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Abstract 

The purpose of this study was to compare the distracting effects of conversations with 

passengers and over hands-free cellular phones and determine if passengers modulated a 

conversation as driving demands changed. 80 participants were randomly assigned to drive 

alone, drive and talk with a passenger, or drive and talk over a hands-free cellular phone. 

Those in the passenger and cellular phone conditions were further assigned to the role of 

driver or non-driver. Results found little practical evidence that passengers modulated, but 

lane and speed maintenance were influenced by increased driving demands, and responses 

to a pedestrian incursion were slowed when simultaneously driving and talking. 

Participants also rated workload higher when driving and talking, and generally found that 

only when driving alone could drivers discriminate between changes in workload imposed 

by the easy and difficult driving scenarios. 
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Introduction 

The number of cellular phone users in Canada has risen from 100,000 in 1987 to over 

9.5 million in 2001 (Health Canada, 2002). According to the Cellular Telecommunications 

and Internet Association (CTIA) there are currently over 140 million cellular phone users 

in the United States (CTIA, 2003). Subseribership has increased over 600 percent since 

1985 and is up 22 percent since June 2000. With more cellular phone users there has been a 

corresponding increase in the number of people who use their phones while driving 

(Goodman, Tijerina, Bents & Wierwille, 1999). Direct observation has shown that during 

daylight hours, upwards of three percent of drivers are using a cellular phone at any given 

time (Utter, 2001). 

Having access to a cellular phone does offer some safety benefits such as the ability to 

contact emergency personnel (Goodman et al., 1999; Redelmeier & Tibshirani, 1997). 

However, in-vehicle phone use has also raised a number of concerns, particularly the extent 

to which phone use distracts drivers. Studies have shown that cellular phones distract 

drivers and this can increase their risk of being in a motor-vehicle accident (e.g., Goodman 

et al., 1999; Redelmeier & Tibshirani, 1997; Stutts, Reinfurt, Staplin & Rodgman, 2001; 

Violanti, 1997, 1998). For example, Redelmeier and Tibshirani (1997) found that using a 

cellular telephone resulted in a four-fold increase in collision risk. Similarly, Violanti 

(1998) found that in-vehicle phone use produced a nine-fold increase in the risk for a fatal 

collision. More recent data has shown that cellular phone use also tends to accompany 

lower seat belt use, which might explain why cellular phone users are at a higher risk for 

being killed (Eby, Kostyniuk, & Viola, 2003). 
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The cellular phone sub-task most responsible for driver distraction is still a matter of 

debate. Empirical studies have shown that cellular phone use is distracting not only when 

dialing and holding the phone (e.g., Briem & Hedman, 1995; Brookhuis, De Vries & De 

Waard, 1991; McKnight & McKnight, 1993) but also while conversing (e.g., Gugerty, 

2002; Rakauskas, 2002; Strayer, Drews & Johnston, in press; Strayer & Johnston, 2001). 

However, the duration of a typical cellular phone conversation may be several times greater 

than the time needed to dial or answer the phone (Goodman et al., 1999; Haigney & 

Westerman, 2001; Strayer & Johnston, 2001). As a result, the conversation may be the 

most distracting part of using a cellular phone, and is the focus of this study. 

This interpretation is also consistent with accident statistics (Goodman et al., 1999). 

Accident data has shown that of the total number of cellular phone related accidents 

examined, talking on a cellular phone was associated with the greatest number of accidents. 

Reaching for and picking up a cellular phone were second and third on the list, 

respectively. Similarly, Redelmeier and Tibshirani (1997) found no differences in accident 

rates between hand-held and hands-free phones, suggesting that holding and manipulating 

the cellular phone were not contributing to accident likelihood. It appears that "drivers 

often recognize the need to be cautious when dialing, but forget they are behind the wheel 

once they become engrossed in conversation" (Goodman et al., 1999, p. 12). 

These results give reason to focus on cellular phone conversations as an important 

source of distraction for drivers. However, this conclusion points to another topic worthy of 

exploration. That is, if cellular phone conversations distract drivers, and drivers talk with 

passengers, then conversations with passengers might also be distracting. Stuffs et al. 

(2001) found that the top three sources of driver distraction included an outside person, 
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object or event (29.4%), adjusting the radio, cassette or CD (11.4%), and another occupant 

in the vehicle (10.9%). Using or dialing a cellular phone was cited in only 1.5% of crashes. 

These results suggest that passengers are more distracting than using a cellular phone. 

However, the data must be interpreted in light of exposure differences. There are likely 

more drivers who converse with a passenger than use a cellular phone. 

One assumption used to counter the argument that talking with passengers is more 

distracting than talking via a cellular phone is that passengers can see the driving situation 

and thus are in a position to modulate the interaction (Goodman et al., 1999; Gugerty, 

2002; Parkes, 1991). However, no studies have tested this assumption. Therefore, the 

purpose of this experiment was twofold. First, the experiment was designed specifically to 

test the modulation assumption. Second, the research contrasted the distracting effects of 

talking with a passenger or via a cellular phone. Before reviewing the literature on in-

vehicle conversations, it is important to define driver distraction, identify how it is 

measured, and discuss relevant models of attention to help understand the results of 

empirical studies. 

Defining and Measuring Driver Distraction 

Driver distraction is defined as "any activity that takes a driver's attention away from 

the task of driving" (Ranney, Mazzae, Garrott, & Goodman, 2000, p. 1). The allocation of 

attention to the driving task is important since driving events such as a changing light 

signal, a pedestrian crossing the street, or a vehicle running a red light could occur at any 

time. Being distracted delays reactions to such events and as a result is one of the leading 

contributors to motor-vehicle accidents (Stutts et al., 2001; Treat et al., 1979; Wang, 

Knipling, & Goodman, 1996). 
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Research has evaluated a variety of indices of driver distraction, sometimes within a 

single study (see Goodman et al., 1999; Ranney et al., 2000 for reviews). These include 

responses to driving events (e.g., Aim & Nilsson, 1994; McKnight & McKnight, 1993), the 

ability to maintain consistent driving behavior (e.g., Briem & Hedman, 1995; Brookhuis et 

al., 1991; Strayer & Johnston, 2001), subjective and physiological measures of driver 

workload (e.g., Haigney & Taylor, 1998; Harbiuk, Noy, & Eizenman, 2002), and changes 

in visual behavior (e.g., Harbiuk et al., 2002; McPhee, Scialfa, Dennis, Ho, & Caird, in 

press). A driver is usually considered distracted when responses to driving events are 

delayed, drivers have difficulty maintaining consistent speed and lane position, workload 

increases, and drivers make fewer saccades, spend more time fixated on objects, and less 

time scanning peripheral regions. 

Models ofAttention 

There are many models of attention that can be used to understand driver distraction. 

Early theories (e.g., Moray, 1967; Kahneman, 1973) proposed a single pool of resources 

from which to allocate attention to multiple tasks. In these models, all tasks rely on the 

same attentional reserves. As the difficulty of a secondary task increases, more attentional 

resources are diverted from the primary task. Similarly, as more resources are needed for 

the primary task, fewer are available for the secondary task. In situations where attentional 

reserves are not exceeded, both tasks can be performed proficiently. However, if capacities 

are exceeded, performance on one or both tasks will suffer. 

A number of studies suggest that attentional resources are not drawn from single 

unitary source, but instead involve multiple resources from which attention is allocated (see 

Wickens, 1980 for a review). The multiple resource model (Wickens, 1980, 1984; Wickens 
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& Hollands, 2000) characterizes tasks along four dimensions: processing stage 

(perceptual/cognitive, action selection/execution), code (verbal, spatial), perceptual 

modality (auditory, visual), and response (vocal, manual). Each dimension corresponds to a 

different pool of resources and the model predicts that as long as a secondary task differs 

from the primary task on one or more dimensions, attentional resources may be drawn from 

more than one pool, thus reducing dual-task decrements. Therefore, an in-vehicle task that 

shares the same dimensions as driving should disrupt driving performance. 

Driving is typically broken down into three subtasks: vehicle control, hazard 

awareness, and navigation (Olson & Dewar, 2002; Wickens, Gordon, & Liu, 1998). Each 

sub-task maps onto one or more of the processing dimensions identified in the multiple 

resource model. For example, vehicle control requires drivers to visually scan the 

environment and make motor responses in the form of steering, braking, and accelerating. 

Hazard awareness requires visual or auditory resources to detect a hazard, perceptual and 

cognitive resources to identify a hazard as a threat, and manual resources to select and 

execute the appropriate response. Lastly, navigation requires cognitive and spatial 

resources to select, plan, and execute intended paths through the environment. 

Like driving, in-vehicle conversations also .map onto many of the processing 

dimensions identified in the multiple resource model. Conversing using a hand-held 

cellular phone requires auditory resources for the ring and conversation, manual and visual 

resources to find and hold the phone, and cognitive resources to process the content of the 

conversation. Talking using a hands-free cellular phone removes the visual and manual 

requirements, but still requires auditory and cognitive resources for the ring and 

conversation. Talking with a passenger requires auditory resources for the conversation, 
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visual resources when looking at the passenger, manual resources in the form of gestures, 

and cognitive resources towards the content of the conversation. Since talking with a 

passenger requires additional visual and manual resources relative to talking over a hands-

free cellular, phone, the multiple resource model might predict that a passenger 

conversation would be more distracting than a similar conversation over a hands-free 

cellular phone. However, as mentioned, the passenger might modulate the conversation as 

driving demands change. This could have the effect of reducing driver distraction when 

talking with passengers. 

Cellular Phone Conversations 

Studies that have focused on cellular phone conversations often find that conversations 

distract drivers. However, the nature of the distraction differs as a function of the driving 

and conversation tasks. Driving tasks have been simulated using visual pursuit tracking 

tasks that only partially duplicate the demands of operating a vehicle (e.g., Strayer & 

Johnston, 2001). Other studies have used simple vehicle mockups that provide basic 

vehicle controls for steering, braking, and acceleration (e.g., Briem & Hedman, 1995; 

McKnight & McKnight, 1993). Driving has also been simulated using fixed-based vehicles 

and projected driving environments to better balance ecological validity with experimental 

control (e.g., Alm & Nilsson, 1994; Rakauskas, 2002). Still more studies have used 

instrumented vehicles that maximize generalizability, but often compromise the ability to 

precisely control the driving environment (e.g., Brookhuis et al., 1991; Brown, Tickner & 

Simmonds, 1969). 

Studies have also varied the tasks used to mimic the attentional requirements of cellular 

phone conversations. Researchers have used arithmetic and problem solving tasks (e.g., 
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Brookhuis et al., 1991; McKnight & McKnight, 1993), simple word games (e.g., Gugerty, 

2002; Strayer & Johnston, 2001 Experiment 2), casual conversations about current events 

or issues (e.g., Rakauskas, 2002; Strayer & Johnston, 2001 Experiment 1), intense 

conversations requiring deep thought and introspection (e.g., Rakauskas, 2002), and verbal 

negotiations (e.g., Fairciough, Ashby, Ross, & Parkes, 1991). The results cited below are 

representative of the findings from studies that have evaluated the effect of conversing on a 

cellular phone, using various conversation and driving tasks, on several indices of driver 

distraction. 

As mentioned, some researchers have used highly artificial tasks to simulate the 

attentional demands of talking while driving. An early study by Brown et al. (1969) had 

participants make judgments about the relative order of a series of letters read by a 

confederate over a hands-free radiophone. Participants drove an instrumented vehicle on a 

closed track and were required to judge whether a gap between two obstacles was wide 

enough to be cleared by the car. Errors in gap judgment were greater when participants 

were simultaneously driving and conversing, but no differences were found between 

driving alone and driving plus conversing with respect to the percentage of gaps cleared. 

Completing the conversation task while driving had no effect on steering movements, 

brake responses, accelerator presses, and lateral or longitudinal acceleration. Haigney and 

Taylor (1998) found similar results using the same conversation task. They showed that 

hand-held and hands-free cellular phone conversations resulted in no differences on 

average acceleration, speed, braking, steering, following behavior, and response time to 

'pop up' events. However, heart rates were higher during the conversation compared to just 

before and after the call, which suggested higher workload than driving alone. 
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Other researchers have evaluated the difference between hand-held and hands-free 

cellular phone conversations on driver distraction. This is a particularly relevant question 

since up until 1999, there were 11 US states that introduced or considered legislating 

against the use of hand-held cellular phones while driving (Goodman et al., 1999). More 

recently in Canada, the government passed a law making it illegal for drivers to use a hand-

held cellular phone while operating a motor vehicle in Newfoundland and Labrador. 

Strayer and Johnson (2001, Experiment 1) had participants converse with a confederate 

using a hands-free or hand-held cellular phone while simultaneously completing a visual-

pursuit tracking task. Participants missed more simulated light signal changes when talking 

using either type of phone compared to a control group that listened to the radio. 

Participants in both cellular phone conditions took longer to react to the simulated light 

change compared to driving alone. The finding that hands-free and hand-held phone 

conversations were equally distracting suggests that distraction was not associated with 

holding a cellular phone, but instead was due to the conversation itself. 

Studies have also evaluated how driving difficulty might influence the effects of hands-

free and hand-held cellular phone conversations on driver distraction. Brookhuis et al. 

(199 1) had participants converse using a hand-held or hands-free cellular phone while 

driving an instrumented vehicle in light traffic, heavy traffic, and city traffic. The 

conversation task was a paced serial addition task, which required participants to add 

numbers and keep them in memory for subsequent retrieval. More steering wheel 

movements were made in city traffic when simultaneously conversing using either cellular 

phone compared to driving alone or driving and conversing in light or heavy traffic. 

Additionally, like Haigney and Taylor (1998), heart rate increased when participants drove 
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and conversed, and was highest when driving in city traffic. Participants rated effort higher 

when driving and talking compared to driving alone, but no differences were found 

between the two phone types. Like Strayer and Johnson (2001, Experiment 1), the 

conversation itself seemed to influence the perception of effort rather than holding and 

manipulating the phone. 

A similar study by Alm and Nilsson (1994) used a simulator with a moving base, wide-

angle visual system, and surround sound system to compare the effects of hands-free 

cellular phone conversations as a function of driving difficulty. The easy driving route had 

participants drive a straight section of road whereas the difficult route had participants 

negotiate curves. The conversation required participants to make judgments about whether 

a series of brief sentences were sensible or not and recall the last word in each sentence in 

the correct order. Compared to driving alone, participants took longer to respond to driving 

events and had lower average speeds when driving and talking in the easy relative to the 

difficult driving condition. Lane position was disrupted in both driving conditions when 

also completing the conversation task. Subjective workload was rated higher when talking 

and driving but no differences were found between the easy and difficult driving 

conditions. 

Several studies have also attempted to understand how varying attentional demands 

imposed by cellular phone conversations influence driver distraction. Strayer and Johnson 

(2001, Experiment 2) varied the predictability of a visual-pursuit tracking task while 

participants completed two simulated conversations. The first was a shadowing task where 

participants repeated words that were said to them by a confederate. The other conversation 

was a word generation task where participants had to generate words based on the last 
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letter of the word said by a confederate. Greater deviations from the ideal tracking path 

were found under difficult compared to easy driving conditions and also while engaged in 

the word generation task. The shadowing task showed no differences compared to driving 

alone. This suggests the greater attentional demands required by the word generation task 

lead to greater distraction compared to just passively listening and repeating what was 

heard. 

Briem and Hedman (1995) varied the intensity of a cellular phone conversation by 

having participants engage in a simple conversation about a familiar topic, a difficult 

conversation incorporating a test of working memory, or listen to the radio. The driving 

task required participants to maneuver a steering wheel and control a computer-generated 

triangle on a line presumed to be the center of the road. Drivers controlled the simulated 

vehicle under both firm and slippery driving conditions. Deviations were greater and 

participants spent more time off the road on the slippery compared to the firm road surface. 

The difficult telephone conversation was associated with greater deviations and time spent 

off the road than the simple conversation, and also showed the greatest variation in speed. 

This was especially noticeable when driving on slippery roads. Tuning and listening to the 

radio resulted in considerably greater deviations and time off the road compared to either 

conversation task. 

McKnight and McKnight (1993) found similar results when participants reacted to 

different traffic situations (e.g., vehicles stopping, lights changing, pedestrian incursions) in 

videotaped highway traffic scenes. They compared driving alone, dialing a cellular phone, 

a casual conversation with the experimenter, an intense conversation incorporating simple 

math computations or a brief memory test, and radio tuning for young, middle, and old 
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adults. Overall, results showed that intense conversations and tuning the radio resulted in 

the greatest number of missed driving events. Older adults made fewer responses to driving 

events when tuning, dialing and while engaged in either conversation task compared to 

driving alone. Conversations were also distracting for young and middle aged participants, 

but the effects were smaller. It appears age may be an important moderator of the 

distracting effects of cellular phone conversations. 

Some researchers have used more realistic conversations to better replicate the 

attentional requirements of talking while driving. The results of these studies are much the 

same as those that used more artificial conversation tasks. Rakauskas (2002) compared the 

effects of easy and difficult conversations using a wooden car mock up with a projected 

driving environment and surround audio system. The easy conversation was created to 

mimic small talk while the difficult conversation required participants to make judgments, 

formulate opinions, and integrate information in order to answer the questions that were 

posed by an experimenter. Greater variability in speed was observed while talking and 

driving, and the difficult conversation resulted in more variability than the easy 

conversation. Average speed and variability in steering were greater when driving alone 

than either conversation condition. Subjective mental workload was rated higher when 

conversing, but no differences were found between easy and difficult conversations. 

Irwin, Fitzgerald and Berg (2000) examined how four levels of conversation difficulty 

compared to driving alone on response time to a braking event. The first conversation 

condition required participants to listen to a weather forecast. The second had them make 

one or two word responses to simple questions. The third condition required participants to 

make responses that demanded greater thought and memory. For the last conversation 
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condition, participants were asked questions about their beliefs or feelings on an issue that 

would elicit an emotional response. No differences in response time were found as a 

function of conversation difficulty, but response times were slower when participants were 

engaged in the conversations compared to driving alone. 

Studies have also analyzed the effects of cellular phone conversations on visual 

behavior. Harbiuk et al. (2002) compared simple and difficult addition problems to driving 

alone on driver visual behavior, vehicle control, and subjective measures of workload, 

safety, and distraction in an instrumented vehicle. Fewer saccades were made, more time 

was spent looking directly ahead, and less time was spent looking in the right peripheral 

area and at the instruments and mirrors when completing the difficult problems compared 

to both the easy problems and driving alone. A greater number of drivers also showed hard 

braking behavior while simultaneously completing the difficult arithmetic problems. 

Subjective workload, safety, and distraction were rated highest for the difficult problems, 

followed by the easy and driving alone conditions. 

McPhee et al. (in press) evaluated age differences in visual search for traffic signs 

while completing a simulated cellular phone conversation. The conversation task required 

participants to listen to and answer questions about brief prose passages. The search task 

had participants respond to the presence or absence of traffic regulatory signs in high and 

low clutter digital traffic scenes. More errors and higher response times were observed 

while completing the conversation task, in high clutter scenes, and by older adults. Older 

adults also made more errors in high clutter scenes relative to younger participants. More 

fixations and longer fixation durations were associated with older adults and high clutter 

scenes. Fixation number did not differ between single and dual task (i.e., conversing) 
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conditions but longer fixations were found while simultaneously completing the 

conversation task. Subjective workload was assessed using a modified version of the 

NASA TLX. The conversation task resulted in higher perceptions of workload on all the 

subscales compared to single task conditions. Therefore, like Harbiuk et al. (2002), these 

data suggest that even, a highly auditory conversation task can affect visual behavior. 

