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Summary

This report describes the methods and findings of a National Highway Traffic Safety
Administration project on “Driver Strategies for Engaging in Distracting Tasks Using In-Vehicle
Technologies.” The project investigated the decision process involved in a driver’s willingness
to engage in various technology-related and non-technology tasks. Distracted driving has been
recognized as a significant highway safety concern and is the subject of considerable research
and controversy. Nearly all research on this topic has focused on how well people are able to
drive while engaged in some potentially distracting activity. Very little work has considered
how drivers decide whether and when to engage in some in-vehicle activity. The objective of
this research was to determine the basis for drivers' decisions about their willingness to engage in
potentially distracting activities.

The project had two major research components: focus groups and an on-road study. Both
component methods recruited participants who used in-vehicle technologies to at least some
degree, from four age groups: teen (16-18), young (18-24), middle (25-59), and older (60+).
First, a series of focus groups was conducted in which participants discussed the factors that
influenced their decision making about in-vehicle activities. This provided an initial
understanding of the perceptions, motivations, attitudes, and decision factors that underlie driver
choices. The subsequent on-road study had two phases: an on-road drive and a take-home
booklet. During the on-road drive, participants drove their own vehicles over a specified route.
They did not actually engage in in-vehicle tasks, but at specified points they rated their
willingness to engage in some specific task at that time and place. Eighty-one different
situations (combination of in-vehicle task and driving circumstances) were included. After
completing the on-road portion, participants were given a booklet to take home, complete, and
return. The booklet questions sought information about participants’ familiarity with various in-
vehicle technologies, additional situations for willingness and risk ratings, stated reasons
underlying ratings, and self-ratings of certain aspects of driving behavior and decision-making
style. Together, the focus groups and on-road study provided a systematic set of findings to
advance understanding of how drivers decide whether and when to engage in potentially
distracting tasks.

The general picture that emerged from this research is that driver decisions about engaging in in-
vehicle tasks are strongly related to considerations of task motivations (even if they may appear
trivial) and “lifestyle” perceptions, and more weakly related to driving considerations and current
or upcoming roadway and traffic attributes. There is little planning and preparation for activities
and little tendency for drivers to delay activities until driving task demand is low. The in-vehicle
task factor most important in driver considerations is visual demand. Common cell phone tasks
did not engender much perceived risk or reluctance to engage in the activity. There were
substantial differences in willingness to engage in in-vehicle technology use among different
driver groups, with teen drivers and those with “high intensity” driving styles being most willing.

More specifically, driver willingness to engage in various in-vehicle tasks was related to the
technology type, specific task attributes, driving conditions, personal motivations, driving style,
and decision style. On-road ratings of willingness to engage in a task had a very strong linear



relationship with the perceived risk of engaging in the task. Important differences existed among
age groups. While all of the factors studied had some influence, drivers did not seem particularly
sensitive to immediate or impending primary driving task demands. There was little difference
in willingness related to roadway type (freeway, arterial, winding two-lane highway), but some
influence of maneuvers (e.g., exits, merges, turns).

The focus groups, in particular, highlighted motivational factors for in-vehicle device use and
suggested these are dominant factors over roadway and task demands. These included social,
economic, and "lifestyle” motives. Drivers apprear quite willing to use cell phones under almost
all circumstances and are more reluctant to use navigation systems and PDAs. For most
common cell phone tasks, perceived risk and willingness to engage in the activity were judged
similar to drinking something hot or tuning a radio, and less risky than eating something messy
(e.g., ataco). The research found that there are a number of task attributes, believed to be
important based on the existing driver performance research literature, to which drivers appear
relatively insensitive in their decision-making. For example, the disruptive effect of an in-
vehicle task on driving performance may be related to how easily the task can be decomposed
into discrete subtasks (“"chunking™) or the demands of error recovery should an input error occur.
Such factors did not emerge among the features participants appeared to consider in their
decision-making. Individual differences among participants in attitudes about multitasking were
also related to the findings. One important finding in this respect distinguished teen drivers from
other drivers. Many teens enjoyed the challenge of multitasking and testing their limits, and
sought these challenges, while more mature drivers sought to limit challenges.

Based on the focus groups, drivers typically do not show much anticipation in their decisions
about distracting tasks. This is true for both pre-trip and en route anticipation. With the apparent
exception of business users of the technology, drivers often are not prepared for tasks in terms of
location of items (e.g., phone, earpiece, information sources) or pre-programming of devices.
They appear not to project ahead much regarding up-road traffic, roadway demands, and driving
maneuvers. However, while these impressions emerged from the focus groups, this was a
qualitative procedure with a limited sample, and further quantitative treatment would be desirable.

The findings of this project provide a useful first look at the range of factors that influence
motorists' decisions about whether to engage in some activity at a given point in time. A
conceptual model of driver decision making regarding in-vehicle tasks was developed as a
framework to structure the important factors and processes that underlie decisions. The project
findings may help direct a variety of safety countermeasures to reduce the problem of distracted
driving. Potential safety countermeasures include: public education, driver or device user
training, user interface design, needs for warnings and information, criteria for function lock-
outs, and driver assist system criteria. A matrix was used to map 36 specific project findings to
potential countermeasure approaches, including public education; driver or device user training;
user interface design; needs for warnings and information; criteria for function lock-outs; and
driver assist system criteria. Some particular countermeasure strategy was suggested for
consideration in more than 200 cells in this matrix, so that the findings of the study should prove
heuristically fruitful in generating approaches to dealing with driver distraction.



The findings also reveal that teenage drivers saw the least risk in engaging in various tasks, had
inflated opinions about their multitasking capabilities, were strongly motivated by social and

life-style factors, and had various driving attitude and driving style attributes that compound the
potential effects of distraction.
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1.0 Introduction

1.1 Background

The potential hazard of distraction when using in-vehicle technologies has become a major
concern in the highway safety field (Llaneras, 2000). In this report, the term “in-vehicle
technology” refers to a device that may be used in a vehicle, whether it is a portable device
carried into the vehicle or an installed device embedded in the vehicle. Cellular phones are the
most familiar example of an in-vehicle device and are the subject of serious debate about
appropriate use and needs for regulation. Other in-vehicle devices, such as navigation systems,
are becoming more common in new vehicles and more extensive information and
communication systems are under development. To minimize the risks of distraction from in-
vehicle technologies, two factors must be addressed: (1) the attentional demands the technology
design imposes on the driver and (2) the driver’s decision to use the technology while driving.
The first of these issues has received considerable research attention while the second has
received almost none.

Numerous studies have now demonstrated that in-vehicle technology use can have deleterious
consequences on aspects of the driving task: lane positioning, speed control, car following,
situation awareness, hazard recognition (see Goodman, Barker, and Monk, 2005, for an
extensive recent bibliography of this research area). These studies typically have research
participants drive a vehicle (or driving simulator) under conditions determined by the
experimenter and engage in tasks specified by the experimenter, at times and places controlled
by the experimenter. Thus this research addresses the very important question of what can
happen when a driver attempts to engage in some task under certain driving conditions. What it
does not tell us is what drivers actually choose to do while driving. An in-vehicle technology
presents a safety problem to the extent that drivers choose to use it at inappropriate times. The
actual risk associated with some device will be a joint function of how that device interferes with
driving and the circumstances under which drivers are willing to use that device.

Individual driver attributes are likely to be important considerations for understanding driver
decisions about engaging in in-vehicle tasks. In particular, driver age is known to be associated
with crashes, performance capabilities, in-vehicle device use, attention-sharing capabilities, and
risk perception. Inexperienced teenage drivers and older drivers are groups that merit specific
attention. Teen drivers are more likely to engage in high-risk behaviors, have motivations
distinct from other drivers, and be less capable in various aspects of the driving task (Lerner,
Tornow, Freedman, Llaneras, Rabinovich, and Steinberg, 1999). Older drivers experience a
range of perceptual and information-processing decrements and tend to be more risk-averse
(Dewar, 2001). Therefore it is important that any effort to investigate driver willingness to
engage in technology use give specific consideration to these particular driver groups.

1.2 Objective

This report describes the methods and findings of a NHTSA project on “Driver Strategies for
Engaging in Distracting Tasks Using In-Vehicle Technologies.” It investigates the decision



process involved in the driver’s willingness to engage in various technology-related, and non-
technology, tasks. Some additional funding was provided by the National Institute of Child
Health and Human Development (Contract GS-23F-8144H) for the specific purpose of including
teenage driver groups in the participant sample.

The focus of the research presented here concerns the factors influencing a driver’s willingness
to engage in certain non-driving tasks. Information about driver decision making may contribute
to a broad array of distraction-related countermeasures, such as public education, driver training,
user interface design, needs for warnings, criteria for lock-outs of certain functions while driving,
function allocation for driver assist systems, and design of adaptive driver interface systems.

The project had two major research components. First, a series of focus groups was conducted in
which participants discussed the factors that influenced their decision making about in-vehicle
activities. This provided an initial understanding of the perceptions, motivations, attitudes, and
decision factors that underlie driver choices. Following the focus groups, an on-road study was
conducted. This study had two phases: an on-road drive and a take-home booklet. During the
on-road drive, participants drove their own vehicles over a specified route. They did not actually
engage in in-vehicle tasks, but at specified points they rated their willingness to engage in some
specific task at that time and place. Eighty-one different situations (combination of in-vehicle
task and driving circumstances) were included. After completing the on-road portion,
participants were given a booklet to take home, complete, and return. All participants returned
the booklets. The booklet questions sought information about the participant’s familiarity with
various in-vehicle technologies, additional situations for willingness and risk ratings, stated
reasons underlying ratings, and self-ratings of certain aspects of driving behavior and decision-
making style. Together, the focus groups and on-road study provided a systematic set of
findings to advance understanding of how drivers decide whether and when to engage in
potentially distracting tasks.

1.3 Organization of This Report

Section 2.0 describes the methods and findings of the focus groups. Section 3.0 describes the
methods and findings of the on-road study. The focus groups and on-road study have been
previously reported in detail in project interim reports (Lerner and Balliro, 2003a; Lerner and
Balliro, 2003b; Lerner and Boyd, 2004), which contained a number of extensive appendices that
provide full details of the focus group moderator’s guide, the on-road driving route, the on-road
experimenter’s protocol, and a complete copy of the take-home booklet.

Section 4.0 discusses the findings and their implications. Subsection 4.1 highlights key findings
of the project. Subsection 4.2 presents a conceptual model of the driver decision process. This is
an organizational scheme for identifying the key decision factors and their interaction.
Subsection 4.3 considers the implications of the findings for safety countermeasures.
Countermeasures are suggested for the device interface (warnings, interface attributes),
interactive vehicle control (function lock-outs, driver assist systems), and education and training
(safety campaigns, driver or user training or licensing).



2.0 Focus Groups

2.1 Focus Group Objectives

The focus groups had two general objectives. First, they provided an initial understanding of the
factors that are important for driver decisions about the willingness to engage in tasks and the
decision process itself. As a qualitative method, the focus group technique provided an effective
means for the initial identification and exploration of important factors, driver attitudes and
beliefs, consensus or diversity of perspectives among people, and a good “real-world” sense of
how drivers actually use the in-vehicle technologies of interest. Since the method is not
quantitative, there is no objective quantitative measure of behavioral or attitudinal attributes, but
that is not the intent of the method.

The second objective of the focus groups was to help in formulating the design and procedure for
the on-road experiment. The findings of the focus groups could be brought to bear on such
issues as the types of research participants to include, the most critical driving situations to
include, the types of in-vehicle tasks to evaluate, the types of questions to ask, the needs for pre-
trip exposure to devices and tasks, and details of the specific on-road instructions and procedures.

Thus the focus groups served as both an important source of qualitative information about driver
decision making and as a guide for planning the on-road experiment.

2.2  Participant Sample

A total of 45 people, in six different discussion groups, participated in the focus group effort.
The sample was approximately equally split among males (23) and females (22) and the
participants were drawn from four age groups:

Teen (17-18 years old"); n=9
Young (18-24 years old); n=8
Middle (30-55 years old); n=19
Older (60+ years old); n=9

The teen driver group was included in the study through additional funding provided by the
National Institute of Child Health and Human Development.

The focus groups were distinguished by the age group of the participants. There was one group
of teens, one group of young, two groups of middle, and one group of older drivers. The sixth
group was comprised of navigation system users, since navigation system use was not as
prevalent as initially hoped for in the other groups. All the participants in the navigation user
group were in the middle age category.

! Eight of the nine participants in the teen focus group were 17 years old.



All participants were recruited from the greater Washington, DC, area. Participants in the young,
middle, and older groups were recruited through newspaper advertisements and the services of a
marketing research firm. Teen participants were recruited through notices distributed at six
public high schools in Montgomery County, Maryland. All participants were paid for taking part
in the discussion. In the recruitment process, individuals were sought who had various types of
technologies in their vehicle, such as cell phones, personal digital assistants, and navigation
systems. Potential participants contacted Westat and provided background information on their
age, sex, type of vehicle, frequency of vehicle use, types of in-vehicle technologies, and
frequency of use for each technology (typical number of times used per week). Dependent upon
eligibility, participants were called back and scheduled for a session.

As a whole, the participants were active drivers, who drove almost every day. All participants
were familiar with the use of cell phones while driving, and the majority (73%) had at least some
limited experience using personal digital assistants (PDAS) in their vehicles. Less than half
(38%) had used a navigation system. These percentages indicate the participants who reported
ever using the device in their vehicles (taken from recruitment screen questions). It became
evident in the focus group discussion that actual use of PDA’s while driving was quite rare, and
the “use” may have been while the vehicle was not in motion. Therefore the high percent of
participants reportedly familiar with PDA use reflects the availability of this technology for our
sample, but does not reflect frequent use. Navigation system users were less common. It was
particularly difficult to find teen drivers who had experience with navigation systems and PDAs.
Three of the nine teens reported PDA use and two reported navigation system use. However, all
nine of the teens recruited reported in-vehicle use of CD players, so along with cell phone use,
they were in fact multiple technology users.

2.3  Focus Group Procedure

All focus groups were held at Westat’s main office in Rockville, Maryland, from December 2002
through February 2003. Sessions were 1 %2 to 2 hours in duration and were videotaped for
further review and analysis.

The focus group followed a structured question path. Instructions to participants emphasized the
need to discuss, in a non-judgmental way, what they actually do, rather than what they consider
ideal or proper behavior. The discussion began with an “ice breaker” question that served two
purposes. First, it allowed everyone to introduce themselves and say something. Second, it
brought the discussion to a concrete, rather than abstract, level by focusing on some actual event.
This question had each person describe a specific occasion in which they made a particular good
or bad decision about whether or not to perform some in-vehicle task. The general structure of
the focus group then proceeded along the following sequence of topics:

e Decision factors
Factors that go into thinking when deciding whether or not to do some task while driving.



e Errors/close calls
Close calls that people might have experienced as drivers, or even as passengers, and what
factors went into those driving decisions.
e Motivation and awareness
A sense of awareness among participants as to whether or not they are distracted.
e Risk taking
Factors that seem important when accepting risk.
e Specific driving situations
A last chance to recall any factors that go into decision making after presenting a few special
cases (e.g., freeway, arterial, rural, and weather).
e Relative risks
Comparison of risk for doing various distracting tasks while driving.
e Process
Process by which participants make decisions and how all of the decision factors that were
discussed come into the process.
e Recommendations
Improvements to technologies and overall driving safety.

2.4  Focus Group Findings
2.4.1 Major Themes

Several major themes emerged from the focus group discussions. By major themes, we refer to
broad concerns that stood out based on commonality among the focus groups, the intensity of the
discussion, the diversity of the described behavior, or the significance of the issue. This section
highlights these themes.

Major themes included the following:

e Decision style: People differed considerably in the style in which they made decisions about
in-vehicle technology use. Some of these differences were seen as general styles or
personality characteristics, not specific to in-vehicle tasks. People described themselves as
impulsive, deliberate, cautious, Type-A, and so forth. Other characterizations of differences
in decision style were more specific to in-vehicle technology use. This could be roughly
dichotomized as “use by exception” versus “refrain by exception.” The use-by-exception
drivers tended not to use the technology unless there was a specific need and appropriate
opportunity. For example, if their cell phone rang during a trip, they would let their voice-
mail take a message, unless there was some expectation that it was an important call or if the
traffic situation was very benign (e.g., at a stop light). The refrain-by-exception drivers did
not give much deliberate consideration to engaging in a task and just acted on the motivation
to use the device unless there was some exceptional reason to refrain. This difference may
be related in part to whether the person tends to use the device largely for social interactions
versus primarily for exchange of information. However, because the focus group format
does not record individual data, there is no means of confirming the impression that these
were correlated.

e Utilizing personal time and resources: The ability to make use of personal time and
resources was a dominant factor in the thinking of many participants. Cell phones, in




particular, were used by some because they considered driving “dead time” that was wasted
or because they had so little free time for communication that driving was an opportunity.
For work-related communications, use of in-vehicle technologies was seen as important for
timeliness and time management. For example, some felt they had to get back to clients
quickly to appear responsive or to prevent them from using someone else’s services.
Another consideration that was mentioned by some was the desire to fully use their
communication resources. If there were a certain number of available minutes on their phone
plan, they did not want to “waste” this resource. Also, those who had free service (e.g., free
nights and weekends) received no penalty or cost for their use, and therefore figured why not
use it. There was some speculation that the tendency to want to use personal time and
resources might be greater for those who use the cell phone as their primary (home) phone.

Pre-trip preparation: Drivers engaged in a variety of pre-trip preparations for technology use.
This seemed particularly so for those who conducted business from their vehicles (e.g., real
estate agents, sales people, consultants). They tended to place cell phones, PDAs, papers and
notebooks, in accessible places. Some put on earpieces (discussed further under “non-use of
safety features”). Navigation system owners sometimes pre-programmed new destinations
(in addition to frequently used destinations already stored). However, many ran off hard-
copy directions or maps (through MapQuest) to use instead of, or to supplement, the
navigation system.

Passenger effects: Participants indicated that driver decision making was influenced in
several important ways by the presence and type of passengers. The presence of children
tended to make the driver more cautious about in-vehicle activity. Some also indicated they
were more safety cautious with adult passengers as well. The presence of adult passengers
raised certain social concerns about rudeness; this was especially true for business people
who had clients in the car. On the other hand, passengers could serve as facilitators for using
technologies, looking up numbers or keying in destinations. There was also some discussion
of the status of having in-vehicle technologies and showing them off. It was not clear from
the discussion whether this actually led to additional use when passengers were present.

Non-use of safety features: Participants tended to be aware of certain safety features but not
to use them. Earpieces for the cell phone were frequently discussed. Some people tended to
wear them or have them handy for most trips, some only for trips where they thought a call
was likely. Others never used them, even if they acknowledged some benefit. There was a
general belief that using an earpiece did make driving while using a phone safer. A number
of participants had voice recognition systems, but these were considered unreliable and were
rarely used. Speed dialing on the cell phone was also not used much. There was a feeling
that if a number was commonly dialed, the driver usually new it by memory anyway, and that
was more convenient than programming and trying to remember the speed dial number.
There was also some discussion of the virtues of a driver lock-out for entering navigation
system destinations. Those who had navigation systems that locked out entry while driving
were generally supportive of the feature. Those who could key in entries while driving were
generally not opposed to the lockout, except for the ability of a passenger co-pilot to have
access. For both cell phones and navigation systems, a number of the participants
acknowledged that they never read the instruction manuals that came with the product and
were not aware of various features or procedures that might be related to safety.

Determining opportunity: A range of factors were raised in discussing what provided an
opportunity for engaging in a task. There was not always good agreement on these factors.




For example, some felt that cell phone use was reasonable while driving on a freeway, while
others felt it was inappropriate during high speed driving. Some felt that congested traffic
provided a good opportunity for phone use, while others felt this was a risky condition.
Being stopped for a traffic signal was commonly seen as a good opportunity to initiate a task.
Participants expressed reluctance to engage in tasks during inclement weather. Another
aspect of opportunity had to do with the quality of phone reception. Some people had good
awareness of areas where they tended to experience drop-out and took this into account in
their decisions. Although participants noted risky conditions that would not normally be
considered opportune times to engage in a task, they frequently qualified the remarks with
exceptions (e.g., unless it’s a family member calling, unless I’m running late).

