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ABSTRACT 

 

  

Vehicle automation has become much more advanced, resulting in semi-autonomous 

vehicles which can handle the driving task by themselves under certain conditions. The 

autonomous driving technology is still limited, however, occasionally requiring driver 

intervention for events it cannot handle. It can be difficult for the driver to reorient themselves 

back to the driving task, especially if they are distracted.  

One factor in driving distraction is where the driver is looking at for the secondary task. 

If the in-vehicle display is placed closer to the driving scene (e.g., the windshield), drivers could 

spend less time scanning between the display and the road and can still monitor the driving 

environment with their peripheral vision.  

This dissertation aims to study how different in-vehicle display locations for a secondary 

reading task affect semi-autonomous driving performance. The main hypothesis was that display 

locations closer to the driving environment will allow drivers to better monitor the road and have 

better driving performance. Participants drove on a simulated highway using semi-autonomous 

driving, occasionally intervening for hazardous events.  

The display location near the CD-player (the location furthest from the driving 

environment) did result in slower reactions to one of the critical events when compared to one of 

the windshield display locations (closest to the driving environment). Overall, however, the 

location for the display seemed to have had little effect on driving performance. Although the 

location for the display may theoretically have an effect on how drivers monitor the road, these 

results suggest that it may not be enough to result in better driving safety for a semi-autonomous 

vehicle.   
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CHAPTER 1 

 

INTRODUCTION 

 

 

Automated vehicle technology has become much more advanced over recent years as the 

self-driving vehicle is starting to become technologically feasible (Funkhouser & Drews, 2016a; 

Gold, Damböck, Lorenz, & Bengler, 2013; Louw & Merat, 2017). This technology is expected to 

have several benefits, such as increased road safety (Cunningham & Regan, 2015; Seppelt & 

Victor, 2016), energy efficiency (Seppelt & Victor, 2016), and driver comfort (Seppelt & Victor, 

2016; Zeeb, Buchner, & Schrauf, 2016). But these automated vehicles are still not perfect and 

occasionally require the driver’s assistance (NHTSA, 2013; Seppelt & Victor, 2016). Therefore, 

researchers should assess the limitations of the technology and how drivers will interact with it. 

Semi-autonomous vehicles are automated vehicles which can control the driving task 

under certain traffic conditions (e.g., a straight highway) and can request the driver to take over 

when there is a situation the system cannot handle (e.g., a construction area) (Morgan, Alford, & 

Parkhurst, 2016; NHTSA, 2013). The driver may be distracted by a secondary task (e.g., reading 

a book) when they are alerted, however, leaving them less prepared to take over the driving task 

(de Winter, Happee, Martens, & Stanton, 2014). Although there has been extensive research 

conducted on driving distraction in the past (e.g., Young, Regan, & Hammer, 2007), the role of 

the driver is fundamentally different in the semi-autonomous vehicle and it is unclear whether 

past research can generalize to this new growing field (Zeeb et al., 2016). 

Although distraction is generally detrimental to semi-autonomous driving performance 

(e.g., poorer situational awareness, slower reactions to critical events) (e.g., Borowsky & Oron-

Gilad, 2016; de Winter, Happee, Martens, & Stanton, 2014), how the secondary task relates to 

the driving task may mitigate the harmful effects (Wickens, 2002). For example, placing in-



 

2 
 

vehicle displays (e.g., cell phones) closer to the driving environment could help drivers monitor 

both tasks more easily. If the display is mounted onto the windshield, drivers could still monitor 

the road using peripheral vision, even while looking at the display. A closer location could also 

reduce the time needed to switch visual attention between the road and the display. Previous 

studies have tested different locations for mounting in-vehicle displays and how they affect 

manual driving performance (e.g., Horrey, Wickens, & Alexander, 2003; Wittmann et al., 2006). 

Results from these studies demonstrated that there tended to be relatively less driving 

impairment when the device was placed closer to the driving environment. To my knowledge, no 

studies have yet been conducted on how performing non-driving-related tasks on different 

display locations could affect semi-autonomous driving. Results from this research could help 

semi-autonomous drivers better monitor the road and respond faster to critical events.   

  



 

3 
 

CHAPTER 2 

 

LITERATURE REVIEW 

  

 

2.1 Semi-Autonomous Driving 

Automated vehicles can control at least some aspects of a safety-critical function (e.g., 

steering, braking) without direct driver input (NHTSA, 2013). The commonly accepted 

taxonomy for automated driving systems currently contains six levels, ranging from manual 

driving (Level 0) to fully autonomous driving (Level 5) (SAE-International, 2018). In Table 1, I 

summarized the different levels of driving automation. 

TABLE 1 

 

SAE’S LEVELS OF DRIVING AUTOMATION 

 

Automation Level Description 

Level 0: No Driving Automation Driver is in charge of the entire driving task.  

Level 1: Driver Assistance The vehicle controls either the lateral or longitudinal 

aspects of the driving task, with the driver being 

responsible for the rest of the driving task. 

Level 2: Partial Driving Automation The vehicle controls both the lateral and longitudinal 

aspects of the driving task, with the driver being 

responsible for monitoring potential hazards. 

Level 3: Conditional Driving 

Automation 

Under certain conditions, the vehicle controls the 

entire driving task, with the driver expected to take-

over when the vehicle requests for driver intervention. 

Level 4: High Driving Automation Under certain conditions, the vehicle controls the 

entire driving task without any expectations from the 

driver. 

Level 5: Full Driving Automation The vehicle unconditionally controls the entire driving 

task without any expectations from the driver. 

 

Since Level 5 fully autonomous vehicles are still not technically feasible (Pauzie & 

Orfila, 2016), current research on self-driving cars focuses primarily on Level 3 conditional 

automation (i.e., semi-autonomous) (Gold, Naujoks, Radlmayr, Bellem, & Jarosch, 2017). Semi-
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autonomous vehicles allow drivers to cede control of the driving task to the vehicle under certain 

traffic conditions (e.g., major roads) (Morgan et al., 2016; NHTSA, 2013). Due to technical 

limitations, there are certain situations where the system cannot handle the driving task on its 

own and require the driver to take over (NHTSA, 2013). Examples of potential system 

limitations include lane marking obscurity, certain road designs (e.g., large curves), visually 

obstructive weather conditions (e.g., fog), and a larger amount of force than the system can apply 

(e.g., braking force, steering reversal) (Martens & van den Beukel, 2013; Seppelt & Victor, 

2016). But the system is also required to detect these boundaries (Zeeb et al., 2016), send the 

driver a take-over request (TOR), and is supposed to give the driver enough time to perform the 

necessary actions (NHTSA, 2013). This technology fundamentally changes the driver’s role 

from an active operator to a passive monitor (Cunningham & Regan, 2015; Martens et al., 2008; 

Merat, Jamson, Lai, & Carsten, 2012). Some experts have stated that the driver does not even 

need to continuously monitor the system since they will be alerted when they are needed 

(NHTSA, 2013; Seppelt & Victor, 2016) and can engage in non-driving-related tasks if they 

wish to (Gold, Naujoks, et al., 2017). These types of vehicles are already being tested on public 

roads (Gold, Korber, Lechner, & Bengler, 2016). 

However, the driver does need to intervene occasionally in case the system fails or is 

unable to handle the current driving conditions (Borowsky & Oron-Gilad, 2016; Gold, Naujoks, 

et al., 2017). When intervening, the (potentially distracted) driver must reorient themselves to the 

driving task, regain situational awareness of the driving environment, identify the potential 

hazard, and execute the appropriate driving response in a timely manner (Kreuzmair, Gold, & 

Meyer, 2017). The take-over scenario can be quite a sudden and potentially dangerous increase 

in workload for the driver (Merat, Jamson, Lai, Daly, & Carsten, 2014),  
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As previous automation research shows, if the system takes the driver out of their active 

role, it can be difficult for them to suddenly switch back to that role when needed (Casner, 

Hutchins, & Norman, 2016). Humans are often poor monitors of automation in general 

(Parasuraman & Riley, 1997; Strand, Nilsson, Karlsson, & Nilsson, 2014), especially when little 

is happening for an extended period of time (Bainbridge, 1982). Driving studies found that 

participants were slower to react to critical events in automated driving conditions compared to 

the manual driving conditions (Gold, 2016; Merat & Jamson, 2009b; Merat, Jamson, Lai, & 

Carsten, 2014; Strand et al., 2014). Driving automation often negatively affects operator 

performance in general, such as poorer situational awareness (Endsley, 1996; Merat & Jamson, 

2009a), loss of skills, and overreliance on the automation system (Gold, Naujoks, et al., 2017; 

Martens et al., 2008; Onnasch, Wickens, Li, & Manzey, 2014; Parasuraman & Riley, 1997).  

So although the driver may arguably not need to continuously monitor the driving task, it 

is still safer for them to do so in order to be prepared for potential take-overs (Merat et al., 2012; 

Reimer et al., 2016; Richards & Stedmon, 2016). Operators with poor situation awareness may 

be slower in detecting problems and reorienting themselves back to manual performance 

(Endsley, 1995; Endsley & Kiris, 1995), thus impairing their ability to handle critical situations 

(Louw & Merat, 2017; Martens & van den Beukel, 2013). Compounding this issue, the lack of 

control will likely encourage drivers to focus their attention elsewhere (e.g., a secondary task) 

and lose track of where they are in the driving environment (McCall, McGee, Meschtscherjakov, 

Louveton, & Engel, 2016).  

2.2 Semi-Autonomous Distraction  

As the level of automation increases, drivers tend to pay less attention to the road and are 

more likely to engage in non-driving-related secondary tasks (e.g., reading) (Carsten, Lai, 
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Barnard, Jamson, & Merat, 2012; Jamson, Merat, Carsten, & Lai, 2013; Llaneras, Salinger, & 

Green, 2017; Merat, Jamson, Lai, Daly, et al., 2014; Naujoks, Purucker, & Neukum, 2016; 

Reimer et al., 2016). Studies have shown that engaging in secondary tasks during semi-

autonomous driving could lead to lower situational awareness (de Winter et al., 2014), higher 

reaction times to TORs (i.e., take-over time) (Borowsky & Oron-Gilad, 2016; Merat et al., 

2012), shorter time-to-collision (Radlmayr, Gold, Lorenz, Farid, & Bengler, 2014), and higher 

lateral acceleration (i.e., rushed lane changes) during take-overs (Zeeb et al., 2016). de Winter et 

al. (2014) conducted a meta-analysis on automated driving, suggesting that semi-autonomous 

driving could result in better situational awareness if drivers are motivated to attend to the road. 

However, multi-tasking during semi-autonomous driving could result in worse situational 

awareness than multi-tasking during manual driving. With lower situational awareness, drivers 

are less aware of potential hazards and are therefore less prepared for take-over scenarios 

(Cunningham & Regan, 2015). Merat, Jamson, Lai, Daly, et al. (2014) found that participants 

had worse driving performance when they were looking away from the road center since they 

were less able to predict oncoming take-overs. Overall, most of the research paints a negative 

picture for the effects of distraction in automated driving.  

Semi-autonomous vehicles do attempt to curb the effects of distraction by giving alerts 

for take-over scenarios. However, Shen (2016) found that even with a TOR, distracted drivers 

had worse driving performance in the critical situation for semi-autonomous driving compared to 

manual driving. In take-over scenarios, the amount of time the drivers need to regain vigilance 

depends on how engaged they are in the secondary task (Sundareswara et al., 2013). This is 

problematic because the system may not always provide them with a timely warning. There 

could be sudden changes in the driving environment where the system requests an immediate 
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take-over from the driver, even if they need more preparation (McCall et al., 2016). These 

situations could have very short time budgets, being less than a second long (Casner et al., 2016). 

So although being alerted may help the driver get back into the control loop, it may not be 

enough to erase the effects of distraction.  

Even though distraction could be harmful, expecting the driver to completely concentrate 

on the driving environment while in an automated vehicle is unrealistic (Martens & van den 

Beukel, 2013). Therefore efforts should be made to find ways to make the distraction less 

detrimental. A growing body of research has been examining multi-tasking in semi-autonomous 

vehicles using a range of experimental designs (e.g., Gold, 2016; Gold, Naujoks, et al., 2017; 

Louw, Madigan, Carsten, & Merat, 2017). However, after searching the literature, nine studies 

were found that directly compared different kinds of non-driving-related secondary tasks with 

each other during semi-autonomous driving. Most studies found in this domain only used one 

type of secondary task within their experiment. Previous driving distraction research, however, 

implies that the amount of interference partially depends on the nature of the secondary task 

itself (Young, Regan, & Hammer, 2007). So more research should be conducted on how 

different types of secondary tasks might affect semi-autonomous driving performance. 

Particularly because some studies have implied that non-driving-related tasks might not always 

be detrimental for semi-autonomous driving (e.g., Gold, Happee, & Bengler, 2017; Neubauer, 

Matthews, & Saxby, 2012).  

If drivers are performing a secondary task that is relatively less distracting (e.g., listening 

to a song vs. manual texting), they could monitor the driving environment better and identify 

potential hazards sooner. This may be even more evident for semi-autonomous driving, during 

which participants are likely to be more engaged in secondary tasks. During manual driving, 
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drivers engaging in secondary tasks typically use repeated short off-road glances, rarely 

exceeding 2 s (Kircher, 2007). Semi-autonomous drivers, on the other hand, tend to have longer 

off-road glances while driving (Zeeb, Buchner, & Schrauf, 2015). Also, semi-autonomous 

drivers are less likely to engage in compensatory behaviors while multi-tasking (e.g., longer 

following distance, lower velocity), partly since the system is in control of those behaviors 

(Naujoks et al., 2016). Because of this lack of compensation, certain secondary tasks (e.g., 

manual texting) may be more harmful for semi-autonomous driving than manual driving since 

the driver is less likely to alternate their visual attention between the secondary task and driving 

task. 

As mentioned before, nine studies were found that compared the effects of different non-

driving-related secondary tasks on semi-autonomous driving performance using a driving 

simulator. Two studies compared naturalistic secondary tasks (e.g., video watching) (Yoon & Ji, 

2019; Zeeb et al., 2016), one study compared phone calls with text messages (Neubauer et al., 

2012), one compared secondary tasks with passive versus active workloads (Jarosch, Kuhnt, 

Paradies, & Bengler, 2017), and four compared tasks with different sensory modalities (Gold, 

Berisha, & Bengler, 2016; Happee, Gold, Radlmayr, Hergeth, & Bengler, 2017; Köhn, Gottlieb, 

Schermann, & Krcmar, 2019; Radlmayr et al., 2014; Wandtner, Schömig, & Schmidt, 2018).  

