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ABSTRACT 

 

ATTENTIONAL CONTROL IN YOUNG DRIVERS: DOES TRAINING HELP OR HINDER 

BOTTOM-UP PROCESSING IN A DYNAMIC DRIVING ENVIRONMENT? 

 

Sarah Elizabeth Yahoodik 

Old Dominion University, 2020 

Director: Dr. Yusuke Yamani 

 

Anticipating hidden hazards on the road is a critical skill for safe driving, one that many 

young and novice drivers lack. Training programs are shown to improve hazard anticipation 

performance in young drivers, but whether these training effects persist in the presence of salient 

and potentially distracting stimuli remains relatively less explored. In this study, we examined 

whether the effectiveness of an existing driving training program, Risk Awareness Perception 

Training (RAPT), on increasing latent hazard anticipation on the road persisted with extraneous 

bottom-up stimuli in the road environment. Forty-one young drivers, aged 18-21, completed a 

series of driving scenarios with latent hazards, after completing RAPT or a placebo training, in a 

medium-fidelity driving simulator with their eyes tracked. The eye movement data showed that 

RAPT-trained drivers anticipated hazards correctly in more scenarios than Placebo-trained 

drivers, replicating previous works. Additionally, the results suggest that the effectiveness of 

RAPT persisted even in scenarios that involve dynamic onset of pedestrians presented 

simultaneously with the latent hazards. The results imply that RAPT can improve drivers’ latent 

hazard anticipation performance, protecting them from the adverse effect of attentional capture 

by stimulus movements that coexist with latent road hazards. 
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CHAPTER 1 

INTRODUCTION 

 

Although the number of young driver fatalities has decreased by 40% since 2007 

(NHTSA, 2017), young drivers aged 15-20 years were still overrepresented in fatal crashes, 

accounting for 8.9% of fatal crashes in 2016, despite only 5.4% of license holders being in that 

age range. Previous researchers suggested immaturity and risk-taking as significant contributors 

to the higher crash rate among young drivers (Simons-Morton et al., 2005; Vorobyev et al., 

2015). However, other researchers found that cognitive factors such as insufficient attention and 

search behavior account for their crashes substantially more than non-cognitive factors such as 

immaturity and risk-taking behaviors (McKnight & McKnight, 2003, Treat et al., 1979). For 

examples, in an analysis of 2,128 non-fatal accident reports with drivers aged 16-19 years, 23% 

of the accidents were at least partially due to failures in attention (McKnight & McKnight, 2003) 

and a further 42.7% of accidents were at least partially attributed to failure of the young driver to 

search sufficiently ahead, to the side, or to the rear of the car. As a comparison, only 2.4% of 

accidents could be attributed to alcohol impairment and 0.7% to high speeds. One higher 

cognitive skill that is critical for young drivers’ safety is hazard anticipation (Fisher et al., 2002, 

Pradhan et al., 2005, Unverricht et al., 2018; Yamani et al., 2016).  

Hazard anticipation involves perception, comprehension, and anticipation of hazards or 

risks that are present, occluded by another road object, and developing on road (Fisher et al., 

2002; Pradhan et al, 2005). With little driving experience and an overestimation of skill (e.g., 

Unverricht, 2018), previous research indicate that young drivers often fail to anticipate latent 

hazards, road hazards that are hidden from the driver’s perspective and that are developing but 

have not yet materialized (Pradhan et al., 2005, 2009; Yamani et al., 2016, 2018). Over the past 
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decades, researchers have developed several training programs aimed specifically at improving 

young adults’ latent hazard anticipation skills (see Unverricht et al., 2018 for review). These 

training programs have been shown effective at improving latent hazard anticipation in young 

and novice drivers (Fisher et al., 2007; Pradhan et al., 2009) and may potentially reduce crash 

risk in newly licensed drivers (Thomas et al., 2016). Yet, real-world environments are often more 

dynamic and complex than those modeled and tested in a driving simulator. Thus, it remains 

unclear if the training effect transfers to road environments with dynamic and salient road 

objects.  

Salient objects that exist in everyday driving environment such as ambient traffic, 

pedestrians, and billboards may reduce the effectiveness of these training programs because such 

objects can capture a driver’s attention in a bottom-up, data-driven manner. For example, the 

literature of attention capture suggests that objects that produce abrupt movement or onset 

(Jonides & Yantis, 1988) or are a highly salient color relative to other objects on the display 

(Theeuwes et al., 1992) involuntarily attracts attention, features that are common in road 

environments. These bottom-up features can either be driving-relevant (e.g., sudden movement 

from a car next to us) or driving-irrelevant (e.g., a dynamic billboard changing its message). 

Within the framework of top-down and bottom-up controls of attention, drivers trained in hazard 

anticipation training allocate their attention to latent hazard in a top-down, knowledge-driven 

manner. More specifically, detection of latent hazards during driving is an example of a top-

down process, because the hazards have not yet materialized and eye movements are guided by 

expected latent hazard location. These two processes presumably compete for control of a 

driver’s limited attention in dynamic visual environment, and it is critical to determine whether 

trained drivers can successfully anticipate latent hazard that exist with salient objects. Of the 
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current interest is to examine whether existing training programs are effective at improving 

drivers’ latent hazard anticipation performance, even in dynamic environments where salient 

stimuli exist.  
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CHAPTER 2 

LITERATURE REVIEW 

Latent hazard anticipation 

Novice drivers have different visual search patterns than experienced drivers, with novice 

drivers having a narrower range of horizontal glances than experienced drivers (Konstantopoulos 

et al., 2010; Mourant & Rockwell, 1972). With a narrower visual search pattern, researchers 

hypothesized that novice drivers would be less likely to look at periphery points in the road that 

may contain risk than experienced drivers. One skill that might suffer from this narrow search 

pattern is latent hazard anticipation.  

Latent hazard anticipation is the ability to anticipate hazards that exist on the forward 

roadway but have not yet materialized. Operationally, latent hazard anticipation is defined as a 

correct glance towards a target zone that contains latent hazard while the driver is in a pre-

defined launch zone (see below for an example scenarios containing the target and launch zones; 

Pradhan et al., 2005, 2009; Yamani et al., 2016, 2018). Latent hazard anticipation has been 

examined on the road and in a driving simulator (Pradhan et al., 2005, Yamani et al., 2016, 

2018). An example of a latent hazard is a truck parked in front of a pedestrian crosswalk (Figure 

1). In the scenario, the truck blocks the view of the entrance of the crosswalk, so that a driver 

cannot see if a pedestrian is about to step out into the road. A safe driver, anticipating this 

hazard, would look towards the target zone created by the truck to make sure no one was in the 

crosswalk behind the truck. For a driver to successfully anticipate latent hazard, the driver must 

both accurately perceive and comprehend elements in the dynamic environment and project how 

the environment might change, requiring the highest level of situation awareness (Endsley, 

1995).   
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Figure 1. Example of a latent hazard anticipation scenario at an occluded crosswalk. 