Decision factors noted: A substantial portion of the focus group discussion was devoted to
factors that the driver may take into account when making a decision. Many factors were
raised related to the technology, the purpose of the task, executing the task, and the roadway.
In these discussions, the first factors raised tended to relate to the task: the motivational
issues, task demands, and utilization of time. Factors of traffic interaction were also
generally raised without probing. However, roadway (e.g., roadway type, features such as
curves), environment (e.g., urban, weather, pedestrians), and maneuver (e.g., turns, merges)
factors were generally not among the initial factors raised by the group. They did not seem
to be what first came to mind when participants considered the question. Although
participants acknowledged their significance, more probing was required to get at some of
the roadway and environmental factors than to task issues. This suggests that drivers may be
less sensitive or responsive to roadway demands than to other aspects of the decision.

Awareness and decision: There was some acknowledgement that although they recognized
the risks of in-vehicle tasks (at least under certain conditions), people “just did it.” There
was often nervous laughter and defensive joking in discussing this, and it was difficult to
express a rationale for the driver decision. Explanations were sometimes in terms of lifestyle
or personality factors (e.g., busy, sociable, never have time, impulsive). People also
described a loss of awareness during extended phone use, with terms like “zoned out” or
“sucked in.”

The “other” driver: In conducting the focus groups, we tried to keep the emphasis on
discussing personal behavior and experience (what you do) rather than normative behavior
(what you should do) or the behavior of other drivers. None the less, we still got some
discussion of why certain acts may be inadvisable for other people to be doing. Some actions
were seen as dangerous or irresponsible when done by others, but there was little
acknowledgement that the participant himself had a problem. This is not a surprising
observation. It is well-established in the literature that drivers generally tend to view
themselves as more competent or safer than others. Still the point is important to
acknowledge for distracted driving situations.

Changes with technology experience: The most commonly expressed opinion about
experience with the technology was that the frequency of use tended to increase with
experience. For cell phones, people felt they became more comfortable talking while driving
and more adept at operating the phone. Participants talked about learning the layout of the
keypad so that they did not need to look at it while entering a number. They also discussed
how some phones provide good tactile feedback from the buttons, so that it is less necessary
to look at the handset once you get practiced at using it. Other phones were more difficult to
use without looking. Not everyone agreed that they tended to use the device more with




experience. Some felt the opposite — that the device was a “new toy” at first, but they
became more selective about use as time went on. Another experience factor was a “close
call” or crash. One participant drastically changed behavior after almost hitting a pedestrian,
no longer using a phone while driving. Others indicated that while an incident might make
them more cautious for a while, the effect is transient. There was also some discussion of
broader experience with cell phones (outside of driving), particularly generation effects.
Younger people who grew up using cell phones might have different abilities and attitudes
than older drivers.

e Phone use tasks: People made distinctions among the various tasks related to a cell phone.
Dialing was seen to be more complex and riskier and there was more selectivity in when a
call would be placed. Looking up stored numbers was seen as difficult. Answering the
phone was seen as simple. Talking while driving was somewhat more complex to discuss
(situational) and opinions varied considerably. Different types of conversations were also
distinguished (e.qg., social conversations, brief information exchanges, business calls). Call
waiting was raised as a feature that increased the complexity of the task; handling multiple
calls was seen by some as particularly distracting while driving. It was also noted that
having a manual transmission made phone use more difficult.

e (Call screening: Many of the participants made use of the caller ID function of their cell
phones. It is routine for them to check the caller and then decide whether to answer or let the
voice mail handle the call. There was a frequent recognition that responding to an incoming
call was “automatic” or “impulsive” or had some sense of urgency. However, “responding”
does not necessarily mean answering the call; it may involve picking up the handset and
checking the caller ID, then deciding what to do.

e PDA use tasks: PDAs were not seen as a big part of the distracted driving problem. This is
because they were seldom used while driving by most participants, in large part because they
were too difficult to use while driving. Some occasionally used PDAs in business to check
schedules or get notification of an appointment. Other tasks that involved input (usually with
the stylus) were not seen as reasonable to do. Also, there were legibility problems under
many driving conditions, including poor contrast and glare. While there may be PDA users
in the broader driving public, the sample that participated in the focus groups did not
generally see PDA use as reasonable.

2.4.2 Teen Drivers

Teen drivers are distinct from more mature drivers in their crash rates, crash characteristics,
driving styles, travel patterns, attitudes, and capabilities (Lerner et al., 1999). These factors
make them particularly vulnerable to the risks of distracted driving. Therefore this is a group of
particular interest. Unsurprisingly, one general observation of the focus groups was that the self-
described attitudes and behaviors of the teen participants were in many respects different from
those of the more mature participants. Therefore, key findings for the teen driver focus group are
presently separately here.



Key findings included the following:

Decision Style/Process: One of the objectives of the focus group was to try to understand
the factors that go into decisions about whether or not to engage in some in-vehicle
technology task. This interest included external factors (e.g., road, traffic, time,
environment), task factors (physical and cognitive requirements, purpose, motivations),
and individual approaches to decision making. Although a substantial portion of the
focus group discussion was devoted to factors that the driver may take into account when
making a decision, few if any generally significant factors were uncovered. The
participants reported very little consideration of any factors when deciding to engage in a
task. Even when the teens were probed on such factors as task demands, purpose of the
task, roadway, environment, and maneuver, they just did not seem to matter. Participants
seem to execute secondary tasks almost whenever they get the impulse to do so, minus a
few personal exceptions. This almost universal trend in the teen group is in contrast to
many of the adults in the more mature groups. Given the nature of a focus group, one
could question whether the teen drivers are (1) genuinely insensitive to roadway and task
factors, (2) less introspective or self-aware in recognizing what influences them, or (3)
less candid in describing how they actually behave. However, the general sense that
emerges from the focus group is that there is minimal consideration, conscious or
otherwise, about engaging in technology use while driving, and rather exceptional
conditions are required for use to be deferred. In the words of one participant, “It’s like
breathing — we don’t think about doing it or whether or not we should do it — we just do.”
Crashes and Close Calls: In the small sample of nine teen participants, all had
experienced a close call and five were directly involved in car crashes. During the
opening portion of the discussion, each participant recalled and described a personal
incident involving technology use. In the focus group of more mature drivers, many
individuals had trouble recalling any specific incidents. For the teen drivers, everyone
clearly recalled close calls, serious driving errors, and/or actual crashes. All but one of
the crashes occurred during the use of in-vehicle technologies (particularly cell phones
and CD players). For example, one participant recalled an accident where he drove off of
the road and almost totaled his car because he was looking down to read a text message
sent by a friend, on a day where the roads were icy. However severe these crashes
seemed to be, participants’ driving or technology-use behavior did not appear to be
influenced, even for a short period of time. It seemed more common for the teens to
blame the external environment rather than the incident; if behavior changed, it was
related to the external conditions. For example, the participant mentioned earlier decided
not to drive on icy roads anymore, but continues to text message while driving.
Continuous Cell Phone Use: Cell phones and driving seemed to go hand in hand for teen
drivers. Most participants indicated that they talked on the phone almost all of the time
while driving. They talk from the time they get in their car to the time they arrive at their
destination. It is “just what they do” (“The cell phone is my life!”). It was interesting to
note that despite a request to turn off their cell phones, at least four calls were received
during the focus group itself. The participants explained how they have grown up using
cell phones and multitasking in various ways, making it easy and “natural” to behave this
way. Most participants got their cell phones either before they started driving or just
around the same time. They are two social activities (talking and driving) that were




introduced to them at similar times. Also, since participants are so frequently on the
phone while driving, it is very common for them to be involved in three tasks at any
given time: driving, talking, plus one other (e.g., eating, listening to music).

Driving Without Hands: Most participants described a driving style which included
having only one hand on the wheel, regardless of whether or not they were engaging in a
secondary task. Perhaps this driving style makes occupying the second hand (e.g., with a
cell phone) less strenuous or distracting. All nine participants reported sometimes
steering with their knees while using both hands for other tasks. It did not seem to matter
whether the tasks were technology related or non-technology related. If the driver’s
hands were being occupied, they steered with their legs.

Searching For CDs: Digging CDs out of CD books and holders seemed to be a major
distracter among this age group. Some CD cases held up to 200 CDs, requiring the driver
to sort through the book to find the desired CD. In many cases, these CD books are kept
in the back seat, which necessitates the driver to reach back for them. It was also
common to store CDs in cases that attached to the sun visor. This too was seen as
distracting because you have to look up and take your eyes off the road in order to find
the CD of choice. Although some participants with external CD players expressed some
awkwardness in inserting the CD, it seemed apparent that the greater distraction was
searching for and retrieving the CD.

Text Messaging, PDAs, and Games: All nine participants reportedly use cell phone text
messaging while driving. This is in marked contrast to the more mature groups. Some
described having memorized the keypads so that they can easily enter text while not
having to look down at the keypad. Most also used PDAs at least occasionally, although
they acknowledged this was somewhat more awkward to do, and might require the driver
to have to steer using the knees. When asked directly about engaging in electronic games
while driving, very little of this was reported. However, the opinion was expressed that
this had more to do with the poor quality of the games available.

Seat Belt Use: All participants revealed that they wear seat belts almost every time they
drive. Many of them also ask their front seat passengers to wear their seat belts as well.
This routine and “natural” seeming use of a safety device stood in contrast to the cavalier
attitudes about safety when using technology or engaging in secondary tasks while
driving. Also, participants admitted that when they are passengers in a vehicle rather
than the driver, they are less insistent on wearing seat belts. The rationale behind this
seemed to be that teens feel more “secure” when someone else has the responsibility

of driving.

Environmental Effects: Very few environmental factors were mentioned as influential in
the decision process. It seems that the teen participants rarely considered the
environment, and when and if they did, it was a result of a personal incident. For
example, one participant disliked freeway merges as a result of an accident. Another
participant felt uncomfortable on icy roads as a result of an accident. Another participant
showed caution in both rain and darkness because those were the conditions when he was
in his accident. Having personal exceptions was much more typical among this group
than overarching common factors. Of the very few that did emerge were familiarity of
the location and traffic.

Pride in Skills and Challenge: Many of the participants expressed pride in their ability to
do multiple tasks. They enjoy the physical challenge of accomplishing difficult demands,
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2.4.3

such as digging around in the back seat for something while driving and talking. A few
female participants acknowledged that they were not particularly capable drivers,
especially when multitasking. However, there was even a certain amount of pride in
describing their poor performance.

Passenger Effects: Several passenger effects arose during this focus group. Some
participants said they were more likely to use their phones when they had passengers in
their vehicles. The teen participants explained that they typically use their phones when
making evening plans and that the evening is when they are most likely to be driving with
someone. Some participants thought the opposite of this was true, indicating the
boredom of driving alone lead to increased phone use. Participants also said that
passengers did not seem to influence their driving behaviors in general. Whether they are
alone, with a friend, or someone of the opposite sex, they drive however they normally
would drive. The only exception to this is when a passenger makes a direct request to
slow down or somehow alter their behavior because they feel nervous or unsafe.
Age/Generational Differences: The teen drivers believed they were more capable than
their parents’ generation in being able to multitask while driving. This is mainly
attributed to their growing up “wired” and being accustomed to multitasking. One
participant even described research findings that confirmed their superiority. Some felt
the ability to engage in other activities depended on the individual, not age, but in general
teens were considered more capable.

Gender Differences: The teen participants brought up a unique topic that the more
mature groups never mentioned: gender. The majority of participants felt that
differences existed in the skill and security of male and female drivers. Some felt that
females are much less skilled in the use of in-vehicle technologies and driving in general.
Some felt that males exhibit more skill and confidence, making them better drivers and
task executors. Others felt that males are poorer drivers because they are more willing to
take risks and show off while driving, whereas females were not prone to such behaviors.
Although there seems to be a wide range of views, the one thing that is apparent is that
teens recognize some differences between the genders.

Typicality of Peers: The recruiting flyer used for the focus group specifically sought
teens who were users of in-vehicle technologies. Late in the session, the participants
were asked if they thought the discussion would be much different if a “random” sample
of teen drivers had been recruited. They felt that as a group, they were not at all atypical.
Whether they were asked about technology use, seat belt use, driving style, and so forth,
all participants felt that their peers act in similar ways and share similar attitudes
concerning driving.

Comparative Risk Ratings

During the focus group sessions, a brief rating form was distributed to each participant. The
form was comprised of 32 possible tasks a person may do while driving a vehicle. Twenty of the
tasks involved the use of technological devices (e.g., answering a cell phone call). The
remaining 12 tasks provide a comparison set of non-technology tasks (e.g., drinking something
hot). Participants rated the risk of each task on the following 1-to-5 scale:
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1 = no risk beyond that of normal driving; don’t need to worry about it
2 = little risk; requires only a little extra attention

3 = moderate risk; can generally be done safely, but only with care

4 = risky; requires extreme caution

5 = extremely risky; should never be done while driving

X =no idea

Participants who felt they were too unfamiliar with a task to make a judgment indicated so by
marking an X.

Table 2-1 presents the summary of these risk ratings. Mean ratings are shown separately for the
adult participants (young, middle, and older age groups) and the teen participants. Because the
discussion in the teen group was in many ways quite different from that of the other groups, the
teen risk ratings were kept separate so that they could be individually considered and contrasted
with other participants. The mean for the adult sample is based on 35 of the 36 participants (one
participant failed to hand in a form) and the mean for the teen sample is based on the nine teen
participants. Participants were not individually identified on the rating forms, so it was not
possible to relate ratings to individual participant attributes. In Table 2-1, the 32 rated tasks are
shown as rows of the table. In Section 3 of this report, findings are presented for very similar
ratings collected from a larger sample (N = 88) with balanced age groups. The findings of the
smaller sample from the focus group portion of the study are treated qualitatively only here, with
formal statistical analysis of the larger sample provided in Section 3.3.4.

The participants clearly saw differences among tasks in the degree of risk and used the full range
of the rating scale. For the adult group, the mean risk ratings ranged from 1.37 (turn up
temperature in the climate control system) to 4.81 (key in and send e-mail on PDA). The degree
of group consensus varied from item to item, with the standard deviation for the least-agreed
upon item (drink something hot) being about double that of the better-agreed upon items. The
teen group’s mean risk ratings ranged from 1.00 (check the speedometer) to 4.00 (search for
some information on the Internet). For every one of the 32 tasks, the teens rated less risk than
the adult sample.
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Mean Mean
Tasks Rating: | Rating:
Adult Teen
Cell phone-Key in call 3.29 2.00
Cell phone-Answer call 2.49 1.44
Cell phone-Have an extended conversation 3.03 2.22
Cell phone-Have a brief “exchange of information” 2.24 1.67
Cell phone-Look up a stored phone number 3.80 2.78
Cell phone-Take notes during conversation 4.65 3.13
PDA-Open and read an e-mail 4.56 3.00
PDA-Open and listen to a voice mail 3.79 2.50
PDA-Key in and send and e-mail 4.81 3.50
PDA-Check your schedule 3.79 2.50
PDA-Schedule a meeting using a scheduler 4.38 2.75
PDA-Search for some info on the internet 4,72 4.00
PDA-Look up an entry in an address book 4.09 2.50
Nav. system-Read an electronic map 3.38 2.25
Nav. system-Key in destination address 3.96 2.25
Nav. system-Retrieve a stored destination 3.22 2.00
Nav. system-Change your destination 3.87 2.50
Nav. system-Alter your route preference 3.74 2.25
Nav. system-Find an alternate route 3.50 2.00
Nav. system-Search for the nearest Starbucks 3.48 1.67
Non-tech tasks-Talk with a passenger 1.71 1.00
Non-tech tasks-Deal with children 2.97 2.57
Non-tech tasks-Find a radio station 1.86 1.63
Non-tech tasks-Adjust the loudness of a sound system | 1.63 1.22
Non-tech tasks-Insert a CD, tape, or videotape 2.31 2.22
Non-tech tasks-Read a paper map 3.86 3.13
Non-tech tasks-Drink something cold 1.91 1.33
Non-tech tasks-Drink something hot 2.80 1.78
Non-tech tasks-Eat something sloppy (like a taco) 3.47 2.22
Non-tech tasks-Eat something neat (like a cookie) 1.88 1.22
Non-tech tasks-Turn up the temperature 1.37 1.25
Non-tech tasks-Check the speedometer 1.40 1.00

Table 2-1.  Risk ratings for various in-vehicle tasks (1 = no risk; 5 = extreme risk)
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A few comparisons of interest may be highlighted from Table 2-1. For the adult sample:

e PDA tasks as a group were viewed as the riskiest tasks to perform while driving a vehicle
(mean = 4.31).

e Placing a cell phone call and having an extended conversation were seen as generally safe if
done with care (3 on the rating scale).

e Having a brief “exchange of information” was seen as less risky than having an extended
personal conversation.

e Talking on cell phones while driving is seen as having similar risk to dealing with children or
drinking something hot.

e Looking up stored phone numbers and taking notes during conversations were rated the
riskiest of the cell phone-related tasks.

e Non-technology related tasks ranged from having minimal risk (e.g., check the speedometer)
to having substantial risk (e.g., read a paper map). Eating and drinking while driving are of
particular interest because they are often compared with technology use in discussions of the
problem of driver distraction. Participants made important distinctions within these
categories. Drinking something cold or eating something neat (like a cookie) were not rated
as very risky (each about 1.9 on the scale). However, drinking something hot was seen as
riskier, and eating something sloppy (like a taco) riskier yet. Compared to cell phone use,
eating something sloppy was rated riskier than extended conversation but not as risky as
looking up a stored phone number.

e Navigation system tasks all had mean risk ratings in the relatively narrow range between a
3.22 and 3.96, but with large standard deviations, indicating a lack of good agreement among
participants. The variation in answers may in part be due to the lack of navigation system
experience exhibited by many of the participants (even though a number of participants also
declined to provide a rating, due to lack of familiarity). Keying in a destination was rated the
riskiest of all navigation system tasks.

The following points are highlighted regarding the teen group’s risk ratings:

e No task was rated a 5 (“extreme risk’™) by any participant in the teen group. In contrast,
about 20 percent of all ratings from the more mature participants were “5.”

e The mean rating for the teen driver group was lower than the mean rating from more mature
drivers for every task. The difference was especially pronounced for the communications
technology-related tasks, where the group mean differences exceeded 1.0 rating scale units
for 18 of the 20 tasks. In contrast, the difference exceeded 1.0 units for only 2 of the 12 non-
technology tasks (drink something hot, eat something sloppy).

e The task rated riskiest by the teen drivers was searching for information on a PDA (mean =
4.0). The tasks rated least risky were talking with a passenger (mean = 1) and checking the
speedometer (mean = 1).

e For teens, keying in a cell phone call and having an extended phone conversation were seen
as having little risk and requiring only a little extra attention (2 on the rating scale).

e Having a brief exchange of information over the phone was rated by the teen drivers to have
similar risk as finding a radio station.

e Having an extended phone conversation was rated by the teen drivers to have similar risk as
inserting a CD, tape, or video.
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e Both the teen and mature drivers saw reading a paper map as the riskiest non-technology
related task.

Very similar risk ratings were collected from a larger participant sample in the on-road study
(Section 3). Section 3.3.4 presents the formal statistical analyses.

2.5 Focus Group Summary

The focus groups brought out a number of significant points regarding driver decision-making
about whether to engage in a task. Important individual differences in decision style were
identified. While some drivers only engaged in in-vehicle technology use on a “by-exception”
basis, others gave the decision minimal consideration or acted impulsively. Driving demand
factors (roadway, traffic, maneuvers) appeared to be secondary to in-vehicle task motivations in
the decision process. There was a general sense that roadway and driving factors were not
considered carefully and little consideration was given to finding low-demand opportunities or to
the impending demands of the up-road driving situation. Typical phone use tasks were generally
seen as safe to do under most conditions and the level of risk of placing a call or engaging in
extended conversation was seen as comparable to dealing with children or drinking a hot
beverage. The use of personal time and resources, sociability, and “lifestyle” were important
factors for phone users. There was a common admission of poor personal decision making and
acknowledgement of episodes of “zoning out.”

Teenage drivers were distinct from more mature groups. Their attitudes about safety were more
cavalier and their ratings of the risks of various tasks while driving were lower (sometimes much
lower) than adult driver ratings. Although the sample was small (nine participants), it is of
interest to note that despite their limited driving histories, every teen participant experienced a
close call while using technology and five reported being in a crash. Teen driver decision
making was described as more impulsive, and phone use was ubiquitous and seen as an element
of life-style. The teens expressed confidence in their multitasking abilities and some relished the
challenge of testing their ability to do multiple tasks while driving.

