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ABSTRACT 

 

 

ROADSIDE ADVERTISEMENTS: 

EFFECTS OF VALENCE AND AROUSAL ON DRIVER PERFORMANCE 

 

 

Heather Elizabeth Kaitlin Rodd          Advisor: 

University of Guelph, 2017           Professor Lana M. Trick 

 

Billboards attract attention by using images that evoke an emotional reaction. Three 

experiments were conducted to determine if driving performance was impaired by emotional 

billboard content. Participants were tested in a driving simulator, and drove on simulated 

roadways with customized billboards placed at regular intervals. Four categories of images were 

chosen from the International Affective Picture System: positive/high arousal, positive/low 

arousal, negative/high arousal, and negative/low arousal. Also included were control signs (blank 

images in the pilot/Experiment 1, and scrambled images in Experiment 2). Data were collected 

on average speeds, steering performance, and reaction time to hazards, with image recall and 

recognition being tested afterwards. Analyses revealed faster speeds around positive images, 

more variable steering around positive and low arousal images, longer reaction times around 

negative images, and better memory for positive/low arousal and negative/high arousal images. 

These findings have implications for theoretical and applied research on attention, emotions, and 

driving. 
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Introduction 

 Driver distraction is a prevalent road safety issue around the world. In 2013, 

approximately 10% of fatal crashes and 18% of crashes resulting in injury (in the US) were 

related to distracted driving (NHTSA, 2015). Due to its general pervasiveness, driver distraction 

has become the focus of a wide range of research, covering numerous topics including the issue 

of whether billboards and other roadside advertisements are harmfully distracting to drivers. This 

concern is not surprising; there are an estimated two million billboards on roadways in the 

United States alone, and while many states have begun trying to cut back their numbers or 

outright prohibit their use, the truth is that more than enough billboards remain to provide a 

potential distraction (Scenic America, 2014). The issue surrounding billboards is that, as with 

any type of advertisement, they are inherently designed to capture our attention. Advertising 

companies use a variety of tactics in their quest to do so, including manipulating content in order 

to evoke different emotional reactions; consequently, the question as to whether this poses a risk 

to drivers has become a point of debate. As such, the aim of the present investigation is to 

determine whether the emotional content on billboards negatively influences driver attention and 

therefore driver performance, and if so, to what degree? 

In the current research, we intend to examine these questions from a new perspective, 

within a theoretical framework that—up to this point—has not been utilized in research 

examining the impact of emotion on driver attention and performance. Presently, most billboard 

studies have examined these questions from a perspective of deliberate attentional selection, 

wherein individuals are instructed to make judgements about the emotional stimuli they see, and 

at the same time their driving performance is recorded. What we are proposing is to look at this 

within the context of exploratory selection, wherein driver attention is still allocated voluntarily, 
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but it is done so more naturally based on the saliency of stimuli within the driving environment. 

Specifically, we are interested to see whether the emotional content displayed on billboards is 

salient enough to preferentially attract driver attention, and furthermore whether this diversion of 

attention has any impact on their driving performance. 

In order to provide sufficient evidence to support subsequent hypotheses and predictions, 

a thorough examination of the existing literature must be conducted. I will begin with an 

examination of attention, its many purposes, as well as the various modes of attentional 

selection. I will follow this with a discussion on distraction, including what distraction entails for 

drivers, the different forms that distractions may take, as well as where different types of 

distractions can originate from. I will then talk briefly about the saliency of emotion in the 

context of attentional selection, after which I will examine several popular models of emotion. 

Basic research examining the relation between emotion and attention will subsequently be 

outlined, after which I will discuss how emotional stimuli have previously been presented in 

various driving studies, as well as how the various aspects of driving performance are measured. 

This will be followed by a review of how emotion has been found to affect driver behaviours. 

Lastly, I will discuss the limitations and drawbacks of existing research on emotion and 

billboards will be discussed, and finally, outline the importance of the proposed research. 

Attention 

In order to understand distraction, it is first important to understand what attention 

actually is. Broadly defined, attention involves concentrating on or selecting a specific set of 

information while at the same time ignoring or inhibiting other perceivable stimuli, cognitions, 

or responses that are co-occurring (Anderson, 2004; Brodeur, Trick, & Enns, 1997; James, 

1890). The purpose and role that attention plays in the human condition has long been debated. 
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Some reasoned that it was necessary for perception, because our environment contains far more 

information than can realistically be handled given the limitations of our working memory. Only 

a subset of the total information available can be perceived and processed at any given time, and 

attention is the process by which these bits of information are selected (Broadbent, 1958). Others 

argued that it was more necessary for formulating actions and responses. Because our 

surroundings contain far too many things for us to respond to all at once, there must be 

something that determines to which items a response will be made. Again, attention is the way in 

which this selection occurs (Deutsch & Deutsch, 1963; Norman, 1968). However, it is now 

generally believed that attention is important for both perception as well as the selection of 

actions (Lavie, 1995; Reason, 1990). Regardless of the item to be perceived or the response to be 

chosen, there are a several mechanisms involved when attentional selection is being carried out: 

first there is orienting, which involves moving the focus of attention to the location where 

selection will occur—this often involves moving the head and/or eyes; there then is searching, 

which involves locating the relevant information within the environment; there is also multiple-

target tracking (in visual selection), which involves keeping track of multiple independent items 

located at different points in space; next is filtering, which involves only responding to the 

relevant information in that particular situation and ignoring other irrelevant information (i.e., 

distractors); finally there is multiple-action monitoring, which involves coordinating and 

enacting multiple responses and actions as the overall activity is carried out (Posner & Raichle, 

1994; Trick, Enns, Mills, & Vavrik, 2004). This final component of the selection process is 

particularly important in a task like driving, where multiple actions such as steering, braking, 

controlling speed, and monitoring the road environment must all be coordinated correctly in 

order to safely pilot the vehicle. Given the large number of processes involved in selection, it 
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should therefore come as no surprise that attention in general is considered to be a limited 

cognitive resource; that is, only a small number of items or locations can be focused on at a time 

without perception or performance suffering (Wickens, 1992). This has been evidenced time and 

again in dual-task experiments. For example, when tasked with reaction-time and word encoding 

tasks, individuals displayed poorer word recall and longer reaction times when these tasks were 

carried out concurrently, as compared to performance in single-task conditions (Craik, Govoni, 

Naveh-Benjamin, & Anderson, 1996). Performance also often deteriorates greatly when the to-

be-attended tasks are in the same modality. For instance, when performing a tone-identification 

task the same time as a manual tracking task, performance degraded more severely when the tone 

was reported using the non-tracking hand than when the tone was reported verbally (Mcleod, 

1977). In dichotic listening tasks, individuals are often unable to remember any of the contents 

from an unattended stream, even when the language or the gender of the speaker changes; people 

often even miss when their name was spoken in the unattended stream (Moray, 1959; Pashler, 

1999; Remington & Loft, 2015). Finally, in the driving literature, much attention has been paid 

to how much driving performance deteriorates when carrying out a cell-phone conversation 

(Strayer & Johnston, 2001). 

Regarding the selection of attention, attention can be allocated automatically 

(unconsciously) or deliberately (consciously) (Schneider & Shiffrin, 1977; Shiffrin & Schneider, 

1977; Trick & Enns, 2009; Trick et al., 2004; Weichselgartner & Sperling, 1987). In situations of 

reflexive selection, attention is often captured automatically by the abrupt onset or rapid change 

of a stimulus. An example of this would include the sudden onset of a bright light, which has 

been shown to cause rapid re-orientation of gaze and re-allocation of attention (Theeuwes, 

Kramer, Hahn, & Irwin, 1998). This reflexive allocation of attention is one of the reasons why 
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emergency vehicles use rapidly flashing lights; they attract attention quickly and automatically 

so that people can move out of the way faster (Berg, Berglund, Strang, & Baum, 2007). 

However, as with any reflexive response, reflexive selection is difficult to consciously control 

without a certain amount of training, and this can be problematic in situations where little 

attention can be spared. This is one of the reasons why the use of electronic billboards along 

busy roadways is such a largely debated topic (Belyusar, Reimer, Mehler, & Coughlin, 2016; 

Dukic, Ahlstrom, Patten, Kettwich, & Kircher, 2012). If an electronic billboard suddenly 

changes color or begins flashing several different colors, a driver’s attention will likely be 

reflexively diverted away from the road, regardless of whether or not the action is detrimental to 

their overall driving task. 

With habitual selection, selection behaviours that are repeated with a high enough 

frequency become like second nature, being carried out unconsciously and with minimal effort 

(Trick & Enns, 2009; Trick et al., 2004). In a similar manner to how the movements associated 

with acquiring a new skill will become habitual with enough repetition, selection of relevant 

driving stimuli can eventually become habitual as well. For example, young drivers are 

instructed to watch for people darting out between parked cars or for cars emerging unexpectedly 

from behind large trees and hedges. For a period of time they continue to carefully (and 

consciously) check these areas when they begin to drive alone. Conversely in older and more 

experienced drivers these patterns of selection have been repeated so often that the search for 

potential hazards now occurs automatically in areas where pedestrians or vehicles could be 

obscured; it essentially becomes as if the situation starts to control where attention should ideally 

be directed (Reason, 1990). While habitual selection is most often adaptive, allowing us to 

perform routine selection behaviours with little to no conscious effort, it too can also have its 



 6 
 

drawbacks. In much the same way that a golfer may have difficulty correcting an improper swing 

after years of repetition, so too might it be difficult to correct improper selection behaviours 

(Trick et al., 2004). For example, when driving in a country like England, North American 

drivers may automatically look to the left rather than to the right when making a left-hand turn 

(analogous to North American right-hand turns), because they are used to searching for vehicles 

coming from that direction as they prepare to pull into the nearest lane of traffic (Summala, 

1998). Ultimately, even though habitual selection may not play a large role in the process that 

makes billboards more or less attractive to drivers, it is nevertheless important to understand how 

it fits into the larger framework of attentional selection. 

As stated above, attention may also be consciously mediated. Deliberate selection often 

occurs in situations where drivers have a specific goal to achieve (e.g., deciding to detour around 

new road construction). It can also occur when conditions are possibly unsafe (e.g., heavy 

traffic), or when driving environments are new and unfamiliar (e.g., driving in a new city) (Trick 

& Enns, 2009; Trick et al., 2004). In these instances, individuals are seeking out specific stimuli 

based on relevant goal information, personal expectations, or any previous experience they may 

have had in identical or similar situations. For instance, a driver navigating to a friend's house for 

the first time will be consciously looking at each upcoming street sign so that they turn at the 

correct street. The advantage of consciously mediated attentional selection is that it is highly 

flexible in comparison to other modes of selection; attention can be re-oriented almost 

immediately as new information becomes available. However, this means that deliberate 

selection is also quite effortful as it consumes a relatively large amount of cognitive resources in 

order to maintain conscious focus and be prepared for change at a moment's notice. This high 

demand on resources also means that few other tasks can be carried out simultaneously, owing to 
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the fact that individuals can only attend to and process a certain amount of information at any 

given time (Reason, 1990; Simon, 1983). This explains why drivers might seem somewhat blind 

to the road around them when focused on getting to a destination for the first time, or why multi-

tasking while driving can be particularly dangerous (Endsley, 1995; Most, Scholl, Clifford, & 

Simons, 2005). 

Finally, exploratory selection occurs in situations where there is no specific driving task 

or goal, other than to gain new information (Trick & Enns, 2009). Rather than focusing on 

specific tasks, such as looking for a street sign or navigating on a rainy day, individuals scan 

their environment in a more random fashion (Trick, Enns, Mills, & Vavrik, 2004). In these 

instances, individuals are generally aware of where they are orienting their attention; however, 

some stimuli may be more ‘attractive’ than others based on certain qualities. These are often 

salient features that are attended to in a similar manner by all individuals, and typically include 

features such as retinal size, eccentricity from the center of gaze, and contrast from the 

background, as well as relative novelty (Cole & Hughes, 1984; Hughes & Cole, 1986). For 

example, drivers are more likely to notice a large neon orange construction sign against a 

background of trees than a small white sign against the pale concrete of a building. It is the 

significance of stimulus saliency for exploratory attention that prompted us to examine whether 

emotional stimuli—specifically that displayed on billboards—could play a similar role. 

However, the preference for certain stimulus features should not be confused with 

reflexive orientation, where attention is involuntarily commanded by a stimulus and is difficult to 

prevent. With exploratory selection, attention is merely attracted and can still be voluntarily 

switched relatively easily if a more relevant goal presents itself, and exploration will not occur if 

an individual is already engaged with a specific driving-related goal (Trick et al., 2004; Trick & 
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Enns, 2009). However, problems may arise if something in the driving environment suddenly or 

unpredictably changes and demands immediate attention. While exploratory selection still allows 

for voluntary switching of attention, this switch will still take a second or more, during which 

time a reaction may have been needed. This has been a point of concern when discussing the 

possible distractive properties that billboards may have. With such an example, if the salient 

content on a billboard preferentially draws a driver’s gaze away from the roadway for more than 

a few seconds, that individual may not be able to return their attention to the road in time to react 

to an unexpected hazard, such as pedestrian running into the road or a vehicle braking suddenly. 

Distraction 

In the context of driving, distraction often involves some form of stimuli outside the 

individual that causes them to divert their attention away from the main driving task. In many 

cases, this entails some sort of secondary task that is not directly driving-related (Klauer, Dingus, 

Neale, Sudweeks, & Ramsey, 2006; NHTSA, 2015). According to Multiple Resource Theory 

(MRT: Basil, 1994a, 1994b), distracted driving involves competition for attentional resources. 

Given that the task of driving relies heavily on spatial working memory, motor response, and 

visual perception, major distractions to a driver involve competition for cognitive, motor, and 

visual resources. Cognitive distractions are distractions that divert attention away from the 

driving scene, and away from the cognitive, perceptual, and recognition processes responsible 

for dealing with relevant driving information and safe driving behaviour (e.g., using voice-

commands to control a device, carrying out a hands-free phone conversation, or planning out 

future tasks) (Liang & Lee, 2010; Strayer et al., 2013). Motor (or manual) distractions are any 

physical tasks that compete with the physical or motor activities necessary for driving a vehicle 

(e.g., eating and drinking, or holding a cell phone to your ear) (Foley, Young, Angell, & 
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Domeyer, 2013). Finally, visual distractions are those that prompt a driver's gaze to stray from 

relevant road areas or involve looking away from the road altogether (e.g., texting, changing a 

song on an mp3 device, or looking at directions on a GPS device) (Liang & Lee, 2010). When 

any of these tasks compete for the same resources as those needed for driving, the result is that 

performance on one (or even both) of them will suffer; it is obvious that behind the wheel is the 

last place where a degradation in performance should occur, given the consequences if capable 

control of the vehicle is lost (Liang & Lee, 2010). Distraction, as it is been defined here, is what 

will be meant when it is discussed throughout the remainder of this thesis. However, it should be 

made clear how the concept of distraction differs from the similar concept of inattention. Though 

the two terms are often used interchangeably, inattention more often involves internal cognitive 

influences that draw resources away from processing of the external environment, such as with 

fatigue or with daydreaming (Regan, Hallett, & Gordon, 2011).  

Distractions can originate either inside or outside the vehicle, and come in a variety of 

forms. Those coming from inside the vehicle may come from multiple sources, though current 

research has generally been concerned with the impact of in-vehicle devices. Device-related 

distractions typically involve interaction with objects such as cell phones, navigation devices 

(GPS), media devices (MP3 players), or console controls (radio, climate control) (Horberry, 

Anderson, Regan, Triggs, & Brown, 2006). Other within-vehicle distractions include distractions 

related to passengers, such as having a conversation or listening to noisy children, as well as 

more goal-oriented distractions, such as eating or carrying out grooming routines (Horrey & 

Lesch, 2009). Conversely, distractions external to the vehicle involve visual stimuli or events 

located within the general driving environment, though they are not limited to things that occur 

immediately on the road ahead. This could entail any number of situations, from traffic 
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accidents, to people on the sidewalk, to birds in the sky. More importantly, this also includes 

distractions due to billboards and other roadside advertisements, which will be the main focus of 

this paper. 

Emotion 

One feature that can make a stimulus more salient than a neutral one is the inclusion of an 

emotional component (Anderson & Phelps, 2001; Ohman, Flykt, & Esteves, 2001; Vuilleumier, 

2005; Vuilleumier & Schwartz, 2001). For instance, individuals are often faster at detecting 

targets when they have some sort of emotional value, such as identifying negative faces amongst 

neutral or happy faces, or a snake versus a cup (Eastwood, Smilek, & Merikle, 2001; Ohman et 

al., 2001; Vuilleumier, 2005). However, these kinds of results should not come entirely as a 

surprise. As social beings, we are accustomed to picking up on emotional cues when interacting 

with other people (Keltner & Kring, 1998), and evolution has conditioned us to be more alert for 

frightening stimuli that could potentially be dangerous (Tooby & Cosmides, 1990). Additionally, 

this relationship between emotion and attention does not only go one-way; attention is capable of 

affecting emotional responses as well. This is evidenced by an effect known as "emotional- or 

affective-devaluation", in which previously ignored stimuli are rated more negatively. 

Specifically, when individuals are instructed to ignore certain stimuli (i.e., not pay attention to 

them), they are subsequently more likely to rate these stimuli more negatively in an affective 

rating task than stimuli that were freely attended. (Fenske, Raymond, & Kunar, 2004; Raymond, 

Fenske, & Tavassoli, 2003). In cases where multiple stimuli are presented, the closer to-be-

ignored stimuli are to target stimuli the more pronounced the effect becomes (Raymond, Fenske, 

& Westoby, 2005). The effect even extends to social evaluation of faces, where faces that were 

associated with an 'ignore' cue were rated as less trustworthy than faces that were not associated 
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with this cue (Fenske, Raymond, Kessler, Westoby, & Tipper, 2005). Again, it is because of the 

connection between emotion and attention that we are interested in further investigating the 

impact of this relationship in situations of exploratory selection, where attention is directed based 

on salient environmental cues. 

 When utilizing stimuli that contain emotional content, it is important to consider how you 

intend to address the components of emotion. There are several theories or models of emotion, 

each of which approach emotion from slightly different perspectives. First, there are discrete 

models of emotion (such as the basic emotion model) that view all emotions as being related to a 

relatively small number of basic emotional states that are culturally universal (Dellandrea, Liu, & 

Chen, 2010; Eerola & Vuoskoski, 2010). These include discrete emotions such as happiness, 

anger, sadness, surprise, fear, and disgust, each of which has been believed to be controlled by 

their own separate neural networks and arise from specific environmental experiences (Ekman, 

1992, 1999; Lazarus, 1991; Weiner, 1986). Emotions considered to be similar in valence (e.g., 

anger and fear are negative) can produce entirely distinct reactions (e.g., fight or flight, 

respectively) (Hullett, Louden, & Mitra, 2003; Lazarus, 1991). There are also bi-polar (or one-

dimensional) models of emotion that—as the name implies—arrange emotions on a bipolar 

continuum with extremely negative emotions at one end, and extremely positive ones at the other 

(Green, Salovey, & Truax, 1999; Hullett et al., 2003). Then there are the multi-dimensional 

models of emotion that typically view emotions as containing two or three main dimensions or 

components (Duffy, 1934; Osgood, 1966; Rubin & Talarico, 2009). There are a number of 

different models, each of which highlight slightly different dimensions of emotion. Three of the 

most popular models of emotion are the circumplex model (Barrett & Russell, 1998; Russell, 

1980), the vector model (Bradley, Greenwald, Petry, & Lang, 1992), and the consensual Positive 
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Activation—Negative Activation (PANA) model (Watson & Tellegen, 1985; Watson, Wiese, 

Vaidya, & Tellegen, 1999). The circumplex model posits that all emotions can be defined along 

two main dimensions: valence and arousal (Barrett & Russell, 1998; Colibazzi et al., 2010; 

Posner, Russell, & Peterson, 2005; Russell, 1980). Valence refers to how positive or negative a 

stimulus is (Frijda, 1986; Trick, Brandigampola, & Enns, 2012). For example, kittens playing 

with yarn would be considered to be more positive, whereas a cat that is puffed up and hissing 

would be considered more negative. The second dimension, arousal, refers to how calming or 

exciting a stimulus is (Kensinger & Schacter, 2006; Lang, Greenwald, Bradley, & Hamm, 1993; 

Russell, 1980; Russell & Mehrabian, 1977). For example, both a tarantula and a cemetery would 

be negatively valenced, but the tarantula would be highly arousing while the cemetery would be 

lower in arousal. Conversely, butterflies and fireworks would both be positively valenced, but 

the butterflies would be lower in arousal and fireworks would be higher in arousal. Emotions lie 

along this two-dimensional framework in a generally doughnut-like pattern; the intersection of 

the two dimensions centers on emotions that would have a medium arousal and be neutral in 

valence (Rubin & Talarico, 2009). The vector model is very similar to the circumplex model. It 

too proposes valence as one of its dimensions, with arousal being assumed as a persistent 

underlying dimension (sometimes also referred to as intensity) (Bradley et al., 1992). Positive 

valence lies in the upper half of a grid, and negative valence lies in the bottom half. Conversely, 

highly arousing emotions tend to differentiate more greatly based on their valence, while low 

arousal emotions tend to fall more closely to the vertical divide between positive and negative 

valence and thus are more neutral in nature (Remington, Fabrigar, & Visser, 2000). Emotions 

plotted based on this model therefore follow a slightly different pattern than that of the 

circumplex; rather than a relatively circular pattern, emotions lie in a "C" or sideways "V" 
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pattern. Finally, the PANA model proposes that positive and negative affect actually constitute 

two separate behavioural systems that lie along two axes (Watson & Tellegen, 1985; Watson et 

al., 1999). The first axis, Positive Activation (PA), includes moods such as 'active', 'elated', and 

'excited' at one end, and 'drowsy', 'dull', and 'sluggish' at the other. The second axis, Negative 

Activation (NA), contains moods like 'distressed', 'fearful', and 'nervous' at one end, and 'calm', 

'at rest', and 'relaxed' at the other (Rubin & Talarico, 2009). This model also shares some 

elements with both the circumplex and vector models: the dimensions defined in the circumplex 

model are noted to lie at a 45-degree angle to those defined in the PANA model, and as with the 

vector model, high arousal activations are differentiated by their valence, while lower arousal 

activations are more neutrally valenced (Rubin & Talarico, 2009; Watson & Tellegen, 1985). 

Other dimensional models of emotion include Thayer's model, which suggests that rather than 

being defined by valence and arousal, emotions are instead defined along two dimensions of 

arousal: energetic arousal and tense arousal (Thayer, 1989). There is also the model suggested by 

Schimmack and Grob that proposes a three-dimensional model containing pleasure-displeasure, 

arousal-calmness, and tension-relaxation as the dimensions that define emotion (Schimmack & 

Grob, 2000; Schimmack & Reisenzein, 2002). The PAD emotional state model also proposes 

three dimensions, though they are Pleasure, Arousal and Dominance (with 'Dominance' referring 

to how controlling or dominating an emotion is) (Bales, 2001; Mehrabian, 1980). However, the 

Circumplex model tends to be the most popular model to use in emotional research. Likewise, 

because this model places a greater emphasis on valence and arousal, and most research relating 

emotion and attention focus primarily on these two dimensions, it is the model that we will be 

utilizing for our present research. 
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Valence and arousal have both been previously related to attentional selection. For 

instance, positively valenced stimuli have been shown to increase attentional resources (Rowe, 

Hirsh, & Anderson, 2007). According to the “broaden-and-build” hypothesis, positive affect is 

associated with a broadening of overall attention, or increased attention to more global features 

of a scene (Fredrickson, 2001). In addition to simply increasing the resources to process a scene, 

this broadening attention is also associated a broadening of the mindset, including the promotion 

of novel and exploratory thoughts and actions (Fredrickson & Branigan, 2005). This ability of 

positive emotions to broaden attention would be beneficial in situations where attention to the 

broader context is advantageous, such as when someone is driving on a multi-lane highway. In 

this instance, a driver must pay attention to vehicles in front, behind, and to the side of their 

vehicle, as well as watch for new vehicles entering the roadway. On the other hand, negatively 

valenced stimuli—particularly fearful stimuli—have been known to cause the opposite effect. 

That is, more negative emotions can cause a narrowing of attention, almost like a spotlight effect 

(Ohman et al., 2001). It is believed that this narrowing of attention has some evolutionary basis, 

in that it allows us to shut out irrelevant stimuli while we focus on the fearful or dangerous object 

and coordinate an appropriate response such as fighting or running away (Fox, Griggs, & 

Mouchlianitis, 2007). While this narrowing of attention does aid in survival, in certain 

circumstances reduced attention to peripheral stimuli could be detrimental. For example, if a 

driver stuck in slow-moving traffic allows feelings of anger to narrow their attention, they may 

not notice a cyclist in the right-most lane that they’re about to pass. However, it is worth 

mentioning that in either case, arousal likely has an effect as well, but has been confounded with 

valence. Some have speculated that it is arousal and not valence that contributes to the effects of 

narrowed attention, as the negatively valenced emotions often used in these experiments, such as 
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fear or anger, are often also high in arousal (Mathewson, Arnell, & Mansfield, 2008). 

Alternatively, it has been postulated that both valence and arousal may interact to produce the 

effects that have previously been seen (Jefferies, Smilek, Eich, & Enns, 2008). However, while 

the individual effects of both valence and arousal do need to be clarified, isolation of the two is 

not a current goal of the present research; rather, we are interested in whether valence and 

arousal can act as salient attentional cues in situations of exploratory selection. 

Attention and Emotion 

Individually, the topics of attention and emotion each encompass broad areas of research 

in both psychology and the social sciences in general, and both have equally long research 

histories. (e.g., Emotion: Angell, 1910; Bull, 1951; Dewey, 1895; Epstein, 1984; Izard, 2009; 

Plutchik, 1960; Prasad, 1932; Russell & Mehrabian, 1977; Attention: Guilford, 1927; Heron, 

1957; Posner, Snyder, & Solso, 2004; Ribot, 1898; Saltzman & Garner, 1948; Titchener, 1908; 

Treisman & Gelade, 1980; Woodrow, 1914). As such, the study of both their interactive effects 

and their influence on one another is not new either; many classic attentional tasks have been 

modified over the years to explore the effects of emotion on attention. Take, for instance, the 

attentional blink phenomenon: when individuals are presented with a number of visual stimuli in 

rapid succession and instructed to detect a pair of targets, they will often fail to perceive the 

second target when it is presented between 100 and 500 milliseconds after the first (Broadbent & 

Broadbent, 1987; Raymond, Shapiro, & Arnell, 1992; Reeves & Sperling, 1986). While original 

versions of this task typically feature relatively neutral letters or numbers as the stimuli and 

targets, versions adapted to include an emotional component will often make use of emotionally 

significant words or pictures. In using these modified versions of the task, it has been revealed 

that emotion seems to have a modulating effect on the attentional blink phenomenon. When the 
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second target in the target pair contains an emotional component the magnitude of the attentional 

blink has shown to be reduced, with individuals being more readily able to perceive the second 

target. On the other hand, when the first target has an emotional component, it serves to instead 

enhance and extend the effects of the attentional blink (i.e., a longer duration during which the 

second stimulus will not be perceived), regardless of whether or not the second target is 

emotional as well (Anderson, 2005; Arend & Botella, 2002; Keil, Ihssen, & Heim, 2006; 

Schwabe et al., 2011; Schwabe & Wolf, 2010). While the presence of emotion has an effect on 

attention in this task, there has proven to be little notable difference between the mediating 

effects of positive and negative emotions, with each producing roughly the same effect (Jong et 

al., 2009). However, there is a slight exception to this; when the second target is a stimulus that 

could be considered ‘fearful’ or ‘threatening’ (e.g., fearful or threatening face vs. neutral or 

happy face), individuals tend to show a slightly more enhanced response (i.e., a faster response) 

beyond what is seen for just negatively valenced images in general (Maratos, Mogg, & Bradley, 

2008; Vermeulen, Godefroid, & Mermillod, 2009). This is particularly true of individuals with 

phobias such as arachnophobia (fear of spiders). Compared to control individuals, when these 

individuals are shown an image of a spider the effect of the attentional blink is reduced to a 

greater degree (Trippe, Hewig, Heydel, Hecht, & Miltner, 2007). This greater allocation of 

attention to fearful/threatening versus safe stimuli is consistent with theories of a survival-based 

threat response whereby threatening information receives greater priority and attention is 

narrowed to both isolate relevant information and inhibit irrelevant stimuli (Fox et al., 2007; 

Frischen, Eastwood, & Smilek, 2008; Jong et al., 2009; Trippe et al., 2007; Vermeulen et al., 

2009). Overall, these results are particularly relevant to the current research, given that it is 

certainly possible that emotional content on billboards could conceivably facilitate a similar 
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effect. That is, billboards—particularly those with content that could be considered threatening—

could cause an attentional blink effect, potentially impairing accurate perception of any 

immediate hazards and thereby lengthening reaction times. If this is indeed shown to be the case, 

it would prove worrisome for driver safety. 