 

More specifically, latent hazard anticipation performance is quantified as the proportion 

of driving scenarios that a driver correctly looks to the area where a latent hazard exists. For each 

scenario, a launch zone and a target zone are predetermined (Unverricht et al., 2018). The target 

zone is the area where a latent hazard exists. The launch zone is the area of the roadway where a 

driver should glance towards the latent hazard. In Figure 1, the dotted box depicts the launch 

zone and the corner of the truck is the target zone. The eye-glance coding is binary, with a score 

of 1 for the presence of an anticipatory glance and a score of 0 for the absence of an anticipatory 

glance. If a driver glances at the target zone while driving through the launch zone, that is coded 

as a “successful” anticipatory glance. If a driver does not glance at the target zone while passing 

through the launch zone it is coded as a failed anticipation.  

Using this paradigm, previous studies have shown that young, novice drivers are poorer 

at anticipating hazards than older, more experienced drivers (Garay et al., 2007; Pradhan et al., 

2005). Pradhan and colleagues (2005), for example, measured latent hazard anticipation 
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performance of three different age groups (16-17, 19-29, and 60-74) in a high-fidelity driving 

simulator. The participants drove through 16 driving scenarios that contained a risky element or 

situation. In some scenarios, the risky element was overt, such as a bright warning sign. In other 

scenarios, the risky element was hidden, such as a situation that required drivers to anticipate the 

actions of another driver or high vegetation obscuring the view of a pedestrian crosswalk. The 

researchers calculated the proportion of scenarios that the driver successfully glanced towards 

the risky elements. The group of older drivers (60-74) recognized the hazard the most (66.2%) 

and younger drivers (19-29) recognized the hazard in 50.3% of the scenarios. Novice drivers (16-

17-year-olds, with less than 6 months of driving experience) recognized the hazards in only 

35.1% of the scenarios. This study illustrated substantially poorer latent hazard anticipation in 

young novice drivers, calling for driving training programs that could help facilitate and 

accelerate the development of young drivers’ hazard anticipation skills.   

Current driving training programs 

There are several training programs specifically designed to enhance hazard anticipation 

skills. These training programs use a wide range of modalities such as a desktop PC or video 

commentary. For example, the Act and Anticipate Hazard Perception Training (AAHPT) uses 

clips of actual and potential hazards to train people how to anticipate hazards (Borowsky et al., 

2010), and other trainings have used expert driving commentary during hazardous and 

potentially hazardous situations to teach young drivers how to identify risks on the road 

(McKenna et al., 2006). While many of these hazard anticipation trainings have not been firmly 

established and the lack of consistency in outcome measures makes it difficult to establish 

efficacy at improving hazard anticipation performance (McDonald et al., 2015), the Risk 
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Awareness and Perception Training (RAPT) has been designed and extensively evaluated 

(Pradhan et al., 2009; Unverricht et al., 2018; Yamani et al., 2018). 

RAPT is a computer-based program that trains drivers to correctly anticipate latent 

hazards in a variety of driving scenarios with specific feedback and practice. In the most recent 

iteration (RAPT-3), trainees are presented with an exocentric (top-down) plan of the scenario 

which describes any parts of the scenario that are considered latent hazards. Next, trainees go 

through a series of egocentric perspective images of a driving scenario and are tasked with 

clicking over areas where a there might be a potential hazard (Figure 2). If the trainee fails to 

identify the hazard, the trial repeats until the trainee identifies the correct location. This strategy 

of providing both egocentric and exocentric views of hazard situations has been shown to be 

more effective at improving latent hazard anticipation performance than just providing trainees 

with only one viewpoint (Unverricht et al., 2018). Trainees receive feedback on their 

performance before attempting to try to identify the hazards again. They cannot move forward 

with the training until they have successfully identified the locations of all potential hazards, so it 

encourages them to learn from their mistakes and analyze the situation carefully.  

    

Figure 2. (Left) Top-down schematic and explanation of hazards in the scene. (Right) Screenshot 

of test phase. Trainees click on the area where they would look on a series of photographs 

progressing through the scenario. 
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RAPT has been shown to be effective at improving latent hazard anticipation 

performance in novice (16-18) and young drivers (18-21) (Fisher et al, 2007; Pradhan et al., 

2009). The effectiveness of RAPT has also been demonstrated both on the road and in a driving 

simulator (Fisher et al., 2007). Additionally, the measurable benefits of RAPT are shown to 

persist up to six months after the initial training demonstrating long-term retention of the 

improved hazard anticipation (Taylor et al., 2011). In addition to testing the effectiveness of 

RAPT on hazard anticipation, researchers have also attempted to examine the relationship 

between RAPT and crash data in new drivers (Thomas et al., 2016). In a large-scale naturalistic 

evaluation study, 2,251 young drivers, aged 16 to 18, completed either RAPT or a control 

training program immediately after passing the driving test for their driver’s license in 

California.  For a year, researchers tracked the driving records of these participants to obtain 

crash data. The results indicated that male drivers who completed RAPT showed a 23.7% lower 

crash rate than those who did not complete RAPT. However, this effect was not observed in 

female drivers, indicating a potential gender effect on the effectiveness of RAPT.  

Latent hazard anticipation is a top-down process, because a target (hazard) has not 

physically materialized yet. In order to successfully anticipate hazards, one must integrate 

context, cues, and prior experience, all of which are elements of top-down processing 

(Cavanagh, 1991). However, there are almost always salient objects in real-world road 

environment which attract a driver’s attention in a bottom-up manner. The theoretical framework 

of top-down and bottom-up control of attention may provide insights into whether the 

effectiveness of RAPT generalizes to driving scenarios that contain driving-irrelevant bottom-up 

stimuli. The next section discuss this issue.  
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Top-down and bottom-up control of attention 

One theoretical framework to characterize the mechanism of visual attention is an 

interaction between bottom-up and top-down control of attention. Bottom-up processing is a 

stimulus- or data-driven process whereas top-down processing is a knowledge- or experience-

driven process (Yantis, 1998). For example, while driving, an abrupt movement in the lane next 

to you might attract attention involuntarily. This is an illustration of a bottom-up processing 

because the stimulus attracts attention solely due to its perceptual components. However, the act 

of slowing down and looking for children that may run into the road after seeing a school zone 

sign is an example of top-down processing because it involves using prior knowledge and 

expectations to form specific goals that in turn direct attention to visual areas that do not 

necessarily contain the actual targets. The interaction between top-down and bottom-up 

processing can explain how visual attention is controlled in a dynamic environment, such as the 

roadway.  