The findings of the focus group suggest various approaches for safety countermeasures for

reducing the risks of driver distraction. The discussion of these implications is deferred to
Section 4.3, where the findings of all aspects of the project are considered together.
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3.0 On-Road Study

3.1  On-Road Study Overview and Objective

The on-road study followed up on the qualitative methods of the focus group to provide a more
systematic and quantitative investigative approach to the factors related to driver willingness to
perform in-vehicle tasks while driving. The study investigated driving situation variables,
distracting task variables, and driver characteristics.

The primary purpose of the experiment was to collect ratings of how willing drivers would be to
engage in various in-vehicle tasks under various driving conditions. There were two phases to
the data collection: on-road drive and take home questionnaire. In the on-road portion,
participants drove a specified route in their own vehicles. At selected points, the experimenter
described an in-vehicle task, and the participant rated how willing they would be to engage in the
task at that time and place and how risky it would be to do so. The participants never actually
engaged in the in-vehicle task, but simply indicated their willingness to do so. Each participant
rated 81 unique combinations of in-vehicle task and driving situation.

After completing the on-road phase, the participant was given a take-home questionnaire booklet
to complete and return by mail. The questionnaire had several purposes:

e To provide an explanation of why certain situations were given their particular ratings;

e To rate new situations which included factors not present during the on-road phase (such
as inclement weather, presence of certain passenger types, traffic congestion);

e To benchmark the booklet ratings by including some rating situations identical to those
encountered on the road;

e To get detailed information on the participant’s familiarity with various in-vehicle;
technologies and tasks;

e To obtain self-ratings of certain aspects of driving behavior/attitudes and decision-
making style.

3.2  On-Road Study Method
3.2.1 Participants

Eighty-eight licensed drivers (43 males, 45 females) in the Washington, DC, area were recruited
to participate in the study. All participants had normal or corrected-to-normal vision, access to a
personal vehicle, and current vehicle insurance. Participants were evenly divided between four
age groups: teen (16-17), young (18-24), middle (25-59), and older (60+). Potential participants
were recruited and screened for self-reported familiarity with in-vehicle devices. The actual
degree of familiarity was later established from the response to questions in the take-home
questionnaire. All drivers reported using a cell phone in their vehicles. Lower rates of
familiarity were reported for PDA or navigation system use.
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Table 3-1 provides a more detailed breakdown of participant characteristics and in-vehicle
technologies used. For the 22 participants in each age group, the table shows the percent of
males and females and the percent who reported themselves to be at least “somewhat familiar”
with a given technology (based on rated familiarity answers in the take home booklet).

Age Group N | Male | Female Familiar Familiar Familiar
Cell Phone PDA Navigation
Teen (16-17) 22 | 50% 50% 100% 41% 23%
Young (18-24) 22 | 50% 50% 100% 86% 55%
Middle (25-59) | 22 | 36% 64% 100% 77% 68%
Older (60 +) 22 | 59% 41% 100% 64% 68%

Table 3-1.  Summary of research participant characteristics

3.2.2 On-Road Ratings

The purpose of the on-road study was to determine drivers’” willingness to engage in various in-
vehicle tasks and to determine how risky they believe those tasks to be. For safety reasons,
drivers did not actually perform the tasks. Rather, they gave verbal ratings of willingness and
risk. Both willingness and risk were rated on a scale of 1 to 10. For willingness ratings, a “1”
corresponded to “I would absolutely not do this task now” and a “10” corresponded to “I would
be very willing to do this task now with no concerns at all.” For the ratings of the risk involved
in performing a task, a “1” corresponded to “No additional risk beyond my normal driving” and
a “10” corresponded to “Very likely |1 would be involved in an accident.”

During the course of the on-road study, the experimenter verbally presented participants with 14
in-vehicle tasks that involved performing different functions with a cell phone, a navigation
system, and a PDA, in addition to non-technological tasks such as eating, drinking, and
conversing with a passenger. The complete list of in-vehicle tasks is presented in Table 3-2.
Participants were asked to rate each of the 14 tasks multiple times at different locations.

There were 11 locations which differed from one another in terms of road type and maneuver.
Table 3-3 describes each of these. In total, participants were asked to make 81 ratings of
willingness and risk. Each rating situation was a unique combination of in-vehicle task and road
location (roadway/maneuver). Table 3-4 presents a matrix showing the combinations of tasks
and locations used during the on-road study. As evident from the matrix, the 81 situations
evaluated represent a selection from the full set of 154 possible combinations (14 tasks by 11
locations). Based on piloting, it was determined that the maximum number of data trials that
were practical with a single session was about 80. The subset selected for inclusion in the study
was chosen to provide a broad sampling of sites and tasks and allow for some driving situations
to be paired with the full range of in-vehicle tasks. The non-systematic structure of the subset of
possible situations does not allow for analyses of variance of the full data that can isolate the
main effects of in-vehicle task and driving location, and their interaction. However, note in
Table 3-4 that, for three roadway locations (freeway mainline, arterial mainline, two-lane road),
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all 14 in-vehicle tasks were presented. Therefore the design allowed a task-by-location ANOVA

for this subset.

Device/Object Task Narrative Description

Cell phone Answer a call Your phone rings. You are not expecting a call. Your
caller ID shows an unfamiliar number: willingness to
answer the incoming call.

Cell phone Key in a call You are running late to meet a friend. You know you
friend’s phone number by memory: willingness to key in
a call.

Cell phone Hold personal You are engaged in a personal cell phone conversation

conversation with a close friend: willingness to continue conversing
on the phone.

Cell phone Key in text message | You want to remind your friend/family member of your
dinner plans for this evening: willingness to key in and
send a short text message.

PDA Look up stored phone | You are on your way to see your physician but cannot

number remember his/her exact street address. You want to call
to find out but do not remember the phone number:
willingness to look up a stored number in PDA.

PDA Pick up and read e- You are expecting an e-mail message from a co-worker:

mail willingness to check PDA for new messages and read e-
mail if it has arrived.

PDA Key in and send e- You want your spouse or roommate to pick something

mail

up for dinner on their way home from work: willingness
to send a short e-mail asking him/her to pick something

up.

Navigation system

Key in new
destination

You have left your house in a rush and are heading
toward an unfamiliar area: willingness to key a
destination into your navigation system.

Navigation system

Call up stored
destination

You are in an unfamiliar area and would like to head
home but are unsure of the best route to take:
willingness to access a stored destination in your
navigation system.

Navigation system

Search for nearby
Starbucks

You would like to find a nearby Starbucks: willingness
to search for the nearest Starbucks using your navigation
system’s search feature.

CD player Select and insert CD | You would like to hear a CD that is in your CD book,
located in the glove box: willingness to search for and
insert a CD.

Passenger Hold personal You are driving with a passenger in your vehicle:

conversation willingness to converse with the passenger.

Beverage Drink hot beverage You have a hot drink with a lid on it: willingness to
drink it.

Food Unwrap and eat taco | You bought a taco and are hungry. The taco isina
wrapper: willingness to eat the taco.

Table 3-2. In-vehicle tasks rated on the road
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Roadway Type

Maneuver

Description

Freeway

Proceeding on mainline

Driving along mainline lanes of a 4-lane
(plus local lanes separated by barrier)
suburban interstate highway, 55 mph speed
limit

Freeway

Entrance/merge

Arterial road approach to freeway entrance
ramp and merge lane

Freeway

Exit

Move to freeway exit lane and take off ramp

Arterial

Proceeding on mainline

Driving along in through lanes of 3-lane
arterial in commercial area

Arterial

Unprotected left

Left turn from a left turn bay at an
unprotected signalized intersection on the
arterial

Arterial

Protected U-turn

U-turn on the arterial at an intersection with a
left turn bay and protected signal phase
(vehicle may have made maneuver during
either protected or unprotected phase)

Arterial

Stopped at signal

Stopped for a red traffic signal on the arterial
road

Parking lot

Exit to arterial

Approaching lot driveway to exit and turn
right onto arterial road

Parking lot

Search for parking space

Drive up and down aisles of supermarket lot

Two-lane highway

Proceeding

Drive along two-lane highway with many
curves and no shoulder, 35 mph speed limit

Residential

Proceeding

Drive on residential streets in a single family
home community, little traffic

Table 3-3.  Roadway locations at which ratings were obtained
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3.2.3 On-Road Driving Route

The 45-mile test route was located in Montgomery County, Maryland, and took between 60
and 90 minutes to complete. The route encompassed different road types: freeway, arterial,
two-lane winding highway, residential street, and parking lot. Participants drove their own
vehicles and were instructed to drive as they normally would, and were guided through the
route by the experimenter.

In driving the route, the various locations for ratings were blocked into three distinct route
segments: arterial (including parking lot), freeway (including arterial approach to freeway
entrance), and minor road (two-lane highway and residential street). To control for effects of
familiarity and experience, participants drove the test route in one of four randomly-assigned
sequences: arterial — minor — freeway (AMF), freeway — minor — arterial (FMA), freeway —
arterial — minor (FAM), and minor — arterial — freeway (MAF). The route within each segment
of the trip remained constant.

3.2.4 Procedure

Sessions were conducted on weekdays, in mid-morning and afternoon, and timed to avoid
periods of peak congestion. Traffic on the arterial road at these times was typically significant
but not impeded,; traffic on the freeway was moderate and free-flow. Most sessions took place in
clear dry weather. Occasional participants encountered light rain during portions of their drive.
Sessions were canceled if there was steady rain. Participants were instructed to bring their
driver’s license, proof of auto insurance, and in the case of teen participants, the completed
parental consent form. All participants were also directed to have at least a half tank of fuel in
their vehicles.

The participant met the experimenter at an office site in Rockville, Maryland. Upon the
participant’s arrival, the experimenter gave the participant a brief summary of the purpose of
the study:

“You will drive your own vehicle along a specified route with me in the back seat. At
different times, | will ask you to verbally rate your willingness to complete certain tasks
and the risk of completing those tasks, such as placing a phone call, at that point in time
and location. You will not actually have to engage in any of these tasks while you are
driving. Driving the test route will take about two hours to complete and the total session
should not exceed 2.5 hours.”

The participant then read and signed the informed consent form (see Appendix A). Next, the
experimenter played an 11-minute training video which was used to clarify each in-vehicle task
for the participant. The training examples included both carry-on (e.g., cell phone) and installed
(e.g., navigation system) example devices. The video showed a model performing the tasks as a
narrator described the actions being performed by the model. Participants were instructed to
imagine performing tasks as they normally would, but to refer back to the video for tasks with
which they were not familiar. So, for example, if a participant was unfamiliar with the task of
entering a destination into a navigation system, the video showed the steps involved. If the
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participant was already familiar with this task, the video clarified certain aspects (e.g., the
destination was not stored), but the participant was free to imagine use of his or her own personal
system, which might differ in some ways from the product used in the video demonstration.

After the video was completed and the participant had the opportunity to ask questions, the
experimenter outlined the details of the on-road procedure and thoroughly explained the rating
scales. The participant and experimenter then initiated the drive session, which began with
practice in using the rating scales. The experimenter sat in the rear seat on the passenger side,
from where he or she read instructions and recorded the participant’s ratings. On the way to the
first test site, the experimenter guided the participant through five practice trials. Practice trials
followed the same procedure as the study trials that followed. The experimenter provided
feedback and questioned the participant to confirm his or her understanding of the procedure and
his or her confidence in using the rating scales. Practice was extended until both the
experimenter and participant felt confident in the ratings.

Upon arrival at the test site, the experimenter began presenting the study trials. The
experimenter had a list of tasks which included the location where each task should be presented.
A description of the task was read to the participant as the vehicle was approaching the point
where the rating was to be made. The experimenter then said “Now” when the vehicle actually
reached the point where the rating was to be made. For some locations, the precise timing was
not very critical (e.g., for driving along the mainline section of freeway). For other situations,
such as approaching a freeway exit ramp or turning out of a parking lot onto a busy arterial, the
timing was more critical and the point of saying “now” was more precisely defined. Participants
were instructed to give their first impression and to answer quickly once the experimenter
requested a rating. As an example, for the task of answering a cell phone call at the location of a
freeway exit maneuver, as the exit area was being approached the experimenter would read
“Your phone rings. You are not expecting a call. Your caller ID shows an unfamiliar number.
Willingness to answer incoming call.” As the vehicle moved to the exit lane, the experimenter
would say “now.” The participant would then immediately provide a rating (1 to 10) of his or
her willingness to answer a call at that point. Then he or she would provide a second rating to
indicate the risk involved in answering a call at that point. This procedure was used for all 81
combinations of in-vehicle tasks and locations. The experimenter recorded ratings on a data
collection form. Three different versions of the data collection forms were prepared, differing in
the order in which tasks were listed. The version of the data collection form to be used for each
participant was determined randomly before the session.

After completing the test route and returning to the office site, the experimenter provided the
participant with the take-home booklet. The participant was encouraged to complete the booklet
as soon as possible so that he or she could accurately recall the driving situations and answer
questions related to his or her ratings. The participant was given partial payment for his or her
participation, the balance to be sent to him or her after he or she mailed back the completed
questionnaire using a pre-addressed envelope.
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3.2.5 Take-Home Booklet

The take-home booklet was comprised of a cover page and five sections of questions. The five
sections were in the same sequence for all participants; however, several different random orders
of questions within Parts 1 and 2 were used. The cover section included spaces where the
participant indicated his or her age, gender, and years licensed to drive. No other personal
identifying information was included on the form. Part 1 of the booklet included spaces where
participants explained why they rated certain situations as they did. Eight situations from the on-
road drive were presented; these were:

Keying in a cell phone call while driving on an interstate highway;

Continuing a personal cell phone conversation while merging onto a freeway;

Keying in a text message on a cell phone while driving on an arterial road,;

Keying in a text message on a cell phone while driving on a winding two-lane road,;

Checking for and reading e-mail from a PDA while at a red light on an arterial road;

Recalling directions for a stored destination in a navigation system while driving on an

interstate highway;

e Keying in a new destination in a navigation system while driving on a residential road;
and

e Eating a taco while driving on an interstate highway.

The ratings of willingness and risk that the participant had given on-road were indicated for
each situation. The experimenter recorded this information in the booklet before giving the
booklet to the participant. The participant’s task was to “explain exactly why you rated the
situation as you did.”

Part 2 of the questionnaire included questions asking participants to rate situations for
willingness to engage and risk. The questions used the same rating scales employed in the on-
road phase. The instructions for Part 2 noted the similarity of the scenes to what the participant
had encountered during the on-road drive, except that some situational aspect might be included.
Twenty situations were presented, in a standard form, as shown in the example below:

Trip Conditions The Task You Want to Do

Location: I-270 freeway; there is Key a new destination into your

road construction going on navigation system.

and one lane is closed You are in a rush and heading toward an
Passengers:  You are by yourself unfamiliar destination.

Time: Weekday afternoon

Traffic: Moderate

Weather: Clear

How willing are you to engage in this task at this time and place?
How risky would it be to engage in this task at this time and place?
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Five of these 20 situations were identical to situations encountered during the on-road drive.
These allowed a direct comparison of on-road and booklet ratings, to determine what, if any,
differences existed between the two procedures. The other 15 situations modified situations that
had been encountered on the road. These modifications included things such as weather,
passengers, traffic, and driver states. Table 3-5 describes the 20 situations included in Part 2.
The first 5 situations in the list are the replications of on-road situations and the subsequent 15
situations are those with some added feature.

In-Vehicle Task

Roadway Location

Additional Feature

Answer cell phone call

Arterial road

Key in cell phone number

Parking lot

Check e-mail on PDA

Freeway

Enter navigation destination

Freeway entrance

Find and retrieve CD

Two-lane winding road

Answer cell phone call

Arterial road

Hard rain

Answer cell phone call

Arterial road

3-year-old child in vehicle

Answer cell phone call

Arterial road

Two friends (age peers) in vehicle

Key in cell phone number

Arterial road

Hard rain

Key in cell phone number

Arterial road

Heavy traffic congestion

Key in cell phone number

Arterial road

Darkness

Key in cell phone text message

Arterial road

Two friends (age peers) in vehicle

Key in cell phone text message

Arterial road

Hard rain

Unwrap and eat taco

Arterial road

3-year-old child in vehicle

Enter navigation destination Freeway Construction zone
Answer cell phone call Freeway Fatigue

Nav system search for Starbucks | Freeway Fatigue

Key in cell phone number Freeway Long boring drive
Check e-mail on PDA Freeway Heavy traffic congestion

Check e-mail on PDA

Freeway entrance

Expecting urgent business
message

Table 3-5.

Situations included in Part 2 of the booklet

Part 3 of the booklet included questions that asked participants to rank how risky each of 32 in-
vehicle tasks are and how risky each of ten driving conditions are. Unlike previous sections,
these were general ratings in that in-vehicle tasks were rated for driving in general (not a specific
location) and locations were rated without respect to any in-vehicle task. Although similar to the
task ratings conducted during the focus groups (see Section 2.0), the list of in-vehicle tasks
differed in a few items and the ratings were done on a 10-point scale (where 1 = “No additional
risk beyond my normal driving” and 10 = “Very likely I would be involved in an accident”).

The ratings for the general driving conditions were also made on a 10-point scale, where 1 = “No
risk at all of having a collision,” 5 = “An average driving situation,” and 10 = “High risk of
having a collision.” For the three tasks rated as most risky, and the two sites rated as most risky,
the participants were asked to explain why these were seen as most risky.
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Part 4 included questions that asked participants to rate their familiarity with technologies and
tasks associated with the use of the particular devices, using a five point scale (1 = very
unfamiliar, 5 = very familiar). There were questions related to cell phones, PDAs, and
navigation systems. Participants were asked whether they had such devices. The first rating
question was then, “How familiar are you with your [device] functions and capabilities?” The
second question was, “How familiar are you with using the [device] while you drive?”
Subsequent questions then asked about familiarity with doing specific tasks (e.g., opening and
reading an e-mail on the PDA).

Part 5 of the booklet included questions that asked the participant to make various self-ratings;
this part was divided into subparts. The ratings were on a 5-point scale, where 1 means strongly
disagree and 5 means strongly agree. In Part 5A, the participants rated their agreement with
descriptions of driving attitudes or behaviors. Some of these dealt with the intensity or
aggressiveness of their driving (e.g., | like to drive at relatively high speed) and others dealt with
multitasking while driving (e.g., compared to the average driver, | am very good at handling
multiple activities while I drive). Part 5B dealt with decision making style, and was not tied
specifically to driving. The questions were related to how impulsive or deliberative the
participant generally tends to be (e.g., when I am presented with a problem, I stop and think
things through before I act).

Participants returned the completed booklet using a pre-addressed stamped envelope. All
participants returned their booklets; most booklets were returned within one week of the
on-road session.

3.3 Findings
3.3.1 On-Road Ratings of Willingness and Risk

The group mean ratings of willingness to engage in a task for each of the 81 driving situations
(in-vehicle task at a given location) are presented in Table 3-6. The columns of the matrix show
the in-vehicle task and the rows show the driving location; the entries in each cell show the mean
willingness ratings for the entire group of 88 participants. Table 3-7 provides analogous data for
the risk ratings. As evident from these tables, the ratings varied widely across the situations. On
the 1-to-10 rating scale, group mean willingness scores ranged from 2.76 (for picking up a PDA
message at a freeway exit area) to 9.24 (for conversing with a passenger on an arterial road).
Group mean risk ratings ranged from 2.03 (for conversing with a passenger on a two-lane road)
to 7.73 (for picking up a PDA message at a freeway exit area). For both willingness and risk
ratings, the ratings were significantly related to the driving situation. The willingness ratings and
risk ratings were each subjected to a three-factor (situation by age by gender) analysis of
variance. For the willingness ratings, the three main effects of situation (F(80, 6614) = 48.33,
p<0.0001), age group (F(3,6614) = 7.35, p<0.0001), and gender (F(1, 6614) = 4.61, p<0.04)
were all statistically significant, as was the interaction of situation with age group (F(240, 6614)
= 1.44, p<0.0001). The findings for the risk ratings were similar, except that the effect of gender
failed to reach the conventional 4=0.05 significance level (F(1, 6614) = 2.69, p=0.10). None of
the interactions with driving situation were significant, which means that the relative
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relationships among the driving situations were similar for all four age groups. The main effects
of age and gender, and their interaction, can be seen in Figures 3-1 (for willingness) and 3-2 (for
risk). “Willingness” decreases with age and “risk” increases with age. Males rate higher
willingness and lower risk than females. Gender effects are pronounced for willingness for the
older group; gender effects are pronounced for risk for both the middle age and older groups.
However, there is little effect of gender for the teenage and young driver groups.