Yoon and Ji (2019) had all participants searching for radio stations on an entertainment 

console, watching a video on an iPad, and playing a smartphone game. The results indicated that 

participants interacting with the entertainment console were significantly faster at returning their 

gaze to the windshield and reported less subjective workload than when they were performing 

the other two tasks. However, the video task resulted in the fastest overall takeover time. Zeeb et 

al. (2016) had all participants write an email, read a news text, and watch a video clip on a touch 
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screen mounted on the center console. The authors found that writing an email resulted in less 

driving impairment than the other secondary tasks; they also found no significant differences in 

any of the take-over performance measures (i.e., reaction time, lane deviation) between the e-

mail task and baseline driving. Due to the nature of the secondary tasks in both studies, it was 

difficult to conclude which components of the secondary tasks resulted in better take-over 

performance than the other secondary tasks.  

Neubauer et al. (2012) used a between-subjects design where participants responded to 

text messages either by phone call or text message and found that text messages tended to result 

in worse reaction times to critical events, lower subjective driving engagement, and higher 

subjective distress. Jarosch et al. (2018) had all participants performing either a monitoring task 

or a quiz task in order to induce passive versus active fatigue respecitvely. Based on eye-tracking 

data and self-reported scores, the researchers concluded that the monitoring task resulted in 

higher fatigue. However, there were no significant differences found between the two tasks for 

take-over performance. 

Köhn et al. (2019) used a between-subjects design where participants performed either a 

low-effort secondary task (i.e., watching movies) or an active secondary task (i.e., mental 

rotation task). They found that task interruptions for the mental rotation task resulted in worse 

situational awareness and worse take-over times than interruptions for the movie task. Wandtner 

et al. (2018) had all participants go through five conditions: one baseline driving condition, one 

auditory task condition, and three visual task conditions. For the auditory condition, participants 

heard the sentence and repeated it out loud. For the visual conditions, participants saw the 

sentence displayed on a tablet. Depending on the visual task condition, participants repeated the 

sentence out loud or typed it onto the tablet (mounted either on the center console or held in their 
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hand). The researchers found that the visual tasks tended to result in worse driving performance 

than the auditory task, however, the effect sizes were usually small.  

The other studies compared a Surrogate Reference Task (SuRT) with an N-Back task 

(Gold, Berisha, et al., 2016; Happee et al., 2017; Radlmayr et al., 2014). SuRT is a user-paced 

visual task where participants have to find a slightly larger circle among smaller circles on a 

display. The N-Back task is a cognitive task where participants have to repeat back a series of 

numbers with an offset of N steps. Radlmayr et al. (2014) found that the visual SuRT task 

resulted in significantly higher collision rates in high-traffic-density conditions but did not find 

any significant differences for any of the other performance measures (e.g., take-over time, 

longitudinal acceleration). In a follow-up study, the researchers controlled for the workload and 

utilized more extensive practice sessions (Gold, Berisha, et al., 2016). They also added two more 

secondary tasks: a fill-in-blank-text task and a motoric shape-sorter ball task where participants 

had to fit objects with different shapes into corresponding holes without looking. They found that 

participants had relatively better take-over performance in well-practiced, non-complex driving 

situations when performing cognitive secondary tasks instead of visual/manual tasks. 

Participants also reported higher subjective stress for the take-over scenarios when performing 

the text task compared to the other secondary tasks. In another study, they found that cognitive 

and visual tasks had similar effects in terms of take-over time, but that visual distraction 

impaired obstacle avoidance more than the cognitive task (Happee et al., 2017).  

In all three studies, however, the obstacle would suddenly appear on the road at the same 

time as the TOR. This was to ensure the same time budget for all participants, but it also limited 

how much situational awareness would improve reaction times. In naturalistic driving, 

situational awareness of the road can better prepare participants for upcoming take-overs if they 
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detect potential hazards earlier. Perhaps there would have been more significant differences 

found between the different secondary tasks if the participants were able to anticipate potential 

hazards before receiving the TOR.  

2.3 Display Locations 

One secondary task factor that may help improve response times to critical events is the 

location of the in-vehicle display relative to the driving environment. If the driver is performing a 

secondary task on their cell phone, mounting the cell phone onto the windshield would bring the 

driving environment closer to their line of sight. Previous manual-driving distraction studies 

have shown that mounting in-vehicle displays closer to the driving environment could result in 

relatively less driving impairment (e.g., Horrey & Wickens, 2004). Two models that help explain 

the benefits of different display locations are the multiple resource model (Wickens, 2002) and 

the salience, effort, expectancy, value model (SEEV; Wickens, Goh, Helleberg, Horrey, & 

Talleur, 2003).  

The multiple-resource model addresses multitasking performance and how the natures of 

the competing tasks affect dual-task interference (Wickens, 2002). It posits that there are 

separate, limited pools of resources operators utilize, such as auditory versus visual resources. 

This implies that the more two tasks require the same type of resource, the more interference 

there will be between them. For example, performing two visual tasks at once tends to be harder 

(e.g., more effort to switch attention between the two tasks) than performing a visual task and 

auditory task at once. In the model, resources are divided into four dimensions: processing 

stages, perceptual sensory modalities, processing codes, and visual channels. The most relevant 

dimension for this particular topic is the visual channel.  
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The multiple-resource model suggests that operators may be better able to monitor 

multiple visual stimuli at once if they are divided across different visual channels (i.e., focal vs. 

ambient channels) (Wickens, 2002). Focal vision is usually near foveal vision (center of the 

visual field) and is responsible for perceiving fine details and pattern recognition. Ambient vision 

usually involves peripheral vision (border of the visual field) and is responsible for orientation 

and ego motion. So if the driver is performing a secondary task (e.g., reading from their phone), 

the driver would not be able to maintain focal vision on both the phone and road at the same time 

if the phone is mounted away from the windshield (Doshi, Cheng, & Trivedi, 2009). But if the 

in-vehicle display is mounted onto the windshield, the driving environment is within the driver’s 

peripheral vision. So if the driver was performing a secondary task that required them to look at 

an in-vehicle display, displays closer to the driving environment may allow them to maintain 

better situation awareness using their ambient vision. This difference may be even more 

important for semi-autonomous driving, when the drivers are more likely to look at the display 

for longer periods of time before switching back to the road.  

It is important to keep in mind though, the differences between focal and ambient vision. 

Peripheral vision has lower visual acuity than foveal vision and this acuity decreases with greater 

eccentricity from the fovea (Crundall, Underwood, & Chapman, 1999). Therefore, the further an 

object is away from the participant’s foveal vision, the harder it is to identify the object. As a 

result, focal vision is often responsible for hazard perception and ambient vision is often 

responsible for vehicle control, such as lane-keeping (Crundall et al., 1999; Horrey & Wickens, 

2004; Horrey, Wickens, & Consalus, 2006). Even though the driver can see the driving 

environment in their ambient vision, their ability to perceive potential hazards may be impaired.  
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However, although ambient vision and focal vision are different channels in the multiple-

resource model, they are both interrelated processes as opposed to completely separate entities 

(Gugerty, 2011). Focal vision is required to correctly identify and respond to the hazard, but 

ambient vision is still important for maintaining situation awareness (Gugerty, 2011) and does 

seem to play a role in hazard detection (Crundall et al., 1999; Horrey et al., 2006). For example, 

if the stimulus is recognized within the ambient vision, the drivers can shift their attention to the 

target and bring it to their focal vision (Crundall et al., 1999; Gugerty, 2011; Wittmann et al., 

2006). There are factors that moderate this attention capture. For example, certain stimuli 

characteristics seem to encourage this attention capture, such as an abrupt onset of new objects, 

motion and certain color contrasts (Boot, Brockmole, & Simons, 2005; Crundall et al., 1999). 

Also, experienced drivers are better at visually scanning for hazards (Chapman & Underwood, 

1998; Green, 2002; Horswill & McKenna, 2004) and utilizing their ambient vision than novice 

drivers (Crundall et al., 1999; Summala, Nieminen, & Punto, 1996).  

The other model to consider for display locations is the SEEV model (Wickens et al., 

2003). The SEEV model predicts how operators will allocate their visual attention and 

selectively attend to the environment, based on four primary factors: salience, effort, expectancy, 

and value. Salience diminishes with greater eccentricity as targets move further away from the 

fovea (Regan, Lee, & Young, 2008). So focusing on in-vehicle displays further away from the 

driving environment could make objects on the road more obscure. Also, effort discourages 

observers from scanning between two areas that are far apart (Horrey et al., 2006). Information 

access costs for visual tasks increase when there is greater spatial separation, especially when the 

visual tasks require focal visual attention (Horrey et al., 2003). One of the major design 

implications of the SEEV model is that information that is accessed frequently (high expectancy) 
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should have low information access costs (low effort) (Regan et al., 2008). If there are two 

significant areas of interest, there should be minimum attention travel between them. So displays 

closer to the driving environment would lead to less effort in switching attention and the road 

should be more salient in the peripheral vision due to the smaller eccentricity.  

Theoretically, displays placed closer to the driving environment may result in safer 

driving than displays placed further away. Louw and Merat (2017) conducted a semi-

autonomous driving study, comparing different levels of screen manipulation before a take-over 

scenario. They used different fog densities to block the participant’s vision of the driving 

environment to simulate different states of being cognitively out of the loop. Based on their 

results, they concluded that the more visual information was occluded prior to the take-over, the 

more driving performance was impaired. They inferred from the results that secondary tasks that 

encourage driver’s gaze towards the road center were more likely to help bring the driver back 

into the loop due to better situation awareness and hazard perception.  

Previous manual-driving distraction studies that varied display locations have shown less 

performance decrements for displays closer to the driving environment, such as better lane-

keeping, shorter reaction times to driving events (e.g., lead vehicle braking) (Lamble, Laakso, & 

Summala, 1999; Summala, Lamble, & Laakso, 1998; Wittmann et al., 2006), longer time-to-

collision (Lamble et al., 1999), and smaller off-road glances (Normark, Tretten, & Gärling, 

2017).  

However, in-vehicle displays may still cause issues for the driver even when placed close 

to the driving environment. Drivers’ functional fields of view tend to narrow with increasing 

mental workload (Summala et al., 1996), creating tunnel vision and impairing ability to detect 

peripheral targets (Williams, 1988). Since the driver is relying on their low-acuity ambient vision 
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to monitor the driving environment, their ability to perceive and recognize hazards can be 

impaired, leading them to overestimate their situation awareness (Summala et al., 1998). It is 

also possible for general cognitive interference to occur, where the driver’s ability to detect 

targets deteriorates regardless of the visual eccentricity (Williams, 1988). The effects of 

cognitive capture on performance may be especially strong for low-probability and/or 

unexpected events (Gish & Staplin, 1995; Horrey & Wickens, 2004; Ward & Parkes, 1994; Yeh, 

Merlo, Wickens, & Brandenburg, 2003). It is possible for observers to have inattentional 

blindness, where they fail to notice unexpected objects even when they are salient (Simons, 

2000). 

Previous aviation studies have examined the use of head-up displays (HUD’s) versus 

head-down displays (HDD’s) (Fadden, Wickens, & Ververs, 2000). HUDs are transparent 

displays that project information in the operator’s forward field of view, such as the windshield 

(Hagen, Herdman, & Brown, 2007). Fischer, Haines, and Price (1980) found that pilots had 

better vertical and lateral tracking performance when looking at HUD’s as opposed to standard 

instruments. However, pilots had slower reaction times to unexpected obstacles on the runway 

when looking at the HUD versus the standard instruments. Fadden et al. (2000) conducted a 

meta-analysis on HUD’s, suggesting that pilots were better able to detect expected targets when 

operating a head-up display (HUD) as opposed to a HDD. However, when a truly surprising 

event occurred, they often missed it due to concentrating on the HUD instead. Although HUD’s 

in aviation differ from in-vehicle display locations within automobiles, this past research 

demonstrates that simply placing a display closer to the operator’s line of sight does not 

necessarily ensure performance improvements. Although there may be advantages to a closer 

display location, drivers are still being distracted either way.  
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So there is still the open question of how different in-vehicle display locations might 

affect the semi-autonomous driver and whether placing the display closer to the driving 

environment will be beneficial or not. Although previous driving distraction studies have 

suggested that displays located closer to the driving environment can be advantageous, they may 

still cause potential issues for the driver. It is also important to remember that the role of the 

driver is different in the semi-autonomous vehicle than a non-automated vehicle and they may 

interact with the secondary task differently, such as being more cognitively engaged with the 

display information.  

To the best of my knowledge, no studies have examined how performing non-driving-

related tasks on different in-vehicle display locations affect semi-autonomous driving 

performance. Mounting displays closer to the driving environment is a fairly simple step that 

could help the driver better monitor the road and notice critical events earlier. Alternatively, 

mounting displays closer to the driving environment may lead to overconfidence from the driver, 

who assumes that they can monitor the road better than they actually can and ultimately lead to 

no significant improvement.  
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CHAPTER 3 

 

RESEARCH QUESTION 

 

 

How does the display location for a non-driving-related secondary task affect semi-autonomous 

driving performance?  

The objective of this dissertation is to examine how different display locations affect 

semi-autonomous driving performance. Previous driving distraction research has shown relative 

benefits for in-vehicle displays closer to the driving environment. There may be a ceiling effect 

for glance durations for those studies though since participants rarely look at an in-vehicle 

display for more than 2 s when manually driving (Zhang, Smith, & Witt, 2006). Also, the driver 

has to control the entire driving task in manual driving and is therefore more motivated to 

monitor the road. In contrast, drivers tend to become more engaged in secondary tasks with 

higher levels of automation and have longer off-road glances. If the display is placed closer to 

the driving environment, would the closer proximity benefit the driver when responding to a 

critical event?  

3.1 Hypotheses 

The following hypotheses were proposed: 

➢ H1. Participants will have better driving performance when the in-vehicle display is 

closer to the driving environment (e.g., on the windshield) than when it is further 

away (e.g., near the CD display). 

o Previous studies examining in-vehicle display locations have shown that 

participants may better respond to driving events when looking at displays 

closer to the driving environment (e.g., Lamble et al., 1999). As the multiple-
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resource model suggests, drivers may be better able to monitor multiple visual 

stimuli at once when they are divided across different visual channels 

(Wickens, 2002). Displays closer to the driving environment could allow 

drivers to still monitor the road to a certain degree with their ambient vision. 

When a critical event begins, the driver may notice it early on with their 

ambient vision. The SEEV model also suggests that if the display is closer to 

the driving environment, drivers may be more likely to switch their visual 

attention between the two areas instead of only of focusing on the display 

(Regan et al., 2008). I hypothesized that this would result in shorter take-over 

times, longer time-to-collision (TTC), lower lateral acceleration, and fewer 

collisions. 

➢ H2. The driving performance advantages (e.g., lower TTC) of the closer displays will 

be greater for critical events that occur closer to the display. 

o Although participants can monitor the environment with their ambient vision, 

visual acuity is lower in this visual channel (Crundall et al., 1999). The further 

the event is away from the fovea, the less likely participants will be able to 

detect them. It is possible that displays closer to the driving environment will 

help the participant notice critical events close to them but not necessarily for 

events further away from them.  

➢ H3. Participants will report less subjective workload on NASA-TLX surveys when 

the in-vehicle display is closer to the driving environment than when it is further 

away. 
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o As seen in previous driving studies on display locations (e.g., Wittmann et al., 

2006), participants will likely have an easier time switching their visual 

attention between the road and the display when the display is closer to the 

driving environment.  