There are a number of stimulus attributes that can guide our attention in a bottom-up 

manner such as saliency, luminance, and movement (Wolfe & Horowitz, 2004). The human 

visual system is adept at noticing contrast in terms of color, intensity, and orientation (Itti et al., 

1998). Features that have more contrast with their environment (either due to color, intensity, 

orientation or a combination of all three factors) are considered to be more salient (Itti et al., 

1998).  In order to explore the interaction between bottom-up and top-down processing in a 

controlled environment, previous researchers have employed a visual search task (Jonides & 

Yantis, 1988; Posner et al., 1980; Wolfe & Horowitz, 2004; Yantis, 1998). For example, 

Theeuwes and colleagues (1992) used a singleton search task where participants identified the 

orientation of a line in a green circle in an array of diamonds. In half of the experimental blocks, 
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one of the diamonds was red. The color feature of the diamond was task-irrelevant, since 

participants only needed to identify the orientation of the line in the green circle. Response times 

(RTs) to select the orientation of the target were longer when the red distractor was present. The 

experiment was repeated with a yellow diamond distractor in half of the experimental blocks. 

However, when the distractor was yellow (less salient than red amongst a field of green), there 

was no difference in RTs in detecting the line orientation when the distractor was present versus 

when it was absent. These results were interpreted as evidence that the saliency of task irrelevant 

stimuli can involuntarily attract visual attention.  

Color saliency is not the only attribute that can attract attention in a bottom-up manner. 

Abrupt visual onsets and looming cues have also been shown to capture attention (Franconeri & 

Simons, 2003; Jonides & Yantis, 1988), although a stimulus that appears to be receding or 

shrinking does not. Movement onset has also been shown to attract attention (Abrams & Christ, 

2003). In their visual search task, four figure-eight placeholders transitioned into four letters and 

participants were required to identify the target letter present. Each letter had a different 

movement characteristic: static (neither the placeholder or the letter moved), motion onset (the 

letter started to rotate after transitioning from the placeholder), motion offset (the placeholder 

rotated, but stopped moving after transition to the letter), and constant motion (the placeholder 

rotated and continued to rotate after transitioning to the letter). Participants’ RTs to identifying 

the target were significantly faster when the target was in the motion-onset condition than in the 

static condition. This suggests that motion-onset (something starting to move) captures attention 

more than a static object.      

Yet, the saliency of an item does not necessarily capture attention when a person is 

engaging in a top-down task (Jonides & Yantis, 1988; Yantis & Egeth, 1999). In one study, 
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participants were tasked to identify a target letter in an array of letters (Jonides & Yantis, 1988). 

On each trial, one letter in the array (including the target) was randomly a different color or a 

different luminance from the rest. The results indicated that RTs to the target were no different if 

the target was the color or luminance singleton or if the distractor was the color or luminance 

singleton. In another study, participants searched for a vertical line in a field of slightly tilted 

lines (Yantis & Egeth, 1999). In some trials, there were color singletons. When the likelihood of 

the target being the color singleton was random, participants were able to ignore the color 

singleton and responded to the target just as fast when the target was the color singleton or not, 

reflecting, top-down processing rather than bottom-up processing controlling visual detection 

performance. Relating to the current study, this is analogous to drivers directing their attention to 

a location of a latent hazard driven by prior knowledge which is provided to them via training 

programs. These drivers must direct their attention in a top-down manner because such latent 

hazards have not yet materialized and, by definition, they cannot attract attention in a bottom-up 

manner.  

More recently, researchers have proposed that the dichotomy between top-down and 

bottom-up attention might be outdated and that there are other possible factors that can influence 

attention, such as rewards. Tracking saccades, participants were more likely to look at a target if 

it had been associated with higher monetary rewards in previous trials (Theeuwes & Belopolsky, 

2012). In another study, participants were initially trained over the course of 480 trials to engage 

in only one of two types of visual search strategies (attentional set); feature search mode (looking 

for a circle in a field of heterogenous shapes) or singleton detection mode (looking for the unique 

shape in a field of squares) (Leber & Egeth, 2006). After the training phase, all participants went 

through a test phase that consisted of another 480 trials requiring singleton detection mode, both 
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with and without a color distractor. Participants assigned to the singleton group had significantly 

slower reaction times (20 ms slower) when the distractor was present versus when the distractor 

was absent; this effect was not found in those who were in the feature detection mode group. 

This suggests that top-down training and habit formation plays a role in attentional control as 

well.  

Awh and colleagues (2012) have proposed a revised model of visual attention that 

incorporates a person’s selection and reward history into deployment of attention. In other 

words, “top-down” influences need to be divided into current goals of the task and any lingering 

associations or biases that might be influencing attention. While this revised framework may 

have applications to driving training programs (for example, evaluating whether giving rewards 

for successful training or rote repetition lead to better performance on driving tasks), it is beyond 

the purview of the current study. Young drivers are poor at anticipating latent hazards (Pradhan 

et al., 2005), demonstrating that young drivers do not have enough experience for selection 

history to be a relevant factor at attending to hidden hazards. In addition, selection history cannot 

account for training effects of RAPT on latent hazard anticipation performance, RAPT provides 

trainees with top-down, goal-directed knowledge that can be translated into improved hazard 

anticipation performance in different modalities (driving simulator or on the road) than the 

training itself, further ruling out the role of selection history in this particular context.   

Bottom-up and top-down processing while driving 

 The dynamic nature of driving requires both bottom-up and top-down control of attention 

for safe navigation for drivers. Bottom-up stimuli can attract the attention of a driver, but 

sometimes bottom-up stimuli are distracting and should be ignored. For example, an illuminated 

brake light might draw a driver’s attention and prompt them to slow down, but a dynamic 
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billboard may encourage a driver to take their eyes off the road unnecessarily. Some of the 

characteristics that capture attention in basic attentional studies, such as color, movement, and 

looming cues can also be applied to the driving environment. However, top-down processing can 

influence how drivers interact with these bottom-up stimuli.  

 In the driving domain, stimuli with higher levels of contrast to their environment can 

attract attention (DeLorenzo and Eilers, 1991). Drivers tend to look at road signs for longer and 

earlier at night when on the road (Zwahlen, 1981), presumably because the reflectance of the 

road sign attracts attention, but only at night when it has the greatest contrast with the 

environment. Yellow-green emergency vehicles (as opposed to the more traditional red or white 

emergency vehicles) are most likely to be seen by drivers, not only because the human eye is 

sensitive to the hue, but because the lack of yellow-green vehicles on the road mean that it can 

stand out from its environment and be spotted more easily (DeLorenzo and Eilers, 1991).  In 

short, drivers are more likely to detect road objects that are more salient relative to other objects 

in the driving scene.  