Table 3-8 presents the mean ratings and standard deviations for all 81 situations in list form. For
each situation, the table shows the group mean willingness rating, the standard deviation of the
willingness ratings, the group mean risk rating, and the standard deviation of the risk ratings.
The standard deviations, across the group of 88 participants, were generally in the range of 2 to 3
rating scale units, with the willingness ratings showing slightly larger standard deviations than
the risk ratings. For willingness, the standard deviations ranged from 1.62 to 3.37, with a median
of 2.78. For risk, the standard deviations ranged from 1.71 to 3.15, with a median of 2.51. For
both willingness and risk ratings, the standard deviations were smallest for the four situations
involving conversation with a passenger. For both willingness and risk ratings, the standard
deviations were highest (i.e., agreement among participants was least) for the two situations that
involved answering a cell phone call while dealing with a turning maneuver (unprotected left
turn or protected U-turn).

The ratings for willingness to engage in a task and the risk of engaging in a task were very
strongly related. The correlation of the group mean ratings for the 81 situations was -0.98 (z =
20.3; p<0.0001), meaning that high scores on one scale were related to low scores on the other.
This is illustrated in the scatterplot of Figure 3-3. As seen in the scatterplot, none of the 81
points deviated substantially from the regression line. In other words, there was no case where
the willingness to engage in a task was substantially greater or less than would be predicted
based on how risky it was perceived to be. This strong linear relationship was true for each of
the four age groups considered individually as well; the correlation coefficient exceeded 0.96 for
every group. Although a positive correlation would certainly be predicted for these two sets of
ratings, there is no a priori reason to assume such a strong linear relationship across the range of
ratings. For example, there might have been an S-shaped function, where willingness was
uniformly low when risk values exceeded some point and uniformly high when risk values fell
below some point. The strong linear relationship across the range of ratings indicates that both
willingness ratings and risk ratings provided similar information. It is possible that some or all
participants viewed the concepts as identical. For example, willingness might be treated as the
direct consequence of perceived risk, or perceived risk might have been directly influenced by a
desire to make the perception compatible with behavior (cognitive dissonance). Based on this
very strong correlation, the subsequent discussion of findings will focus on the ratings of
willingness to engage in a task, recognizing that the risk ratings yield similar results. One
exception is in the comparison of on-road versus booklet ratings, where there were some
differences in the findings for willingness and risk; therefore both sets of data are provided in
that section of the Findings.
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Table 3-7.

Mean risk ratings for on-road situations
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Willingness | Willingness | Risk Risk

SITUATION Mean SD Mean SD

Cell Phone/Answer call - freeway - mainline 6.79 3.08 4.22 2.49
Cell Phone/Answer call - freeway - entrance, merge 6.42 3.14 4.45 2.81
Cell Phone/Answer call - freeway - exit 6.07 3.14 5.00 2.88
Cell Phone/Answer call - arterial - mainline 7.13 2.83 3.92 2.53
Cell Phone/Answer call - arterial - left turn, unprotected 5.47 3.37 5.67 3.15
Cell Phone/Answer call - arterial — U-turn, protected 4.51 3.23 6.42 3.12
Cell Phone/Answer call - arterial - stopped at signal 8.06 2.87 2.39 2.08
Cell Phone/Answer call - parking lot - exit 7.03 2.98 4.09 2.81
Cell Phone/Answer call - parking lot - aisle 6.50 2.86 4.09 2.39
Cell Phone/Answer call - minor -— 2-lane proceeding 7.26 2.81 3.55 2.32
Cell Phone/Answer call - minor - residential 7.82 2.81 2.95 2.25
Cell Phone/Key in call - freeway - mainline 6.78 2.76 4.59 2.48
Cell Phone/Key in call - freeway - entrance, merge 5.33 3.02 5.59 2.69
Cell Phone/Key in call - freeway - exit 5.22 3.03 5.92 2.90
Cell Phone/Key in call - arterial - mainline 6.80 2.80 4.74 2.57
Cell Phone/Key in call - arterial - stopped at signal 8.11 2.70 2.66 2.11
Cell Phone/Key in call - parking lot - exit 6.27 3.17 4.50 2.94
Cell Phone/Key in call - parking lot - aisle 6.13 3.00 4.49 2.70
Cell Phone/Key in call - minor - 2-lane proceeding 7.01 2.70 4.15 2.29
Cell Phone/Key in call - minor - residential 7.41 2.89 3.41 2.46
Cell Phone/Pers.conversation - freeway - mainline 7.94 2.62 3.67 2.56
Cell Phone/Pers.conversation - freeway - entrance, merge 7.55 2.81 3.98 2.45
Cell Phone/Pers.conversation - arterial - mainline 8.05 2.54 3.43 2.40
Cell Phone/Pers.conversation - parking lot - exit 7.33 2.78 3.78 2.68
Cell Phone/Pers.conversation - minor - 2-lane proceeding 7.98 2.72 3.32 2.54
Cell Phone/Pers.conversation - minor - residential 8.57 2.32 2.63 2.19
Cell Phone/Enter text msg - freeway - mainline 3.44 2.34 7.07 2.26
Cell Phone/Enter text msg - freeway - entrance, merge 3.32 2.63 7.44 2.38
Cell Phone/Enter text msg - arterial - mainline 3.75 2.48 7.09 2.27
Cell Phone/Enter text msg - minor - 2-lane proceeding 3.92 2.60 6.68 2.49
Cell Phone/Enter text msg - minor - residential 4.83 2.94 5.48 2.82
PDA/Look up phone number - freeway - mainline 4.55 2.47 6.44 2.38
PDA/Look up phone number - arterial - mainline 4.49 2.43 6.10 2.42
PDA/Look up phone number - minor - 2-lane proceeding 4.74 2.69 6.26 2.49
PDA/Pick up & read msg - freeway - mainline 3.45 2.47 7.16 2.40
PDA/Pick up & read msg - freeway - entrance, merge 3.25 2.61 7.38 2.56
PDA/Pick up & read msg - freeway - exit 2.76 2.19 7.73 2.24
PDA/Pick up & read msg - arterial - mainline 3.75 2.48 6.89 2.45
PDA/Pick up & read msg - arterial — U-turn, protected 3.01 2.17 7.38 2.33
PDA/Pick up & read msg - arterial - stopped at signal 6.20 2.85 4.28 2.87
PDA/Pick up & read msg - parking lot - exit 4.00 2.75 6.11 2.79
PDA/Pick up & read msg - parking lot - aisle 4.05 2.72 6.09 2.66
PDA/Pick up & read msg - minor -— 2-lane proceeding 3.69 2.40 6.84 2.50
PDA/Pick up & read msg - minor - residential 4.74 2.84 5.69 2.83
PDA/Key & send e-mail - freeway - mainline 3.01 2.27 7.59 2.34

Table 3-8. Means and standard deviations of willingness and risk ratings
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Willingness | Willingness Risk Risk

SITUATION Mean SD Mean SD

PDA/Key & send e-mail - arterial - mainline 3.26 2.44 7.27 2.20
PDA/Key & send e-mail - minor - 2-lane proceeding 3.32 2.37 7.25 243
Nav/Key in new destination - freeway - mainline 4.70 2.83 6.48 2.51
Nav/Key in new destination - freeway - entrance, merge 3.94 2.57 6.74 2.35
Nav/Key in new destination - freeway - exit 3.26 2.53 7.67 2.23
Nav/Key in new destination - arterial - mainline 4.52 2.56 6.36 241
Nav/Key in new destination - arterial - left turn, unprotected 4.11 2.94 6.37 2.85
Nav/Key in new destination - arterial - stopped at signal 6.92 2.81 3.78 2.59
Nav/Key in new destination - parking lot - exit 5.22 3.01 5.45 3.02
Nav/Key in new destination - minor - 2-lane proceeding 4.85 2.78 6.16 2.60
Nav/Key in new destination - minor - Residential 5.60 2.82 5.47 2.56
Nav/Call up stored destination - freeway - mainline 5.50 2.65 5.69 2.42
Nav/Call up stored destination - arterial - mainline 5.65 2.81 5.28 2.45
Nav/Call up stored destination - parking lot - exit 5.58 3.04 4.98 2.85
Nav/Call up stored destination - minor - 2-lane proceeding 5.68 2.68 5.13 2.68
Nav/Search for Starbucks - freeway - mainline 4.98 2.64 6.09 2.45
Nav/Search for Starbucks - arterial - mainline 4.47 2.52 6.28 2.37
Nav/Search for Starbucks - minor - 2-lane proceeding 4.74 2.61 6.03 2.60
Non Tech/Select & insert CD - freeway - mainline 5.98 3.04 5.45 2.79
Non Tech/Select & insert CD - arterial - mainline 5.86 2.88 5.27 2.73
Non Tech/Select & insert CD - parking lot - exit 6.43 2.94 4.34 2.83
Non Tech/Select & insert CD - parking lot - aisle 5.36 3.23 4,91 2.75
Non Tech/Select & insert CD - minor - 2-lane proceeding 6.09 2.90 5.23 2.73
Non Tech/Converse w/ passenger - freeway - mainline 9.19 1.62 2.33 2.03
Non Tech/Converse w/ passenger 9.24 1.63 2.13 1.71
Non Tech/Converse w/ passenger - parking lot - exit 8.99 1.90 2.27 1.81
Non Tech/Converse w/ passenger - minor - 2-lane proceeding 9.23 1.65 2.03 1.82
Non Tech/Hot drink - freeway - mainline 6.91 2.96 4.08 2.63
Non Tech/Hot drink - arterial - mainline 6.97 2.76 4.17 2.52
Non Tech/Hot drink - parking lot - exit 6.07 3.00 4.60 2.68
Non Tech/Hot drink - minor - 2-lane proceeding 7.47 2.65 3.68 2.39
Non Tech/Eat taco - freeway - mainline 5.83 2.83 5.17 2.64
Non Tech/Eat taco - arterial - mainline 6.00 2.56 4.94 241
Non Tech/Eat taco - freeway - entrance, merge 6.42 3.14 4.45 2.81
Non Tech/Eat taco - parking lot - aisle 5.27 3.13 4.99 2.76
Non Tech/Eat taco - minor — 2-lane proceeding 6.00 2.92 5.10 2.56

Table 3-8. Means and standard deviations of willingness and risk ratings (continued)
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Figure 3-3.  Scatterplot of mean willingness and risk ratings for 81 on-road situations

Because the experimental design only included 81 of the possible 154 combinations of 14 tasks
and 11 roadway locations, the comparisons among different tasks and among different locations
must be based on selected subsets of the data. One such subset involves “mainline” driving on
three different types of road: freeway, arterial, and two-lane highway. All 14 in-vehicle tasks
occurred for each of these three driving conditions. This permitted a formal ANOVA to be
conducted with in-vehicle task and driving location as independent factors. Figure 3-4 plots the
mean willingness rating for each task as a function of roadway type. The figure shows that
although there were substantial differences in how each task was rated, the type of road the
driver was on had a much smaller effect. Three-way (location-by-task-by-age group) ANOVAs
were conducted on these data. For the ANOVA on willingness ratings, the site factor (F(2,
3512) = 3.43, p<0.03), task (F(13, 3512) = 202.65, p<0.0001) and age group (F(3, 3512) = 6.05,
p<0.0004) were significant. The interactions of age with task (F(39, 3512) = 3.35, p<0.0001)
and with site (F(6, 3512) = 4.37, p<0.0002) were also significant, although the task-by-site
interaction was not. A parallel analysis of the risk ratings yielded identical conclusions.
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Figure 3-4.  Mean willingness ratings for 14 in-vehicle tasks during mainline driving on
freeway, arterial, and two-lane roads

Figure 3-5 shows the location-by-age interaction for the willingness ratings. Mean ratings for
each age group, and for all groups combined, are shown as separate functions. The main effect
of age is evident in the separation of the lines for the various age groups. The small (and for
willingness, non-significant) effect of location is seen in the relatively flat line for the combined
group of all participants. The interaction effect is evident in comparing the functions for each
age group. For young, middle, and older driver groups, there was very little difference among
the three driving locations. In contrast, the teen drivers showed less willingness, and greater
perceived risk, on the freeway as compared to the arterial and two-lane roads. This was also the
nature of the location-by-age interaction for the risk ratings.
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Figure 3-5.  Mean willingness ratings (averaged across 14 in-vehicle tasks) for mainline
driving locations, by age group

Figure 3-6 shows the in-vehicle task-by-age interaction for the willingness ratings. Mean ratings
for each age group, and for all groups combined, are shown as separate functions. As with
Figure 3-5, the main effect of age is evident in the separation of the lines for each age group,
with the older group consistently giving the lowest willingness ratings. The main effect of task
is seen in the general shifting of means from task to task. The differences among age groups
changes somewhat from task to task, as indicated by the significant task-by-age interaction.
While the older group’s ratings are consistently below the others, the differences between
middle, young, and teen groups are sometimes pronounced and sometimes negligible. Although
the teen drivers tended to be most willing to engage in tasks, the figure indicates that this overall
effect is due to differences on some tasks, but not others. In particular, teens seem more willing
to engage in the PDA tasks and cell phone text messaging.

The statistically significant interaction of age with in-vehicle task and with driving location in
this analysis contrasts with the non-significant interaction of age with situation in the analysis
that included all 81 situations. This could be due to separating the effects of task and location in
the analysis or might suggest that the interactions present for mainline driving were not present
for other tasks. In any case, the interaction effect for driving location was quite small and
primarily due to the teen/freeway condition. The interaction of age with in-vehicle task is more
complex and may be somewhat confounded with familiarity with the task.

In summary, considering just “mainline” driving locations, the ratings were not very sensitive to
the type of road the driver was on, with the exception of freeway driving for the teen driving
group. While the willingness (and risk) ratings varied considerably from task to task, the type of
road did not seem to matter much.
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Figure 3-6.  Mean willingness ratings (averaged across three mainline driving locations)
for 14 tasks, by age group

When some maneuver other than mainline driving was involved, however, the ratings could vary
substantially. This can be best illustrated by considering the maneuvers for the four in-vehicle
tasks for which all or most driving situations were presented. These data are shown in Table 3-9.
Separate sections of the table provide data for each of the four in-vehicle tasks: answering a cell
phone, placing a cell phone call, picking up/reading a PDA message, and entering a destination
into a navigation system. The columns of the table show the various roadway types. The rows
indicate various maneuvers. Comparing the numbers within a column gives an indication of how
willingness varies based on the particular maneuver. For example, on the arterial road, the
willingness to answer a cell phone call ranges from a low of 4.51 while making a U-turn to a
high of 8.06 while stopped at a traffic signal. To provide a sense of the magnitudes of the
differences among values in Table 3-9 that are meaningful, as an approximate rule of thumb,
means differing by at least two standard errors may be taken as statistically meaningful (if there
were no real effect, a difference this large would occur by chance less than 5% of the time).
Table 3-8 provides the rating standard deviation for each situation, which is typically around 2.8
and ranges up to 3.3. Given a group of 88 participants, the standard error of the mean is
therefore typically about 0.3, ranging up to 3.5. Therefore, differences in this table of roughly
0.6 to 0.7 rating scale units (two standard errors) may be taken as meaningful.

Comparing the top row (“mainline”) for the first three columns of Table 3-9, there is little
difference among freeway, arterial, and two-lane roads, as already discussed. However, there
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was greater willingness to engage in these tasks on the residential streets. On the freeway, the
general ordering of the means was the same for all four in-vehicle tasks shown in the table:
relative to mainline driving, there was less willingness to engage in the task when entering the
freeway area from the arterial road. There was even less willingness when approaching an exit
point while on the freeway. The magnitude of these differences was less for answering a cell
phone call and picking up a PDA message than it was for placing a cell phone call or entering a
destination in a navigation system. On the arterial road, there was greater willingness to engage
in all four tasks when stopped at a traffic signal. There was less willingness when approaching
the turning maneuver (left turn or U-turn).

Table 3-9 also includes two parking lot locations. One location is driving through the aisles of
the lot, as when looking for a parking space. The other location is approaching the driveway of
the lot, about to exit onto the arterial road. For the task of answering a cell phone, participants
were about as willing to answer a call under either of these parking lot conditions as they were
while driving on a freeway, arterial, or two-lane road. This was also the case for picking up a
PDA message or entering a destination in a navigation system. However, there was less
willingness to do these things in the parking lot as opposed to a residential street. In contrast to
these other tasks, participants were somewhat less willing to place a call while in a lot than in the
mainline driving situations.

In summary, driver willingness to engage in a task was greater on residential streets than on
freeways, arterials, or two-lane roads, which did not differ much from one another. There was
greater willingness to initiate a task when stopped for a signal, and less willingness when
encountering a maneuver. However, in absolute terms, even during a maneuver, there was still
substantial willingness to engage in the two cell phone activities. This was also the case for
driving in a commercial parking lot.
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Task / Situation Freeway | Arterial | Two-lane | Residential | Parking Lot

Answer Cell Phone Call -
Mainline 6.79 7.13 7.26 7.82

Answer Cell Phone Call -

Enter 6.42

Answer Cell Phone Call -

Exit 6.07

Answer Cell Phone Call -

U-turn 4.51

Answer Cell Phone Call -
Left Turn
Answer Cell Phone Call -
Stopped

5.47

8.06

Answer Cell Phone Call -

In Aisle 6.50

Answer Cell Phone Call -
Exiting to Arterial

Place Cell Phone Call -
Mainline 6.78 6.80 7.01 7.41

Place Cell Phone Call - Enter 5.33
Place Cell Phone Call - Exit 5.22

Place Cell Phone Call -
Stopped

Place Cell Phone Call - In
Aisle

Place Cell Phone Call -
Exiting to Arterial

Pick Up and Read PDA
Message - Mainline
Pick Up and Read PDA
Message - Enter

Pick Up and Read PDA
Message - Exit

Pick Up and Read PDA
Message - U-turn

Pick Up and Read PDA
Message - Stopped
Pick Up and Read PDA
Message - In Aisle

Pick Up and Read PDA
Message - Exiting to Arterial
Enter Destination in Nav
System - Mainline

Enter Destination in Nav
System - Enter

Enter Destination in Nav
System - Exit

Enter Destination in Nav
System - Left Turn
Enter Destination in Nav
System - Stopped

Enter Destination in Nav
System - Exiting to Arterial

7.03

8.11

6.13

6.27

3.45 3.75 3.69 4.74

3.25

2.76

3.01

6.20

4.05

4.00

4.70 4.52 4.85 5.60

3.94

3.26

411

6.92

5.22

Table 3-9. Mean ratings for willingness to engage in technology tasks during various
driving situations
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Comparing the 14 in-vehicle activities included in the experiment, there were substantial
differences in the rated willingness to engage in these tasks. This can be seen graphically in
Figure 3-4, for those tasks occurring during mainline driving on the various roadway types. Of
all tasks, conversing with a passenger was the activity that drivers were most willing to do, with
group mean ratings over 9 on the 10-point scale. Drivers were also quite willing to answer or
place a cell phone call or engage in cell phone conversation, although there was clearly
somewhat less willingness (and more perceived risk) than for passenger conversation. These
phone activities were rated approximately equivalent to drinking something hot while driving.
Participants were substantially less willing to engage in the other technology-related tasks. Text
messaging on the cell phone and the various PDA tasks were rated low on willingness.
Navigation system-related tasks were somewhat intermediate. It should be noted that about half
the participants in the study were not personally familiar with the use of a navigation system (the
effects of familiarity with the technologies are discussed below).

3.3.2 Effects of Familiarity with the Technology on On-Road Ratings

Participants differed in how familiar they were with the various technologies and in-vehicle tasks
employed in this experiment. Although there was an initial training period, prior to data
collection, to provide some familiarization with each activity, participants varied substantially in
their real-world use of these products.

Table 3-10 shows the familiarity of participants with the in-vehicle technologies as a function of
age group. Familiarity was determined from the ratings on the take-home questionnaire. For
purposes of Table 3-10, familiarity ratings of 1 or 2 (on the 5-point scale) were treated as
“unfamiliar,” a rating of 3 was “somewhat familiar,” and ratings of 4 or 5 were treated as
“familiar.” As the table shows, nearly every participant in the experiment (95%) considered
themselves “familiar” with the use of a cell phone. In contrast, only 44 percent were familiar
with a PDA and only 31 percent were familiar with a navigation system. About half of the
participants were unfamiliar with a navigation system, and about a third unfamiliar with a PDA.
Familiarity was related to age group. In this sample, teens were least familiar with navigation
systems and PDAs. Older participants were less familiar with PDAs than young or middle age
groups. Young drivers had somewhat less familiarity with navigation systems than the middle
and older groups.