➢ H4. Participants will have worse performance on the secondary reading task when the 

in-vehicle display is closer to the driving environment than when it is further away. 

o Because the driving environment is in their peripheral vision and the shorter 

distance between the display and driving environment will result in less effort 

to switch attention, participants might make more on-road glances, which will 

result in less attention to the secondary task.  
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CHAPTER 4 

 

METHOD 
 

 

4.1 Participants 

Two statistical power analyses were performed using G*Power software (Faul, Erdfelder, 

Buchner, & Lang, 2009), based on data from two previous manual driving distraction studies 

(N=30, N=20), comparing the effects of different display locations on responding to brake lights 

(Wittmann et al., 2006) and time-to-collision from other lead vehicles (Zheng et al., 2016). The 

effect size for braking response was f = 0.73 and the effect size for time-to-collision was f = 0.80.  

These studies, however, were examining manual driving performance. Because the 

driving events in my automated driving study would be much less frequent, I used a relatively 

high power level (.95) to compensate. Also, my study was a within-subjects design, but the 

power analyses were conducted for a between-subjects one-way ANOVA. This was because I 

was unable to calculate correlation among response measures from these past studies with the 

data available, which was a necessary variable for a repeated-measures ANOVA power analysis. 

With alpha = .05 and power = .95, the projected sample size for braking response was N = 33 

and time-to-collision was N = 30. Thus, 36 participants were used for the data collection to reach 

sufficient power and fit the counter-balancing method I selected. The results of the power 

analysis can be found in Figure 1 and 2. Unfortunately, I discovered after the data collection was 

completed that I performed the a-priori power analyses incorrectly, which is covered in detail in 

the Limitations section. 
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Figure 1. Power analysis results for braking response. 

 

 
 

Figure 2. Power analysis results for time-to-collision. 

 

 

Thirty-six students (11 males and 25 females; M = 22.75 years, SD = 6.62 years, ages 

range from 18 to 45 years) from Wichita State University were recruited through SONA, the 

university’s online experiment management system. They were rewarded course credits for 

participating in the study. Participants were required to be 18-60 years of age, have owned a 

driver’s license for at least three years, have normal or corrected-to-normal visual acuity, and 
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have a maximum height of six ft (due to the small size of the driving simulator). Visual acuity 

was verified at the beginning of the experiment.  

Participants also completed a screener survey (included in Appendix A) to verify fluency 

in English, that they drove at least five times per week, and that they never read Sherlock 

Holmes short stories before (because it was the secondary task for this experiment). Summala et 

al. (1996) conducted a driving simulator study, showing experienced drivers are better able to 

use ambient vision for lane-keeping than novice drivers. Therefore the effects of different display 

locations may be more evident in experienced drivers. Participants in this study had on average 

7.17 years of driving experience (SD = 6.36 years). Thirty-three of the participants were right-

handed and three of the participants were left-handed. Twenty-nine of the 36 participants 

reported that they use a smartphone while driving.  

The researcher also verified that all participants only had experience with Level 0 

automation to ensure all participants have similar level of driving automation experience. In 

Level 0 automation, the driver has sole responsibility of the entire driving task (NHTSA, 2013). 

Certain support and convenience systems that do not have sustained control over steering, 

braking, or throttle (e.g., basic cruise control) are still accepted as Level 0 (SAE-International, 

2018). Only one participant had experience with highly automated driving; they were granted 

full course credit, their data was excluded, and another participant was recruited to compensate. 

4.2 Equipment 

4.2.1 Driving simulator.  

The driving simulator utilized a stationary Smart Car set in a laboratory room as shown in 

Figure 3. This simulator had three large projection screens (Carl’s SilverScreen, 3.2 × 7.3 m) 
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placed in front of it to show the driving scenario. The simulator used the Smart Car’s own 

steering wheel and Logitech Driving Force GT pedals for driving input.  

 
 

Figure 3. Driving simulator with the center projection screen showing the driving scenario. The 

boxes on the screen represented rear view and side view mirrors. The speedometer was shown 

near the bottom of the screen. 

 

The driving scenarios were created using OpenDS Version 4.0 (Math, Mahr, Moniri, & 

Müller, 2012). A Windows 10 laptop with 32.0 GB RAM and a 2.80 GHz CPU was used to run 

OpenDS. The laptop was connected to the driving simulator and projector and was placed a few 

feet north-west of the participant, behind the left projection screen. OpenDS has an AutoPilot 

feature available, allowing for autonomous driving capabilities. Participants were able to turn off 

the AutoPilot feature by steering the wheel or pressing any of the pedals. Participants were 

instructed to only turn off the autopilot when they detected a critical event. After completing the 

appropriate driving maneuver, the participant could then turn the autopilot back on by pressing a 

button on a Logitech controller mounted on the gear shift as shown in Figure 4.    
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Figure 4. Interior of the driving simulator with autopilot button (circled in red) and in-vehicle 

display (smartphone). 

 

4.2.2 In-vehicle device. 

The in-vehicle display was an Android smartphone. The phone was a 5.7 in. Samsung 

Galaxy Note 3 running an Android 5.0 operating system. As shown in Figure 5, there were three 

different locations where it was mounted: over the dashboard in front of the driver, in the center 

of the windshield, and perched onto the CD display. These locations have been used in previous 

studies examining different display locations (Normark et al., 2017; Summala et al., 1998; 

Wittmann et al., 2006) and seemed like locations which drivers would realistically mount their 

phones at.  

Consistent with several previous studies (e.g., Horrey & Wickens, 2004), the windshield 

locations were placed about 7 degrees below the driver’s normal line of sight, to prevent the 

display from obstructing the driving environment. Objects within 15 degrees of the current line 
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of sight could be fixated on relatively quickly since no head movement is required (Green, 

2002). Wittmann et al. (2006) found that the windshield display locations tended to result in 

faster reaction times to brake reaction signals. Summala, Lamble, and Laakso (1998) found that 

the windshield location (over the dashboard) resulted in better detection of brake lights when 

compared to the mid-console location. 

 

 

 

 

 

 

 

 

 

a. Dashboard      b. Center 

 

 

 

 

 

 

 

 

 

 

c. CD-display 

 

Figure 5. Locations for in-vehicle display (dashboard, center, CD-display). 

 

4.3 Experimental Design 

 The study used a within-subject design. Each participant went through five conditions. 

One of the conditions was a baseline reading condition, one was a baseline driving condition, 

and the other three were dual-task conditions where participants drove while reading short stories 

projected on different in-vehicle display locations. The order of the stories and display locations 

were simultaneously counter-balanced for the dual-task conditions using the method described 
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by Zeelenberg and Pecher (2015). See Appendix H for further details about the counterbalancing 

method.  

4.3.1 Driving task. 

 All driving conditions occurred in the same driving environment and had similar types of 

critical events. Participants drove on a straight 2-lane highway. The driving scenario lasted for 

approximately 15 min in all driving conditions. Other vehicles were randomly distributed 

throughout the scenario, driving 30 km/hr. When the scenario first started, there was no traffic 

nearby. But after about a minute of driving, participants began to see traffic up ahead. The 

driving scene was deliberately designed to be monotonous, to replicate the fatigue and boredom 

drivers would actually experience in a semi-autonomous vehicle. 

 Throughout the scenario, the driver experienced occasional critical events. The types of 

critical events drivers encountered were: 

• Broken Vehicle Event: A lead vehicle in the right lane would change lanes, revealing a 

car broken down in the middle of the road with flashing hazard lights as shown in Figure 

6. The driver would then have to change lanes to avoid the broken car. But they would 

also have to be mindful of potential traffic in the other lane before moving to the left. 

Therefore, participants would have to decide if it was safe to change lanes immediately or 

if they would have to slow down first and wait for the other vehicle(s) to pass before 

changing lanes. More complex maneuvers like these could be better at showing the 

potential impairment of secondary tasks (Gold, 2016). Previous semi-autonomous driving 

studies have used broken vehicles as obstacles for participants to avoid as well as lead 

vehicles to initially obscure them (e.g., Gold, Happee, & Bengler, 2017). The lead vehicle 
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allowed us to control when the participants initially saw the broken vehicle and therefore 

kept the time budget short.  

 
 

Figure 6. Broken Vehicle Event (broken vehicle is circled in red). 

 

 

• Lane Merge Event: A vehicle in the left lane would suddenly change lanes right in front 

of the driver as shown in Figure 7.  The participant would have to brake to avoid a 

collision. This event was partially inspired by a previous semi-autonomous driving study 

which had a lead vehicle suddenly decelerate for its critical event (Louw, Madigan, 

Carsten, & Merat, 2017). This was changed to a vehicle changing lanes too close to the 

participant to add variety to the location of the events, so that not all events could be 

predicted by simply monitoring the right lane. Also, because this event occurred closer to 

the dashboard display location, participants may be more likely to notice it sooner than 

the Broken Vehicle Event. This could give insight as to how the advantages of different 

display locations may depend on the location of the events as well.  
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Figure 7. Lane Merge Event. 

 

• Construction Zone Event: The participant would have to change lanes to avoid traffic 

cones in the right lane as shown in Figure 8. Similar to the Broken Vehicle Event, a lead 

vehicle partially obscured the traffic cones until the car changed lanes to reveal the cones. 

The participant would also have to be mindful of traffic in the other lane before changing 

lanes. Construction sites have been previously used in other semi-autonomous driving 

studies (e.g., Zeeb, Buchner, & Schrauf, 2016). Also, because there were traffic cones on 

the left side of the lane, it was possible for participants to notice the cones about 3–4 s 

before the lead vehicle changes lane as shown in the first picture of Figure 8. This was to 

further measure how vigilant participants were of the driving environment before they 

received the TOR. However, detecting those cones before the lane change was difficult 

because they were small and far away.  
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Figure 8. Construction Zone Event. Top picture shows when the cones begin becoming partially 

visible and bottom picture is when the lead vehicle changes lanes to fully reveal cones. 
 

There were four possible driving scenarios, with the driving events randomly ordered in 

each one. The driving scenarios were then randomly assigned to each driving condition for each 

participant. The resulting order of scenarios for each participant can be found in Appendix H. 

There were approximately 3–5 min separating each of the critical events from each other. 

Several semi-autonomous driving studies have used two to four take-over scenarios in 20-min 
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driving sessions before (e.g., Gold, Korber, et al., 2016). Gold, Happee, et al. (2017) found that a 

higher repetition of take-over scenarios did affect take-over performance; although this practice 

effect was reversed when critical events were preceded by uncritical events. There were 

uncritical events programmed in the scenarios, where other vehicles in the left lane changed 

lanes when they were a safe distance away from the driver and then would change back to the 

left lane. The cars in the right lane also changed lanes to avoid the driver colliding with them 

since they were driving slower than the participant. So even though a lead vehicle was changing 

lanes, it did not necessarily mean they were revealing an obstacle.  

When the AutoPilot feature was on, the car drove itself straight in the right lane at 40 

km/hr. In this experiment, it was unable to perform driving maneuvers on its own, requiring 

driver intervention for all three critical events. When a critical event was about to occur, the 

simulator requested a take-over. The participant then performed the required driving maneuver, 

returned to the right lane, and turned the AutoPilot feature back on by pressing the button on the 

nearby gear shift. When participants received a TOR, they heard a short auditory beep (< 1 s) 

and saw a message box on the screen saying “Take-Over Required.” Previous semi-autonomous 

driving studies have utilized auditory and visual modalities simultaneously for the TOR (e.g., 

Radlmayr, Gold, Lorenz, Farid, & Bengler, 2014).  

The auditory beep was from a sound file that came with OpenDS, named “Beep.ogg.” 

The sound was played from the laptop which was running OpenDS. The volume level of the 

computer was at 30% to ensure participants would hear the sound well enough. If participants 

had difficulty hearing the TOR during the practice session, the laboratory’s fan was lowered to 

decrease background noise. If they still had difficulty hearing the TOR, the volume level of the 

computer was raised to 40%.  
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The time budget for responding to the TOR was about 3 s. To simulate the system 

requiring a little time to recognize the potential threat, there was about a 2 s delay for giving the 

TOR. For example, a vehicle would start to change lanes in front of the driver but it would take 

about 2 s from the beginning of the lane transition for the system to deliver the TOR as shown in 

Figure 9. This would give participants about 3 s to respond for the Broken Vehicle and 

Construction Zone events. Due to an error I made when setting up the experiment, participants 

had about 4 s to respond for the Lane Merge event. If participants detected the beginning of the 

critical event before the TOR is sent, they could turn the Autopilot off early.  

 

 
 

Figure 9. When the lane merge event begins versus when the TOR is sent. 

 

Eriksson and Stanton (2017) conducted a meta-analysis, finding that the average time 

budget was around 6.37 s, with 3 s being the most frequently used one. Shorter time budgets can 

be demanding and may be more likely to show a significant effect for an empirical study such as 

this (Cabrall et al., 2017; Gold et al., 2013). Lower situational awareness is more likely to be 

harmful if the participant only has a short time to react to the TOR and assess the current 

situation.  

4.3.2 Secondary task. 

The secondary task was reading short stories out loud from the in-vehicle display. The 

secondary task should reflect the kind of activity drivers are likely to engage with in semi-
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autonomous vehicle, such as self-paced interaction with an information system (Gibson et al., 

2016). Semi-autonomous vehicles are primarily meant to be driven on major roads, which means 

the driver will likely be in there for long stretches of time (Morgan, Alford, & Parkhurst, 2016). 

The kinds of secondary tasks they engage in would probably be something to keep them 

continuously entertained throughout the drive (e.g., reading) and may result in long off-road 

glances. Reading short stories could involve long off-road glances, making ambient vision more 

important for the driver to monitor the road.  

Participants read Sherlock Holmes short stories. The screener survey verified that they 

had not read Sherlock Homes stories beforehand. The order of the short stories was 

simultaneously counterbalanced with the display locations. To advance through the pages, the 

driver pressed a Flic button attached to the steering wheel as shown in Figure 10. Flic is a 

programmable smartphone button, which could perform assigned functions on the phone by 

simply pressing the button. For the baseline reading condition, participants sat at a desk and read 

the short story with the Flic button. This way participants would not be reading from the same 

display location twice during the experimental conditions and only once for the other two 

locations. 
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Figure 10. Secondary task setup, participants pressed the white Flic button (attached to the 

steering wheel, circled in red) to advance through pages displayed on the smartphone. 

 

 After each reading condition, participants completed a reading comprehension test 

consisting of five multiple-choice questions. The questions were randomly chosen from a pool of 

potential questions covering the material the participants read, so no questions were asked over 

pages they had not reached yet. Each story had a pool of 15–16 potential questions. The reading 

comprehension questions were pilot tested on four graduate students to verify that each story’s 

pool of questions had similar level of overall difficulty. The reading comprehension questions 

are listed in Appendix E.  