Taken together, these studies suggest that cellular phone conversations distract drivers. 

However, the nature of the distraction depends to some extent on the driving situation, the 

conversation task, and the variables used to measure distraction. Cellular phone 

conversations increased response times to driving events (Irwin et al., 2000; McKnight & 

McKnight, 1993; Strayer & Jonhston, 2001, Experiment 1), which suggests drivers 

engaged in cellular phone conversations may be at a greater risk for accident involvement 

when quick responses are required. Subjective and physiological workload were higher 

when drivers conversed while driving'(Alm & Nilsson, 1994; Brookhuis et al., 1991; 

Haigney & Taylor, 1998; Harbiuk et al., 2002; Rakauskas, 2002). Higher driving demands 

tended to worsen the distracting effects of talking while driving (Briem & Hedman, 1995; 

Brookhuis et al., 1991), but this finding was not consistent (see Aim & Nilsson, 1994). 

Some studies found that more intense (i.e., difficult) conversations distracted drivers more 

than less intense (i.e., easy) conversations (Briem & Hedman, 1995; McKnight & 

McKnight, 1993; Strayer & Johnston, 2001, Experiment 2), but again this result was not 

consistent (see Irwin et al., 2000). Both artificial (e.g., Strayer & Johnston, 2001, 

Experiment 2) and realistic (e.g., Rakauskas, 2002) conversations contributed to driver 

distraction, suggesting that a natural dialogue is not required to simulate the distracting 

effects of talking while driving. Vehicle control and maintenance were differentially 
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influenced by conversations depending on the nature of the driving task. Those studies that 

found conversations to affect vehicle control and maintenance used visual pursuit tracking 

tasks and simple vehicle mock-ups (e.g., Briem & Hedman, 1995; Strayer & Johnston, 

2001, Experiment 2). With some exceptions (e.g., Aim & Nilsson, 1994), studies that used 

instrumented vehicles or driving simulators with projected driving environments generally 

found that conversations had little influence on the ability to safely maintain and control a 

vehicle (e.g., Brown et al., 1969; Haigney & Taylor, 1998). 

Passenger Conversations 

A limited number of studies have examined how cellular phone conversations compare 

to passenger conversations on measures of driver distraction (Fairciough et al., 1991; 

Gugerty, 2002; Parkes, 1991; Waugh et al., 2000). Researchers have identified a number of 

factors that could influence why cellular phone and passenger conversations differentially 

distract drivers. First, usage patterns show that cellular phone conversations tend to be used 

for both business and personal reasons (Goodman et al., 1999), whereas conversations with 

passengers are more likely to be personal. Second, passengers may supplement an in-

vehicle conversation with gestures, facial expressions, and posture. Non-verbal factors 

have been shown to improve communication in a number of contexts (see Wickens & 

Hollands, 2000 for a review); however, these benefits will only be realized if the driver 

actually looks at the passenger. Additional considerations such as familiarity of talkers, 

physical proximity and willingness to engage in a conversation may also contribute to 

potential differences in cellular phone and passenger conversations (Fairciough et al., 1991; 

Parkes, 1991). Lastly, since passengers can see the driving situation, they may be in a 

position to regulate the conversation as driving demands change (Goodman et al., 1999; 
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Gugerty, 2002; Parkes, 1991). This would have the net effect of reducing the distracting 

effects of talking to a passenger during periods of high driving difficulty. The studies 

reported below provide some answers to these important issues. 

Fairciough et al. (199 1) had participants drive an instrumented vehicle on a 

predetermined route while negotiating with a confederate via a hands-free cellular phone or 

as a passenger. Participants took longer to drive the experimental route, rated subjective 

workload higher, and had higher heart rates when conversing, but no differences were 

found between the cellular phone and passenger conditions. Waugh et al. (2000) found 

different results when they had participants complete a closed serpentine driving course in 

their own cars. Participants had to complete a cognitive test battery requiring them to 

remember complex sentences and solve verbal puzzles. It took drivers longer to complete 

the driving course and respond to test battery items when using the cellular phone 

compared to driving alone and talking to a passenger. However, like Fairciough et al. 

(1991), subjective workload was rated higher for the cellular phone task compared to 

driving alone, but this did not differ significantly from the passenger condition. 

Parkes (1991) attempted to evaluate the claim that passengers regulate a conversation 

based on the needs of the driving task. In his study, participants were tested on critical 

thinking ability while conversing with a confederate via a cellular phone or as a passenger. 

He found that talking using a cellular phone was more detrimental compared to talking 

with a passenger on several critical thinking measures. Parkes also noted that while 

examining video footage of the study, the confederate serving as the passenger naturally, 

and unconsciously, made some allowance for the demands of the driving task. Many have 
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used this as evidence that passengers regulate the conversation (e.g. Goodman et al., 1999; 

Haigney & Westerman, 2001), but none have examined this directly. 

Gug&ty (2002) compared the distracting effects of passenger and cellular phone 

conversations by randomly assigning pairs of participants to either the cellular phone or 

passenger conditions, with one randomly selected participant serving as the driver and the 

other being the non-driver. The conversation task was based on Strayer and Johnson (2001, 

Experiment 2) and required drivers and non-drivers to generate words based on what each 

other said. Cellular phone and passenger conversations degraded performance equally on 

several measures of situation awareness including response time, the ability to recall 

nearby car locations, and the ability to identify distant, nearby, and sudden hazards. Drivers 

took longer to generate and say each word compared to non-drivers, and passengers had 

more extremely long word durations compared to non-drivers in the cellular phone 

condition. This suggests that since passengers could see the immediate driving demands, 

they may have paused more often between words. 

Like the studies that evaluated cellular phone conversations, these results paint a mixed 

picture of how passenger conversations distract drivers. Some of the studies (Fairciough et 

al., 1991; Gugerty, 2002) suggested that conversing with a passenger is as distracting as 

conversing using a cellular phone, whereas other studies found that conversations via 

cellular phones were more distracting than talking with a passenger (Parkes, 1991; Waugh 

et al., 2000). Some support was found for the claim that passengers regulate a conversation 

based on driving demands (Gugerty, 2002). However, this was measured using only one 

index of conversation rate, and was not evaluated as a function of driving difficulty. 

Additionally, with the exception of Gugerty (2002), a confederate served as the passenger 
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or cellular phone user for all the studies reported above. This may have created some 

artificiality between those engaged in the conversation. Finally, none of these studies 

evaluated the effect of passenger conversations on driver distraction using a simulator with 

a projected driving environment. 

The Present Study 

This research focused on conversations with passengers and via hands-free cellular 

phones as an important source of distraction for drivers. The study did not replicate a 

cellular phone or passenger conversation in all its complexity and detail. Rather, the focus 

was on the distracting effects of a simulated conversation with a passenger or via a cellular 

phone as a function of driving demands. The experiment reported below used a hands-free 

cellular phone to isolate the conversation and remove the influence of factors associated 

with dialing, finding, or holding the phone (Strayer & Johnston, 2001). 

This project built on previous research in a number of ways. First, conversations were 

studied using a fixed-based driving simulator that projected a highly detailed and realistic 

driving environment. This helped balance ecological validity with experimental control 

(Goodman et al., 1999). Second, unlike previous studies that used confederates to induce 

distraction (e.g., Fairclough et al., 1991; McKnight & McKnight, 1993; Strayer & Johnson, 

2001), participants served as both drivers and non-drivers. This ensured that the 

conversation dynamics were as realistic as possible. Third, a number of indicators of driver 

distraction were evaluated, including responses to driving events, the ability to safely 

control and maintain a vehicle, and subjective workload. Fourth, the study was designed 

specifically to evaluate the manner in which passengers and drivers modulate a 

conversation. This was done by measuring the conversation in terms of speech rate, errors, 
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word complexity, and linguistic frequency. Finally, a controlled manipulation of driving 

difficulty was used, which allowed for the investigation of how passenger and cellular 

phone conversations distract drivers in different driving situations, as well as how 

conversations might be regulated as driving demands change. 

Hypotheses 

There are a number of hypotheses that were made from previous research and theories 

of attention. The first set of hypotheses corresponded to the conversation data. No 

hypotheses were made for how the driver might modulate a conversation, because no 

research has examined this topic. Therefore it is difficult to predict what the driver might 

do as driving demands change. 

Hypothesis la: Speech rates and word complexity will be higher and linguistic 

frequency and errors lower under easy compared to difficult driving conditions. 

Hypothesis ib: Speech rates and word complexity will be higher and linguistic 

frequency lower in the cellular phone condition compared to the passenger condition. 

Hypothesis ic: Non-drivers will have higher speech rates and word complexity, but 

lower conversation errors and linguistic frequency compared to drivers. 

Hypothesis id: The passenger group will reduce their speech rates and word complexity 

but increase linguistic frequency under difficult compared to easy driving conditions 

relative to the cellular phone group. 

Hypothesis le: Non-drivers in the passenger condition will reduce their speech rates 

and word complexity and increase linguistic frequency more under difficult compared 

to easy driving conditions relative to non-drivers in the cellular phone condition. 
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The next set of hypotheses refers to the driver performance data, including responses to 

driving events and average speed. No hypotheses were made for the other measures of 

vehicle control and maintenance since the results of previous studies were mixed. 

Hypothesis 2a: Response time will be higher and average speed will be lower in the 

difficult compared to easy driving condition. 

Hypothesis 2b: Response time will be higher and average speed lower when conversing 

with a passenger or via cellular phone compared to driving alone. 

Hypothesis 2c: Response time will increase and average speed will decrease more from 

easy to difficult driving conditions for the cellular phone and passenger groups 

compared to driving alone. 

The last group of hypotheses relates to the subjective workload data. 

Hypothesis 3a: Workload will be higher for the driver under difficult compared to easy 

driving conditions. 

Hypothesis 3b: Workload will be higher for the driver when talking with a passenger or 

via cellular phone compared to driving alone. 

Hypothesis 3c: Workload will be higher for the driver when conversing compared to 

non-drivers in either the cellular phone or passenger conditions. 

Hypothesis 3d: Workload will increase more from easy to difficult driving conditions 

for the cellular phone and passenger groups compared to driving alone. 

Method 

Participants 

Eighty students from the University of Calgary participated in the experiment (46 men 

and 34 women). Ages ranged from 18 to 27 years, with an average of 20.61 years. Each 
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participant had a valid driver's license, drove an average of 14,633 km per year (SD = 

9690), and had an average of 0.65 accidents (SD = 0.86) during the last five years. Mean 

education level was 14.88 years (SD = 1.53) and participants had been driving an average 

of 4.34 years (SD = 2.03) 

Fifty-three participants reported owning a cellular phone an average of 2.47 years (SD 

1.41). Cellular phone users used their phone an average of 17.67 minutes per day (SD = 

16.22), 87% indicated that they used their phone while driving, and 93% of phones were 

hand-held. These values correspond well with data found in other studies (e.g., Stutts, 

Hunter, & Huang, 2003). 

All participants had corrected or uncorrected acuity of 20/30 or better (M = .98 minutes 

of arc, SD = .23 minutes of arc), normal contrast sensitivity, and reported English as their 

first language. Eleven participants reported taking medications at the time of testing, but 

none indicated any side effects that would interfere with learning, memory, or vision. Pairs 

of participants, to be described below, did not know each other and all participants received 

partial course credit. This study had ethical approval by the Conjoint Faculties Research 

Ethics Board at the University of Calgary (see Appendix A). 

Apparatus and Materials 

Driving simulator. Driving scenarios were created and managed using the University of 

Calgary Driving Simulator (UCDS; Caird, Edwards, Creaser & Honey, 2002). The UCDS 

is a fixed-based simulator with three SGI 230 workstations linked to three Epson 

PowerLite 703C projectors (1064 X 768 resolution, maximum lumens 1000, 60 Hz) for a 

total forward field view of 1500. The approximate distance from the participants' eyes and 

the center screen was 2.30 m. One SGI 230 workstation managed input/output, graphics, 
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and audio while another Dell workstation was a development platform for traffic scenarios 

and experimental management. A 1998 Saturn SL1 was situated in front of three 1.52 m 

high by 2.43 m wide Clarion Data Projector Screens and the brake, accelerator, steering, 

and electrical systems were interfaced using a custom computer under the vehicle hood. 

Road noise and instructions were presented through a 3D-surround Monsoon audio system. 

A Panasonic Quad System WJ-MS 424 multiplexer connected to lipstick cameras and 

microphones captured the driver's and passenger's face as well as the simulated traffic 

environment. This information was recorded for subsequent analysis using a NC Super 

VHS ET Video Cassette Recorder (VCR). All scenarios were created and managed using 

GlobalSim's HyperDriveTM Version 1.6..! software. 

The experimenter talked to participants using a Shure BG 3.1 microphone and heard 

their responses using a Sony MDR-W1U headset. Non-drivers in the cellular phone 

condition talked to the driver from behind a curtain using a Eurorack MX 802 A headset. 

Drivers heard the cellular phone conversation via a ML! 691H speaker located on the 

passenger seat. 

A small pilot study was conducted to ensure the intensity of the conversations were 

equivalent for the passenger and cellular phone conditions. The speaker volume in the' 

cellular phone condition was set at 60 dB, which is the intensity for normal person-to-

person conversations (Goldstein, 2002). Ten participants (5 men, 5 women) read a 10-word 

list as if they were non-drivers in the cellular phone condition. The intensity of their voice 

emitting from the speaker placed on the passenger seat was recorded from the driver's seat 

at a distance of 70 cm using a Bruel and Kjaer Type 2218 Sound Level Meter. The volume 

on the speaker was adjusted to 60 dB and the resulting position was recorded for each 
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participant. The average volume position of all the pilot participants was then used for the 

rest of the experiment. 

Driving environment. Two driving scenarios were developed for this study. All 

scenarios were 4000 m in length and lasted approximately five mm. One of the scenarios 

simulated driving in a residential area (i.e., easy driving condition) while the other was 

urban (i.e., difficult driving condition). The residential scenario was an 18 m wide, two-

lane, bi-directional road with a two-way left turning lane and left and right parking lanes 

(see Figure 1). The urban scenario was an 11.2 m wide, two-lane, bi-directional road with 

left and right parking lanes but without a left turning lane (see Figure 2). The residential 

scenario had a variety of houses, apartment buildings, and trees lining the streets whereas, 

the urban scenario contained large office buildings and trees. All scenarios used daytime 

dry-pavement driving conditions with good visibility. 

In addition to the narrower road and larger more dense, buildings in the urban scenario, 

driving difficulty was also manipulated by varying the amount of oncoming traffic, road 

signs, pedestrians, and parked vehicles. Forward traffic was excluded because this would 

have necessarily influenced average speed and reactions to driving events. A preliminary 

investigation analyzed video footage to determine a realistic number of pedestrians, parked 

vehicles, oncoming traffic, and road signs for both residential and urban scenarios. Video 

footage was taken of residential and urban areas in Calgary during daylight hours (i.e., 

08:30 to 17:00) on different days of the week. Six residential and six urban scenes were 

videotaped, while driving the posted speed limit of 50 kph. Each driving scene was 2000 m 

in length and took between three to eight min to drive. 
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Two raters analyzed the video scenes using a Sony SLV-N77 VCR. Both raters viewed 

the video scenes twice. During the first viewing, raters counted the number of parked cars, 

pedestrians, and signs while during the second viewing raters counted oncoming traffic. 

Raters did not count pedestrians, parked cars, signs, or oncoming traffic when the vehicle 

was stopped. This was done to control for the fact that more frequent and lengthy stops 

were required in the urban scenes. Inter-rater reliability ranged from .98 to .99 for the 

residential scenes and .75 to .99 for the urban scenes. Since reliability was high, the data 

was averaged across raters, days, and time periods (Table 1). Because the counts were 

based on a 2000 in scene, the values were doubled for the 4000 m experimental scenarios. 

Parked cars, pedestrians, oncoming traffic, and signs were evenly spaced throughout each 

scenario. For the urban scenario, approximately 70% of the pedestrians were active (i.e., 

walking) while the remaining were static (i.e., standing still). 

In order to strengthen the driving difficulty manipulation, extreme values were used for 

pedestrians, parked cars, signs, and oncoming traffic in both residential and urban 

scenarios. The minimum values were used for the residential scenario and the maximum 

was used for the urban scenario. Although the resulting easy and difficult scenarios may 

not represent average residential and urban driving conditions, they do represent possible 

situations that drivers might encounter in everyday driving. 

Participants drove each scenario twice, once from each direction, so that each drive 

shared the same road characteristics (i.e., number of intersections, pedestrians, oncoming 

traffic, parked cars, and traffic signs). Therefore, drivers were exposed to four different 

routes over the course of the study (i.e., two easy and two difficult). Each route contained 

five intersections and required participants to make two right and two left turns. Route 
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information was presented on the forward screen (i.e., Please turn right) when the 

simulated vehicle reached a distance of 150 m before the relevant intersection. The speed 

limit for all routes was 50 kph. 

Driving events. There were two driving events to which the driver responded. We 

wanted to keep the number of driving events to a minimum for two reasons. First, we felt 

that encountering only two driving events was realistic given the 20 minutes participants 

were required to drive. Second, we wanted to avoid having participants respond to many 

events, thus making them hypervigilant, which has been found to unrealistically reduce 

response time (Olson, 1996). Each driving event was encountered only once in both the 

residential (i.e., easy) and urban (i.e., difficult) scenarios. This resulted in participants 

responding to one event for each route traveled. 

Four route orders were created whereby easy and difficult routes alternated. Each route 

had an equal probability of being first, second, third, or last in the order. Driving events 

were then counterbalanced across each route order. Each event is described in more detail 

below. 

Pedestrian incursion. A pedestrian originated on the right hand side of the road from 

behind a parked vehicle and proceeded across the road at a speed of 5 kph (see Figure 

3). The pedestrian proceeded only one-third of the way into the driver's lane. 

Participants were given 2.5 seconds to respond to this driving event (Honey & 

Wickens, 2002). This gave each driver the same time in which to respond, even though 

they may have been driving at different speeds. The driving event occurred at a 

randomly chosen location for each route. 
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Intersection light change. The traffic lights for all intersections were green for the 

driver's direction of travel. For the one intersection where participants had to travel 

straight, the light changed from green to yellow to red (see Figure 4). Participants were 

given 3.5 seconds to respond to this driving event. This required participants to 

complete a hard braking response to stop without encroaching on the intersection. 

Procedure 

Upon arriving at the lab, participants were briefly introduced to the study (see 

Appendix B for complete verbal protocol) and asked to sign an informed consent document 

(see Appendix Q. They then completed a simulator sickness questionnaire (Horrey & 

Wickens, 2002; Kennedy, Lane, Berbaum & Lilienthal, 1993; see Appendix D). If 

participants responded 'yes' to any of the questions they were encouraged not to 

participate. Although 38 participants responded 'yes' to at least one question, all agreed to 

participate. 

A Snellen Visual Acuity Chart was then used to assess visual acuity and the Vistech 

Contrast Test System (VCTS) was used to measure contrast sensitivity. All participants 

were required to possess near normal, or corrected-to-normal, levels of acuity (better than 

20/30) and normal contrast sensitivity. 

All participants that met the visual requirements drove a practice scenario prior to 

beginning the experimental activities. The practice scenario allowed participants to 

familiarize themselves with the handling characteristics of the driving simulator (i.e., 

steering, braking, speed control), get accustomed to both the residential and urban 

environments and minimize the chance of getting sick in the simulator. Prior to driving the 

practice scenario, each participant was seated in the simulator, and adjustments were made 
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to the seat. An introduction to the various components of the simulator was given and 

participants had a chance to ask questions. Each participant was asked to drive 50 kph and 

observe all the rules of the road. Participants were given feedback about maintaining the 

speed limit to help familiarize them with how the simulated environment appeared when 

traveling the posted speed. When participants traveled 10 kph above or below the speed 

• limit, a message appeared on the forward screen to slow down or speed up. 