Other classic attention tasks that have been modified to measure the effects of emotion 

include the Stroop Task, change detection, and oddball tasks (Rensink, Regan, & Clark, 1997; 

Squires, Squires, & Hillyard, 1975; Stroop, 1935). Such investigations have yielded results 

similar to those found with the attentional blink tasks. With the Stroop task, emotional content 

tends to be preferentially processed over stimuli with more neutral connotations, regardless of 

whether individuals are told to ignore it. Thus when emotional content is presented as the 

distractor stimulus, individuals experience greater interference with the task (Constantine, 

McNally, & Hornig, 2001; Mckenna & Sharma, 1995). Negatively valenced stimuli—including 

threatening and frightening stimuli—seem to be the most intrusive category of emotional stimuli 

(Mckenna & Sharma, 1995). For example, in a color-naming Stroop task identification latencies 

were longer when the text of the word was negative in valence, indicating that individuals had 

trouble disengaging from the negative stimulus in order to complete the target task (Pratto & 

John, 1991; Smith et al., 2006). This effect is even more pronounced in individuals who may be 

hold a particular phobia towards certain subjects such as snakes or spiders (Constantine et al., 

2001), once again supporting the notion of an inborn threat response where threatening stimuli 

more readily captures attention and cannot be ignored (Amir et al., 1996). There is a similar 

preference towards negative stimuli in oddball search tasks (i.e., responding to novel or deviant 

stimuli) and change detection tasks, with individuals exhibiting faster fixations towards negative 

oddball targets and detecting changes faster with negative targets than with neutral targets 
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(Huijding, Mayer, Koster, & Muris, 2011). Ultimately, results from these types of attention tasks 

suggest that emotional content on billboards could potentially constitute an undue distraction 

towards drivers, which does not bode well for road safety overall. 

Emotion, Attention, and Driving Performance 

Although exploratory selection is largely voluntary and attention can be switched back at 

any time, this process still takes several seconds. However, while the time taken to switch 

attention back and forth no doubt has an impact on things such as response time to hazards, we 

must also consider the impact that emotions themselves have on driving performance once 

drivers have been exposed to emotional stimuli. 

In examining the effect that emotion has on driver performance and attention, various 

tasks have also been adapted and utilized for presenting drivers with emotionally-relevant 

stimuli. Researchers have often used music to influence behaviour, and for a time, there was 

considerable interest in whether certain genres, particularly heavy metal music, negatively 

influenced driver performance (Arnett, 1991). However, most recent research focuses less on 

specific genres of music, and more on the different qualities of music that may convey emotion, 

such as tempo, volume, key, or content (Gabrielsson & Juslin, 1996; Thompson & Robitaille, 

1992). For instance, increased tempo has been related to increased arousal, and some studies 

have found that music with faster tempos led to poorer driving habits such as faster speeds or 

increased likelihood of running a red light (Brodsky, 2002). Images, which will be used in the 

present research, have also been frequently used in research on emotion and attention. In some 

studies, individuals are presented with images that are either neutral or emotional in nature, and 

their attention is measured by tracking their gaze as they look at each image. Images with 

emotional content are more likely to be looked at quicker and for longer when first viewed 



 19 
 

(compared to images with neutral content) indicating that there is some preference for the 

emotional content (Calvo & Lang, 2004). In applied research settings, images with known levels 

of valence and arousal may be presented while individuals are driving, and various aspects of 

their driving performance such as speed and reaction time are measured after viewing different 

types of images (Megías et al., 2011; Trick et al., 2012). Other approaches for manipulating 

emotion have included presenting individuals with emotional words, or having them engage in 

mood-induction tasks such as thinking of happy or sad memories (Martin, 1990; Mathewson et 

al., 2008). 

Given the fact that emotion has already been shown to attract driver attention, it stands to 

reason that driving performance might also be affected, considering control of a vehicle requires 

a driver’s attention. Not surprisingly, this relationship has become a large focus in research on 

driving and attention, and for good reason; it is one thing if one’s attention is diverted 

momentarily from the road, but it is another if one’s control of their vehicle begins to be affected 

by advertisements on the side of the road. As the research currently stands, there is emerging 

evidence that several aspects of driving performance may be affected by emotions and external 

emotional stimuli. 

Driving studies examining the impact visual stimuli on driver performance also often 

include gaze- or eye-tracking measures, which look at where individuals are directing their eyes 

when passing a potential object of interest. Based on the previous research, it would seem that 

negatively valenced images often elicit longer gaze durations and a higher number of individual 

fixations than positively valenced or neutral images (Megías et al., 2011). In other words, this 

means that when individuals encounter a negative image, they spend more time looking at the 

image, and less time looking at relevant areas of the road. Another way of assessing how much 
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attention an emotional stimulus has received is to assess how well it is remembered later on 

(Talmi, Anderson, Riggs, Caplan, & Moscovitch, 2008). In driving experiments where attention 

is measured, researchers often have individuals freely recall any stimuli they can remember, or 

present them with all test stimuli and have them answer whether they recognize each one. By 

using these kinds of tasks, it has been revealed that stimuli with an emotional component are 

usually remembered better than neutral stimuli, possibly due to the neutral stimuli being low in 

arousal (Chan & Singhal, 2013, 2015). This last point has been supported by other research on 

valence, arousal, and memory, where emotional stimuli high in arousal were remembered better 

than those that were low in arousal (Bradley et al., 1992). 

When assessing driving behaviour in experiments where attention is a factor, aspects 

such as speed, steering ability, and reaction to road events are typically measured. Previous 

simulator research has indicated that average speeds tend to be lower on drives with signs 

displaying negatively valenced or neutral content, and therefore higher on drives with signs 

displaying positively valenced content (Chan & Singhal, 2013). In terms of speed maintenance, 

results have been slightly less straightforward. In their study, Chan and Singhal noted that there 

was a reduction in speed immediately around signs displaying both negatively and positively 

valenced words, but this speed reduction was maintained for 200 metres after the sign for 

positively valenced words only. Furthermore, there was an increase in speed around signs 

displaying positively valenced target words, and this increase also persisted after drivers had 

passed the sign. So it is clear that there are both short term and long term effects to be considered 

when examining speed-related changes resulting from emotional distractors on the side of the 

road. 
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Regarding steering control, the general findings are that steering tends to be better around 

positively valenced content (compared to negatively valenced and neutral content) though this 

effect is usually only present when signs are actually visible (Chan & Singhal, 2013). These 

results have also been seen as support for the broaden-and-build hypothesis (Fredrickson, 2001). 

Steering ability is thought to be under the control of ambient attention. Ambient attention 

primarily involves peripheral vision, and is often used for when orienting oneself and moving 

through the environment (Wickens, 2002). As such, it is believed that drivers use their peripheral 

vision to keep the vehicle between the lane markings (Summala, Nieminen, & Punto, 1996). 

Peripheral attention would be maximized when experiencing positive affect as it is known to 

broaden global attention, and so steering performance would be better. Therefore, it makes sense 

that steering ability would begin to deteriorate when the field of attention is narrowed by 

negatively valenced images. However, as with measures of speed, these findings are not as 

straightforward as they would seem either. A typical measure of steering control in driving 

research is standard deviation of lateral position, or SDLP, which is an indication of how much 

individuals weave about in their lane while driving. In their study, Trick, Brandigampola and 

Enns (2012) noted that there were interactive effects between valence and arousal on SDLP. 

They found that variations in lateral positioning were larger when viewing images that were both 

negative in valence and high in arousal, while the least amount of variation was observed when 

individuals were viewing images that were negative and low in arousal. SDLP of negative-low 

arousal images was also lower than that seen for both levels of arousal for positively valenced 

images. These results indicate that the arousal elicited by a stimulus must also be taken into 

account when examining the effects of emotional stimuli on driver performance. 
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Another important aspect of driving performance to consider includes how distractions 

might affect responses to unexpected events in the roadway. Some research has indicated that 

braking times for hazards are faster after having viewed negatively valenced images (Megías et 

al., 2011). Unfortunately, other research has indicated that this may not always be the case. In 

Trick and colleagues 2012 study, it was noted that when a hazard appeared 250 milliseconds 

after viewing an image, brake times were the fastest after having seen highly arousing positive 

images. On the other hand, when the hazard appeared 500 milliseconds after viewing an image, 

this was no longer the case; in a reversal of effects, both positive and negative high arousal 

images had the slowest braking times at this delay, and low arousal positive images were only 

marginally faster than these high arousal images. Thus, it was only the negative-low arousal 

images that led to the fastest braking times. From this, it is clear that not only does arousal have a 

role to play in moderating hazard reaction times, but that the length of delay between seeing an 

image and encountering a hazard may have an influence as well. 

Billboards and Driving 

Although there is existing research that has related emotion and attention to driving 

performance, much less focus has been directed at applying this research to the potentially 

distracting effects of billboards. In fact, no single study has thoroughly inspected how the 

valence and arousal of content on roadside advertisements may distract drivers in a realistic but 

controlled fashion. Most of the existing research that has examined billboards specifically has 

been conducted as in-the-field research, and focuses more on digital billboards than conventional 

ones. These studies, run on actual roadways, have revealed that individuals tend to look longer at 

digital billboards than any other sign on the road (Belyusar et al., 2016; Dukic et al., 2012). 

However, these types of studies often do not consider the specific content on the billboards. 
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Instead, they have focused on other features, such as how bright the sign is, or how rapidly the 

images change. While these factors are very important when assessing the distraction that digital 

billboards may cause, the content that is displayed during static periods may be just as 

distracting—just as is possibly the case with conventional billboard content. Additionally, while 

real-world study has a certain value, the truth is that there are many factors that cannot be 

controlled in a natural environment, factors that could potentially interfere with or confound the 

results. In fact, many of these studies have concluded that additional research is needed in a 

controlled lab environment. 

 For those studies that have been conducted in a lab using a driving simulator, the content 

of stimuli may be more controlled, but the research designs have not necessarily been realistic or 

imitative of real life. Take, for example, the study conducted by Megías and colleagues (2011); 

they displayed their images as floating in the middle of the simulated windshield, rather than at 

the side of the road where advertisements are typically located. While it is understandable that 

they wanted to ensure that their participants saw all of the images, this method of presentation 

takes away some of the real-world validity of the results. The concern of research should also 

include whether certain types of content draw more attention than others, not just how long 

certain types of images are looked at when it is unavoidable that they must be looked at. On the 

other hand, Chan and Singhal (2013) did place their signs on the side of the road, but instead of 

displaying images the signs were blank, save for a single word in the center. It is worth 

mentioning that these words had been chosen from the Affect Norms for English Words 

(ANEW) database (Bradley & Lang, 1999), meaning they were carefully controlled in their 

levels of valence and arousal. These words may have elicited similar emotions to those 

experienced when viewing images, but it is also possible that they could have underestimated 
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them as well. Furthermore, billboards that use words often include multiple words—not just 

one—and they are often used in combination with images. Overall, the lack of fully realistic 

designs means that existing results may not necessarily be fully comparable to what is 

experienced by individuals in real-world driving settings, and so any recommendations may need 

to be taken with a grain of salt. Additionally, most researchers often also conclude that more 

research is needed. 

Across many of these studies, another problem that arises is that there is inconsistency in 

the measures that individual researchers choose to use, or in how thoroughly they are applied 

throughout their experiments. For instance, some researchers may only record gaze and reaction 

time data, others may record only speed and steering data, and still others will record speed, 

steering, and reaction time data, but have no gaze data. Furthermore, for studies that do collect 

data on the same driving behaviours, they may collect that information in slightly different ways. 

Some studies have analyzed speed both before and after individuals have passed a sign, while 

others have only analyzed speed immediately before an individual has viewed the stimulus. 

Different methods may also be used to measure the same general behaviour, such as some 

researchers using Standard Deviation of Lateral Positioning (SDLP) to measure steering 

variability (Trick et al., 2012), while others use Root Mean Square Error (RMSE) steering wheel 

rate to determine how fast an individual is turning the wheel (Chan & Singhal, 2013). 

Additionally, many of these studies have also included a secondary task not related to the 

primary driving task—such as identifying a target image or word or pushing a button in response 

to a stimulus—that could complicate how these studies are compared to each other especially if 

each of these tasks influence driving performance in slightly different ways. Overall, if different 

studies are measuring driving behaviour in multiple ways, it becomes difficult to directly 
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compare the results between them even though they’re examining the same thing: effects of 

emotional content on driver performance. It is still possible to make comparisons, it just requires 

more work than if all researchers had measured the same behaviours and used the same methods 

to assess them. 

 Finally, there still seems to be some confusion as to which aspects of emotion (i.e., 

valence and arousal) affect different driving behaviours, though this may be due in part to the 

fact that some studies have included only valence as their major manipulation, while others have 

included arousal as well. The consequence is that you may encounter conflicting results like 

those concerning hazard reaction time, where one study reveals that reaction time is quicker for 

negatively valenced images (Megías et al., 2011), and another reveals that this is only true in 

cases where the hazard appears later and only when the image was low in arousal (Trick et al., 

2012). Again, these kinds of examples only emphasize that a greater consensus must exist 

regarding which emotional dimensions researchers should use, as well as how they should be 

measured. 

Based on these limitations in the existing literature, it is our hope that the current research 

will provide a greater sense of unity amongst the related research by utilizing a greater number of 

individual measures to assess driver attention and performance, and to use them more thoroughly 

than previously seen. To that end, we intend to create a more realistic research design within a 

controlled environment, which we aim to do by testing participants in a realistic and immersive 

driving simulator. To study the effects of emotional arousal and valence in a controlled manner, 

we have chosen to use images from the International Affective Picture System (IAPS: Lang, 

Bradley, & Cuthbert, 2008), and unlike in previous studies, these images will be displayed on 
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signboards that have been placed on the right-hand side of the road—as they would be on an 

actual roadway. 

Research Rationale 

There are several reasons for why we are aiming to create a more realistic and more 

meticulously controlled billboard study than exists so far. There is already evidence to suggest 

that the valence and arousal of visual stimuli impact the allocation of attention in more basic 

research (e.g., Amir et al., 1996; Anderson, 2005; Arend & Botella, 2002; Constantine et al., 

2001; Fox et al., 2007; Frischen et al., 2008; Huijding et al., 2011; Jong et al., 2009; Keil et al., 

2006; Maratos et al., 2008; Mckenna & Sharma, 1995; Schwabe et al., 2011; Schwabe & Wolf, 

2010; Trippe et al., 2007; Vermeulen et al., 2009). However, what we are interested in 

determining is whether or not these effects carry over into more applied settings; that is, can 

these effects be replicated in a driving environment, and more specifically, one that is simulated? 

Most importantly, we are curious to see whether the emotional components of valence and 

arousal act as salient cues in a situation where exploratory selection is likely occurring (Trick & 

Enns, 2009; Trick et al., 2004). Previous studies examined the impact of emotion on driving 

behaviour (e.g., Chan & Singhal, 2013, 2015; Megías et al., 2011; Trick et al., 2012) have almost 

always included a secondary task where individuals must make some sort of judgement about the 

relevant emotional stimuli (i.e., looking for a target word or image). Conversely, our research 

will mark a new departure from this approach, in that we are interested in seeing whether the 

valence and arousal of our billboard images attract attention when individuals are not required to 

make a decision or otherwise respond to this information. In other words, we will presumably be 

the first to investigate the impact of emotion on driving without forcing people to look at our 

stimuli. 
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Following a thorough examination of the existing literature, we hypothesize that if 

emotion—including the dimensions of valence and arousal—acts as a salient attentional cue, 

then emotional stimuli should impact where attention is voluntary directed in situations of 

exploratory attention, where saliency of stimuli is important. However, even though this form of 

attentional selection is voluntary, and attention can be directed away from where it has been 

drawn and focused with relative ease, this redirection of attention nevertheless still takes several 

moments. In situations requiring a driver’s immediate attention, we would expect that the need to 

re-orient attention this would affect their response to any hazards that appear. Furthermore, if 

attentional resources are being withdrawn from the general task of driving by certain emotional 

stimuli, we would also expect to see an associated impact on other aspects of driving 

performance such as steering or speed maintenance. 

Apart from a desire to examine these effects within a new theoretical framework, our 

other motivating factors relate to improving knowledge on driver behaviour and driving safety 

overall. If, through our own research, we find evidence that emotion is indeed a salient 

attentional cue, it then brings up several new questions: can real billboards with emotionally-

laden content do the same? If so, how large is this effect, and does it pose a risk to driver safety? 

For example, if a driver's eyes are drawn away from the road ahead, they may not notice a turn in 

the road, a light that has just turned red, a car that has stopped, or a pedestrian step out from 

between two vehicles. Additionally, if certain billboard content leads to an unintentional increase 

in driving speed, it means that the braking distance required to stop completely for a hazard also 

increases. Furthermore, increased speeds also increase the severity of any potential collisions that 

might occur (either with other vehicles, pedestrians, or stationary objects). Finally, if certain 

types of emotional content causes drivers' steering control to deteriorate, this increases the 
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chance that they may leave their lane and either collide with another vehicle (a sideswipe 

collision), or run off the road completely (hitting ditches or meridians). It is through our research 

that we hope to begin to answer these questions, and find more concrete evidence either for or 

against the potentially detrimental impact of roadside billboards. 
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Pilot Study 

Prior to our two main experiments, a pilot study was conducted, the aim of which was 

two-fold. Our primary goal was to determine whether conducting a billboard study was possible 

with our current simulator. Given that it had only been recently installed at the time that this 

research was conceived, it was unclear whether the simulator software was flexible enough to 

allow us to create billboards that displayed the chosen IAPS images. Furthermore, we were 

unsure whether our projector hardware would then be able to display them clearly enough to test 

whether the images could potentially influence driver attention and behaviour. Therefore, the 

second aim of this pilot study was a preliminary examination of whether drivers’ visual attention 

would be preferentially drawn by certain kinds of image content. That is, would content with 

certain combinations of valence and arousal draw more attention than others. As such, no 

secondary tasks were included in the experiment that would force individuals to look at each 

sign; instead, we wanted peoples’ gaze to be drawn naturally to the signs as they were driving. In 

addition to looking behaviours, we were also interested in seeing whether these glances away 

from the roadway would influence steering and speed. Specifically, would distraction from 

certain types of images cause drivers’ steering to become more or less variable, or cause them to 

speed up or slow down. Additionally, we were also curious to see whether the images that drew 

the most attention while driving would also be remembered better after the experimental drivers 

were over. 

Predictions 

 Due to the exploratory nature of this first experiment, only basic hypotheses were made. 

Based on the existing research, and in light of the assumption that salient emotional stimuli will 

preferentially attract driver attention under conditions of exploratory selection, we made the 
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following predictions: (1) Regarding steering variation, which was measured using Standard 

Deviation of Lateral Position (SDLP), we predicted that people would exhibit better steering 

performance when passing positively valenced images, and therefore weave more in their lane 

when passing negatively valenced images; (2) Regarding speed, we predicted that average 

speeds would be slower around negatively valenced images, and comparatively faster around 

positively valenced images; (3) Based on previous research regarding emotions, attention, and 

memory, we also predicted that images that were high in arousal would be remembered better 

than images that were low in arousal; (4) Finally, it was expected that negatively valenced 

images would be looked at for the longest durations. 

 

Method 

Design 

The design of the pilot study was a 2 (valence: positive and negative) x 2 (arousal: high 

and low) + (blank control) within-subjects repeated-measures factorial design. There were four 

separate drives, the order of which was counterbalanced across participants. The dependent 

variables were steering variation, average speed, gaze duration, and memory for different image 

types. Steering variation was measured using Standard Deviation of Lateral Position (SDLP), 

and average speed was measured as average km/h around each sign. Gaze duration was 

measured as the average combined duration (in seconds and tenths of seconds) that an individual 

looked at each sign type. Finally, memory for images was measured in two different ways; 

average number of each image type freely recalled, and average percentage of images recognized 

when presented with all images that were included in the experimental drives. 
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Participants 

Twenty-four undergraduate students participated in the pilot study (6 male,18 female, M 

age = 19.4, SD = 4.04), all of whom were recruited from the University of Guelph Sona 

Participant Pool and received course credit in exchange for their participation. While an a priori 

power analysis was not conducted because allotment of participant credits was already pre-

determined, an analysis was nevertheless conducted afterwards to confirm the appropriateness of 

this sample size. An examination of Trick, Brandigampola and Enns’ (2012) study—whose 

experimental design was similar to ours—revealed that they obtained effect sizes of between 𝜂𝑝
2 

= 0.22 and 𝜂𝑝
2  = 0.27 in analyses that examined impact of valence and arousal on driving 

performance. To detect similar effects at a 0.95 level of statistical power would have required a 

sample of between 14 and 20 individuals, a result that confirmed that our own sample size of 24 

was indeed appropriate. 

All individuals within the subject pool completed screening questions, and only those 

individuals who indicated that they did not experience motion sickness were able to sign up for 

participation. This decision was based on the fact that those who experience motion sickness—

particularly car sickness—are at greater risk of feeling ill in the simulator as well. As it turns out, 

no participants had to be dropped from the experiment due to simulator sickness. Participants 

were also required to have at least a G2 drivers’ license or better. This decision was based on the 

fact that in Ontario, a G2 license signifies that the driver is allowed to drive on all roads without 

a designated supervisor. Therefore, we restricted participation to only those individuals who 

would have experience driving on all road types. 79% of individuals had a G2 license, with the 

remaining having full G license. A full set of participants’ demographic information and driving 

history can be found in Appendix A. 
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Apparatus 

For this initial study, we used a fixed base Oktal Driving Simulator, consisting of a 

Pontiac G6 car body (with the engine removed) surrounded by 300o of viewing screens (Figure 

1). All controls in the vehicle look and function as they would in a real car, and to further add to 

the feeling of a true driving experience, the vehicle has been outfitted with the following: 

speakers to simulate the sound of a vehicle, vibration transducers to simulate the vehicle 

vibration felt when accelerating, and force feedback in the steering wheel to simulate the feeling 

of steering an actual vehicle. The vehicle is also equipped with a speaker and microphone so that 

the researchers can communicate with the participants from the simulator control area. 

Additionally, there are four cameras throughout the vehicle that record participants’ faces, their 

profile from the right, the steering wheel and instrument cluster from over their shoulder, and 

their feet as they operate the gas and brake pedals. 

 

 

Figure 1. Fixed-base Oktal Driving Simulator, with Pontiac G6 car body. 
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Stimuli 

The images used for the pilot study were picked from the International Affective Picture 

System (IAPS: Lang et al., 2008), which are a set of images that have been rated and 

standardized along the dimensions of valence and arousal. This provided us with four image 

categories from which we chose our images: positive valence/low arousal, positive valence/high 

arousal, negative valence/low arousal, and negative valence/high arousal. Care was taken to 

ensure that average levels of high and low arousal were similar between positive and negative 

image images. We were also careful to not choose any images that may have been too violent or 

explicit, as we did not want to upset or offend any participants. A total of 33 images were used in 

the experiment: 32 IAPS images (8 for each combination of valence and arousal), plus a blank 

white control image (which was presented twice in each drive). The mean of normative ratings 

(taken from the IAPS database) of valence and arousal for the 32 images (control not included) 

can be seen in Table 1. Because these images are protected materials and are not allowed to be 

shown outside of an experimental setting, written descriptions of each image used in the Pilot 

study—as well as their individual normative ratings—can be found in Appendix B. 
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Table 1 

Average IAPS normative ratings of Valence and Arousal for images in Pilot study 

 Valence  Arousal 

Image Type M SD Range  M SD Range 

Positive, Low 

Arousal 
6.76 1.58 1.21  3.39 2.13 1.13 

Positive, High 

Arousal 6.84 1.85 1.15  6.65 2.09 1.55 

Negative, Low 

Arousal 3.38 1.47 1.34  3.97 2.12 0.86 

Negative, High 

Arousal 3.30 1.81 1.12  6.19 2.13 0.86 

Note. Ratings of valence and arousal for images in the IAPS database lie on a 1-9 scale, with low values 

indicating negative valence or low arousal and high values indicating positive valence or high arousal, 

respectively. 

 

 

 For this experiment, we created four simulated drives, each of which took approximately 

13 minutes to complete at the designated speed of 80 km/hr. There were 10 signs in each drive 

(two of each image category, plus two control signs), that were placed on the right-hand side of 

the road at intervals of approximately 1635 meters (Figure 2). Image order was balanced across 

each of the four drives using a Latin square design so that each image type appeared at each 

position—including both the first and last positions—at least once. The road was straight for a 

majority of each drive, with only a few gentle bends as the road curved around a simple hill (the 

only scenery apart from the signs). There were also no other vehicles on the road apart from the 

participant’s vehicle. 
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Figure 2. In the pilot study, images were displayed on customizable sign boards provided by 

Oktal. Five types of images were displayed (positive low arousal, positive high arousal, negative 

low arousal, negative high arousal, and a blank control). 

 

Procedure 

When participants first arrived, they were given the informed consent information to read 

(Appendix C). If they agreed to participate, they were then administered two preliminary 

questionnaires. The first—a screening test—was given to ensure that they were at a low risk of 

experiencing Simulator Adaptation Syndrome (a malady that some people experience when in a 

simulator, that can include symptoms such as disorientation, dizziness, eye strain, headache, and 

in extreme cases, nausea) (Appendix D). The second questionnaire—an intake survey—collected 

basic demographic information as well as information on their driving history and experience 

with sports and technology (Appendix E). Following this, participants were shown the simulator 

and went on a short practice drive, which took approximately three to four minutes to complete. 
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This gave them the chance to become accustomed to the vehicle’ controls, as well as get used to 

the feeling of being in a driving simulator. 

 During the experiment, participants completed four drives, the order of which was 

counterbalanced across participants. During these drives, they drove down a two-lane highway, 

and signs appeared at regular intervals along the right-hand side of the road. These signs 

contained the previously-selected IAPS images, and over the course of the four drives, all 

participants saw all possible images. To collect gaze information, we used one of the cameras in 

the car to record participants’ faces, so that we could later code their eye movements from these 

videos and determine how long they had looked at each sign. At the end of each drive, 

participants completed the NASA-Task Load Index (NASA-TLX: Hart & Staveland, 1988), 

which assesses the physical and mental effort experienced during the drive (Appendix F). The 

NASA-TLX is a survey that we typically give to participants in our driving studies, and while no 

specific predictions were made regarding these outcomes a summary of average participant 

ratings averaged across the four drives can be seen in Appendix K1. After each drive, 

participants were also given the opportunity to take a short break.  