 

4.4 Procedure 

When participants arrived at the lab, they were informed about the experimental 

procedure and given a consent form (included in Appendix B). They were assured that they 

could withdraw from the study at any time without penalty. If at any point during the experiment 

they felt motion-sick from driving, the study would be halted and participants would be allowed 

to withdraw with full course credit. Once the consent form was signed, their visual acuity was 
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measured using a Snellen eye-chart. They had to have had at least 20/40 visual acuity (or 

corrected to this) in order to participate. Afterward, they filled out a demographics survey 

(included in Appendix C). 

After filling out the survey, participants went through a training session, first 

familiarizing themselves with the secondary task. They then practiced the driving task. 

Participants were told that there would be situations requiring take-overs. They were informed 

what kind of situations the system could not handle and would require take-overs (e.g., another 

vehicle suddenly merging into their lane). The participants also experienced these take-over 

scenarios during the practice session. They were informed that they would be given advanced 

alerts for these critical events, so therefore they did not need to monitor the driving environment. 

However, if they detected a hazardous event early, they should respond as soon as it was safe to 

do so.  

After participants were given the experimental instructions, they began practicing driving 

in the simulator. For the first 1-2 min, participants practiced manual driving to familiarize 

themselves with the sensitivity of the steering wheel and pedals. Once they became familiar with 

the manual driving aspect, they switched to Autopilot mode. They also practiced turning the 

Autopilot on and off. After they familiarized themselves with the driving simulator, they 

practiced reading while responding to critical events. Participants encountered each type of 

critical event and read from each display location during the practice session. The order of the 

driving events and display locations remained the same for each practice session. This was to 

ensure that the Dashboard display location would coincide with the Lane Merge event. This 

driving event occurred particularly close to the Dashboard location. After the event occurred, the 
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researcher would ask if the dashboard location was obstructive to the participant’s line of sight 

and then determined if the windshield display locations needed to be adjusted.  

Once the researcher determined that the participant had familiarized themselves with the 

tasks, they would then go through all of the conditions. The baseline reading and baseline driving 

conditions were held at the beginning of the experiment, which were then followed by the dual-

task conditions. The order of the dual-task conditions was counter-balanced across participants 

(see Appendix H for the exact order). The participants were instructed to engage in the secondary 

task while the car was in automation mode but that they would still be responsible for manual 

control in the case of take-over scenarios. See Appendix D for the experimental instructions 

participants received. 

At the end of each condition, subjects filled out a NASA-TLX survey to report their 

subjective workload and completed a reading comprehension test on the short story they were 

reading. They were also offered a brief period of rest before moving onto the next condition. At 

the end of the experiment, participants completed a short post-experimental survey (included in 

Appendix F) which asked them which display location they preferred and which display location 

they thought was the most distracting. They were then debriefed and the experiment was 

concluded. The experiment typically lasted for 135–150 min. 

4.5 Dependent Variables 

Take-over performance was measured by variables commonly used in semi-autonomous 

driving studies, including take-over time, time-to-collision (TTC), and lateral acceleration (e.g., 

Gold, 2016). The number of times take-over was initiated before the take-over alert was sent was 

also measured.  
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Take-over performance was measured between the beginning of the critical event until 

the point where the driver safely completed the necessary maneuver or collided with the 

obstacle. As previously stated, the Broken Vehicle event and Construction Zone event involved a 

lead vehicle changing lanes, revealing obstacle(s) in the lane requiring a lane change from the 

driver. The beginning of those events was when the lead vehicle began to change lanes. Safely 

completing the driving maneuver was when the driver changed their lane position enough where 

if they drove straight, they would no longer collide with the obstacle. The Lane Merge event 

involved a vehicle in the other lane merging lanes too close to the driver. The start of this event 

was when the other vehicle began to change lanes and safely completing the driving maneuver 

was when the driver decelerated to 30 km/hour or slower.  

Take-over time was measured by the number of seconds it took for the driver to turn off 

the autopilot after the driving event started. TTC was how much time there was before the driver 

theoretically collided with an obstacle (Gold, 2016). Smaller TTC values imply that the driver 

was getting closer to a potential collision due to a higher driving speed and/or shorter distance 

between the driver and the obstacle. TTC was continuously measured throughout the take-over, 

calculated based on the participant’s current driving angle, current speed, and the location in 

which they would collide with the obstacle of that particular event (e.g., the broken vehicle). 

Similar to Gold (2016), once the take-over was completed, their shortest TTC was recorded, 

signifying the closest the participant got to potentially colliding with the obstacle. Lateral 

acceleration was how quickly the participants were changing lanes during the Broken Vehicle 

and Construction Zone events. High lateral accelerations could signify rushed lane changes and 

therefore lower driving quality. Similar to TTC, lateral acceleration was continuously measured 
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throughout the take-over. Once the take-over was completed, the highest lateral acceleration 

value was recorded, signifying the peak lateral acceleration the participant reached.    

Subjective workload was measured by using the NASA-TLX scores, examining the 

overall workload levels based on an average of the weighted six NASA-TLX subscales 

(cognitive workload, physical workload, temporal workload, performance, effort, and frustration) 

as well as the scores for the individual subscales. The overall workload score was calculated by 

the TLX software, based on participants’ responses to pairwise comparisons between the 

subscales.  

Secondary task performance was measured by number of words read per minute in each 

condition and scores from reading comprehensions tests at the end of each dual-task condition. 

Participants were audio recorded while they read the stories; these audio recordings were used to 

measure words per minutes. If they paused for more than 3 s due to a driving event, technical 

issue, or yawning/coughing, these pauses were excluded from time spent reading. In Table 2, I 

summarized the dependent variables in this study and tied them to their corresponding 

hypotheses.  
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TABLE 2 

 

DEPENDENT VARIABLES 

 

Hypotheses Dependent Variables 

H1. Participants will have better driving performance when the 

in-vehicle display is closer to the driving environment (e.g., on 

the windshield) than when it is further away (e.g., near the CD 

display). 

• Take-over time 

• Initiations before TOR 

• Time-to-collision 

• Lateral acceleration 

H2. The driving performance advantages (e.g., lower TTC) of 

the closer displays will be greater for critical events that occur 

closer to the display. 

• Take-over time 

• Initiations before TOR 

• Time-to-collision 

• Lateral acceleration 

H3. Participants will report less subjective workload on NASA-

TLX surveys when the in-vehicle display is closer to the driving 

environment than when it is further away. 

• NASA-TLX scores 

H4. Participants will have worse performance on the secondary 

reading task when the in-vehicle display is closer to the driving 

environment than when it is further away. 

• Words per minute 

• Reading scores 

 

Most of the performance measures were submitted to a repeated-measures one-way 

analyses of variance (ANOVA). Pairwise comparisons were then conducted for the ANOVAs, 

using Bonferroni-correction to control for Type I errors. The baseline conditions were directly 

compared to the average of the three dual-task conditions. The dual-task conditions were then 

directly compared with each other. The Bonferroni-corrected p-value was 0.05/4 = 0.013. 

Initiations before TOR were ordinal values and therefore analyzed with Friedman tests, with sign 

tests used for the post-hoc comparisons. Each type of critical event was analyzed separately in 

terms of take-over performance. This was due to how they were all different in nature and may 

have resulted in different driving performance.  

The data were tested to verify normality and examined for potential outliers. Outliers 

were defined as having absolute z-scores higher than 3.29 (Tabachnick & Fidell, 2001). As 

recommended by the authors, these outliers were recoded to a raw score that was one standard 
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unit larger than the next most extreme score in the distribution. This was repeated until no 

outliers remained. This was to retain the outliers’ deviancy while not having them affect the 

statistical tests too much. The data was analyzed with and without the outliers included to see 

how much the results were affected. See Appendix G for a list of recoded outliers and statistical 

test results with them included.  
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CHAPTER 5 

 

RESULTS 

 

 

5.1 Take-Over Time  

Figure 11 presents the mean values of take-over time. This variable measured how 

quickly drivers responded to the beginning of the driving event. For the Broken Vehicle event, 

two outliers in the baseline driving condition were identified and recoded. Also, Mauchly’s test 

indicated that the assumption of sphericity was violated (p = .033), so the Greenhouse-Geisser 

correction was used. Take-over time differed significantly between the driving conditions, 

F(2.486, 87.013) = 4.877, p = .006, η2
p = .122. Pairwise comparisons revealed that the take-over 

time in the baseline driving condition (M = 1.75 s, SD = 0.52 s) was marginally shorter than the 

dual-task conditions (M = 1.95 s, SD = 0.52 s; p = .02). The dashboard condition (M = 1.84 s, SD 

= 0.57 s) was significantly shorter than CD-display condition (M = 2.09 s, SD = 0.59 s; p = .001). 

There were no other significant comparisons found.  

 For the Lane Merge event, take-over time did not differ significantly between the driving 

conditions, F(3, 105) = 1.289, p = .282, η2
p = .036.  

For the Construction Zone event, three outliers were recoded, one from each condition 

except for the CD-display condition. Also, because the assumption of sphericity had been 

violated (p < .01), the Greenhouse-Geisser correction was used. Take-over time differed 

significantly between the driving conditions, F(1.429, 50.030) = 8.772, p = .002, η2
p = .20. 

Pairwise comparisons revealed that the take-over time in the baseline driving condition (M = 

0.44s, SD = 2.85 s) was significantly shorter than the dual-task conditions (M = 2.00 s, SD = 0.54 

s; p = .003). The display locations did not differ significantly from each other.  
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The results suggest that the reading task did tend to slow down TOT for both the Broken 

Vehicle and Construction Zone events. However, the display locations only differed from each 

other for the Broken Vehicle event, with the CD-display location having slower take-overs than 

the dashboard location.   

 

 

Figure 11. Average take-over time for all event types and driving conditions. Error bars in all 

figures indicate the standard deviations. The blue line represents when the TOR alert was sent, 

about 2 s after the driving event began. 
 

5.1.1 Initiations before take-over alerts. 

 Figure 12 presents the average number of times participants initiated take-overs before 

receiving the take-over alert. This variable was examined to see how often participants were 

aware of hazardous events without relying on the take-over alert. This variable was analyzed 

using Friedman tests with sign tests for post-hoc comparisons.  

For the Broken Vehicle event, initiations before receiving take-over alerts differed 

significantly between the driving conditions, χ2(2) = 14.595, p = .002. A sign test suggested that 
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participants were marginally more likely to initiate before TOR in the baseline driving condition 

than the dual-task conditions, p = .017. Another sign test suggested that participants were 

significantly more likely to initiate before TOR in the Dashboard condition versus the CD-

display condition, p = .001. However, when comparing the baseline condition to the dual-task 

conditions, there were only 22 untied pairs. When comparing the Dashboard location to the CD-

display location, there were only 11 untied pairs. Neither of these was high enough to qualify for 

the z test, which therefore raises concerns about the accuracy of the p-values for those 

comparisons. 

For the Lane Merge event, initiations before receiving take-over alerts did not differ 

significantly between the driving conditions,χ2(2) = 0.414, p = .937.  

For the Construction Zone event, initiations before receiving take-over alerts differed 

significantly between the driving conditions, χ2(2) = 11.474, p = .009. A sign test indicated that 

participants were more likely to initiate before TOR in the baseline driving condition than the 

dual-task conditions , z = 3.213, p = .001. 

The results suggest that participants were more likely to initiate take-overs before 

receiving the TOR in the baseline driving condition than the dual-task conditions. Participants 

were also less likely to initiate take-overs before the TOR when reading from the CD-display 

location versus the dashboard location. However, the sign test results for the Broken Vehicle 

event are concerning given the relatively low number of untied pairs.  
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Figure 12. Average number of times participants initiated take-overs before receiving the take-

over alert. 

 

5.2 Time-to-Collision 

Figure 13 presents the mean values of minimum time-to-collision (TTC). This variable 

measured the closest participants were to a potential collision.  

For the Broken Vehicle event, one outlier was recoded for the baseline driving condition. 

Minimum TTC did not differ significantly between the driving conditions for this event, F(3, 

105) = 1.461, p = .229, η2
p = .04.  

For the Lane Merge event, Greenhouse-Geisser was used due to the assumption of 

sphericity being violated, p < .001. The minimum TTC differed marginally between the driving 

conditions for this event, F(2.435,72.539) = 2.436, p = .093, η2
p = .065. Pairwise comparisons, 

however, did not reveal significant differences between any of the condition pairs. 

For the Construction Zone event, three outliers were recoded, one from each condition 

except for the CD-display condition. Also, Greenhouse-Geisser correction was used because the 

assumption of sphericity was violated (p < .01). Minimum TTC differed significantly between 
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the driving conditions, F(1.585, 55.476) = 7.446, p = .003, η2
p = .175. Pairwise comparisons 

revealed that minimum TTC in the baseline driving condition (M = 3.21, SD = 2.58) was 

significantly lower than the dual-task conditions (M = 1.92, SD = 0.58; p = .005). The display 

locations did not differ significantly from each other.  

The overall results suggest that the secondary task only affected TTC for the 

Construction Zone event. The display locations never significantly differed from each other for 

any of the three events. 

 

 

Figure 13. Minimum TTC.  

5.3 Lateral Acceleration 

Figure 14 presents the mean values of maximum lateral acceleration. This measured how 

quickly the participants were changing lanes.  

For the Broken Vehicle event, one outlier was recoded for the baseline driving condition. 

For this event, Greenhouse-Geisser was used due to the assumption of sphericity being violated, 

p < .001. Maximum lateral acceleration differed significantly between driving conditions, 
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F(1.906, 64.799) = 5.142, p = .009, η2
p = .131. Pairwise comparisons revealed that maximum 

lateral acceleration in the baseline driving condition (M = 0.90 m/s², SD = 0.80 m/s²) was 

marginally higher than in the dual-task conditions (M = 0.57 m/s², SD = 0.33 m/s²; p = .023). The 

display locations did not significantly differ from each other. 

For the Construction Zone event, one outlier was recoded for the baseline driving 

condition and one outlier was recoded for the dashboard condition. Maximum lateral 

acceleration differed significantly between driving conditions, F(3, 102) = 4.456, p = .01, η2
p = 

.116. Pairwise comparisons revealed that maximum lateral acceleration in the baseline driving 

condition (M = 0.93 m/s², SD = 0.60 m/s²) was significantly higher than in the dual-task 

conditions (M = 0.62 m/s², SD = 0.36 m/s²; p = .011). The display locations did not significantly 

differ from each other.  

These results imply that participants were making faster lane changes in the baseline 

driving condition than in the dual-task conditions. However, because the averages for peak 

lateral acceleration were not particularly high (i.e., 3 m/s²) in this experiment, this is not 

necessarily an indicator of better or worse driving performance.  
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Figure 14. Maximum lateral acceleration. 

 

 Table 3 summarizes the results of pairwise comparisons for driving performance. 

Collisions rarely occurred during the study and therefore were not analyzed. The results did 

suggest that participants tended to react faster to the Broken Vehicle event when reading from 

the Dashboard location versus the CD-display location. However, the display locations usually 

did not significantly differ from each other in other pairwise comparisons.  
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TABLE 3 

 

COMPARISONS OF DRIVING PERFORMANCE MATRIX 

 

Baseline 

vs. 

