (Ma & Kaber, 2005), combined 

with a greater number of in-vehicle information systems (IVIS; Papadimitratos et al., 2009), might encourage 
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the driver to engage in secondary tasks (Rudin-Brown, Parker, & Malisia, 2003). During fully manual driving, 

secondary task engagement has been shown to influence the driver’s glance behavior (NHTSA, 2012). For 

example, glance durations away from the road due to secondary task engagement increased with secondary 

task complexity (Victor, Harbluk, & Engström, 2005). Furthermore, IVIS are typically displayed in different 

positions (Knoll, 2015). During fully manual driving, different display positions have been found to influence the 

driver’s glance behavior (Hada, 1994). Previous research has noted significantly longer total and mean glance 

durations to a head-up display (HUD) than for different head-down displays (e.g., the center console; Ecker 

2013). However, the proximity between the driving environment and the HUD display position could reduce the 

effort required to shift attention between different areas of interest (AOI). Consequently, information access 

might be enhanced (Wickens, Goh, Helleberg, Horrey, & Talleur, 2003) despite the longer glance durations 

towards the HUD (Ecker, 2013). Thus, driving safety could be improved as the number of missed critical events 

decreases (Wierwille & Tijerina, 1996). Therefore, both the glance duration to a specific AOI and the AOI’s 

location in relation to the driving environment seem relevant to driving safety. Thus, automation requires even 

more attention regarding the human machine interface design (Lee, 2008). Nevertheless, prior research has not 

yet determined the impact different secondary tasks and display positions have on the driver’s capability to 

monitor the partially automated driving systems. 

2 OBJECTIVES  

The objectives of the current study were to assess the effects of different secondary tasks and various display 

positions on the driver’s glance behavior (i.e., eyes-on display time) during partially automated driving in a 

simulated environment. A methodological approach based on a previous study (Rauh et al., submitted for 

publication) was used to examine the effects of secondary task engagement (Surrogate Reference Task (SuRT; 

Mattes, & Hallén, 2009) vs. text reading) and display position (HUD vs. center console). 

3 METHOD  

2.1 Participants 

A total of N = 58 participants were included in the study. Due to either system errors or simulator sickness, the 

data for only N = 50 participants (23 females, Mage = 37.90) could be analyzed. Participants were recruited via an 

announcement on the webpage of Chemnitz University of Technology. After completing an initial screening 

questionnaire, participants were selected based on their gender and age group. All participants received 

payment for their participation. 

2.2 Material and procedure  

Data was collected in a fixed-based driving simulator. A head-mounted Tobii Pro Glasses eye-tracker (Tobii AB, 

2016) recorded participants’ glance behavior and the Tobii Pro Lab (Tobii AB, 2016) software was used to 

analyze the data. The simulated driving scenario was based on one used in a previous study (Rauh et al., 

submitted for publication). An 11 km long car following task on a highway was simulated while participants 

drove in a partially automated mode (i.e., the ego car took over the lateral and longitudinal control). The ego 
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car’s velocity (80 km/h) and following distance to the car ahead (of 70 m) was held constant (provided no 

automation failure occurred). No other vehicle traffic was included. Two types of system failures regarding 

either the a) lateral or b) longitudinal control occurred four times per drive (Figure 1; see also Lorenz & Hergeth, 

2015). The types of system failure as well as the time onset of the failures were randomized. Only the first and 

third system failure occurrence (always including both lateral and longitudinal system failure) were analyzed to 

ensure that the occurring failure was not predictable by the participants. Participants were instructed to detect 

and respond to the system failures as quickly as possible (e.g., manually breaking when the ego car fails to react 

to the lead vehicle slowing down). After the failure occurred, the driver had to manually reactivate the system 

by pushing a button on the steering wheel.  

 

Figure 1 – Types and order of system failures during each test drive. SF = system failures (adapted from Rauh 
et al., submitted for publication). 