Movement can also attract drivers’ attention in a bottom-up manner. When watching 

video clips of various driving scenes, participants were more likely to fixate on objects that were 

moving in the periphery than those that were static in the periphery (Underwood et al., 2003). In 

addition, hazardous dynamic objects in the periphery received more fixations than non-hazardous 

dynamic objects in the periphery. These findings illustrate how top-down processes (searching 

for hazardous objects) and bottom-up processes (attention to moving objects) can interact, with 

participants fixating on hazardous, dynamic objects more frequently than any other category in 

the driving scene.   
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Much of the research regarding bottom-up attentional capture in the surface 

transportation domain has revolved around the placement of billboards, both static and dynamic. 

Dynamic billboards incorporate the elements of contrast and movement. The influence of 

dynamic billboards on driver glance behavior and driving performance is mixed in the literature. 

In one study, drivers did not look at dynamic billboards any more frequently or any longer than 

conventional billboards (Lee et al., 2007). However, a more recent study found that the number 

of off-road glances and the duration of off-road glances increased when passing a dynamic 

billboard compared to when participants were driving on portions of the roadway without any 

static or dynamic billboards (Belyusar et al., 2015). Interestingly, in Belyusar et al. (2015), 

drivers glanced at the dynamic billboard more frequently when it was changing messages than 

when it was static, suggesting that the onset of a message might draw attention more than the 

illumination of the billboard without such message onset.  

Previous research has examined whether drivers noticed unexpected changes in the road 

environment. For example, a driving simulator study examined whether drivers notice sudden 

changes of “no parking” signs to stop signs (the change was disguised by a flicker) (Shinoda et 

al., 2001). When specifically tasked to attend to and obey all road signs while driving, 

participants noticed the sign change (either by looking at the stop sign or explicitly saying they 

saw it) more frequently than if they were simply tasked with following the car in front of them. 

This demonstrates that the task goal of the driver can make them more sensitive to changes in 

their environment. Other research has focused on the effect attending to hazardous situations has 

on the detection of information in the peripheral visual field. Watching clips of driving 

situations, with a series of lights around the screen, participants spotted fewer illuminated target 

lights when the clips were considered hazardous (Crundall et al., 1999). A follow-up study found 
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this effect was especially pronounced in novice drivers compared to experienced drivers 

(Crundall et al., 2002). In Crundall et al. (2002), participants watched the same video clips and 

responded to the same light targets surrounding the screen as Crundall et al. (1999), but they had 

the additional requirement of pressing a pedal when they perceived a hazard. Novice drivers not 

only detected fewer targets than experienced drivers during hazardous clips (26% versus 

38.75%), but also took approximately 1.5 seconds longer than experienced drivers to return to 

their baseline target detection level after responding to the hazard. The difficulty of a task can 

also influence drivers’ detection of relevant information in their peripheral view. When drivers 

were tasked to follow a car closely in a driving simulator, they did not focus on pedestrians in the 

driving scene as frequently as when they were driving at their own pace (Crundall et al., 2004). 

In these studies, salient stimuli did not capture attention when the drivers were watching a 

hazardous scenario or engaging in a car-following task (top-down processes), even when the 

stimuli were relevant to the driving environment (i.e. pedestrians).  Participants could have 

treated their top-down task as more important than maintaining awareness of the environment 

around them or it could be due to driver’s limited processing capacity (Lavie et al., 2004). This 

raises the question of how drivers who have recently undergone trainings on latent hazard 

anticipation will distribute their attention across the road environment. Training programs for 

higher-order skills like latent hazard anticipation work as a prompt to engage in actively looking 

for latent hazards on the road, a top-down skill. Driving after recently going through such 

training may lead drivers to only focus on anticipating hazards, at the expense of fixating on 

other stimuli (such as pedestrians) in the driving scene, or it may allow them to anticipate 

hazards even in the presence of extraneous stimuli.  
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CHAPTER 3 

CURRENT STUDY 

The current study examined whether trained young drivers were able to anticipate latent 

hazards, even in the presence of dynamic, driving irrelevant stimuli. Whether and how bottom-up 

and top-down processes interact to control drivers’ visual scanning patterns is mixed in the 

literature. Engaging in a safety-oriented goal broadens visual search and drivers are more likely 

to notice salient, driving related stimuli in their environment than if they were driving without 

such instruction. On the other hand, a driving related task or safety critical clip results in tunnel 

vision and drivers fail to look at stimuli that could evolve into a safety-critical situation. 

Additionally, young drivers are particularly poor at effectively scanning forward roadway and 

anticipating latent road hazards while driving. RAPT has proven effective at improving latent 

hazard anticipation in young drivers, both in a driving simulator and on road. Within the 

framework of bottom-up and top-down control of attention, processes involved in latent hazard 

anticipation can be considered top-down because such processes occur without the presence of a 

target object (e.g., a pedestrian occluded by a parked truck). This driving simulator study asks 

whether RAPT-trained drivers can continue to correctly anticipate latent hazards in scenarios that 

contain a driving-irrelevant object that abruptly moves while the driver should start anticipating 

the latent hazards. We hypothesized that RAPT-trained drivers anticipate hazards more 

accurately than placebo-trained drivers in environments regardless of the presence or absence of 

movement of task-irrelevant objects in the driving environment.  
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CHAPTER 4 

METHOD 

Participants and Design 

Previous studies examining the effects of RAPT on latent hazard anticipation 

performance have used 12 participants per training condition (Fisher et al., 2007; Pradhan et al., 

2009) or 18 participants per training group (Yamani et al., 2018). A power analysis using the 

effect size of RAPT on hazard anticipation (d = 1.31) (Unverricht et al., 2018) indicated 16.14 

participants per group were needed. However, because we expected the effect of a moving 

stimuli to be smaller, we recruited 20 people per training condition.  

Forty-one people were recruited from the community of Old Dominion University 

(ODU) via the Psychology department’s online recruiting system and completed the study. 

Twenty people were assigned to the RAPT group (six males, mean age = 18.90 years, SD = 0.91; 

mean months since licensure = 26.3, SD = 14.40) while 21 people to the Placebo group (three 

males, mean age = 18.81 years, SD = 0.75; mean months since licensure = 28.0, SD = 9.76). 

There were no measurable differences between the RAPT and Placebo groups in age (B10 = 

1/3.12) or months since licensure (B10 = 1/3.02). Participation was limited to people aged 18-21 

with a valid driver’s license.  

An additional two people participated, but their data are excluded because of 

experimenter error resulting in unacceptable data loss or dismissal due to simulator sickness 

onset. Two participants did not complete data collection because their Motion Sickness 

Susceptibility Questionnaire (MSSQ) score was higher than the designated threshold of 19, and 

one participant did not complete data collection because the eye-tracker could not be calibrated 

due to the participant’s eye features. 



www.manaraa.com

18 
 

Apparatus and materials  

 Driving simulator. A medium fidelity fixed-based (Realtime Technologies) simulator 

was used. This simulator consisted of a partial cabin and realistic steering wheel, gearshift and 

pedals along with a monitor mimicking a dashboard. The simulator scene was projected onto 

three 60” monitors, resulting in a forward field of view of 145˚. These driving display monitors 

have an image resolution of 1024 by 768 pixels and were refreshed at a rate of 120 Hz, each 

controlled by a separate computer. The simulator features a 5.1 surround speaker system that 

simulates vehicle and environment noise.  