Like the experimental scenarios, the practice scenario was 4000 m in length and lasted 

approximately five minutes. The first 2000 m of the practice scenario were residential 

driving and the latter 2000 m was urban. Both the residential and urban sections contained 

the same number of pedestrians, parked cars, oncoming traffic, and road signs as the 

respective experimental scenarios. All participants drove the practice scenario without 

engaging in any conversations. 

Each participant was then randomly assigned to the cellular phone, passenger, or 

driving alone conditions. Those in the cellular phone and passenger conditions were tested 

in pairs with one member of the pair being randomly assigned to the role of driver, and the 

other being the non-driver (passenger or cellular-phone user). Before starting the 

experimental routes, drivers were told they would not be given feedback about maintaining 

the posted speed. Drivers then completed one of the four route orders, counterbalanced 

across participants. 

Drivers and non-drivers in the cellular phone and passenger conditions completed a 

simulated conversation task while driving. The conversation task was a simple word game 

where drivers and non-drivers generated words based on what each other says (Gugerty, 

2002; Strayer & Johnson, 2001, Experiment 2). The experimenter began each route by 
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saying a word (i.e., "character") and then the non-driver or driver said a word that began 

with the last letter of the previous word. The driver and non-driver then took turns saying 

words based on the last-letter rule. To make sure drivers and non-drivers had an equal 

opportunity to say the same number of words, drivers and non-drivers alternated who 

started the conversation task. Participants were told to respond to the words as quickly and 

accurately as possible, but the driver was instructed not to compromise the safe operation 

of the vehicle. Unlike other studies that have used this task (Gugerty, 2002; Strayer & 

Johnston, 2001), participants were also informed that for each experimental route, they 

must generate a unique word. This was done to avoid situations where participants 

continually repeated the same word for a given letter and to increase the working memory 

demands of the task. 

Although the simulated conversation task lacks some of the ecological validity found in 

other studies (e.g., Fairclough et al., 1991; Rakauskas, 2002), it offered some 

characteristics that are important for effective communication. First, it facilitated turn-

taking by forcing respondents to react to what each other said (Argyle, 1969; Taylor & 

Taylor, 1990). Second, the task ensured that both the driver and non-driver were attending 

to all aspects of the conversation for the duration of the driving scenarios (Wiemaim, 

1977). Third, participants were forced to remember what was said (Taylor & Taylor, 1990). 

Lastly, the task minimized simultaneous talk and interruptions (Taylor & Taylor, 1990), 

which would have been challenging to analyze. 

After each route, participants filled out a modified version of the NASA Task Load 

Index (TLX; see Appendices E and F) developed by Hart and Staveland (1988). NASA 

TLX scores have been found to have substantially less between-rater variability than one-
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dimensional workload ratings, and the subscales provide diagnostic information about the 

sources of load (Hart & Staveland, 1988). The NASA TLX has been used in other driver 

distraction studies and has been shown to be sensitive to distraction by cellular phone and 

passenger conversations (e.g., Aim & Nilsson, 1994; Fairciough et al., 1991; Harbiuk et al., 

2002; McPhee et al., in press). At the end of all the experimental routes, participants 

completed a post-simulator sickness questionnaire (see Appendix G), a demographic 

questionnaire (see Appendix H) and were debriefed (see Appendix I). 

Results 

The experiment was a 3 (Task Condition: Driving Alone, Cellular Phone, Passenger) X 

2 (Role: Driver, Non-Driver) X 2 (Driving Difficulty: Easy, Difficult) factorial design. 

Task condition and role were between-subjects variables and driving difficulty was a 

within-subjects variable. Since role was nested in the cellular phone and passenger 

conditions, the driving alone condition was included only for the driving performance and 

part of the workload analyses. The non-driver condition was included for the conversation 

analyses and some of the workload analyses. 

Dependent Variables 

Three categories of dependent variables were evaluated in this study. The data 

associated with the simulaior sickness questionnaires were not examined and will be 

analyzed in a subsequent report. The first group of variables analyzed related to the 

conversation data. A transcript of the conversation was analyzed separately for the driver 

and non-driver using four measures; speech rate, word complexity, errors and linguistic 

frequency. Speech rate (syllables/sec total time) was calculated by counting the total 

number of syllables and dividing the result by the total time. Total time was determined 
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from the moment the first word was spoken by the experimenter until the end of each route. 

Word complexity (syllables/word) was measured by counting the total number of syllables 

and dividing the result by the total number of words. Errors were counted for each driving 

route and were separated into two types, the first being situations where participants 

repeated a word that was said and the second being when the last letter rule was not 

obeyed. Linguistic frequency (average linguistic frequency/word) was calculated using the 

norms of Kucera and Francis (1967), where higher numbers represent more commonly 

used words. In cases where more than one word matched the word uttered by the 

participant (e.g., "ant" versus "aunt"), the word with the higher linguistic frequency (i.e., 

the more common word) was used. 

The second group of dependent variables related to driver performance. This 

information was automatically collected by the UCDS and was grouped into measures of 

lane and speed maintenance and responses to driving events. Mean lane position and 

variability (SD) of lane position measured lane-keeping behavior. Lane position was 

calculated as the distance (in meters) from the center of the driving lane to the center of the 

simulated vehicle. Negative values corresponded to a position to the left of center; positive 

values indicated a lane position to the right of center. Average speed and variability (SD) in 

speed measured speed control (in kph). Speed and lane position were not analyzed for the 

first 100 m of each route, 100 m before and after intersections where participants 

turned and 100 m before and after driving events. This was done to allow participants the 

opportunity to achieve the stated speed limit, avoid confounding speed and lane 

maintenance with the ability to turn and familiarity with the simulator (Raukauskas, 2002), 

and remove the influence of driving events on speed and lane maintenance behavior. 
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Perception response time (PRT) was used to assess responses to driving events and was 

defined as the time needed for drivers to detect and identify an event, decide on an 

appropriate course of action, and initiate a response (Olson, 1996). PRT was collected from 

the onset of each driving event to the moment the driver made a response (i.e., acceleration, 

steering, braking). The type of response analyzed depended on the event to which drivers 

responded. For the pedestrian event, swerving and braking responses were analyzed. For 

the light event, acceleration, braking, and releasing the accelerator were included in the 

PRT calculations. A steering response was defined as a change in wheel deflection of 5° or 

greater (Honey & Wickens, 2002). A brake response was defined as any increase in brake 

position from the default zero-value. An acceleration response was defined as a change in 

accelerator input value of 2% or greater (where 100% means the accelerator was fully 

depressed). A response where participants released the accelerator occurred when the 

accelerator input value changed to zero and remained as such until the event was passed 

(Raukauskas, 2002). In cases where more than one response was made (i.e., steered and 

braked), the fastest of the response types was taken as the PRT for the event. Response type 

(no response, brake, accelerate, swerve, release accelerator) was also collected for each 

driving event. 

The last category of dependent variable corresponded to perceptions of workload. A 

modified version of the NASA Task Load Index (TLX) was used to assess subjective 

workload (Hart & Staveland, 1988). Ratings for the six subscales of the NASA TLX were 

based on a 10 pt anchored rating scale and were combined using equal weighting to 

produce an overall NASA TLX score (Harbiuk et al., 2002; McPhee et al., in press). 
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Data Screening 

Prior to analysis, all measures were examined using SPSS 11 for accuracy of data 

entry, missing values, univariate and multivariate outliers, and normality. Two participants 

with large z-scores were found to be univariate outliers for average linguistic frequency (p 

<.001). Outliers were also found for repeat word errors, last letter errors, variability of lane 

position and speed, and PRT to the light event (p's < .001). No multivariate outliers were 

found (p> .001). Rather than remove the univariate outliers from the analysis, we decided 

to substitute the extreme values with a score that was one standard deviation above the next 

most extreme score (Tabachnick & Fidell, 2001). 

Skewness and kurtosis values were used to determine normality. The distributions for 

repeat word errors and PRT to the light event showed significant positive skewness, while 

PRT to the pedestrian event was negatively skewed with positive kurtosis (P's < .00 1). 

Rather than transform the variables, it was decided to leave them as is to simplify data 

interpretation (Tabachnick & Fidell, 2001). 

Data Reduction 

Of the total number of participants who completed the study, two were forced to 

withdraw after experiencing symptoms of motion sickness. Their data was excluded from 

all the analyses. All dependent variables were aggregated across valid routes for both easy 

and difficult scenarios. This means that although participants drove each scenario twice 

(i.e., once from each direction), the data for both routes were averaged to produce one data 

point for the difficult and easy scenarios. Valid routes were those where participants did 

not miss a turn. Only eight turns were missed by participants (0 Driving Alone, 4 

Passenger, 4 Cellular Phone) resulting in a loss of only 4.2% of the data. With the 
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exception of PRT, the dependent measures were calculated based on only the available 

routes. For the PRT data, if the turn was missed after the event occurred, the data was 

included. 

In seven cases, participants (3 Driving Alone, 2 Passenger, 2 Cellular Phone) were 

either braking, accelerating, or swerving when the driving events occurred, whthh 

represented a loss of 3.6% of the PRT data. We did not know if this occurred because of 

coincidence or whether participants were anticipating the events. To avoid decreasing 

power in the omnibus analyses, we substituted group means to replace the missing PRT 

values. Although other approaches to dealing with missing data exist (see Tabachnick & 

Fidell, 2001), using group means is a relatively conservative method since the mean for the 

distribution as a whole does not change and with a small number of missing values to 

substitute, the reduction in within-groups variance is minimized. 

Primary Analyses 

The primary analyses looked for mean differences on each dependent variable as a 

function of experimental condition. For the conversation data, 2 (Task Condition: 

Passenger, Cellular Phone) X 2 (Driving Difficulty: Easy, Difficult) X 2 (Role: Driver, 

Non-Driver) split-plot ANOVAs were conducted. For the driving performance data, 3 

(Task Condition: Driving Alone, Cellular Phone, Passenger).X 2 (Driving Difficulty: Easy, 

Difficult) split-plot ANOVAs were computed. Because role was nested in the cellular 

phone and passenger conditions, two analyses were performed for the subjective workload 

data. The first compared workload for the driver using a 3 (Task Condition: Driving Alone, 

Cellular Phone, Passenger) X 2 (Driving Difficulty: Easy, Difficult) split-plot ANOVA. 

The second examined workload for drivers and non-drivers using a 2 (Task Condition: 
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Cellular Phone, Passenger) X 2 (Driving Difficulty: Easy, Difficult) X 2 (Role: Driver, 

Non-Driver) split-plot ANOVA. In all the analyses, a Geisser-Greenhouse correction was 

used to correct for violations of sphericity, however, the reported analyses show the 

degrees of freedom associated with the unprotected test. Follow-up tests were conducted 

using a Bonferonni adjustment (Maxwell & Delaney, 1990) and used the omnibus error 

term when appropriate. 

Speech rate. Consistent with hypothesis 1 a (see Figure 5), speech rates (syllables/sec 

total time) were higher for easy (M= 0.207; SD = 0.041) compared to difficult routes (M—= 

0.202; SD = .033), F(1,60) = 3A.8,p = .034 (one-tailed). In support of hypothesis lb, 

speech rates were lower for the passenger condition (M= 0.198; SD = .036) relative to the 

cellular phone condition (M= 0.212; SD = .035), but the difference was only marginally 

significant, F(1,60) = 2.36,p = .065 (one-tailed). Contrary to hypotheses ic, id, and le, the 

main effect of role was not significant, nor were any of the interactions (p's> .32). 

Word complexity. Word complexity (syllables/word) did not vary as a function of 

driving difficulty, task condition, or role and none of the interactions were statistically 

significant (p's> .09). This did not support any of the hypotheses (see Figure 6). 

Linguistic frequency. Words with very high linguistic frequencies (i.e., the, and) created 

a non-normal distribution. To compensate, trimmed means were used for all participants. 

Trimmed means eliminate the largest 5% and the smallest 5% of the scores, resulting in a 

better estimate of the mean. In opposition to hypothesis lb (see Figure 7), linguistic 

frequency (average linguistic frequency/word) was higher in the cellular phone condition 

(M= 105.38; SD = 46.97) compared to the passenger condition (M= 86.00; SD = 33.90), 

but the difference was only marginally significant, F(1,60) = 3.81,p = .056. Contrary to 
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hypothesis ic, linguistic frequency was higher for non-drivers (M= 105.66; SD = 49.04) 

compared to drivers (M= 85.72; SD = 30.63), F(l,60)= 4..04,p = .049. Also contrary to 

hypotheses 1 a, 1 d, and 1 e, none of the other main effects or interactions were statistically 

significant (p's> .09). 

Repeat word errors. Most participants followed the instructions and did not repeat 

words during the conversation task. However, consistent with hypothesis la (see Figure 8), 

participants repeated fewer words during easy (M = 0.81; SD = 0.79) compared to difficult 

routes (M= 1.06; SD = 0.88), F(1,60) = 3.39,p = .035 (one-tailed). Participants also made 

more errors in the cellular phone condition (M = 1.22; SD = 0.63) compared to the 

passenger condition (M= 0.66; SD = 0.53), F(1,60) = 14..44,p < .001. Contrary to 

hypotheses 1 c, the main effect of role was not significant, nor were any of the interactions 

(p's>.17). 

Last letter errors. Overall, participants followed the last letter rule of the conversation 

task. That is they generated words based on the last letter of the word said by the other 

participant. More last letter errors (see Figure 9) were made in the cellular phone condition 

(M= 1.95; SD = 1.07) compared to the passenger condition (M= 1.50; SD = 0.94), but the 

difference was only marginally significant, F(l,60) = 3.11,p = .083. Consistent with 

hypothesis 1 a, a marginally significant difference was found between the number of last 

letter errors made under easy (M= 1.58; SD = 1.20) and difficult (M 1.86; SD = 1.34) 

driving conditions, F(1,60) = 2.18,p = .075 (one-tailed). However, contrary to hypotheses 

ic, the main effect of role was not significant, nor were any of the interactions (p's> . 10). 

Qualitative analysis. When participants were asked after the experiment whether they 

modulated the conversation, 54 of 62 (27 Passenger, 27 Cellular Phone) indicated that they 
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were making some kind of adjustment during the experiment. A closer examination of the 

responses revealed that 30% were selecting words ending in certain letters or that were 

simpler and more common , 22% indicated they were pausing during turns, 15% paused to 

think of words, 13% purposively spoke slower and more clearly, and 9% used words from 

previous sessions. The remaining 11% did not elaborate as to the type of adjustment they 

made. 

Lane position. On average most participants drove to the left of center, but participants 

drove further to the right (i.e., closer to the center of the lane) under difficult (M= -0.24; 

SD = 0.13) compared to easy driving conditions (M= -0.36; SD = 0.18), F(1,45) = 35.69,p 

<.001 (see Figure 10). The main effect of task condition and the condition by difficulty 

interaction were not significant (p's> .69). 

Variability (SD) of lane position. Consistent with the lane position data, participants 

showed less variability when driving difficult (M = 0.11; SD = 0.03) compared to easy 

scenarios (M= 0.21; SD = 0.05), F(1,45) = 183.39,p < .001 (see Figure 11). However, the 

main effect of task condition and the condition by difficulty interaction were not significant 

(p's> . 12). 

Average speed. In support of hypothesis 2a, participants drove slower under difficult 

(M— 49.47; SD = 2.74) compared to easy driving conditions (M= 53.09; SD = 2.61), 

F(1,45) = lO5.66,p < .001 (see Figure 12). However, contrary to hypotheses 2b and 2c, no 

differences were found as a function of task condition and the interaction was not 

significant (p's> .15). 
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Variability (SD) of speed. No differences in speed variability were found between 

difficult and easy driving scenarios (see Figure 13) or between driving alone and the two 

conversation conditions (p's> . 17). The interaction was also not significant (p> .20). 

PRTfor light change event - Overall, most participants responded to the light change 

event. Under easy driving conditions, eight participants (3 Driving Alone, 4 Passenger, 1 

Cellular Phone) braked to the light change event and 37 accelerated through the light ( 13 

Driving Alone, 10 Passenger, 14 Cellular Phone). For the difficult scenario, three 

participants did not respond (1 Driving Alone, 1 Passenger, 1 Cellular Phone), 16 braked (4 

Driving Alone, 8 Passenger, 4 Cellular Phone), 27 accelerated (10 Driving Alone, 7 

Passenger, 10 Cellular Phone), and one released the accelerator (Driving Alone). PRT data 

was missing for four participants and was substituted with the group mean. Response type 

was not analyzed for these cases. There was no relationship between response type and task 

condition for either the easy or difficult scenarios (p's> .30). 

PRT was further analyzed for those participants who responded to both the easy and 

difficult light signal change (see Figure 14). Contrary to hypotheses 2a and 2b, no 

differences were found between easy and difficult driving scenarios or driving alone, 

passenger, and cellular phone conditions (p's> .26). Also in opposition to hypothesis 2c, 

the task condition by difficulty interaction was not significant (p> .50). 

PRTfor pedestrian incursion event. Similarly to the light change event, most 

participants responded to the pedestrian incursion. Under easy driving conditions, one 

participant did not respond (Passenger), 36 braked (15 Driving Alone, 11 Passenger, 10 

Cellular Phone), and nine swerved (1 Driving Alone, 3 Passenger, 5 Cellular Phone). For 

the difficult scenarios, one participant did not respond to the pedestrian (Driving Alone), 39 
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braked (11 Driving Alone, 15 Passenger, 13 Cellular Phone), and four swerved (1 Driving 

Alone, 3 Cellular Phone). PRT data was missing for six participants and as a result, 

response type was not analyzed for these cases Like for PRT to the light event, there was 

no association between response type and task condition for either the easy or difficult 

scenarios (p's> .21). 

Of the participants who responded to the pedestrian, and in contrast to hypothesis 2a, 

PRTs were marginally faster under difficult (M= 1.26; SD = 0.28) compared to easy 

driving conditions (M= 1.36; SD = 0.31), F(l,42) = 3.Ol,p = .09 (see Figure 15). In 

support of hypothesis 2b, the main effect of task condition was significant, F(1,42) = 3.25, 

p = .049. Follow-up tests showed that when talking with a passenger (M= 1.40; SD = 

0.16), PRT was slower than when driving alone(M= 1.20; SD = 0.25), t(42) = 2.4.8,p = 

.009 (one-tailed). PRT was also slower when talking over a cellular phone (M= 1.34; SD = 

0.22) compared to driving alone (M= 1.20; SD = 0.25), but the difference was only 

marginally significant, t(42) = 1.75, p = .044 (one-tailed). In opposition to hypothesis 2c, 

the task condition by difficulty interaction was not significant (p> .46). 

Overall subjective workload. Overall subjective workload was calculated by averaging 

responses on the six subscales of the NASA TLX, and was analyzed in two-ways. First, 

workload was examined for drivers as a function of driving difficulty and task condition 

(see Figure 16). Consistent with hypothesis 3a, workload was rated higher under difficult 

(M = 4.38; SD = 1.44) compared to easy driving conditions (M =3.96; SD = 1.40), F( 1,45) 

= 11.11, p  = .001 (one-tailed). Also supporting hypothesis 3b, the main effect of task 

condition was significant, F(2,45) = 3.'79,p = .013. It appeared that workload was rated 

higher for the passenger (M= 4.20; SD = 1.50) and cellular phone (M = 4.83; SD = 1.08) 
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conditions compared to driving alone (M= 3.47; SD = 1.11). These main effects were 

however, qualified by a significant interaction between driving difficulty and task 

condition, F(2,45) = 4..08,p = .024. Follow-up tests showed that drivers in the driving 

alone condition rated workload higher for difficult (M= 3.94; SD = 1.39) compared to easy 

scenarios (M= 3.00; SD = 1.00), t(45) = 4..26,p < .001. Drivers in the passenger and 

cellular phone conditions did not rate workload differently for easy and difficult scenarios 

(p's> .50). These results did not support hypothesis 3d. 

