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Summary: Conditionally Automated Driving (CAD) may reduce drivers’ mental load and 
provide the driver opportunities to engage in non-driving related tasks (NDRTs). Such 
systems can be expected to enter the market within the next few years and effects of 
automated driving need to be better understood first to maximize their potential benefit. A 
road-traffic study with N = 41 subjects was conducted using a Wizard-of-Oz vehicle to 
simulate CAD. We observed driver behavior during the initial use of CAD and set out to 
answer the question: How long does it take to relax? Gaze behavior, seating position, 
NDRT and self-reported feedback helped in identifying the phases of initial contact and 
familiarization. The results showed that loose seating position, glance off the road, NDRT 
engagement and self-reports indicate a familiarization after 10 min of total CAD and 
correlated with gender and previous experience with advanced driver assistance systems 
(ADAS). No significant connection was found between subjective and objective data. 

 
INTRODUCTION 

Since CAD systems (Level 3 SAE, 2016) take over the control of both longitudinal and lateral 
vehicle control temporarily, CAD may increase driver comfort (Payre, Cestac & Delhomme, 
2014) as well as safety (Nunes, Reimer & Coughlin, 2018; Trimble, Bishop, Morgan & Blanco, 
2014) due to better and quicker decisions made by automation. However, people meet self-
driving cars with both fascination and reservation. The acceptance and openness towards self-
driving cars correlates with both demographics and car use (König & Neumayr, 2017). 
Furthermore, trust in automated vehicles plays an important role for the safety perception and 
acceptance as well as the decision when to engage the automated system (Forster, Kraus, 
Feinauer & Baumann, 2018). For the development of CAD, the driver-system interaction, 
behavioral changes over time and engagement have to be well understood to create insight into 
the driver’s trust and acceptance.  
 

Currently, driving simulation is used for the majority of CAD studies, as prototypes for on-road 
testing of subjects in real traffic situations are rarely available. Besides various advantages of 
driving simulation like objectivity and reliability, there may be constraints of the results’ validity 
(Fisher, Rizzo, Caird & Lee, 2011). Thus, the current study employed a prototypical vehicle to 
observe the behavior of participants during CAD. The focus of this paper is the shift from novice 
(tensed) to experienced (relaxed) users, the point of time when it happens and the factors which 
might indicate it. .  
 

First CAD road traffic studies postulate that the overall excitement about CAD as well as the 
glance time on the road decreases over time, drivers engage more in NDRTs, they relax more, 
and their perceived safety increases (Andersson et al., 2018). However, these studies relied on 
relatively small-scale data samples, used low speed settings, and had varying weather conditions. 
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The goal of this study was to investigate the user adoption effects of CAD and the time it takes 
for CAD users to show first behavioral changes, as well as the effect of gender, age and previous 
ADAS experience on this period. Both qualitative and quantitative data were analyzed to identify 
behavioral changes. .  
 

We hypothesized that the more often participants activate CAD, the sooner they show 
characteristics of relaxation regarding gaze behavior, seating position and NDRT engagement. 
Additionally, the longer the duration of CAD, the higher is the percentage of participants who 
show these characteristics of relaxation. 

THEORY 

Behavioral measures are not intrusive and can be collected continually (Hergeth, Lorenz, Krems 
& Toenert, 2015). Furthermore, driver’s acceptance and interaction with the system are relevant 
to research relaxation during CAD. Therefore, we chose a multimethod approach to measure 
self-report and behavioral observation (Forster, Hergeth, Naujoks & Krems, 2018; Hoff & 
Bashir, 2015) that might be used to capture momentary changes in users’ behavior and indicate 
the point of relaxation and familiarization.  

Gaze behavior. Gaze behavior provides a direct measure of automation trust during CAD. 
Hergeth, Lorenz, Vilimek & Krems (2016) indicate a negative correlation between drivers’ self-
reported automation trust and the monitoring frequency, which they define as how often the 
driver cross-checked the CAD system. To quantify the monitoring frequency we measured the 
driver’s glance off the road (any glance off the driving scene) in real time and calculated the 
longest glance off the road (LGOR) every minute. Additionally, we recorded the time of the 
maximum LGOR over the whole experiment time. This helped us to identify at what point the 
driver does not feel a need to monitor the CAD system anymore. 

Seating position. A higher shoulder level and head position (z-axis) is considered to indicate 
stress and discomfort (Beggiato, Hartwich & Krems, 2018; Tran & Trivedi, 2010). The driver’s 
foot on or hovering over the brake pedal indicates that the driver feels a need to be ready to take 
over the maneuvering control (Andersson et al., 2018). Based on these body metrics we 
classified the driver’s seating position by the following categories (Table 1) and identified the 
point of relaxation. Figure 1 shows examples of the defined seating position categories. 

Non-Driving Related Tasks. The participants could engage in NDRTs at any time during 
automated driving. We used the time span from CAD activation until the decision to attend a 
NDRT to identify the time of familiarization. Andersson et al. (2018) indicate a reduced time to 
engage in a NDRT at the second encounter with CAD (MD1 = 8.2 min, MD2 = 2.0 min, N = 9). 