 Eye tracker. A head-mounted eye tracker (Applied Science Laboratory) was used to 

track and record participants’ eye movements. The eye tracker consists of two cameras and a 

monocle, mounted on an eyeglass frame. One camera records the external scene and the other 

camera records the angle of the participant’s right eye using an infrared light, sampled at 30 Hz. 

The eye tracker is calibrated such that the movement of the participant’s eye is aligned with the 

scene view feed. The system superimposes a crosshair representing where the participant’s eyes 

are looking onto each frame of a video of the forward scene.  

 Scenarios. In order to assess attention to bottom-up stimuli, we recreated and modified 

four different latent hazard anticipation scenarios that have been used in a previous study 

(Yamani et al., 2018). All four hazard scenarios had two versions: one with a pedestrian simply 

standing at the location of the latent hazard and one where the pedestrian starts walking as the 

participant drives through the launch zone of the hazard. Each scenario was approximately 6,000 

feet and took about three minutes to complete. The order of the eight scenarios was randomized 

for each participant. To help prevent cueing the participant to the location of the latent hazard, 

each scenario also included several ambient vehicles and one additional pedestrian.    
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 Hedge and crosswalk. In this scenario, the participant stops at a four-way intersection at 

a stop sign in a residential scene. There is a crosswalk at the intersection, but a hedge is blocking 

part of the sidewalk view. Anticipating a latent hazard, the driver should look at the sidewalk as 

they drive through to ensure that no participant is about to step out into the crosswalk. In this 

scenario, the pedestrian was located on the sidewalk to the left of the participant.   

 

 

Figure 3. Diagram of hedge and crosswalk scenario 
 

Truck in crosswalk. This scenario takes place in a town environment, with cars parallel 

parked along both sides of the road. In this situation, a large truck obscures the entrance to a 

crosswalk. The driver, as they approach the crosswalk, should look at the front of the truck to 

ensure that there are no pedestrians about to step out into the crosswalk. The pedestrian will be 

on the left sidewalk as they approach the crosswalk. To make sure that the driver does not stop, 

the pedestrian did not enter the crosswalk.  
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Figure 4. Diagram of truck in crosswalk scenario 
 

 Multiple-lane intersection with bus. The participant drives down a four-lane road. As 

they approach a signal-controlled intersection, they see a bus stopped at the light to the right, in 

the left lane. As they go through the intersection, they should look to their right to make sure that 

the bus is not obscuring another car or cyclist. Adding to the scenario, there was a pedestrian on 

the left-hand sidewalk.   

 

Figure 5. Diagram of multiple-lane intersection with bus scenario 
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 Adjacent truck intersection. This scenario involves the participant driving down a 

divided highway. As they approach a controlled intersection, a truck is in the left-hand lane, 

broken down. With the placement of the truck, the left turning lane in the opposite direction is 

obscured. As they pass the truck, anticipating latent hazards, they should look to the left to 

ensure that another car is not about to turn in front of them. In this scenario, the pedestrian 

appeared on their right.       

 

 

Figure 6. Diagram of truck intersection scenario 
 

 Training programs. Participants were assigned to one of two training groups: the RAPT 

training or the placebo training. Training assignment was counterbalanced.  

 RAPT. The Risk Awareness Perception Training (Fisher et al., 2007) consists of three 

sections: Pre-test, Training, and Post-test. During the Pre-test, trainees were shown a series of 

photographs from a driver’s perspective during a variety of situations. In total, there were nine 

scenarios. Each photograph was displayed for three seconds and trainees clicked on the area of 

the photo that they would look if driving. During the Training portion, trainees were given top-
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down schematic views of driving scenarios and were provided information on where latent 

hazards might be located and how best to maneuver the situation. After reading this information, 

the trainee was given a chance to put this knowledge into practice and was given a series of 

photographs that represented a scenario similar to the schematic view. Like the pre-test, trainees 

were prompted to click on the areas that they would look if they were driving. If the trainee 

missed a crucial area, they were prompted to look at the schematic view and read about the 

possible dangers again before being shown the series of photographs again. This feedback 

process repeated up to three times. The trainee was trained in nine hazard scenarios (the same 

scenarios that the Pre-test displayed).  

 After going through the training, participants went through the Post-test. Once again, 

participants were prompted to click on areas that they would look if driving. The tested scenarios 

are the same scenarios that the participants were trained on. In total, RAPT took about 30-45 

minutes to complete.  

Placebo. The control training consisted of a PowerPoint detailing Virginia state road law. 

The control training was based on the Virginia Driver’s Manual (Sections 1, 4, and 5). Topics 

included vision requirements, seatbelt requirements, and situations (such as alcohol usage or lack 

of proper restraints) that might result in a driver’s license being revoked or other penalties. At the 

end of training, participants were asked multiple choice questions to ensure comprehension. 

While the placebo training was focused on ways to ensure safer driving and consequences of 

breaking the law, there was no information in regard to latent hazard anticipation. It was possible 

that mere exposure to latent hazard scenarios could contribute to improvements in latent hazard 

anticipation, leading RAPT-trained participants to have an unfair advantage over Placebo-trained 

participants in terms of recognizing hazard scenarios. To control for this, participants that were 
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in the Placebo training also completed the pre-test portion of RAPT.  The control training took 

approximately 30-45 minutes to complete. 

 Simulator sickness questionnaires. To minimize the risk of participants experiencing 

simulator sickness, two simulator sickness questionnaires were included. The Motion Sickness 

Susceptibility Questionnaire-Short (MSSQ-Short) (Golding, 1998) was administered before the 

participants started driving (Appendix A). A previous study examining the validity of the MSSQ-

Short indicated that the 75th percentile score is 19 (Golding, 2006). Therefore, we used that score 

as a cut off; any person who scored 19 points or above on the scale was dismissed. The 

Simulator Sickness Questionnaire (SSQ) (Kennedy et al., 1993) was administered both before 

they started the recorded session, after a brief practice drive (to establish a baseline) and after the 

experimental drives (Appendix B). If participants indicated that they were susceptible to 

simulator sickness prior to the study or if they demonstrated simulator sickness during the study, 

they were dismissed.  

 Driving history questionnaire. At the end of the study, participants filled out a driving 

history questionnaire. This questionnaire included both demographic questions (such as age and 

gender) and elements of the participants’ driving history (such as text messaging, time since 

licensure, miles driven, history of moving violations, and history of vehicle crashes) (Appendix 

C).  