The second analysis for the subjective workload data compared drivers and non-drivers 

as a function of task condition and driving difficulty (see Figure 17). Consistent with 

hypothesis 3c, drivers (M 4.52; SD = 1.33) rated workload marginally higher than non-

drivers (M= 4.01; SD = 1.36), F(1,60) = 2.32,p = .067 (one-tailed). Workload was also 

rated higher in the cellular phone condition (M= 4.58; SD = 1.33) compared to the 

passenger condition (M= 3.95; SD = 1.33), but the difference only approached 

significance, F(1,60) = 3.57,p = .064. No differences were found as a function of easy or 

difficult driving conditions and none of the interactions were significant (p's> . 10). 

Exploratory Analyses 

In addition to the primary analyses reported above, several exploratory analyses were 

conducted. First, gender was analyzed as an additional factor for all the primary analyses. 

Second, each subscale of the NASA TLX was evaluated for drivers under easy and difficult 

driving conditions and also as a function of role, conversation condition, and driving 

difficulty. Third, PRT for the first event encountered, collapsed across event type, was 

analyzed. Fourth, extreme values for the lane position and speed maintenance data were 

examined. Finally, each dependent variable was correlated to see how the variables related 
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to one another. In most cases, the results of the exploratory analyses are reported only 

when significant effects were observed. 

Gender with speech rate. Gender was analyzed as an additional factor for the speech 

rate data. As when speech rate was analyzed without considering gender, the main effect of 

driving difficulty was significant, F(l,56) = 4..26,p = .044. Overall, speech rate were 

lower under difficult compared to easy driving conditions. However, this main effect was 

qualified by a significant three-way interaction between gender, driving difficulty, and role, 

F(1,56) = 4.97,p = .03. A follow-up 2 (Driving Difficulty) X 2 (Role) split-plot ANOVA 

(see Figure 18) for males found no significant main effects or interaction (P's> .05). It 

appeared male speech rates were unaffected by both driving difficulty and role. Follow-up 

tests for females (see Figure 19) found a marginally significant difficulty by role 

interaction, F( 1,24) = 4.42, p = .046, but no significant main effects (p 's> . 13). For female 

drivers, a paired t-test revealed no differences between speech rates under easy compared 

to difficult driving conditions (p> .63). However, for female non-drivers, speech rates 

were marginally higher under easy (M= 0.214; SD = 0.041) compared to difficult driving 

conditions (M= 0.202; SD = 0.035), t(10) = 2.12,p = .06. 

Gender with lane position. Similarly to when gender was ignored, lane positions were 

further to the right (i.e., closer to the center of the lane) under difficult compared to easy 

driving conditions, F(1,42) = 34.03,p < .001 (see Figure 20). The main effect of gender 

was also marginally significant, with males (M= -0.34; SD = 0.15) driving further to the 

left (i.e., closer to the oncoming traffic) than females (M= -0.26; SD = 0.12), F(1,42) = 

3.19, p = .08. None of the other main effects or interactions were significant (p's > .28). 
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Gender with average speed. Like the primary analyses, average speeds were slower 

under difficult compared to easy driving conditions, F(1,42) = 101.51,p < .001 (see Figure 

21). The main effect of gender was also marginally significant, F(l,42) = 3.55,p = .07, 

whereby males (M= 50.70; SD = 2.38) drove slower on average than females (M= 51.91; 

SD = 2.24). No other main effects or interactions were found (p's> . 13). 

Gender with PRTto light event. Females (M= 1.16; SD = 0.40) reacted slower to the 

light change event compared to males (M= 0.88; SD = 0.35), F(1,37) = 5.32,p = .03 (see 

Figure 22). However, none of the other main effects or interactions were significant (p's> 

.28). 

Mental demandfor drivers. The mental demand subscale of the NASA TLX was 

analyzed for drivers in the three task conditions as a function of easy and difficult driving 

demands (see Figure 23). A significant main effect of driving difficulty was observed, 

F(1,45) = 15.22,p < .001. Mental demand was rated higher under difficult (M= 5.41; SD 

2.00) compared to easy (M= 4.69; SD = 2.03) driving conditions. The main effect of task 

condition was also significant, F(2,45) S.4.8,p = .007. Follow-up tests found that mental 

demand was rated marginally higher in the passenger condition (M = 5.31; SD = 1.96) 

compared to driving alone (M= 3.92; SD = 1.47), t(45) = 2.26,p = .03. Mental demand 

was also rated higher in the cellular phone condition (M= 5.91; SD = 1.76) compared to 

driving alone, t(45) = 3.22,p = .002. The difficulty by condition interaction was not 

significant (p> .06). 

Physical demand for drivers. Drivers rated physical demand higher (see Figure 24) 

under difficult (M= 3.15; SD = 1.52) compared to easy driving conditions (M= 2.78; SD = 

1.37), F(1,45) = lO.41,p = .002. The main effect of task condition was not significant (p> 
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.87) but the difficulty by condition interaction was, F(2,45) = 3.50,p = .039. For the 

driving alone condition, physical demand was rated higher under difficult (M= 3.50; SD = 

1.63) compared to easy (M= 2.71; SD = 1.22) driving conditions, t(45) = 3.99,p < .01. For 

the passenger and cellular phone conditions, no differences in physical demand were found 

between easy and difficult scenarios (p's> .20). 

Temporal demandfor drivers. Analysis of the temporal demand subscale (see Figure 

25) of the NASA TLX found that drivers rated temporal demand higher under difficult (M= 

4.46; SD = 1.97) compared to easy (M= 3.98; SD = 2.01) driving conditions, F(1,45) = 

= .006. The main effect of task condition was also significant, F(2,45) = 7.32,p = 

.002. It appeared that driving alone (M= 2.95; SD = 0.88) was rated lower than both the 

passenger (M= 4.53; SD = 2.20) and cellular phone (M= 5.17; SD = 1.7) conditions. These 

significant main effects were qualified by a significant interaction between difficulty and 

task condition, F(2,45) = 3.38,p = .043. Follow-up tests found that for the driving alone 

condition, temporal demand was rated higher in the difficult (M= 3.50; SD = 1.29) driving 

condition compared to the easy one (M= 2.41; SD = 0.76), t(15) = 3.73,p = .002. No 

differences were found between temporal demand in easy and difficult scenarios for the 

passenger and cellular phone group (p's> .50). 

Effort for drivers. Drivers rated the effort subscale of the NASA TLX (see Figure 26) 

higher under difficult (M= 4.92; SD = 1.74) compared to easy driving conditions (M= 

4.45; SD = 1.82), F(l,45) = 9.12,p = .004. The main effect of task condition and the 

difficulty by condition interaction were both not significant (p's> .05). 

Performance for drivers. For the performance subscale of the NASA TLX, lower 

scores corresponded to a perception of better performance. Analyses of the performance 
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data (see Figure 27) revealed no main effect of driving difficulty or significant interaction 

(p's> .22). However, a significant difference was found between the three task conditions, 

F(2,45) = 4..68,p = .014. Follow-up tests showed that performance was rated higher (i.e., 

worse performance) in the cellular phone condition (M= 5.02; SD = 1.77) compared to 

driving alone (M= 3.36; SD = 1.32), t(45) = 2.99;p = .005, but there was no difference in 

performance ratings between the passenger condition and driving alone (p> .30). 

Frustration level for drivers. Frustration level (see Figure 28) did not differ as a 

function of driving difficulty (p > .10) or task condition (p> . 19). The interaction was also 

not significant (p> .15). 

Mental demand and role. Mental demand was also compared between drivers and non-

drivers in the two conversation conditions, under both levels of driving demand (see Figure 

29). None of the main effects were significant (p's > .37) but the interaction between 

driving difficulty and role was, F(1,60) = 5.54,p = .02. Follow-up tests showed that for 

drivers, mental demand was rated marginally higher under difficult (M = 5.81; SD = 2.00) 

compared to easy (M= 5.41; SD = 1.91) driving conditions, t(31) = l.83,p = .07. In 

contrast, non-drivers rated mental demand higher under easy (M= 5.33; SD = 2.02) 

compared to difficult (M= 5.03; SD = 2.04) driving conditions, but the difference was not 

significant (p> . 10). 

Physical demand and role. The analysis of physical demand (see Figure 30) for drivers 

and non-drivers revealed a significant main effect of role, F(l,60) = 34.96,p < .001. 

Overall, non-drivers rated physical demand lower (M= 1.27; SD = 0.56) than drivers (M= 

2.89; SD = 1.43), but none of the other main effects or interactions were significant (p's> 

.08). 
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Temporal demand and role. Temporal demand (see Figure 31) did not differ between 

participants in the passenger and cellular phone conditions (p> .52), drivers and non-

drivers (p> .78), or easy and difficult driving demands (p> .52). None of the interactions 

were significant either (p's> .48). 

Effort and role. Similarly to the analysis of mental demand and role, none of the main 

effects were significant for the effort subscale (p's> .38), but the interaction of driving 

difficulty and role was, F(1,60) = 4.62,p = .04. Follow-up tests revealed that for non-

drivers, effort was marginally higher under easy (M= 5.22; SD = 1.91) relative to difficult 

(M = 4.88; SD = 1.88) driving conditions, t(3 1) = 2.09, p = .04 (see Figure 32). For drivers, 

the pattern was the opposite. Effort was higher under difficult (M= 5.14; SD = 1.73) 

compared to easy (M = 4.94; SD = 1.73) conditions, but the difference was not reliable (p> 

.30). None of the other main effects or interactions were significant (p's> .24). 

Performance and role. Only the main effect of task condition was significant for the 

analysis of performance and role (see Figure 33). Overall, participants in the passenger 

condition (M= 3.39; SD = 1.51) rated performance lower (i.e., they thought they performed 

better) than those in the cellular phone (M =  4.84; SD = 1.87) condition, F( 1,60) = 11.89,p 

= .001. None of the other main effects or interactions were significant (p's> . 12). 

Frustration level and role. Like the performance and role data reported above, the main 

effect of condition was significant for the frustration level data (see Figure 34). Frustration 

level was lower for those in the passenger (M= 3.62; SD = 1.84) condition compared to the 

cellular phone (M= 4.70; SD = 2.00) group, F(1,60) = 4..98,p = .03. None of the other 

main effects or interactions were significant (p's> .48). 
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PRT to the first event. Since the first driving event was a surprise event for all 

participants, we thought it might be a better measure of PRT. However, since half the 

participants encountered the pedestrian event first, and the other half the light event, we 

collapsed across event type and driving difficulty (see Figure 35). Unfortunately, analysis 

of this PRT data did not reveal any significant main effect of task condition (p> . 14). 

There were no differences between driving alone, passenger, or cellular phone conditions 

in PRT to the first event. 

Extreme values for lane position. We analyzed the minimum and maximum lane 

position values because we thought they might be more sensitive measures than the mean 

and standard deviation. However, like the primary analyses, only the main effect of driving 

difficulty was found, F(1,45) = 24.72,p < .001. Overall, more extreme lane positions to the 

left of center (i.e., closer to the oncoming traffic) were found under easy (M -0.86; SD = 

0.21) compared to difficult (M= -0.67; SD = 0.27) driving conditions (see Figure 36). 

None of the other main effects or interactions were significant (p's> .50). 

Extreme values for speed. Like the analysis reported above, we thought extreme 

(minimum and maximum) values for speed would be more sensitive. Unfortunately, this 

was not the case. Similarly to the primary analyses, only the main effect of driving 

difficulty was obtained for minimum and maximum speeds. Drivers reached higher 

maximum speeds under easy (M= 63.07; SD = 5.58) compared to difficult (M= 57.63; SD 

= 4.40) driving demands, F(l,45) = 61.59,p < .001 (see Figure 37). Likewise, drivers 

attained lower minimum speeds under difficult (M= 38.56; SD = 6.38) compared to easy 

(M= 45.30; SD = 2.90) driving conditions, F(1,45) = 52.68,p < .001 (see Figure 38). None 

of the other main effects or interactions were significant for either extreme (p's> .21). 
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Correlations amongst variables. Each dependent variable was correlated to see how 

they related. The relationships amongst both the conversation and driver performance 

variables are shown in Tables 2 and 3, respectively. The relationship between perceptions 

of overall workload for drivers and non-drivers and the conversation variables are 

presented in Table 4. Lastly, Table 5 shows the correlation between overall subjective 

workload and driver performance for drivers only. 

Speech rate and word complexity were moderately correlated, suggesting they 

measured something similar. Linguistic frequency correlated with word complexity, but not 

speech rate. This makes sense since more complex words (i.e., more syllables) were often 

associated with lower linguistic frequencies (i.e., less common words). The correlations 

between the error data and the other conversation variables were mostly low. This suggests 

that changes in speech rate, word complexity, and linguistic frequency had little influence 

on the number of repeat or last letter errors made. In other words, speaking faster, using 

larger words, and using less common words did not accompany increases in error rates. 

The driver performance variables showed similarly low inter-correlations. Lane 

maintenance variables were not correlated. Therefore, average lane position and variability 

in lane position may have measured unique aspects of lane maintenance behavior. A 

similar pattern was found for the speed maintenance data. Although variability in speed 

was correlated under easy driving conditions, no systematic relationship was found with 

the other speed maintenance variables. Like lane position, average speed and variability in 

speed may be measuring two different aspects of speed maintenance behavior. The PRT 

data for both events were unrelated. In other words, response times to one event had little 

influence on response times to subsequent events (even for the same event type). This was 
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surprising, considering practice effects and a greater anticipation of events should have 

increased vigilance and awareness (Olson, 1996), which in turn would influence PRT to 

subsequent events. 

Analyses of the workload data also showed low correlations with both the conversation 

and driver performance data. This means that performance in the conversation task did not 

influence perceptions of workload for drivers and non-drivers. Similarly, drivers did not 

base their workload estimates on their performance in the driving task. 

Power Analysis 

Power was estimated for each of the primary analyses using the approach outlined in 

Howell (1999). To keep the calculations feasible, power was computed only for the main 

effects. As can be seen in Table 6, power was generally low. Although the number of 

participants tested were comparable to other studies using the same conversation task (e.g., 

Gugerty, 2002; Strayer & Johnston, 2001, Experiment 2), power was reduced because of 

small-to-moderate effect sizes. One solution that can increase power is to increase sample 

size. However, given the small effect sizes, sample sizes would need to be extremely large 

to increase power to a level above .80. For example, to raise power to .80 for the main 

effect of role for the speech rate analysis, 2384 participants would be required. For 

variability in speed, the number of participants is not as high. Only 38 participants per 

group would be required to raise power to .80 for the main effect of task condition. 

Nevertheless, this represents more than a doubling'of the current sample size. 

Discussion 

Talking on cellular phones and with passengers have been shown to distract drivers and 

lead to motor-vehicle accidents (e.g., Fairciough et al., 1991; Goodman et al., 1999; Stutts 
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et al., 2001; Redelmeier & Tibshirani, 1997). Both hand-held and hands-free cellular 

phones are distracting (e.g., Strayer & Johnson, 2001), suggesting that in addition to 

holding and manipulating the phone, the conversation itself can interfere with the task of 

driving. Some researchers (e.g., Goodman et al., 1999; Haigney & Westerman, 2001; 

Parkes, 199 1) have dismissed the distracting effects of passengers by claiming that talking 

with passengers is less hazardous than talking on a cellular phone, since the passenger can 

adjust or modulate the conversation as driving demands change. However, no studies have 

tested this assumption. 

The goal of the current study was to compare the distracting effects of conversations 

with passengers and over hands-free cellular phones and determine if passengers 

modulated a conversation as driving demands changed. Generally, the results provided 

little practical evidence that passengers modulated their conversations. Lane and speed 

maintenance were influenced by increased driving demands, and responses to a pedestrian 

incursion were slowed when simultaneously driving and talking. Participants rated 

workload higher when driving and talking, and generally found that only when driving 

alone could drivers discriminate between changes in workload imposed by the easy and 

difficult driving demands. Each of these results are discussed in more detail below. 

Conversation Data 

In general, the analyses of the conversation data only partially supported the 

hypotheses. Differences in speech rate were not practically significant and changes in 

linguistic frequency were best explained by differences in resource supply and demand. 

More errors were made when participants lacked the cues shown to facilitate conversations 
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and when signal quality was reduced. Each result is discussed separately in the sections 

that follow. 

Speech rate. Drivers and non-drivers in both task conditions reduced their speech rates 

as driving demands became more difficult. However, the difference in speech rates 

between the easy and difficult scenarios corresponded to approximately 1.5 syllables 

during the five-minute drive. Although these differences may be statistically interesting, 

they may not be practically significant. Participants in the passenger condition also had 

lower speech rates overall compared to those in the cellular phone condition. Thus, being 

able to see the driving situation seemed to result in some overall allowance for driving 

demands, but the difference between the two task conditions equaled about 4.2 syllables. 

Like the change in speech rates between the easy and difficult scenarios, a difference of 

only four syllables (or about 2.5 words) is not likely to have much meaning in terms of 

driver safety or workload. 

While the speech rate data may not be practically meaningful, the findings are 

somewhat consistent with prior research using the same conversation task. Gugerty (2002) 

found that passengers had more extremely long word durations compared to non-drivers in 

the cellular phone condition. Longer word durations correspond to more time for a 

participant to generate and say each word, which results in a lower speech rate. Therefore, 

passengers had lower speech rates overall than cellular-phone users. 

In this study, there were also no differences in speech rates between drivers and non-

drivers, particularly in the passenger condition relative to the cellular phone condition. We 

thought this might happen since the passenger could see the driving situation and the non-

driver in the cellular phone condition could not. Thus, unlike what some researchers have 
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assumed (Goodman et al., 1999; Haigney & Westerman, 2001; Parkes, 1991), non-drivers 

in the passenger group (i.e., the passengers) did not adjust their speech rates more from 

easy to difficult driving conditions relative to non-drivers in the cellular phone group. 

We expected slower conversation rates for drivers relative to non-drivers, because 

drivers were performing two tasks and non-drivers only one. The fact that no differences in 

speech rates were found between drivers and non-drivers suggests that the conversation 

task placed fairly low resource demands on drivers. Some consideration should be given to 

using a more demanding conversation task, or imposing more rules to make the word game 

more difficult. Other studies have shown that more difficult conversations require more 

resources than simple conversation. McKnight and McKnight (1993) found that an intense 

conversation incorporating simple math computations or a brief memory test resulted in 

more missed driving events than a simple conversation about afami1iar topic. One way to 

make the conversation task more difficult would be to force participants to generate unique 

words for the entire experiment. This might increase driver distraction, place higher 

resource demands on all participants, and make modulation more likely to occur. However, 

this suggestion must be evaluated against considerations of ecological va1idity, since 

conversations rarely have such constraints. 

Gender and speech rate. Another interesting finding in the speech rate analysis was that 

males did not adjust their conversations as a function of driving difficulty or role. Female 

non-drivers reduced their speech rates from easy to difficult driving scenarios, whereas 

female drivers did not. Although an explanation for these gender differences is lacking, the 

data suggest there may be some gender effects that influence modulation of speech, and 
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should be more thoroughly explored in future research. A larger sample of males and 

females would be needed to test this possibility. 