Additionally, participants performed several secondary tasks (i.e., SuRT, text reading, video task, manual 

radio-tuning task) on various display positions (i.e., HUD, center console, display behind the steering wheel, 

smartphone, separate display below the center one for the manual radio-tuning task). Only the results 

regarding two secondary tasks (SuRT and text reading) as well as two display positions (HUD and center 

console) will be reported in this paper (complete results will be presented elsewhere). The SuRT and text 

reading secondary tasks were chosen due to their opposite ecological validities (i.e., SuRT considered more 

artificial than the common task of text reading). During the SuRT, participants had to identify a target stimulus 

among several distractors (Petzoldt, Brüggemann, & Krems, 2014). The text reading task required participants to 

scroll down continuously to read the entire text. A control question followed each text to ensure that 

participants read the full text (no rewards were given for correctly answering questions). Participants practiced 

each secondary task twice prior to the respective test drive. The secondary tasks were conducted on two 

randomly assigned display positions, including a) the HUD and b) the center console, which differed by their 

distance to the road environment. Participants were previously instructed to prioritize the system monitoring 

task, which included scanning the surrounding driving environment. The glance behavior began being recorded 

(i.e., total and mean glance durations of eyes-on display time) one kilometer prior to the system failure, which 

served as an indicator of participants’ monitoring behavior. 
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4 RESULTS 

Data were analyzed using repeated measures ANOVAs with type of secondary task and display position as 

independent variables, as well as total and mean glance duration on the respective display position as 

dependent variables. Effect sizes were interpreted based on Cohen’s recommendations (Cohen, 1988). A large 

effect (F(1,37) = 14.87, p < .05, ηp
2 = .29) revealed longer eyes-on display time in terms of total glance duration 

for the text reading task (Mtotal = 36.80s, SDtotal = 4.77s) than the SuRT (Mtotal = 33.87s, SDtotal = 6.77s). 

Additionally, a medium effect (F(1,36) = 2.31, p = .14, ηp
2 = .06) showed the mean glance duration was also 

longer for the text reading task (Mmean = 7.24s, SDmean = 9.69s) compared to the SuRT (Mmean = 4.76s, SDmean = 

5.42s). Regarding display position, a large effect (F(1,37) = 30.75, p < .05, ηp
2 = .45) indicated a considerably 

longer eyes-on display time in terms of total glance durations for the HUD (Mtotal = 39.23s, SDtotal = 4.25s) in 

relation to the center console (Mtotal = 32.18s, SDtotal = 3.68s). Further, a large effect (F(1,36) = 20.80, p < .05, 

ηp
2 = .37) revealed that the mean glance durations to the HUD were longer (Mmean = 9.42s, SDmean = 6.88s) 

compared to the center console (Mmean = 2.37s, SDmean = 0.73s). 

5 DISCUSSION  

The current study investigated the impact of different secondary tasks and display positions on two analyzed 

glance parameters using a partially automated driving simulator. Text reading resulted in longer eyes-on display 

time compared to the SuRT. Furthermore, results indicated an effect of display position on driver’s glance 

behavior regarding the eyes-on display time. A large effect showed a difference between the two display 

positions regarding the eyes-on display time, which was based on the two analyzed glance parameters (i.e., 

total and mean glance durations). The HUD display position led to consistently longer eyes-on display times 

than the center console position. These findings corroborate previous studies on manual driving (e.g., Ecker, 

2013; Hada, 1994). Furthermore, mean glance durations to the center console remained below three seconds in 

the current study, which is also consistent to previous findings across manual driving scenarios (Wikman, 

Nieminen, & Summala., 1998). The results of the current study might indicate participants’ awareness of 

potentially missing critical events (Tijerina, 2000) when glancing away from the road (Vollrath & Krems, 2011) 

during partially automated driving even when engaged in a secondary task. Moreover, the glance durations 

towards the HUD are potentially overestimated due to the participants possibly observing the driving 

environment peripherally or by looking straight through the display. Despite the longer eyes-on display time for 

the HUD, its closer proximity to the driving environment might enable a faster identification of and reaction to 

critical situations (e.g., caused by system failures) due to the reduced effort needed to shift attention between 

the AOIs (Wickens et al., 2003). Further research is needed to examine how longer eyes-on display times 

influence driver’s ability to monitor the system and instantly react to critical situations. Therefore, reaction 

times to and performance during critical events should be considered in further research.  