Table 3-11 is similar to Table 3-10, but the ratings are specifically for familiarity of use while
driving. Most (89%) participants considered themselves familiar with using a cell phone while
driving, although the percentage was somewhat lower for the teens (77%). Very few participants
(14%) were familiar with using a PDA while driving; most (72%) were unfamiliar. This was
true for all age groups. Most (69%) were also unfamiliar with the use of a navigation system
while driving, although familiarity was somewhat higher (50% familiar or somewhat familiar)
for the middle age group.
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Technology & Age Group | Unfamiliar | Somewhat Familiar | Familiar
Cell Phones - All 0% 5% 95%
Cell Phones - Teen 0% 0% 100%
Cell Phones - Young 0% 0% 100%
Cell Phones - Middle 0% 5% 95%
Cell Phones - Old 0% 14% 86%
PDAs - All 33% 23% 44%
PDAs - Teen 59% 27% 14%
PDAs - Young 14% 27% 59%
PDAs - Middle 23% 14% 64%
PDAs - Old 36% 23% 41%
Nav Systems - All 46% 23% 31%
Nav Systems - Teen 7% 5% 18%
Nav Systems - Young 45% 36% 18%
Nav Systems - Middle 32% 27% 41%
Nav Systems - Old 32% 23% 45%

Table 3-10.  Percentage of participants familiar with technologies, overall and for each
age group

The effects of technology familiarity on willingness to engage in the use of the technology while
driving were assessed using analyses of variance. Since nearly all participants were familiar
with use of the cell phone, the analyses were only conducted for the PDA and navigation system
technologies. A three-factor (situation, age group, and familiarity) analysis was conducted for
each technology. Given the small number of observations for some cells, the age groups were
combined into a “younger” group (teen and young) and an “older” group (middle and old). Only
those situations involving the particular technology were included in the analysis (i.e., the
analysis of familiarity with PDA use only included those on-road ratings that involved some
PDA-related task). For the PDA tasks, the ANOVA revealed significant main effects of situation
(F (14, 1176) = 19.43; p < 0.0001) and age (F(1, 1176) = 18.25, p<0.0001), but no significant
main effect of familiarity. The situation-by-age interaction was significant (F(14, 1176) = 1.93,
p<0.02), as would be anticipated by the significant age interactions seen in the primary analyses
in Section 3.3.1. The familiarity-by-age interaction approached but did not reach the alpha =
0.05 level (F(2, 1176) = 2.92; p=0.055). However, there was no significant interaction of
situation with familiarity. For the navigation system tasks, there was a significant main effect of
situation (F(14, 1161) = 16.19, p<0.0001) and the main effect of age approached but did not
reach the alpha = 0.05 level (F(1, 1161) = 2.55; p=0.110). As with the PDA analysis, there was a
significant situation-by-age interaction (F(14, 1161) = 2.37; p=0.003). However, neither the
main effect of familiarity nor either of its interaction terms was statistically significant. Thus, for
both the PDA and navigation system tasks, this study did not find that reported familiarity with
the system substantially changed the degree of willingness to engage in the tasks, nor did it alter
the relative ratings of various tasks.
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Technology & Age Group Unfamiliar | Somewhat Familiar | Familiar
Cell Phones - All 3% 9% 89%
Cell Phones - Teen 0% 23% 7%
Cell Phones - Young 0% 0% 100%
Cell Phones - Middle 0% 5% 95%
Cell Phones - Old 14% 5% 82%
PDAs - All 72% 14% 14%
PDAs - Teen 91% 5% 5%
PDAs - Young 68% 9% 23%
PDAs - Middle 55% 27% 18%
PDAs - Old 73% 18% 9%
Nav Systems - All 69% 15% 16%
Nav Systems - Teen 86% 9% 5%
Nav Systems - Young 73% 18% 9%
Nav Systems - Middle 50% 18% 32%
Nav Systems - Old 68% 14% 19%

Table 3-11.  Percentage of participants familiar with use of technologies while driving,
overall and for each age group

3.3.3 Effects of Additional Factors on Ratings

There are a variety of potentially important factors that could not be easily manipulated in the
on-road portion of the study. While these factors may be of real interest, for reasons of safety or
control they could not be included during the on-road session. Therefore, the take-home booklet
was used to evaluate the effects of such factors on driver willingness to engage in various tasks.
The method for doing this was to describe a situation (trip conditions and in-vehicle task) and
have the participants give willingness and risk ratings precisely as they did during the on-road
portion of the experiment. The situations replicated situations encountered during the on-road
session, but some additional feature was added to the situation in most cases. The features
considered were: raining hard; the presence of two age-peer passengers; the presence of a three-
year-old child passenger; night driving; traffic congestion; construction zone lane closure;
boredom (during long, familiar trip); fatigue; and urgency. Table 3-5, presented earlier,
summarizes the situations included in this portion of the booklet.

The logic of this procedure was to compare the ratings for situations that had an added feature
with ratings given to the identical situation without that feature. However, a complication for
interpreting the findings is that the “control” situation (without the feature) was rated in the on-
road portion of the study, whereas the situation with the added feature was rated through the
take-home booklet. Even though the situations and rating methods were made as parallel as
possible, differences between situations could be related to the method as well as the situation
features. For this reason, five of the twenty booklet situations did not include an additional
feature but rather exactly replicated an on-road situation. These five situations could then be
used to “benchmark” the booklet data and determine if any correction factors were desirable.
Therefore the relationship of on-road ratings to booklet ratings for same situations is presented
first, followed by findings regarding additional situation features.
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Relationship of on-road ratings to booklet ratings for same situations

Table 3-12 presents the group mean ratings of willingness and risk for both modes of rating (on-
road and booklet) for each of the five in-common situations and Figure 3-7 plots the group mean
on-road willingness rating and group mean booklet situation rating for each of the five in-
common situations. As the figure indicates, the two sets of willingness ratings are similar, but
not identical. Three-factor analyses of variance were conducted to evaluate the effect of the
mode of rating. The three factors were the rating mode (on-road or booklet), the situation (five
situations), and age group. For willingness ratings, the main effects of mode (F(1, 755) = 4.89;
p<0.0027), situation (F(4, 755) = 110.46; p<0.0001) and age group (F(3, 755) = 5.04; p<0.002)
all were statistically significant. The interaction of mode with situation also was statistically
significant (F(4, 755) = 4.13; p<0.003) and the interaction of situation with age approached
significance but did not meet the 4=0.05 criterion (F(12, 755) = 1.56; p<0.099). For risk ratings,
the mode of rating did not have any statistically significant effect. The main effects of situation
(F(4, 755) = 118.62; p<0.0001) and age group (F(3, 755) = 4.02; p<0.008) were statistically
significant, as were the interaction of mode with situation (F(4, 755) = 3.48; p<0.008) and
situation with age (F(12, 755) = 2.11; p<0.015).

To the extent that these “benchmark” cases are rated the same in both the on-road and booklet
modes, findings from the two data sets can be compared meaningfully. If they differ
substantially, cross-dataset comparisons cannot be made with confidence. The outcome is
somewhat ambiguous in this regard. Although the willingness ratings in the two modes were
quite similar (Figure 3-7), the statistically significant main effect of rating mode and the mode-
by-situation interaction preclude the strong assumption that the mode of rating has no effect.
While rating mode was not statistically significant for the risk ratings, the mode-by-situation
interaction was. The significant mode-by-situation interaction for both willingness and risk
ratings also means that a simple “field correction factor” cannot be applied as an across-the-
board transform to bring the two sets of ratings into direct agreement. As Figure 3-7 shows,
booklet willingness ratings were about one rating scale unit higher for two of the situations,
almost identical to on-road ratings for two other situations, and about half a unit lower for the
final situation. The higher booklet ratings occurred for the arterial road and parking lot
situations. No parking lot situation was included in the “added factors” situations, but a variety
of arterial road situations were. To the extent the difference seen in Figure 3-7 is real, the
tendency for higher willingness ratings in the booklet mode means that since the control (no
added factor) condition was rated on-the-road, the bias toward higher booklet ratings may
obscure real reductions in willingness as a result of the added factor. In the discussion of the
“added factors” that follows, the findings are discussed qualitatively but no formal statistical
tests were conducted. The similarity of the on-road and booklet ratings for the benchmark
situations allows a general treatment of the findings but the ambiguity raised by the significant
“mode” terms precludes formal statistical analyses of the added factors.
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system key in new destination

On-Road On-Road Booklet Booklet
Driving Situation Willinghess Risk Willingness Risk
Freeway mainline, PDA pick up & 3.45 7.16 3.54 7.29
read msg
Arterial mainline, cell phone 7.13 3.92 8.16 3.20
answer a call
Parking lot-exit to arterial, cell 6.27 4.50 7.36 3.70
phone key in a call
Minor 2 lane, non-technology 6.09 5.23 5.61 5.56
search for & insert CD
Freeway entrance/merge, nav 3.94 6.74 3.89 7.03

Table 3-12.
in-common situations
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Figure 3-7. Mean on-road and take-home booklet willingness ratings for five in-common
situations

Effects of the various factors added in the booklet situations

The two left columns of Table 3-13 present the willingness and risk ratings for the 15 situations
that had some added feature not present in the on-road ratings. The two center columns of the
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table present the relevant comparison data (same situation without the added feature). For all
cases, there is a comparable on-road comparison. For two cases, the comparison situation also
was included among the booklet situations, so for these two instances a direct comparison
between booklet ratings is possible. The two rightmost columns show the booklet ratings for
those two cases. With one clear exception (the effect of rain on answering a cell phone call on
the freeway), the order of magnitude of the effect of the feature was similar for the willingness
ratings and the risk ratings. This somewhat alleviates the concerns regarding the benchmark
comparisons for the willingness ratings, as discussed above.

Booklet  [Booklet Riskl On-Road On-Road Booklet | Booklet
Willingness |(with added| Willingness Risk Willingness | Risk (no
) ) (with added factor) (no added | added
Added Factor and Situation factor) factor) factor)
Rain - arterial mainline/cell phone key in a call 5.49 6.07 6.80 474
Rain - arterial mainline/cell phone enter text 3.32 7.77 3.75 7.09
Rain - Freeway mainline/cell phone answer a 6.73 5.26 6.79 4.22
call
Peers - arterial mainline/cell phone answer a 7.85 3.51 7.13 3.92 8.16 3.20
call
Peers - arterial mainline/cell phone enter text 4.09 6.75 3.75 7.09
Child - arterial mainline/cell phone answer a 7.26 4.10 7.13 3.92
call
Child - arterial mainline/non-technology eat a 5.13 5.69 6.00 494
taco
Night - arterial mainline/cell phone key in a call 6.90 4.66 6.80 4.74
Congestion - freeway mainline/PDA pick up & 3.25 7.60 3.45 7.16 3.54 7.29
read msg
Congestion - arterial mainline/cell phone key in 6.22 5.50 6.80 4.74
a call
Construction - freeway mainline/nav system 3.92 7.24 4.70 6.48
key in new destination
Boredom - freeway mainline/cell phone key in 7.84 3.69 6.78 4.59
a call
Fatigue - freeway mainline/cell phone answer 7.45 441 6.79 4.22
a call
Fatigue - freeway mainline/nav system search 4.45 6.70 4.98 6.09
for Starbucks
Urgency - freeway entrance/merge/PDA pick 341 7.48 3.25 7.38
up & read msg

Table 3-13. Mean willingness and risk booklet ratings for situations with added factors

The following was observed regarding added scenario features:

e Rain: Risk ratings were higher under hard rain for each of the three situations that
included rain. However, while rain resulted in a substantial drop in willingness to key in
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a phone call on an arterial road, it had a more moderate effect on willingness to enter a
text message on an arterial road. This smaller effect may in part reflect a floor effect,
since willingness was already rated quite low for this task. Rain had virtually no effect
on willingness to answer a phone on a freeway.

e Peers: Peers in the presence of age peers, risk ratings were slightly lower for the two
phone-related tasks and willingness was slightly higher. The reason for this is not
known, but clearly participants were not viewing passenger presence as a factor that
amplified risk. As the absence of a significant situation-by-age interaction implies,
this finding was not attributable to any particular age group; the effect was similar for
all ages.

e Child: The presence of a toddler passenger had virtually no effect on ratings related to
answering a phone call on an arterial road. However, a toddler did result in some
increased perceived risk and reluctance to engage in eating a messy food (taco).

e Night: Night conditions had no effect on the ratings for the single situation included
(keying in a phone message on an arterial).

e Congestion: Congestion had little effect on the willingness to engage in reading PDA
messages on a freeway. However, it did result in more reluctance to key in a phone call
on an arterial.

e Construction: The presence of a construction zone with a lane drop resulted in increased
risk and decreased willingness for keying in a navigation system destination.

e Boredom and Fatigue: Under long boring driving conditions, participants indicated that
keying in a phone call decreased risk and they were more willing to engage in the task
than when not bored. Presumably this reflects a feeling that this activity might contribute
to alertness. Under conditions of fatigue, there was also a somewhat greater willingness
to answer a phone during freeway driving. However, fatigue led to less willingness to
use a navigation system search feature.

e Urgency: Urgency had little effect on willingness or risk ratings.

Looking across the 15 situations, no obvious systematic patterns are evident. Participants saw
some factors as negative under some conditions but not others. In some cases, the added factor
actually increased the willingness to engage in the task. Only a few situations resulted in a
substantial decrease in willingness to engage in a task. The most dramatic case was for keying in
a phone call on an arterial road during heavy rain. The second largest shift in the willingness
ratings was in the opposite direction: participants were more willing to key in a phone call
during a freeway drive when the situation described them as bored during a long, familiar trip.

Tables 3-14 and 3-15 present the findings as difference scores that show the shift in rated
willingness and risk as a result of the added factor. Each entry is the difference of the rating
with the factor present minus the rating with the factor absent. Therefore positive numbers
indicate an increase in willingness (or risk) when the additional factor is included and negative
numbers indicate a decrease in willingness (or risk) when the factor is included. The table
presents these difference scores for each age group, as well as for all participants. As noted
earlier for Table 3-13, the magnitude of the effects of the added factor is generally similar,
though of course opposite direction, for the willingness ratings and the risk ratings. This is even
the case for those situations on the arterial road, thus again alleviating the concern from the
benchmarking comparison.
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Added Factor and Situation All Teen | Young | Middle | Older
Rain - arterial mainline/cell phone key in a call -1.31 | -0.82 -1.14 -1.86 | -1.41
Rain - arterial mainline/cell phone enter text -0.43 | -0.64 -0.09 -1.09 | 0.05
Rain - freeway mainline/cell phone answer a call -0.07 0.50 -0.27 -0.23 | -0.27
Peers - arterial mainline/cell phone answer a call 0.73 0.73 0.60 1.09 | 0.50
Peers - arterial mainline /cell phone enter text 0.34 0.45 0.59 -0.09 | 041
Child - arterial mainline /cell phone answer a call 0.13 0.32 -0.31 0.86 | -0.32
Child - arterial mainline/non-technology eat a taco -0.88 0.09 -1.05 -0.73 | -1.82
Night - arterial mainline/cell phone key in a call 0.10 0.32 0.32 -0.68 | 0.45
Congestion - freeway mainline/PDA pick up & read -0.20 1.64 -0.55 -1.23 | -0.68
Congestion - arterial mainline/cell phone key in a call -0.58 0.05 -0.36 -1.14 | -0.86
Construction - freeway mainline/nav key in new destination -0.79 0.48 -0.83 -1.58 | -1.55
Boredom - freeway mainline/cell phone key in a call 1.06 1.73 1.77 0.36 | 0.36
Fatigue - freeway mainline/cell phone answer a call 0.66 0.82 0.96 045 | 041
Fatigue - freeway mainline/nav search for Starbucks -0.53 | -0.50 -0.23 -1.00 | -0.45
Urgency - freeway entrance/merge/PDA pick up & read 0.16 0.36 0.55 0.55 | -0.09

Table 3-14.  Shifts in rated willingness for added situation factors, for all participants and

each age group

Added Factor and Situation All Teen | Young | Middle | Older
Rain - arterial mainline/cell phone key in a call 1.33 0.95 1.18 1.64 | 1.55
Rain - arterial mainline/cell phone enter text 0.68 0.82 0.45 1.14| 0.36
Rain - freeway mainline/cell phone answer a call 1.04 0.46 1.23 1.05| 145
Peers - arterial mainline/cell phone answer a call -0.41 | -0.27 -0.01 -0.82 | -0.55
Peers - arterial mainline/cell phone enter text -0.34 | -0.36 -0.36 -0.09 | -0.55
Child - arterial mainline/cell phone answer a call 0.18 0.18 0.77 -0.23 | 0.00
Child - arterial mainline/non-technology eat a taco 0.75 0.41 0.55 0.27 | 1.77
Night - arterial mainline/cell phone key in a call -0.08 0.05 -0.55 0.45 | -0.27
Congestion - freeway mainline/PDA pick up & read 0.44 | -0.73 0.59 1.05| 0.86
Congestion - arterial mainline/cell phone key in a call 0.76 0.36 0.86 091 | 0.91
Construction - freeway mainline/nav key in new destination 0.77 0.16 0.62 155| 0.89
Boredom - freeway mainline/cell phone key in a call -090 | -1.50 -1.09 -0.73 | -0.27
Fatigue - freeway mainline/cell phone answer a call 0.19 0.00 -0.14 0.41| 0.50
Fatigue - freeway mainline /nav search for Starbucks 0.61 0.55 0.68 0.64 | 0.61
Urgency - freeway entrance/merge/PDA pick up & read 0.10 0.59 -0.09 0.00 | -0.09

Table 3-15.  Shifts in rated risk for added situation factors, for all participants and each

age group
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The means, across all fifteen situations, show that there were age differences in the degree of
shift in willingness (and complementary shifts in risk). The shift toward less willingness was
greatest for the middle and old groups and least for the teenage group. Comparing the age
groups for various situations in Table 3-14, a few differences stand out. Middle and older
participants were more reluctant to key in a phone call on an arterial road under conditions of
rain. Teenage and young drivers showed very substantial increases in willingness to key in a
phone call when bored (shifts of 1.73 and 1.77 rating scale units); the middle and older groups
showed only modest shifts in their mean ratings (0.36 rating scale units). Substantial age
differences were also seen in the shift in willingness to eat a messy food (taco) when there was a
child passenger in the car. Older participants showed much greater reluctance (shift of -1.82
units), young and middle age drivers showed less dramatic but still substantial shifts (-1.05, -0.73
units), while teenage drivers showed virtually no effect. The added factors of congestion and
construction had a greater effect on middle and older groups.

3.3.4 General Ratings of Task and Location Factors

The ratings of willingness and risk presented so far have all been based on participant judgments
about specific situations, defined by the combination of a particular driving maneuver, roadway
location, and in-vehicle activity. The take-home booklet also asked participants more general
risk ratings for a set of 32 in-vehicle tasks and a set of 10 general driving tasks.