Word complexity. The analyses of word complexity revealed no differences in terms of 

role, task condition, or driving difficulty. This suggests participants may not have been 

using word length as a means of adjusting the conversation. We thought passengers and 

drivers would generate shorter words as driving demands became more difficult, since 

producing shorter words would require fewer resources. Clearly more research is needed to 

better understand the role that word complexity has in modulating conversations. 

Linguistic frequency. The linguistic frequency analysis suggested participants were 

using relatively common words overall, but there was a great deal of variability in the data. 

In contrast to what was predicted, non-drivers actually had higher linguistic frequencies 

than drivers. We thought that since drivers were driving and talking, they might 

compensate for the increased resource demand by using more common words. What 

appears to have occurred is that because drivers were doing two things at once, and they 

were told to generate words as quickly as possible, they may have generated words without 

consciously attending to how common they were. Since non-drivers were only completing 

the conversation task, and were talking only half the time, they may have had more 

resources available to think of words that were more common. 

A similar argument could be used to explain why participants in the cellular phone 

condition used more common words than the passenger group. Since the non-driver in the 

cellular phone group was completing only the conversation task, and could not see the 

driving environment at all, they had even more resources than perhaps the passengers did. 
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Since the passengers were in the car with the driver, their responses may have been 

influenced by the driving situation. 

It is worth noting that the interaction of driving difficulty, role, and task condition was 

not significant. Therefore, passengers were not using more common words in the difficult 

scenarios relative to non-drivers in the cellular phone group. This suggests passengers were 

not modulating their conversations based on word frequency, and the effects observed may 

be best explained as a bi-product of the resource demands placed on each participant. 

Errors. Both error analyses suggested more errors were made under conditions of 

greater driving demand. The difficult scenario had more on-coming traffic, which may 

have increased the amount of ambient noise inside the vehicle. With more noise, the extent 

to which the speech signal could be heard was reduced, and this may have made it more 

challenging for drivers and passengers to hear the words that were generated, and thus 

contributed to more errors. More errors were also made in the cellular phone group 

compared to the passenger group. This could have occurred because participants in the 

cellular phone group lacked the non-verbal cues that have been shown to assist in 

conversations. Research has shown that being able to see the person you are speaking with 

greatly improves communication, particularly when signal quality is low (Wickens & 

Hollands, 2000). Seeing the speaker's mouth move and form words would have served as a 

useful redundant cue for the conversation task. Also, non-verbal cues such as facial 

expressions, nodding, pointing and gesturing may have helped participants in the passenger 

condition know when they were not speaking loudly and clearly. This would have allowed 

them to make adjustments to minimize errors. 
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Limitations and opportunities for future research. There are a number of possible 

reasons why modulation was not observed in this study, and future research should 

consider some of these issues. First, the variables used to analyze the conversation data 

may not have been sensitive enough to capture the moment-by-moment modulation that 

some participants indicated. Although we wanted to analyze the conversation separately for 

intersections (i.e., during turns) and straight roads, the variable nature of the driving 

environment was such that not all intersections were equivalent. Some of the intersections 

required drivers to wait for on-coming traffic before executing a turn, whereas others 

allowed drivers to make turns unimpeded. Whether traffic was present in an intersection or 

not was also influenced by the speed at which the driver was moving. If drivers approached 

an intersection at a higher speed, and because the traffic was approaching at a constant 

velocity, they would have waited longer before the traffic cleared the intersection. 

Therefore, the scenarios lacked the constancy needed to compare performance during 

different sections of each scenario. To evaluate whether modulation is likely to occur at 

intersections, a future study should compare conversations in scenarios that contain 

intersections where turns are required and scenarios that do not require turns. In fact, it 

might be best to create very artificial scenarios that involve a large number of turns to 

increase power and reliability. 

Another explanation for why modulation was not observed could be that none of the 

variables captured the fact that many participants were trying to generate words that ended 

(or did not end) in a particular letter. For example, many of the words used ended in the 

letter "e", and several participants started using words that did not end in the letter "e" as 

the experiment progressed. Moreover, none of the variables assessed how often participants 



53 

used words from previous sessions. If participants used repeat words more often across 

sessions, this may be an indication that they were adjusting the conversation to make 

allowances for increased driving demands. 

Another problem with the analysis of the conversation data was that we did not get a 

measure of pauses directly. Instead, we used speech rate to infer that participants were 

pausing between words. It may be better to measure the length of pauses directly through 

the analysis of a sound spectogram, or like Gugerty (2002), measure the time it takes 

participants to generate and say each word. This type of analysis would allow for a direct 

comparison of pause durations. One problem with this approach, is that it would rely on the 

accurate separation of the speech signal for the driver and non-driver. This would be 

particularly challenging in this study given the ambient noise in the vehicle cab and the 

proximity of the two sound signals (especially the driver and passenger). 

The sample used in this study might also explain why modulation was not observed. 

Participants were generally young, with an average of only 4.34 years of driving 

experience. It is possible that participants lacked the driving experience to know they 

should be modulating their conversations. No research has evaluated how age might 

influence the modulation of in-vehicle conversations, but some researchers have suggested 

age is an important moderator of the distracting effects of in-vehicle conversations. 

McKnight and McKnight (1993) found that older drivers were distracted by cellular phone 

conversations under periods of high workload. Conversations also distracted young and 

middle aged participants, but the effects were smaller. McPhee et al. (in press) found that 

relative to younger adults, older adults took longer to search for traffic signs in digitized 

traffic scenes when simultaneously engaged in a simulated cellular phone conversation. It 
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is not known how increases in age and experience affect the likelihood of modulating in-

vehicle conversations. This study should be expanded to include a lifespan sample of more 

experienced drivers. We would predict that since older and middle aged adults have more 

driving experience, they may be more likely to modulate a conversation. Older adults 

would also be expected to show more distraction and modulate to a greater degree, since 

research has reliably shown that older adults are greatly influenced by secondary tasks 

(McDowd & Shaw, 2000) and will shed them when possible (McPhee et al., in press). 

Modulation may also have been limited because the participants in this study did not 

know each other. We wanted to make sure participants were not acquainted to control for 

familiarity effects, but it may be these effects that make modulation more likely to occur. 

The familiarity of speakers has been shown to influence how people communicate and 

interact. For example, McLachlan (199 1) found that compared to familiars, strangers took 

shorter turns and used fewer words per minute when negotiating a course of action in a 

problem-solving task. The current study should be replicated to include participants who 

know each other and those who are strangers. 

Another limitation of this study was the conversation task used. Studies have shown 

that both artificial (e.g., Aim & Nissan, 1995; Briem & Hedman, 1995; McKnight & 

McKnight, 1993; Parkes, 199 l)and natural (e.g., Fairciough et al., 1991; Irwin et al., 2000; 

Rakauskas, 2002) conversations distract drivers, however, artificial tasks lack some of the 

realism of more natural conversations. Researchers often use artificial tasks because they 

are standardized and can be scored and analyzed easily. However, generalizability is a 

problem since in-vehicle conversations usually involve a memory component and verbal 

negotiation, whereas most simulated conversations rely on verbal transformations, 
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numerical, or memory tasks (Haigney & Westerman, 2001). We chose the word-game 

because it has been shown to distract drivers in visual pursuit tracking tasks (Strayer & 

Johnson, 2001, Experiment 2) and on measures of situational awareness (Gugerty, 2002). It 

also provided a good balance between standardization and realism. The conversation task 

facilitated turn-taking by forcing respondents to react to what each other said (Argyle, 

1969; Taylor & Taylor, 1990), ensured that both the driver and non-driver were attending 

to all aspects of the conversation (Wiemann, 1977), and forced participants to remember 

what was said (Taylor & Taylor, 1990). Nevertheless, some consideration should be given 

to replicating the study using a more realistic and natural conversation, and applying 

similar analyses to the resulting conversation data. 

One final limitation is that participants, and passengers in particular, may not have 

received the cues needed to know they should have modulated the conversation. Although 

passengers could see that driving demands were changing, no movement of the car 

accompanied the turning and braking that drivers made. It is possible that this vestibular 

and tactile feedback serve as an important cue that conversations should be modulated. 

Other researchers have identified this lack of feedback as an important factor limiting the 

generalizability of findings from fixed-based simulator studies (e.g., Goodman et al., 1999; 

Reed & Green, 1999). Some thought should be given to running the study again using a 

simulator with a moving base or in an instrumented vehicle and comparing the results to 

these findings. 

Overall, the findings of the conversation analysis raise some questions about the 

assumptions driving researchers have made about the safety of in-vehicle conversations. 

Although some statistically interesting findings were observed, little practical evidence was 
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found that passengers modulate a conversation as driving demands changed. Therefore, the 

fact that passengers are in a position to see the driving environment may not necessarily 

result in changes in the conversation. The potential exists for passengers to continue talking 

even when driving demands are high; and this could account for why some studies find that 

conversations with passengers can be just as distracting as conversations over cellular 

phones (Fairciough et al., 1991; Gugerty, 2002). Unlike what some researchers have 

assumed, modulation may be the exception rather than the rule, and the specific 

circumstances under which modulation occurs is still unknown. This conclusion is 

consistent with much of the accident literature, which still attributes a large proportion of 

distraction related accidents to interactions with other occupants in the vehicle (Stutts et al., 

2001). However, one thing is clear from the results of the conversation data; further 

research is needed to accurately identify if passengers modulate, and more importantly the 

circumstances under which modulation occurs. 

Driver Performance Data 

With some exceptions, driver performance was unaffected by the in-vehicle 

conversations but did show effects as a result of the driving difficulty manipulation. Lane 

and speed maintenance were influenced by increased driving demands, and responses to 

the pedestrian incursion were slowed when simultaneously driving and talking. Results are 

discussed in terms of measures of lane and speed control and responses to driving events. 

Lane and speed maintenance. Lane positions were on average further to the right under 

difficult compared to easy driving demands. Also, drivers showed less variability in lane 

position in the difficult driving scenarios. Drivers in all the task conditions slowed under 

difficult driving demands. Some have used reductions in speed to indicate that drivers may 
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have been compensating for the increased driving demands in the difficult scenario 

(Harms, 1986). This is a common finding in many driver distraction studies, and has been 

observed in studies of cellular phone and passenger conversations and driving (e.g., Aim & 

Nilsson, 1994; Fairciough et al., 1991; Raukauskas, 2002). These compensatory behaviors 

are most likely due to differences in traffic flow patterns between the easy and difficult 

scenarios. In the easy scenario, participants had less on-coming traffic to contend with, and 

also a center turning lane to buffer them from the approaching vehicles. In contrast, the 

difficult scenario was purposively constructed to have a relatively constant stream of on-

coming traffic and there was also no center turning lane. Thus, the on-coming traffic was 

only a matter of meters away from the simulated vehicle and this resulted in participants 

driving further to the right, slowing down, and maintaining constant lane position to avoid 

being hit by the approaching traffic. 

Although driving behavior was influenced by the driving difficulty manipulation, some 

thought must be given to practical significance of the findings. The difference in average 

and variability of lane position between the easy and difficult scenarios corresponded to 

approximately 10 cm. The change in speed from easy to difficult scenarios was only about 

3 kph. Like the data for speech rate, these differences have questionable utility in terms of 

driver safety and workload. However, one could imagine situations where a 10 cm 

separation between vehicles or a 3 kph reduction is speed could mean the difference 

between an accident or near miss. Therefore, the findings should be interpreted cautiously, 

but not fully dismissed. 

No differences were found in lane or speed maintenance between drivers who were 

driving alone and conversing. This is consistent with most other studies that have used 
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instrumented vehicles and fixed-base simulations with realistic projected driving 

environments (e.g., Brown et al., 1969; Haigney & Taylor, 1998). The benefit of using 

advanced simulations and instrumented vehicles is that aspects of vehicle control like lane 

and speed maintenance more closely match real-life driving (but see also Reed & Green, 

1999). For most drivers, lane and speed maintenance is a well-practiced and automated task 

that requires little attention (Brookhuis et al., 1991). Automated tasks are usually 

unaffected by secondary tasks, because they involve consistent mapping between stimulus 

and responses (Shiffrmn & Schneider, 1977). Such mapping leads to the development of a 

motor program that can be easily activated (Wickens & Hollands, 2000) to execute the 

responses necessary to control the vehicle. Therefore, talking and driving did not degrade 

speed and lane maintenance behavior because these tasks were well-practiced and over-

learned by participants, and as a result, were completed automatically with little effort. 

Another reason speed and lane maintenance behavior were unaffected by the secondary 

conversationtask may be due to the sensitivity of the measures. We tried to compensate for 

the poor sensitivity of the measures by looking at the extreme values for both the lane and 

speed data. Unfortunately, these analyses revealed the same pattern as when we looked at 

the average and standard deviation. Some researchers have suggested that time-to-lane-

crossing (TLC) is a more sensitive measure of lane-keeping behavior than average lane 

position or variability of lane position (e.g., Godthelp, 1988). TLC is the time that a driver 

has to adjust their path before the moment at which any part of the vehicle crosses one of 

the lane boundaries. This variable was not computed in this study because it required 

variables that were not captured by the driving simulator (e.g., steering-wheel angle). Some 
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consideration should be given to future studies that look at lane maintenance to include 

TLC as a dependent variable. 

Responses to driving events. PRT to the light event was not influenced by either the 

driving difficulty manipulation or task condition, but PRT to the pedestrian was. Response 

times to the pedestrian event were slower when simultaneously talking and driving. This is 

consistent with much of the distraction literature that has shown that talking over cellular 

phones and with passengers both increase response times to driving events (Gugerty, 2002; 

Irwin et al., 2000; McKnight & McKnight, 1993; Strayer & Jonhston, 2001, Experiment 1). 

Therefore, drivers engaged in in-vehicle conversations maybe at a greater risk for accident 

involvement when quick responses are required. This conclusion supports the observation 

that talking and driving leads to motor-vehicle accidents (e.g., Stutts et al., 2001) and 

increased collision risk (e.g., Redelmeier & Tibshirani, 1997). 

The reason reactions to the pedestrian event were influenced by both the driving 

difficulty manipulation and the conversation task whereas the light event was not is most 

likely due to differences in the salience and urgency of the events. The light signal change 

was subtle, and guided the driver's attention by relying on the expectation that the light 

would change and the color change of the light signal from green to yellow to red. In 

contrast, the pedestrian event occurred abruptly in the periphery (Yantis & Jonides, 1984) 

and relied on the drivers' high sensitivity to motion (Wickens & Hollands, 2000), both of 

which have been shown to capture attention. The driving events alsodiffered in terms of 

the urgency that a response was required. Light signal changes do not always require a 

response, and drivers can often proceed through the intersection without any acceleration 

or braking response. Also, the timing of the light signal event was such that participants did 
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not actually need to react to progress through the intersection before the light turned red. 

Therefore, 3.5 seconds may have been too long for participants to react and they may have 

spent some portion of the time waiting before they initiated their response. This may have 

added considerable variability to the data and makes it difficult to separate actual PRT from 

waiting time. Consequently, light signal changes may not be suitable events for -PRT 

measurement. In contrast, pedestrian incursions often solicit an urgent emergency response 

since failing to brake or swerve could result in a collision and injury. This might make 

driving events that require urgent responses more appropriate for PRT assessments. 

Contrary to what was expected, PRT to the pedestrian was actually faster when 

participants drove the difficult scenario. This is most likely due to increased vigilance 

accompanied by higher sensitivity and arousal. Vigilance is important for tasks that require 

operators (i.e., drivers) to detect and respond to events that occur infrequently over long 

periods of time. In both scenarios, the probability that the pedestrian event would occur 

was low and relatively unpredictable. However, in the difficult driving scenario, there were 

more pedestrians and on-coming traffic, and this may have reduced some of the uncertainty 

surrounding the event. Lower levels of uncertainty have been shown to increase sensitivity 

to event detection in vigilance tasks (Wickens & Hollands, 2000). The driving difficulty 

manipulation may have also increased arousal, which has been shown in other studies to 

increase sensitivity (see Wickens & Hollands, 2000 for a review). 

In this study the two driving events were encountered twice, and the resulting practice 

effects may have added some within-groups variability to the data. Even though the events 

were counterbalanced and their occurrence was unpredictable and temporally uncertain, we 

analyzed the first event separately as a truly surprising, unexpected event. Unlike other 
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studies that have analyzed PRT data this way (e.g., Horrey & Wickens, 2002), the data 

revealed no effect of driving and talking on PRT to the first event. This probably occurred 

because it is difficult to get a reliable measure of PRT from only one measure (Rakauskas, 

2002). One solution would have been to have participants respond to each event several 

times in one route, thereby getting a more stable estimate of their mean PRT. However, this 

approach has the drawback of making participants hypervigilant, which can unrealistically 

decrease PRT (Olson, 1996). Another solution would be to increase the number of 

participants tested in each condition. Unfortunately, this solution is unrealistic for the light 

signal event, since effect sizes were small, and a large number of participants would be 

required to get power to an acceptable level. In this study, we tried to compromise between 

vigilance and reliability, with only moderate success. 

Gender and driving performance. The analysis of gender with the driver performance 

data revealed some interesting trends. First, males tended to drive closer to the on-coming 

traffic than females. Males also drove slower than females, but the difference was only 1 

kph. These findings may characterize a commonly observed pattern of risky behavior for 

males (see Williamson, 1999 for a review). Males also reacted faster to the light event than 

females, which is another common finding in most studies of PRT (Olson, 1996). Although 

the effects were small, the analysis of gender and driver performance suggests future 

studies should include larger samples of males and females to further explore gender 

differences in driver behavior when simultaneously completing in-vehicle conversations. 

Limitations and opportunities for future research. In addition to those already 

mentioned, there are several changes that could be made to this study to better understand 

how in-vehicle conversations affect driver performance. First, the fixed-based simulator 
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may have elicited different responses from participants than if they were in a real vehicle. 

For example, participants in the simulator may pay less attention to the primary driving 

task since perceived risk is lower than in a real car (Goodman et al., 1999; Rakauskas, 

2002). The scenarios used in this study may have been perceived by participants to be more 

like a video game than a real driving situation. Although the scenarios were developed 

based on a systematic analysis of real-life video footage, the complicated and unpredictable 

nature of driving makes it difficult to fully duplicate all the factors that make driving a 

unique task. Also, the measures obtained from the simulator may not match those obtained 

from a real car. Reed and Green (1999) found that a telephone task disrupted lane 

maintenance behavior more in a simulator than in an instrumented vehicle. As mentioned 

earlier, some consideration should be given to replicating this study in an instrumented 

vehicle. 

Another limitation was that no forward traffic was included in the driving difficulty 

manipulation. This was done because including such vehicles would have necessarily 

influenced average speed and reactions to driving events. However, the video footage 

showed that negotiating and attending to forward traffic is a part of the normal driving task 

and it is not known how excluding it from this study influenced the results. Future research 

might include forward traffic in the driving difficulty manipulation, but would require 

programming the vehicles to behave in a way that does not interfere with average speed or 

reactions to driving events. 

It may also be worth revisiting the issue of hand-held versus hands-free cellular phone 

use. The majority of participants (> 90%) in this study and other studies (e.g., Stutts; 

Hunter, & Huang, 2003) indicated they used hand-held phones while driving. Since 
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research has shown that hand-held phones can distract drivers (e.g., Brookhuis et al., 1991; 

Strayer & Johnston, 2001, Experiment 1), their use should not be discounted. Although this 

study and several others (e.g., Gugerty, 2002; Strayer & Johnston, 2001; Experiment 2; 

Strayer et al., in press) point to the importance of focusing on the conversation, manual 

factors such as dialing, holding, and manipulating the phone should be more thoroughly 

researched. Few studies have compared hand-held and hands-free cellular phone 

conversations to passenger conversations. 