 Following the conclusion of all four drives, participants were brought back to the lab area 

where they completed several final tasks. The first task—a post-drive self-report—had them rate 

their thoughts and feelings regarding the experimental drives overall (Appendix G). This report 

is another survey commonly used in our driving studies, and a summary of ratings can also be 

found in Appendix K2. Following this, they were given a post-drive recall questionnaire, where 

they were asked to list or describe (as best they could) any of the images that they remembered 

seeing during each of the four drives (Appendix H). Finally, they completed a post-drive image 

recognition survey, which was conducted using Qualtrics Survey Software (Qualtrics, 2005). For 
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this task, participants were presented with all images that had appeared in the experimental 

drives, and were asked to answer whether they recognized each one (i.e., “Yes” they recognized 

the image, or “No” they did not recognize the image). At the end of the experiment, participants 

completed the Post-Experiment Questionnaire, which has them rate the degree to which they 

experienced any possible symptoms of Simulator Adaptation Syndrome (Appendix I). They were 

then given the debriefing information, and thanked for their participation (Appendix J). 

 

Results and Discussion 

Results 

 Repeated measures Analyses of variance were used to examine the effects of both 

valence and arousal on driving speed, steering performance, and image memory. To guard 

against violations of sphericity, the Greenhouse-Geisser correction to degrees of freedom was 

used. Effect size was measured using partial eta squared (𝜂𝑝
2), which indicates the proportion of 

variance in the dependant measure accounted for by the relevant effects. When post-hoc tests of 

means were carried out, the Least Significant Differences (LSD) was used. All analyses were 

carried out using IBM SPSS Statistics 24 (IBM Corp., 2016). 

 Steering Performance. Steering performance was measured using SDLP, which is the 

standard deviation of the lateral distance that the center of the vehicle deviates from the center of 

the lane. To assess how each type of image influenced drivers’ steering abilities, SDLP was 

measured in specific intervals around each sign, which began 100 metres before each sign and 

extended until 100 metres after they had passed the sign. A repeated measures analysis of 

variance (ANOVA) revealed a main effect of valence, (F(1, 23) = 6.650, p = .017, 𝜂𝑝
2 = 0.224), 

though there was no effect of arousal, (F(1,23) = 0.916, p = .348, 𝜂𝑝
2 = 0.038), nor any 
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interactions, (F(1,23) = 1.236, p = .273, 𝜂𝑝
2 = 0.052). However, it should be noted that overall, 

SDLP for the image conditions did not differ significantly from that of the control condition, 

(F(4,92) = 1.912, p = .115, 𝜂𝑝
2 = 0.077). Regardless, post hoc analyses on the main effect of 

valence did reveal that negatively valenced images produced significantly more deviation from 

the center of the lane (in cm) than did positively valenced images (M = 1.2, SE = 0.5, p = .017). 

This main effect of valence supported our prediction that steering would be more variable around 

negatively valenced images than it was around positively valenced images (Figure 3). 

 

 

Figure 3. Standard deviation of lateral position (in cm) during the interval beginning 100 metres 

before each sign and ending 100 metres after each sign, as a function of valence and arousal of 

billboard images, and in response to blank control signs. Error bars denote standard error of the 

mean. 
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Driving Speed. In order to assess whether the different image types affected how fast 

participants were driving, their average speed was calculated within the same interval that was 

used to calculate SDLP values (100 metres before each sigh until 100 metres after each sign). A 

repeated measures ANOVA revealed no significant effect of valence, (F(1,23) = 0.136, p = .716, 

𝜂𝑝
2 = 0.006), or arousal, (F(1,23) = 0.111, p = .742, 𝜂𝑝

2 = 0.005), nor any significant interactions, 

(F(1,23) = 3.517, p = .074, 𝜂𝑝
2 = 0.133), indicating that neither the valence or arousal of the 

image content had any particular influence on drivers’ speeds as they passed the signs. 

Furthermore, additional analyses revealed no significant difference between the image conditions 

and the control condition, (F(4,92) = 1.409, p = .237, 𝜂𝑝
2 = 0.058) (Figure 4). Therefore, our 

prediction that average speeds would be slower around negative images—and comparatively 

faster around positive images—was not supported. 

 

 

Figure 4. Average speeds (in km/h) during the interval beginning 100 metres before each sign 

and ending 100 metres after each sign, as a function of valence and arousal of images, and in 

response to blank control signs. Error bars denote standard error of the mean. 
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Gaze Duration. To determine gaze duration, all videos were independently coded by two 

separate raters (i.e., each participant’s video was coded twice), with times being coded in 

seconds, to the tenth of a second. Using these independent scores, the level of interrater 

reliability between the two raters was determined (using the Intraclass Correlation Coefficient 

(ICC), as ratings were scale variables). This analysis revealed an ICC of 0.394 (p = .001, 95% CI 

[0.089, 0.599]). Because this ICC falls below 0.5—a value indicating poor interrater reliability 

(Koo & Li, 2016)—we can conclude that there was little agreement between the raters’ scores 

for gaze duration. Regardless, the separate scores from each rater were averaged together, and a 

repeated measures ANOVA was conducted using these final averages. The results of this 

analysis revealed that there were no significant effects of valence, (F(1,22) = 0.113, p = .740, 𝜂𝑝
2 

= 0.005) or arousal, (F(1,22) = 0.721, p = .405, 𝜂𝑝
2 = 0.032) on gaze duration, nor were there any 

interactions between the two variables, (F(1,22) = 0.856, p = .365, 𝜂𝑝
2 = 0.037); this outcome is 

not surprising, as interrater reliability was so low. Further analyses were conducted that revealed 

a significant difference in gaze duration between the image conditions and the control condition, 

(F(4,84) = 16.632, p < .001, 𝜂𝑝
2 = 0.442), with pairwise comparisons indicating that the control 

signs were looked at for shorter durations (in seconds) than positive/low arousal images (M = 

1.28, SE = 0.21, p < .001), positive/high arousal images (M = 1.48, SE = 0.26, p < .001) , 

negative/low arousal images (M = 1.29, SE = 0.26, p < .001), and negative/high arousal images 

(M = 1.35, SE = 0.20, p < .001) (Figure 5). However, this does not tell us much either, as it is 

hardly remarkable that individuals would spend more time looking at images than they would 

looking at a blank white square; images are simply more interesting to look at. Overall, given the 

poor quality of the data and low inter-rater reliability, evidence relating to our prediction that 

negatively valenced images would be looked at for the longest durations remains inconclusive. 
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Figure 5. Average duration (in seconds) of glances towards each sign type, as a function of 

valence and arousal of images, and in response to blank control signs. Error bars denote standard 

error of the mean. 

 

Image Memory. As an additional measure of attention to different emotional content, we 

tested participants’ memory for the images that they had seen throughout the experiment using 

two different tasks. The first—an image recall task—simply had participants freely list (or 

describe) as many images as they could remember seeing. In the second task—an image 

recognition task—we presented participants with each of the images that had appeared in the 

experiment, and had them answer “Yes” or “No” whether they recognized them. 

To determine their level of recall for the experimental images, participants’ answers were 

reviewed and subsequently sorted into the four different image categories. From there, a repeated 

measures ANOVA was conducted, which revealed no significant effects of valence, (F(1,6) = 

0.915, p = .376, 𝜂𝑝
2 = 0.132) or arousal, (F(1,6) = 4.50, p = .078, 𝜂𝑝

2 = 0.429) on the number of 
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each type of image remembered, nor were there any interactions between the two, (F(1,6) = 

0.185, p = .682, 𝜂𝑝
2 = 0.030) (Figure 6). It should be noted, however, that on average individuals 

were only able to recall about 6 images in total (M = 5.92, SD = 3.24), which provided a 

relatively small sample size from which to calculate accurate results. Overall, our prediction that 

high arousal images would be remembered most often was not supported in the image recall 

data. To calculate participants’ level of recognition for the images, we first converted “Yes” and 

“No” answers from the recognition survey into “1s” and “0s”, respectively. This allowed us to 

calculate the average percentage of the time that images in each image category were recognized. 

One participant’s results were dropped from analyses due to the fact that they unanimously 

answered “No” for every single image. Additionally, the results from three other participants 

were lost as the internet browser displaying Qualtrics crashed upon completion of the survey. 

This resulted in a final sample size of 20. A repeated measures ANOVA again revealed no 

significant effects of valence, (F(1,19) = 0.851, p = .368, 𝜂𝑝
2 = 0.043) or arousal, (F(1,19) = 

0.467, p = .503, 𝜂𝑝
2 = 0.024), nor any significant interactions, (F(1,19) = 0.073, p = .789, 𝜂𝑝

2 = 

0.004). This indicates that no image type was remembered better than the others (Figure 7). In 

fact, all images types were remembered less than fifty percent of the time (Positive/Low Arousal, 

M = 43.1%; Positive/High Arousal, M = 46.8%; Negative/Low Arousal, M = 40.0%; 

Negative/High Arousal, M = 41.8%).  Therefore, based on results from both the image 

recognition as well as the image recall task, the prediction that high arousal images would be 

remembered better than low arousal images was also not supported. 
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Figure 6. Post-drive image recall performance (average number of experimental images freely 

remembered), as a function of valence and arousal of images. Maximum number possible per 

category is 8 images. Error bars denote standard error of the mean. 

 

 

Figure 7. Post-drive image recognition performance (average percentage of experimental images 

recognized), as a function of valence and arousal of images. Percentages indicate the proportion 

of the 8 images in each category that individuals recognized. Error bars denote standard error of 

the mean. 
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Discussion 

Despite being the only significant outcome in this experiment, results from the analysis of 

steering performance nevertheless provide preliminary evidence on which characteristics of 

billboards may be the most distracting to drivers. From what was seen, it appears that an 

emotion’s valence may play a greater role than its arousal when it comes to influencing steering 

performance. As measured by SDLP, negatively valenced images led to significantly more 

deviation from the center of the lane than what was seen with positively valenced images. On the 

other hand, arousal did not seem to have an notable impact, either on its own or in conjunction 

with valence. What this indicates is that individuals were better able to keep the vehicle on a 

relatively straight and stable trajectory in their lane when passing positive images. Conversely, 

this means that they were more likely to weave about in their lane when passing a billboard with 

negatively valenced content on it. On an actual road, behaviour such as this could potentially be 

hazardous if the negative content on a billboard causes someone to weave so badly that they drift 

off the road or into the next lane. It could also be dangerous if they overcorrect their steering 

once they realize what they are doing. The pattern of results seen with steering performance is 

also consistent with the idea that steering involves peripheral vision (an aspect of ambient 

attention involved in movement through a space), and provides support for the broaden-and build 

hypothesis (Fredrickson, 2001; Summala et al., 1996; Wickens, 2002). This was evidenced by 

the fact that steering performance was better when participants were viewing positive images, 

indicating that their overall scope of attention was expanded, and that they were utilizing their 

peripheral attention to keep the vehicle steady within their lane. 

Apart from the effect of valence on SDLP, there were two other noteworthy trends that 

were approaching significance and so should be pointed out: a potential interaction between 
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valence and arousal on average speed, and a potential effect of arousal on the type of images that 

were freely recalled. With regards to average speed, the original prediction was that individuals 

would drive slightly slower around negative images, and slightly faster around positive images. 

In reality, it seems as though speeds also depended on the level of arousal, with participants 

driving faster around positive-low arousal images, but slightly slower around positive-high 

arousal images. On the other hand, they tended to drive slightly faster around negative-high 

arousal images and slightly slower around negative-low arousal images. Regarding image recall, 

it would appear that there was a non-significant trend whereby participants were slightly more 

likely to remember low arousal images than high arousal images. Overall, most measures used in 

the present experiment were not successful in revealing any effect of the valence and arousal of 

billboard content on driver performance, gaze behaviours, or memory for images. 

 While non-significant findings for average speed, gaze duration, image recall, and image 

recognition were disappointing, there were some potential shortcomings present in the research 

that may help to explain why predicted patterns weren’t seen in the current research despite 

having being demonstrated in prior literature. These relate to limitations in the software that we 

had access to at the time that the study was conducted. Specifically, the customizable sign boards 

in the simulator program that we currently had available to us were smaller than one would 

expect a billboard to be, with their size being more akin to that of sign a which would display the 

amenities available at the next highway exit. To add to this, it is also likely that some of the 

specific images chosen for use in this experiment were not suited for use in a simulator, with 

certain subject matter being less clearly distinguishable than others. For example, images that 

had a single focus, such as a large butterfly on a flower, were easier to see and recognize; on the 

other hand, more complex scenes, such as a relatively small individual standing on a cliff in front 
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mountains, were more difficult to make out. This was another unanticipated technical problem, 

and one that may have affected how each image influenced drivers. It is likely that images would 

have had little to no impact if participants weren’t able to distinguish anything other than a mass 

of colours. To further compound this problem, while the IAPS image files we received had a 

high resolution, due to the display resolution of the simulator program and projectors, they did 

not have the same clarity from a distance as you would see in real life. Combined with 

potentially poor image choices, participants likely had to get much closer to the signs in order to 

make out what was on them, which would have reduced the span of time in which the valence or 

arousal of the images could exert an influence over their attention and driving behaviours. 

Furthermore, if drivers were practically upon them by the time that they became clear enough to 

distinguish, it would have given them little time to encode what they had seen for later memory 

retrieval. Related to this, it is also important to note that a total of 32 images were used in this 

experiment, so it is possible that there were simply too many images for people to accurately 

remember and then later identify after having been in the simulator for an hour, especially if they 

couldn’t see them clearly to begin with. 

 Another limitation in the pilot study was the method with which we chose to collect gaze 

data, which likely contributed to the lack of results in this domain. At the time of the study’s 

conception, we did not have an eye-tracking monitor that was compatible with the new driving 

simulator. Nevertheless, we still decided to include a measure of gaze duration in the experiment; 

in lieu of an eye tracking monitor, we instead recorded participants’ faces using one of the 

cameras in the vehicle, with the intention being that we would later code their eye movements 

from the resulting videos. However, this proved to be an inferior approach, for several reasons. 

One of the disadvantages of coding eye movements from recorded video is that it is a notoriously 
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tedious and time consuming process, requiring time to both develop a coding scheme as well as 

instruct coders on its correct implementation. This process was further exacerbated by the fact 

that the camera’s resolution was not of a high enough quality to make the coding itself an easy 

task: it was often difficult to clearly see the irises of many individuals, which is necessary when 

coding eye movements. Despite our best intentions, interrater reliability was low, which 

impacted both the amount and quality of usable gaze data. This is unfortunate, as eye gaze data 

would have provided the key information in determining whether or not drivers’ attention can be 

preferentially attracted by certain emotional content. 

 In the Pilot study, we created our road environments to be bare and simplistic with no 

scenery so that there would be little else to interfere with perception of the images. The hope was 

that by maximizing the chances that individuals would look at the billboards, we would be 

creating a strong manipulation. However, as a result of this decision each drive looked very 

similar to every other drive, and it is possible that drivers became very familiar with the overall 

driving environment as time went on. Unfortunately, a drawback of the simplistic nature of our 

driving environments is that it may have driven participants’ minds to drift off task. Previous 

research has shown that when one becomes more familiar with a task, fewer resources are 

needed to respond to the same stimuli, and so less cognitive effort is expended (Yanko & Spalek, 

2013). However, with less resources devoted directly to the task mind wandering becomes more 

likely to occur, due to the fact that executive processes aren’t as actively devoted to keeping 

task-unrelated thoughts out of consciousness (McVay & Kane, 2010; Vallacher & Wegner, 1987; 

Watkins, 2008). This can be problematic, as not only is mind-wandering known to be detrimental 

to performance, but it is also known to narrow peripheral attention (Galéra et al., 2012; He, 

Becic, Lee, & McCarley, 2011). If participants’ minds were indeed beginning to wander as they 
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became more familiar with the driving environment, it is possible that their attention became 

narrowed, thus reducing the chance that they would notice what was at the side of the road; the 

images on the signs. Consequently, if they were not actively paying attention to the signs it likely 

meant that the content on them had less chance of influencing participants’ behaviour, thus 

contributing to the lack of meaningful results. 

 Due to the fact that the undergraduate participant pool is smaller during the winter 

semester, all researchers were only allocated 50 participation credits each. With participants 

receiving two credits for participating in our two-hour study, this limited us to running a 

maximum of 25 participants. While a sample of this size is not necessarily too small for a within-

subjects repeated measures design such as this, it is still possible that with added participants, 

perhaps some of the existing marginal effects would have become fully significant. 

Alternatively, both significant and marginal effects may have disappeared completely with a 

larger sample size. Regardless of whether sample size truly impacted the appearance of 

significant results, it is still conceivable that any or all of the factors discussed above could have 

contributed to the lack of findings with respect to average speed, gaze duration, and memory for 

the various images; based on the drawbacks and other limitations that were present in the current 

pilot experiment, it was clear that further testing was needed. 

While the easiest or perhaps most expected next step in this research seemed to be to 

simply run more participants through the current experimental design and see whether any 

significant effects developed or disappeared, it was clear that a potentially small sample size was 

not the only limitation of the pilot study. However, while the results of the pilot study were 

disappointing, we nevertheless gained valuable information on what may or may not work when 

examining the effects of billboards in a simulated environment. It would therefore have been a 
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waste of effort and resources (with little to show for it) to continue using the design as it stood. 

Consequently, rather than running more participants using a flawed research design, we instead 

chose to move on and design a new set of experiments that would hopefully improve on the 

previous one.
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Experiment 1 

 Experiment 1 was similar in overall design to the existing pilot study, but with several 

much-needed improvements. The most basic of changes to the general design of the experiment 

involved an increase in the total number participants included in the study. With the pilot study, 

we were restricted to only running a maximum of 25 participants, given the fact that the 

participant pool is smaller in the winter semester. The benefit of running Experiment 1 in the fall 

semester was that there were many more Introductory Psychology classes, and so the participant 

pool was much larger and the number of participation credits less restricted. 

 The first major improvement to the study design was to the billboards and images used in 

the experiment. To begin, we increased the size of the customizable sign boards in the simulator 

program to reflect the size and dimension of those seen in real life. For example, billboard 

regulations in the province of Ontario allow for billboards to be up to 8 metres (25 feet) in 

height, with an area of up to 60 square metres (650 square feet) (MTO, 2010). To provide 

realistic representations of real-life billboards, we created new customizable signboards with 

similar dimensions. In addition to scaling up the size of billboards used in this experiment, we 

also increased the number of images used overall. In the pilot study, there were only 32 images, 

plus a blank control sign. This allowed for two of each image type in each experimental drive 

(eight images in total), plus two control signs, for a total of 10 signs per drive. For Experiment 1, 

we doubled this number to 64 images. This not only increased the number of each image type, 

but provided a greater variety of image content as well. Furthermore, including more images 

potentially increased the chance that any potential effects—if they did exist—would be observed. 

When choosing additional images to include in the experiment, we also reviewed existing images 

that were originally included in the pilot study. As discussed previously, images with a single 
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focus or feature tended to be easier to see than complex scenes or scenery. Therefore, we 

replaced the more complex images with simpler ones. These, along with the additional images, 

were once again chosen from the pool of IAPS images, with every effort being made to ensure 

that average levels of high and low arousal are approximately equal for positively and negatively 

valenced images.  

 Another major change to the study design was to make the driving environments slightly 

more realistic and interesting. For Experiment 1, this involved creating a continuous bank of 

trees that ran along both sides of the road. In the initial pilot study, we designed the driving 

environment to be very minimalistic and bare, as we didn’t want any extraneous variables 

interfering with gaze measurements (i.e., we didn’t want other things to draw participants’ visual 

attention). However, as discussed previously, this may have proved to be more of a limitation in 

that over-familiarity with the environment may have induced a state of mind-wandering in 

participants (Yanko & Spalek, 2013). This is problematic, as increased mind-wandering is 

known to reduce peripheral attention, and the periphery is where many of the images were as 

they became visible (He et al., 2011). By adding in some scenery, the hope was that the driving 

environment will no longer look so barren and stark, and would therefore be slightly more 

interesting for participants to drive in. It was our hope that this would help keep individuals more 

on task and reduce the chance that their minds will wander and their attention will narrow. In 

addition to being boring and mind-wandering inducing, the lack of scenery also made it possible 

to see up to two signs in the distance, as soon as they had been rendered by the simulator 

program. While being able to see the signs from a distance is beneficial in the short time 

immediately before the image becomes clear and visible, being able to see them from nearly a 

kilometer away is less so; rather than having the image content itself capture attention, 
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individuals may be more likely to look at the upcoming image simply because they are now 

curious to see what was on that distant sign (Gottlieb, Oudeyer, Lopes, & Baranes, 2013). The 

added bank of trees provided some cover for the upcoming signs such that each sign was only 

visible for the period of time that each image came into focus and became distinguishable to the 

participant. 

Finally, the collection of gaze and eye movement data was removed from the overall 

study design. This was done for several reasons. As was learned with the pilot study, the cameras 

located within the vehicle are not of sufficient visual quality to allow for efficient and accurate 

coding of eye movements from video. As such, it proved to be an unreliable method for tracking 

the eye movements of participants. Apart from the above changes to the study design, all other 

materials and measures previously used in the pilot study remained the same.  

Predictions 

In light of the fact that Experiment 1 was very similar in design to the pilot study—save 

for larger signs and exclusion of gaze measurements—the main predictions were similar as to 

before, though with a few minor elaborations: (1) Regarding steering variability, we expected 

that there would be a main effect of valence, with SDLP being higher when passing negatively 

valenced images than when passing positive images. However, we also expected to see a 

Valence X Arousal interaction, with the difference in SDLP between positive and negative 

images being between low-arousal images only; (2) For average speed, we anticipated a main 

effect of valence, in that there would be an increase in speed around positively valenced images, 

which would persist for a short period after having passed the image; (3) Finally, we expected 

there to be a main effect of arousal on image memory, with images high in arousal being 

remembered more often than those lower in arousal. 
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Method 

Design 

As with the pilot study, the design Experiment 1 consisted of a 2 (valence: positive and 

negative) x 2 (arousal: high and low) + (blank control) within-subjects repeated measures 

factorial design. There were four separate drives, the order of which was counterbalanced across 

participants. Dependent variables included steering variation, average speed, and memory for 

different image types. Steering variation was again measured using Standard Deviation of 

Lateral Position (SDLP), and the average speed calculated as the average km/h around each of 

the different sign types. Finally, memory for the various image types was measured using both a 

free recall task as well as an image recognition task. 

It should be noted that in Experiment 1, we chose to measure speed and steering 

performance in the 200-metre interval leading up to each billboard, as well as in the 50-metre 

interval following each billboard. There has been some inconsistency in previous driving 

research concerning where certain aspects of driving performance have been measured in 

relation to the presentation of relevant emotional stimuli. Some studies measure speed and 

steering both before and after drivers encounter target stimuli, while others take measurements 

only before, or only after. Therefore, we were unsure as to where any potential effects might 

appear, and so we chose to measure and analyse aspects of driver performance in both periods. 

Because we were not looking to determine whether there were any concurrent effects of distance 

pre-or post-billboard on reaction to billboard content, analyses of speed and steering 

performance in the periods before and after passing billboards were analyzed separately, rather 

than being included as an additional two-level factor in subsequent analyses of variance. These 
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specific distances were chosen based on the average of distances and durations that the 

aforementioned studies had employed. 

Participants 

There were 46 undergraduate students who participated in Experiment 1 (8 male, 38 

female, M age = 19.13, SD = 3.13). All students were recruited using the University of Guelph’s 

Sona Participant Pool, and they received course credit for their participation. Based on our post-

hoc confirmation of sample size in the Pilot Study, only between 14 and 20 participants would 

have technically been needed to detect effects similar to those seen in existing research (e.g., 

Trick, Brandigampola, and Enns, 2012) at a 0.95 level of statistical power. However, given that 

the subject pool is larger in the fall semester, we were free to run many more than this, and 

elected to do so.  

As in the pilot study, all potential participants in the subject pool completed a set of 

screening questions, and only those with a G2 license or higher and who indicated that they did 

not experience motion sickness could sign up to participate in the study— we did not have any 

participants withdraw from the study due to simulator sickness. Based on intake data, 65% of 

participants indicated they had a G2 license, with the remaining possessing a full G license. 

Other demographic and driving history information can be found in Appendix L. 

Stimuli and Apparatus 

The driving simulator used in Experiment 1 was the same as was used in the pilot study: 

a fixed-base Oktal Driving Simulator, with a Pontiac G6 car body surrounded by 300o of viewing 

screens (refer back to Figure 1). All instruments and functions within the vehicle operated the 

same as well. 
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 The images used in Experiment 1 were also chosen from the same stock of IAPS images 

as was used in the pilot study (Lang et al., 2008), and were organized into the same four image 

categories as before: positive valence/low arousal, positive valence/high arousal, negative 

valence/low arousal, and negative valence/high arousal, plus a control category. However, due to 

the resolution of the simulator, it was determined that some of the images we previously used 

were too complex to make out from a distance, and so these they were removed and replaced by 

images with more singular foci (i.e., a single or central subject or object). Along with the 

replacement of several existing experimental images, a number of new images were chosen as 

well, doubling the number of images from 32 to 64 (a total 16 images for each combination of 

valence and arousal). Again, care was taken to ensure that average levels of high and low arousal 

were similar between positive and negative images, and that no image was considered too 

explicit or violent for participants. The mean of normative ratings (taken from the IAPS 

database) of valence and arousal for this new set of updated images can be seen in Table 2. Once 

again, because these images are protected and are not to be shown outside of the experiment, 

written descriptions and individual normative ratings for each of the images used in Experiment 

1 (as well as Experiment 2) can be found in Appendix M. 
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Table 2.  

Average IAPS normative ratings of Valence and Arousal for images in Experiments 1 and 2 

 Valence  Arousal 

Image Type M SD Range  M SD Range 

Positive, Low 

Arousal 
6.92 0.62 2.45  3.83 0.62 1.84 

Positive, High 

Arousal 7.01 0.44 1.36  6.07 0.49 1.83 

Negative, Low 

Arousal 3.84 0.66 2.47  3.88 0.57 2.00 

Negative, High 

Arousal 3.37 0.74 2.73  6.05 0.41 1.67 

Note. Ratings of valence and arousal for images in the IAPS database lie on a 1-9 scale, with low values 

indicating negative valence or low arousal and high values indicating positive valence or high arousal, 

respectively. 

 

 

For Experiment 1, we created four similar experimental drives, each of which took 

participants approximately 10 minutes to complete when driving at the newly designated speed 

limit of 90 km/h. There were 20 signs in each drive—four of each image category, plus four 

blank control signs)—all of which were placed along the right-hand side of the road at intervals 

of approximately 810m. Because the original custom signboards used in the pilot study were 

determined to be too small for images to be clearly seen, larger customizable signboards models 

were created using Autodesk® 3ds Max® 2017 (“Autodesk 3ds Max,” 2016), and then imported 

into the driving simulator program. These new signboards measured 32.5 feet tall and 30 feet 

wide, with 675ft2 of actual image space (30 feet x 22.5 feet). These dimensions were chosen 

based on billboard size regulations outlined by the Ontario Ministry of Transportation, that state 

that billboards must not exceed 25 feet in height, and 650 ft2 in sign area (MTO, 2010). The signs 

used for the experiment did exceed these dimensions by a small margin, again because images 
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had to be of a sufficient size to be viewed clearly in the simulator. Following several trial runs 

using custom billboards of various sizes, the final dimensions chosen were determined to be 

minimum size at which this could be achieved (Figure 8).  

Order of placement for the signs across the four drives was once again determined using 

a Latin square design, ensuring that each type of image appeared first and last in each drive at 

least once. The driving route was nearly identical to that of the pilot study as well, with much of 

the highway being straight and only a gentle set of curves punctuating the middle of the drive 

(although in this case there was no mountain present around which the roadway curved). 