Dual-Task 

Dashboard vs. 

Center 

Dashboard vs. CD-

Display 

Center vs. CD-

Display 

Broken TOT  ≈  ≈ 
Merge TOT ≈ ≈ ≈ ≈ 

Zone TOT  ≈ ≈ ≈ 

Broken Init. * ≈ * ≈ 

Merge Init. ≈ ≈ ≈ ≈ 

Zone Init.  ≈ ≈ ≈ 
Broken TTC ≈ ≈ ≈ ≈ 

Merge TTC ≈ ≈ ≈ ≈ 

Zone TTC  ≈ ≈ ≈ 

Broken Lat. Acc.  ≈ ≈ ≈ 

Zone Lat. Acc.  ≈ ≈ ≈ 

 
Notes:  indicates a significant increase for the first condition over the second condition in the comparing 

condition pairs;  indicates an increase with marginal significance;  indicates a significant decrease for 

the first condition over the second condition in the comprising condition pairs;  indicates a decrease 

with marginal significance; ≈ indicates no changes of driving performance with statistical significance; * 

indicates concern with the p-value because untied pairs were fewer than 26. 

 

5.4 Subjective Workload 

Figure 15 presents the mean values of the overall NASA-TLX scores, based on the 

average of weighted ratings on the six NASA-TLX subscales. Greenhouse-Geisser was used due 

to the assumption of sphericity being violated, p < .001. Overall NASA-TLX scores differed 

significantly between the driving conditions, F(2.207, 77.247) = 46.158, p < .001, η2
p = .569. 

Pairwise comparisons revealed that overall NASA-TLX scores in the baseline driving condition 

(M = 23.12, SD = 13.12) was significantly lower than in the dual-task conditions (M = 43.52, SD 

= 17.49; p < .001). The dual-task conditions did not differ significantly from each other. This 
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implies that even though the windshield displays were closer to the driving environment, they 

did not result in less subjective workload than the CD-display location. 

 

 

Figure 15. Overall NASA-TLX scores for the driving conditions. 

  

Figure 16 presents the mean values of all six different NASA-TLX subscales, for a more 

comprehensive look into subjective workload. With the exception of temporal demand, the 

Greenhouse-Geisser was used due to the assumption of sphericity being violated for almost all of 

the subscales. All dimensions were significant across the driving conditions, including mental 

demand (F(2.001, 70.048) = 35.093, p < .001, η2
p = .501), physical demand (F(2.319, 81.177) = 

9.855, p < .001, η2
p = .220), temporal demand (F(3, 105) = 14.646, p < .001, η2

p = .295), 

performance (F(2.408, 84.275) = 5.498, p = .003, η2
p = .136), effort (F(2.244, 78.551) = 20.159, 

p < .001, η2
p = .365), and frustration (F(1.905, 66.690) = 10.228, p < .001, η2

p = .226). Further 

analysis showed that the baseline driving condition consistently differed from the dual-task 

conditions across all subjective workload dimensions. However, the display locations never 

significantly differed from each other in any of the subscales. 
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Figure 16. NASA-TLX subscales 

5.5 Secondary Task Performance 

5.5.1 Words per minute. 

Figure 17 presents the mean values of words read per minute. Greenhouse-Geisser was 

used due to the assumption of sphericity being violated, p < .001. Words per minute differed 

significantly between the reading conditions, F(1.894, 62.507) = 16.413, p < .001, η2
p = .332. 

Pairwise comparisons revealed that average words per minute in the baseline reading condition 

(M = 160.77, SD = 21.5) was significantly higher than in the dual-task conditions (M = 148.79, 

SD = 23.02; p < .001). The dual-task conditions did not differ significantly from each other.  

The results suggest that the participants adopted a slightly slower reading pace when 

driving while reading, however the display locations themselves did not seem to have an effect 

on how much they were reading. It was previously hypothesized that participants may be more 
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likely to look at the road while looking at the windshield locations. If they did, however, it did 

not seem to be enough to significantly slow down their reading pace. 

 

 

Figure 17. Average words per minute by in-vehicle display location. 

 

5.5.2 Reading scores. 

Figure 18 presents the mean values of reading scores. Reading scores did not differ 

significantly between the reading conditions, F(3, 99) = 1.090, p = .357, η2
p = .032. The results 

suggest that participants’ ability to comprehend and recall elements of the story was not 

significantly impacted by the driving task, regardless of the display location. 
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Figure 18. Average reading scores. 

 

5.6 Subjective Ratings 

 Figure 19 presents the responses to the post-experimental survey, asking users to rate the 

different display locations. Seventeen of the participants thought that the CD display location 

was the most distracting while driving and 14 of the participants thought that the dashboard 

location was the most distracting. Only three of the participants thought that the windshield 

center location was the most distracting and only two of the participants marked “None of the 

above.”  

 Seventeen of the participants claimed that they looked at the dashboard location the most 

while driving, 10 of the participants claimed that they looked at the center windshield location 

the most, and nine of the participants claimed that they looked at the CD display location the 

most. Seventeen of the participants thought that the dashboard location was the easiest to read 

from and 14 of the participants thought that the center windshield location was the easiest to read 

from. Only five of the participants thought that the CD display location was the easiest to read 

from.  
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Twenty-one of the participants thought they drove best when looking at the center 

windshield location, compared to 10 of the participants who thought they drove best while 

looking at the dashboard location. Only three of the participants thought they drove best while 

looking at the CD display location and only two of the participants marked “None of the above.” 

Twenty of the participants said they would prefer the center windshield location while 

driving the most and 12 of the participants said they would prefer the dashboard location. Only 

two of the participants said they would prefer the CD display location and only two of the 

participants marked “None of the above.”  

The overall data suggests that participants tended to prefer the center windshield location 

and found it the least distracting. Some participants, however, did prefer the dashboard location 

and thought it was the least distracting. Almost none of the participants preferred the CD display 

location or thought it was the most beneficial location.  

 

 

Figure 19. Subjective ratings. 
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CHAPTER 6 

 

DISCUSSION 

 

 

6.1 Summary of Results 

 For Hypothesis 1, I predicted that participants would have better driving performance 

when the in-vehicle display was closer to the driving environment (i.e., one of the windshield 

locations) than when it was further away (i.e., the CD-display location). The overall data 

suggests that the location alone resulted in little difference for driving performance. Results for 

the Broken Vehicle event did show significantly slower take-over times and marginally lower 

initiations before receiving the take-over request for the CD-display location compared to the 

dashboard location. However, the effect size for take-over time was small and the p-values for 

initiations before TOR were concerning due to a relatively low number of untied pairs. No other 

direct pairwise comparisons showed any significant differences between the different display 

locations.  

For Hypothesis 2, I initially predicted that in-vehicle display locations would be 

particularly beneficial for events occurring closer to the drive (e.g., the lane merge event). I 

realized during the experiment, however, that because the driving events were inherently 

different in nature, this hypothesis would be difficult to properly test. For example, the Broken 

Vehicle event had flashing hazard lights on the car and the Construction Zone event had traffic 

cones, which may have been distinct in a driving environment containing only vehicles. These 

factors may have made the events more noticeable to participants, which could explain why 

participants often initiated take-overs before they were even alerted. The Lane Merge event, 

however, may have been less noticeable to the participants because the vehicle was slowly 
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moving in a different direction. In the driver’s ambient vision, this event may not have been very 

distinct until the vehicle got fairly close. Also, the display locations rarely differed from each 

other. As a result, this hypothesis was discarded.  

For Hypothesis 3, I predicted that participants would have lower NASA-TLX scores 

when the in-vehicle display was closer to the driving environment. The results did not support 

this hypothesis, however, and showed no significant differences for subjective workload between 

the different display locations.  

For Hypothesis 4, I predicted that participants would have worse secondary task 

performance when the in-vehicle display was closer to the driving environment. The results did 

not support this hypothesis either, as there were no significant differences for reading speed or 

reading score between the different display locations. I had expected participants to adopt a 

slower reading pace when reading from the windshield locations, since the closer proximity 

would lead to them glancing at the driving environment more often. Although participants 

claimed that they looked at the dashboard location the most while driving, this did not result in 

significantly slower reading.  

For user preference, most participants tended to prefer for the display to be located in the 

center of the windshield. Based on responses to other questions in the post-experimental survey 

as well as brief follow-up questions at the end, several participants thought the dashboard 

location was too close and distracting for them. Also, although participants tended to prefer the 

windshield locations over the CD display location in the post-experimental survey, they reported 

similar levels of subjective workload for all three display locations in the NASA-TLX surveys.  

The results of this study suggest that for semi-autonomous driving, the in-vehicle display 

location for the secondary task may not have a substantial effect on driving safety. Previous 
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studies have shown that displays closer to the driving environment could result in relatively less 

driving impairment than if they were placed further away (e.g., Horrey & Wickens, 2004). All of 

those studies, however, were examining manual driving distraction instead of automated driving 

distraction. Those studies tended to examine how distraction affected driving performance 

continuously throughout the driving condition (e.g., lane-keeping ability). This study on the other 

hand was only examining driving performance for a few critical events per driving condition. As 

mentioned before, ambient vision is important for vehicular control but focal vision is more 

relevant for hazard perception (Crundall et al., 1999; Horrey & Wickens, 2004; Horrey et al., 

2006). Although ambient vision does have a supportive role in hazard detection, it may not 

always be enough to result in better responses to infrequent hazardous events.  

6.2 Implications 

 Although there has been previous research suggesting drivers would be able to multitask 

better when the in-vehicle display is placed closer to the driving environment, this study’s results 

suggest that the location may not be as beneficial as previously hypothesized. This may have 

implications for in-vehicle technologies that are being placed relatively close to the driving 

environment (e.g., head-up displays) and how beneficial that placement might actually be. 

Perhaps placing displays closer to the driving environment will result in little to no benefit for 

automated driving safety.   

 It is important to remember that this study was examining automated driving, so display 

location might be more relevant for manual driving. However, one question that remains is 

whether the display location’s limited benefits were because the driving task was automated or if 

it was because the critical events were more infrequent than traditional manual driving studies. 
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Perhaps display locations are mainly helpful for vehicular control (e.g., lane keeping) but have 

little benefit for infrequent critical events.  

 However, the participants’ trust in the automated driving system may have also played a 

factor. Perhaps participants were vigilant of the driving environment regardless of the display 

location because they did not fully trust the automation system. These participants only had 

experience with Level 0 automation and had never used advanced driving automation before. 

Further compounding this was the TOR delay, which may have lowered their trust in the system 

and its ability to give them enough time to respond to the critical events. 

6.3 Limitations 

 One of the limitations with this study was the duration of the driving conditions, which 

were about 15 min long. Because this was a within-subjects design study, I did not want the 

driving conditions to last any longer as the study already took 135–150 min to complete. This 

meant, however, that the critical events were happening every 3–5 min, which may have caused 

the participants to monitor the road more closely than semi-autonomous drivers normally would 

in real life. For follow-up studies, it may be useful to have longer diving conditions with the 

critical events spaced further apart from each other.  

 Another limitation for the within-subjects design was that there might have been a 

familiarity effect with the critical events, since each driving condition had the same types of 

critical events. Participants’ responses to the initial critical events during the baseline driving 

condition might have been different from how they responded later in the study. Their 

unfamiliarity with automated driving systems may have compounded this as well.  

 As previously mentioned, there was a 2 s delay for the take-over request, to simulate the 

automated vehicle requiring time to perceive the risk. Therefore, participants initiating take-
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overs before receiving the requests was expected, however, it occurred more often than initially 

expected. A 2 s delay may have been slightly too long and perhaps should have been shortened 

down to a 1.5 s delay instead. Also, a couple of participants noticed vehicles far ahead in front of 

them changing lanes and inferred that they might have been changing lanes to avoid an unseen 

obstacle further down the road.  

 Although the driving environment was a highway, the Autopilot’s driving speed was set 

to 40 km/hr. This was because when the Autopilot’s driving speed was higher, there were 

technical issues with the OpenDS software (e.g., the vehicle would not drive itself straight). To 

compensate for this slower driving speed, obstacles were brought closer to the vehicle to 

maintain a short TTC during the critical events. However, this may have affected the 

participants’ subjective perception of risk when seeing the obstacles close to them, even though 

they were not driving very fast. Perhaps if the vehicle was driving faster and the obstacles were 

placed further away, the participants would have perceived lower risk because the obstacles 

seemed distant to them, even though the TTC would have been the same.  

 

The lateral acceleration variable was confounded because participants would sometimes 

brake before changing lanes for the Broken Vehicle and Construction Zone events. Their lateral 

accelerations would be lower as a result because they would be starting the lane change at a 

slower speed. Also, participants sometimes initiated take-overs shortly after receiving the TOR 

(e.g., < 0.1 s). It is possible that participants sometimes noticed the critical events just before 

being alerted and were already about to respond when they received the TOR. Therefore, the 

results for initiations before TOR might give limited insight for how vigilant participants were of 

the driving environment.  
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 Other potential limitations with the study involve the secondary reading task. I took steps 

to ensure that the Dashboard display location would not be overly obtrusive to the participant’s 

line of sight (e.g., placing it 7 degrees below the line of sight). However, it is possible that the 

location might have still partially obscured the driving events for at least a few of the 

participants. I used Sherlock Holmes short stories for the reading material because I suspected 

most undergraduate students never read them before. But it may have also meant that they were 

not as engaged in the story and that perhaps more modern stories would have resulted in more 

distraction from the driving task. Also, each reading quiz only contained five questions. This was 

primarily because participants only read 15 min per condition, so therefore there was a limited 

number of questions that could be asked for the short amount of story they managed to read in 

that time. Another advantage to having longer experimental conditions is that participants could 

cover more story material, thus allowing for more reading comprehension questions to be asked 

and possibly give better insight into their level of story engagement.  

 As evident in the graphs for the Results section, the results did have high standard 

deviations. This was most likely due to the relatively small number of driving events within each 

condition. Participants’ driving responses may have been influenced by several different 

environmental factors (e.g., the number of cars in the surrounding area).  

As mentioned in the Methods section, I also made missteps throughout the process, such 

as with the a-priori power analyses. I misread the paper by Zheng et al. (2016) and only later 

realized that the effect size I was referring to was actually for different navigation systems, not 

for different display locations (which did not have a significant main effect). For the other study 

by Wittman et al. (2006), the power analysis I used was for between-subjects because I thought it 

would be a suitable alternative since I did not know the correlation among response measures. It 
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was later pointed out to me that was erroneous of me. Also, the paper did not directly disclose 

the effect size. I calculated the effect size from the means of the different conditions, but the 

method I used had the assumption of between-subject design.  