Figure 1. Examples of categories for seating position 

tense focused loose relaxed 
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This is relevant since subjects experienced during this study a planned interruption of the CAD 
section and activated afterwards the CAD for a second time.  

Self-reports. We recorded the point of time when participants gave any self-initiated feedback 
during CAD regarding their relaxation or familiarization (feedback). Additionally, the 
participants were asked in an interview to estimate and quantify the time it took them to get used 
to the CAD system after the study (interview): “How long was your familiarization phase?” 

Table 1. Categories for seating position 

 

METHOD 

Participants 

Forty-one participants were recruited via mail among the general population and voluntarily took 
part in the study. None of them had previous experience with CAD. 14 participants were 
excluded due to irregularities in the proposed route such as temporary construction sites and 
traffic accidents. The resulting sample size for analyzation (N = 27) consisted of 19 male and 8 
female participants between 20 and 65 years old (M = 41.63). The participants owned a driver’s 
license for 23.78 years on average (SD = 10.81). Cruise control (88 %) and active cruise control 
(49 %) were the most used ADAS. 52 % of male and 12 % of female subjects were ADAS-
experienced. 

Apparatus 

The study was conducted with a real-vehicle prototype evaluated by Gold, Meyer & Fischer 
(2017). The Wizard-of-Oz vehicle (Figure 2) is equipped with cameras for driver and road scene  

 

Seating category Hands Position Feet / Legs Head General posture 
tense close to steering 

wheel 
hovering  

brake pedal 
upright symmetric and facing 

driving direction, 
large spin extension 

focused in lap upright 
pointing at pedal 

upright symmetric and facing 
driving direction, 

median spin extension 
loose gesticulating /  

laid down 
wide 

pointing elsewhere 
toe on the floor 

loose non-symmetric and facing 
driving direction and NDRT,  

median spin flexion 
relaxed laid down / passive 

gesticulating  
wide / crossed 

random placement 
tilted non-symmetric and facing 

NDRT, large spin flexion 

Subject 

Examiner 
Wizard 

Pane 

Figure 2. Concept of Wizard-of-Oz vehicle for CAD (Gold, Meyer & Fischer, 2018) 
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observation as well as an acoustic and visual separation pane – a two-way mirror – to hide the 
driver (wizard) on the backseat simulating the CAD system. The participant on the driver seat is 
able to steer the vehicle manually as well as activate and deactivate the CAD system (=wizard) 
on the freeway. 

Experimental Design 

The Wizard-of-Oz experiment was conducted on a 60 km section of a public two-lane freeway 
outside of Munich between 9 am and 5 pm. Each participant was introduced to the test vehicle 
after the wizard driver was already seated in the backseat. The 90-minute experiments started 
with low-speed introduction to the CAD. Afterwards the participant drove manually and 
activated the CAD mode upon entering the freeway. The CAD system was traveling at a 
maximum velocity of 130 km/h. During CAD the participants assessed automated maneuvers. 
The participants were instructed that they would not have to monitor the CAD system while it 
was active. Furthermore, participants could attend to any NDRT. On the freeway each participant 
experienced a short CAD introduction (first exposure) of 3 km (M = 1:55 min, SD = 0.15 min) 
followed by two CAD sections with a total of 40 km. Section 1 (M = 8:46 min, SD = 0.62 min) 
and Section 2 (M = 8:57 min, SD = 1.23 min) were separated by a 9 km construction site. The 
participants were asked to take over and drive manually through the construction site (M = 9:20 
min, SD = 2.46 min) and reactivate CAD after the construction site.  

RESULTS 

Driver observation and behavior analysis was video based. A significance level of α = .05 was 
set. All reported correlation analyses were performed using Pearson’s r correlation coefficient. 

Gaze behavior. The more often CAD was activated, the longer the duration of LGOR was. 
During first exposure the median was 0 sec (Range = 0 – 8 sec). Figure 3 shows the maximum 
LGOR at 11 mins of CAD (Md = 4 sec, Range = 1 - 52 sec). The same pattern was found for the 
starting point of LGOR, in the first section it started on average at 4:58 min (SD = 135.3 sec) and 
in the second at 2:29 min (SD = 137.6 sec) after CAD activation. Due to the short presentation 
period, the starting point of LGOR for first exposure was not noted. 

Seating position. In the first and second section, participants showed a change in their seating 
position (Figure 3). The percentage of participants sitting loose increased from 44.4% to 92.6%. 
When activating CAD in section 2, most participants stayed in a loose (88.5%) seating position. 
After another 4 min drive, every participant showed characteristics of the loose seating positon. 
The relaxed seating position was only observed by a few participants (55.6%) Therefore, the 
loose posture (3) seems to indicate familiarization. Seating position during first exposure 
strongly correlated with gender (r = -.761, p < .001) and moderately with ADAS experience (r = 
.406, p = .036). The time participants started showing characteristics of the loose (r = .725, p < 
.001) and the relaxed (r = .621, p < .001) seating position were strongly correlated with gender.  