Overall, the driving performance data found that while lane and speed maintenance 

may be time-shared effectively with a concurrent conversation task, driving events that 

require urgent responses may be influenced by in-vehicle conversations. Discrete driving 

events typically pose the greatest threat to safety (Olson, 1996), and as a result drivers 

should be cautious when engaging in conversations with either .passengers or via cellular 

phones. However, more research is needed to better understand how conversations affect 

aspects of vehicle control using more sensitive measures, and also using instrumented 

vehicles to better replicate the driving task. 

Workload 

Most researchers view workload as an interaction of task and system demands, operator 

capabilities, training, experience, effort, and subjective performance criteria (O'Donnell & 

Eggemeier, 1986). Workload can be measured in a variety of ways, including physiological 

measures (e.g., heart rate), subjective scales (e.g., NASA TLX), and changes in primary 

and secondary task performance (Wickens & Hollands, 2000). In this study, workload was 

assessed by inferring changes in workload by observing differences in driver performance 

when a secondary conversation task was added or the primary driving task was made more 
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difficult. Workload was also measured by having participants complete the NASA TLX, a 

subjective rating scale that has good psychometric properties and has been shown 

previously to be sensitive to attentional demands in driving-like tasks (Alm & Nilsson, 

1994; Fairciough et al., 1991; Harbluk et al., 2002; McPhee etal., in press). 

Overall subjective workload. As mentioned in the previous section, only PRT to the 

pedestrian event was affected when drivers were simultaneously driving and talking 

whereas most driver performance measures were influenced by the driving difficulty 

manipulation. However, the analyses of the subjective scales revealed a somewhat different 

pattern of results. Workload was rated higher when driving and talking compared to when 

driving alone, but when driving alone, drivers were better able to discriminate between the 

easy and difficult driving demands. This is probably because when drivers were driving 

and talking, workload was already elevated, and any additional increases were more 

difficult to distinguish. These data were generally consistent with other driver distraction 

studies that have used the NASA TLX (Aim & Nilsson, 1994; Fairclough et al., 1991; 

Harbluk et al., 2002; McPhee et al., in press) and suggests the instrument is sensitive to 

changes in workload imposed by passenger and cellular phone conversations. 

The workload data for drivers and non-drivers revealed that overall, drivers rated 

workload higher than non-drivers. This was expected since drivers were performing two 

tasks at once while non-drivers were only completing the conversation task. Additionally, 

the data revealed that the cellular phone condition was rated somewhat higher than the 

passenger condition. This is consistent with the conversation error data, since participants 

made more errors on average in the cellular phone condition compared to the passenger 

condition. 
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Subjective workload subscales. One advantage of using the NASA TLX subjective 

scale is that the subscales provide important diagnostic information about the sources of 

load. The analysis of the subscales for drivers revealed that mental, physical, and temporal 

demand and effort followed a similar pattern to the overall analysis. The scores on these 

subscales were higher in the passenger and cellular phone conditions and those that only 

drove were better able to discriminate between the easy and difficult driving scenarios. 

This finding has important methodological implications since the conversation task was 

purposely selected to draw cognitive, vocal, and manual (especially for the passenger 

condition) resources for drivers. The performance subscale showed that performance was 

rated poorer in the cellular phone condition, again consistent with the error data reported 

earlier. Lastly, frustration level was not effected by the concurrent conversation task, but 

the means showed a trend similar to that found in the overall workload analysis. 

The subscale analysis for drivers and non-drivers showed that drivers rated mental 

demand higher when driving demands were more difficult. This makes sense given that 

half the non-drivers (i.e., in the cellular phone condition) were naïve to the driving 

difficulty manipulation. Drivers also rated physical demand higher overall, since the 

conversation task placed little physical demands on non-drivers whereas drivers had to 

manipulate the controls of the simulator. Surprisingly, temporal demand showed no 

difference as a function of role, and suggests that both drivers and non-drivers felt the pace 

of the conversation task was moderate. Non-drivers rated effort lower in the difficult 

scenarios relative to drivers, suggesting non-drivers were comparatively unaffected by the 

driving difficulty manipulation. Much like the subscale analysis for drivers, performance 

was perceived to be poorer in the cellular phone condition relative to the passenger 
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condition. Finally, frustration level was higher in the cellular phone condition, consistent 

with the idea that more errors in the cellular phone condition probably lead to higher levels 

of frustration. 

The discrepancy between the findings of the primary task performance data and the 

subjective scales were consistent with what has been found in other studies (see O'Donnell 

& Eggemeier, 1986; Wickens & Hollands, 2000 for reviews). For example, Vervey and 

Veltmann (1996) found that speed was not effected by the introduction of two secondary 

counting tasks, whereas the number of steering wheel movements was. In contrast, two 

different subjective rating scales were both sensitive to interference from the secondary 

task. The fundamental question then becomes why the two measures of workload differed, 

and more importantly, which is the better index of the workload of the participants in this 

study? 

There are a number of reasons the two workload assessment techniques differed. As 

mentioned earlier, the dependent variables used to assess changes in primary task 

performance may have lacked sensitivity to the manipulations used. Even though multiple 

primary task measures were used, some consideration should be given to using more 

sensitive measures like TLC in future studies. Also, the primary driving task may not have 

been difficult enough, and thus the driver had spare resources to cope with increases in load 

and subsequently maintained primary task performance (O'Donnell & Eggemeier, 1986). 

Another possibility is that participants may have increased their level of motivation to 

match the greater resource demands of driving and talking and thus maintain the same level 

of performance (Schlegel, 1993). 



67 

The use of subjective scales is problematic because they are based on the perception of 

workload (Schlegel, 1993), and it is not clear whether the verbal statements and subsequent 

ratings diagnostically reflect the true processing demands of the task and are free from bias 

(Wickens & Hollands, 2000). Bias can take many forms, including a reluctance to rate 

things as difficult or having responses be influenced by a dislike or unfamiliarity with the 

task. Another problem with subjective scales is that driver workload is constantly changing 

(Schlegel, 1993). In this study, subjective workload was only measured at the end of each 

route, and there may have been important changes in workload that were not captured 

when the data were aggregated. The subjective scales were also not specific about whether 

participants should base their ratings on periods of peak workload or averages for each 

driving route. This ambivalence may have increased the individual differences, and 

consequently reduced sensitivity, because participants interpreted the instructions 

differently (Vervey & Veltman, 1996). 

Limitations and opportunities for future research. Given the complex nature of the 

driving task, the assessment of driver workload is a challenging undertaking (Schlegel, 

1993). Different evaluation techniques often yield conflicting results, and the 

circumstances when this occurs are difficult to predict. This is clearly an area that is ripe 

for research. 

One solution that has been used in other studies is to obtain multiple primary, 

secondary, subjective, and physiological measures (e.g., Vervey & Veltman, 1996). This 

would allow researchers to look for converging results, which can then be used to more 

accurately understand the true workload the operator is experiencing. Future research 

should consider physiological measures like heart rate variability or the interval between 



68 

successive eye blinks along with measures of secondary task performance under both 

single and dual task conditions. Physiological measures are advantageous because they are 

un-intrusive and provide constant measurement while the task is completed (Wickens & 

Hollands, 2000). These data could then be collated with the subjective and primary task 

measures already used to get a complete picture of the workload participants experienced 

in this study. 

In general, the subscale and overall subjective workload analyses suggested participants 

who were simultaneously driving and talking perceived workload to be higher relative to 

driving alone. Only when participants completed the driving task could they discriminate 

between easy and difficult driving demands and non-drivers were not affected by the 

concurrent convetsation task as much as drivers. Much like other studies, the primary and 

subjective measures were not consistent and consideration should be given to using more 

measures of workload in future studies. 

Theoretical Implications 

The complex nature of the conversation and driving tasks made it difficult to make 

specific predictions based on either unitary (e.g., Moray, 1967; Kalmeman, 1973) or 

multiple resource (Wickens, 1980, 1984; Wickens & Hollands, 2000) models. 

Nevertheless, the results of the driver performance data were generally consistent with a 

multiple resource model. With the exception of PRT to the pedestrian event, the primarily 

audio-verbal-vocal in-vehicle conversations interfered little with the predominately visual-

spatial-manual driving task. Responses to driving events may have been the exception 

because as a skill, they are not as well practiced as lane and speed maintenance. Therefore, 

they require more resources to complete and are subsequently influenced more by 
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secondary task interference (Wickens & Hollands, 2000). Another interesting finding was 

that even though passengers did not modulate, the additional possibility of manual and 

visual resource requirements for the passenger condition (in the form of gestures and 

glances) did not seem to compete with the driving task. 

The effect of driving difficulty can also be interpreted in light of the multiple resource 

model. In addition to the possibility that drivers were compensating for changes in traffic 

flow patterns by slowing down and moving further to the right, the increased driving 

demands may have required more perceptual and visual resources. This left fewer 

resources available for lane and speed maintenance, which accounts for why these 

variables were affected. 

Practical Implications 

Much like previous studies, the current research suggests drivers should minimize in-

vehicle conversations while driving. Ideally, drivers would monitor their conversations on 

their own, and minimize talking and driving under periods of higher driver workload. 

However, studies suggest in-vehicle phone use is increasing (Goodman et al., 1999) and 

drivers are unlikely to curtail their discussions with passengers. Therefore, some thought 

should go into educating and training drivers about the hazards of in-vehicle conversations. 

These results could also help in the design of in-vehicle technologies that assist drivers 

in maintaining attention on the road during times of peak mental workload. Heart rate 

monitors and eye trackers could warn drivers when workload is elevated and external 

sensors could detect when roads are icy or traffic is congested. Drivers could use this 

information to adjust their driving (and conversations) behavior accordingly. Fairciough et 

al. ( 199 1) suggested several changes to cellular phones to help reduce the distracting 
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effects of conversations. Cellular phones could be equipped with a 'hold' feature that 

allows drivers to stop conversations when driving demands become difficult. Phones could 

also allow drivers to 'divert' the call to voice mail, allowing the cellular phone user to 

leave a message that the driver can review at a later time. Lastly, phones should be 

equipped with machine-generated speech to let the cellular phone user know the 

conversation has been interrupted because of the driving task. Few technological solutions 

are available to help drivers monitor passenger conversations, and drivers must rely on 

education to know when it is appropriate to talk. 

Since passengers may not modulate in a manner consistent with what researchers have 

assumed, these data can also be used to help interpret past and future accident data. By 

acknowledging passenger conversations as an important source of distraction for drivers, 

accidents attributable to other occupants in the vehicle are more easily understood. 

Finally, these results could assist in the development of legislation that limits the execution 

of potentially distracting activities (e.g., talking using a cellular phone or with passengers) 

while driving. Current legislation focuses on hand-held phones, whereas this data along 

with other studies of in-vehicle conversations suggests any activity in addition to driving 

can disrupt performance and increase collision risk. Until governments acknowledge this 

and focus more efforts on training and education, accidents involving cellular phone 

conversations and interactions with passengers are likely to continue. 

Conclusions 

This study found that talking to passengers and over hands-free cellular phones can 

increase perceptions of workload and delays responses to certain driving events. Drivers 

should be careful when driving and talking, and some thought should go into designing 
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driver training programs and in-vehicle technologies that help drivers maintain attention on 

the road. Researchers should also be cautious when assuming passengers modulate 

conversations, and more studies are needed to determine the circumstances when driving 

and talking pose the greatest risk to driver safety. 
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Table 1 

Average Number ofParked Cars, Oncoming Traffic, Traffic Signs, and Pedestrians for 

Residential and Urban Driving Scenes 

Object Residential (2000 m) Urban (2000 m) 

Parked Cars 56(30_122)* 88(18-187) 

Oncoming Traffic 6(3 - 10)  50(15 - 116) 

Traffic Signs 7(5 - 12)  4(0-7) 

Pedestrians 3(1-9)  42(31 - 53) 

* - Range shown in parentheses 



Table 2 

Correlations Between Conversation Variables 

1 2 3 4 5 6 7 8 9 10 

1. Speech rate easy 

2. Speech rate 
difficult 

3. Word complexity .691* .561* 

easy 

4. Word complexity .5l .61*1 .781* 

difficult 

5. Linguistic -.13 -.04 .38** .31* 

frequency easy 

6. Linguistic -.14 -.10 •37** .42** .621* 

frequency difficult 

7. Repeat word .19 .36*1 -.06 .03 .23 .17 

errors easy 

1p<.05. **< 01 



Table 2 cont'd 

Correlations Between Conversation Variables 

1 2 3 4 5 6 7 8 9 10 

8. Repeat word .21 .21 .15 -.01 .19 .37" . 18 
errors difficult 

9. Last lettererrors .31* .20 .37" .16 -.01 -. 15 -. 14 .19 - 

easy 

10. Last letter errors .22 .25 .09 -.01 .11 .20 .22 .48 ** .29 
difficult 

*p<•Ø5• **p<01 



Table 3 

Correlations Between Driver Performance Variables 

1 2 3 4 5 6 7 8 9 10 11 12 

1. Lane position easy 

2. Lane position .64** 

difficult 

3. SD lane position .06 -.01 
easy 

4. SD lane position -.01 .08 
difficult 

5. Speed easy .11 .14 .36k .21 

6. Speed difficult .16 -.04 .16 .10 .57" 

7. SD speed easy -.02 .17 .32* .16 37* -.16 

Note. SD = Standard Deviation; PRT = Perception Response Time. 

*p<•Ø5• **p<01 



Table 3 cont'd 

Correlations Between Driver Performance Variables 

1 2 3 4 5 6 7 8 9 10 11 12 

8. SD speed difficult -.04 .25 .26 .07 .26 -.09 •44** 

9. PRT light easy .14 .10 .00 -.05 •3Ø* .20 -.04 .06 

10. PRT light .17 .02 .24 -.06 .23 .42** -.18 -.17 .03 
difficult 

.34k .32* .22 .16 .02 -.12 .04 .05 -.05 .27 
11. PRT pedestrian 
easy 

12. PRT pedestrian .10 .02 -.26 -.43 .03 -.01 .11 35* -.26 .27 .20 
difficult 

Note. SD = Standard Deviation; PRT = Perception Response Time. 

*p<•Ø5• **p<01 
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Table 4 

Correlations Between Overall NASA TLX Scores and Conversation Variables 

1 2 

1. Overall workload 
easy 

2. Overall workload .80** 
difficult 

3. Speech rate easy .09 .00 

4. Speech rate 
difficult 

.15 .06 

5. Word complexity -.06 -.07 
easy 

6. Word complexity -.01 -.02 
difficult 

* < 05 **< 01 
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Table 4 cont'd 

Correlations Between Overall NASA TLX Scores and Conversation Variables 

1 2 

7. Linguistic -.01 -.04 
frequency easy 

8. Linguistic -.03 -.02 
frequency difficult 

9. Repeat word -.02 -.10 
errors easy 

10. Repeat word .28k .24 
errors difficult 

11. Last letter errors .11 -.03 
easy 

12. Last letter errors .06 .08 
difficult 

*p< 05 ** p<.01. 
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Table 5 

Correlations Between Overall NASA TLX Scores for Drivers and Driver Performance 

Variables 

1 2 

1. Overall workload 
easy 

2. Overall workload •79** 

difficult 

3. Lane position easy -.22 -.06 

4. Lane position -.10 .01 
difficult 

5. SD lane position -.21 -. 13 
easy 

6. SD lane position -.08 .07 
difficult 

Note. SD = Standard Deviation; PRT = Perception Response Time. 

*p<•Ø5• **p<01 
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Table 5 cont'd 

Correlations Between Overall NASA TLX Scores for Drivers and Driver Performance 

Variables 

1 2 

7. Speed easy -.09 -.16 

8. Speed difficult -.20 -.20 

9. SD speed easy .19 .13 

10. SD speed .13 .19 
difficult 

ll. PRT light easy .05 .13 

12. PRT light -.10 -.05 
difficult 

14. PRT pedestrian .01 .12 
easy 

12. PRT pedestrian .12 -.10 
difficult 

Note. SD = Standard Deviation; PRT = Perception Response Time. 

* <05 **< 01 
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Table 6 

Power Estimations and Effect Sizes for the Primary Analyses Main Effects 

Analysis Source Effect Size ('y) Power 

Speech Rate Difficulty 0.24 0.59 
Condition 0.39 0.46 
Role 0.08 0.06 

Word Complexity Difficulty 0.01 0.05 
Condition 0.07 0.08 
Role 0.10 0.07 

Linguistic Frequency Difficulty 0.004 0.05 
Condition 0.47 0.46 
Role 0.49 0.48 

Repeat Word Errors Difficulty 0.23 0.57 
Condition 0.96 0.97 
Role 0.09 0.10 

Last Letter Errors Difficulty 0.18 0.42 
Condition 0.45 0.42 
Role 0.17 0.16 

Lane Position Difficulty 0.86 1 
Condition 0.28 0.11 

SD Lane Position Difficulty 1.95 1 
Condition 0.71 0.49 

Average Speed Difficulty 1.46 1 
Condition 0.60 0.37 

SD Speed Difficulty 0.08 0.09 
Condition 0.65 0.42 

PRT Light Difficulty 0.06 0.10 
Condition 0.49 0.24 

Note. SD = Standard Deviation; PRT = Perception Response Time. 
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Table 6 cont'd 

Power Estimations and Effect Sizes for the Primary Analyses Main Effects 

Analysis Source Effect Size (y) Power 

PRT Pedestrian Difficulty 0.26 0.40 
Condition 0.93 0.67 

Workload - Drivers Difficulty 0.45 0.2 
Condition 1.24 0.92 

Workload - Role Difficulty 0.01 0.06 
Condition 0.47 0.46 
Role 0.38 0.44 

Note. SD = Standard Deviation; PRT = Perception Response Time. 
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Figure 1. Residential (i.e., easy) driving scenario. 
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Figure 2. Urban (i.e., difficult) driving scenario. 
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Figure 3. Roadway showing pedestrian incursion for urban (i.e., difficult) driving scenario. 
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Figure 4. Intersection showing light signal change for residential (i.e., easy) driving 

scenario. 
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Figure 5. Average speech rate for easy and difficult driving scenarios and passenger and 

cellular phone conditions. 