ACKNOWLEDGEMENTS  

This research was funded and supported by the BMW Group, Germany. All opinions expressed in this paper are 

those of the authors and not necessarily those of the BMW Group. 



Effects of secondary tasks and display position on glance behavior during partially automated driving. 

5 

 

REFERENCES 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: Lawrence 

Erlbaum Associates. 

Ecker, R. (2013). Der verteilte Fahrerinteraktionsraum [The distributed driver interaction space] (Doctoral 

dissertation). Retrieved from https://edoc.ub.uni-muenchen.de/15760/1/Ecker_Ronald.pdf 

Flemisch, F., Kelsch, J., Löper, C., Schieben, A., & Schindler, J. (2008). Automation spectrum, inner/outer 

compatibility and other potentially useful human factors concepts for assistance and automation. In D. de 

Waard, F. O. Oberheid, B. Flemisch, H. Lorenz, & K. A. Brookhuis (Eds.), Human Factors for Assistance and 

Automation (pp. 1–16). Maastricht, Netherlands: Shaker Publishing. 

Hada, H. (1994). Drivers' visual attention to in-vehicle displays: Effects of display location and road types. 

Retrieved from 

https://deepblue.lib.umich.edu/bitstream/handle/2027.42/1061/90851.0001.001.pdf?sequence=2  

Knoll, P. (2015). Anzeigen für Fahrerassistenzsysteme [Displays of driver assistance systems]. In H. Winner, 

S. Hakuli, F. Lotz, & C. Singer (Eds.), Handbuch Fahrerassistenzsysteme: Grundlagen, Komponenten und Systeme 

für aktive Sicherheit und Komfort [Manual of driver assistence systems: components and systems for active 

safety and comfort] (pp. 659–673). Wiesbaden, Germany: Springer Vieweg. 

Lee, J. D. (2008). Review of a pivotal human factors article: Humans and automation: Use, misuse, disuse, 

abuse. Human Factors, 50(3), 404–410. https://doi.org/10.1518/001872008X288547 

Lorenz, L., & Hergeth, S. (2015). Einfluss der Nebenaufgabe auf die Überwachungsleistung beim 

teilautomatisierten Fahren [Influence of secondary Tasks on the supervisory performance during partially 

automated driving]. 8. VDI-Tagung: Der Fahrer im 21. Jahrhundert, Fahrer, Fahrerunterstützung und 

Bedienbarkeit (pp. 159–172). Braunschweig, Germany: VDI Verlag. 

Ma, R., & Kaber, D. B. (2005). Situation awareness and workload in driving while using adaptive cruise 

control and a cell phone. International Journal of Industrial Ergonomics, 35(10), 939–953. 

https://doi.org/10.1016/j.ergon.2005.04.002 

Mattes, S., & Hallén, A. (2009). Surrogate distraction measurement techniques: The lane change test. In 

M. A. Regan, J. D. Lee, & K. Young (Eds.), Driver Distraction: Theory, Effects, and Mitigation (pp. 107–122). Boca 

Raton, Florida: CRC Press. 

Merat, N., Jamson, A. H., Lai, F. C., & Carsten, O. (2012). Highly automated driving, secondary task 

performance, and driver state. Human Factors, 54(5), 762–771. https://doi.org/10.1177/0018720812442087 

NHTSA. (2012). Visual-manual NHTSA driver distraction guidelines for in-vehicle electronic devices. 

Washington D.C., Washington. Retrieved from 

https://www.federalregister.gov/documents/2012/04/25/2012-9953/visual-manual-nhtsa-driver-distraction-guide

lines-for-in-vehicle-electronic-devices 

Papadimitratos, P., de la Fortelle, A., Evenssen, K., Brignolo, R., & Cosenza, S. (2009). Vehicular 

communication systems: Enabling technologies, applications, and future outlook on intelligent transportation. 