Non-Driving Related Tasks. During first exposure, 78 % of the participants engaged in NDRT. 
During the first and second section nearly all participants (93 %) engaged occasionally in NDRT 
(see Figure 3). On average participants started engaging 3:59 min (SD = 3.93 min) after CAD 
activation. Engaging in NDRT during first exposure (r = -.434, p = .024) and the starting point 
during section one (r = .514, p = .009) correlated moderately to strongly with gender. The 
observed NDRTs in this study were using smartphone or tablet, watching a video on the central 
vehicle display or reading a newspaper. 
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Self-reports. Being asked when they felt familiarized with the CAD system, participants reported 
on average 6:20 min (SD = 4.58 min) of driving. 17 participants gave self-initiated feedback, on 
average after 11:07 min (SD = 6.05 min) of driving with CAD. Previous experience with ADAS 
correlated moderately with the interview outcome (r = -.448, p = .019).  

Internal consistence. Behavioral and self-reported data were correlated respectively. The 
behavioral observations as well as the self-reported data showed moderate to high 
intercorrelations among themselves (Table1), but not with each other. 

Table 2. Correlation matrix of the used behavioral metrics 

 Point of max. 
LGOR 

Start of loose  
seat. pos. 

Start of NDRT Self-report  
while CAD 

Interview 

Point of max. LGOR -     
Start of loose seat. pos. .383* -    
Start of NDRT .344* .806** -   
Self-report while CAD  .355 .244 .315 -  
Interview .287 .002 .136 .533* - 

Note. * p < .05, ** p < .01, *** p < .001 (one-tailed) 

DISCUSSION 

The familiarization with the CAD system could be observed for observational and self-reported 
data. On one hand, the longer people drove with CAD, the longer were their observed gazes off 
the road, the more they sat in a loose seating position and the more they engaged with NDRTs. 
On the other hand, the more often participants activated the system, the faster they showed signs 
of relaxed behavior (Andersson, 2018). After around 10 minutes of driving, the relaxation 
regarding gaze behavior and seating position were highest (Figure 3). However, the defined 
relaxed seating position seems to be not practical as a measure for familiarization since it could 
be observed only for some subjects and only temporarily. According to these observational 
measures, self-initiated feedback was given at roughly the same time. Still, self-initiated 
feedback did not correlate significantly with behavior measures, which could be due to the wide 

Figure 3. Mean seating, gaze and NDRT behavior over time 

construction
site

loose position 
Median of LGOR 
NDRT engagement 

CAD section 1 CAD section 2 
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range of feedback timing (36 sec – 18 min). Interview data did not correspond with the other 
measurements of relaxation, which could be attributed to effects of social desirability. 
Interestingly, relaxation characteristics regarding gaze behavior and NDRT engagement flattened 
out after 13 min. There were no changes in external variables or seating position, possibly 
because people became bored with their NDRTs. Further studies could investigate more complex 
NDRTs, since lower LGOR might indicate interest in the system behavior and not a lack of 
relaxation or trust in CAD. .  
 

Age had no impact on driver behavior. Gender differences were most observable in seating 
position. During first exposure, women showed more characteristics of the tensed and focused 
seating characteristics. During the first and second section, men changed earlier to a loose 
seating position. The same pattern was found for the engagement with NDRT. Women became 
less engaged during first exposure and started a NDRT later during section one. It seems that 
previous ADAS experience had an impact on first exposure behavior but not on later use cases. 
When interpreting the influences of gender and previous experience in ADAS systems on 
relaxation, it should be noted that the variables confound and male subjects had relatively more 
prior experience in our sample. .  
 

Overall, response pattern of some subjects indicated that the point of relaxation did not only 
depend on the total CAD time, but also on the number of experienced CAD maneuvers. This 
could be further investigated as well. 

Limitations 

Since the Wizard-of-Oz vehicle simulated a high performance CAD system and the wizard 
driver was required to always drive safely and perform a defensive driving style, participants did 
not experience any malfunctions or potentially dangerous situations. The wizard concept (Gold 
et al., 2017) allowed a high immersion of participants with high reported levels of trust, comfort 
and safety. The observations were video based, which include inaccuracy of timing. The 
threshold to differentiate behaviors are not hard boundaries, which depend highly on the 
examiner and therefore the result contains certain unavoidable intra- and interindividual 
differences. We tried to compensate this by training of raters with clearly defined criteria.  For 
further studies, it should be considered that the fourth category of the seating position was not 
observable for all participants and may need to be redefined to be more sophisticated.  
As for all real road studies, a limited generalizability applies regarding road type, traffic density, 
risk perception and the resulting driving behavior. 

CONCLUSION 

The objective of this observation was to investigate the shift from being tense (eyes on the road, 
tense seating position and without NDRT) to relaxed (eyes off the road, loose seating position 
and engaging in NDRT) and the time drivers take for such an adaption. The results showed a 
significant correlation of gender with taking a loose seating position and starting to engage with 
a NDRT. Male participants tended to be more relaxed during the initial drive, take a loose 
seating position earlier during CAD, conduct NDRTs earlier and monitor the CAD system less. 
Taken together, this research provides an insight into driver behavior and its adaption during 
initial use of a CAD system in real road traffic. 
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