Although I noticed my mistakes too late, I did conduct another power analysis afterward 

to see what an accurate one would have resulted in. I contacted Dr. Wittman, who was gracious 

enough to share his data with me. I analyzed the braking response times for the focused view 

conditions, where participants focused only on the dashboard display. I felt that more closely 

resembled reading in a semi-autonomous vehicle because automated drivers tend to be more 

engaged in secondary tasks. I also analyzed just three of the display locations (A, C, D) because 

they more closely resembled the display locations I used. The resulting sample size calculation 

was 48 for both levels of secondary task workload. The results of the new power analysis are 

shown in Figure 20. 

 
 

Figure 20. New power analysis. 

 

As mentioned elsewhere in the Methods section, I also should have timed the events 

more carefully because the Lane Merge driving event lasted for about 4 s instead of 3 s like the 

other driving events, which I did not realize until after the experiment concluded. Also, the 

traffic vehicles in the environment tended to vary somewhat in overall size. This resulted in a 



 

60 
 

logistical oversight where the Lane Merge event in one of the driving scenarios had a time 

budget approximately 1 s longer than the other Lane Merge events due to the other vehicle being 

somewhat slimmer. Also, the size of the lead vehicles may have affected how well they obscured 

the traffic cones in the Construction Zone event. All of these limitations further reinforce the 

need for further follow-up research. 

6.4 Future Research 

Future research could advance the findings of this study by investigating head-up 

displays (HUDs) next. Although traditionally used to aid the driving task (Ward & Parkes, 

1994), HUDs are rapidly advancing and are now capable of being used for non-driving-related 

tasks (e.g., "HeadsUP!," ; Lauber, Böttcher, & Butz, 2014). This study did not examine HUDs, 

however, the results concerning different display locations could help inform future HUD 

research and how much driving distraction they might entail. 

There are also other potential future studies for this research. How much operators rely 

on the automated system depend on the level of workload they have (Rajaonah, Tricot, Anceaux, 

& Millot, 2008). It might be worth studying how secondary tasks with different levels of 

workload may affect the results. Since the amount of time studying the participants was 

relatively limited, there is the open question of how the novelty effect of the different 

technologies (i.e., the simulator, semi-autonomous driving) comes into play (Burnett & Donkor, 

2012; Kircher, 2007). There is a learning curve with automated systems, as operators often need 

time to become more comfortable with the automation (Endsley, 1996) and learn how to 

properly interact with it (Funkhouser & Drews, 2016b; Gold, 2016). For example, Larsson, 

Kircher, and Hultgren (2014) found that drivers reacted faster to critical events during adaptive 

cruise control when they had previous experience with the system. How participants manage 
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multiple tasks (i.e., secondary task, monitoring the road) may also be affected with experience 

(Merat & Jamson, 2009b). Future research should investigate how familiarity might affect the 

results.  

6.5 Conclusion 

Only a small number of semi-autonomous driving studies have directly compared 

different secondary tasks and how they might affect driving performance differently. While 

driving distraction may not be desirable, it is inevitable for drivers to engage in, especially in a 

self-driving vehicle. So it is important to look for ways to potentially mitigate distraction for the 

semi-autonomous driver. To the best of my knowledge, no studies have previously examined 

how performing a secondary visual task might affect semi-autonomous driving performance 

differently based on the location of the in-vehicle display. Theoretically, in-vehicle displays 

placed closer to the driving scene could allow drivers to monitor the road with their peripheral 

vision more easily when distracted. 

Based on this study’s results, however, the advantages of closer display locations seem to 

be fairly limited for semi-autonomous driving. In most situations, participants had similar driving 

performance across all of the dual-task driving conditions. Although these results are not 

definitive and warrant further follow-up, they do suggest that the display location alone may not 

be adequate enough to mitigate driving distraction. This has implication for future in-vehicle 

technologies (e.g., head-up displays) and designers may need to look into other avenues for 

mitigating distraction in self-driving vehicles. 
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APPENDIX A 
 

SCREENER SURVEY 
 

 

 
 

Consent Form   

 

We are psychology researchers at Wichita State University recruiting participants for a driving 

simulator study. We are contacting you because you are a student who is 18 years or older, has at 

least 3 years of driving experience, has a valid driver's license, and is fluent in English. We are 

recruiting research participants to help us study semi-autonomous driving. If you decide to 

participate, you will be first asked to complete a short screener survey that will take about 5 

minutes. This screener survey is intended to check eligibility for participation in this 

experimental study. If you qualify, you will be allowed to select an open timeslot to participate in 

the study. 

 

There are no personal benefits or anticipated risks to participating in this survey. However, if you 

feel uncomfortable with a question, you may skip it. Participation is voluntary, and you can stop 

taking the survey at any time. Participation or declining will have no impact on your academic 

evaluations. 

 

There is no compensation for filling out this screener survey. However, if you are eligible to 

participate in the study, for your participation you will receive 9 SONA credits. If you choose not 

to participate, your instructor will offer you an alternative activity for equivalent course credit. 

 

We will work to make sure that no one sees your survey responses without approval. None of the 

questions involve personal identifiers. Data from the survey will be stored on hard drives and 

will be encrypted. But, because we are using the Internet, there is a chance that someone could 

access your online responses without permission. In some cases, this information could be used 

to identify you. 

 

If you have any questions or if you wish to have a copy of this consent form emailed to you, 

please contact William Choi by email wmchoi@shockers.wichita.edu. For questions about the 

rights of research participants, you may contact the Office of Research and Technology Transfer 

at Wichita State University, 1845 Fairmount Street, Wichita, KS 67260-0007, and telephone 

(316) 978-3285. 

 

You are under no obligation to participate in this study.  By selecting “Yes” below, you are 

indicating that: 

•                    You have read (or someone has read to you) the information provided above, 

•                    You are aware that this is a research study, 
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•                    You have voluntarily decided to participate. 

 

 

I have read the above and agree to participate in this survey.   

A. Yes 

B. No 

 

I am age 18 or over.   

A. Yes 

B. No 

 

I would like to have a copy of the Consent Form emailed to me.   

A. Yes 

B. No 

 

 

Block 2 

How often do you drive per week? 

C. 0-2 times 

D. 3-4 times 

E. 5-7 times 

F. More than 7 times per week 

 

Have you ever read any of these? (circle all that apply) 

A. Sherlock Holmes storie(s) by Sir Arthur Conan Doyle 

B. Alice’s Adventures in Wonderland by Charles Lutwidge 

C. Short storie(s) by Edgar Allen Poe 

D. None of the above 

 

 

Block 3 

1. Can you hear what he is .......? 

A. Saying 

B. Speaking 

C. Telling 

D. Talking 

 

2. She hasn't come home ........ 

A. Still 

B. Till 

C. Yet 

D. Already 

 

3. I ....... TV yesterday evening. 

A. Viewed 

B. Watched 
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C. Saw 

D. Looked 

 

 

4. She looks ....... a famous film star. 

A. As 

B. Like 

C. Similar 

D. Same 

 

5. I want you to tell me the ....... truth. 

A. Whole 

B. Exact 

C. Real 

D. All 

 

6. Some people only read the ....... lines in a newspaper. 

A. Head 

B. Main 

C. Big 

D. Top 

 

7. The boss was good enough to ....... my mistake. 

A. Oversee 

B. Overdo 

C. Overlook 

D. Overtake 

 

8. At the end of the speech the whole assembly gave the speakers a standing ........ 

A. Support 

B. Cheering 

C. Applause 

D. Ovation 

 

9. When the building was completed, all the workers were paid ........ 

A. Off 

B. Out 

C. Through 

D. Over 

 

10. Did they ______ the dogs last night? 

A. Fed 

B. Feeds 

C. Feed 

D. Feded 
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APPENDIX B 
 

CONSENT FORM 
 

 

 

Consent Form 

 

Purpose: You are invited to participate in a driving simulator study examining semi-autonomous 

driving.  We hope to learn how distraction may affect semi-autonomous driving performance.   

 

Participant Selection: You were selected as a possible participant in this study because you are 

enrolled in a class in Wichita State University. You must be 18-60 years old, have at least 3 years 

of driving experience, drive at least 5-7 times per week, own a valid driver’s license, and be 

fluent in English. Approximately 36 participants will be invited to join the study. 

 

Explanation of Procedures: If you decide to participate, your visual acuity will be measured 

and then you will be asked to fill out a demographic survey. You will be then asked to drive in a 

simulated semi-autonomous driving task. There will occasionally be hazardous events 

throughout the scenarios in which case you will need to perform the appropriate driving 

maneuver in order to avoid a collision. Driving dynamics will be recorded while you drive. 

There will be five experimental conditions, three of which you will be asked to read a short story 

off an Android smartphone while driving. For one condition, you will be asked to drive only and 

another condition, you will be asked to read only. Each condition lasts about 15 minutes. At the 

end of each condition, you will be asked to fill out a short questionnaire about the story you read 

and a survey about your workload. The whole experiment lasts about 135 minutes.  
 

Discomfort/Risks: The risks are minimal as you will be driving in a simulated scenario, which is 

frequently used by researchers. You may feel a little motion sickness. We will turn on a fan to 

reduce the chance of motion sickness. The entire experiment will be run inside a room. The 

experiment is voluntary and you are free to stop at any time if you feel uncomfortable. 

 

If at any point you feel too distressed to continue the study, please inform the researcher and you 

may discontinue your participation without penalty. If the distress continues after you 

discontinue or finish participation, you may wish to contact the Wichita State University 

Counseling and Testing Center. They are located in Grace Wilkie Hall room 320, phone number 

(316)-978-3440, email Wanda.Holt@wichita.edu. 

 

Benefits: This study is attempting to better understand how distraction affects semi-autonomous 

drivers. Your participation in this study could help improve automated driving safety. 
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Confidentiality: Every effort will be made to keep your study-related information confidential.  

However, in order to make sure the study is done properly and safely there may be circumstances 

where this information must be released. By signing this form, you are giving the research team 

permission to share information about you with the following groups:   

• Office for Human Research Protections or other federal, state, or international regulatory 

agencies; 

• The Wichita State University Institutional Review Board; 

 

The researchers may publish the results of the study. If they do, they will only discuss group 

results. Your name will not be used in any publication or presentation about the study. There will 

be audio recordings for when you read the short stories, which we will keep encrypted on our 

hard drives for 10 years. No personal identifiers will be connected to these audio recordings.  

  

Compensation or Treatment for Research Related Injury: Wichita State University does not 

provide medical treatment or other forms of reimbursement to persons injured as a result of or in 

connection with participation in research activities conducted by Wichita State University or its 

faculty, staff, or students.  If you believe that you have been injured as a result of participating in 

the research covered by this consent form, you can contact the Office of Research and 

Technology Transfer, Wichita State University, Wichita, KS 67260-0007, telephone (316) 978-

3285. 

 

Payment to Subjects: For your participation you will receive 10 SONA credits. If you choose 

not to participate, your instructor will offer you an alternative activity for equivalent course 

credit. 

 

Refusal/Withdrawal: Participation in this study is entirely voluntary. Your decision whether or 

not to participate will not affect your future relations with Wichita State University. If you agree 

to participate in this study, you are free to withdraw from the study at any time without penalty. 

 

Contact:  If you have any questions about this research, you can contact Dr. Jibo He, 

Department of Psychology, Wichita State University, 1845 Fairmount, Wichita, KS 67260-0034, 

jibo.he@wichita.edu, (316) 978-3823 or William Choi, wmchoi@shockers.wichita.edu, (714) 

200-9509. If you have questions pertaining to your rights as a research subject, or about 

research-related injury, you can contact the Office of Research and Technology Transfer at 

Wichita State University, 1845 Fairmount Street, Wichita, KS 67260-0007, telephone (316) 978-

3285. 

 

You are under no obligation to participate in this study.  Your signature below indicates that: 

• You have read (or someone has read to you) the information provided above,  

• You are aware that this is a research study,  

• You have had the opportunity to ask questions and have had them answered to your 

satisfaction, and 

• You have voluntarily decided to participate. 

 

 

mailto:jibo.he@wihita.edu
mailto:wmchoi@shockers.wichita.edu
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You are not giving up any legal rights by signing this form. You will be given a copy of this 

consent form to keep. 

 

____________________________________________________  

Printed Name of Subject       

 

____________________________________________________ _______________________ 

Signature of Subject       Date 

 

____________________________________________________ 

Printed Name of Witness 

 

____________________________________________________   ________________________ 

Witness Signature       Date 
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APPENDIX C 
 

DEMOGRAPHIC SURVEY 
 

 

1. Demographic Information 

 

Age______                  Gender:  Male / Female           

 

If you are a student: 

Year (Circle one):  Fresh.     Soph.     Junior     Senior     Graduate Student 

 

Major: _______________________________________________________________ 

 

Occupation (if applicable): 

____________________________________________________________ 

 

Which hand is your dominant hand? ____ left hand, ________right hand, ________ both hands. 

  

2. Driving Experience 

 

Valid Drivers License:  Yes / No  How long have you been driving (yrs):  _________ 

 

Your car is:  Standard transmission / Manual transmission / I do not have a car 

 

How many times do you drive per week:  ______  How many miles do you drive per week:  

________ 

 

Where do you do the majority of your driving (i.e. rural, urban, highway): 

___________________ 

 

Number of car accidents:  __________         

Please specify below (e.g. description of accident, when, where, fault?) 

1. 

______________________________________________________________________________ 

 

2. 

______________________________________________________________________________ 

          

3. 

______________________________________________________________________________ 

 

 

Number of traffic violations: __________ 

 

Please specify below (e.g. description of violation, when?) 
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1. 

______________________________________________________________________________ 

          

2. 

______________________________________________________________________________ 

          

3. 

______________________________________________________________________________ 

 

         

How often do you go over the speed limit:  _____________  

How far over (mph):  _____________ 

  

3. Cell Use 

 

Do you use a smartphone:  Yes / No           

 

What type of phone do you have (Brand and Model):  

_____________________________________________________________ 

 

How long have you owned a smartphone: ___________  

 

Do you ever use your smartphone while you are driving:  Yes / No 

If so, how often: ___________ 

 

What do you do with your smartphone while you drive: 

_______________________________________________________________ 

 

4. Reading Experience 

 

How many hours do you usually spend reading per week:  __________ hrs 

 

What type of stories do you read (please list): 

______________________________________________________________________________ 

 

Have you ever read stories on a tablet or smartphone:  Yes / No          

If so, please list what apps you have used for reading in the past: 

______________________________________________________________________________ 

 

 

5. Gaming and Simulator Experience 

 

Do you have video game experience: Yes / No        How many hours per week:  ________  hrs 

 

What type of video games do you play (please list): 

______________________________________________________________________________ 
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Have you ever used a driving simulator before: Yes / No        

How many times:  __________   
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APPENDIX D 
 

EXPERIMENTAL INSTRUCTIONS 
 

 

Orienting the Participant 

Thank you for agreeing to help us with this study. We appreciate your time and effort. 

 

Today you will be performing a combination of driving and reading tasks. We expect you will 

need about 135-150 minutes to complete all tasks. 