Dependent variables 

 Latent hazard anticipation score. This score is the proportion of scenarios that the 

participant correctly anticipated the location of the latent hazard (out of eight scenarios). A 

“successful” anticipation is a glance towards the area of interest within the target zone. These 

zones were defined before eye glance coding starts to ensure proper and consistent coding 



www.manaraa.com

24 
 

(Appendix D). This protocol has been used in previous studies on hazard anticipation 

(Unverricht et al., 2018).  

 Glances to pedestrian. This score is the proportion of scenarios that a participant 

correctly glanced towards the pedestrian avatar while driving through the launch zone (out of 

eight).   

 Breadth of visual scanning. The standard deviation of each participants’ eye position 

was calculated.  

Hypotheses  

Based on previous research, we expected that participants in the RAPT group would 

demonstrate better latent hazard anticipation performance than those in the Placebo group, 

regardless of whether the pedestrian avatar was static or moving (Unverricht et al., 2018). If the 

bottom-up stimuli (movement) attracts attention away from the task of anticipating latent 

hazards, we can expect there to be a main effect of scenario type, with static pedestrian scenarios 

being associated with higher latent hazard anticipation scores and lower pedestrian fixation 

scores than moving pedestrian scenarios. If top-down processing overrides attention to bottom-

up stimuli, we can expect there to be an interaction such that Placebo-trained participants have 

worse latent hazard scores when the pedestrian is moving than when it is static, but RAPT-

trained participants’ latent hazard anticipation scores would be the same regardless of scenario 

type. Additionally, we explored the horizontal and vertical breadth of eye positions across the 

experimental conditions to further analyze their scanning patterns to account for the training 

effect.  
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CHAPTER 5 

RESULTS 

Analyses  

 For statistical analyses, we conducted a default Bayesian mixed analysis of variance 

(ANOVA). One difference between the Bayesian analyses and the null-hypothesis significance 

tests (NHST) is that Bayesian analysis can test for or against the effects of interest while the 

NHSTs do not. Bayes factor, a measure of evidence in Bayesian analyses and commonly denoted 

as B10, is the ratio of the likelihood that the data obtained fit with a model that includes the 

effect(s) of interest to the likelihood that the data obtained fit with a model that excludes the 

effect(s) of interest (Jarosz & Wiley, 2014). A commonly used guideline suggests that Bayes 

factors between 1 and 3 provide “anecdotal” evidence, 3-10 provide “substantial” evidence for 

the presence of an effect of interest, 10-30 provides “strong” evidence, 30-100 provides “very 

strong” evidence, and any factor above 100 provides “decisive” evidence (Jeffreys, 1961).    

Noise and failures in the eye-tracking resulted in nine instances of data loss, a rate of 

2.7% (six trials in RAPT group, three trials in Placebo group). Accordingly, all analyses were 

conducted on individual participant score averages, by scenario type (moving or static 

pedestrian). There was no distinguishable pattern of data loss and excluding participants who had 

any data loss from analyses did not impact results. Therefore, all analyses were conducted and 

reported on the full available data set.  

The assumptions for normality and homogeneity of variance were tested using the 

analyses for conventional ANOVAs used for NHSTs (van Doorn et al., 2019).  
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Normality 

 Figure 7 presents the distribution of latent hazard anticipation scores in a histogram. For 

the latent hazard anticipation scores, the Shapiro-Wilk test showed that the data violate the 

assumption of normality, W = .916, p < .001. 

 

Figure 7. Frequency of Average Latent Hazard Anticipation Scores. 

Figure 8 presents the distribution of the average proportion that participants fixated on 

the pedestrian in a histogram. For the average proportion of fixation towards the pedestrian, the 

Shapiro-Wilk test showed a violation of the normality assumption, W = .866, p < .001. 
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Figure 8. Frequency of Average Pedestrian Fixation Proportion. 

Figure 9 presents the distribution of the participants’ breadth of horizontal eye 

movements (standard deviation) in a histogram. For horizontal breadth of eye movements, the 

Shapiro-Wilk test showed the variable met the normality assumption, W = .960, p = .162. 
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Figure 9. Frequency of Horizontal Eye Position SD 

Figure 10 presents the distribution of the participants’ breadth of vertical eye movements 

(standard deviation) in a histogram. For vertical breadth of eye movements, the Shapiro-Wilk 

test showed a violation of the normality assumption, W = .870, p < .001. 
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Figure 10. Frequency of Vertical Eye Position SD 

The normality assumption is violated in both latent hazard anticipation scores and 

pedestrian fixation proportion, in addition to vertical breadth of eye movements. ANOVAs are 

generally robust against violations of the normality assumption (Maxwell & Delaney, 2004). 

Therefore, although we may want to interpret results with caution, ANOVAs are still appropriate 

analyses to conduct on the present data set.   

Homogeneity of variance  

 Levene’s test of homogeneity of variance was not significant between RAPT and Placebo 

groups for latent hazard anticipation scores, F(1, 80) = 0.48, p = .493, indicating equal variance. 

In addition, Levene’s test of homogeneity of variance was not significant between training 

groups for pedestrian fixation proportion, F(1, 80) = 2.00, p = .161.  
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 Levene’s test of homogeneity of variance was not significant between RAPT and Placebo 

groups for horizontal breadth of eye movements, F(1, 39) = 0.24, p = .629, or for vertical breadth 

of eye movements, F(1, 39) = 2.39, p = .130.  

Latent hazard anticipation  

Figure 11 illustrates the mean latent hazard anticipation score for each group, by scenario 

type. Mean and standard deviations for each subgroup are displayed in Table 1.  

 

Figure 11. Mean latent hazard anticipation score by training condition and scenario type. 

Training 0 is Placebo, and Training 1 is RAPT, with Scenario Type 0 being static pedestrian and 

1 being moving pedestrian. Error bars represent between-subject 95% confidence intervals of 

group means. 

Data provided decisive evidence that the RAPT-trained drivers (M= .727) correctly 

anticipated latent hazards in more scenarios than the Placebo-trained drivers (M= .466), F(1, 39) 
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= 19.61, B10 = 3.7 x 103, η2
G = 0.23, with the magnitude of the effect of training not substantially 

different in the scenarios with and without the moving pedestrian, F(1, 39) = 0.240, B10 = 1/2.92, 

η2
G = 0.002. Data gave substantial evidence against the presence of the main effect of the moving 

pedestrian, F(1, 39) = 0.581, BF10 = 1/3.47, η2
G = 0.006.  

Pedestrian Fixation Proportion  

 Figure 12 shows the mean proportion of fixations on the pedestrian avatar (both moving 

and static) while driving through the critical launch zone. Mean and standard deviations for each 

subgroup are displayed in Table 1. 