Procedure 

As in the pilot study, participants first completed both the Simulator Adaptation 

Syndrome and Intake surveys, after which they were introduced to the simulator and went on a 

short practice drive. Following this, they began the first of the four experimental drives, the order 

of which was counterbalanced across all participants. Given that this was a within-subjects 

experimental design, all participants saw all of the images over the course of the four drives. 

Between each drive, they filled out the NASA-TLX (see Appendix N1 for a summary of ratings), 

and were given the opportunity to take a break if they so desired. Finally, after completing all of 

the experimental drives, participants were brought back up to the lab area where they completed 

a number of post-drive tasks. These included the post-drive self-report (see Appendix N2), as 

well as both the post-drive image recall and post-drive image recognition survey (the latter of 

which was completed on Qualtrics, 2005). The materials used in Experiment 1 can also be found 

in Appendices C through J. 
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Figure 8. In Experiments 1 and 2, images were displayed on larger customizable billboards 

created using modelling software. Once again, five types of images were used (positive-low 

arousal, positive-high arousal, negative-low arousal, negative-high arousal, and a control). In 

Experiment 1, the control image consisted of a blank white square. In Experiment 2, the control 

image consisted of a composite image containing scrambled pieces of all images included in the 

experiment. 

 

Results and Discussion 

Results 

Repeated measures Analyses of Variance were used to assess the effects of both valence 

and arousal on measures of driving speed, steering performance, and image memory, which were 

carried out using IBM SPSS Statistics 24 (IBM Corp., 2016). Greenhouse-Geisser corrections to 

degrees of freedom were used to guard against violations of sphericity. Effect size was calculated 

using partial eta squared (𝜂𝑝
2), which indicates the proportion of variance in the dependent 
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measures that were accounted for by the relevant effects. When post-hoc tests of means were 

carried out, the Least Significant Difference (LSD) was used. The data from one participant’s 

experimental drives had to be dropped due to a malfunction in the speedometer display in the 

simulator, causing them to unintentionally drive grossly in excess of the speed limit (greater than 

2 standard deviations higher than on their other drives). Another participant’s total average 

SDLP was dropped from analyses that included comparisons to overall steering performance 

because they kept driving off of the end of the roadway at the end of each drive, resulting in 

large average SDLP values (greater than 6 standard deviations from the mean) that did not 

represent their actual average performance throughout the majority of the drives. Additionally, 

three participants’ data were dropped completely from steering and speed analyses because they 

consistently drove in excess of the speed limit (greater than 2 standard deviations from the 

mean). This brought the final sample size to 43.  

Steering Performance. Steering performance was assessed by examining participants’ 

Standard Deviation of Lateral Position (SDLP), which is the distance that the center of the 

vehicle deviated from the center of the lane. SDLP was calculated for two specific periods 

around each sign; 200 metres before the sign, and 50 metres after passing the sign. A 2 X 2 

ANOVA revealed no significant effects of valence (200m before: F(1,42) = 0.00, p = .998, 𝜂𝑝
2 = 

0.000; 50m after: F(1,42) = 2.91, p = .095, 𝜂𝑝
2 = 0.065), or arousal (200m before: F(1,42) = 

0.479, p = .493, 𝜂𝑝
2 = 0.011; 50m after: F(1,42) = 0.382, p = .540, 𝜂𝑝

2 = 0.009), nor any 

interactions (200m before: F(1,42) = 0.708, p = .405, 𝜂𝑝
2 = 0.017; 50m after: F(1,42) = 0.034, p = 

.855, 𝜂𝑝
2 = 0.001), either before or after the participant had passed a signboard (Figure 9a and b). 
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Figure 9. Standard deviation of lateral position (in cm) for the intervals 200 metres before each 

billboard (left) and 50 metres after each billboard (right), as a function of valence and arousal of 

billboard images. Error bars denote standard error of the mean. 

 

Similarly, there were no significant differences in steering performance when the four 

image types were compared to the control (blank) signboards (200m before: F(4,168) = 0.357,  

p = .839, 𝜂𝑝
2 = 0.008; 50m after: F(4, 168) = 1.018, p = .400, 𝜂𝑝

2 = 0.024) (Figure 10a and b). 

However, when steering performance around all sign types were compared with overall steering 

performance averaged across drives, it was found that SDLP around signs differed significantly 

from that calculated for the drive overall, for both pre-and post-sign intervals (200m before: 

F(5,205) = 198.26, p < .001, 𝜂𝑝
2 = 0.829; 50m after: F(5,205) = 527.296, p < .001, 𝜂𝑝

2 = 0.928). 

Post-hoc analyses revealed an interesting pattern; in all cases, SDLP around each of the sign 

types (including the blank control) was significantly lower than that calculated for the drive 

overall (also Figure 10a and b). This was surprising; based on our predictions one would have 

expected the opposite to occur, that SDLP would have in fact been higher around the signs, not 
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lower. Together with the fact that none of the sign types differed significantly from each other in 

their effect on participants’ steering performance, it must be concluded that our predictions were 

not supported. That is, SDLP was not significantly higher when passing negative images than it 

was when passing positive ones. Neither was there an interaction between valence and arousal in 

which differences were greatest between low arousal images only. 

 

 

Figure 10. Standard deviation of lateral position (in cm) for the intervals 200 metres before each 

billboard (left) and 50 metres after each billboard (right), as a function of valence and arousal of 

billboard images. Also compared are responses to blank control signs, and average SDLP 

calculated across all four drive. Error bars denote standard error of the mean. 

 

Driving Speed. Average speed was calculated for the same two intervals as were used to 

examine SDLP (200 metres before, and 50 metres after, each signboard). A 2 X 2 ANOVA 

revealed a significant effect of valence on participants’ speeds both before and after passing the 

signboards (200m before: F(1,42) = 8.976, p = .005, 𝜂𝑝
2 = 0.176; 50m after: F(1,42) = 9.678, p = 
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.003, 𝜂𝑝
2 = 0.178), though there were no effects of arousal (200m before: F(1,42) = 0.462, p = 

.501, 𝜂𝑝
2 = 0.011; 50m after: F(1,42) = 1.509, p = .225, 𝜂𝑝

2 = 0.035) or any interactions (200m 

before: F(1,42) = 0.611, p = .439, 𝜂𝑝
2 = 0.014; 50m after: F(1,42) = 0.014, p = .907, 𝜂𝑝

2 = 0.00) at 

either interval (Figure 11a and b). Post-hoc examination of these results showed that participants’ 

speeds around positively valenced images were slightly higher than those around passing 

negatively valenced images, both before and after passing the signs (200m before: M = 0.268, SE 

= 0.089, p = .005; 50m after: M = 0.262, SE = 0.084, p = .003) (mean differences in km/h). 

However, it should be noted that while statistically significant, realistically these differences are 

relatively small.  

 

 

Figure 11. Average speeds (in km/h) for the intervals 200 metres before each billboard (left) and 

50 metres after each billboard (right), as a function of valence and arousal of billboard images. 

Error bars denote standard error of the mean. 
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Further analyses comparing the four valence/arousal combinations with the blank control 

signboards revealed significant differences in speed as well (200m before: F(4,168) = 5.064, p = 

.001, 𝜂𝑝
2 = 0.108; 50m after: F(4,168) = 7.336, p < .001, 𝜂𝑝

2 = 0.149), with post-hoc analyses 

showing that participants drove faster around the control signs than around signs with images on 

them (Figure 12a and b).  

 

 

Figure 12. Average speed (in km/h) for the intervals 200 metres before each billboard (left) and 

50 metres after each billboard (right), as a function of valence and arousal of billboard images. 

Also compared are responses to blank control signs, and average speed calculated across all four 

drives. Error bars denote standard error of the mean. 

 

Finally, an analysis comparing driving speeds around all signs to average driving speeds 

found a significant difference between driving speeds around signs versus on open highway 

(200m before: F(5,210) = 336.51, p < .001, 𝜂𝑝
2 = 0.889; 50m after: F(5,210) = 352.67, p < .001, 

𝜂𝑝
2 = 0.894) (also Figure 12a and b). Post-hoc analyses revealed that overall, participants tended 
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to drive faster around signs of all types than they did when driving down stretches of highway 

with no signs beside them. While participants didn’t drive faster around the four image types 

than they did around the control, there was nevertheless an effect of valence on their driving 

speeds when comparing the four valence/arousal combinations directly. In other words, our 

prediction that driving speeds would be higher around positive images than around negative 

images was supported. 

 Image Memory. Following completion of the drives, participants completed the two 

image memory tasks: first the image recall task, followed by the image recognition task. 

Answers from the image recall task were reviewed and sorted into four image categories, each 

representing one of the four valence/arousal combinations. A 2 X 2 ANOVA was then 

conducted, comparing the average number of images freely recalled in each category. This 

revealed a main effect of valence (F(1,38) = 15.796, p < .001, 𝜂𝑝
2 = 0.294) on the number of each 

type of image recalled, as well as an interaction between valence and arousal (F(1,38) = 25.019, 

p < .001, 𝜂𝑝
2 = 0.397). Post-hoc analysis revealed that on average, individuals freely recalled 

more negatively valenced images than positive ones (M = 1.013, SE = 0.255, p < .001). 

Examination of the interactive effects further revealed that while high arousal images were 

recalled less often than low arousal images when they were positively valenced, this pattern 

reversed when images were negatively valenced (Figure 13). However, there was no evidence 

that arousal alone had any effect on recall (F(1,38) = 0.326, p = .572, 𝜂𝑝
2 = 0.009), which runs 

counter to the predicted pattern. However, presence of the interaction suggests that our 

prediction was at least partially supported in the image recall data; specifically, highly arousing 

images were indeed remembered more often, though only when they were also negatively 

valenced.  
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Figure 13. Post-drive image recall performance (average number of experimental images freely 

remembered), as a function of valence and arousal of images. Maximum number possible per 

category is 16 images. Error bars denote standard error of the mean. 

 

In order to assess image recognition, the “Yes” and “No” responses from the recognition 

survey were converted to “1s” and “0s”, allowing the relative proportion of recognition for each 

image category to be calculated (final results have been converted to percentages for easier 

interpretation). A 2 X 2 ANOVA was then carried out on these averages, which revealed a main 

effect of both valence (F(1,41) = 19.167, p < .001, 𝜂𝑝
2 = 0.319) and arousal (F(1,41) = 7.343, p = 

.01, 𝜂𝑝
2 = 0.152), as well as an interaction between these two factors (F(1,41) = 4.355, p = .043, 

𝜂𝑝
2 = 0.096). Further post-hoc analysis showed that negatively valenced images were recognized 

more often than positive ones (M = 8.3%, SE = 1.9%, p < .001), and highly arousing images 

more often than images lower in arousal (M = 4.3%, SE = 1.6%, p = .01) Examining the 

interaction, it turns out that the difference in recognition between high and low arousal images 

was mainly between images that were also positively valenced; in fact, there was almost no 
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difference between the two for negatively valenced images (Figure 14). While the presence of a 

main effect of valence was not included in the original prediction, the presence of a main effect 

of arousal as well as an interaction both provide support for our prediction that highly arousing 

images would be remembered more often than those lower in arousal. Together with results from 

the free image recall survey, the evidence suggests that overall, this prediction was supported in 

the image memory data. 

 

 

Figure 14. Post-drive image recognition performance (average percentage of experimental 

images recognized), as a function of valence and arousal of images. Percentages indicate the 

proportion of the 16 images in each category that individuals recognized. Error bars denote 

standard error of the mean. 

 

Discussion 

Despite finding support for our hypothesis in the pilot study, results concerning steering 

performance in Experiment 1 proved to be comparatively minimal. Contrary to what was 
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predicted, negatively valenced images did not lead to greater steering variations; in fact, there 

was no impact of valence on participants' steering behaviour whatsoever, either in the 200 metres 

leading up to the billboards, or in the 50 metres afterwards. Neither was there any influence of 

arousal. Furthermore, SDLP was no greater around signs with images than around blank control 

sights, which would be expected if emotional content nevertheless still had an overall impact on 

steering performance. In light of a lack of any discernible differences in steering performance, it 

is necessary to consider the possibility that the emotional impact of the images may not have 

been strong enough to elicit any changes in steering behaviour. Although we replaced many of 

the previously used images with clearer ones and increased the overall number of images in the 

experiment, we still avoided more extreme images—particularly negative ones—in an effort to 

avoid causing offense or undue mental stress. However, it is possible that negative images may 

only have the expected detrimental effect on steering performance when they are more extreme 

in nature. By restricting our choices for the sake of ethics, we may have unintentionally selected 

against such effects. 

 Unlike in the pilot study, SDLP around billboards was also compared to the average 

SDLP calculated for an entire drive. While not specifically predicted, it was nonetheless 

expected that if billboards are visually distracting in general (i.e., they draw a driver's attention 

away from the road regardless of content), then SDLP when driving by billboards would be 

comparatively higher than the average for the whole drive. However, this proved not to be the 

case; in an interesting twist, it was found that participants exhibited significantly less steering 

variation than average when passing billboards, not more. While this may have happened for any 

number of reasons, one possible explanation for this difference in steering performance from the 

pilot study may have to do with a concept known as ‘optic flow’. Originally implicated in 
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theories regarding visually-guided spatial orientation and locomotion, optic flow refers to the 

apparent pattern of motion of objects in a visual scene, relative to the moving observer. 

(Bruggeman, Zosh, & Warren, 2007; Gibson, 1950; Harris & Carré, 2001; Warren, Kay, Zosh, 

Duchon, & Sahuc, 2001). As an individual moves through the environment, forward locomotion 

creates an expanding pattern of optic flow in the objects around them, the origin of which is 

known as the focus of expansion. The focus of expansion aligns with the current heading of 

movement, and Gibson originally proposed that an individual could facilitate navigation by 

aligning the focus of expansion with their intended goal (Gibson, 1950, 1979; Harris & Carré, 

2001; Warren et al., 2001). In addition to the focus of expansion, another optical flow cue that 

aids in locomotor navigation includes the flow equalization strategy, where changes in the 

relative speed of objects in different areas of the visual field help to guide us back where the flow 

speeds are equal and forward movement is once again relatively straight (Duchon & Warren, 

2002; Turano, Yu, Hao, & Hicks, 2005). Relative proximity of objects in the visual field are 

determined by other optical cues: differential motion parallax, where distant objects seem to 

move in the same direction as the observer while closer objects seem to move in the opposite 

direction; and inward displacement, where objects nearer to the observer appear to move 

relatively faster than those that are farther away (Bruggeman et al., 2007; Cutting, Springer, 

Braren, & Johnson, 1992; Turano et al., 2005; Vishton & Cutting, 1995). The influence of optic 

flow has similarly been demonstrated in driving environments, where the presence of roadside 

objects providing optical flow cues are shown to have a relevant impact on steering performance 

and heading control (Giachetti, Campani, & Torre, 1998; Kemeny & Panerai, 2003). In 

Experiment 1 we added a bank of trees to either side of the road, with the dual purpose of both 

obscuring distant billboards as well as making the drives slightly more interesting (but not 
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distracting) and hopefully reducing boredom and mind-wandering in our participants. To test 

whether the presence of these trees had any impact on steering, SDLP in Experiment 1 was 

compared with that from the Pilot study, where there were no trees present. This comparison 

revealed that steering was significantly less variable in Experiment 1 than it had been in the Pilot 

study, suggesting that the newly-added bank of trees may have indeed introduced relevant optical 

flow cues that acted to guide participants’ steering. For a summary of these results, as well as 

comparison of SDLP with later experiments, see Appendix O. 

 Although results regarding steering performance were not as expected, examination of 

participants’ speeds turned up more positive results. In line with our predictions, there was a 

main effect of valence on driving speeds, with individuals driving significantly faster around 

positively valenced images (and therefore slower around negative ones), an effect that persisted 

for a short duration after passing the billboards as well. An interesting pattern also emerged when 

examining participants' driving speeds around the billboards in comparison to their average 

speeds for the entire drive. Based on the evidence we collected, it appears that individuals drove 

significantly faster than average when passing billboards—both in advance of the billboard as 

well as after having passed by it. The fact that positively valenced images seem to elicit faster 

driving speeds is consistent with patterns already existing in the research; Chan and Singhal 

(2013) too found that average speeds were higher on drives displaying positive images, though 

whether they tended to also be higher than the overall average for the drive is unknown. When 

driving in the real-world behaviour like this could potentially be disastrous, for a number of 

reasons. The distance required to come to a complete stop increases with higher driving speed, 

and the severity of vehicle collisions (either single or multiple vehicle) tends to increase as well 

(Aarts & Van Schagen, 2006; Renski, Hill, Carolina, & Council, 1999). If the positively 
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valenced billboard content causes a driver to unintentionally speed up, they may not be able to 

stop in time if a hazard appeared within that vicinity. Likewise, if they aren't able to brake in 

time (or they encounter a hazard where a collision is unavoidable) they are at an increased risk 

for a more severe collision due to the higher driving speeds. Taken all together, evidence from 

Experiment 1 provides increasing support for the notion that the valence of billboard images may 

have a notable effect on peoples' driving speeds. 

Results from the image memory tasks were also more encouraging in Experiment 1 than 

they had been in the pilot experiment. Looking at the image recall results, it appears that image 

valence played a greater role than arousal in the types of images that individuals freely recalled, 

in that individuals were more likely to recall negative images than positive ones. While this was 

not the effect that we were expecting, the interaction between valence and arousal revealed that 

although highly arousing images were recalled less often when they were positively valenced, 

individuals actually recalled more highly arousing images when they were negative in nature; in 

fact, participants recalled more highly arousing negative images than any of the other image 

types. Conversely, for image recognition it would appear that arousal did have a significant 

impact on the types of images that individuals recognized, in addition to the impact of image 

valence. In line with our predictions, highly arousing images were indeed recognized a greater 

proportion of the time than low arousal images were. At the same time, negatively valenced 

images were recognized more often than positive ones, mirroring their recall performance. 

Overall, these results imply that individuals may be paying more attention to negatively valenced 

content—including that which is also highly arousing—for the simple reason that they appeared 

to remember these images more than others and memory has previously been used to assess how 

much attention a particular stimulus has been paid (Talmi et al., 2008). Furthermore, the results 



 71 
 

are partly in keeping with existing research on emotion in memory, where researchers have 

found that highly arousing stimuli tend to be remembered better than lower arousal stimuli 

(Bradley et al., 1992). Finally, this pattern of results also provides an indirect indication that 

drivers may have spent more time looking at these types of images, as research concerning 

driving, emotion, and visual attention has found that negatively valenced images elicit longer 

gaze times and a higher number of visual fixations (Megías et al., 2011). Put another way, 

participants may have exhibited better memory for negative and highly arousing images because 

they spent relatively more time looking at them. However, in the absence of any gaze 

measurements, it is difficult to confirm this. Regardless, if drivers are paying attention to highly 

arousing negative billboard content and not paying attention to the road, they may miss relevant 

driving information such as red lights or braking vehicles—situations that could prove hazardous 

for themselves and other individuals on the road. 

Looking at the theoretical implications of these results with regards to exploratory 

selection, we can see that certain emotional aspects of the billboard images may have acted as 

salient attentional cues for our participants. Specifically, negative images—particularly those that 

were high in arousal—were remembered more often than those with a more positive tone, which 

suggests that more attention was likely paid to these types of images. This assumption is based 

on existing research suggesting that memory may be used as an indication of where attention has 

been directed (Talmi et al., 2008). Additionally, while the finding that speeds were higher around 

positively valenced images is consistent with existing research findings regarding emotions and 

driving, it also suggests that drivers may not have been paying full attention to their own driving 

behaviours, as more attentional resources may have been devoted to the billboard images than to 

the task of driving. 
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Overall, while some effects were more pronounced than those seen in the pilot study, 

there were still several limitations that nevertheless may have impacted results, particularly for 

those that lacked significance and/or did not follow predicted patterns. Regrettably, we were also 

unable to include any measures of eye-movement or gaze duration in the design due to the fact 

that we were unable to obtain a suitable eye-tracking monitor for Experiment 1. As such, we 

were unable to conclusively determine which billboards were looked at the most or for the 

longest—measures that would indicate which valence/arousal combinations drew the most visual 

attention and thus constitute a potential distraction. Additionally, we did not include hazards of 

any kind in the above research design, meaning we were unable to determine how different 

categories of billboard content might affect response to critical hazard events. This was 

unfortunate, as the discovery of any potential effects could be used to reduce the frequency of 

vehicle accidents and thus improve overall driver safety. This limitation, among others, was 

something we hoped to improve upon in Experiment 2. 
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Experiment 2 

Experiment 2 built upon the findings of the previous experiments, with many of the same 

basic elements, materials, and measures of driving performance present in Experiment 1 

subsequently included in this experiment as well. This included the signs, images, scenery and 

road layout, measures of driving performance (i.e., SDLP and average speed), memory tasks, and 

other participant questionnaires. 

The biggest change in Experiment 2 was the inclusion of simulated road hazards in the 

experimental drives. Overall, the goal of this manipulation was to determine whether different 

aspects of emotional content (positive/negative valence, high/low arousal) would impact 

participants’ reaction times to hazards when they occurred shortly after having passed the 

billboard. The second major addition in Experiment 2 was the inclusion of ambient traffic. The 

addition of ambient traffic served two purposes. First, it served to make the driving environment 

more realistic, as most roads that individuals drive on in real life have other cars driving on them 

as well. Again, this is an important feature, as one of the other goals of the current research was 

to create a realistic environment in which to investigate the impact of billboard content on driver 

attention. However, the main reason for including ambient traffic in the experimental drives was 

that it allowed us to introduce vehicle hazards that would otherwise be very obvious if they were 

the only vehicles that ever appeared to participants throughout the drives; in other words, having 

ambient traffic allows us to ‘hide’ the traffic hazards in amongst the other vehicles, making it 

less likely that participants would be able to anticipate the hazards. 

In addition to the inclusion of hazards and ambient traffic, other minor changes were 

made to the visual appearance of the experimental drives as well. To further increase the 

complexity of the driving environment, small groupings of buildings were added at relatively 
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regular intervals along both sides of the highway, and the layout of the driving route was 

changed. In both the pilot study and in Experiment 1, the driving route consisted of a straight 

two-way highway with a gentle set of curves in the middle of the drive. In Experiment 2, the 

highway was changed to a two-lane divided highway, and the overall route was altered to contain 

multiple small curves and straight portions, rather than one set of large curves. As with 

Experiment 1, these changes were made in an attempt to make the drives slightly more 

interesting and more closely resemble a realistic driving experience. 

Two changes were made to the paper questionnaires as well. A question regarding 

participants’ current mood was added to the intake questionnaire, and an additional survey 

pertaining to thoughts and feelings experienced during the drives was added to the set of post-

drive questionnaires. These were included because participants’ pre-existing moods could 

influence how they reacted to the images (Becker & Leinenger, 2011; Erickson et al., 2005; 

Isaacowitz, Toner, Goren, & Wilson, 2008; Koster, De Raedt, Goeleven, Franck, & Crombez, 

2005; Niedenthal & Setterlund, 1994; Tamir & Robinson, 2007). Furthermore, any off-task 

thoughts experienced during the drives could influence the degree to which individuals notice 

and react to the images on the billboards, as increased mind-wandering is has been shown to 

reduce the scope of peripheral visual attention. (He et al., 2011; Yanko & Spalek, 2013). 

Therefore, while not directly related to the experimental hypotheses, these added pieces of 

information are nevertheless relevant as they could have an indirect impact on the results. 

Predictions 

Because many of the basic design elements in Experiment 2 were the same as those in 

Experiment 1, those predictions can be applied here as well. In other words, the predictions made 

regarding steering, speed, and image memory for Experiment 1 will also be made for the 
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Experiment 2. However, the inclusion of reaction time measurements brings with it an additional 

hypothesis. Predictions for hazard reaction times are a somewhat difficult to make, as there are 

two possibilities for what might occur: (4a) Based on previous evidence (Trick et al., 2012), we 

would expect that reaction time to hazards following negatively valenced images would be 

shorter in duration than those following other image types, though mainly around those that are 

also low in arousal; (4b) On the other hand, if negatively valenced images do indeed attract 

longer look times and more fixations (e.g., Megías et al., 2011) and negative stimuli are 

furthermore more difficult to disengage attention from (e.g., Pratto & John, 1991; Smith et al., 

2006), we would therefore expect that that reaction times following these images would be 

longer in duration than for other image types. The reasoning behind this is that if visual attention 

has been drawn away from the road ahead for an inordinate amount of time, it would leave the 

driver less well equipped to notice and therefore react to an immediately occurring hazard. 

 

Methods 

Design 

The design of Experiment 2 consisted of a 2 (valence: positive and negative) x 2 (arousal: 

high and low) + (scrambled control) within-subjects repeated measures factorial design. There 

were four separate drives, the order of which was counterbalanced across participants. 

Dependent variables included steering variation, average speed, hazard reaction time, and 

memory for different image types. Steering variation was once again measured using Standard 

Deviation of Lateral Position (SDLP), and the average speed calculated as the average km/h 

around each of the different sign types. Hazard reaction time was measured as the average 

amount of time (in milliseconds) it takes for an individual to brake in response to the vehicle 
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hazards. Finally, memory for images was measured using the free recall and image recognition 

tasks. 

As in Experiment 1, steering and speed were measured over the 200 metres before, and 

50 metres after each billboard. The reasons for doing so were the same as previously stated in 

Experiment 1 as well: we were unsure where effects would actually arise given the difference in 

measurements styles in the existing research, and so we chose to examine these aspects of 

performance in both areas. 

Participants 

A total of 24 undergraduate students were recruited from the University of Guelph Sona 

Participant Pool to participate in Experiment 2 (14 male, 9 female, M age = 20.74, SD = 4.32), 

all of whom received course credit in exchange for their participation. As with the Pilot study, 

we did not carry out a priori power analyses because access to participants was already pre-

determined. However, given that the power analysis conducted following the Pilot determined 

that a sample of between 14 and 20 individuals would have been needed to detect effect sizes 

similar to those seen in previous research (e.g., Trick et al., 2012), we can confirm that the 

sample size obtained in this experiment is nevertheless still appropriate. 

All participants completed the same pre-sign up screening as before, though despite this 

pre-screening one individual did have to withdraw from the experiment due to simulator 

sickness. 61% of individuals indicated they had a G2 license, while the remaining possessed a 

full G license. The full set of participants’ demographic information and driving history can be 

viewed in Appendix P. 
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Stimuli and Apparatus 

As with the previous two experiments, we used a fixed-base Oktal Driving Simulator for 

this experiment (refer to Figure 1), with all the features and functions set up to operate as they 

had before. The images and image categories present in Experiment 2 were identical to those 

used in Experiment 1 as well (see again Figure 8), with one notable exception. In the previous 

two experimental designs, the control sign consisted of a blank white sign with no image on it. In 

Experiment 2, however, the control sign was re-designed to instead consist of a composite image 

containing scrambled versions of all experimental images. The motive behind this change was 

that it would hopefully represent an approximate average of the colors and luminance seen across 

the experimental images, and therefore be more representative of a control condition than the 

previous blank white signs.  

 

 

Figure 15. In Experiment 2, the blank control was replaced with a composite image that 

contained scrambled pieces from all images included in the experiment. 
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However, while the same signs as previous were used, their placement within the drives 

overall were altered slightly. Distance between signs was increased to approximately 1200 

meters, and were set approximately 33 metres back, perpendicular to the road. This latter change 

is based on Ontario regulations dictating that billboards along major highways with sign space 

between 325 ft2 and 650 ft2 must be set back a minimum of 84 metres (MTO, 2010). In initial 

designs, the customizable signboards were set at this distance; however, due to the resolution of 

the simulator projectors they proved difficult to see clearly at this distance and so were moved 

slightly closer (to the aforementioned 33 metres). Given that the signboards were set back from 

the road, they were rotated so that the images were angled at approximately a 54o with the road 

(as Ontario highway regulations also dictate that billboards must be angled a minimum of 45o as 

they relate to the direction of travel (MTO, 2010)).  