 

For the reading task, you will be helping us compare the use of different display locations in a 

semi-autonomous vehicle. Before we get started however, you will first get some practice using 

the reading application only, driving on the simulator only, and then reading while driving. We 

will go over how to use the driving automation system and how to deal with hazardous events a 

little later.  

 

You will be using a driving simulator to perform the driving task, so you may experience 

dizziness or motion sickness. If this occurs, please notify me immediately and we will stop the 

experiment. There is no penalty if you are unable to continue. 

 

Do you have any questions before we get started? 

 

Practice Reading 

We’ll start with practicing the reading task. You will be reading Sherlock Holmes short stories 

on a smartphone. The smartphone will be placed near the CD display, on top of the dashboard in 

front of you, or in the center of the windshield. In order to move onto the next page, please use 

the Flic button attached to the steering wheel to flip to the next page. Click it once to move onto 

the next page. Click it twice if you need to go back a page. 

 

Practice Driving 

Now we will practice semi-autonomous driving. When the simulator is in Autopilot mode, it will 

drive itself in the same lane position at the same constant speed. There will occasionally be 

hazardous events throughout each scenario, which the simulator cannot handle on its own and 

will require a driving response from you in order to avoid a collision. You can turn off the 

Autopilot by simply turning the wheel or pressing any of the pedals. But please only do so when 

you detect a hazardous event.  

 

There will be three different types of hazardous events you may encounter. There may be a 

broken car in the middle of the lane, requiring a lane change. A nearby vehicle might be merging 

lanes too close to you, requiring a braking response. Or there may be traffic cones up ahead, in 

which case you should change lanes. The simulator will alert you when these events are about to 

occur giving you just enough time to safely respond. So you do not NEED to monitor the 

environment. However, if you notice these events earlier, please respond as soon as it is safe to 

do so.  Once you have completed the driving maneuver, please return to the center of the right 

lane and turn the Autopilot back on by pressing the button. [point to the button]  
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Do you have any questions? 

 

We will first begin practicing a little with manual driving. Once you have become accustomed to 

it, we will then practice with semi-autonomous driving. Do you have any questions before we 

begin? 

 

Now that you have become familiar with manual driving, we will now practice automated 

driving. When a hazardous event begins to occur, please take over control from the vehicle and 

perform the necessary driving maneuver as we discussed earlier. Once you have avoided the 

accident, please return to the right lane when it is safe and turn the auto pilot back on.  

 

Do you have any questions? 

 

Okay, let’s briefly practice you turning the autopilot off and then on again. Remember that when 

you turn the autopilot back on, do not have your feet on the pedals or else it will immediately 

turn it back off again.  

 

[Once they feel comfortable with turning on and off the autopilot, start practicing reading] 

 

You’ll now practice reading while driving. Remember that the primary objective is to maintain 

driving safety. Please consider the reading task to be of secondary importance.  

 

[Throughout the practice, place the device in the three different display locations] 

 

Now that you have completed the practice session, do you feel prepared for the rest of the 

experiment? 

 

We will now move on to the rest of the study. There will be five conditions in total. One 

condition will require only reading and another will require only driving. The other three 

conditions will require you to read while driving. After each condition is completed, I will ask 

you to fill out a NASA-TLX survey. You will also complete a brief reading comprehension quiz 

about the short story you were reading. The reading quiz will only ask you about material that 

you read, it will not ask you questions about parts of the story you did not manage to reach.  

 

Before we begin, do you have any questions?  

 

Once again, I would like to repeat that the primary objective is to maintain driving safety. While 

the reading task is required, please prioritize the driving task above all.  
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APPENDIX E 

 

READING COMPREHENSION TESTS 
 

 

Short stories were used from The Adventures of Sherlock Holmes by Arthur Conan Doyle.   

 

“A Scandal in Bohemia” 

 

1. How did Watson describe Holmes’ feelings towards Irene Adler? 

a. Love 

b. Hatred 

c. Admiration 

d. All of the above 

2. How did Watson describe his current relationship with Holmes at the very beginning of 

the story?  

a. They had drifted apart from each other 

b. There was major discord between them 

c. They were closer than ever 

d. None of the above 

3. How did Watson meet Holmes at the start of the story?  

a. Holmes came to Watson’s house 

b. Watson came to Holmes’ house 

c. Watson stumbled upon Holmes on the street 

d. Holmes called Watson to meet him at a location 

4. What is something Holmes observed about Watson when they first began speaking in the 

story?  

a. He was having marital issues at home 

b. He had not been getting enough sleep 

c. He had a clumsy servant girl 

d. He had lost weight 

5. What did Holmes use as an example of Watson seeing and not observing? 

a. Clothes 

b. Humidity 

c. Footprints 

d. Stairs 

6. How did the client first contact Holmes? 

a. Note 

b. Phone call 

c. Messenger 

d. Visiting him at his house 
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7. What was the nationality of the client?  

a. French 

b. English 

c. Spanish  

d. German 

8. What did the client say of the case’s secrecy? 

a. They must keep it secret for two years, after which it won’t matter 

b. They must never reveal any details of the case ever 

c. They would only discuss the case if Watson left the room 

d. None of the above 

9. When did the client first meet Irene Adler?  

a. A few weeks ago 

b. Last year 

c. Five years ago 

d. Twenty years ago 

10. What was Irene Adler blackmailing the client with?  

a. Their past marriage 

b. Their secret child 

c. A murder weapon 

d. A photograph 

11. What was Holmes’ first disguise?  

a. A drunk 

b. A priest 

c. A lawyer 

d. None of the above 

12. What was Godfrey Norton’s occupation?  

a. King 

b. Lawyer 

c. Banker 

d. Never given 

13. Who is Godfrey Norton?  

a. The client 

b. Adler’s husband 

c. Adler’s accomplice 

d. Someone Holmes and Watson questioned for information about Adler 

14. When planning out the case, Holmes asked Watson if he didn’t mind ___.  

a. Breaking the law 

b. Deceiving people 

c. Assisting him 

d. None of the above 
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“The Red-headed League” 

 

1. When Watson first meets Holmes, what is Holmes in the middle of?  

a. A conversation with the client 

b. Reading the paper 

c. Reading a note 

d. None of the above 

2. What did Holmes say he and Watson shared an interest in?  

a. All that is bizarre 

b. Finding guilty suspects 

c. Compelling cases 

d. Love of tea 

3. What was one of the adjectives Watson used to describe the client?  

a. Strange 

b. Clean 

c. Average 

d. Calm 

4. Which country did Holmes deduce the client had visited at some point?  

a. Scotland 

b. China 

c. United States 

d. None of the above 

5. At the beginning of the story, what did Holmes say that he makes a mistake in?  

a. Explaining how he deduces facts about his clients 

b. Not getting enough sleep 

c. His drug habits 

d. Not calling for Watson’s assistance more often 

6. What was the client’s regular job?  

a. Ship captain 

b. Bank teller 

c. Pawnshop owner 

d. Architect 

7. How much did the client’s assistant get paid? 

a. Full wages 

b. Half wages 

c. No wages 

d. Never mentioned 

8. How did the client find out about the job opening?  

a. His wife told him 

b. His assistant told him 

c. His friends told him 

d. He saw a flier for it 
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9. What hair color did the job require?  

a. Any shade of red 

b. Dark red 

c. Light red 

d. Fiery red 

10. What initially discouraged the employer about the client?  

a. The color of their hair 

b. Their current occupation 

c. Their bachelor status 

d. None of the above 

11. What did the new job require?  

a. Manning a ship 

b. Promoting new clothes 

c. Constructing a new building 

d. None of the above 

12. When were the job hours?  

a. Early morning 

b. Late morning to early afternoon 

c. Late afternoon 

d. Evening 

13. Why did the client come to Sherlock Holmes? 

a. The company was suddenly dissolved 

b. The client had not been paid for their work 

c. The job conned the client out of their money 

d. The client believed his employers were criminals 

14. After the client finished describing the case, what did Holmes primarily ask him 

questions about?  

a. His assistant 

b. His shop 

c. His current financial situation 

d. What his employers were like 

15. What did Holmes say were easier to solve? 

a. Common crimes 

b. Featureless crimes 

c. Bizarre crimes 

d. Emotional crimes 

 

 

“The Man with the Twisted Lip” 

 

1. What was Isa addicted to?  

a. Drugs 

b. Alcohol 

c. Gambling 

d. All of the above 
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2. What time of day is it when the story begins?  

a. Morning 

b. Afternoon 

c. Night 

d. Never disclosed 

3. Who calls on Watson at the beginning of the story?  

a. Sherlock Holmes 

b. Kate Whitney 

c. Mrs. St. Clair 

d. None of the above 

4. Why did Watson leave his house?  

a. Because his patient overdosed 

b. Because Isa was missing 

c. Because he needed to identify a corpse 

d. Because Holmes needed him over for a case 

5. Who accompanied Watson as he left the house?  

a. Holmes 

b. His wife 

c. Isa’s spouse 

d. Nobody 

6. What did Isa say when Watson found him?  

a. He thought he had only been there for a few hours 

b. He cursed his addiction 

c. He lamented his current relationship with his wife 

d. He complained about feeling ill 

7. How did Watson cross paths with Holmes?  

a. Holmes breaks into his home 

b. Holmes requests for him to post his bail 

c. Watson finds him in a drug den 

d. Watson calls him about a case 

8. How did Isa get back home?  

a. Watson personally escorted him back 

b. Watson called a cab for him 

c. His wife came to retrieve him 

d. He didn’t 

9. What did Holmes say made Watson “quite invaluable as a companion”?  

a. His medical expertise 

b. His understanding of people 

c. Him noticing things Holmes glanced over 

d. His gift of silence 

10. What did the missing person promise to bring their children? 

a. A new toy 

b. A box of bricks 

c. Bread 

d. Nothing 
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11. Why was Holmes in the drug den?  

a. The missing person was seen there 

b. He was taking drugs 

c. He was helping Watson find Isa 

d. He wished to observe drug addicts 

12. Who do the police arrest?  

a. Hugh Boone 

b. Sherlock Holmes 

c. The Lascar 

d. Mrs. St. Clair 

13. What did they find on/in the missing person’s coat?  

a. Blood 

b. Drugs 

c. Coins 

d. A threatening message 

14. What was Hugh Boone’s occupation?  

a. Drug dealer 

b. Professional beggar 

c. Thug for hire 

d. Servant 

15. What convinces Holmes that the missing person is still alive?  

a. Their coat is found 

b. Their letter to their spouse 

c. Eyewitness accounts from beggars 

d. Nothing, Holmes remains convinced that they are dead 

 

 

“The Boscombe Valley Mystery” 

 

1. What happened when Watson received Holmes’ telegram? 

a. His wife encouraged him to go 

b. His wife discouraged him from going 

c. He pondered on it a little and decided to go on his own 

d. None of the above 

2. What kind of experience did Watson have to make him a prompt traveler?  

a. All of his past cases with Holmes  

b. Camp life in Afghanistan 

c. Growing up with his father 

d. His occupation as a doctor 

3. Which country did Mr. Turner and Mr. McCarthy originate from?  

a. Australia 

b. Germany 

c. Scotland 

d. United States of America 
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4. When the murder suspect was walking towards the victim, what did he have in his hands? 

a. A hammer 

b. An axe 

c. A rock 

d. A gun 

5. What caused Patience Moran to run from the scene?  

a. Seeing the suspect having a violent quarrel with the victim 

b. The corpse lying on the ground 

c. Seeing someone murdering the victim 

d. Seeing the suspect emerge out of the woods with blood on them 

6. Who shared the land with the murder victim?  

a. Charles McCarthy 

b. John Turner 

c. Only his son 

d. He lived alone 

7. Based on the injuries, what did the murder object seem to be?  

a. A sharp object 

b. A bullet 

c. A blunt, heavy object 

d. None of the above 

8. Holmes stated nothing was more deceptive than ___.  

a. An eyewitness account 

b. An obvious fact 

c. Non-circumstantial evidence 

d. Silence 

9. Why did the suspect go into the woods?  

a. He was following the suspect 

b. He was meeting with the suspect 

c. He heard the suspect cry out 

d. He was simply out hunting at the time 

10. What did the suspect say that the victim’s last words were?  

a. Their son’s name 

b. An allusion to a rat 

c. An apology about a past deed 

d. The suspect could not make out what the victim was saying 

11. What did the suspect say they were arguing about with the victim?  

a. Why the suspect was following the victim 

b. Something unimportant 

c. The suspect’s livelihood 

d. They remained silent on the matter 

12. What was Lestrade’s opinion of Holmes believing the suspect was innocent?  

a. He was intrigued 

b. He was somewhat puzzled 

c. He was dismissive 

d. He agreed with Holmes 
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13. What did Ms. Turner initially assume the argument was about between the suspect and 

the victim?  

a. Her relationship with the suspect 

b. Something trivial 

c. The victim’s last will 

d. The current state of the land 

14. What was the physical status of Mr. Turner?  

a. He was healthy 

b. He was starting to get a little old 

c. He was in poor health 

d. No mention of it was made 

15. What did Watson think of the victim’s last words? 

a. He believed the victim was delirious 

b. He believed the suspect might have been lying about them 

c. He was trying to identify his killer 

d. He didn’t know what they could mean 
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APPENDIX F 

 

POST-EXPERIMENTAL SURVEY 
 

 

Which display location did you think was most distracting while driving? 

A. Windshield (on top of dashboard) 

B. Windshield (near center) 

C. CD Display 

D. None of the above 

 

Which display location did you look at the most while driving? 

A. Windshield (on top of dashboard) 

B. Windshield (near center) 

C. CD Display 

D. None of the above 

 

Which condition did you think you drove best in? 

A. Windshield (on top of dashboard) 

B. Windshield (near center) 

C. CD Display 

D. None of the above 

 

Which display location would you prefer while driving? 

A. Windshield (on top of dashboard) 

B. Windshield (near center) 

C. CD Display 

D. None of the above 

 

Which display location was easiest to read from? 

A. Windshield (on top of dashboard) 

B. Windshield (near center) 

C. CD Display 

D. None of the above 

 

 

Do you have any other comments about the experiment? 
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APPENDIX G 
 

RECODED OUTLIERS 
 

Take-Over Time 

 

Broken Vehicle Event: 

 

Recoded Variables: 

 

Original Variables: -5.5 s (baseline driving), -4.88 s (baseline driving) 

Recoded Variables: 1.06 s (baseline driving), 1.06 s (baseline driving) 

 

Statistical Test with Original Outliers: 

 

The outliers were coded as negative numbers due to the participants initiating take-overs 

before the event actually began. Participants stated that they did this because they noticed 

vehicles ahead of them changing lanes early, inferring that there might be an obstacle further 

ahead that they could not currently see.  