95 

Av
er

ag
e 
W
o
r
d
 C
om
pl
ex
it
y 
(
sy

ll
ab

le
s/

wo
rd
) 

2.25 - 

2-

1.75 - 

1.5 - 

1.25 - 

0.75 - 

0.5 - 

0.25 - 

0 

0 Easy 

0 Difficult 

Passenger Condition Cellular Phone Condition 

Figure 6. Average word complexity for easy and difficult driving scenarios and passenger 

and cellular phone conditions. 
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Figure 7. Average linguistic frequency for drivers and non-drivers in the passenger and 

cellular phone conditions. 
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Figure 8. Average number of repeat word errors for easy and difficult driving scenarios 

and passenger and cellular phone conditions. 
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Figure 9. Average number of last letter errors for easy and difficult driving scenarios and 

passenger and cellular phone conditions. 
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Figure 10. Average lane position for easy and difficult driving scenarios and driving alone, 

passenger, and cellular phone conditions. 
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Figure 11. Variability (SD) of lane position for easy and difficult driving scenarios and 

driving alone, passenger, and cellular phone conditions. 
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Figure 12. Average speed for easy and difficult driving scenarios and driving alone, 

passenger, and cellular phone conditions. 
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Figure 13. Variability (SD) of speed for easy and difficult driving scenarios and driving 

alone, passenger, and cellular phone conditions. 
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Figure 14. Perception response time (PRT) to the light event for easy and difficult driving 

scenarios and driving alone, passenger, and cellular phone conditions. 
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Figure 15. Perception response time (PRT) to the pedestrian event for easy and difficult 

driving scenarios and driving alone, passenger, and cellular phone conditions. 
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Figure 16. Average overall workload for drivers in easy and difficult driving scenarios and 

driving alone, passenger, and cellular phone conditions. 
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Figure 17. Average overall workload for drivers and non-drivers in easy and difficult 

driving scenarios and passenger and cellular phone conditions. 
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Figure 18. Average speech rates for male drivers and non-drivers in easy and difficult 

driving scenarios. 
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Figure 19. Average speech rates for female drivers and non-drivers in easy and difficult 

driving scenarios. 
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Figure 20. Average lane position for males and females in easy and difficult driving 

scenarios. 
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Figure 21. Average speed for males and females in easy and difficult driving scenarios. 
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Figure 22. Perception response time (PRT) to the light event for males and females in easy 

and difficult driving scenarios. 
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Figure 23. Average mental demand for drivers in easy and difficult driving scenarios and 

driving alone, passenger, and cellular phone conditions. 
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Figure 24. Average physical demand for drivers in easy and difficult driving scenarios and 

driving alone, passenger, and cellular phone conditions. 
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Figure 25. Average temporal demand for drivers in easy and difficult driving scenarios and 

driving alone, passenger, and cellular phone conditions. 
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Figure 26. Average effort for drivers in easy and difficult driving scenarios and driving 

alone, passenger, and cellular phone conditions. 
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Figure 27. Average performance for drivers in easy and difficult driving scenarios and 
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Figure 28. Average frustration level for drivers in easy and difficult driving scenarios and 

driving alone, passenger, and cellular phone conditions. 
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Figure 29. Average mental demand for easy and difficult driving scenarios and drivers and 

non-drivers. 
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Figure 30. Average physical demand for easy and difficult driving scenarios and drivers 

and non-drivers. 
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Figure 31. Average temporal demand for easy and difficult driving scenarios and drivers 

and non-drivers. 
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Figure 32. Average effort for easy and difficult driving scenarios and drivers and non-

drivers. 
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Figure 33. Average performance for easy and difficult driving scenarios and passenger and 

cellular phone conditions. 
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Figure 34. Average frustration level for easy and difficult driving scenarios and passenger 

and cellular phone conditions. 
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Figure 35. Perception response time (PRT) to the first event for driving alone, passenger, 

and cellular phone conditions. 
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Figure 36. Maximum lane position for easy and difficult driving scenarios and driving 

alone, passenger, and cellular phone conditions. 
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Figure 37. Minimum speed for easy and difficult driving scenarios and driving alone, 

passenger, and cellular phone conditions. 
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Figure 38. Maximum speed for easy and difficult driving scenarios and driving alone, 

passenger, and cellular phone conditions. 
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Appendix B 

Experimental Protocol 

PRE-EXPERIMENT CHECK LIST  

• Dash lights are ON 
• Interior light is ON 
• Curtain is drawn 
• Lab lights are OFF (must be ON for visual testing) 
• A/C turned OFF 
• Speaker turned ON for cell-phone condition (and correct volume) 
• Speaker on seat for cell-phone condition (rear speaker volume to 0) 

• Mixer turned ON 
• Multiplexer turned ON 
• Titler turned ON 
• TV turned ON 
• VCR turned ON 

Before we being, we need to make sure English is your first language < and you don't 
know the other person you are participating with >. 

+ Ask participants if English is their first language. 
• Ask participants if they know each other. 
• If English is not their first language < and/or participants know each other >, explain 

why it is important for the study, and debrief them. 
• If participants know each other, try to rebook them at a different time. 

GENERAL INSTRUCTIONS 

In this study we want to see how drivers are distracted by different in-vehicle tasks. It 
should take no more than 2 hours complete. Before we begin, we need to obtain what is 
called "Informed Consent". In order to do this, I need to be sure that you understand what 
you'll be asked to do in this experiment, including any benefits and risks associated with 
your involvement. Before you read the informed consent materials, I'll remind you that you 
are free to withdraw from this study at any time. Please look through the informed consent. 
If you have any questions please do not hesitate to ask. 

• Hand out informed consent. 

Do you have any questions? 

Now I would like you to complete a simulator sickness questionnaire. This will help 
determine if you are likely to become ill while driving the simulator. If it is determined 
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that you might become ill, you have the choice of whether you want to proceed or not. You 
will not be penalized for ending your participation. 

• Hand out simulator sickness questionnaire. 
• If participant(s) respond "Yes" to any questions, explain that they are at higher risk for 

developing simulator sickness. Give them the option of quitting without penalty, and 
debrief them. 

VISUAL TESTING 

The next step is to assess your visual acuity and contrast sensitivity. This is just to get an 
idea of your general visual status. 

• If participants are tested in pairs, have one participant stand outside lab (or in waiting 
room) with door closed. 

ACUITY 

We will test your visual acuity using the same instrument that is used in most doctors' 
offices. I want you to stand with your toes touching the tape on the floor and read the line 
furthest down the chart that you can see without squinting. 

• Participant must stand at far piece of tape (i.e., 20 ft) 
• If participant makes a mistake, move up one line. Visual acuity is the line where they 

get ALL letters correct. Record score on participant demographic questionnaire. 

CONTRAST SENSITIVITY 

We will now test your contrast sensitivity. This measures how well you can discriminate 
between different shades. Although this test is similar to the visual acuity test, it provides 
us with more information about your ability to see different sized objects. You can now 
move to the tape located closer to the chart. On the chart in front of you, you can see a 
series of circles with a striped pattern in each of them. What I want you do to is to tell me 
whether the stripes in each circle are straight up and down, tilted to the right, tilted to the 
left, or blank. For each row, I want you to tell me which circle you start to hesitate in being 
able to tell which way the lines are going. Lets start with row A. 

• Participant must stand at near piece of tape (i.e., l0 ft) 
• To check for guessing, have each participant provide answer for circle to left of the one 

they hesitate at 
• Record participant contrast sensitivity on demographic questionnaire 
• If participant does not meet acuity or contrast sensitivity guidelines, explain why it is 

important for the study, and debrief them 
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SIMULATOR INTRODUCTION 

Today you will be using a driving simulator. This simulator is designed to simulate real-
life driving in a controlled environment. During the study, you will drive through a number 
of scenarios just as you would when you drive in your vehicle. You will start by driving a 
practice scenario to familiarize you with how the car handles and how the environment 
looks. If you would like to stop at any time, just let me know. 

• Seat first participant in the simulator, have other wait behind curtain in chair. 

This driving simulator is a fully instrumented Saturn SL sedan. The speedometer, 
tachometer, brake, steering, and accelerator work just like a normal car. You can adjust the 
seat using the lever at the bottom and on the side. Please adjust the seat to make yourself 
comfortable. While driving the simulator, I will be monitoring you using the cameras 
located above the rearview mirror and I can here you via the microphone located just above 
you. 

While you are driving the simulator, you may stop at any time if you need to. You can 
press the big red button on your right, close your eyes, or exit the vehicle. Please do not 
stop unless you need to. 

Although I will be seated at the workstation behind you, I can hear you through a 
microphone in the visor and you can hear me on this speaker. Let's test it out so you 
understand how our communication will work. 

• Go to authoring station. 
• Test microphone and headset with participant 
• Read the rest of the instructions over the headset. 

PRACTICE SCENARIO 

The purpose of the practice scenario is to familiarize you with how the simulator works and 
how it responds to your actions. During the practice section, you may encounter a variety 
of everyday driving situations such as straight roads, curved roads, and intersections. You 
should follow all the rules of the road by observing the speed limit and obeying any traffic 
signs and traffic lights. Occasionally, information will be presented on the screen about 
when to turn and reminders about driving the speed limit. Please read these messages and 
do what they tell you. If you have any questions about any aspect of the practice scenario, 
please ask. 

• Start practice scenario (JasonThesisPractice). 
• If participants turn into parking lane, tell them to stay in the driving lane. 
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Remember, to drive just as you would in a normal vehicle. In other words, please do not 
treat the simulation like a video game. Once the road scene appears, place the vehicle in 
drive and press on the accelerator. Feel free to test the vehicle's braking and steering. 

• Randomly assign participants to task condition (driving alone, passenger, or cellular-
phone). 

• Remind participants to put the vehicle into park after they are finished. 

DRIVING ALONE 

We will now have you drive through four different scenarios. Just as you did in the practice 
scenario, you will follow all the rules of the road and react as you would in your own 
vehicle. At the end of each scenario, I will have you evaluate how difficult you felt the task 
was. I will say more about that after the first scenario. 

You may begin as soon as the road scene appears. Please note that you will not be given 
feedback about maintaining the speed limit. You will have to monitor speed on your own. 
Do you have any questions about what is expected of you? 

• Load appropriate route based on correct route order. 
• Enter subject information = Part#_Condition_Scenario# (e.g., 01—DA-2E2) 
• START VCR - VERY IMPORTANT 
• After each scenario, have participants complete TLX. 

Now we will have you evaluate how difficult you felt the task was. On the passenger seat, 
you will notice a clipboard with a number of rating sheets on it. You will use these sheets 
to evaluate how difficult you felt the task was. There are many factors that may influence 
how you felt while completing the task. For example, how much effort you put in, the 
stress you felt, your feelings about your own performance, or the difficulty of the task 
itself. Thus, six scales have been defined which you will use to evaluate your experiences. 
Each scale is defined on the first page. We will go through these together to make sure you 
understand how to use the scales. 

• Read factor definitions and make sure participant knows what each means. 

Mental Demand 

How, much mental and perceptual activity was required (e.g., thinking, deciding, 
calculating, remembering, looking, searching, etc.)? Was the task easy or demanding, 
simple or complex, exacting or forgiving? 

Physical Demand 

How much physical activity was required (e.g., pushing, pulling, turning, controlling, 
activating, etc.)? Was the task easy or demanding, slow or brisk, slack or strenuous, restful 
or laborious? 
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Temporal Demand 

How much time pressure did you feel due to the rate or pace at which the tasks or task 
elements occurred? Was the pace slow and leisurely or rapid and frantic? 

Effort 

How hard did you have to work (mentally and physically) to accomplish your level of 
performance? 

Performance 

How successful do you think you were in accomplishing the goals of the task set by the 
experimenter (or yourself)? How satisfied were you with your performance in 
accomplishing these goals? 

Please note that good performance is at the low end of the scale. 

Frustration Level 

How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, 
relaxed and complacent did you feel during the task? 

Each scale has two endpoints that describe the scale. Evaluate the task by marking each of 
the scales at the point that matches your experience. For example if you felt the level of 
mental demand you experienced during the task was small you would circle near the low 
endpoint. Please consider your responses carefully and each scale individually. Your 
ratings will play an important role in the evaluation being conducted. 

You probably noticed there is more than one rating sheet. Throughout the rest of the study, 
you will complete one rating sheet after each scenario to judge how difficult you felt the 
task was. Be sure to ask me if you have any questions. 

• Repeat protocol for other scenarios 

CELL PHONE 

• Randomly assign participants to role (driver or non-driver). Toss a coin. 
• Mark D = driver and ND = non-driver on participant's consent form. 

We will now have one of you drive through four different scenarios while simultaneously 
talking to the other person on a cellular phone. We have randomly chosen one of you to 
drive while the other person will talk to the driver from behind a curtain. Just as you did in 
the practice scenario, the driver will follow all the rules of the road and react as you would 
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in your own vehicle. At the end of each scenario, I will have you both evaluate how 
difficult you felt the task was. I will say more about that after the first scenario. 

• Seat driver in car and non-driver at table behind curtain (MAKE SURE CURTAIN IS 
CLOSED). 

• Have non-driver put on headset, make sure microphone is close to mouth. 
• Read rest of the instructions over the headset. 

Rather than have you engage in a real conversation, I want you to play a simple word 
game. I will start the conversation by saying a word and the person behind the curtain will 
say a word that begins with the last letter of the word Ijust said. After that, the driver will 
say a word starting with the last letter of the word said by the person behind the curtain. 
You will then exchange words, one at a time, following the last letter rule. For example, if I 
say "Hat" the person behind the curtain would say something like "Town". Then the driver 
would say "Nice" and so on. Do you have any questions about the conversation task? 

Please say only one word at a time and do not repeat a word that was already said. It is 
important that you follow these rules otherwise your responses will be considered errors. 
Please speak slowly and loudly so the other person can hear you. You cannot ask the other 
person to repeat,what they said or talk to them in any way other than the conversation task I 
just described. If you get stuck, just say any word and carry on with the conversation task. 

If you make a mistake, do not acknowledge it. Instead, just continue on as if nothing 
happened. It is important that you understand that this is not a competition. You do not 
want to make the conversation task any more difficult for each other than necessary. You 
both want to respond to the words as quickly and accurately as possible, but the driver must 
not compromise the safe operation of the vehicle. 

You may begin as soon as the road scene appears and I say the first word. Please note that 
you will not be given feedback about maintaining the speed limit. You will have to monitor 
speed on your own. Do you have any questions about what is expected of you? 

• Load appropriate route based on correct route order. 
• Enter subject information =  Part#_Condition_Scenario# (e.g., 0102_CP_2E2) 
• START VCR - VERY IMPORTANT 
• Experimenter says: 

o "Character" - Route 1 
o "Jump" - Route 2 
o "React" - Route 3 
o "Fish" - Route 4 

• After each scenario, have participants complete TLX. 

Now we will have you both evaluate how difficult you felt the task was. Rating sheets are 
located on a clipboard on the passenger sheet for the driver and on the table for the person 
behind the curtain. You will use these sheets to evaluate how difficult you felt the task was. 
There are many factors that may influence how you felt while completing the task. For 
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example, how much effort you put in, the stress you felt, your feelings about your own 
performance, or the difficulty of the task itself. Thus, six scales have been defined which 
you will use to evaluate your experiences. Each scale is defined on the first page. We will 
go through these together to make sure you understand how to use the scales. 

• Read factor definitions and make sure participant knows what each means. 

Mental Demand 

How much mental and perceptual activity was required (e.g., thinking, deciding, 
calculating, remembering, looking, searching, etc.)? Was the task easy or demanding, 
simple or complex, exacting or forgiving? 

Physical Demand 

How much physical activity was required (e.g., pushing, pulling, turning, controlling, 
activating, etc.)? Was the task easy or demanding, slow or brisk, slack or strenuous, restful 
or laborious? 

Temporal Demand 

How much time pressure did you feel due to the rate or pace at which the tasks or task 
elements occurred? Was the pace slow and leisurely or rapid and frantic? 

Effort 

How hard did you have to work (mentally and physically) to accomplish your level of 
performance? 

Performance 

How successful do you think you were in accomplishing the goals of the task set by the 
experimenter (or yourself)? How satisfied were you with your performance in 
accomplishing these goals? 

Please note that good performance is at the low end of the scale. 

Frustration Level 

How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, 
relaxed and complacent did you feel during the task? 

Each scale has two endpoints that describe the scale. Evaluate the task by marking each of 
the scales at the point that matches your experience. For the driver, evaluate both the 
driving and conversation tasks together. For example if you felt the level of mental demand 
you experienced during the task was small you would circle near the low endpoint. Please 
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consider your responses carefully and each scale individually. Your ratings will play an 
important role in the evaluation being conducted. 

You probably noticed there is more than one rating sheet. Throughout the rest of the study, 
you will complete one rating sheet after each scenario to judge how difficult you felt the 
task was. Be sure to ask me if you have any questions. 

• Repeat protocol for other scenarios (BUT see below) 

I want you to complete the same conversation task as you did in the previous scenario but 
this time I will start by saying a word and the driver will say a word that begins with the 
last letter of the word I just said. Then the person behind the curtain will say a word that 
begins with the last letter of the word said by the driver. You will then exchange words one 
at a time, just like you did before. The only difference is the driver will start after I say the 
first word. 

• Drivers and non-drivers must take turns starting the conversation task (i.e., non-driver 
starts for routes 1 and 3, driver for routes 2 and 4). 

I want to remind you that you cannot repeat a word that is said during this scenario, but you 
can repeat a word that was said in the previous scenario. Do you have any questions before 
we continue? 

PASSENGER 

• Randomly assign participants to role (driver or non-driver). Toss a coin. 
• Mark D = driver and ND = non-driver on participants consent form. 

We will now have one of you drive through four different scenarios while simultaneously 
talking with a passenger. We have randomly chosen one of you to drive while the other 
person will talk to the driver while sitting in the passenger seat. Just as you did in the 
practice scenario, the driver will follow all the rules of the road and react as you would in 
your own vehicle. At the end of each scenario, I will have you both evaluate how difficult 
you felt the task was. I will say more about that after the first scenario. 

• Have driver and non-driver sit in car. 
• Place TLX rating sheets on floor just outside car. 
• Read rest of the instructions over the headset. 

Rather than have you engage in a real conversation, I want you to play a simple word 
game. I will start the conversation by saying a word and the person in the passenger seat 
will say a word that begins with the last letter of the word Ijust said. After that, the driver 
will say a word starting with the last letter of the word said by the person in the passenger 
seat. You will then exchange words, one at a time, following the last letter rule. For 
example, if I say "Hat" the person in the passenger seat .would say something like "Town". 
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Then the driver would say "Nice" and so on. Do you have any questions about the 
conversation task? 

Please say only one word at a time and do not repeat a word that was already said. It is 
important that you follow these rules otherwise your responses will be considered errors. 
Please speak slowly and loudly so the other person can hear you. You cannot ask the other 
person to repeat what they said or talk to them in any way other than the conversation task I 
just described. If you get stuck, just say any word and carry on with the conversation task. 

If you make a mistake, do not acknowledge it. Instead, just continue on as if nothing 
happened. It is important that you understand that this is not a competition. You do not 
want to make the conversation task any more difficult for each other than necessary. You 
both want to respond to the words as quickly and accurately as possible, but the driver must 
not compromise the safe operation of the vehicle. 

You may begin as soon as the road scene appears and I say the first word. Please note that 
you will not be given feedback about maintaining the speed limit. You will have to monitor 
speed on your own. Do you have any questions about what is expected of you? 

• Load appropriate route based on correct route order. 
• Enter subject information = Part#_Condition_Scenario# (e.g., 0102_PA2E2) 
• START VCR - VERY IMPORTANT 
• Experimenter says: 

o "Character" - Route 1 
o "Jump" - Route 2 
o "React" - Route 3 
o "Fish" - Route 4 

• After each scenario, have participants complete TLX. 

Now we will have you evaluate how difficult you felt the task was. Rating sheets are 
located on the floor just outside the vehicle. You will use these sheets to evaluate how 
difficult you felt the task was. There are many factors that may influence how you felt 
while completing the task. For example, how much effort you put in, the stress you felt, 
your feelings about your own performance, or the difficulty of the task itself. Thus, six 
scales have been defined which you will use to evaluate your experiences. Each scale is 
defined on the first page. We will go through these together to make sure you understand 
how to use the scales. 

• Read factor definitions and make sure participant knows what each means. 

Mental Demand 

How much mental and perceptual activity was required (e.g., thinking, deciding, 
calculating, remembering, looking, searching, etc.)? Was the task easy or demanding, 
simple or complex, exacting or forgiving? 
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Physical Demand 

How much physical activity was required (e.g., pushing, pulling, turning, controlling, 
activating, etc.)? Was the task easy or demanding, slow or brisk, slack or strenuous, restful 
or laborious?, 

Temporal Demand 

How much time pressure did you feel due to the rate or pace at which the tasks or task 
elements occurred? Was the pace slow and leisurely or rapid and frantic? 