Once again, four simulated drives were created for Experiment 2, each of which took 

approximately 15 minutes to complete at the designated speed limit. However, while the same 

simulator and images were used, many of the elements present in the previous experiments were 

changed or redesigned. The most notable difference was the inclusion of vehicle hazards. For the 

sake of time and simplicity, only one type of hazard was used in this experiment: central vehicle 

hazards. For these hazards, a lead vehicle travelling ahead of the participant stopped abruptly, 

and in each instance, participants were required to stop as quickly as they could to avoid hitting 

the vehicle. There were a total of six hazards per drive: one after one instance of each 

valence/arousal image combination plus the scrambled control sign, as well as one hazard that 

did not appear near any billboards. This final hazard type served as a baseline for participants’ 

reaction time, to which we could compare reaction times to hazards after experimental images. 

The order of these hazards was also counterbalanced such that the first hazard in each drive 
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occurred around one of the four valence/arousal sign combinations at least once. At the start of 

each drive, all vehicle hazards were set to remain stationary, to ensure that braking hazards did 

not outpace the participant’s vehicle. Hazard vehicles were positioned approximately 160 metres 

in advance of a designated sign, and when participants passed over a trigger placed 360 metres in 

advance of a designated sign, the hazard vehicle became activated and accelerated up to 120 

km/h (in 8 seconds). The hazard vehicle then remained at this speed until the participant’s 

vehicle passed over a second trigger on the road (positioned approximately level with the 

designated sign). This signalled the hazard vehicle to brake and decelerate down to 0 km/h in 2 

seconds. After remaining stopped for 8 seconds, the hazard vehicle then accelerated back up to 

130 km/h (in 8 seconds), and became invisible again after 15 seconds. The distances between the 

activation trigger, the placement of the (initially) stationary hazard vehicle, and the braking were 

chosen so that the hazard vehicle had ample time to accelerate up to speed without the participant 

catching up to or overtaking it. They also ensured that the hazard vehicle did not outpace the 

participant’s vehicle before they passed over the braking trigger, signalling the hazard vehicle to 

stop. 

In addition to braking hazards, another major change to the design was the inclusion of 

ambient traffic. There were 16 ambient traffic vehicles present in each drive that appeared on the 

same side of the road as the participant’s vehicle, as well as in the oncoming lanes. The 

behaviour of these vehicles was set to random; that is, each vehicle had randomly generated 

minimum and maximum speeds, acceleration rates, etc. However, so as not to interfere with the 

braking hazards, vehicles travelling on the same side of the road as the participant were also 

programmed to stay in the left lane only (all braking hazards occurred in the right-hand lane). 
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Other elements changed in Experiment 2 included the road and scenery layout. The road 

type was changed from a two-way highway to a two-lane divided highway, and the layout of the 

overall driving route was also changed to include a number of switch-back curves punctuated by 

short periods of straight highway (the overall pattern reminiscent of a sinusoidal wave). The 

speed limit was also increased from 90 to 100 km/h. As in the previous experiment, a continuous 

bank of trees ran along each side of the road. However, this time they were accompanied by 

several groups of buildings set at approximately regular intervals along both sides of the 

highway. These buildings were set up to look like farmyards and other rural properties, much 

like what would be seen on the side of major highways. Overall, these changes were all made in 

an effort to more closely approximate a realistic driving experience than the previous two 

experiments had done.  

Finally, while much of the basic paperwork in Experiment 2 was the same as in the 

previous experiments, there were two notable additions to both the intake and post-drive 

procedures. The first addition was the Russel Affect Grid (Russell, Weiss, & Mendelsohn, 1989), 

which was now included with the set of intake questionnaires (Appendix Q). This questionnaire 

consists of a grid onto which participants can ‘map’ their current feelings. The horizontal axis 

represents how positive or negative a feeling is, with the leftmost side representing more 

negative feelings and the rightmost side representing more positive feelings. The vertical axis 

represents how arousing the feeling is, with the bottom representing more subdued feelings and 

the top half representing more arousing feelings. Participants can place an ‘X’ anywhere on the 

grid that they feel best describes their current mood. The other new addition was the Dundee 

Stress State Questionnaire (DSSQ: Matthews, Dorn, & Glendon, 1991), which was presented 

immediately after the post-drive self-report survey (Appendix R). This a questionnaire that 
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measures what drivers may have felt and thought while they were driving, and includes 32 

questions that tap into a range of different concepts. Participants rated the degree to which they 

experienced each feeling or thought on a 5-point Likert Scale (Feelings: 1= Not at all, 5= 

Extremely; Thoughts: 1 = Never, 5 = Very often). We included this survey due to suspicions that 

mind-wandering may have occurred in the Pilot Study and in Experiment 1, and that this may 

have had an impact on some of our results. For example, increased mind-wandering has 

previously been associated with faster driving speeds and poorer reaction times, both of which 

we would be measuring in this experiment (Duncan, Williams, & Brown, 1991; Mrazek, 

Smallwood, & Schooler, 2012; Yanko & Spalek, 2013). By including this measure we will be 

better able to determine the degree to which individuals experienced any off-task thoughts during 

the drives, and thus be better equipped to discuss their possible impact on our results, rather than 

purely speculating as we have been doing previously. 

Procedure 

The experimental procedures for Experiment 2 were largely identical to those used in the 

pilot study and in Experiment 1, with the notable exception of the two newly added 

questionnaires. The Russel Affect Grid was completed immediately following the screening and 

intake questionnaires, after which participants were taken into the lab to be introduced to the 

simulator and go on the short practice drive. Conversely, the DSSQ was administered 

immediately after participants had filled out the Post-Drive Self-Report, prior to being given the 

Post-Test Recall Survey (see Appendix S for a summary of ratings from the Post-Drive Self-

Report, as well as those from the NASA-TLX). All other materials used in Experiment 2 can 

once again be found in Appendices C through J. 
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Results and Discussion 

Results 

As with Experiment 1, repeated measures analyses of variance (ANOVA) were used to 

measure the effects of valence and arousal on our indices of driving performance; speed 

maintenance, steering performance, and reaction time. To guard against violations of sphericity, 

the Greenhouse-Geisser correction to degrees of freedom was used. The effect size was 

measured using partial eta squared (𝜂𝑝
2), and where post-hoc tests of means were carried out, the 

Least Significant Difference (LSD) was used. All analyses were carried out using IBM SPSS 

Statistics 24 (IBM Corp., 2016). For steering and speed analyses, three participants’ data had to 

be dropped. Two participants’ data were dropped due to excessive speeding (speeds greater than 

+2 standard deviations from the mean), and one participant’s data was dropped because they 

failed to follow instructions to brake in response to the hazards, and instead swerved or passed 

around them. As a result, the final sample size was 20.  

In addition to our planned examination of speed, steering, reaction time, and image 

memory, two other exploratory analyses were also conducted. The first sought to examine 

whether pre-existing moods—as measured by the Russell Affect Grid—had an impact on the 

pattern of effects that the emotional images had on driver performance. Due to concerns that off-

task thoughts (i.e., mind-wandering) may have impacted driving behaviours in previous 

experiments, we also administered the Dundee Stress-State Questionnaire (DSSQ) to 

participants. From these ratings, we hoped to not only find out the degree to which participants 

experienced off-task thought during the experiment, but also determine whether a greater 

experience of these thoughts and feelings were associated with differences in driving behaviours. 
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Average ratings for each item on the DSSQ can be found in Appendix T, and results from both 

sets of exploratory analyses are outlined in Appendices U and V, respectively. 

Steering Performance. Once again, participants’ steering performance was assessed using 

SDLP, calculated for the same two intervals as were used in the previous experiment; 200 metres 

before a sign, and 50 metres after a sign. The only exception was that SDLP measurements were 

not taken around signs where a hazard was present, because individuals will likely deviate from 

the center of the lane to a greater degree than normal when reacting to a braking vehicle. A 2 X 2 

ANOVA revealed an interactive effect of both valence and arousal on participants’ steering 

performance, though only in the 50 metres after they had passed the sign, F(1,19) = 5.39, p = 

.032, 𝜂𝑝
2 = 0.221 (Figure 15b). This interaction was not present in the interval 200 metres leading 

up to the sign, F(1,19) = 0.00, p = .998, 𝜂𝑝
2 = 0.00, nor were there any main effects of valence 

(200m before: F(1,19) = 0.809, p .380, 𝜂𝑝
2 = 0.041; 50m after: F(1,19) = 0.629, p = .437, 𝜂𝑝

2 = 

0.032) or arousal (200m before: F(1,19) = 2.022, p = .171, 𝜂𝑝
2 = 0.096; 50m after: F(1,19) = 

1.482, p = .238, 𝜂𝑝
2 = 0.072) (Figure 15a and b). Post-hoc examination of the interaction showed 

that the impact of valence on participants’ steering abilities was dependent on level of arousal, 

with SDLP being slightly lower for positive-low arousal images than positive-high arousal 

images, but slightly higher for negative-low arousal images as compared to negative-high arousal 

images. 
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Figure 16. Standard deviation of lateral position (in cm) for the intervals 200 metres before each 

billboard (left) and 50 metres after each billboard (right), as a function of valence and arousal of 

billboard images. Error bars denote standard error of the mean. 

 

Conversely, further analyses comparing SDLP around the four valence/arousal 

combinations with that found around the scrambled control did not reveal any significant 

differences (200m before: F(4,76) = 1.091, p = .367, 𝜂𝑝
2 = 0.054; 50m after: F(4,76) = 1.02, p = 

.402; 𝜂𝑝
2 = 0.051), either before or after passing the signs (Figure 16a and b). Ultimately, while 

there was no effect of valence on SDLP and no significant difference compared to the scrambled 

control, the interaction between valence and arousal followed the predicted pattern, and so our 

prediction regarding steering variability was partially supported; that is, there was an interaction 

between valence and arousal, where the difference in SDLP around positive and negative images 

was the greatest between low-arousal images (though only in the 50-metre period following a 

billboard). However, we didn’t find that SDLP was higher overall around negative images, 

which we had also predicted. 
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Figure 17. Standard deviation of lateral position (in cm) for the intervals 200 metres before each 

billboard (left) and 50 metres after each billboard (right), as a function of valence and arousal of 

billboard images. Also compared are responses to scrambled control signs. Original calculations 

were conducted using metres, values have been converted here to reflect centimetres. Error bars 

denote standard error of the mean. 

 

 Driving Speed. Participants’ average speeds were assessed during the same intervals as 

those used to assess SDLP above. A 2 X 2 ANOVA did not uncover any significant effects of 

valence (200m before: F(1,19) = 0.197, p = .662, 𝜂𝑝
2 = 0.010; 50m after: F(1,19) = 0.849, p = 

.368, 𝜂𝑝
2 = 0.043) or arousal (200m before F(1,19) = 0.012, p = .915, 𝜂𝑝

2 = 0.001; 50m after: 

F(1,19) = 0.476, p = .489, 𝜂𝑝
2 = 0.024), nor were any interactions present (200m before: F(1,19) 

= 0.283, p = .601, 𝜂𝑝
2 = 0.015; 50m after: F(1,19) = 0.259, p = .616, 𝜂𝑝

2 = 0.013) (Figure 17a and 

b). Analyses examining differences in speed between the four valence/arousal combinations and 

the scrambled control yielded similar results (200m before: F(4,76) = 0.160, p = .958, 𝜂𝑝
2 = 

0.008; 50m after: F(4,76) = 0.326, p = .86, 𝜂𝑝
2 = 0.017) (Figure 18a and b). Considering the 

evidence, the prediction that speeds would be higher around positive images was not supported. 
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Figure 18. Average speeds (in km/h) for the intervals 200 metres before each billboard (left) and 

50 metres after each billboard (right), as a function of valence and arousal of billboard images. 

Error bars denote standard error of the mean. 

 

 

Figure 19. Average speed (in km/h) for the intervals 200 metres before each billboard (left) and 

50 metres after each billboard (right), as a function of valence and arousal of billboard images. 

Also compared are responses to blank control signs. Error bars denote standard error of the 

mean. 
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Hazard Reaction Time. Reaction times to central braking hazards were measured as the 

time between when the lead vehicle’s brake lights came on (indicating that it was braking) and 

when participants first applied pressure to the brake pedal (indicating that they were braking in 

response). This was done for all six hazards in each of the drives, from which average response 

times for each valence/arousal combination (plus scrambled control and baseline) were 

calculated. To screen for outliers in the reaction time data (e.g., impossibly low reaction times 

indicating an anticipatory response, or abnormally high reaction times) a Z-score analyses is 

typically conducted using pre-determined cut-offs (e.g., 1.96, 2.00, or 2.50 standard deviations 

away from the mean). In order to obtain reliable reaction time data, typically a large number of 

hazards are required. However, to avoid sensitizing our participants to the hazards by having too 

many appear in a short period of time, we chose to only present one hazard per image category 

(plus one each for the scrambled control and baseline conditions) in each of the four drives. 

Unfortunately, having only four hazards per condition resulted in extremely high standard 

deviations, and so in this case screening based on Z-scores was not the ideal approach. Instead, 

we created box plots for each of the six hazard conditions and identified outliers based on the 

extreme (high) reaction time values displayed on the plots. Using this approach resulted in 9.6% 

of the individual reaction time trials being dropped from further analyses. Following the 

screening procedure, two participants’ data were also dropped. The first participant’s data was 

dropped because they did not follow instructions and changed lanes to pass all hazards they 

encountered. The second participant’s data was dropped because of excessive speeding (speeds 

greater than +3 standard deviations from the mean), which resulted in them overtaking of the 

several hazard vehicles before they could be triggered to stop. Therefore, the final sample size 

for reaction time analyses was 21. 
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A 2 X 2 repeated measures ANOVA was conducted to determine whether the billboard 

content had any effect on participants’ hazard reaction times. Analyses revealed a significant 

effect of valence (F(1,20) = 5.04, p = .036, 𝜂𝑝
2 = 0.201), though there was no effect of arousal on 

reaction times (F(1,20) = 2.11, p = .162; 𝜂𝑝
2 = 0.095), nor any interactive effects of the two, 

(F(1,20) = 0.773, p = .39, 𝜂𝑝
2 = 0.037) (Figure 19). Post hoc examination of the main effect of 

valence revealed that participants’ reaction times (measured in milliseconds) were significantly 

slower in response to hazards that appeared around billboards with negatively valenced content 

(M = 212.68, SE = 94.72, p = .036). However, analyses comparing the four valence/arousal 

combinations against the scrambled control sign did not find any significant differences, F(4,80) 

= 1.70, p = .159, 𝜂𝑝
2 =  0.078 (Figure 20), and there was no difference when reaction times 

around all billboard types (including scrambled control) were compared against baseline reaction 

times (F(5,100) = 2.11, p = .070, 𝜂𝑝
2 = 0.095) (also Figure 20). While there was no difference 

compared to control or baseline, there was nevertheless an effect of valence on reaction time 

when comparing the four valence-arousal combinations directly, and so it can be concluded that 

the latter prediction regarding reaction time was supported; that is, reaction times were indeed 

longer when hazards appeared around negatively valenced billboards (though only when 

comparing amongst the four valence/arousal combinations). 
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Figure 20. Average reaction time (in milliseconds) of responses to braking vehicle hazards, as a 

function of valence and arousal of images. Error bars denote standard error of the mean. 

 

 

Figure 21. Average reaction time (in milliseconds) of responses to braking vehicle hazards, as a 

function of valence and arousal of images. Also compared are hazard reaction times around the 

scrambled control, and when no billboards were present (baseline). Error bars denote standard 

error of the mean. 
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 Image Memory. Memory for the experimental images was once again measured using the 

free image recall and image recognition surveys, with data for analysis being calculated in the 

same manner as before. A 2 X 2 ANOVA was run on the results from the free image recall 

survey. No main effects of valence (F(1,12) = 0.174, p = .684, 𝜂𝑝
2 = 0.014) or arousal (F(1,12) = 

1.786, p = .206, 𝜂𝑝
2 = 0.130) were uncovered, though we did find an interaction between the two 

(F(1,12) = 12.015, p = .005, 𝜂𝑝
2 = 0.500) (Figure 21). Post-hoc examination of this interaction 

revealed that for positively valenced images a greater number of low-arousal images were 

recalled (M = 4.077, SE = 0.702), while for the negatively valenced images the opposite was 

true; that is, more highly-arousing images were recalled than low-arousal ones (M = 4.231, SE = 

0.632). Based this pattern of results, it would appear that our prediction regarding memory for 

images was only partially supported in the image recall results; that is, highly arousing images 

were remembered more often, but for negatively valenced images only. Regarding the image 

recognition survey, the 2 X 2 ANOVA did not find any effects of valence (F(1,21) = 0.342, p = 

.565, 𝜂𝑝
2 = 0.016) or arousal (F(1,21) = 1.583, p = .222, 𝜂𝑝

2 = 0.070), or any interactions between 

the two (F(1,21) = 0.049, p = .827, 𝜂𝑝
2 = 0.002) (Figure 22). In fact, all image types were barely 

recognized half of the time (positive valence/low arousal: M = 48.9%, SD = 23.8%; positive 

valence/high arousal: 52.8%, SD = 25.4%; negative valence/low arousal: M = 51.1%, SD = 

26.2%; negative valence/high arousal: M = 53.7%, SD = 20.7%). It should be noted that for the 

recognition survey in Experiment 2, the scrambled composite was also added to the set of images 

that participants were presented with (the blank control was not included in the survey in either 

the pilot study or Experiment 1). Further analyses comparing the image conditions to the 

scrambled control found a significant difference in recognition (F(4,84) = 14.051, p < .001, 𝜂𝑝
2 = 

0.401), with post-hoc analysis revealing that the scrambled control was recognized a much 
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greater proportion of the time compared to all other image categories (also Figure 22). Based on 

these results, our prediction that highly arousing images would be remembered most often was 

not supported in the image recognition data. However, given the interaction found in the image 

recall results, this prediction was still nevertheless partially supported in the image memory data 

overall. 

 

 
Figure 22. Post-drive image recall performance (average number of experimental images freely 

remembered), as a function of valence and arousal of images. Maximum number possible per 

category is 16 images. Error bars denote standard error of the mean. 
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Figure 23. Post-drive image recognition performance (average percentage of experimental 

images recognized), as a function of valence and arousal of images. Percentages indicate the 

proportion of the 16 images in each category that individuals recognized. Error bars denote 

standard error of the mean. 

 

Discussion 

Results regarding steering performance were relatively pronounced in Experiment 2. 

While participants' steering was technically more variable around negatively valenced images, 

the impact that negative valence had was ultimately not significant. Even so, the pattern of 

steering variation in the 50 metres following a billboard indicated that valence and arousal ended 

up having an interactive effect on participants' steering behaviour. As measured by SDLP, it 

would appear that participants were more likely to deviate from the center of the lane shortly 

after passing highly arousing positive images, but comparatively less likely to deviate from the 

center of the lane following highly arousing negative images. In other words, how greatly 

individuals' steering varies following positively or negatively valenced billboard content depends 
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on the arousal of that content. Likewise, any emotional billboard content that causes a driver to 

weave more in their lane is a matter of concern as they could weave so much that they 

momentarily leave their lane—or even leave the roadway altogether. Overall, while participants' 

steering behaviour was not significantly impacted by the valence of billboard content and did not 

differ markedly around the control, the general pattern and direction of results—though largely 

non-significant—are still supportive of the broaden-and-build hypothesis (Fredrickson, 2001) 

and the notion that steering is largely controlled using peripheral vision (Summala et al., 1996; 

Wickens, 2002). 

Results from the image recall task were also positive, and once again indicated that 

valence and arousal had an interactive effect on the types of images that participants freely 

recalled, a pattern mirroring that seen Experiment 1: participants recalled less highly arousing 

images when they were positive in nature, but more highly arousing images when they were also 

negative in nature. On the other hand, image recognition results were not as robust as they had 

been previously in that neither valence or arousal seemed to have any noticeable effect on 

whether or not participants recognized an image. Likewise, there was no indication that the two 

had any interactive effects either. The only notable result was that participants seemed to 

recognize the scrambled image significantly more often than they did the regular images, 

irrespective of category. However, it should be noted that the scrambled appearance of these 

signs was quite distinct compared to the other images, and with novelty being known to be a 

salient attentional cue (Cole & Hughes, 1984; Hughes & Cole, 1986) it is likely that their distinct 

nature made them stand out during the drives and become more recognizable afterwards. 

Regardless, based on the image recall data alone it is possible to tell which content participants 
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paid the most attention to based on which images tended to have the highest recall rates: highly 

arousing negative images, followed by low arousal positive images (Talmi et al., 2008). 

Our hazard manipulation also appeared to be fairly successful. Looking at the data, 

negatively valence had an effect on participants' hazard reaction time, in that participants 

displayed a more delayed braking response to hazards that appeared around billboards displaying 

negatively valenced images compared to those that displaying positive content. On the other 

hand, reaction times were not significantly different when we compared them to those in 

proximity to the scrambled control billboards, nor were they markedly different as compared to 

baseline. Regardless, findings from our main analysis are in-line with patterns of performance 

found in more basic research on negative affect and attention. In emotional Stroop tasks, 

individuals often perform poorly or take longer to respond on target tasks when the distractor 

(the actual text of the word) is negatively valenced, indicating difficulties with ignoring the 

distraction and switching attention back to the main task (Mckenna & Sharma, 1995; Pratto & 

John, 1991; Smith et al., 2006). Looking at our reaction time results, we can see a similar pattern 

of performance emerging: when the vehicle hazards occurred near negatively valenced billboard 

images, participants appear to have had more difficulty switching their attention from the 

negative images back to the main driving task, as evidenced by their slower reaction times. 

Although it is hard to tell whether individuals were looking at these negative images prior to 

encountering the hazard without measuring their eye movements, the results from our image 

memory tasks (in both Experiments 1 and 2) imply that negative and highly arousing images 

were paid the most attention by participants. While the nature of our reaction time results do not 

follow this pattern exactly, the fact that negative valence plays a role in the outcome of each 

suggests that the two could potentially be related: individuals apparently paid the most attention 
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to highly arousing negative images, and reaction times were also notably different when hazards 

appeared around negatively valenced billboards. It is somewhat complicated to compare our 

reaction time results with those found in similar driving studies, given that there is some 

conflicting evidence regarding whether negative valence has a faciliatory or a detrimental effect 

on driver response to unexpected hazards (e.g., Megías et al., 2011; Trick et al., 2012). Having 

said this, Trick and colleagues (2012) did find that negative images were associated with the 

longest hazard response times, though only when the hazard appeared 500 milliseconds after the 

image was presented, and only if the image was also high in arousal (negative-low arousal 

images actually elicited the fastest response times at this time delay). Taken with the overall 

effect that valence had on our reaction times, this suggests that there are certainly cases where 

negative valence can have a detrimental impact on drivers’ responses to unexpected road 

hazards. 

Finally, with such promising results regarding driving speed in Experiment 1, it was 

anticipated that results in Experiment 2 would be so as well. In reality, they were quite the 

opposite; image valence did not exhibit any notable effects on participants' driving speeds when 

they were driving by billboards. In other words, individuals did not drive significantly faster (or 

even slower) around positively valenced images, compared to negative ones. Furthermore, it 

does not appear as though arousal had any effect either. In fact, it seems as though participants' 

driving speeds were not affected whatsoever by the billboard content, considering they didn't 

drive noticeably different around the scrambled control billboards either. Our previous pattern of 

results aligned with those already found in the research (Chan & Singhal, 2013), seeming to 

indicate what may be a stable effect of positive valence. Thus, it is puzzling that we did not 

obtain similar results here.  
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Overall, when considering the results of Experiment 2 from the perspective of 

exploratory attention, our findings once again suggest that certain aspects of the emotional 

content on our billboards may have acted as salient attentional cues. The presence of an 

interaction between valence and arousal whereby highly arousing negative images were 

remembered the most of all the image categories once again suggests that they may have enjoyed 

more attention from participants than other image types (Talmi et al., 2008). Furthermore, the 

fact that negative images were associated with longer reaction time also implies that drivers 

showed a preferential interest in these images; thus when the time came to respond to the 

hazards, they were not able to re-direct their attention quick enough to react efficiently.



 97 
 

General Discussion 

Summary of Findings 

 Overall, the results of this research revealed that the valence and arousal of emotional 

content displayed on roadside billboards did have some effect on driver behaviour, although 

most effects were relatively weak and inconsistent between experiments. Nevertheless, there was 

still sufficient evidence to suggest that different patterns of emotional valence and arousal—as 

represented in billboard images—may act as salient attentional cues and not only preferentially 

bias attention in driving situations where exploratory selection is likely to occur (i.e., where there 

is no specific driving goal), but affect steering, driving speed, and hazard response as a result of 

this change in attention. 

Looking to indices of driving performance, across our three experiments, valence and 

arousal were seen to have a somewhat interactive effect on drivers’ general steering abilities: in 

the pilot study steering was the least variable around positively valenced images; in Experiment 

2 the lowest steering variability was seen around positive and low arousal images. While these 

patterns were not completely in line with our predictions, the impact of valence was still 

consistent with similar research done by Chan and Singhal (2013), who found that steering 

tended to be better around signs containing positively valenced content. The agreement between 

these two studies suggests that positively valenced emotion—including that elicited by visual 

stimuli on billboards—does have a somewhat repeatable effect on steering performance. It also 

consistent with proposed connections between the broaden-and-build hypothesis and the basis of 

steering ability (Fredrickson, 2001; Summala et al., 1996; Wickens, 2002). Under the broaden-

and-build hypothesis, positive emotion is associated with an increase in general global attention. 

At the same time, the ability to keep a vehicle within the driving lines is said to be controlled 
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using peripheral vision, which is a form of ambient attention that is also heavily implicated in 

orientating and facilitating movement through one’s environment. By this token, steering should 

therefore be better under conditions of positive emotion. Given that we saw better steering 

performance around positively valenced images, this would indeed seem to be the case. Looking 

at driving speed, results were somewhat more inconsistent. In the Pilot study we saw a marginal 

interactive effect of valence and arousal on how fast participants drove, with the lowest speeds 

being around highly arousing positive images, and low arousal negative images. However in 

Experiment 1 we instead only saw a main effect of valence in that participants drove slightly 

faster around positively valenced images. These effects then disappeared altogether in 

Experiment 2. Still, the pattern found in Experiment 1 was consistent with effects found 

previously by Chan and Singhal (2013); they too saw higher speeds in the presence of positively 

valenced content. This similarity between our results from Experiment 1 and their study indicates 

that this may be a steady trend; however, the marginal interaction found in the pilot study also 

suggests that perhaps more research is needed on the impact of valence and arousal on driving 

speed. Our last metric of driving performance—reaction time—appeared to be influenced by the 

valence of emotional content on our billboards. Response to the vehicle hazards were the slowest 

when individuals were passing billboards displaying negatively valenced content. This pattern is 

consistent with findings from emotional Stroop experiments where individuals experience 

greater interference with the primary task (color identification) when the distractor (the word) is 

negative, caused by a difficulty with switching attention away from the negative distractor 

(Mckenna & Sharma, 1995; Pratto & John, 1991; Smith et al., 2006). With reference to our 

findings, this suggests that the negative content on our billboards captured attention and made it 

difficult for participants to re-engage their attention with the driving task and react quickly to the 
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braking vehicle ahead of them. Additionally, although similar driving studies present conflicting 

evidence with regards to negative content having a beneficial versus detrimental effect on 

reaction time, our results nevertheless do align with a subset of these findings; specifically, we 

find some commonality with results from Trick and colleagues’ (2012) study, in that they too 

found viewing negative images had a detrimental impact on individuals’ hazard reaction time, 

though only if they were highly arousing, and only when the hazards appeared after a set period 

of time. 