 

Figure 12. Mean proportion of fixation on pedestrian by training condition and scenario type. 

Training 0 is Placebo, and Training 1 is RAPT, with Scenario Type 0 being static pedestrian and 

1 being moving pedestrian. Error bars represent between-subject 95% confidence intervals of 

group means. 
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 Data gave no substantial evidence that the frequency of the drivers’ fixations towards the 

pedestrian avatar differed between the scenario types, F(1, 39) = 1.71, B10 = 1/2.33, η2
G = 0.018, 

or between the training conditions, F(1, 39) = 1.15, B10 = 1/2.43, η2
G = 0.017. Data substantially 

disfavored the model with the interaction effect, F(1, 39) = 0.04, B10 = 1/3.17, η2
G < 0.001,  

Table 1. Descriptive statistics for latent hazard anticipation and pedestrian fixation proportion.  

  Latent Hazard Anticipation Pedestrian Fixation Proportion 

Training Scenario Type M SD M SD 

RAPT Dynamic .721 .255 .783 .205 

RAPT Static .733 .206 .733 .275 

Placebo Dynamic .437 .291 .734 .186 

Placebo Static .496 .208 .667 .228 

 

Vertical and horizontal breadth of eye movements.  

One potential reason why RAPT-trained participants were able to fixate on the latent 

hazard and the pedestrian avatar is that they adopted a wider scanning pattern throughout the 

drive. To explore this possibility, we analyzed the vertical and horizontal breadth of participants’ 

eye movements throughout their entire session (with downtime in between each trial removed). 

The standard deviation for the x and y coordinates of eye direction in scene image pixels was 

calculated for each participant. Participants in the RAPT condition had substantially larger 

breadth of horizontal fixations (M = 84.33 pixels) than participants in the Placebo condition (M = 

70.89 pixels), t(39) = 2.55, BF10 = 3.64. There was anecdotal evidence to support no difference 

between the breadth of vertical fixations between the RAPT group (M = 97.39 pixels) and the 

Placebo group (M = 105.79 pixels), t(39) = -0.63, BF10 = 1/2.79.  
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Simulator sickness questionnaire 

Participants filled out the Simulator Sickness Questionnaire (SSQ) twice: once after 

practicing driving in the simulator and again after finishing the recorded session. The maximum 

score for the SSQ is 81. There were no measurable differences in SSQ-Pre scores between the 

RAPT (M = 3.85) and Placebo (M = 3.93) groups, t(39) = 0.41, BF10 = 1/3.06. There were no 

measurable differences in SSQ-Post scores between RAPT (M = 4.00) and Placebo groups (M = 

4.14), t(39) = -0.15, BF10 = 1/3.25. There were no measurable differences between the Pre- and 

Post-SSQ scores, t(80) = 0.62, BF10 = 1/3.38, indicating that participants did not experience 

noticeable levels of simulator sickness after going through the study.  
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CHAPTER 6 

DISCUSSION 

 

 This study expanded on existing research by examining how young drivers, trained and 

untrained to latent hazard anticipation, distribute their visual attention when driving through 

latent hazard scenarios with additional dynamic elements in the scene. Existing driver training 

programs have been shown to improve latent hazard anticipation performance, but the interaction 

between these top-down anticipatory processes and dynamic elements of the roadway had not 

been directly examined. In this study, participants navigated four different latent hazard 

scenarios set in a variety of simulated environments (residential, town, divided highway, and 

two-lane road) in each of static and dynamic pedestrian conditions. Each scenario had two 

different versions, one with a static pedestrian placed across the latent hazard and one where the 

pedestrian started to move in a direction without interfering the path of the participant’s vehicle 

as the participant was approaching the latent hazard, for a total of eight drives.  

Predictably, participants who completed RAPT demonstrated higher latent hazard 

anticipation scores than participants who completed the Placebo training, replicating the results 

of past studies that examined the effectiveness of RAPT (Fisher et al, 2007; Pradhan et al., 2009; 

Unverricht et al., 2018). However, whether the pedestrian avatar was static or dynamic 

(movement onset) did not impact latent hazard anticipation performance in either training group. 

Indeed, results indicate no substantial evidence that the scenario type impacted fixation on the 

pedestrian avatar. This finding is surprising as we predicted that the moving stimuli would attract 

attention away from the latent hazard, compromising latent hazard anticipation performance. 

There are two possible explanations for this finding. First, the movement onset may have been 

too subtle to capture attention when going through the launch zone. The movement onset was 
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designed to initiate as the participant entered the launch zone and depending on participants’ 

speed and visual attention, they may not have comprehended that the avatar started to move. 

However, note that the participants fixated at the avatar roughly at 75% of the times without 

measurable differences between the static and dynamic conditions, making this first explanation 

less likely due to relatively high proportions of fixation at the avatar. The second explanation is 

that the mere presence of a pedestrian avatar on the side of the road, moving or not, may have 

been considered an overt hazard that warranted monitoring. When designing the study and the 

scenarios, we thought that the pedestrian avatar would be interpreted by participants as irrelevant 

to the drive because the pedestrian’s position and path would not intersect with the participants’ 

driving trajectory. However, participants seemed to approach (and fixate on) the pedestrian with 

caution. Instead of the movement being a bottom-up element, the pedestrian, moving or not, may 

have been treated as a top-down cue that signaled to participants that they should monitor the 

avatar in case it turned into a road hazard. In a study examining how drivers fixated on 

pedestrians in different road environments in video clips, participants fixated on pedestrians 70% 

of the time when they were walking on the sidewalk (Borowsky et al., 2012), a similar 

proportion to the pedestrian fixation rate in this study. These findings support the explanation 

that participants interpreted and fixated on the pedestrian avatar as if it was an overt hazard.   

 Although there was no observable difference between the training groups in the 

proportion of times participants fixated on the pedestrian avatar, RAPT-trained participants 

showed better latent hazard anticipation performance than Placebo-trained participants. This 

suggests that after going though RAPT, participants may have been better able to better divide 

their attention, fixating on overt hazards (the pedestrian), but not at the expense of fixating on the 

latent hazards. One possible account is that after participants completed RAPT, they adopted 
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wider scanning patterns throughout the drive. To investigate this, we conducted an additional 

analysis examining the horizontal and vertical breadth of participants’ eye position throughout 

the entire drive. Although there was no difference between the training groups in the breadth of 

vertical eye position, those in the RAPT group showed substantially broader distribution of 

horizontal eye position than the Placebo group. This means that those in the RAPT group 

adopted a wider range of eye movements throughout the entire drive than those in the Placebo 

group. Experienced drivers have been shown to have wider distribution of glances than novice 

drivers (Mourant & Rockwell, 1972; Konstantopoulos et al., 2010). The fact that RAPT-trained 

drivers had wider breadth of horizontal eye position is further confirmation that successfully 

anticipating hazards and scanning patterns are closely linked. Completing RAPT may prompt 

young drivers to actively distribute their glances broadly across the driving environment in 

search of such hazards. 