Mauchly’s test indicated that the assumption of sphericity was violated (p < .001), so the 

Greenhouse-Geisser correction was used. Take-over time differed significantly between the 

driving conditions, F(1.328, 46.487) = 4.398, p = .031, η2
p = .112. Pairwise comparisons 

revealed that the take-over time in the CD display condition (M = 2.09 s, SD = 0.59 s) was 

marginally longer than the baseline driving condition (M = 1.40 s, SD = 1.70 s; p = .012) and 

significantly longer than the dashboard condition (M = 1.84 s, SD = 0.57 s; p = .001), but did not 

differ significantly from the center windshield condition (M = 1.91 s, SD = 0.66 s; p = .105). The 

other display locations did not differ significantly from the baseline driving condition or from 

each other. These results are mostly similar to the results with the recoded outliers.  

 
 

Construction Zone Event: 

 

Recoded Variables: 
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Original Variables: -13 s (baseline driving), -2.98 s (dashboard), -5.75 s (center) 

Recoded Variables: -6.62 s (baseline driving), -1.4 s (dashboard), -0.03 s (center) 

 

Statistical Test with Original Outliers: 
 

Since the assumption of sphericity had been violated (p < .01), the Greenhouse-Geisser 

correction was used. Take-over time differed statistically significantly between the driving 

conditions, F(1.568, 54.888) = 7.354, p = .003, η2
p = .174. Pairwise comparisons revealed that 

the take-over time in the baseline driving condition (M = 0.26 s, SD = 3.44 s) was marginally 

shorter than in the dashboard condition (M = 1.85 s, SD = 1.17 s; p = .014) and significantly 

shorter than in the center windshield condition (M = 1.73 s, SD = 1.55 s; p = .006) and CD 

display condition (M = 2.20 s, SD = 0.06 s; p = .002). The display locations did not differ 

significantly from each other. These results are mostly similar to those with the recoded outliers.  

 
 

Time-to-Collision 

 

Broken Vehicle Event: 

 

Recoded Variables: 

 

Original Variables: 8.96 s (baseline driving) 

Recoded Variables: 4.23 s (baseline driving) 

 

Statistical Test with Original Outliers: 

 

Minimum TTC did not differ significantly between the driving conditions for this event, 

F(3, 105) = 1.794, p = .153, η2
p = .049. This is similar to the analysis with the recoded outlier.  

 
 

Construction Zone Event: 

 

Recoded Variables: 

 

Original Variables: 16.5 s (baseline driving), 6.15 s (dashboard), 6.6 s (center) 

Recoded Variables: 10.37 s (baseline driving), 4.11 s (dashboard), 4.24 s (center) 
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Statistical Test with Original Outliers: 
 

Greenhouse-Geisser correction was used because the assumption of sphericity was 

violated (p < .01). Minimum TTC differed significantly between the driving conditions, F(1.535, 

53.727) = 6.35, p = .007, η2
p = .154. Pairwise comparisons revealed that minimum TTC in the 

baseline driving condition (M = 3.38 s, SD = 3.19) was marginally higher than the CD display 

condition (M = 1.66 s, SD = 0.83 s; p = .018), but did not differ significantly from the dashboard 

condition (M = 2.11 s, SD = 1.07 s; p = .198) and center windshield condition (M = 2.1 s, SD = 

1.21 s; p = .087). The other display locations did not differ significantly from the baseline 

driving condition or from each other. Although the p-value for the baseline driving condition vs. 

CD display condition was marginally higher, these results are mostly similar to the analysis with 

the recoded outliers.  

 
 

Lateral Acceleration 

 

Broken Vehicle Event: 

 

Recoded Variables: 

 

Original Variables: 4.28 (baseline driving) 

Recoded Variables: 3.04 (baseline driving) 

 

 

Statistical Test with Original Outliers: 

 

For this event, Greenhouse-Geisser was used due to the assumption of sphericity being 

violated, p < .001. Maximum lateral acceleration differed significantly between driving 

conditions, F(1.733, 58.934) = 4.901, p = .014, η2
p = .126. Pairwise comparisons did not reveal 

any significant differences however. This is different from the analysis with the recoded outlier, 
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where the baseline condition had significantly higher lateral acceleration than the dashboard 

condition.  

 
 
 

Construction Zone Event: 

 

Recoded Variables: 

 

Original Variables: 3.36 (baseline driving), 3.35 (dashboard) 

Recoded Variables: 2.37 (baseline driving), 1.34 (dashboard) 

 

Statistical Test with Original Outliers: 
 

For this event, Greenhouse-Geisser was used due to the assumption of sphericity being 

violated, p = .034. Maximum lateral acceleration differed significantly between driving 

conditions, F(2.481, 84.369) = 3.036, p = .043, η2
p = .082. Pairwise comparisons did not reveal 

any significant differences however. This is different from the analysis with the recoded outlier, 

where the baseline condition had significantly higher lateral acceleration than the dashboard 

condition. 
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APPENDIX H 
 

CONDITION ASSIGNMENTS 
 

 There were two baseline conditions held at the beginning of the experiment and then 

three dual-task conditions. When assigning variables to each participant, there were three main 

ones to consider: the display location, the short story, and the driving scenario. As mentioned 

previously, the display locations and short stories were simulatenously counterbalanced with 

each other using the method proposed by Zeelenberg and Pecher (2015), as illustrated in Figure 

20. A pair of Latin squares was created to represent the driving conditions, where the second 

square was a vertically mirrored version of the first square. Another pair of Latin squares were 

created in a similar fashion for the short stories. Finally, the Latin squares were diagonally 

combined with each other.  

However, this counterbalancing method was only done for the dual-task conditions 

because the baseline reading condition had no display location and the baseline driving condition 

had no short story. Instead, the short story for the baseline reading condition was randomly 

assigned first. Then the remaining three short stories were simultaneously counterbalanced with 

the three display locations. Figure 20 presents an illustration of the simultaneous 

counterbalancing method. 
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A C B   1 3 2 

B A C   2 1 3 

C B A   3 2 1 

        

        

B C A   2 3 1 

C A B   3 1 2 

A B C   1 2 3 

 

 

A2 C3 B1 

B3 A1 C2 

C1 B2 A3 

   

B1 C3 A2 

C2 A1 B3 

A3 B2 C1 

 

Figure 21. Simultaneously counterbalancing display locations with the short stories. The Latin 

squares with letters represent the display locations and the Latin squares with numbers represent 

the (remaining) short stories. 

 

 There were four possible driving scenarios, each one with the hazardous events occuring 

in different order from each other. I was unable to find a method that would allow us to 

simultaneously counterbalance three different factors however. So instead of being 

counterbalanced, driving scenarios were randomly assigned to each driving condition. Table 4 

lists how all of the conditions were assigned for each participant.  
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TABLE 4 

 

ASSIGNMENT OF CONDITIONS 

 

Participant 

Number 

Read-Only 

Condition 

Drive-Only 

Condition 

Dual-Task 

Condition #1 

Dual-Task 

Condition #2 

Dual-Task 

Condition #3 

1 

 

 • Dashboard • CD Display • Center 

• “The Red-

Headed 

League” 

 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery” 

• “A Scandal in 

Bohemia” 

 

• Scenario D • Scenario B • Scenario A • Scenario C 

2 

 

 • Center • Dashboard • CD Display 

• “The 

Boscombe 

Valley 

Mystery”  

• “The Man 

With the 

Twisted Lip” 

• “A Scandal in 

Bohemia” 

• “The Red-

Headed 

League” 

 

• Scenario B • Scenario A • Scenario D • Scenario C 

3 

 

 • CD Display • Center • Dashboard 

• “The Red-

Headed 

League” 

 

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario D • Scenario B • Scenario A • Scenario C 

4 

 

 • Center • CD Display • Dashboard 

• “The Red-

Headed 

League” 

 

• “A Scandal in 

Bohemia” 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Man 

With the 

Twisted Lip” 

 

• Scenario B • Scenario C • Scenario A • Scenario D 

5 

 

 • CD Display • Dashboard • Center 

• “A Scandal in 

Bohemia” 

 

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario B • Scenario A • Scenario C • Scenario D 

6 

 

 • Dashboard • Center • CD Display 

• “A Scandal in 

Bohemia” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

 

• Scenario D • Scenario A • Scenario C • Scenario B 
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7 

 

 • Dashboard • CD Display • Center 

• “A Scandal in 

Bohemia” 

 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Red-

Headed 

League” 

 

• Scenario C • Scenario A • Scenario B • Scenario D 

8 

 

 • Center • Dashboard • CD Display 

• “A Scandal in 

Bohemia” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Red-

Headed 

League” 

• “The Man 

With the 

Twisted Lip” 

 

• Scenario A • Scenario D • Scenario C • Scenario B 

9 

 

 • CD Display • Center • Dashboard 

• “The Red-

Headed 

League” 

 

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario C • Scenario A • Scenario B • Scenario D 

10 

 

 • Center • CD Display • Dashboard 

• “The Man 

With the 

Twisted Lip” 

 

• “A Scandal in 

Bohemia” 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Red-

Headed 

League” 

 

• Scenario B • Scenario C • Scenario D • Scenario A 

11 

 

 • CD Display • Dashboard • Center 

• “A Scandal in 

Bohemia” 

 

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario B • Scenario A • Scenario D • Scenario C 

12 

 

 • Dashboard • Center • CD Display 

• “The 

Boscombe 

Valley 

Mystery”  

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

• “A Scandal in 

Bohemia” 

 

• Scenario B • Scenario D • Scenario C • Scenario A 

13 

 

 • Dashboard • CD Display • Center 

• “The 

Boscombe 

Valley 

Mystery”  

• “The Red-

Headed 

League” 

• “The Man 

With the 

Twisted Lip” 

• “A Scandal in 

Bohemia” 

 

• Scenario B • Scenario A • Scenario D • Scenario C 
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14 

 

 • Center • Dashboard • CD Display 

• “The Red-

Headed 

League” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

 

• Scenario A • Scenario B • Scenario D • Scenario C 

15 

 

 • CD Display • Center • Dashboard 

• “The Man 

With the 

Twisted Lip” 

 

• “A Scandal in 

Bohemia” 

• “The Red-

Headed 

League” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario D • Scenario B • Scenario A • Scenario C 

16 

 

 • Center • CD Display • Dashboard 

• “A Scandal in 

Bohemia” 

 

• “The Red-

Headed 

League” 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Man 

With the 

Twisted Lip” 

 

• Scenario C • Scenario A • Scenario D • Scenario B 

17 

 

 • “CD Display • Dashboard • Center 

• “The 

Boscombe 

Valley 

Mystery”  

• “The Red-

Headed 

League” 

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

 

• Scenario C • Scenario A • Scenario D • Scenario B 

18 

 

 • Dashboard • Center • CD Display 

• “The 

Boscombe 

Valley 

Mystery”  

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

• “A Scandal in 

Bohemia” 

 

• Scenario B • Scenario D • Scenario A • Scenario C 

19 

 

 • Dashboard • CD Display • Center 

• “A Scandal in 

Bohemia” 

 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Red-

Headed 

League” 

 

• Scenario A • Scenario C • Scenario D • Scenario B 

20 

 

 • Center • Dashboard • CD Display 

• “The Man 

With the 

Twisted Lip” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “A Scandal in 

Bohemia” 

• “The Red-

Headed 

League” 

 

• Scenario D • Scenario B • Scenario C • Scenario A 
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21 

 

 • CD Display • Center • Dashboard 

• “A Scandal in 

Bohemia” 

 

• “The Red-

Headed 

League” 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario B • Scenario C • Scenario D • Scenario A 

22 

 

 • Center • CD Display • Dashboard 

• “The Man 

With the 

Twisted Lip” 

 

• “A Scandal in 

Bohemia” 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Red-

Headed 

League” 

 

• Scenario A • Scenario B • Scenario C • Scenario D 

23 

 

 • CD Display • Dashboard • Center 

• “The 

Boscombe 

Valley 

Mystery”  

• “The Red-

Headed 

League” 

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

 

• Scenario A • Scenario B • Scenario C • Scenario D 

24 

 

 • Dashboard • Center • CD Display 

• “The Man 

With the 

Twisted Lip” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Red-

Headed 

League” 

• “A Scandal in 

Bohemia” 

 

• Scenario A • Scenario C • Scenario D • Scenario B 

25 

 

 • Dashboard • CD Display • Center 

• “The Red-

Headed 

League” 

 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery” 

• “A Scandal in 

Bohemia” 

 

• Scenario D • Scenario C • Scenario B • Scenario A 

26 

 

 • Center • Dashboard • CD Display 

• “The 

Boscombe 

Valley 

Mystery”  

• “The Man 

With the 

Twisted Lip” 

• “A Scandal in 

Bohemia” 

• “The Red-

Headed 

League” 

 

• Scenario D • Scenario A • Scenario C • Scenario B 

27 

 

 • CD Display • Center • Dashboard 

• “The Red-

Headed 

League” 

 

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario B • Scenario C • Scenario A • Scenario D 
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28 

 

 • Center • CD Display • Dashboard 

• “The 

Boscombe 

Valley 

Mystery”  

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

 

• Scenario C • Scenario B • Scenario A • Scenario D 

29 

 

 • CD Display • Dashboard • Center 

• “The Red-

Headed 

League” 

 

• “The Man 

With the 

Twisted Lip” 

• “A Scandal in 

Bohemia” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario B • Scenario A • Scenario C • Scenario D 

30 

 

 • Dashboard • Center • CD Display 

• “The Man 

With the 

Twisted Lip” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Red-

Headed 

League” 

• “A Scandal in 

Bohemia” 

 

• Scenario D • Scenario C • Scenario A • Scenario B 

31 

 

 • Dashboard • CD Display • Center 

• “The Man 

With the 

Twisted Lip” 

 

• “The Red-

Headed 

League” 

• “The 

Boscombe 

Valley 

Mystery” 

• “A Scandal in 

Bohemia" 

 

• Scenario B • Scenario D • Scenario C • Scenario A 

32 

 

 • Center • Dashboard • CD Display 

• “The Man 

With the 

Twisted Lip” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “A Scandal in 

Bohemia” 

• “The Red-

Headed 

League” 

 

• Scenario A • Scenario D • Scenario B • Scenario C 

33 

 

 • CD Display • Center • Dashboard 

• “The Red-

Headed 

League” 

 

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario D • Scenario B • Scenario A • Scenario C 

34 

 

 • Center • CD Display • Dashboard 

• “The 

Boscombe 

Valley 

Mystery”  

• “A Scandal in 

Bohemia” 

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

 

• Scenario D • Scenario C • Scenario B • Scenario A 
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35 

 

 • CD Display • Dashboard • Center 

• “The Man 

With the 

Twisted Lip” 

 

• “The Red-

Headed 

League” 

• “A Scandal in 

Bohemia” 

• “The 

Boscombe 

Valley 

Mystery”  

• Scenario B • Scenario A • Scenario D • Scenario C 

36 

 

 • Dashboard • Center • CD Display 

• “A Scandal in 

Bohemia” 

 

• “The 

Boscombe 

Valley 

Mystery” 

• “The Man 

With the 

Twisted Lip” 

• “The Red-

Headed 

League” 

 

• Scenario B • Scenario C • Scenario A • Scenario D 

 

Notes: Each cell for the dual-task conditions lists in order: the display location, the short story, 

and the driving scenario. 
 