Findings from our image memory tests suggest that these changes in driving behaviour 

may have had something to do with the effect that valence and arousal had on biasing driver 

attention. While we were not able to measure eye movement directly (video coding in the pilot 

study was unreliable and thus uninformative), memory has previously been used as an indirect 

method for assessing attention paid to previously viewed stimuli (Talmi et al., 2008). In light of 

this, we believe that our two memory tests proved to be a suitable alternative for measuring 

peoples’ visual attention. Regarding image recall, an interactive effect of valence and arousal 

was present in all three experiments, with an added effect of valence appearing in Experiment 1. 

What this means that without any prompting, individuals were able to remember more 

positive/low-arousal than positive/high-arousal images, and more negative/high-arousal images 

than negative/low-arousal images. With regards to the effect of valence, more negative images 

were recalled overall (though the pattern of recall across negative images remained the same). 

Conversely, the only significant effects for image recognition were in Experiment 1, where we 

found both an effect of valence as well as arousal. Specifically, participants recognized more 

negative images than positive ones, and more high arousal than low arousal ones (meaning that 

the highest proportion of recognition was for the negative/high-arousal category). While results 
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of the two memory tasks don’t match up exactly, when the overall set of patterns are considered 

we find that they partially align with both our own predictions as well as patterns found in the 

literature: we had originally predicted that highly arousing images would be remembered the 

most of all the image categories based on findings from both Chan and Singhal (2013) and 

Bradley and colleagues (1992), and we do find this to be the case, though only for negatively 

valenced images. Interestingly, when one examines the existing research on emotional images 

and the patterns of visual attention they produce, you find that results the patterns of recall and 

recognition that we found here also partially align with results concerning gaze duration and eye-

fixations, in that negatively valenced images tend to elicit longer gaze times and a greater 

number of fixations (Megías et al., 2011). When taken all together, we could infer that 

individuals remembered highly arousing negative images because they the most attention to 

them, and that the reason they paid the most attention to them is because their eyes were drawn 

to them more often that to other image categories. However, without the eye-tracking data to 

back this up, it is only an educated guess. 

Although several of our findings did not align with those from previous research, is 

possible that the effects of valence and arousal that we were expecting to see—but did not find—

only appeared as they did in other related driving studies because individuals were deliberately 

attending the emotional stimuli in order to make judgements about them. For instance, Watson 

and Blagrove (2012) found that when participants were enumerating (counting) happy or sad 

faces, performance was only faster in response to sad faces when they also had to rate the 

valence of the faces. Similarly, MacLeod, Stewart, Newman, and Arnell (2017) posited that the 

emotional words they used in their attentional blink tasks may have only been as impactful as 

they were because individuals were also required to determine whether target words were in 
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upper or lower case at the end of each trial. This meant these words were being targeted for a 

greater focus of attention beforehand, and at the same time being held in working memory in 

preparation for a later response. Based on these examples, deliberation over relevant emotional 

stimuli may confound the effect that valence and arousal alone have on performance. Therefore, 

when only looking at whether certain emotional stimuli have the power to draw interest on their 

own—as we did in our research—you may find the overall effects of emotion do not have quite 

the same pattern of influence on factors such as driver attention and behaviour.  

Study Limitations 

While we were successful in our new approach at providing evidence for the impact of 

emotion on driver attention and performance under conditions of exploratory selection, our 

results were still somewhat inconsistent across experiments. This may be due in part to a number 

of limitations and shortcomings in the research. For one, we had limited access to participants for 

both the pilot study and Experiment 2, resulting in final sample sizes that were far below what 

we were ideally hoping to obtain. Not only did this limit the experimental power that we could 

achieve, but also increased the effect size that would need to exist in order for results to be seen 

in a sample of this size. 

Although we obtained a significant effect of valence from our vehicle hazard 

manipulation, the small number of hazards employed per condition was nevertheless somewhat 

of a limitation. In order to collect reliable reaction time data, typically at least 10 hazards per 

condition would be used. For Experiment 2, this would have meant including 60 vehicle hazards: 

10 hazards for each valence/arousal combination, as well as 10 for the scrambled control and 10 

for the baseline condition. With 80 billboards present in the experiment overall, this would have 

meant having a hazard appear after nearly every one. However, to include this many hazards in 
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the experiment would have been disadvantageous, for a number of reasons. First of all, if a 

hazard appeared after every billboard, participants would have started slowing down every time 

they approached a billboard. In this case, you would no longer be measuring response to hazards, 

but simply the ability to anticipate an expected event. Adding to this, you must be cautions not to 

sensitize people to the hazards by having too many in too short a period of time. Drivers 

typically don’t experience a high volume of hazards when travelling on real roads, and so to 

experience 60 in a one-hour period of driving (the total driving time in Experiment 2) would 

have been extremely unnatural. One of our goals with this series of experiments was to provide a 

realistic driving environment, and to do so participants needed to be relatively surprised by the 

hazards, just as they would be in real-life. Finally, increasing the number of braking incidents 

also increases the probability that participants will experience simulator sickness, which should 

be avoided. However, the downside to reducing the number of hazards (for the above reasons) is 

that we should have included a larger number of subjects in order to compensate for the small 

number of hazards per condition. Given that this was not feasible due to the number of 

participant pool hours available to each researcher, the conclusions that we have drawn regarding 

our reaction time results should be considered with an element of caution. 

In addition to these constraints, we also did not adequately consider other possible factors 

that could influence participants’ performance when we were designing our experiments. For 

instance, we were negligent in not considering participant fatigue, given that perceived feelings 

relating to tiredness of were found to be associated with higher driving speeds (alertness and 

activity were inversely related in the same manner). However, other than post-test ratings of 

feelings on the DSSQ we didn’t collect any other information related to fatigue, such as hours of 

sleep or perceived fatigue prior to beginning the experiment. Looking back it would have been 
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wise to do so, given that correlations cannot clearly tell us whether participant fatigue actually 

interfered with the effects of valence on driving speed or not.  

Another factor that we did not consider when designing our experiments is that the IAPS 

images we chose may not have been powerful enough to elicit the predicted effects. Prior to 

beginning our selection, we explicitly ruled out any extreme image choices (particularly those 

depicting gore, nudity, or any similarly disturbing content) for two main reasons; to facilitate 

easier ethics approval, and to avoid offending or upsetting anyone during the experiment. While 

well-meaning, this decision may have left us with a set of images that were too narrow in their 

ratings of valence and arousal to produce any differentiated effects. It is possible that a more 

bipolar set of positive/negative and high/low-arousal images would have been more successful in 

eliciting consistent and expected changes in driving performance. Regardless of power, it is also 

possible that our chosen images were simply not perceived by our participants in the same way 

as those who had originally rated them. As such, we should have had participants rate the images 

for their valence and arousal at the conclusion of the experiment so that we could verify whether 

or not the images we chose actually elicited the same levels of valence and arousal that they had 

previously been rated for. If they did not match those provided with IAPS, we could have then 

analysed driving performance and image memory as per these new ratings to determine whether 

any of the effects also lay in this alternate pattern of organization. A final issue to consider with 

the IAPS images is that despite their utility for eliciting emotion, they are not truly representative 

of the type of content that you would see displayed on a billboard at the side of the road. True 

billboards generally convey some sort of meaning information to the viewer; in comparison, the 

IAPS images can seem meaningless and abstract. As such any effects found when using these 

images—thought highly informative—may not transfer entirely to real-life situations. 
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Another potential limitation of these studies lies in the design of the driving environments 

themselves. In our pilot study, we designed an environment that was lacking any scenery, with 

the idea being that billboards would be the only features capable of attracting attention. 

However, it is likely that this decision worked against us in that it contributed to boredom and 

mind-wandering, which may have impacted participants’ attention and driving performance. 

Furthermore, there was nothing to obscure upcoming billboards, and so they could be seen in the 

distance as soon as the simulator program rendered them. To combat these issues, we added a 

continuous row of trees along each side of the road in Experiment 1, both to add some needed 

complexity to the environments as well as to hide upcoming billboards from view. Yet despite 

this effort to make the drives slightly more interesting (but not distracting), it is likely that off-

task thoughts were still occurring. By adding ambient traffic and groups of buildings to our 

drives in Experiment 2, we hoped that we had finally addressed this issue. However, results from 

the DSSQ proved otherwise. 

Finally, one of the biggest drawbacks of this research is that we did not have an eye-

tracking monitor with which to reliably measure of participants’ eye movements and gaze 

durations. An initial goal of this study was to determine which emotional conditions of billboard 

content garnered the most visual attention in situations where exploratory selection was taking 

place. We can indirectly infer this information based on image memory and which features had 

the most impact on participants’ driving behaviours; however, without data on eye-movement we 

cannot conclusively say whether certain aspects of emotion (presented visually) are more salient 

than others when it comes to exploratory selection in a driving environment. Having such 

information would have been invaluable, not only in helping to interpret results from analyses of 

driving performance, but also in more decisively determining whether the visual attention that 
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these images attract are distracting enough to constitute an undue hazard to drivers (based on 

how long their eyes are directed away from the road). 

In light of these limitations, it is obvious that there is still much to be done and improved 

upon as the research moves forward. Most importantly, future research into the effect of 

billboards should include the use of an eye-tracking monitor, so that visual attention to various 

content can be measured and compared. Suitable samples sizes should also be calculated and 

used for all experiments, as this likely worked against us in some of our own experiments. Of 

equal importance, measures of participant mood and fatigue should be collected prior to testing; 

similarly, ratings of valence and arousal for the stimuli used should also be obtained from 

participants at the conclusion of testing. Other factors to consider in future experiments also 

include making sure that driving environments are of a suitable complexity to maintain interest 

in the experiment, but at the same time not so complex as to distract from the stimuli of interest. 

Additionally, care should be taken to ensure that hazards (if used) are not immediately 

conspicuous to participants, in order to prevent them from forming an anticipatory response. 

Future Directions 

Once these methodological and design issues have been addressed, there are a number of 

options for where this research can go next. For example, concern over the impact of billboards 

on driver behaviour has often focused on the distraction that animated (as opposed to static) 

billboards may cause, given that they are bright, flashy, and include moving features. Movement 

and change (marked by stimuli onsets and offsets) are two very salient attentional cues, both 

capable of facilitating a quick and reflexive orientation of attention (Trick & Enns, 2009; Trick et 

al., 2004). In basic research, motion has been used to either draw attention towards or away from 

the location where a target will appear, facilitating or hindering responses, respectively 
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(Raymond, 2000). Similarly, change has also been used to facilitate a quick reorienting of 

attention, a feat that is particularly effective if the stimulus has an emotional connotation 

(Huijding et al., 2011). However, as with any reflexive response, reflexive selection is nearly 

impossible to consciously stop once it has begun, which can be problematic in situations where 

little attention can be spared. To study the multiple effects of emotion and animated billboards on 

driver attention and behaviour, one could carry out a series of experiments. Simple animations 

could be created by stringing a series of still frames together (much like stop frame animation). 

Given that there is no database like the IAPS for short animations, they would also have to be 

rated en-masse for their valence and arousal prior to being presented in simulation. Initial 

experiments might look solely at how the emotional content on these billboards (displaying 

simple stop-frame animation) performance, with subsequent experiments then looking at the 

possible interactive effects between emotional content and the different types of animated motion 

and change (e.g., sudden appearance, left/right slide, dissolve, etc.) 

Another possible direction for future research is to conduct an experiment on real roads 

with real billboards, albeit in a much more systematic and controlled manner than previous 

research has done. Immersive driving simulators are invaluable for a number of reasons, not the 

least of which is the ability to safely investigate hazardous driving scenarios in a safe 

environment where individuals are never in any actual physical danger. Having said this, we will 

never be able to completely replicate the experience of driving a real vehicle on a real road, no 

matter how sophisticated simulator technologies become. Existing driving habits may not 

transfer entirely to simulated driving, and the lack of true consequence may lead to drivers not 

treating the driving task as seriously as they should. Therefore, after carefully calculated research 

has been carried out in a simulator, real-world testing is the next logical step. Ideally, such an 



 107 
 

experiment would begin by having a number of individuals rate the content of various billboards 

(either static or animated) for qualities such perceived valence, arousal, enjoyment, disgust, 

attention-grabbing ability, etc. A separate set of individuals would then drive a pre-determined 

route that takes them past the billboards of interest, during which time measures of speed, 

steering, headway, and eye-movements would be recorded. These measures would subsequently 

be compared to ratings provided earlier so as to determine whether those perceived qualities had 

any impact on how people performed when actually driving by the billboards. In this way, it 

would be possible to ascertain what it is about certain billboards that causes people to drive 

differently—and possibly unsafely—around them. 

Contributions and Implications for Research 

Overall, this research makes a contribution to research on attention, distraction, and 

emotion, both in basic as well as applied settings. First and foremost, our research approach was 

novel in that we were looking to determine the impact that emotional images have on driver 

attention and behaviour when individuals are not forced to look at the stimuli. Rather, they were 

allowed to discover them without underlying goals or interference. As such, our findings provide 

new evidence that the emotional components of valence and arousal—along with features such 

as retinal size, contrast, and novelty (Cole & Hughes, 1984; Hughes & Cole, 1986)—can act as a 

salient attentional cue at times when exploratory selection is most likely to occur. Our results 

also add to the existing body of research on memory for emotionally-relevant stimuli, given that 

our images were remembered differently depending on the latent emotional qualities (i.e., 

combinations of valence and arousal) that they possessed. In light of Experiment 2’s 

shortcomings, we have also revealed a need for more researchers to consider the arousal of 

emotions and moods when studying things like mood-congruity. This would not only further 
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their own knowledge and knowledge within their specific field, but would also benefit more 

applied fields of research such as our own. 

Moving outwards to implications for driving research, the results for our exploratory 

analyses revealed that there are many underlying factors to consider—and therefore control for—

when conducting a driving study. It is our hope that other driving researchers take heed of this, 

and include measures of mood, fatigue, and off-task thought when designing their experiments. 

Another point of knowledge that may be valuable to other driving researchers is that measures of 

item recall and recognition can be a suitable alternative for measuring attention, in the event that 

direct measures of eye movement are simply not possible. This research project also provided a 

learning opportunity for our lab. Prior to carrying out these studies we were unsure whether our 

simulator software would even allow us to create suitable billboards within the program. 

Furthermore, when we discovered that the signs that we were initially provided were too small, 

we also learned how to create our own using 3d modelling software and import them into the 

simulator program; this skill in particular is very valuable, as we can apply it to any number of 

future research projects. 

Finally, from the perspective of driver safety, our results highlighted that billboards—if 

they contain emotional content—could constitute a significant distraction to drivers on the road. 

If billboards display content containing certain types of emotions (e.g., negative/high-arousal 

emotions), drivers may find their gaze drawn towards these salient features, and thus away from 

the road. This could prove to be hazardous if a critical event appears that requires a driver’s 

immediate attention given that it could take them several moments to re-orient their attention. 

Not only might billboards draw attention away from the road, but the emotions that they elicit in 

drivers might also cause them to exhibit driving behaviours that may not be safe, such as 
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excessive speeding or swerving. Furthermore, these effects may persist for a short time even 

after a driver has passed the billboard in question. While there is much more work to be done on 

this subject, the information that we have gathered so far is nevertheless still very valuable. It 

provides insight into the various cognitive and attentional pressures that drivers are subjected to 

on a daily basis, and highlights several factors that could impact the safety of roadway users. 

Moreover, this information has possible implications for real-life applications, such as in the 

creation of policies specifying what type of content is allowable on billboards near high-speed 

roadways. 
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Appendix A. Description of sample for Pilot Study 

A1. Demographics, General Health, and History with Sports and Video Games 

Percentages indicate the percentage given the number of individuals who responded to each 

question, rounded to the nearest point; therefore, there may be cases where percentages do not 

sum to exactly 100. n = number of individuals who responded to a question (maximum = 24) 

 

Gender (n = 24) 

 Males          20.8% 

 Females         79.2% 

 

       M  SD  Range 

Age in years (n = 24)              20.0            4.09            18 – 39 

 

Vision Problems (n = 24) 

 No          62.5% 

 Yes (all corrected with glasses)      37.5% 

 

Hearing problems (n = 24) 

 No          100% 

 Yes          0% 

 

Do you play sports? (n = 24) 

 No          12.5% 

 Yes          87.5% 

 

Currently playing sports (n = 24) 

 No          58.3% 

 Yes          41.7% 

 

Years playing all sports (n = 20, M = 7.74, SD = 3.51) 

 0-4          15% 

 5-8          55% 

 9-12          20% 

 13-16          10% 

 

Years playing current sports (n = 9, M = 11.4, SD = 2.87) 

0-4          0% 

 5-8          11.1% 

 9-12          55.6% 

 13-16          33.3% 
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Hours per week playing all sports (n = 20, M = 3.59, SD = 3.49) 

 0-3          75% 

 4-6          20% 

 7-9          0% 

 10 or more         5% 

  

Hours per week playing currents sports (n = 9, M = 4.52, SD = 5.23) 

 0-3          66.7% 

 4-6          11.1% 

 7-9          11.1% 

 10 or more         11.1% 

 

Do you play video games? (n = 23) 

 No          69.6% 

 Yes          30.4% 

 

How many hours per week do you play video games? (n = 7, M = 6.14, SD = 5.64) 

 0-3          42.9% 

 4-8          28.5% 

 9-12          14.3% 

 13-16          14.3% 

  

How many years (have you played video games)? (n = 6, M = 7.67, SD = 5.54) 

 0-3          16.7% 

 4-8          50% 

 9-12          16.6% 

 13-16          16.7% 

 

 

A2. Driving History 

Percentages indicate the percentage given the number of individuals who responded to each 

question, rounded to the nearest point; therefore, there may be cases where percentages do not 

sum to exactly 100. n = number of individuals who responded to a question (maximum = 24) 

 

What level of driver’s license do you currently have? (n = 22) 

 G2          86.4% 

 G          13.6% 

 

Do you own a car? (n = 22) 

 No          68.2% 

 Yes          31.8% 

 

What kind of driving do you do most often? (n = 20) 

 Urban          50% 

 Rural          25% 

 Highway         25% 
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At what age did you first start driving? (n = 22, M = 16.18, SD = 0.501) 

16          86.4% 

17          9.1% 

18          4.5% 

 

At what age did you first get your license? (n = 22, M = 16.23, SD = 0.685) 

 16          86.4% 

17          9.1% 

18          0% 

19          4.5% 

 

How many days ago did you last drive? (n = 22, M = 14.64, SD = 20.29) 

 0-9          63.6% 

 10-19          18.2% 

20-29          0% 

30-39          0% 

40 or more         18.2% 

 

How many times a month do you drive on average? (n = 22, M = 17.30, SD = 14.17) 

 0-7          40.9% 

 8-14          9.1% 

 15-21          13.6% 

22-28          9.1% 

29 or more         27.3% 

 

How long do you drive on an average day (in minutes)? (n = 22, M = 49.18, SD = 20.01) 

 0-19          4.5% 

 20-39          31.9% 

 40-59          13.6% 

 60-79          40.9% 

80-99          4.6% 

100-119          0% 

120-139          4.5% 

140 or more          0% 

 

How far do you drive on an average day (in kilometers)? (n = 18, M = 48.5, SD = 33.5) 

 0-9          0% 

 10-19          11.1% 

 20-29          16.7% 

 30-39          5.5% 

 40-49          5.6% 

 50-59          38.9% 

 60-69          11.1% 

 70-79          0% 

 80 or more         11.1%



 

  
 

1
3
5 

Appendix B. Description of experimental images used in the Pilot study, with their ratings from the International Affective Picture 

System (IAPS) database 

  Valence  Arousal  

Positive Valence, High Arousal   M  SD  M  SD  

Skier: an individual (possibly an Olympian) is skiing down from the top 

of an Olympic ski jump slope 

 

7.33 

 

1.76 

 

7.35 

 

2.02 

 

Hiker: an individual is standing near the edge of a rock (the impression is 

that it is high up) with tall mountains in the background 

 

6.53 

 

1.66 

 

6.49 

 

2.05 

 

Bungee: a woman has just leapt off of a bungee platform, below her is a 

river, and a bridge with cars driving across 

 

6.48 

 

2.18 

 

6.99 

 

2.35 

 

CliffDivers: two individuals have leapt off of a cliff, and are falling 

towards the pool at the bottom of a waterfall 

 

7.12 

 

1.88 

 

6.59 

 

2.12 

 

Skysurfer: a skydiver dressed in all red, with a red snowboard, is in 

freefall, with the mountains and the ground below him 

 

7.01 

 

1.57 

 

6.84 

 

2.01 

 

Motorcyclist: a helmeted individual on a racing motorcycle is leaning 

dramatically to the right as they go around a sharp corner 

 

6.18 

 

1.8 

 

5.85 

 

2.18 

 

Plane: an older individual is flying a red plane (with an open cockpit), 

and is towing a glider behind the airplane. The ground is seen 

below/behind the airplane 

 

6.85 

 

1.69 

 

5.8 

 

2.36 

 

Rollercoaster: ten individuals are strapped into the seats on a yellow 

rollercoaster, and are slightly blurred as the ride speeds around a corner 

on the track 

 

7.21 

 

2.26 

 

7.31 

 

1.64 
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Positive Valence, Low Arousal          

Butterfly: a blue and black butterfly is perched on the bud of a flower, 

with red flowers in the background 

 

6.5 

 

1.64 

 

3.43 

 

1.96 

 

Elephants: a mother elephant, with her baby beside her, are walking in the 

grasslands 

 

6.83 

 

1.33 

 

3.6 

 

2.11 

 

Fish: an orange clownfish is hiding in a pink sea anemone  6.65  1.8  3.46  2.32  

Kids: a young boy in a hat and a young girl carrying a bucket are walking 

down a sandy pathway (presumably going to the beach) 

 

7.44 

 

1.44 

 

3.77 

 

2.21 

 

Flower: a patch of several pink flowers with green leaves, lit up by 

sunlight 

 

7.08 

 

1.77 

 

2.67 

 

1.99 

 

Nature: there are several trees (an evergreen tree, a green-leafed tree, and 

a flowering tree) in the foreground, with a house just visible at the end of 

a driveway 

 

7.06 

 

1.71 

 

3.83 

 

2.49 

 

Grain: there are several stalks of grain bent over in the breeze, with a 

green field and the blue sky visible behind them 

 

6.23 

 

1.6 

 

2.84 

 

2.04 

 

Painting: a hand is painting a pink flower on a piece of paper, and there is 

a paint tray and other art supplies on the table around the paper 

 

6.25 

 

1.37 

 

3.54 

 

1.95 

 

Negative Valence, Low Arousal          

Jail: a man’s torso is visible behind an old-fashioned cell door. One hand 

is gripping a bar, and his other hand is between the bars, holding a 

cigarette 

 

3.47 

 

1.65 

 

3.52 

 

2.05 
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Glass: a broken glass (with shards around it) is lying on a white surface, 

with light illuminating it from one side 

 

4.14 

 

1.09 

 

4.08 

 

2.13 

 

Bucket: a yellow mop bucket filled with greyish water is sitting in the 

corner of a tiled room. Next to it, a dirty mop is propped against the wall 

 

3.79 

 

1.45 

 

3.69 

 

1.86 

 

Cemetery: the view is of a cemetery in the wintertime: several non-

descript headstones are visible, with snow covering their tops 

 

3.1 

 

2.02 

 

3.67 

 

2.3 

 

Exhaust: just the back of a yellow car and its tailpipe are visible. A cloud 

of white exhaust is being emitted from the tailpipe 

 

3.56 

 

1.5 

 

3.97 

 

2.12 

 

Smoke: several smokestacks are visible on a ridge. Smoke is being 

emitted from the smokestacks. Additionally, there is fog close to the 

ground, with a car driving through it 

 

2.8 

 

1.54 

 

4.26 

 

2.44 

 

Garbage: there are several full and overflowing garbage cans sitting in a 

dirty alleyway. In front of the cans is a large a pile of garbage that has 

been dumped on the ground 

 

2.93 

 

1.19 

 

4.38 

 

2.05 

 

Dishes: a sink full of dirty pots, pans, plates, bowls, and spoons. Beside 

the sink are gloves, a sponge, and soap 

 

3.21 

 

1.32 

 

4.22 

 

2.04 

 

Negative Valence, High Arousal          

Snake: a black and grey/white snake (looks like a cobra) is coiled up on 

the sandy ground, with its head raised up. 

 

3.7 

 

1.9 

 

5.88 

 

2.15 

 

Spider: the image is a close up of a spider on the ground (likely a 

tarantula). Visible are its front legs, eyes, and mouth 

 

3.65 

 

1.76 

 

5.79 

 

2.18 

 

Shark: a great white shark’s head is seen emerging from the water. Its 

mouth is open and its teeth visible as it tries to bite a piece of bait 

 

3.85 

 

2.11 

 

6.47 

 

2.2 
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Riot: the scene is of a crowd of people in a riot-like atmosphere. In the 

foreground is a man with his arm back, ready to throw a rock. Several 

people in the background are picking up rocks from the ground. Buildings 

are visible in the background. 

 

3.04 

 

1.73 

 

5.85 

 

2.03 

 

Tornado: dark storm clouds contrast with a brighter sky as a narrow 

tornado is seen kicking up dust and debris in the distance. In the 

foreground, several buildings in a nearby town are visible. 

 

3.49 

 

1.87 

 

6.65 

 

2.02 

 

AimedGun: There is a bare hand holding a gun in the center of the image 

(it is an older revolver-style gun). The gun is aimed in such a way that it 

would presumably be pointed at someone off screen/outside the picture 

 

2.95 

 

1.83 

 

6.34 

 

2.14 

 

Fire: several pit crew members dressed in coveralls are leaping back as 

orange flames erupt from a Formula 1 race car 

 

2.73 

 

1.62 

 

6.46 

 

2.1 

 

Bomb: an atomic bomb is seen exploding in the distance. The mushroom 

cloud is yellow and orange, and the rest of the image (the ground and sky) 

are black 

 

2.96 

 

1.72 

 

6.06 

 

2.22 

 

Note: Ratings of valence and arousal for images in the IAPS database lie on a 1-9 scale. ‘Valence’ refers to whether the image is positive or 

negative; a higher valence rating indicates a more positive image. ‘Arousal’ refers to whether an image is highly arousing, or not arousing; a 

higher arousal rating indicates a more arousing image. 
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Appendix C. Informed Consent Form

 
CONSENT TO PARTICIPATE IN RESEARCH 

 

“Effects of Emotionally Arousing Roadside Advertisements on Driver Performance” 
 

 

You are asked to participate in a research study conducted by Heather Rodd (hrodd@uogueph.ca) under 

the supervision of Dr. Lana Trick (Dept of Psychology, University of Guelph), with help of research 

assistant Ryan Toxopeus (rtoxopeu@uoguelph.ca) 
 

If you have any questions or concerns about the research, please feel free to contact Heather Rodd 

(hrodd@uoguelph.ca), Dr. Lana Trick (ltrick@uoguelph.ca, Ext. 53518) or Ryan Toxopeus 

(rtoxopeu@uoguelph.ca). 
 

PURPOSE OF THE STUDY 
 

Many advertisers nowadays are using emotionally arousing images to promote interest in their products, 

and these types of images have made their way onto the billboards you see on the side of the highway. 

Emotionally-laden content has already been shown to change behaviours (i.e., increasing the chance of 

purchasing a product), and so it is concerning that the emotionally arousing content on billboards may 

influence driver behaviour as well. Distraction is already a concern for drivers and safety officials, and so 

the goal of this research will be to determine to what degree emotional content on roadside billboards 

may contribute to the problem of driver distraction. 
 