 The results from the gaze analyses also imply that the benefits of RAPT go beyond 

recognizing specific latent hazard scenarios, potentially explaining its successful far transfers 

(e.g., Thomas et al., 2016). While the four latent hazard scenarios tested in this study were not 

identical to the nine latent hazard scenarios in the RAPT program, there are consistent themes 

with both sets (for example, looking for a pedestrian behind a hedge or looking ahead of a 

stopped vehicle). As demonstrated in the results, the benefits of RAPT do not seem to be context 

specific, but generalizable to broader sets of driving scenes, since the gaze analyses were 

performed on eye position throughout the entire drive, not just at the tactical aspect of latent 

hazard detection. Indeed, the fact that there were still substantial differences in latent hazard 

anticipation performance between the RAPT and Placebo group, even when the Placebo group 

was exposed to all nine training scenarios in the RAPT pre-test (a control not included in 
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previous research), supports the potential of RAPT to transfer to a wide variety of hazard 

scenarios. At the very least, the results demonstrate that participants who went through RAPT are 

able to anticipate hazards, even in the presence of overt, dynamic hazards. RAPT may offer 

additional benefits to trainees other than locating hidden hazards, a potential avenue for future 

research. 

 Although this study aimed to address the specific question of the effect of training on 

latent hazard anticipation performance in dynamic scenarios, there are wider implications as 

well. Establishing RAPT as a requirement for new license-holders has the potential to translate 

improved latent hazard anticipation performance to improved driving performance. RAPT was 

associated with lower crash rates when deployed statewide in California for new license-holders 

(Thomas et al., 2016). Although this lowered crash rate was only found in male drivers, wide 

implementation of RAPT could improve safety amongst young drivers. It is not only young 

drivers and road users who stand to benefit from improved latent hazard anticipation 

performance. In 17% of pedestrian fatalities, the responsible driver reported obscured view of the 

pedestrian (Jermakian & Zuby, 2011) reflecting the real-world importance of anticipating these 

critical latent hazard situations.   

As with all research, this study has limitations. The study was a driving simulator study, 

and findings may not generalize to real, on-road driving environments. However, driving safely 

in a simulator and on the road have similar critical task components (such as speed control and 

steering) and perceptual components (such as wide field of view), meaning that skills 

demonstrated in the simulator are likely to transfer to the real world (Wickens et al., 2016). Lack 

of areas of interest (AOI) coding capabilities meant that we were unable to use granular eye 

glance metrics such as number of fixations to and dwell time on the latent hazard and the 
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pedestrian avatar. Latent hazard anticipation scores were calculated by determining if a 

participant fixated on the hazard while driving through the launch zone. Although this metric has 

been used in previous studies on latent hazard anticipation and shown successful in capturing 

differences in anticipatory glances between trained and untrained drivers (Unverricht et al., 

2018), a fixation to the latent hazard by itself does not indicate their underlying perceptual-

cognitive processes that affect their driving behaviors following the detection of a latent hazard. 

A single coder classified fixations as a success or failure at anticipating the latent hazard. To 

ensure consistency, the coder had a guide that provided screenshots of where each launch zone 

began, but a second, independent coder should still recode the videos to verify the classifications 

and to examine interrater reliability. In addition, because of individual differences in speed, 

braking, and other driving behavior, there was slight variations in when the pedestrian avatar was 

triggered to start moving.  

Future research should explore how different bottom-up stimulus features attract attention 

away from latent hazards. Because a pedestrian is an overt hazard worth monitoring for most 

drivers, stimuli that are completely driving irrelevant should be used. A dynamic billboard that 

changes advertisements or even moving shapes could test whether movement onset can 

successfully capture attention while driving, at the expense of top-down tasks (e.g., Belyusar et 

al., 2015).  More sophisticated eye glance analyses could examine how participants distribute 

their glances between latent hazards and overt hazards with varying saliency levels. Recently, 

researchers have parsed multiple levels of hazard anticipation, such as modal (anticipating 

hazards related road geometry and environment), strategic (using cues to anticipate hazards), 

tactical (anticipating specific hazards) and operational (anticipating proper reaction should a 

hazard appear) (Crundall & Pradhan, 2016; Krishnan et al., 2019; Yamani, Samuel, Yahoodik, & 
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Fisher, in preparation). Future research could incorporate measures of these skills (such as 

glances to cues for strategic hazard anticipation or anticipatory behaviors for operational hazard 

anticipation) to paint a more complete picture of how dynamic stimuli may detract from safely 

navigating the roadway.   
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APPENDIX A 

MOTION SICKNESS SUSCEPTIBILITY QUESTIONNAIRE SHORT-FORM (MSSQ-

SHORT) 

This questionnaire is designed to find out how susceptible to motion sickness you are, and what 

sorts of motion are most effective in causing that sickness. Sickness here means feeling queasy 

or nauseated or actually vomiting.  

1. As a child (before age 12), how often you felt sick or nauseated (tick boxes). 

 Not Applicable 

–Never Traveled 

Never Felt 

Sick  

Rarely 

Felt Sick  

Sometimes 

Felt Sick  

Frequently 

Felt Sick 

Cars      

Buses      

Trains      

Aircraft      

Ships       

Swings in 

playground  

     

Roundabouts in 

playgrounds  

     

Big Dipper, 

funfair rides 

     

 

2. Over the last 10 years, how often have you felt sick or nauseated (tick boxes):  

 Not Applicable 

–Never Traveled 

Never Felt 

Sick  

Rarely 

Felt Sick  

Sometimes 

Felt Sick  

Frequently 

Felt Sick 

Cars      

Buses      

Trains      

Aircraft      

Ships       

Swings in 

playground  

     

Roundabouts in 

playgrounds  

     

Big Dipper, 

funfair rides 
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APPENDIX B 

 

SIMULATOR SICKNESS QUESTIONNAIRE (SSQ) 
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APPENDIX C 

DRIVING HISTORY QUESTIONNAIRE 
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APPENDIX D 

LATENT HAZARD CODING GUIDE 

Hedge:  

 

Must be able to see the sidewalk coming from the right. Counts as a fixation if they roll far enough up 

when stopping (over the stop line), else, they need to fixate it when they start driving again.  

Crosswalk: 

 

Participant must look toward the front of the truck/crosswalk after they reach cones behind the truck.  
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Truck: 

 

Participants must look toward the front of the truck (or the opposing lane) once they reach the truck 

(see how the car is passing the cones).  

 

Bus: 

 

Must look at the truck at most three hash-marks back from the intersection (if it was too far back, not an 

anticipation).  
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