Table 3-16 presents the mean risk ratings for each of the 32 in-vehicle tasks, for all participants
and for each age group. Ratings were made on a 10-point scale, where 1 = “No additional risk
beyond my normal driving” and 10 = “Very likely I would be involved in an accident.” A task-
by-age group ANOVA was conducted on these data. The ANOVA indicates that there is a
significant main effect for both the in-vehicle task (F(31, 2562) = 195.32, p<0.0001) and the age
group (F(3, 2562) = 5.83, p<0.0006), as well as a statistically significant interaction of these
factors (F(93, 2562) = 2.29, p<0.0001). Risk ratings increased with age (4.41, 4.48, 4.91, and
5.68, for the teen, young, middle, and older groups, respectively). The ratings in Table 17 are
ordered from the lowest rated (least risk) activity to the highest rated (most risk) activity, based
on the mean for all participants. While most of the lowest risk tasks do not involve the use of
communication technologies, some non-technology tasks, such as map use or note taking, were
rated among the riskier activities. In general, tasks involving cell phone use were not rated as
risky as tasks involving navigation system use, which in turn were not rated as risky as PDA.
Nearly all PDA-related tasks were seen as quite risky while driving (mean ratings of 7.51 to 8.93
on the 10-point scale). The general risk ratings shown in Table 3-16 are generally similar in
order and magnitude to the situation-specific on-road ratings (Table 3-7). However, they are
somewhat more extreme in that the lowest-rated tasks tend to be rated even lower in the general
ratings and the highest rated tasks tend to be rated even higher. Probably the most noteworthy
difference is for the task of answering a cell phone. The general rating of this task was 2.64.
This was somewhat lower than the on-road rating on a minor residential street (2.95) and more
substantially different than the ratings on the freeway (4.22), arterial (3.92), and two-lane
highway (3.55). However, the general pattern of ratings for the set of in-vehicle tasks is quite
similar for the general booklet ratings and the on-road ratings.
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In-Vehicle Task All Teen Young | Middle Older
Check the speedometer 1.37 1.41 1.18 1.29 1.59
Talk with a passenger 1.69 1.64 1.64 1.52 1.95
Adjust the loudness of a sound system 1.69 1.55 1.27 1.77 2.18
Turn up the temperature 1.77 1.82 1.50 1.52 2.24
Drink something cold 2.39 241 1.91 2.33 291
Eat something neat (like a cookie) 2.47 2.41 2.23 2.57 2.68
Answer a cell phone call 2.64 2.32 1.91 2.52 3.82
Place a cell phone call using speed dial 2.72 241 2.18 2.67 3.64
Have a brief phone "exchange of information” 2.74 2.64 2.38 2.57 3.38
Find radio station that is not pre-programmed 2.97 2.95 2.32 2.62 4.00
Insert a CD, tape, or video 3.14 2.68 2.82 3.24 3.86
Have an extended phone conversation 3.50 3.27 2.57 3.14 4,95
Drink something hot 3.59 3.59 2.68 3.36 4.73
Key in a cell phone call 4.17 3.59 3.23 4.00 5.86
Open and listen to voice mail on cell phone 4.41 3.86 3.77 3.90 6.09
Look up a stored phone number in a cell phone 4.50 3.77 3.76 4.62 5.82
Deal with children 4.53 4.32 4.05 4.41 5.38
View an electronic map on nav system 5.51 5.45 5.36 5.24 5.95
Eat something sloppy (like a taco) 5.51 4.68 4.32 6.24 6.82
Retrieve a stored destination on nav system 5.55 5.73 5.59 5.14 5.71
Search for the nearest Starbucks on nav system 6.29 5.86 6.23 5.76 7.33
Find an alternate route on nav system 6.31 6.23 6.23 5.71 7.10
Alter your route preferences on nav system 6.42 6.18 6.55 5.67 7.29
Read a paper map 6.92 6.00 6.09 7.67 7.95
Key a new destination into nav system 6.93 6.55 7.19 6.48 7.50
Look up an entry in address book on PDA 7.29 6.05 7.05 8.43 7.68
Check your schedule on PDA 7.51 6.55 7.18 8.32 8.00
Take notes during a phone conversation 7.67 6.27 7.23 8.19 9.00
Open and read e-mail on PDA 7.94 6.73 7.73 8.55 8.77
Schedule a meeting using PDA 8.24 7.00 8.05 9.05 8.95
Key in and send an e-mail on PDA 8.33 7.14 8.45 8.73 9.00
Search the Internet using a PDA 8.93 8.00 8.68 9.62 9.45
Mean of all tasks 4.86 4.41 4.48 4.90 5.67

Table 3-16. Mean general risk ratings for 32 in-vehicle tasks, for all participants and
each age group

Some age-related differences are also evident in Table 3-16. Ratings from the older group were
frequently distinctly higher than those of the other age groups. The middle age group differed
from others in rating navigation system tasks as somewhat less risky. Teenage drivers were
distinct in rating less risk than others for PDA-related tasks; this was true to a lesser degree for
the young group. For some other tasks, teen and young participants also differed from middle-
age and older participants. They rated substantially less risk for tasks of eating something sloppy
and reading a paper map. There were also moderate differences for inserting a CD/tape/video,
keying in a cell phone call, and looking up a stored cell phone number.
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Generally, for other than the older group, cell phone tasks, such as answering, speed dialing,

and simple conversation, were seen as comparable in risk to non-technology tasks such as
drinking something cold, eating something simple (cookie), or finding a radio station. Older
participants generally saw cell phone use as more risky than eating or drinking. The more
complex cell phone tasks, such as keying in a phone number, extended conversation, and number
look-up, were rated roughly comparable to drinking something hot (again with the exception of
the older group).

Tables 3-17 through 3-19 show how risk ratings for various tasks are related to familiarity with
the technology. The top portion of the table presents cell phone tasks as a function of cell phone
familiarity; the middle portion presents PDA tasks as a function of PDA familiarity; and the
bottom portion presents navigation system tasks as a function of navigation system familiarity.
For cell phones, none of the participants were “unfamiliar,” and only four were “somewhat
familiar.” The four “somewhat familiar” participants rated higher risk for some phone tasks (key
in call, look up number, take notes during conversation), but not so for others. For PDA tasks,
there were substantial numbers of participants in all three familiarity categories. The range of
mean ratings among the groups was not particularly large (less than one rating scale unit) for any
PDA task. For the navigation system tasks, differences among familiarity groups were not
particularly large (less than one rating scale unit) for five of the six tasks, although there was
some tendency for the “familiar” group to rate risk as lower. For the tasks of viewing an
electronic map, participants unfamiliar with navigation systems rated the risk as higher (6.00, vs.
4.80 for “somewhat familiar” and 5.27 for “familiar”).

Unfamiliar | Somewhat Familiar | Familiar

Cell Phone Tasks (N=0) (N=4) (N =83)
Answer a cell phone call 3.25 2.61
Key in a cell phone call 6.00 4.08
Place a cell phone call using speed dial 3.00 2.71
Have an extended phone conversation 4.25 3.46
Have a brief phone “exchange of information” 2.75 2.74
Look up a stored phone number in a cell phone 5.25 4.46
Take notes during a phone conversation 8.75 7.61
Open and listen to voice mail on cell phone 5.50 4.36

Table 3-17.  Risk ratings for cell phone tasks as a function of familiarity with
the technology
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Unfamiliar | Somewhat Familiar | Familiar

PDA Tasks (N=29) (N=20) (N=39)
Open and read e-mail on PDA 7.55 7.90 8.26
Key in and send an e-mail on PDA 7.86 8.30 8.69
Check your schedule on PDA 7.32 7.35 7.72
Schedule a meeting using PDA 7.75 8.40 8.53
Search the Internet using a PDA 8.52 8.95 9.24
Look up an entry in address book on PDA 7.10 7.15 7.50

Table 3-18.  Risk ratings for PDA tasks as a function of familiarity with the technology

Unfamiliar | Somewhat Familiar | Familiar

Navigation System Tasks (N =41) (N = 20) (N=26)
View an electronic map on nav system 6.00 4.80 5.27
Key a new destination into nav system 6.78 7.50 6.72
Retrieve a stored destination on nav system 5.78 5.35 5.32
Alter your route preferences on nav system 6.73 6.35 5.96
Find an alternate route on nav system 6.66 6.05 5.96
Search for the nearest Starbucks on nav system 6.51 6.10 6.08

Table 3-19. Risk ratings for navigation system tasks as a function of familiarity with
the technology

Table 3-20 presents the mean ratings for each of the ten driving tasks, for all participants and for
each age group. Ratings were made on a 10-point scale, where 1 = “No risk at all of having a
collision,” 5 = “An average driving situation,” and 10 = “High risk of having a collision.” A
task-by-age group ANOVA indicated that there was a significant main effect for the driving task
(F(9, 728) = 53.36, p<0.0001). The main effect of age group approached, but did not meet the
alpha = 0.05 criterion for statistical significance (F(3, 728) = 2.38, p=0.068). The interaction of
these factors was not statistically significant. Risk ratings for the teen, young, and middle age
groups were similar and the older group had somewhat higher ratings (4.8, 4.7, 4.8, and 5.6, for
the teen, young, middle, and older groups, respectively). The very similar rank-ordering of the
ten driving tasks for each of the age groups in Table 3-20 is consistent with the non-significant
task-by-age interaction term. The table shows that participants felt that getting onto a freeway
was the riskiest type of task; the two highest rated tasks were merging from one freeway to
another and getting onto a freeway from an arterial road. Exiting a freeway was rated lower, and
mainline freeway driving lower yet. An arterial left turn was seen as the next most risky task,
after the freeway merges. Comparing driving on various roadway types, the participants rated
the two-lane curvy road (5.66) as riskier than the major freeway (5.02), which in turn was rated
riskier than the arterial road (4.13), and least risky was the local/residential road (3.51). The
substantial differences among the general ratings for two-lane roads, freeways, and arterials is in
contrast to the insensitivity of the on-road ratings to roadway type, as was seen in Figure 3-4.
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Thus while the participants reportedly felt quite different degrees of driving risk for different
road types, at least for the abstract task of rating general types of driving, this did not translate
into reluctance to engage in a task when actually encountering such conditions on the road. This
may be reflecting a difficulty participants have in making these more abstract judgments or a
lack of sensitivity to roadway risk factors while considering in-vehicle tasks on the road.

DRIVING TASK All Teen | Young Middle | Older
Stopped at a red light on an arterial road 2.60 2.45 2.24 2.30 3.38
Driving on a local/residential road 3.51 2.64 3.33 3.65 441
Driving on an arterial road 4.13 | 4.18 4.29 3.63 4.36
Exiting a parking lot & turning right onto arterial road | 4.75 | 4.27 4.43 4.85 5.45
Driving on a major freeway 5.02 5.00 4.81 4.43 5.82
Exiting a freeway onto an arterial road 5.41 5.36 5.24 4.75 6.23
Driving on a two-lane curvy road 5.66 5.55 5.76 5.35 5.95
Turning left across oncoming traffic f/arterial road 5.93 5.45 5.26 5.95 7.00
Getting onto a freeway from an arterial road 6.22 6.32 5.67 6.43 6.45
Merging from one freeway to another 6.62 6.59 5.81 6.90 7.18

Table 3-20. Mean general risk ratings for ten driving tasks, for all participants and each
age group

The relationship of the general risk ratings for the in-vehicle tasks and driving tasks to the on-
road ratings reflect the lesser sensitivity of the on-road ratings to the driving task. Of the 81 on-
road situations included in the study, for 69 of them we could also obtain a corresponding
general risk rating of both the in-vehicle task and the driving task. For these 69 situations, the
correlation of the on-road willingness rating with the general risk rating for the in-vehicle task
was r = -0.85. In contrast, the correlation of the on-road willingness rating with the general risk
rating for the driving task was only r =-0.27. While both correlations are statistically significant,
the in-vehicle task ratings predict close to three-quarters of the variance in the on-road ratings (r?
= 0.726) while the driving task ratings predict only about seven percent of the variance (r* =
0.072). Thus the on-road ratings were strongly related to the perception of the general riskiness
of the in-vehicle activity but only weakly related to the perception of the general riskiness of the
driving task.

3.3.5 Stated Reasons Underlying Ratings

Two sections of the take-home booklet dealt with the stated reasons underlying the ratings. In
the first portion of the booklet, eight situations from the on-road portion of the study were
described, and the participant’s on-road ratings of risk and willingness were shown. For each
situation, the participant was asked to explain why they gave the rating they did. In Part 3 of the
booklet, participants rated the risk associated with particular in-vehicle tasks (in general, without
regard to the specific driving situation) and with particular driving situations (in general, without
consideration of any in-vehicle activity). The participant was then asked to explain, for only the
three most risky tasks and the two most risky driving situations, why these were considered the
most risky.
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Table 3-21 summarizes the stated reasons for the general ratings associated with the most risky
general tasks and general driving situations (Part 3 of the booklet). The upper portion of the
table shows the predominant reasons for risky in-vehicle tasks and the lower portion shows the
predominant reasons for risky driving situations. The table shows the proportion of participants
who cited a particular reason at least once. Data are shown for the entire group of participants as
well as for each age group separately. For in-vehicle tasks, the most commonly cited reason was
that the in-vehicle task took attention away from the driving task. While this was the most
frequently cited reason for all age groups, it was cited by about half-again more teens and young
participants (61%) than middle and older participants (42%). The second most frequently cited
reason was that the visual requirements interfered with monitoring the road. About a third of
participants explicitly indicated this answer. About a fourth of participants mentioned the
physical requirements of interacting with the task. While the various age groups were

similar in the frequency of citing the various factors, the major exception was that teenage
drivers were much more likely (36%) to cite the length of the task (versus about 14% for the
other age groups).

For the general ratings of driving situations, merging or otherwise interacting with other traffic
was the most frequently cited reason, followed by the high speed of traffic and the behavior of
other drivers. In general, reasons related in some way to traffic characteristics (interaction,
speed, predictability, volume) were much more predominant than reasons related to roadway
features (such as maneuver demands, sight distance, roadside hazards, pedestrians). Young, but
not teenage, drivers cited the behavior of other drivers much more frequently than the other age
groups. Teenage drivers cited merging traffic and opposing traffic more frequently. Older
drivers differed in citing the difficulty of visual and temporal judgments more often. This was
the most frequently cited reason by the older group.

Table 3-22 summarizes the stated reasons for the on-road ratings for the selected set of eight
situations (specific in-vehicle task at a specific roadway/maneuver location). Unlike the
explanations for the most risky general tasks and driving situations, above, these explanations
dealt with situations that the participant may, or may not, have considered among the more risky.
Therefore stated reasons might address why risk was perceived as low as well as why it might be
perceived as high. The table shows the percentage of all participants who cited a particular
reason at least once among the set of situations. It also shows the mean number of citations per
participant, for those who cited it at all. The data are summarized at three different levels of
categorization of the answers. At the broadest level, reasons were sorted into three categories:
factors related to task execution; factors related to the driving environment; and factors related to
task motivation. Within each of these broad categories, a set of more specific subcategories was
defined. For example, factors related to task execution included attention, the need to take hands
off the steering wheel, duration of the in-vehicle task, and so forth. Finally, for each of these
subcategories, there is a more specific reason. Often these specific reasons are opposite in
direction. For example, the factor of “difficulty of the task” could refer to the fact that the task
was easy to perform or to the fact that the task was difficult to perform.
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Reasons for “Most Risky” Ratings All Teen | Young | Middle | Older
Attention taken from driving task 52% 63% 59% 41% 43%
Interferes with visual monitoring of road 36% 36% 36% 32% 38%
Physical requirements 23% 18% 23% 27% 24%
Length of task 21% 36% 18% 14% 10%
Task characteristics (complexity, error, type of task) 11% 18% 14% 5% 10%
Other 8% 14% 5% 5% 10%
Demands of reading 3% 0% 14% 0% 0%

Merging/interacting with other traffic 32% 44% 27% 26% 29%
High speed of traffic 26% 32% 27% 26% 19%
Behavior of other drivers (improper, risky, hard to predict) | 24% 18% 32% 5% 19%
Difficulty of visual and temporal judgments 20% 9% 27% 11% 33%
Maneuver requires concentration, awareness 20% 27% 18% 21% 14%
Opposing traffic 19% 32% 18% 11% 14%
Limited sight distance 13% 14% 18% 5% 14%
Demands of vehicle control, staying on path 13% 13% 18% 5% 14%
Volume of traffic 11% 5% 23% 5% 10%
Other 10% 18% 5% 16% 0%

Limited maneuver time 5% 5% 5% 5% 5%

Presence of children, pedestrians 4% 5% 0% 11% 0%

Slow or stopped vehicles 2% 0% 0% 11% 0%
Unfamiliarity 2% 0% 5% 0% 5%
Presence of roadside hazards (e.g., trees) 2% 5% 5% 0% 0%

Table 3-21. Percentage of participants citing a given reason at least once for “most risky”
general ratings of in-vehicle tasks (upper portion of table) and driving situations (lower
portion of table)

To clarify the reading of Table 3-22, the first row indicates that 99 percent of participants cited
“factors related to task execution” as a reason at least once among the eight situations (first
column) and that among those who did cite reasons in this category, there was an average of 7.1
citations among the eight situations. The next row shows that “attention” is one of the
subcategories of “factors related to attention.” *“Attention” was cited at least once as a reason by
66 percent of participants and among those who did cite this reason, they averaged 2.6 citations
each. The next row shows that “sufficient attention given to road” is one of the subcategories of
“attention.” “Sufficient attention given to road” was cited at least once as a reason by 23 percent
of participants and among those who did cite this reason, they averaged 2.1 citations each.

In discussing these findings, it must be recognized that the frequency with which various factors
are cited is related to the specific set of situations included in the set. Thus the relative rate at
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which one factor is cited compared to another factor should not necessarily be generalized to all
situations. The eight on-road situations included in the take-home booklet for explanation of the
reasons for the ratings were selected to provide a range of in-vehicle tasks and driving tasks. The
eight situations in the set were:

Key in a cell phone call, freeway

Cell phone conversation, freeway merge

Key in cell phone text message, arterial road

Key in cell phone text message, two lane winding road
Check and read PDA e-mail, stopped at right light on arterial
Recall stored destination in navigation system, freeway

Key in new destination in navigation system, residential road
e Eatataco, freeway

Percent of Mean Citations
Participants per Participant
Reasons for On-Road Ratings Citing Reason Citing

Factors Related to Task Execution 99 7.1
Attention 66 2.6
Sufficient attention given to road 23 2.1
Insufficient attention given to road 56 2.2
Hands off steering wheel 40 1.4
One hand on steering wheel 32 1.3
No hands on steering wheel 13 1.4
Duration of task 44 1.6
Quick 19 1.4
Extended 31 1.4
Visual attention 61 2.6
Eyes on road enough to be safe 25 2.1
Eyes off road too much for safety 55 1.9
Complexity of task 33 1.4
Simple & straightforward 16 1.4
Complex & involved 17 1.3
Difficulty of task 52 1.9
Easy to perform 42 1.6
Difficult to perform 22 1.4
Experience with task 42 1.8
Familiar 40 15
Unfamiliar 9 1.4
Cleanliness of task 32 1.0
Sloppy 31 1.0
Neat 1 1.0

Table 3-22.  Percentage of participants citing given reasons for their on-road ratings for a
set of eight on-road situations
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Percent of Mean Citations
Participants per Participant
Reasons for On-Road Ratings Citing Reason Citing

Factors Related to Task Environment 97 6.3
Curvature 51 15
Straight 16 1.6
Winding 47 1.1
Width 15 1.1
Narrow ( < 2 lanes) 15 1.0
Wide (> 2 lanes) 1 1.0
Topography 3 1.0
Flat 0 0.0
Hilly 3 1.0
Amount of traffic 83 3.2
Light 69 2.4
Heavy 58 1.6
Speed 56 1.8
High 39 1.6
Low 32 1.6
Non-vehicle hazards in road 33 1.2
Children 13 1.3
Pedestrians 9 1.1
Pets 1 1.0
Bikes 1 1.0
Deer 3 1.0
Stoplights 10 1.1
Roadside hazards 17 1.2
Mailboxes 0 0.0
Trees 1 1.0
Parked cars 10 1.2
Driveways 7 1.0
Experience with environment 31 1.8
Familiar 16 1.2
Unfamiliar 17 1.4
Restricted 3 2.0
Unrestricted 2 1.0

Table 3-22.  Percentage of participants citing given reasons for their on-road ratings for a
set of eight on-road situations (continued)
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Percent of Mean Citations
Participants per Participant
Reasons for On-Road Ratings Citing Reason Citing

Behavior of other drivers 24 1.5
Entering 7 1.0
Exiting 1 1.0
Merging 11 1.3
Opposing traffic 7 1.2
Tailgating 1 1.0
Demands of vehicle control 3 1.0
Shoulder 1 1.0
Present 0 0.0
Absent 1 1.0
Factors Related to Task Motivation 99 3.3
Hunger 22 1.0
Hungry 20 1.0
Not hungry 1 1.0
Importance 35 2.0
Important 25 2.0
Unimportant 17 1.3
Immediacy 68 15
Hurried 13 1.1
No rush 11 1.9
Stopped 63 1.0
Opinion of device/task 39 1.7
Oppose use/performance in vehicle 34 1.7
Indifferent 1 1.0
Avid user 3 1.7
Alternative Actions 47 1.6
Would pull over 26 1.2
Other 11 1.6
Uncodable 7 1.3
Irrelevant 10 1.7

Table 3-22.  Percentage of participants citing given reasons for their on-road ratings for a
set of eight on-road situations (continued)

At the highest level of generalization, the reasons listed in Table 3-22 were grouped under three
headings: task execution, task environment, and task motivation. Nearly all participants
included reasons from each category among their answers (percent of participants citing ranged
from 97-99%). However, factors related to executing the in-vehicle task were cited more often
than the other categories. Of those including these reasons, task execution factors were cited 7.1
times per person, compared to 6.3 times for the driving environment and 3.3 for task motivation.
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It should also be noted that while the on-road experiment could place the driver in the actual
driving situation, it could not reproduce the range of motivational factors that might influence
decisions. Thus the participant might be told in the situation description that they are hungry (in
the eating situation) or that they are in a hurry, but the actual motivation did not exist.