PROCEDURES 
 

If you volunteer to participate in this study, we would ask you to do the following things: 
 

1. We will ask you to show your driving license. Only drivers with G2 license or a Full G license are 

eligible to participate in this study.   
 

2. We will be ask you questions about your health to determine if you are appropriate for this study. If you 

are not appropriate for this study we will not be able to run you in this study. Any information we have 

collected on you (about your health or anything else) will be destroyed if we find we cannot run you in the 

experiment. 
 

3. If you pass this initial screening questionnaire, we will then give you an intake questionnaire that asks 

how you are feeling today and how much sleep you had last night.  It also asks about any perceptual or 

attentional problems you might have. Finally, the questionnaire asks about your driving history. Once you 

have finished the questionnaire, you will then be given an opportunity to become more familiar with the 

simulator and simulator controls.  
 

4. You will go on four simulated drives where you will be driving down a simulated highway and 

responding to stimuli that you see.  After each drive you will be asked some questions about how 

challenging you felt the drive was.  
 

5. At the conclusion of the experiment you will fill out several post-drive questionnaires evaluating what 

you experienced during the drives, and how you feel after your drives. 
 

6. At the end we will tell you more about what the study is about. 
 

Throughout the study you will be given many opportunities to ask questions or ask for clarification if you 

need it. 
 

Total time required: Maximum 2 hours.  
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POTENTIAL RISKS AND DISCOMFORTS 
 

When driving in a driving simulator, some people begin to feel uncomfortable or strange.  They may begin 

to temporarily experience one or of the following:  light-headedness, eyestrain, headache, disorientation, 

pallor, sweating, stomach sensitivity (discomfort).  However, for healthy people and people who have 

passed the initial screening test (see stage 2 of the procedure above), this is unlikely to occur. 

Nonetheless, should you begin to feel any of these symptoms, please tell us and the simulation will be 

stopped immediately. If these feelings are extremely mild, you will be given a chance to continue if you 

like, but otherwise we will stop the experiment and take care of you until you feel better (cold water, rest). 

The simulator is equipped with cameras so that the research personnel can also keep an eye on you 

while you are driving to make sure you are not beginning to experience these symptoms. If they see you 

are showing signs of discomfort, they may stop the simulation for you.  Whether you stop the simulation 

or it is stopped for you, you will be taken care of until you feel better. There is no penalty to stopping early 

(you will receive the course credits regardless).  
 

It is extremely unlikely, but there is a remote possibility that the police might subpoena questionnaire 

data. However, we will protect your privacy to the extent allowable by the law. 
 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 

Some participants enjoy “driving” in the driving simulator and you may be interested in trying out our new 

state-of-the-art simulator. (It’s a convertible!).  Furthermore, you may learn about yourself and your driving 

performance when you are distracted by  
 

COMPENSATION FOR PARTICIPATION 
 

For your participation you will receive 2 course credits towards your research participation requirements in 

the Psychology Participant Pool (the SONA system). You are free to withdraw at any point without 

penalty. 
 

CONFIDENTIALITY 
 

Every effort will be made to ensure confidentiality of any identifying information that is obtained in 
connection with this study. 
 

Your name will not appear on the data. Instead, your data will be assigned a subject code number. 

Questionnaire data, and application test data will be stored in a secured laboratory; access to the 

laboratory will be limited to the experiment investigators. Only group statistics will be reported, individual 

data will not be reported and your name will not be reported to anyone.  Your consent form, and other 

identifying information will be stored securely and separately from experiment data and questionnaire 

responses so there is no way to associate your name with your data. All data on this study will be kept for 

no more than 7 years and then it will be securely destroyed.  In no case will the identity of a participant be 

released or referenced in relation to this or future studies. Notice that that means your data will not be 

used in any further (i.e. future) studies. 
 

 

PARTICIPATION AND WITHDRAWAL 
 

You can choose whether to be in this study or not.  If you choose to be in this study, you may withdraw at 

any time without consequences of any kind. You may refuse to answer any questions you don’t want to 

answer and still remain in the study.  You may also exercise the option of removing your data from the 

study. However, if you choose to remove your data from the study, please tell us immediately.  
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RIGHTS OF RESEARCH PARTICIPANTS 
 

You may withdraw your consent at any time and discontinue participation without penalty.  You 

are not waiving any legal claims, rights or remedies because of your participation in this research 

study.  This study has been reviewed and received ethics clearance through the University of 

Guelph Research Ethics Board (REB CODE ****).   If you have questions regarding your rights as a 

research participant, contact: 
 

 Director: Research Ethics       Telephone: (519) 824-4120, ext. 56606 

             University of Guelph    E-mail: sauld@uoguelph.ca 

 437 University Centre     

 Guelph, ON   N1G 2W1 
 

  

SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
 

I have read the information provided for the study “Effects of Emotionally Arousing Roadside 

Advertisements on Driver Performance” as described herein.  My questions have been answered to 

my satisfaction, and I agree to participate in this study.  I have been given a copy of this form. 
 

 

  

 ______________________________________ 
 Name of Participant (please print) 
 

 ______________________________________   ______________ 
 Signature of Participant       Date 
 

 

 SIGNATURE OF WITNESS 
 

 ______________________________________ 
 Name of Witness (please print) 
 

 ______________________________________   _______________ 
 Signature of Witness      Date 
  

[The witness is ideally NOT the investigator, but if there is no readily available alternative, the investigator can act 

as witness.] 
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Appendix D. SAS screening test

 
Simulator Adaptation Syndrome Pre-screening 
Questionnaire (SAQ) 
 
Because it is critical that we are sure that the participant is really understanding the 
items, it is critical that this we READ this to the participant and have them answer orally 
rather than in writing. We the experimenters will write down the responses for them. 
 
 

  TO BE READ TO THE PARTICIPANT 
 
This study will require that you drive in a driving simulator. We need to first find out a little about 
how often you drive in order for us to help understand how you will adapt to the simulator. Some 
participants have felt uneasy after participating in studies using a simulator. To help identify 
people who might be prone to this feeling, we would like to ask the following questions. 
 
Specific predictors 
1. Do you experience migraine headaches?          
         Yes  No 
 
 
2. Do you experience claustrophobia (fear of closed in spaces)?       
         Yes    No 
 
3. Do you have a history of motion sickness?       
         Yes  No 
 
If yes, please describe (where: car, boat, train, airplane) and when (recently vs. when a child): 
 
 
4. Have you ever experienced dizziness or nausea while watching a movie in a wide-screen 
(e.g. Silver City or Omnimax Theatre)??    Yes No 
 
If yes, please describe ________ 
 
 
5. Do you experience dizziness or nausea while reading in a moving car? 
          Yes No 
 
6. Do you prefer to be the driver, compared to the passenger, because otherwise you 
experience dizziness or nausea?         
         Yes No 
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Note to Researcher: If a participant answers yes to any of these questions, tell them that they 
may be at higher risk for problems resulting to simulator exposure. In particular, viewing a 
computer screen may cause eye-strain and eye-strain triggers migraines for some migraine 
sufferers; the confined space may be a challenge for claustrophobics; people who have had 
experiences of dizziness or nausea as a result of motion (especially if these are recent 
experiences) or viewing wide screen movies may experience similar symptoms in a simulator.  
However, the motion sickness experienced on a boat is much more typical in the population. We 
are especially worried about people who get carsick or train sick. 
 
General Medical history questions.   
 
1. Do you have heart problems or have you had a heart attack?  Yes    No 
2. Do you experience lingering effects from stroke, tumor, or head trauma? 
          Yes    No 
3. Do you have any inner ear problems (vertigo)?  
             
          Yes    No  
 
4. Do you have diabetes for which insulin is required?      
          Yes    No 
 
5. Do you have problems with low blood sugar (hypoglycemia)?  Yes  No 
 
6. Do you have epileptic seizures?      Yes   No 
 
7. Are currently taking medications that make you feel extremely nauseated or dizzy? 

Such as:  Decongestants/ cold medications (e.g. diphenhydramine) 
Antihistamines / allergy medications 
Prescription anxiety medications (benzodiazepines, such as Ativan) 

 
          Yes    No 
 
8. How are you feeling today? __________ 
 
 
Note to researcher: If a participant answers yes to any of these questions, or if the participant 
indicates that they are sick (an in particular, hungover, nauseated) they may be at higher risk for 
problems resulting to simulator exposure and ask them if they want to continue.  If participants 
answer yes to 2 of these questions, do not permit them to go on into the second phase of the 
study.   If they indicate that they are already nauseated try to reschedule the appointment to a 
time when they are feeling better. 
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Appendix E. Intake Questionnaire

 
Intake Questionnaire 

 

Part A: Participant Demographics & Characteristics 

 

If you are willing to participate, we would like to find out a little about you before we start…. 

1. Gender:  Male  Female    Other 

2.  When is your birthday? ___________________ (Month / Year) 

3.  Have you ever been diagnosed with any problems with your eyes or vision?  Yes  No 

 If yes, what type of eye or vision problems? _______________________ 

4.  Have you ever been diagnosed with any problems with your ears or hearing? Yes  No 

 If yes, what type of ear or hearing problems? ______________________ 

6.  Please indicate what sports you participate, or have participated, in. 

 Sport   Current? Years Played    How Often Per Week? 

 ________________   Yes / No           __________     __________________ 

 ________________   Yes / No           __________     __________________ 

 ________________   Yes / No           __________     __________________ 

 ________________   Yes / No           __________     __________________ 

7. Do you play video games? Please list the specific games that you play. 

 __________________________________________________________ 

 How many hours per week do you play video games? _______________ 

 How many Years? _____________________ 

 

8.  Is there anything else that you think may be useful for us to know about you? If so, please 

tell us in the space below. 

_________________________________________________________________________

_________________________________________________________________________ 
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Part B: Driving History & Experience 

1. At what age did you first start driving? _______ 

2. At what age did you first get your license? _______ 

3. What level of driver’s license do you currently have? _______ 

4. Do you own a car? _______ 

5. How many days ago did you last drive? _______  

6. How many times a month do you drive on average? _______ 

7. How long do you drive on an average day? _______ 

8. How far do you drive on an average day? _______ 

9. What kind of driving do you do most often?  Urban____   Rural____  Highway____ 

 

10. Is there anything else you would like to add about your driving experience? (i.e., summer 

driving habits) 

_________________________________________________________________________

_________________________________________________________________________ 
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Appendix F. NASA-TLX

 
NASA Task Load Index (NASA TLX) 

 
Answer the following questions to the best of your ability. As always, if you feel uncomfortable 
with a question you do not have to answer it  
 
Hart and Staveland’s NASA Task Load Index (TLX) method assesses work load on five 7-point scales. 
Increments of high, medium and low estimates for each point result in 21 gradations on the scales. 
____________________________________________________________________________________ 

Mental Demand   How mentally demanding was the task? 
 

                    
                   

       Very Low                 Very High 
 

Physical Demand   How physically demanding was the task? 
 

                    
                   

       Very Low                  Very High 
 

Temporal Demand   How temporally demanding was the task? 
 

                    
                   

       Very Low                  Very High 
 

Performance    How successful were you in accomplishing what you  
were asked to do? 

 
                    
                   

       Perfect                     Failure 
 

Effort     How hard did you have to work in order to accomplish  
your level of performance? 

  
                    

                   

       Very Low                  Very High 
 

Frustration    How insecure, discouraged, irritated, stressed, and  
annoyed were you? 

 
                    
                   

       Very Low                 Very High 
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Appendix G. Post-Drive Self-Report

 
POST-DRIVE QUESTIONNAIRE 
 
Please answer the following questions to the best of your ability using the 1-9 scale. Circle the number 
that indicates your response. (If you are uncomfortable with any of the items, you feel free to leave it 
blank.)   
 
 
These are questions about the most recent drive?  
 
 
1. How challenging a drive do you feel this drive was?  (Circle one number) 
 
 
  1 2 3 4 5 6 7 8 9  
     Not at all challenging               Extremely challenging 
 
 
2.  How would you rate your driving performance on this drive?  
 
 
  1 2 3 4 5 6 7 8 9  
 Worst possible                 Best possible  
 
 
3. How challenging did you feel it was to stay focused on driving on this drive?   
 
 
  1 2 3 4 5 6 7 8 9  
 Extremely easy                 Extremely hard 
 
 
4. To what extent do you think distraction may have had an effect on your driving performance in this 
drive? 
 
  
  1 2 3 4 5 6 7 8 9  
 Not at all                 To a great extent 
 
 
5. Is there anything you would like to add about your experiences with the last drive? ___________ 
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Appendix H. Post-Test Recall Questionnaire

 
POST-DRIVE RECALL QUESTIONNAIRE 

 

As best as you can, please list or describe below any of the images that you remember seeing on each of 

the drives. Order is not important. 

 

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________

______________________________________ 
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Appendix I. Post-Experiment Questionnaire (SSQ)

 
Post-Experiment Questionnaire (SSQ) 
 
There is a small risk associated with driving in the driving simulator. Some individuals experience feelings 
of dizziness or nausea, and an increase in body temperature, which are symptoms of a temporary 
condition called Simulator Adaptation Syndrome. We are tracking the severity of any discomfort felt by 
those who drive in the driving simulator.  
 

1. How many times have you been in the driving simulator? (Check one) 
 

First time______ Second Time______ More than two times______ 
 

2. Please rate the following symptoms of discomfort on a scale of 0 to 3, where 0 = none, 1 = slight, 
2 = moderate, and 3 = severe.  
 

For Experimenter Use Only 
 Weight 

Symptom  Rating   Nausea  Oculomotor Disorientation 
General Discomfort  _____   1_____  1_____  0_____ 
Fatigue   _____   0_____  1_____  0_____ 
Headache  _____   0_____  1_____  0_____ 
Eyestrain  _____   0_____  1_____  0_____ 
Difficulty Focusing _____   0_____  1_____  1_____ 
Increased Salivation  _____   1_____  0_____  0_____ 
Sweating  _____   1_____  0_____  0_____ 
Nausea   _____   1_____  0_____  1_____ 
Difficulty Concentrating _____   1_____  1_____  0_____ 
Fullness of Head _____   0_____  0_____  1_____ 
Blurred Vision  _____   0_____  1_____  1_____ 
Dizzy (Eyes Open) _____   0_____  0_____  1_____ 
Dizzy (Eyes Closed) _____   0_____  0_____  1_____ 
Vertigo   _____   0_____  0_____  1_____ 
Stomach Awareness _____   1_____  0_____  0_____ 
Burping   _____   1_____  0_____  0_____ 
 
 
     Totals ______  ______  ______ = ________ 
 
 
 
To compute the scale scores for each column, the reported value for each symptom is multiplied by the weight in 
each column and then summed down the columns. The total SSQ score is obtained by adding the scale scores 
across the three columns and multiplying by 3.74. Weighted scale scores for each column individually can be found 
by multiplying the “Nausea” scale score by 9.54; the “Oculomotor” subscale by 7.58; and the “Disorientation” 
subscale by 13.92. 
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Appendix J. Debriefing Form

 
Effects of Emotionally Arousing Roadside Advertisements on Driver Behaviour 

 

Thank you for your participation in our study. We hope you enjoyed your experience in our new 
driving simulator. We are now going to provide you with a little background on what we were 
doing.  
 

Nowadays, advertisements are everywhere, and appear in all forms of media. With the ever 
increasing demand to appeal to the consumer market, many advertisers make use of 
emotionally arousing imagery to attract people to their products. Advertisements containing 
emotionally-laden content have already been shown to increase peoples' interest in products, 
compared to advertisements that focus less on appealing design and focus more on conveying 
information. In most cases these advertisements are generally harmless, and at worst annoy us 
with their frequency. However, this may not be the case when it comes to billboard 
advertisements. Billboards are becoming increasingly numerous on roadways, and this is 
especially the case on high speed roadways such as interstates or other major highways like 
the 401. On these busy highways, thousands of people may drive past a billboard in an hour, 
which makes them prime real estate for these eye-catching displays. As with all other instances, 
advertisers design billboards to attract attention and are doing their best to sell a product or 
convey a message in the most attractive way possible. What they may not consider is that if a 
driver's attention is being attracted towards the sign, they are taking their eyes off of the road, 
and this could become a distraction if they look away for too long. Distraction-related accidents 
are an ever present concern on the roads, and there is increasing debate as to whether 
billboards may contribute to this problem. The goal of this research will be to determine to what 
degree emotional content on roadside billboards may contribute to the problem of driver 
distraction. If billboard advertisements can elicit different emotions in drivers, this could become 
potentially problematic in a number of different situations if the content draws attention away 
from the road. For instance, a driver could be so focused on a billboard that they miss 
information that is presented immediately after the billboard, such as a sign announcing that 
there is a construction zone ahead. Furthermore, being distracted by a billboard could be 
dangerous. If a hazardous situation arises immediately after passing by an attention-grabbing 
billboard, the driver may be too distracted and not have enough time to react to the dangerous 
situation. Much of the previous research concerning the effects of billboards on drivers have not 
been conducted in a controlled laboratory setting with controlled images. In the cases where 
experiments have been run in a laboratory, the scenarios used often aren't realistic or 
representative of real life. This experiment aims to make up for these shortcomings. It is 
important to learn whether there are certain types of images that attract more attention than 
others, since this would help to determine whether certain advertising content could potentially 
be dangerously distracting for drivers. 
 
 

Thank you again for your participation! 
 

Contact Information 

 

If you would like to learn about the results of this research or how the research is progressing 
please feel free to contact Dr. Lana Trick at ltrick@uoguelph.ca (Ext. 53518). 
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Appendix K. Self-Report Surveys (Pilot Study) 

 

K1. Aggregate Results from NASA-TLX 

 

    Rating    

Item  M  SD  Range  

Mental Demand  5.82  4.58  1 – 14.75  

Physical Demand  4.70  3.78  1 – 14  

Temporal Demand  6.03  4.16  1.25 – 14.5  

Performance  4.75  3.04  1.25 – 12  

Effort  5.17  3.70  1 – 12.5  

Frustration  3.11  4.07  1 – 14.125  

Note. Questions on the NASA-TLX questionnaire are answered using a scale with 21 graduations, with 

the left-hand side of the scale indicating very low ratings, and the right-hand side of the scale indicating 

very high ratings. Reported scores are aggregated across 4 administrations of the questionnaire. 

 

 

K2. Results from Post-Drive Self-Report 

 

    Rating    

Item  M  SD  Range  

How challenging a drive do you feel 

the drives were? 

 
2.67 

 
1.52 

 
1 – 6 

 

How would you rate your driving 

performance on the drives? 

 
6.71 

 
1.33 

 
4 – 8 

 

How challenging did you feel it was to 

stay focused while driving? 

 
5.46 

 
1.87 

 
1 – 8 

 

To what extent do you think distraction 

may have had an effect on your driving 

performance? 

 
4.46 

 

1.93 

 

1 – 8 

 

Note. Each question on the post-drive self-report is answered using a 1-9 scale, with 1 indicating low or 

easy ratings, and 9 indicating high or extreme ratings. 
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Appendix L. Description of sample for Experiment 1 

 

L1. Demographics, General Health, and History with Sports and Video Games 

Percentages indicate the percentage given the number of individuals who responded to each 

question, rounded to the nearest point; therefore, there may be cases where percentages do not 

sum to exactly 100. n = number of individuals who responded to a question (maximum = 46) 

 

Gender (n = 46) 

 Males           17.4% 

 Females          82.6% 

 

        M  SD  Range 

Age in years (n = 46)               19.13            3.13            16 – 36 

 

Vision Problems (n = 46) 

 No           69.6% 

 Yes (all corrected with glasses)       30.4% 

 

Hearing problems (n = 46) 

 No           100% 

 Yes           0% 

 

Do you play sports? 

 No           4.3% 

 Yes           95.7% 

 

Currently playing sports (n = 44) 

 No           65.9% 

 Yes           34.1% 

 

Years playing all sports (n = 41, M = 6.17, SD = 4.02) 

 0-4           48.8% 

 5-8           24.4% 

 9-12           19.5% 

 13-16           7.3% 

 

Years playing current sports (n = 16, M = 9.91, SD = 4.67) 

0-4           6.3% 

 5-8           37.5% 

 9-12           18.7% 

 13-16           37.5% 
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Hours per week playing all sports (n = 43, M = 3.42, SD = 2.64) 

 0-3           69.8% 

 4-6           20.9% 

 7-9           2.3% 

 10-13           7% 

  

Hours per week playing currents sports (n = 13, M = 3.17, SD = 2.81) 

 0-3           76.9% 

 4-6           7.7% 

 7-9           7.7% 

 10-13           7.7% 

 

Do you play video games? (n = 43) 

 No           67.4% 

 Yes           32.6% 

 

How many hours per week do you play video games? (n = 14, M = 3.21, SD = 3.39) 

 0-4           71.4% 

 5-7           7.2% 

 8-10           21.4% 

  

How many years (have you played video games)? (n = 14, M = 7.43, SD = 4.40) 

 0-5           35.7% 

 6-10           50% 

 11-17           14.3% 

 

L2. Driving History 

Percentages indicate the percentage given the number of individuals who responded to each 

question, rounded to the nearest point; therefore, there may be cases where percentages do not 

sum to exactly 100. n = number of individuals who responded to a question (maximum = 46) 

 

What level of driver’s license do you currently have? (n = 43) 

 G2           65.1% 

 G           34.9% 

 

Do you own a car? (n = 43) 

 No           74.4% 

 Yes           25.6% 

 

What kind of driving do you do most often? (n = 33) 

 Urban           60.6% 

 Rural           27.3% 

 Highway          12.1% 
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At what age did you first start driving? (n = 43, M = 16.12, SD = 0.625) 

 15           7% 

16           79.1% 

17           11.6% 

18           0% 

19           2.3% 

 

At what age did you first get your license? (n = 43, M = 16.35, SD = 0.720) 

 16           74.4% 

17           20.9% 

18           0% 

19           4.7% 

 

How many days ago did you last drive? (n = 43, M = 14.28, SD = 18.24) 

 0-9           53.5% 

 10-19           18.6% 

20-29           11.6% 

30-39           11.6% 

40 or more          4.7% 

 

How many times a month do you drive on average? (n = 43, M = 16.24, SD = 11.28) 

 0-7           30.2% 

 8-14           18.6% 

 15-21           11.7% 

22-28           13.9% 

29 or more          25.6% 

 

How long do you drive on an average day (in minutes)? (n = 43, M = 44.02, SD = 37.00) 

 0-19           14% 

 20-39           44.2% 

 40-59           4.6% 

 60-79           25.6% 

80-99           2.3% 

100-119           0% 

120-139           7% 

140 or more           2.3% 

How far do you drive on an average day (in kilometers)? (n = 39, M = 29.12, SD = 34.31) 

 0-9           20.5% 

 10-19           12.8% 

 20-29           30.8% 

 30-39           7.7% 

 40-49           10.3% 

 50-59           12.8% 

 60-69           0% 

 70-79           0% 

 80 or more          5.1%



 

  
 

1
5
5
 

Appendix M. Description of experimental images used in Experiments 1 and 2, with their ratings from the International Affective 

Picture System (IAPS) database 

  Valence  Arousal  

Positive Valence, High Arousal   M  SD  M  SD  

Jaguar: a black and yellow jaguar walking through plants near a pond  6.65  2.25  6.23  1.99  

Romance: a man and a woman are bent towards each other, about to kiss  6.95  1.65  5.91  1.86  

Liftoff: space shuttle is lifting off from the launch pad  7.01  1.6  5.84  2.4  

Astronaut: an astronaut in a white space suit is floating in space above the 

earth 

 
7.35 

 
1.62 

 
6.02 

 
2.26 

 

Fireworks: a red, white, and yellow firework exploding in the sky  7.53  1.63  5.48  2.35  

Cupcakes: several cupcakes, with white frosting, are cooling on wire 

cooling rack 

 
7.38 

 
1.73 

 
6.28 

 
2.16 

 

Hamburger: a close-up of a hamburger, with lettuce, tomato, cheese, and 

patty 

 
6.68 

 
2.11 

 
5.84 

 
2.03 

 

Skier: a skier (possibly an Olympic skier) is pictured midair in a jump  6.79  1.44  5.67  2.37  

Diver: a diver (possibly an Olympic diver) is pictured midair, diving 

headfirst into a blue pool 

 
6.65 

 
1.67 

 
5.49 

 
2.29 

 

HangGlider: a man is pictured mid-air, hang-gliding in a yellow hang-

glider 

 
6.71 

 
1.64 

 
6.09 

 
2.04 

 

Bungee: a woman has just leapt off of a bungee platform, below her is a 

river, and a bridge with cars driving across 

 
6.48 

 
2.18 

 
6.99 

 
2.35 
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WaterSkier: a man is pictured making a turn water skiing, with water 

spraying behind him 

 
7.54 

 
1.37 

 
6.35 

 
1.98 

 

Boat: a yellow sailboat with a yellow sail making a quick turn, spraying 

up water 

 
7.53 

 
1.31 

 
5.94 

 
2.07 

 

Motorcyclist: a helmeted individual on a racing motorcycle is leaning 

dramatically to the right as they go around a sharp corner 

 
6.18 

 
1.8 

 
5.85 

 
2.18 

 

Rollercoaster: ten individuals are strapped into the seats on a yellow 

rollercoaster, and are slightly blurred as the ride speeds around a corner 

on the track 

 

7.21 

 

2.26 

 

7.31 

 

1.64 

 

Money: a stack of American money against a white background  7.51  1.72  5.78  2.49  

Positive Valence, Low Arousal          

Dog: a German Shephard dog looking at the camera, ears perked and 

tongue out 

 
7.01 

 
2.07 

 
4.28 

 
2.47 

 

Cat: a Siamese cat with blue eyes and a red collar looking off to the side  7.15  1.96  4.45  2.35  

Horse: a brown horse is standing in a pasture with green grass  7.37  1.56  4.05  2.37  

Butterfly: a blue and black butterfly is perched on the bud of a flower, 

with red flowers in the background 

 
6.5 

 
1.64 

 
3.43 

 
1.96 

 

Rabbit: a white bunny in next to a log is standing up on its hind legs  7.82  1.34  3.08  2.19  

Antelope: an antelope standing on a shoreline, bending its neck down to 

drink from the water 

 
7.37 

 
1.56 

 
3.54 

 
2.34 
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Fawn: pictured is a curious looking baby deer, in a field with green grass 

and small white flowers 

 
7.26 

 
1.48 

 
4.45 

 
2.45 

 

Lion: an adult tiger (possibly the mother) looking off to the side, with a 

baby tiger sitting on their back 

 
7.3 

 
1.39 

 
4.53 

 
2.21 

 

Elephants: a mother elephant, with her baby beside her, are walking in 

the grasslands 

 
6.83 

 
1.33 

 
3.6 

 
2.11 

 

Child: a toddler is feeding something to a basset hound, both are standing 

on a wet beach 

 
6.88 

 
2.09 

 
4.57 

 
2.19 

 

Balloons: a man is walking through a park, holding a cluster of balloons 

as they float above him 

 
6.64 

 
1.7 

 
3.83 

 
2.09 

 

Flower: two purple flowers on green stems  7.14  1.5  3  2.25  

Grain: there are several stalks of grain bent over in the breeze, with a 

green field and the blue sky behind 

 
6.23 

 
1.6 

 
2.84 

 
2.04 

 

Sunset: several people play on the sand and in the water at a beach, with 

the sun setting in the background 

 
7.65 

 
1.42 

 
4.68 

 
2.45 

 

Painting: a hand is painting a pink flower on a piece of paper, and there is 

a paint tray and other art supplies on the table around the paper 

 
6.25 

 
1.37 

 
3.54 

 
1.95 

 

Golf: a man is on a putting green, bent at the waist as he prepares to take 

a shot 

 
5.37 

 
1.41 

 
3.32 

 
2.06 

 

Negative Valence, Low Arousal          

Jail: a man’s is visible behind the bars of a cell.   3.73  1.98  3.95  2.08  
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GasCan: a red gas can and a silver funnel are leaned up against a 

plywood wall 

 
4.52 

 
1.16 

 
3.81 

 
2.13 

 

Lightbulb: a broken lightbulb is lying on a tan surface, with bits of broken 

glass around 

 
4.2 

 
1.35 

 
4.11 

 
1.94 

 

Glass: a broken glass (with shards around it) is lying on a white surface, 

with light illuminating it from one side 

 
4.14 

 
1.09 

 
4.08 

 
2.13 

 

TrashCan: a brown trashcan with a white bag in it sits in a kitchen with, 

with brown tiles and cupboards 

 
4.43 

 
1.16 

 
2.55 

 
1.77 

 

Bucket: a yellow mop bucket filled with greyish water is sitting in the 

corner of a tiled room. Next to it, a dirty mop is propped against the wall 

 
3.79 

 
1.45 

 
3.69 

 
1.86 

 

Waste: several orange oil drums sitting on the concrete, one of which has 

a black radioactive symbol painted on 

 
3.81 

 
1.43 

 
4.47 

 
2.57 

 

IroningBoard: an ironing board with an iron sitting on one end, and a 

stack of clothes on the other, a laundry room visible in the background 

 
4.23 

 
1.58 

 
2.96 

 
1.67 

 

Hospital: an empty hospital room with an empty bed in it  3.92  1.61  4.38  2.22  

Puddle: a faded gas can is tipped over, and a puddle of gas has 

accumulated on the ground 

 
3.76 

 
1.41 

 
3.98 

 
2.4 

 

Rain: a figure in black holds an umbrella over herself, as it rains around 

her 

 
4.53 

 
1.82 

 
3.08 

 
2.13 

 

Cemetary: a man and a woman stand in front of a headstone with flowers  2.06  1.54  4  2.04  
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Garbage: there are several full and overflowing garbage cans sitting in a 

dirty alleyway. In front of the cans is a large a pile of garbage that has 

been dumped on the ground 

 

2.93 

 

1.19 

 

4.38 

 

2.05 

 

Dishes: a sink full of dirty pots, pans, plates, bowls, and spoons. Beside 

the sink are gloves, a sponge, and soap 

 
3.21 

 
1.32 

 
4.22 

 
2.04 

 

Knives: a magazine is open to a page showing a variety of knives for sale  4.53  1.31  3.88  2.02  

Skulls: several human skulls are stacked into a pile  3.67  1.86  4.55  2.15  

Negative Valence, High Arousal          

Snake: a black and grey/white snake (looks like a cobra) is coiled up on 

the sandy ground, with its head raised up. 