IEEE Communications Magazine, 47(11). https://doi.org/10.1109/MCOM.2009.5307471 

Petzoldt, T., Brüggemann, S., & Krems, J. F. (2014). Learning effects in the lane change task (LCT): Realistic 



Effects of secondary tasks and display position on glance behavior during partially automated driving. 

6 

 

secondary tasks and transfer of learning. Applied Ergonomics, 45(3), 639–46. 

https://doi.org/10.1016/j.apergo.2013.09.003 

Rauh, N., Schmidt, C., Hergeth, S., Pätzold, A., Cocron, P., Keinath, A., & Krems, J. F. (2018). Effects of 

secondary task involvement during partially automated driving: A measurement approach. Manuscript 

submitted for publication. 

Rudin-Brown, C. M., Parker, H. A., & Malisia, A. R. (2003). Behavioral adaption to adaptice cruise control. 

Proceedings of the Human Factors and Ergonomics Society, 47(16), 1850–1854. 

https://doi.org/https://doi.org/10.1177/154193120304701604 

SAE International. (2014). Taxonomy and definitions for terms related to on-road motor vehicle 

automated driving systems. Retrieved from https://www.sae.org/misc/pdfs/automated_driving.pdf 

Stanton, N. A., Young, M. S., & McCaulder, B. (1997). Drive-by-wire: The case of driver workload and 

reclaiming control with adaptive cruise control. Safety Science, 27(2–3), 149–159. 

https://doi.org/10.1016/S0925-7535(97)00054-4 

Tijerina, L. (2000). Issues in the evaluation of driver distraction associated with in-vehicle information 

and telecommunications systems. In R. E. Llaneras (Ed.), NHTSA Driver Distraction Internet Forum. Retrieved 

from http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.463.6304&rep=rep1&type=pdf 

Tobii Pro Glasses 2 [Apparatus und software]. (2016). Stockholm, Sweden: Tobii AB. 

Victor, T. W., Harbluk, J. L., & Engström, J. A. (2005). Sensitivity of eye-movement measures to in-vehicle 

task difficulty. Transportation Research Part F: Traffic Psychology and Behaviour, 8, 167–190. 

https://doi.org/10.1016/j.trf.2005.04.014 

Vollrath, M., & Krems, J. F. (2011). Verkehrspsychologie: Ein Lehrbuch für Psychologen, Ingenieure und 

Informatiker [Traffic psychology: A textbook for psychologists, engineers and computer scientists.] . In M. 

Hasselhorn, H. Heuer, & F. Rösler (Eds.). Stuttgart, Germany: Kohlhammer. 

Wickens, C. D., Goh, J., Helleberg, J., Horrey, W. J., & Talleur, D. A. (2003). Attentional models of multitask 

pilot performance using advanced display technology. Human Factors, 45(3), 360–380. 

https://doi.org/10.1518/hfes.45.3.360.27250 

Wierwille, W. W. (1993). Demands on driver resources associated with introducing advanced technology 

into the vehicle. Transportation Research Part C: Emerging Technologies, 1(2), 133–142. 

https://doi.org/10.1016/0968-090X(93)90010-D 

Wierwille, W. W., & Tijerina, L. (1996). An analysis of driving accident narratives as a means of 

determining problems caused by in-vehicle visual allocation and visual workload. Vision in Vehicles, 5, 79–86. 

Abstract retrieved from 

https://www.safetylit.org/citations/index.php?fuseaction=citations.viewdetails&citationIds[]=citjournalarticle_

243348_38 

Wikman, A. S., Nieminen, T., & Summala, H. (1998). Driving experience and time-sharing during in-car 

tasks on roads of different width. Ergonomics, 41(3), 358–372. https://doi.org/10.1080/001401398187080 

Young, M. S., & Stanton, N. A. (2007). What’s skill got to do with it? Vehicle automation and driver 

mental workload. Ergonomics, 50(8), 1324–1339. https://doi.org/10.1080/00140130701318855 