Although task execution factors were the most-cited category, the most frequently cited specific
factor was the amount of traffic. This factor was cited by 83 percent of participants, and they
averaged 3.2 citations per participant. Light traffic was cited as a decision factor somewhat more
often than heavy traffic for this set of situations. Within the task execution factors, sufficiency of
attention and visual distraction were cited by the most participants (66%, 61%) and were cited
more frequently as well (2.6 times, by those who cited the factor at all). Speed and curvature
were both cited by slightly more than half of the participants.

Table 3-23 shows the frequency of various citations for each of the eight situations included.
Whereas Table 3-22 summarized the number of citations of various factors across all eight
scenarios, Table 3-23 breaks out the major findings for each individual scenario. For each
situation, the table shows the percent of participants who cited reasons within each of the three
general categories of task execution, task environment, and motivation. The table also lists
within each of these categories those particular reasons that were cited by at least 15 percent of
the participants. For example, for the first row of the table (for the scenario where the driver is
engaged in cell phone conversation while merging onto a freeway), 62 percent of all participants
cited some form of “task execution” factor. Of the subcategories of “task execution” factors, two
were cited by at least 15 percent of the participants: “attention” (cited by 23%) and “difficulty of
task” (cited by 15%). The situation in which the driver was stopped at a traffic signal (for the
task of picking up and reading a PDA message) was clearly very different from the others, which
all occurred while the vehicle was in motion.

Motivation factors were the least cited for all other situations, but the most cited for this
situation. That was primarily due to the reason of “immediacy” (64%), and within this category,
the subcategory of “stopped” (61%). This reason might equally well have been included as an
“environment” factor as a motivation factor. Excluding this “stopped” situation, task execution
factors were cited by a clear majority of participants (67-79%), except for the residential street
situation (49%). Task environment factors were very frequently cited for the residential road and
two-lane winding road situations (78%, 73%), and cited by about half the participants for the
other five situations (excluding the “stopped” situation). The amount of traffic was frequently
cited for all seven situations in which the vehicle was moving. For motivational factors
(excluding the “stopped” situation), there were few cases where any one individual factor was
frequently cited. One exception was for the text messaging task, where a number of participants
expressed opposition to any performance of this task in an automobile. Overall, 18 percent of
participants mentioned this for one or both of the scenarios that included entering a text message.
However the frequency of citing this varied with age (teen = 5%, young = 18%, middle = 23%,
old = 27%).The other exception was for the residential road navigation system use, where the
importance of the task was mentioned by 15 percent of participants.

In general, the citation rates for various factors were similar among the age groups. A few
noteworthy differences among age groups were observed. Teenage drivers cited road curvature
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more often (77% of participants), and older drivers less often (27%) than the young and middle
aged groups (45%, 55%). High speed was cited as a reason somewhat more frequently by teen
(50%) and older (45%) participants than by young (32%) and middle aged (27%) participants.
There was a systematic relationship of age to the rate of citation of the reason of being stopped:
82 percent of teens, 68 percent of young, 55 percent of middle, and 45 percent of older. Thus the
opportunity afforded by a red traffic signal appeared to be more of an inducement for younger
participants than older ones. There was also a systematic relationship of age to statements about
being against the use of the device/task while in the vehicle and statements about the need to pull
over in order to do the task. Statements against the use of the device/task were made by 18
percent of teens, 23 percent of young drivers, 41 percent of middle aged drivers, and 55 percent
of older drivers. Statements about pulling over were made by 14 percent of teens, 23 percent of
young drivers, 32 percent of middle aged drivers, and 36 percent of older drivers.

Scenario Task Execution Task Environment Motivation
Freeway entrance/merge 62% 53% 29%
cell phone, personal Attention =23% Amount of traffic=34%
conversation Difficulty of task=15%
Arterial stopped at signal 38% 7% 85%

PDA, pick up and read
message

Duration of task=17%

Immediacy=64%

Freeway mainline 7% 51% 37%
non-technology, eat taco Cleanliness of task=33% Amount of traffic=32%
Difficulty=18% Speed=18%
Hands off wheel=17%
Visual attention=15%
Freeway mainline 79% 56% 33%
cell phone, key in call Experience w task=34% Amount of traffic=37%
Visual attention=27% Speed=24%
Difficulty of task=24%
Arterial mainline 73% 53% 32%
cell phone, enter text Attention=34% Amount of traffic=48% | Opinion of

message

Visual attention=30%

device/task=16%

Freeway mainline
nav system, call up stored
destination

69%

Visual attention=24%
Attention=18%
Complexity of task=16%
Difficulty of task=15%

49%
Amount of traffic=33%
Speed=16%

27%

Minor local/residential
nav system, key in
destination

49%
Attention=22%
Visual attention=17%

78%

Amount of traffic=45%
Speed=23%
Non-vehicle
hazards=22%
Roadside
hazards=16%

33%
Importance=15%

Minor 2 lane/winding
Cell phone, enter text
message

67%
Attention=31%
Visual attention=22%

73%
Curvature=44%
Amount of traffic=31%

27%

Table 3-23.

(>15%) specific reasons, for each of eight on-road situations
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3.3.6 Driver Behavior and Decision Making

The final portion of the take-home booklet collected information on driving behavior and
decision making style. Seven questions dealt with the intensity or aggressiveness of one’s
driving. Three questions dealt with perceived ability and desire for multitasking while driving.
Six questions dealt with how impulsive or deliberate the person was in his or her general
decision making. Each participant was given a score for each of these attributes, by summing the
participant’s rated level of agreement (5-point scale) with each question (with the scale adjusted
where necessary so that higher numbers indicated more of the attribute). Thus for “driving
intensity,” a range of scores from 7 to 35 was possible; for “driving multitasking,” a range from
3 to 15 was possible; and for “deliberativeness,” a range from 6 to 30 was possible.

Figure 3-8 plots the cumulative relative frequency of “driving intensity” scores. The figure
shows the cumulative percentage for the entire group of participants, and also for each of the
four age groups. Figure 3-9 shows comparable data for the “driving multitasking” scores and
Figure 3-10 shows comparable data for the “deliberateness” scores. The teen and young age
groups showed a much greater tendency toward intense, aggressive driving styles. The median
score for the teen group was 19.0 and for the young group 20.0. In contrast, the median for the
middle age group was 15.4 and for the older group 14.7. Only 17 percent of middle age
participants, and 5 percent of older participants, had scores higher than the median (20) for the
young group. Age was also related to the multitasking scores. The young group had the highest
median score (11.0), the teen and middle age groups has medians of 9.0 and 9.29, respectively,
while the older group had a much lower median of 6.2. While almost no older participants had a
multitasking score over 10, half of the young group had scores of 12 or more out of the
maximum of 15. Older participants appear averse to having to multitask while driving; young
drivers (even more so than teens in these data) appear to enjoy the challenge of multitasking. For
decision style, middle and older groups reported more deliberative and less impulsive decision
making. Median scores for the teen and young groups (21.0, 20.9) were lower than for the
middle and older groups (23.5, 22.8). Teens and young participants had many more scores
toward the lower (“impulsive”) end of the scale. Over a fourth of the teens (27.4%) and 18.2
percent of the young group had scores of 20 or lower; this contrasts with only 9.3 percent of
middle age participants and none of the older participants. At the other (“deliberative”) end of
the scale, 46 percent of the middle age group and 41 percent of the older group had scores of 25
to 30 (the maximum possible). In contrast, only 9 percent of teens and 5 percent of young
participants had scores this high. In summary, then, teen and young groups reported more
aggressive driving styles, more tendency to multitask, and less deliberative decision making
styles. For driving intensity and multitasking, the young group appeared somewhat more
extreme than the teenage group.
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Figure 3-10. Cumulative relative frequency of “deliberateness” scores, for all participants
and for age groups

Table 3-24 shows the relationship of self-reported driving intensity, multitasking, and
deliberativeness to ratings of willingness to engage in tasks and ratings of the risks associated
with situations. For each driver measure, participants were grouped into “low,” “medium,” or
“high” categories for the factor. The categories were defined by the distribution of scores for
the set of all participants, breaking it into lower, middle, and upper thirds. For each attribute
(driving intensity, multitasking, deliberativeness), a “low” score was one at or below the 33™
percentile for the group; a “high” score was one above the 66™ percentile; and “medium”
scores were those between “high” and “low.” For each category, the table shows the mean
ratings for participants within that category. Four different ratings are provided in the table:
on-road ratings of willingness to engage in tasks; on-road ratings of the risk associated with
engaging in the task; booklet ratings of the risks associated with various in-vehicle activities;
and booklet ratings of the risks associated with different driving locations and maneuvers. For
each of these, the table presents the overall mean rating, computed across all of the different
situations involved.

Willingness ratings systematically increased, and risk ratings systematically decreased, as

driving intensity scores went from low to middle to high. Thus more intense, aggressive drivers
saw generally less risk in both driving situations and in-vehicle activities, and were more willing
to engage in activities while driving. A similar relationship is seen with the multitasking scores.
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High multitaskers generally saw less risk in both driving situations and in-vehicle activities, and
were more willing to engage in activities while driving. The effects of driving intensity and
multitasking scores on the ratings were quite substantial. The difference between High and Low
groups for on-road ratings of willingness and risk ranged from 1.6 to 2.1 rating scale units.
Ratings of risks associated with in-vehicle tasks were comparably affected. Ratings of risk
associated with general driving situations were in the same direction, but not as large.

On-Road Booklet Booklet Mean

DRIVING INTENSITY Mean On-Road Mean Risk Risk

Willingness Mean Risk All Tasks All Locations
High 6.46 4.57 4.22 4.57
Medium 5.63 5.07 4.89 5.18
Low 4.75 6.17 5.79 5.27
DRIVING MULTITASKING
High 6.55 4.47 4.27 4.75
Medium 5.80 5.08 4.79 4.77
Low 4.47 6.19 5.76 5.56
DELIBERATENESS
High 5.61 5.33 4.85 5.25
Medium 5.74 5.09 4.99 5.02
Low 5.94 4.97 4.28 4.74

Table 3-24.  Relationship of driver behavior/attitude scores to ratings of willingness
and risk

The effects of decision-making style on the ratings were less evident. Those who were more
deliberate in their decision styles showed generally lower willingness ratings and higher risk
ratings, but the differences between groups was not as pronounced as for driving intensity and
multitasking. The on-road ratings of the High and Low groups differed by only about one-third
of a rating scale unit.

3.4  On-Road Study Summary

This experiment used a combination of on-the-road ratings and follow-on information from a
take-home booklet to investigate the relationship of a range of variables to drivers’ stated
willingness to engage in some in-vehicle task. The factors studied included different types of in-
vehicle technologies, specific tasks using those technologies, non-technology tasks, roadway
characteristics, driving environment, driving maneuver, risk perception, driver age, driver
gender, personal familiarity with the product and task, driving style, decision style, attitudes
about multitasking, and stated decision factors. All of these factors bear on a driver’s decision
about whether to engage in a particular activity. The findings of the on-road experiment were
generally quite consistent with the qualitative observations from the earlier focus groups.
Drivers showed a general willingness to engage in common cell phone tasks under most driving
conditions. Section 4.0 provides a general discussion of findings and implications of this project,
including both the focus group and on-road experiments.
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Three in-vehicle technologies were included in this experiment: cell phones, PDAs, and
navigation systems. Cell phone use is of particular interest because it is widespread and has been
studied most frequently in driver performance experiments and crash analyses. Participants saw
very little risk involved in cell phone conversation and were quite willing to engage in phone
conversation under all circumstances included in the experiment. In the on-road portion of the
study, only conversation with a passenger was viewed as less risky than personal conversation on
the phone. While participants rated on-road willingness somewhat lower for the common cell
phone tasks of answering a call or keying in a call, ratings were still quite high (>6.0) for most
situations. Even in the worst case (answering a call while making a U-turn at an arterial
intersection), willingness ratings were still around mid-scale (4.51). On the road, answering a
cell phone call was rated as comparable to drinking something hot. Keying in a call was
generally rated slightly more risky than answering a call. Similarly, participants were slightly
less willing to key in a call than to answer a call. Both of these tasks were seen as less risky than
locating a CD and inserting it into the CD player. In contrast, keying in a text message by cell
phone was seen as quite risky, comparable to PDA use. Thus the on-road data indicate that
participants had very little reluctance to engage in phone conversation and saw minimal risk in it.
Placing or receiving calls were seen as somewhat riskier, but the participants had relatively little
reluctance to engage under most conditions.

The discussion in the focus groups had suggested that drivers may be relatively insensitive to
roadway and traffic factors in their decision making. In the on-road study, there was also some
suggestion that task attributes had a stronger influence than roadway and environment attributes.
This was indicated by several findings. Considering the matrix of on-road scenarios in Table 3-
4, there was typically a greater range of scores within the rows of the matrix (i.e., from task to
task) than in the columns (i.e., from site to site). General risk ratings for the various in-vehicle
tasks (Table 3-16) were more variable and extreme than general risk ratings for the roadway
situations (Table 3-22), although it should be noted that the scale anchors are differently defined.
General ratings for various in-vehicle tasks correlated more strongly with on-road ratings than
did general ratings for driving locations. In reviewing the reasons why participants rated on-road
situations as they did, factors related to task execution were cited more often than factors related
to the driving situation, although the difference was only about 15 percent. Although the range
of tasks and driving situations included in the experiment was reasonably representative, the
detailed findings are specific to the set of scenarios evaluated. Thus in these findings we have
the suggestion, though not conclusively, that in-vehicle task factors tend to influence willingness
and risk judgments more strongly than do the driving situation factors.

Individual driver attributes — particularly age group, general driving style, and driving
multitasking — were related to the general willingness to engage in potentially distracting
activities. These factors are themselves interrelated, so there is some ambiguity in interpreting
them. However, it seems apparent from these findings that the willingness to engage in in-
vehicle technology use is related to broader risk taking tendencies. The on-road study also found
a very strong (negative) linear relationship between the stated willingness to engage in a task and
the perceived risk of engaging in the task.
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4.0 Discussion

This Discussion section is organized under three subsections. Section 4.1 highlights and
summarizes some of the key findings of the project. Section 4.2 provides a descriptive “working
model” of the driver decision process, as a means of conceptualizing the process and organizing
the issues. Section 4.3 considers the implications of various findings for a range of safety
countermeasure approaches, including the design of devices, driver warnings, lock-outs, driver
assist systems, public education, and driver or device user training.

4.1 Methodology

This project employed two general methods — focus groups and an on-road experiment — each
including technology-using drivers as participants, in four age groups: teen (16-18), young (18-
24), middle (30-55 for focus groups, 25-59 on-road), and older (60+). The focus groups on
technology use during driving covered topics of decision factors, errors and close calls
experienced by the participants, motivation/awareness, risk taking, consideration of specific
driving situations, relative risk comparisons among various tasks, the decision process while
driving, and recommendations for improvements to technologies.

The on-road experiment had two stages. In the on-road portion, participants drove their own
vehicles on actual roads of various types and made ratings of their willingness to engage in
certain tasks at times and locations indicated by the experimenter. They also rated the risk
associated with doing the task at that time and place. After completing the on-road session,
participants were given a booklet to take home and complete, which provided additional
information on their willingness to engage in tasks under various conditions, reasons underlying
their ratings, and self-ratings of their driving style, multitasking propensity, and decision style.

The on-road method involved real driving but not actual device use. This method put drivers in
highly realistic decision contexts, but without the risks of actual distraction. Another reason was
that actual engagement in the task was not necessary because the decision of interest was
whether or not to engage in the task. To the extent the participants had a good sense of what the
task involved, these “what if” judgments were meaningful. This assumption is more warranted
for some tasks than others. Drivers in this sample were generally highly familiar with most
aspects of cell phone use as well as with the non-technology tasks. Familiarity with navigation
and PDA use was more varied, although pre-training was provided to familiarize participants
with what was involved in every task considered in the experiment.

The on-road method had various limitations and included various untested assumptions. One
limitation was in the experimental design itself. A relatively large number of in-vehicle tasks
and driving situations were of interest, and it was not practical to fully cross all of these in the
design. Therefore only a subset of the 154 possible combinations (14 in-vehicle tasks by 11
driving locations) was encountered on the road. This set of 81 on-road ratings allowed
consideration of a variety of situations of interest, but did not allow a formal analysis of task and
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location as independent factors for the full set of 81 situations. However, this sort of analysis
was possible for a subset of the data.

A variety of factors can influence a person’s decision about whether to engage in a potentially
distracting task. Some factors relate to the distracting task and some relate to the driving
situation. Both of these categories of factors could be manipulated directly in the on-road
experiment. However, other factors are also important that were not easily controlled. The focus
groups identified these as including personal time control, cost considerations, social aspects,
mental state, and motivations specific to the task (e.g., is a phone call expected or unexpected).
While the experimental method attempted to control for motivational factors to some degree, the
decision making by participants did not really include manipulation of some of these important
factors. The on-road experiment, then, focused on how the willingness to engage in an activity
was influenced by task and roadway factors, and to some extent, driver factors. It was not an
attempt to quantify the actual likelihood of engaging in a distracting activity, which is strongly
influenced by additional factors beyond experimental control. It may also be noted that the
experimenter was present in the vehicle. While this would likely influence drivers actual
engagement in the task, it is unknown how it might influence the judgments made in this
experiment. Interaction between the driver and the experimenter was kept minimal during the
data collection portion of the drive, other than communicating the task scenarios and providing
route guidance. It is conceivable that this interaction could influence judgments about passenger
conversation tasks.

The on-road data were supplemented by additional data from a take-home booklet. The booklet
had participants rate additional situations, including factors not manipulated on the road (e.g.,
weather, congestion). All participants returned their booklets. Five “benchmark” situations were
included that were in common for the on-road and booklet ratings. The two sets of ratings were
in reasonably good agreement, although not identical, and there was a statistically significant,
although not large, interaction of the rating mode (on-road or booklet) with the driving situation.
Since the on-road ratings were made in real time in the actual driving context, these were
assumed to be the more valid judgments. However, the presence of a significant interaction term
raises some concern over the interpretation of the ratings. The take-home booklets also asked
participants to explain the reasons underlying some of their on-road ratings. This required some
recall of the on-road situation. Participants were asked to fill in the booklets as soon as
convenient, and most did so quickly. While this makes the assumption of good recall reasonable,
the validity of these stated reasons is not known. They may or may not differ from reasons that
might have been given at the actual moment of the decision. Participants were not asked for
underlying reasons while they were driving because there was a concern that forcing this type of
analytic explanation might actually alter the way drivers rate the situations. Also, the procedure
was already demanding and time consuming, so that adding additional aspects to the task might
have compromised the procedure. Nonetheless, the retrospective judgments made later in the
booklets may be different from what would have been obtained at the time of the rating. It may
also be possible to collect richer subjective data on why the participant made a particular rating if
an in-depth interview were conducted at the time of the judgment. While the explanations
provided in the take-home booklets were informative, they were generally not greatly detailed.
The procedure of the on-road experiment emphasized the inclusion of a range of driving
conditions and tasks, and quantitative judgments of willingness, and so placed correspondingly
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less emphasis on the introspective element (which was the emphasis of the focus groups). Future
studies might collect richer data on the driver’s thought processes through such methods as on-
the-spot interviews, commentary drives, and “thinking-out-loud” usability techniques.

Any findings about how drivers make decisions will depend in part on the sample of participants
used in the study. For the on-road experiment, people were recruited who were at least
occasional cell phone users and who in most cases had some familiarity with another technology.
It was felt that judgments made by individuals who do not own or use technologies would not be
meaningful, and, as non-users, their decisions are not safety-relevant anyway. If the sample was
restricted only to those who reported very high use of a range of new technologies, the sample
would likewise be biased toward those who were most willing to engage in technology use while
driving. The sample used in this study may be best described as Although the researchers did
not attempt to recruit a sample of participants with technology use traits that represent the entire
population of technology users, the study participants ranged from limited technology users to
avid technology users, with most being moderate users.

4.2 Key Findings

The degree of risk associated with some in-vehicle technology is the product of (a) how use of
the device disrupts the driving task and (b) what strategies drivers employ about when and how
to use the device. Most of the research to date on driver distraction has addressed the first issue.
Studies have investigated how some in-vehicle activity, such as placing a cell phone call, relates
to measures of driving performance (e.g., positional control, hazard recognition) or crash
involvement. There has been little research on the second issue. Drivers can influence risk by
choosing where and when to engage in potentially distracting tasks. If their decision making is
effective, the technology will have fewer safety consequences. In order to best manage the
highway safety issue of driver distraction, there must be sufficient understanding of several
inter-related concerns: how a task influences driving; how drivers compensate for the
distraction; and how drivers make decisions about whether to engage in the task. The present
study specifically addressed the concern of driver decision making about whether to engage in
some in-vehicle task.