 
3.7 

 
1.9 

 
5.88 

 
2.15 

 

Spider: the image is a close up of a funnel spider sitting in its web          

Dog: an angry German Shepard, with ears back and mouth open in a snarl  4.21  1.78  6  2.1  

Tiger: a tiger in the grass is crouched down, its mouth open in a roar  4.79  2.1  6.23  1.87  

Shark: a great white shark’s head is seen emerging from the water. Its 

mouth is open and its teeth visible  

 
3.79 

 
1.92 

 
6.42 

 
2.16 

 

Bomb: several sticks of dynamite are taped together, with a timer on 

them. In the background is a hand holding an ignition device 

 
3.36 

 
1.61 

 
5.35 

 
2.09 

 

Surgery: several surgeons are crowded around an ongoing surgery in an 

operating room. The patient’s abdomen is open, and organs exposed 

 
4.15 

 
1.91 

 
5.72 

 
2.22 
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Tornado: dark storm clouds contrast with a brighter sky as a narrow 

tornado is seen kicking up dust and debris in the distance. In the 

foreground, several buildings in a nearby town are visible. 

 

3.51 

 

1.83 

 

5.78 

 

2.27 

 

AimedGun: There is a bare hand holding a gun in the center of the image 

(it is an older revolver-style gun). The gun is aimed in such a way that it 

would presumably be pointed at someone off screen/outside the picture 

 

2.71 

 

1.58 

 

6.21 

 

2.01 

 

Attack: a man in a blue coat is wearing a ski-mask with only his eyes 

exposed. In one hand is a knife held up threateningly 

 
2.46 

 
1.58 

 
6.96 

 
2.31 

 

Fire: several pit crew members dressed in coveralls are leaping back as 

orange flames erupt from a Formula 1 race car 

 
2.73 

 
1.62 

 
6.46 

 
2.1 

 

DentalExam: close up of an individual’s face, their mouth open, and two 

hands working with a dental tool in his mouth 

 
4.18 

 
2.28 

 
5.29 

 
2.03 

 

Jet: a fighter jet is disintegrating in midair, with flames shooting out the 

back. To one side, is a pilot in their ejected seat 

 
3.1 

 
1.9 

 
6.26 

 
2.23 

 

Bomb: an atomic bomb is seen exploding in the distance. The mushroom 

cloud is yellow and orange, and the rest of the image (the ground and sky) 

are black 

 

2.96 

 

1.72 

 

6.06 

 

2.22 

 

BurningCar: an old car in an abandoned lot is on fire, with smoke and 

flame emerging from the room 

 
2.78 

 
1.45 

 
5.98 

 
2.07 

 

CarAccident: the remains of a crashed vehicle on the highway, with 

several rescue personnel in reflective gear surrounding it 

 
2.06 

 
1.26 

 
6.2 

 
5.08 

 

Note: Ratings of valence and arousal for images in the IAPS database lie on a 1-9 scale. ‘Valence’ refers to whether the image is positive or 

negative; a higher valence rating indicates a more positive image. ‘Arousal’ refers to whether an image is highly arousing, or not arousing; a 

higher arousal rating indicates a more arousing image. 
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Appendix N. Self-Report Surveys (Experiment 1) 

 

N1. Aggregate results from NASA-TLX 

 

    Rating    

Item  M  SD  Range  

Mental Demand  5.18  3.42  0.5 – 17.75  

Physical Demand  3.96  3.08  1 – 16  

Temporal Demand  6.5.76  4.11  0.5 – 17  

Performance  4.66  3.01  1 – 12  

Effort  4.86  3.05  1 – 13.25  

Frustration  3.61  2.54  0.5 – 10  

Note. Questions on the NASA-TLX questionnaire are answered using a scale with 21 graduations, with 

the left-hand side of the scale indicating very low ratings, and the right-hand side of the scale indicating 

very high ratings. Reported scores are aggregated across 4 administrations of the questionnaire. 

 

 

N2. Results from Post-Drive Self-Report 

 

    Rating    

Item  M  SD  Range  

How challenging a drive do you feel 

the drives were? 

 
2.50 

 
1.68 

 
1 – 7 

 

How would you rate your driving 

performance on the drives? 

 
6.78 

 
1.21 

 
4 – 8 

 

How challenging did you feel it was to 

stay focused while driving? 

 
5.0 

 
2.18 

 
2 – 9 

 

To what extent do you think distraction 

may have had an effect on your driving 

performance? 

 
4.57 

 

1.99 

 

1 – 8 

 

Note. Each question on the post-drive self-report is answered using a 1-9 scale, with 1 indicating low or 

easy ratings, and 9 indicating high or extreme ratings. 
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Appendix O. Average SDLP compared between Pilot Study, Experiment 1, and Experiment 2 

 A 2 X 2 X 3 mixed-factorial ANOVA (with ‘experiment’ as the between subjects factor) 

was conducted in order to see if there were any differences in overall steering performance 

between each of our three experiments (Pilot Study, Experiment1, and Experiment 2). This was 

done to determine whether the trees added in Experiments 1 and 2 may have provided cues that 

somewhat aided participants’ steering performance. Our comparison revealed a significant effect 

of experiment (F(2, 83) = 13.59, p < .001, 𝜂𝑝
2 = 0.249). Post-hoc examination of this effect 

revealed that overall SDLP in each experiment differed significantly from that measured in the 

other two experiments; in other words, there was a significant difference in SDLP between all of 

our experiments (see Table 5 for mean differences). Overall, SDLP (in cm) was the highest in the 

Pilot study (M = 11.6, SE = 0.6), followed by Experiment 2 (M = 9.6, SE = 0.6) and then 

Experiment 1 (M = 8.0, SE = 0.6). Taken altogether, these results suggest that adding trees in 

Experiments 1 and 2 may have indeed introduced optical flow properties that helped to improve 

participants’ steering performance. 

 

Table 3.  

Mean differences in SDLP between Pilot Study, Experiment 1, and Experiment 2 

   Comparison  

Experiment   Mean Difference  SE  

Pilot Study Experiment 1  3.7**  0.7  

 Experiment 2  2.1*  0.8  

Experiment 1 Pilot Study  -3.7**  0.7  

 Experiment 2  -1.6*  0.8  

Experiment 2 Pilot Study  -2.1*  0.8  

 Experiment 1  1.6*  0.8  

Note. *p < .05, **p < .001. Mean differences measured in centimetres (cm). 
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Appendix P. Description of sample for Experiment 2 

P1. Demographics, General Health, and History with Sports and Video Games 

Percentages indicate the percentage given the number of individuals who responded to each 

question, rounded to the nearest point; therefore, there may be cases where percentages do not 

sum to exactly 100. n = number of individuals who responded to a question (maximum = 23) 

 

Gender (n = 23) 
 Males           60.9% 

 Females          39.1% 

 

        M  SD  Range 

Age in years (n = 23)               20.74            4.32            18 – 36 

 

Vision Problems (n = 23) 

 No           73.9% 

 Yes (all corrected with glasses)        23.1% 

 

Hearing problems (n = 23) 

 No           95.7% 

 Yes           4.3% 

 

Do you play sports? (n = 23) 

 No           4.3% 

 Yes           95.7% 

 

Currently playing sports (n = 23) 

 No           56.5% 

 Yes           43.5% 

 

Years playing all sports (n = 23, M = 7.56, SD = 4.14) 

 0-4           36.4% 

 5-8           18.1% 

 9-12           36.4% 

 13-16           9.1% 

 

Years playing current sports (n = 10, M = 9.42, SD = 5.75) 

0-4           40% 

 5-8           0% 

 9-12           20% 

 13-16           40% 
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Hours per week playing all sports (n = 22, M = 2.86, SD = 1.61) 

 0-2           54.5% 

 3-4           36.4% 

 5-6           9.1% 

  

Hours per week playing currents sports (n = 11, M = 2.72, SD = 1.86) 

 0-2           63.6% 

 3-4           18.2% 

 5-6           18.2% 

 

Do you play video games? (n = 23) 

 No           47.8% 

 Yes           52.2% 

 

How many hours per week do you play video games? (n = 10, M = 4.65, SD = 5.80) 

 0-2           50% 

 3-5           30% 

 6-9           10% 

 10 or more          10% 

  

How many years (have you played video games)? (n = 11, M = 10.82, SD = 5.34) 

 0-5           18.2% 

 6-10           36.4% 

 11-15           36.4% 

16-20           9.1% 

 

 

P2. Driving History 

Percentages indicate the percentage given the number of individuals who responded to each 

question, rounded to the nearest point; therefore, there may be cases where percentages do not 

sum to exactly 100. n = number of individuals who responded to a question (maximum = 23) 

 

What level of driver’s license do you currently have? (n = 23) 

 G2           60.9% 

 G           39.1% 

 

Do you own a car? (n = 23) 

 No           56.5% 

 Yes           43.5% 

 

What kind of driving do you do most often? (n = 15) 

 Urban           33.3% 

 Rural           13.3% 

 Highway          53.3% 
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At what age did you first start driving? (n = 23, M = 16.09, SD = 0.668) 

 14           4.3% 

15           0% 

16           82.6% 

17           8.7% 

18           4.3% 

 

At what age did you first get your license? (n = 23, M = 16.30, SD = 0.559) 

 16           73.9% 

17           21.7% 

18           4.3% 

 

How many days ago did you last drive? (n = 23, M = 35.65, SD = 123.54) 

 0-9           56.5% 

 10-19           17.4% 

20-29           4.4% 

30-39           17.4% 

40 or more          4.3% 

 

How many times a month do you drive on average? (n = 22, M = 14.5, SD = 10.47) 

 0-7           36.4% 

 8-14           9.1% 

 15-21           31.8% 

22-28           9.1% 

29 or more          13.6% 

 

How long do you drive on an average day (in minutes)? (n = 23, M = 55.20, SD = 41.25) 

 0-19           13% 

 20-39           39.2% 

 40-59           0% 

 60-79           13% 

80-99           17.4% 

100 or more           17.4% 

 

How far do you drive on an average day (in kilometers)? (n = 20, M = 41.13, SD = 44.95) 

 0-9           20% 

 10-19           10% 

 20-29           15% 

 30-39           10% 

 40-49           10% 

 50-59           20% 

 60-69           0% 

 70-79           5% 

 80 or more          10% 
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Appendix Q. Russell Affect Grid

 
Please read the instructions below, and then fill out the following to the best of your ability. 
 

Russell Affect Grid 
 
Instructions: the square grid below is an “affect grid”, and is used as a map to describe your 
feelings. 
 
The horizontal axis represents how negative or positive a feeling is. The right half represents 
pleasant feelings (farther right = more pleasant feelings). The left half represents unpleasant 
feelings (farther left = more unpleasant feelings.) 
 
The vertical axis represents level of arousal (how wide awake, alert, or activated you feel). The 
top half is for feelings that are above average in arousal, and the bottom half is for feelings that 
are below average in arousal; the higher you go, the more awake and aroused you feel. For 
example, the bottom represents sleep, and the top would be maximum arousal. 
 
Please place an “X” in a position on the grid below that you feel best describes how you are 
feeling right now. 
 

 
 



 

 167 
 

Appendix R. Dundee Stress State Questionnaire (DSSQ)

 
Please read the following questionnaire and answer the questions to the best of your ability. As always, if 
you feel uncomfortable with a question, you do not have to answer it. 

 
Dundee Stress State Questionnaire (DSSQ) 

 
General Instructions: This questionnaire is concerned with your feelings and thoughts during the task. 
Please answer every question, even if you find it difficult. Answer as honestly as you can, what is true of 
you. Your answers will be kept entirely confidential. You should try and work quite quickly. The first 
answer you think of is usually the best. 
 
Please indicate how well each word describes how you felt DURING THE TASK (circle the answer from 1 
to 5). 
 

Not at all = 1      A little bit = 2      Somewhat = 3      Very much = 4      Extremely = 5 
 

1. Energetic  1  2  3  4  5 
 

2. Relaxed  1  2  3  4  5 
 

3. Alert   1  2  3  4  5 
 

4. Nervous  1  2  3  4  5 
 

5. Passive   1  2  3  4  5 
 

6. Tense   1  2  3  4  5 
 

7. Jittery   1  2  3  4  5 
 

8. Sluggish  1  2  3  4  5 
 

9. Composed  1  2  3  4  5 
 

10. Restful   1  2  3  4  5 
 

11. Vigorous  1  2  3  4  5 
 

12. Anxious   1  2  3  4  5 
 

13. Unenterprising  1  2  3  4  5 
 

14. Calm   1  2  3  4  5 
 

15. Active   1  2  3  4  5 
 

16. Tired   1  2  3  4  5 
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Please indicate roughly how often you had each thought DURING THE TASK. 
 

Never = 1      Once = 2      A few times = 3      Often = 4      Very often = 5 
 

17. I thought about how I should work more carefully. 1 2 3 4 5 
 

18. I thought about how much time I had left.  1 2 3 4 5 
 

19. I thought about how others have done on this task. 1 2 3 4 5 
 

20. I thought about the difficulty of the problems.  1 2 3 4 5 
 

21. I thought about my level of ability   1 2 3 4 5 
 

22. I thought about the purpose of the experiment.  1 2 3 4 5 
 

23. I thought about how I would feel if I were told how I performed.     
       1 2 3 4 5 
 

24. I thought about how often I get confused.  1 2 3 4 5 
 

25. I thought about members of my family.   1 2 3 4 5 
 

26. I thought about something that made me feel guilty. 1 2 3 4 5 
 

27. I thought about personal worries.   1 2 3 4 5 
 

28. I thought about something that made me feel angry. 1 2 3 4 5 
 

29. I thought about something that happened earlier today.      
       1 2 3 4 5 
 

30. I thought about something that happened in the recent past 
(last few days, but not today).    1 2 3 4 5 
 

31. I thought about something that happened in the distant past.     
       1 2 3 4 5 
 

32. I thought about something that might happen in the future.     
       1 2 3 4 5 
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Appendix S. Self-Report Surveys (Experiment 2) 

 

S1. Aggregate results from NASA-TLX 

 

    Rating    

Item  M  SD  Range  

Mental Demand  9.93  4.60  2.5 – 18  

Physical Demand  6.14  3.11  1 – 10.75  

Temporal Demand  9.15  3.74  2.25 – 14.25  

Performance  5.24  3.07  1.5 – 10.75  

Effort  7.76  4.23  1.5 – 14.75  

Frustration  6.00  4.61  0.875 – 19.5  

Note. Questions on the NASA-TLX questionnaire are answered using a scale with 21 graduations, with 

the left-hand side of the scale indicating very low ratings, and the right-hand side of the scale indicating 

very high ratings. Reported scores are aggregated across 4 administrations of the questionnaire. 

 

 

S2. Results from Post-Drive Self-Report 

 

    Rating    

Item  M  SD  Range  

How challenging a drive do you feel 

the drives were? 

 
3.70 

 
1.85 

 
1 – 7 

 

How would you rate your driving 

performance on the drives? 

 
6.43 

 
1.73 

 
2 – 8 

 

How challenging did you feel it was to 

stay focused while driving? 

 
4.91 

 
2.09 

 
1 – 9 

 

To what extent do you think distraction 

may have had an effect on your driving 

performance? 

 
4.48 

 

2.29 

 

1 – 8 

 

Note. Each question on the post-drive self-report is answered using a 1-9 scale, with 1 indicating low or 

easy ratings, and 9 indicating high or extreme ratings.



 

 170 
 

Appendix T. Feelings and thoughts experienced during Experiment 2, as measured by items on 

the Dundee Stress State Questionnaire (DSSQ) 

    Rating    

Feelings  M  SD  Range  

Energetic  1.70  0.876  1 – 4  

Relaxed  3.26  0.915  1 – 5  

Alert  3.17  1.07  1 – 5  

Nervous  1.65  0.714  1 – 3  

Passive  2.78  0.902  1 – 4  

Tense  2.26  0.963  1 – 4  

Jittery  2.00  1.044  1 – 4  

Sluggish  3.04  1.22  1 – 5  

Composed  3.17  0.984  1 – 5  

Restful  2.74  1.05  1 – 5  

Vigorous  1.91  0.848  1 – 3  

Anxious  2.00  1.044  1 – 4  

Unenterprising  2.35  0.775  1 – 4  

Calm  3.43  0.845  1 – 5  

Active  2.26  1.14  1 – 5  

Tired  3.65  1.30  1 – 5  

Thoughts        

How I should work more carefully  3.10  1.21  1 – 5  

How much time I had left  3.85  1.35  1 – 5  

How others have done on this task  2.80  1.20  1 – 5  

The difficulty of the problems  2.30  1.17  1 – 5  

My level of ability  3.10  1.12  1 – 5  

The purpose of the experiment  3.90  1.29  1 – 5  
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Note. Items on the DSSQ are rated on a 1-5 scale. When responding to the applicability of ‘Feelings’ 

items, 1 represents ‘not at all’ while 5 represents ‘Extremely’. When responding to the frequency of 

‘Thought’ items, 1 represents ‘Never’ while 5 represents ‘Very often’ 

 

How I would feel if I were told 

how I performed 

 
2.55 

 
1.19 

 
1 – 4 

 

How often I get confused  1.60  0.821  1 – 3  

Members of my family  2.20  1.32  1 – 5  

Something that made me feel 

guilty 

 
1.90 

 
1.25 

 
1 – 5 

 

Personal worries  2.60  1.35  1 – 5  

Something that made me feel 

angry 

 
1.70 

 
1.03 

 
1 – 4 

 

Something that happened earlier 

today 

 
3.40 

 
1.31 

 
1 – 5 

 

I thought about something that 

happened in the recent past (last 

few days, but not today) 

 

3.25 

 

1.29 

 

1 – 5 

 

Something that happened in the 

distant past 

 
2.40 

 
1.23 

 
1 – 5 

 

Something that might happen in 

the future 

 
2.65 

 
1.27 

 
1 – 5 
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Appendix U. Thoughts and feelings during Experiment 2 

Results 

No significant correlations were found between items on the DSSQ and hazard reaction 

time. However, looking at the results from the emotion questions revealed that ‘Energetic’, 

‘Relaxed’, ‘Alert’ and ‘Active’ were negatively correlated with measures of SDLP (range of r-

values = -0.457 to -0.775, range of p-values = .000 to .043), while ‘Sluggish’ and ‘Tired’ 

correlated positively with SDLP (range of r-values = 0.446 to 0.585, range of p-values = .007 to 

.046). Additionally, the ‘Alert’ item was also found to correlated negatively with measures of 

driving speed (r = -0.476, p < .05). In other words, individuals with higher ratings on the 

‘Energetic’, ‘Relaxed’, ‘Alert’ and ‘Active’ items tended to exhibit less deviation from the center 

of the lane when driving. Conversely, individuals with higher ratings on the ‘Sluggish’ and 

‘Tired’ items tended to deviate more greatly from the center of their lane. Those with higher 

ratings on the ‘Alert’ item also tended to exhibit lower driving speeds. Examining concern off-

task thoughts, the only question that was significantly associated with any measures of driving 

performance was the item which read “I thought about how often I get confused”, and it was 

found to correlate negatively with measures of driving speed (r = -0.471, p < .05). This means 

that individuals who indicated a higher level of agreement with this items also tended to drive 

slower. A more detailed summary of these correlations can be found in Table 4. 
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Table 4. 

Correlations between select items on the DSSQ and measures of driving speed, steering 

performance, and reaction time 

DSSQ Speed Steering Reaction Time 

Energetic -0.076 -0.497* 0.078 

Relaxed 0.022 -0.457* -0.055 

Alert -0.476* -0.775*** 0.246 

Sluggish 0.133 0.446* -0.196 

Active -0.149 -0.559* 0.012 

Tired 0.197 0.585** -0.153 

Thought about how I 

get confused 
-0.471* 0.076 0.080 

Note. *p < .05, **p < .01, ***p < .001 

 

Discussion 

Looking at how off-task thoughts and feelings related to patterns of performance, results 

were enlightening, though somewhat limited. Despite the DSSQ being a somewhat lengthy 

survey, relatively few questions correlated strongly with our indices of driving performance. 

Nevertheless, there were still several items that exhibited consistent correlations with driving 

steering performance and driving speed. Questions that outlined feeling energetic, alert, active, 

and tired tended to correlate strongly with steering performance. Greater agreement with feeling 

‘energetic’, ‘alert’, and ‘active’ was associated with reduced steering variation, while greater 

agreement with feeling ‘sluggish’ and ‘tired’ was associated with poorer steering performance 

(i.e., higher SDLP values). It is somewhat odd that the item ‘relaxed’ was also associated with 

reduced steering variation, as some might associate relaxation with a more subdued state. 

However, perhaps it was the case that being able to relax in the simulator allowed individuals to 
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be more focused and alert to the driving task (including the task of maintaining lane position). 

Nevertheless, there have been several studies examining the relation between fatigue and 

different aspects of driving behaviour such as steering performance. The general consensus 

amongst them is that steering performance is seen to deteriorate with increased fatigue, including 

that caused by sleep deprivation, time-on-task, and task monotony (Hack, Choi, Vijayapalan, 

Davies, & Stradling, 2001; May & Baldwin, 2009; Philip et al., 2005; Thiffault & Bergeron, 

2003; Van Der Hulst, Meijman, & Rothengatter, 2001). In light of this, the general pattern of 

association between steering performance and the ‘Energetic’, ‘Alert’, ‘Sluggish’, ‘Active’, and 

‘Tired’ items of the DSSQ does appear to represent an effect of fatigue, though the specific 

correlation between these items and steering remains to be explained. Unfortunately, in light of 

the fact that we did not collect data on hours of sleep or subjective ratings of fatigue, we cannot 

know for sure the cause of participants’ perceived fatigue. Furthermore, given that comparisons 

between the DSSQ and steering behaviours are correlative only, we can only say that they are 

associated in some way, not that fatigue was the antecedent to these driving patterns. 

Nevertheless, the association between perceived fatigue and steering performance could perhaps 

explain why we did not see a significant effect of negatively valenced images on steering 

performance in Experiment 2. Had we administered the DSSQ in Experiment 1 and found a 

similar pattern of association, this could also have been used to explain why in that case we 

found no impact at all on of valence or arousal on steering whatsoever. 

Only two items on the DSSQ were significantly correlated with driving speeds: the 

‘Alert’ item, and thoughts about getting confused. Evidence from studies on mind-wandering and 

driving have previously shown that individuals who engage in mind-wandering are more likely 

to drive at higher speeds (Yanko & Spalek, 2013). Given that we found an association between 
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increased driving speeds and reduced feelings of alertness lends some support to our suggestion 

that mind-wandering may have occurred during the drives. That is, if an individual felt less alert 

they may have been more likely to lapse into off-task thought, which could have worked to 

minimize differences in driving speed caused by the valence and arousal of billboard content—as 

well as contributed to the lack of significant driving speed results we saw in Experiment 2. On 

the other hand, a higher amount of thought relating to confusion was found to be correlated with 

lower driving speeds, which runs opposite to the patterns found in research on mind-wandering 

and driving. However, it is possible that individuals who experienced these thoughts were 

actually confused about the experiment itself, and so were not engaged in true off-task thought. 

Therefore, changes in driving behaviour associated with increased mind-wandering would not 

have appeared as a consequence of these thoughts. Nevertheless, given that these comparisons 

between items on the DSSQ and driving speed are once again only correlative in nature, we 

cannot state that off-task thought contributed to these, only that the two were associated in some 

way. 
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Appendix V. Participant Mood 

Results 

To determine whether participants’ moods had any indirect effects on the results, several 

analyses comparing the moods recorded by the Russell Affect Grid ( Russell et al., 1989) and the 

various indices of driving performance were conducted. Responses on the affect grid can be 

broken down into two dimensions: displeasure-pleasure and sleepiness-arousal. Each dimension 

is measured from 1 – 9, with a “1” on the displeasure-pleasure dimension indicating more 

unpleasant feelings, and a “1” on the sleepiness-arousal dimension indicating more subdued or 

sleepy feelings (see Table 5 for overall ratings of participants’ existing moods). This breakdown 

provided each participant with two mood scores, which were then correlated with measures of 

their driving performance. Unfortunately, no significant correlations were found between the 

displeasure-pleasure or sleepiness-arousal dimensions and measures of speed, steering, or 

reaction time performance (see Table 6). 

 

Table 5. 

Ratings of participants’ existing moods in Experiment 2, as measured by the two dimensions of 

the Russell Affect Grid 

 Rating  

Dimension M SD Range  

Displeasure- 

Pleasure 
6.70 1.29 4 – 8.5  

Sleepiness- 

Arousal 6.09 1.29 4 – 8  
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Table 6. 

Correlations between the two dimensions of the Russell Affect Grid and measures of driving 

speed, steering performance, and reaction time 

Dimension Speed SDLP Reaction Time  

Displeasure- 

Pleasure 
0.323 0.320 -0.002  

Sleepiness- 

Arousal -0.118 -0.355 0.278  

Note. Correlations did not reach statistical significance 