Effort 

How hard did you have to work (mentally and physically) to accomplish your level of 
performance? 

Performance 

How successful do you think you were in accomplishing the goals of the task set by the 
experimenter (or yourself)? How satisfied were you with your performance in 
accomplishing these goals? 

Please note that good performance is at the low end of the scale. 

Frustration Level 

How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, 
relaxed and complacent did you feel during the task? 

Each scale has two endpoints that describe the scale. Evaluate the task by marking each of 
the scales at the point that matches your experience. For the driver, evaluate both the 
driving and conversation tasks together. For example if you felt the level of mental demand 
you experienced during the task was small you would circle near the low endpoint. Please 
consider your responses carefully and each scale individually. Your ratings will play an 
important role in the evaluation being conducted. 

You probably noticed there is more than one rating sheet. Throughout the rest of the study, 
you will complete one rating sheet after each scenario to judge how difficult you felt the 
task was. Be sure to ask me if you have any questions. 

• Repeat protocol for other scenarios (BUT see below) 

I want you to complete the same conversation task as you did in the previous scenario but 
this time I will start by saying a word and the driver will say a word that begins with the 
last letter of the word I just said. Then the person in the passenger seat will say a word that 
begins with the last letter of the word said by the driver. You will then exchange words one 
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at a time, just like you did before. The only difference is the driver will start after I say the 
first word. 

• Drivers and non-drivers must take turns starting the conversation task (i.e., non-driver 
starts for routes 1 and 3, driver for routes 2 and 4). 

I want to remind you that you cannot repeat a word that is said during this scenario, but you 
can repeat a word that was said in the previous scenario. Do you have any questions before 
we continue? 

DEBRIEFING 

• Have participants sit at table. 

We will now have you fill out some questionnaires. 

• Hand out Driver Experience Questionnaire (DEQ). 
• Hand out post simulator sickness questionnaire. 

I'd like to go over our experiment in more detail and also answer any questions you may 
have. 

The purpose of this study is to examine how talking with a passenger or via a cellular 
phone affect driver distraction. You have participated as a driver, passenger, or cellular 
phone user. If you drove alone, you served as the control group against which the effects of 
talking with a passenger or via a cellular phone are compared. 

Driver distraction is characterized by situations where drivers divert attention away from 
the driving task to some other competing task. In this experiment, the competing task was 
either a conversation with a passenger or via a cellular phone. We wanted to see if talking 
with a passenger distracts drivers as much as talking over a cellular phone. 

Using the data collected today, and combining it with data from other participants, we will 
measure driver distraction in several ways. First, we will measure how well the driver can 
maintain the speed and lane position of the vehicle. Second, we will measure response time 
to several driving events. Lastly, we will measure how difficult both the driver, passenger, 
and cellular phone user felt the tasks were. If drivers are distracted by cellular phone or 
passenger conversations, they should show greater variability in speed and lane position, 
higher response times to driving events, and greater perceptions of difficulty compared to 
driving alone. 

We are also interested in whether the passenger will adjust the conversation as driving 
demands change. Since the passenger can see the driving situation, talking with a passenger 
should show less driver distraction than talking via a cellular phone. This is an important 
research question since distraction due to passengers contributes to more accidents than 
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driving while using cellular phones. To answer this question, we will analyze the speech 
rates, errors, and word complexity for drivers, passengers, and cellular phone users. 

Speech rate and word complexity will be calculated from a transcription of the 
conversation. Speech rate will be calculated as the number of syllables per second. Word 
complexity will be calculated as the number of syllables per word. Two types of errors will 
be analyzed, those where the last letter rule is not obeyed and also when a word is repeated. 
We expect that passengers will reduce their speech rates and produce less complex words 
as they view more difficult driving situations. Cellular phone users should keep their 
speech rates and word complexity constant. 

It is important that you do not discuss this experiment in any detail with other students that 
might serve as participants. If you do, they cannot participate in the study. Do you have any 
questions? 

• At this point, if the participant has questions, try to answer them to the best of your 

ability. 

Here is a debriefing form, which briefly discusses the experiment and gives you our contact 

information and some references to papers on this topic. Please feel free to contact us any 

time to discuss this research. 

• Hand out debriefing sheet 

Again, I would like to remind you that you do not discuss this experiment with any other 
students. If you do not have any final questions, thank you for participating in our study. 

• Shake participant's hand. The test administrator should escort participants out of the 
testing room and even out of the building (if participants are likely to get lost). 

• Log Bonus Credit for Participation Pool. 
• If participant appears distressed, then refer them to: 

• University of Calgary Counseling Services 220-5893 
• Dr. Jeff Caird (0) 220-5571 
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Appendix C 

Cognitive Ergonomics Research Laboratory 
Consent Form 

Title of Investigation: Quantitative Analysis of Inattention and Distraction on Driver 
Performance 

Principle Investigator: Jason Laberge, Charles Scialfa (Supervisor), and Jeff Caird 

This consent form, a copy of which has been given to you, is only part of the process of 
informed consent. It should give you the basic idea of what the research is about and what 
your participation will involve. If you would like more detail about something mentioned 
here, or information not included here, please ask. Please take the time to read this form 
carefully and to understand any accompanying information. 

Description of Research Project: 
We are studying how inattention and distraction affect driver performance at intersections 
and during complex driving situations. You are asked to participate in a testing session that 
requires you to drive a simulated route in a driving simulator. We will start by testing your 
vision to ensure It falls within the study's goals for vision. You will then drive a 5 minute 
practice session to get used to the simulator. Afterwards, you will drive several simulator 
routes as a driver, passenger, or cellular phone user. You may also be required to engage in 
a conversation with someone else while driving. Instructions will be given before you 
begin and may also appear on the screen as you drive. At the end of each route, you will be 
asked to rate how difficult you thought the activities were. After completing the testing 
session, you will be asked to fill out a driving experience questionnaire. Finally, you will 
be fully debriefed about the purpose of the study. The total testing time will last aboutl2O 
minutes. In return for your participation, you will receive two credits in the Department of 
Psychology Bonus Credit System. 

In this study, it is necessary to record eye movements, head movements, and to video tape 
the conversation. This information will be reviewed and later analyzed. Two cameras 
capture your upper body and how you interact with the simulator and a third camera 
captures your feet to tape braking and acceleration movements. You have the right to 
refuse being video-taped. Should you refuse taping, we will not proceed with the study. 
You will still receive bonus credit for participating. All video taped materials will be 
labeled with a participant number and will be kept in a locked cabinet within the laboratory 
for a period of five years after publication. The video-tapes will only be accessed by the 
researchers directly involved in the data analysis for this study. Other information and data 
(including your signed consent forms) from this investigation will also be kept in a locked 
cabinet within the laboratory for a period of five years after publication, and will be under 
the control Dr. C. Scialfa. Neither your name nor image will appear on any materials 
associated with the research (e.g., questionnaires, publications, and reports). 
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Potential Side Effects: 
A small percentage of individuals (approximately 5-10%) experience discomfort while 
using the simulator. Discomfort may result due to a mismatch between what you see and 
feel in the simulator. Symptoms of discomfort can include eyestrain, blurred vision, 
difficulty in focusing, difficulty concentrating, confusion, apathy, and nausea or vomiting. 
Drowsiness, fatigue or headache may also occur. If you experience any of these - 

symptoms, you can either press the big red button on the right of the driver's seat or come 
to a stop, put it into park, and exit the vehicle. Please do not push the button unless you 
need to. 

We will administer a questionnaire before you begin to determine whether you may be 
prone to discomfort or not. If you experience discomfort while driving, you will be able to 
end the simulation at any time either by asking the researcher to stop the simulation or by 
hitting the "emergency stop" button in the car. The researchers will also monitor you for 
symptoms and will stop the simulation if they feel it necessary. Should you feel any 
discomfort, we request that you rest in the lab for about 20 minutes before you leave. 

Adequate research has not been performed on how your experience in the driving simulator 
carries over to driving your own vehicle. This is called negative transfer and we consider it 
to be a minimal risk. To be on the safe side, we recommend that participants wait 20 
minutes between being in the driving simulator and driving their vehicle. To fill the time 
window, you'll be asked to complete a driving experience questionnaire at the end of the 
study. We will then provide you with a detailed explanation of the purpose of the study and 
answer any questions you may have. 

Informed Consent: Your signature on this form indicates that you have understood to 
your satisfaction the information regarding participation in the research project and agree to 
participate as a participant. In no way does this waiveyour legal rights nor release the 
investigators, sponsors, or involved institutions from their legal professional 
responsibilities. You are free to not answer specific items or questions in interviews or on 
questionnaires. You are free to withdraw from the study at any time without penalty. Your 
continued participation should be as informed as your initial consent, so you should feel 
free to ask for clarification or new information throughout your participation. If you have 
further questions concerning matters related to this research, contact: 

Dr. Charles Scialfa, Department of Psychology, University of Calgary 
Phone: (403) 220-4951, Email: scialfaucalgary.ca 

If you have any questions not satisfactorily answered by the primary researchers 
concerning your participation in this project, you may contact the Office of the Vice-
President (Research), University of Calgary, and ask for Pat Evans, (403) 220-3782. 

In signing this form I fully understand that I am participating in this study as part of my 
education experience in the psychology Department. In exchange for my time I expect to 
gain some understanding of research and some of the ideas currently being explored in 
psychology. If, after the study, I feel I have not gained sufficient educational benefit, or 
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have other concerns regarding this experience, I may register my concerns with Dr. Boyes, 
Chair: Psychology Department Ethics Committee (Human Participants). He will insure that 
my comments are acted upon with no fear that I will be identified personally. Dr. Boyes 
can be reached at: A230, 220-7724, boyes@ucalgary.ca 

Participant Date 

Investigator/Witness (optional) Date 

A copy of this consent form will be given to you to keep for your records if you request it. 
This research has the ethical approval of the Department of Psychology and the University 
of Calgary. 
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Appendix D 

Cognitive Ergonomics Research Laboratory 
Simulator Sickness. Questionnaire 

Instructions: The purpose of this questionnaire is to determine if you are likely to become 
ill while interacting with the driving simulator. If you respond yes to any of these 
questions, you will be encouraged not to participate in the study. You will still receive your 
bonus credits. 

Please respond by selecting either Yes or No. 

1. Do you have any health problems that affect your driving? Yes No 

2. Do you experience inner ear problems, dizziness, vertigo, or balance problems? 

F] Yes El No 
3. Do you have any history of motion sickness? (e.g., have you ever felt nauseated or 
physically uncomfortable while in a car or on a boat; do you feel sick if you try to read a 
book in a moving vehicle?) 

El Yes El No 
4. Do you or have you had a history of claustrophobia? El Yes 7 No 

5. Are you suffering from any lingering effects of stroke, tumor, head trauma, or infection? 

Yes No 

6. Do you or have you ever suffered from epileptic seizures? Yes El No 
7. Is there any possibility you are pregnant? F] Yes' [I] No 

8. Do you or have you had a history of migraine headaches? Yes El No 
9. Are you currently taking any prescribed medications? Yes L No 

10. If so, do any of the medications you are taking affect your vision, or make you feel 
dizzy or nauseated? 

[1 Yes El No 
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Appendix E 

Cognitive Ergonomics Research Laboratory 
NASA-TLXRating Scale Definitions 

Mental Demand 

How much mental and perceptual activity was required (e.g., thinking, deciding, 
calculating, remembering, looking, searching, etc.)? Was the task easy or demanding, 
simple or complex, exacting or forgiving? 

Physical Demand 

How much physical activity was required (e.g., pushing, pulling, turning, controlling, 
activating, etc.)? Was the task easy or demanding, slow or brisk, slack or strenuous, restful 
or laborious? 

Temporal Demand 

How much time pressure did you feel due to the rate or pace at which the tasks or task 
elements occurred? Was the pace slow and leisurely or rapid and frantic? 

Effort 

How hard did you have to work (mentally and physically) to accomplish your level of 
performance? 

Performance 

How successful do you think you were in accomplishing the goals of the task set by the 
experimenter (or yourself)? How satisfied were you with your performance in 
accomplishing these goals? 

Frustration Level 

How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, 
relaxed and complacent did you feel during the task? 
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Appendix F 

Cognitive Ergonomics Research Laboratory 
NASA-TLX Subjective Workload Rating Scale 

Instructions: Please rate the difficulty of the task you just completed along the following 
dimensions. 

Please select the number that corresponds to your response. 

Mental Demand 

I I I I I I I I I I 

1 2 3 4 5 6 7 8 9 10 
Low High 

Physical Demand 

I I I I I I I I I I 

1 2 3 4 5 6 7 8 9 10 
Low High 

Temporal Demand 

I I I I I I I I I I 

1 2 3 4 5 6 7 8 9 10 
Low High 

Effort 

I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 

Low High 
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Performance 

1 2 3 4 5 6 7 8 9 10 
Excellent Poor 

Frustration Level 

I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 
Low High 
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Appendix G 

Cognitive Ergonomics Research Laboratory 
Post-Simulator Sickness Questionnaire 

Instructions: The purpose of this questionnaire is to determine whether you experienced 
any illness while interacting with the driving simulator. 

For each question, circle the number (1-7) that corresponds with the answer you wish to 
select. 

1. To what extent did you experience nausea while driving the simulator? 

I I I I I I I 1 I I 

1 2 3 4 5 6 7 8 9 10 
None Moderate Severe 

Comments:  

2. To what extent did you experience motion sickness while driving the simulator? 

F I I I I I I I I 

1 2 3 4 5 6 7 8 9 10 
None Moderate Severe 

Comments:  

3. To what extent did you experience disorientation while driving the simulator? 

I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 

None Moderate Severe 

Comments:  

Please turn over the page 
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4. To what extent did you experience any headaches while driving the simulator? 

1 2 3 4 5 6 7 8 9 10 
None Moderate Severe 

Comments:  

5. To what extent did you experience eyestrain while driving the simulator? 

1 2 3 4 5 6 7 8 9 10 
None Moderate Severe 

Comments:  

6. Were there any other physical symptoms you experienced while driving? 

Yes El No 
If yes, please describe:  

7. Were there particular points in the driving simulation when you felt more or less ill? 

fl Yes F-] No 
If yes, please describe:  

Thankyouforfihling out this questionnaire! 
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Appendix H 

Cognitive Ergonomics Research Laboratory 
Driving Experience Questionnaire 

Instructions: The purpose of this questionnaire is to assess your driving experience and 
obtain background information. Your personal identity will not be associated with any of 
your responses. Only a unique number will be recorded and will be used by the researchers. 

Please complete each question by responding in the space provided or selecting either Yes 
or No. 

Part I. Demographic Information 

1. Are you? E Male Female 

2. Age:  

3. Number of years of education: High school:   

Post-Secondary:  

Part II. Driving Experience 

4. Do you have a valid driver's licence? 7 Yes No 

5. How many years have you had a driver's licence? year(s) 

6. On average, how many kilometres do you drive per year? km /year 

7. How many accidents (including fender benders) have you had in the past 5 years? 

8. Do you own a cellular telephone? EYes No 

Questions 9-12 are only for those who own a cellular phone. 

9. How many years have you owned a cellular phone?  

10. On average, how many minutes do you talk on your cellular phone per day?  

11. Do you ever talk on your cellular telephone while driving? LI Yes LI No 
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12. How would you describe your cellular phone (check only one): 

[]Hand-held (e.g., you actually hold a phone to your ear while driving) 

[1 Hands-free (e.g., you talk using an earpiece or microphone and speaker mounted in 
  the car) 

El Other:  

Part III. Medical Information 

13. Are you regularly taking any prescribed medications? flYes No 

es, have you noticed any of the following side effects (check all that apply)? 

Drowsiness LI Vision problems 
LI Dizziness/Disorientation LI Mood problems 
LI Memory problems LII Attention problems 
LI Aches/Pains LI Other:  

Uncontrolled movements Other:  

Speech problems LI Other:  
14. Do you have any diseases or degeneration in your eyes? LI Yes LI No 

If yes, please specify:  

15. Please rate your physical health on a scale from 1 to 5 (circle one). 

1 2 3 4 5 
Very Poor Poor Average Good Excellent 

16. Do you use glasses (or contact lenses) for distance? [1 Yes No 

17. Do you use glasses (or contact lenses) for reading? U Yes LI No 

18. Do you use bifocals or other variable focus lenses? [1 Yes LI No 
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Part IV. Experimental Questions 

19. Did you notice yourself adjusting the conversation (e.g., speaking slowly, pausing, using 

simpler words, etc.) throughout the experiment? Fl Yes No 

If yes, please describe: 

Thank you for filling out this questionnaire! 



153 

Appendix I 

Cognitive Ergonomics Research Laboratory 
Debriefing Sheet 

Thank you very much for your participation. Your assistance has helped us greatly. We 
would like to remind you to not discuss this research with any other students that might 
serve as participants. If you do, they will be ineligible to volunteer in this experiment. 

The objective of this. research is to determine what effect inattention and distraction have 
on driver performance in complex driving situations, such as at intersections or in traffic. 
Many things can distract drivers from the roadway and possibly lead to an accident. In this 
experiment, we wanted to see if talking with a passenger distracts drivers as much as 
talking over a cellular phone. This is an important question since both cellular phone use 
and talking with passengers have been implicated in motor-vehicle accidents (Goodman, 
Tijerina, Bents, & Wierwille, 1999). 

To answer this question we will measure driver distraction in several ways. We expect that 
if drivers are distracted by cellular phone or passenger conversations, they should show 
greater variability in speed and lane position, higher response times to driving events, and 
greater perceptions of difficulty compared to driving. alone. 

We are also interested in whether the passenger will adjust the conversation as driving 
demands change. To answer this question, we will analyze the speech rates, errors, and 
word complexity for drivers, passengers, and cellular phone users. We expect that speech 
rates and word complexity will decrease for passengers as they view more difficult driving 
situations whereas cellular phone users should keep their speech rates and word complexity 
constant. 

The information gathered in this study will be used to develop transportation policy and 
technology-based countermeasures. For example, a number of interventions will be tested 
in a subsequent project phase to determine whether or not various technologies can assist 
younger and older drivers to make better decisions while driving. 

The driving simulator you used today offers a high fidelity, closely controlled environment 
in which to study driver error. In this way, drivers are not put at risk in order to study 
important factors that may affect driving safety. 

If you would like to learn more about this particular area of research you can refer to the 
- following papers: 

Goodman, M. J., Tijerina, L., Rents, F. D., & Wierwille, W. W. (1999). Using cellular 
telephones in vehicles: Safe or unsafe? Transportation Human Factors, 1(1), 3-42. 

Haigney, D., & Westerman, S. J. (2001). Mobile (cellular) phone use and driving: a critical 
review of research methodology. Ergonomics, 44(2), 132-143. 
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Strayer, D. L., & Johnston, W. A. (2001). Driven to distraction: Dual-task studies of 
simulated driving and conversing on a cellular telephone. Psychological Science, 
12(6), 1-5. 

You are welcome to contact us for results or any other information you want regarding this 
study. 

Dr. Charles Scialfa 
Perception and Cognitive Aging Laboratory 
Laboratory 
Department of Psychology 
University of Calgary 
2500 University Drive N.W. 
Calgary, Alberta T2N 1N4 
(403) 220-6532 (Office) 
(403) 220-4951 (Lab) 
E-mail: scialfaucalgary.ca  

Dr. Jeff K. Caird 
Cognitive Ergonomics Research 

Department of Psychology 
University of Calgary 
2500 University Drive N.W. 
Calgary, Alberta T2N 1N4 
(403) 220-5571 (Office) 
(403) 220-5910 (Lab) 
E-mail: ikcairduca1gary.ca 