This project provided both qualitative and quantitative findings. The focus groups helped to
identify the factors and strategies that drivers felt characterized their decision making. The
structure of the focus group discussion path was specifically focused on the question of how
decisions are made. While not quantitative, the focus groups also provided some indication of
the relative importance of various factors, at least as perceived by the participants themselves.
The on-road experiment provided a more systematic and quantitative evaluation of the influence
of variables related to the roadway, traffic, in-vehicle task, and individual difference factors.
Some factors identified as important in the focus groups, such as personal motivations related to
the task, life-style considerations, types of trips, and so forth, were not variables that could be
realistically manipulated in an on-road experiment. On the other hand, the on-road procedure
permitted a direct comparison of stated driver willingness to engage in various tasks across a
range of controlled driving conditions. Thus the focus groups and the on-road study were
complementary and together provided a useful initial sense of the driver decision process
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regarding distracting in-vehicle activities. This work provides a basis for more refined research
that may follow up on the findings. While there now have been literally hundreds of studies of
the effects of potential distracters on driving performance (e.g., see the extensive bibliography of
Goodman, Barker, and Monk, 2005, on wireless communication devices alone), there is no
comparable base of knowledge regarding driver decisions about these tasks. There have been
important recent instrumented vehicle studies (e.g., Stutts et al., 2003; Dingus et al., 2006) and
surveys (e.g., Royal, 2003) that may shed light on the types of activities drivers engage in and
the frequency with which they do so. However, these tell us little about the decision process
itself and the observed types and rates of behaviors may not generalize well to various driver
populations and may not reflect emerging products and technologies. There have been some
focus group efforts that addressed people’s perceptions regarding cell phones or other technology
use (e.g., Brinberg & Dingus, 2002), but these have not had the depth of focus specifically on the
driver decision making process as did the current project. In order to help structure the findings
and issues stemming from this initial work on driver willingness to engage in in-vehicle tasks, a
descriptive model of driver decision making was developed to serve as a framework. This
conceptual model is provided in Section 4.2.

Sections 2.0 and 3.0 of this report presented extensive findings from the focus groups and on-
road study. In this section, selected findings are highlighted and summarized.

General Willingness to Engage in Tasks

The focus group discussions, on-road ratings, and general task ratings were all in agreement in
indicating that most drivers had relatively little reluctance about cell phone use under most
driving conditions. Of course, it should be kept in mind that the study only included people who
had access to cell phones, and typically other technologies, while in their vehicles. Participants
did not rate basic cell phone tasks — dialing, answering, and conversing — as highly risky. While
the actual risk associated with phone use remains controversial and difficult to quantify, there is
evidence of interference with certain driving performance measures. Although participants in
the focus groups and on-road study rated extended cell phone conversation as somewhat riskier
than simply conversing with a passenger, they were still very willing to converse on the phone.
For the on-road experiment, this was true under virtually all driving conditions studied. Placing
or receiving calls was seen as somewhat riskier, but again there was only moderate reluctance to
do these tasks under almost any condition. In the on-road ratings, only conversation with a
passenger was viewed as less risky than personal conversation on the phone. While participants
rated on-road willingness somewhat lower on the 10-point scale for the common cell phone tasks
of answering a call or keying in a call, ratings were still quite high (>6.0) for most situations.
Even in the worst case (answering a call while making a U-turn at an arterial intersection),
willingness ratings were still around mid-scale (4.51). In general, cell phone tasks were rated as
less risky, and people were more willing to do them than tasks related to the other two in-vehicle
technologies in this study: PDASs and navigation systems.

Figure 4-1 graphically portrays the mean general task ratings of risk for cell phone tasks and

non-technology tasks. These data are from the take-home portion of the on-road experiment.
The judgments were very similar to the ratings made during the focus groups (r=0.95).
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Non-Technology Tasks Cell Phone Tasks

Check Speedometer

Answer a Call

Talk With Passenger

Speed Dial

Turn Up Temperature

Brief Exchange of Info

Drink (cold)

Extended Conversation

Eat (neat food)

Key in Call

Tune Radio

Openl/Listen Voicemalil

Insert CD or Tape

Look Up Number

Drink (hot)

Deal With Children

Take Notes During
Phone Conversation

Eat (messy food)

Read Map

Figure 4-1. Mean general risk ratings for all cell phone tasks and comparison non-
technology tasks

Ratings for several cell phone tasks — answering a call, speed dialing, and brief “information
exchange” conversation — cluster between 2 and 3 on the 10-point scale. This is seen as more
risky than conversation with a passenger, checking the speedometer, or turning up the
temperature, and roughly comparable with eating something neat or drinking something cold.
Radio tuning was at the higher end of this cluster of ratings. Extended cell phone conversation
was seen as somewhat riskier, comparable to drinking something hot. Opening and listening to
cell phone voicemail, and looking up a stored number, were rated somewhat more risky,
although still moderately (<5) on the 10-point scale. The risk was seen as comparable to dealing
with children. None of these cell phone activities was seen as risky as eating a messy food such
as a taco. One cell phone related activity was seen as quite risky. That was the task of taking
notes during a phone conversation.

PDA activities generally were rated as the most risky/least willing of technology tasks. Not all
participants in the study were PDA users, but everyone received training on the tasks, as
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described in Section 3.2.4. Except when the vehicle was stopped or in low speed situations
(parking lot, residential road), the group on-road mean willingness to pick up a PDA message or
key in and send a PDA message was quite low (rating < 4.0). There was moderate willingness to
look up a stored number on a PDA. General task ratings from the booklets confirmed this
finding of high perceived risk for PDA tasks, with highest-rated risk for the tasks of
opening/reading an e-mail and keying in/sending an e-mail (as well as tasks of scheduling a
meeting and searching the internet).

Navigation system tasks were generally rated intermediate between cell phone tasks and PDA
tasks. It should be kept in mind that close to half of the participants indicated that they were
unfamiliar with navigation system use. Although some familiarity was provided by the training
video prior to data collection (see Section 3.2.4), ratings for many participants will be more
speculative than for cell phone use. Participants indicated greater willingness to call up a
destination than to key in a destination or use a search feature. General task risk ratings from the
booklet had similar results. The general task ratings also included the task of reading a paper
map while driving. This was seen as quite risky (6.9), rated comparable to keying in a new
destination and considerably more risky that reading an electronic map display (5.5).

Motivational, Task, and Driving Factors in Decisions

The factors that influence whether or not a driver decides to engage in a task may be broadly
characterized as motivational factors, in-vehicle task factors, or driving factors. The discussions
in the focus groups seemed to place greatest emphasis on motivational factors and surprisingly
little attention was given to driving factors. While the on-road study did not manipulate
motivational factors to a large degree, it did include a range of task factors and driving factors.
Again, driving factors seemed to be of lesser concern, with the findings suggesting that task
attributes had a stronger influence than roadway and environment attributes. This was indicated
by several findings of the experiment (discussed in Section 3.4). Taken together, the focus
groups and on-road study suggest, though not conclusively, that the characteristics of the in-
vehicle task seem to influence driver judgments more strongly than the characteristics of the
driving situation. It also appeared that drivers give little consideration to the upcoming roadway
and traffic situations and the likely demands. There does not seem to be much process of
planning for the best opportunity to execute a task.

The study revealed a range of important motives to engage in an in-vehicle task. Some motives
are externally driven by events (e.g., phone rings, navigation help is needed) while others are
internal to the driver (e.g., socializing). Some motives are driving-related (e.g., need to find an
address) and some are unrelated to driving (e.g., desire to utilize otherwise unproductive time
on the road). Some motives are specific to the content of the communication (e.g., call a
business client) while others are non-specific (e.g., want to use up remaining minutes on phone
plan). Clearly important to many drivers were control over personal time, desire to socialize,
enjoyment of technology use, efficient use of resources and costs, and even a more general
attitude about a “wired” lifestyle. Non-communication-specific, non-driving motives were a
major point of discussion in the focus groups. Such motives may not appear to be very essential
or urgent to an outside observer, but they are often a major element in prompting potentially
distracting behaviors.
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When considering the in-vehicle task attributes that were important for driver decisions, the
focus group discussion and the take-home booklet responses agreed in emphasizing visual
attention demands. Physical demand requirements and to some extent, general attentional
demands, were also raised. Other potentially important task attributes received little or no
consideration. The take-home booklet recorded the participants’ stated reasons for ratings in two
places. In one section, the participants were provided with the on-road rating they made for eight
different situations and asked to explain why they rated the situation as they did. In another
section, the participants rated the general risk associated with each of 32 in-vehicle tasks and
each of ten driving conditions. Then for the three tasks they rated most risky and the two driving
situations they rated most risky, they were asked to explain why these were seen as most risky.
In providing explanations of why they rated situations as they did, the predominant task-related
reasons given by participants had to do with the amount of visual attention required by the task
and the direction of visual attention away from the road. Other commonly cited task factors
included physical requirements (e.g., hands off steering wheel), task complexity, and difficulty.

While the written answers in the booklets provided useful general findings, they did not result in
deeper insights into the decision process. Various reports in the technical literature have pointed
to the potential importance of a number of task attributes that are not really addressed by the
data. For example, these include: the ability to decompose the task into discrete subtasks
(“chunking”); potential for “cognitive capture”; ability to self-monitor the level of distraction
(awareness); potential for incidents/errors (e.g., drops, spills, mis-entries) and the demands of
error-recovery; and driver control over task initiation and pacing. It would be useful to have
some feature-based taxonomy of tasks or a feature-based model of task demand. One could then
link driving performance measures (e.g., path tracking, hazard awareness) and driver willingness
to engage to various task characteristics. Such taxonomies and models do not exist, although
there have various calls for research to develop them (e.g., Westat, 2000) and there are figure-of-
merit models that incorporate at least some task elements (e.g., DEMAND model, Hankey,
Dingus, Hanowski, Wierwille, & Andrews, 2000). There have been some studies of crash
records and naturalistic driver behavior that have resulted in “taxonomies” of distracting
activities (e.g., Stutts et al., 2003; Wierwille & Tijerina, 1996). However, these are actually
hierarchically organized lists of distracters (e.g., vehicle interior source of
distraction>dash/console>radio). They are not structured around task attributes. It would be
revealing to map driver willingness to engage in a task to task attributes, and to identify
differences for a similar mapping of driver performance to task attributes. That might reveal task
factors that drivers under-appreciate or over-value. However, an adequate basis for doing so
with the data of the present experiment is not available.

Planning, Preparation, Anticipation

Drivers may be able to anticipate certain in-vehicle activities and prepare for them in a manner
that will limit later distraction. The focus group discussion found a variety of pre-trip
preparations for technology use. This seemed particularly so for those who conducted business
from their vehicles (e.g., real estate agents, sales people, consultants). They tended to place cell
phones, PDAS, papers and notebooks, in accessible places. Some put on earpieces. Navigation
system owners sometimes pre-programmed new destinations (in addition to frequently used
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destinations already stored). However, some ran off hard-copy directions or maps (through
interactive mapping Web sites) to use instead of, or to supplement, the navigation system. While
this pre-trip preparation appeared common for business users, it did not appear to be very
prominent for casual users. There were numerous descriptions of reaching around the vehicle
interior or digging in handbags or briefcases to try to find a cell phone or some information
required for the communication. Earphones were not located conveniently. There was little
indication of pre-programming calls or destinations that might be required later. For non-
business communications, then, participants did not appear to give much pre-trip forethought or
preparation to en route activity.

Driver Attributes

Various driver attributes were found to be associated with decisions about in-vehicle activity.
These included driver age, gender, familiarity with the technology, general driving style,
decision style, and attitudes about multitasking. As anticipated, risk-related behavior was
associated with age. The teen drivers rated least risk (and greatest willingness) overall and older
drivers rated greatest risk (and least willingness) overall. Quantitatively, the on-road study found
teen drivers to see uniformly less risk across the range of situations than other drivers; thus the
tendency for more willingness was not limited to certain tasks but was broadly true for all types
of tasks. Qualitatively, the focus groups found the teen drivers to be quite distinct from other
groups in their degree of in-vehicle technology use, their attitudes about safety, their motivations,
their decision making style, and their assessment of their multitasking capabilities. There was
also an effect of gender and an age-by-gender interaction. Females saw greater risk (and less
willingness) than males and this was more pronounced in the older groups. In general, across all
participants, general driving style (driving “intensity”) and attitudes about multitasking
correlated with the willingness to engage in in-vehicle tasks.

The effects of individual familiarity with the technology were inconclusive in this study. The
focus group discussions did not reveal any consistent belief about changes in personal behavior
as familiarity with the technology increased. In the on-road study, it was not possible to examine
the influence of familiarity with cells phone use because of the generally high familiarity across
the sample. For PDA use, no significant effect of familiarity was seen. For navigational system
use, people more familiar with navigational systems gave somewhat lower indications of
willingness to engage in tasks with the system. This study cannot be seen as very definitive
regarding the effects of device familiarity on the willingness to engage in a particular activity.

4.3  Conceptual Model of Decision Making

A descriptive “working model” of the driver decision process was developed to help structure the
understanding of factors related to driver willingness to engage in a potentially distracting task.
This model provides a framework for viewing the project findings. The intent of the model is to
identify the various factors and processes involved in this decision making and to conceptualize a
simple process of how these factors interrelate to result in a behavioral outcome. The model is
descriptive and heuristic, but is not quantitative or predictive. It should not be viewed as a model
of human cognition that necessarily depicts the actual sequence of cognitive events that will
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occur. In referring to this as a “working model,” the intent is to recognize that the present project
represents an initial step in understanding driver decision making about distracting tasks. Very
little literature exists on this topic. Refinements are to be expected as further research is done on
this topic.

Figure 4-2 presents this conceptual model diagrammatically. The model can be viewed as
having three general phases. At the top of the diagram are the “pre-trip factors” that may
influence decisions. These include such things as expectancies about device needs (e.g., am |
expecting a phone call?), preparations for device use (e.g., placement of the phone, pre-
programming navigation destinations), and on-going activities that are already in progress when
the driver begins the trip (e.g., having a phone conversation, eating something).

The middle portion of the diagram deals with the immediate decision process about whether to
initiate some in-vehicle task, given the existence of some current motivation to engage in the
activity. The diagram shows this as having four sub-steps: motivation, evaluation factors,
integration, and decision to initiate. It shows the various factors that feed into the perceptions of
opportunity, risk, and incentive, which together produce a decision. Also included in the
diagram as decision factors are “social norms, responsibility,” reflecting the acceptability of the
behavior, and “decision style.” The decision style box is meant to reflect the importance of
individual differences as revealed in the focus groups and self-ratings of the on-road study.

The lower portion of the diagram addresses what happens after the in-vehicle activity has been
initiated. There is a process of adapting driving behavior (e.g., increasing headway),
dynamically sharing attention between driving and other tasks, monitoring one’s driving
performance, and monitoring the status of the in-vehicle task. If there is a perceived problem
with either driving performance or execution of the task, a decision is made about how to
proceed. This decision could be to continue the in-vehicle task as planned anyway, suspend or
terminate the in-vehicle task, modify the relative priorities of vehicle control and in-vehicle
tasks, or modify the way the task is to be done (e.g., ask a passenger to handle something or
switch to voice input).

Following is further clarification about the meaning of each of the elements of the diagram in
Figure 4-2.

Pre-trip factors

The descriptive model begins with a set of pre-trip factors. These are conditions that come into

effect prior to the actual drive. Three sets of considerations are shown:

1. Pre-trip expectancies: Drivers come to the trip with expectancies about likely characteristics
of the trip (e.g., traffic, route familiarity), the likelihood of initiating some in-vehicle task
along the way (e.qg., placing a call, needing to program a destination), and the possibility of
receiving communications of various degrees of urgency (e.g., calls from family members,
business communications). This covers questions the driver might pose, such as: Who might
contact me and why? Will | want to contact anyone or consult any information during the
trip? What will the trip characteristics be like (e.g., trip length, road types, weather, traffic)?
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2. Pre-trip preparations: These are things the driver might do to prepare in advance for in-
vehicle tasks. It includes the placement of devices within reach, the activation of devices,
putting on an earpiece, preprogramming devices, and placement of ancillary materials (e.g.,
papers, notepads, datebooks, pens).

3. On-going device use and other activities. This refers to activities that are already in progress
when the driver enters the vehicle to begin the trip. Examples include on-going phone
conversations, e-mail exchanges, eating or drinking, and tending to children.

Motivation to Engage in In-Vehicle Task

The en route portion of the decision model begins with the motivation to engage in some in-
vehicle task. The motivation might be due to an external event (e.g., phone rings) or an
internally-generated need (e.g., need to check one’s schedule). It is the point where the driver
“wants” to do something. What follows is then a process of evaluating whether and how to do
that task.
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Evaluation Factors

This row of the diagram shows the various categories of factors that are used to evaluate a
possible in-vehicle activity. Factors are evaluated in terms of their influence on opportunities,
risks, benefits, and appropriateness. These evaluation factor categories include the following:
1. Evaluate the environment: Environment refers to the roadway type and geometry, traffic

conditions, roadway conditions, surrounding activity, and weather. The driver may consider
both the immediate environment and the upcoming environment (e.g., major intersection,
freeway entrance, severe weather). The findings of the present study suggest that many
drivers are not especially sensitive to driving demands and give relatively little thought to
upcoming or potential conditions.

Evaluate the task demands: This considers what the task requires in terms of attention, visual
demand, physical response, task time, and so forth. It can include transient factors such as
glare, night visibility, or quality of reception in the area. It will also be related to the pre-trip
preparation (e.g., is the PDA next to the driver or in a handbag on the floor). This study
suggests that drivers are sensitive to task demands that are related to vision, such as eyes-off-
road time, legibility, or required viewing time. They appear to be less sensitive to a range of
other task attributes that might relate to distraction, including cognitive demands, physical
requirements, and temporal aspects of the task. People did acknowledge that the nature of a
cell phone conversation (business or pleasure, length, intensity) influenced task demand.
Passenger effects: The presence and type of passenger can influence various elements of this
decision model. Passengers can influence the evaluation of task demand, serving as potential
helpers (e.g., for keying in a navigation system destination) or as sources of interference or
social barriers (e.g., do not want to appear to ignore passenger). Passengers also affect the
evaluation of benefits for doing the task (e.g., appears rude to passenger, embarrassment over
conducting personal business, promoting passengers interests, showing off technology).
Passengers (including children, clients, age peers) can also influence the driver’s sense of
risk or willingness to accept risk or definition of what is a negative outcome (e.g., intolerance
of hard braking or lane deviation).

Evaluate task benefit, urgency, expectancy: This is a direct evaluation of the nature and
benefit of the specific task being considered. It includes not only how the information
benefits the driver, but also how urgent it is perceived to be and what expectations the driver
has about the source or content of the information. For example, a mother might expect that
an incoming phone call on a snowy morning could be her child’s school canceling classes.
Or, a salesperson might recognize that an e-mail or phone call is from an important client
he/she has been trying to reach.

Non-specific technology use factors: The model also includes considerations about
technology use that are not specific to the information exchanged. The focus groups
suggested these may be significant influences in decision making. Personal use of time is
one such factor. Technology users are often concerned with time availability and time
management. For example, some feel that there is only limited time for conversation during
the day so one uses driving time to take advantage of it. Technology access and costs are
another consideration. For example, if there is remaining time on a person’s monthly
telephone plan, they may want to try to use all of their minutes up. Other examples of non-
specific factors include peer recognition and social status (showing off the technology),
entertainment, and self mastery (overcoming the challenge of multitasking).
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Integration

At this point in the model, the evaluations of various factors are integrated into higher order
perceptions, which have been grouped here into four sorts: opportunities, risk, incentive, and
social norms/personal responsibility. People apparently give very different weights to the
various decision factors. Some focus on opportunities, given that they perceived that there are
clear benefits to doing the task. Others make decisions primarily based on an incentive to
engage in the task, even if that incentive appeared rather trivial. They have little apparent regard
for other factors, except at extremes. Some more obviously evaluate the risk involved.

1. Opportunities: Opportunities to engage in the task are determined by integrating the
evaluation of the current and upcoming environment (e.g., roadway, traffic) and the demands
of the task. It is a process of determining whether the immediate and projected driving
demands will be low, relative to the immediate and projected task demands.

2. Risk: Risk is a projection of possible hazardous outcomes related to the environment, task
demand, their relationship, and the presence of passengers. The presence of passengers
appears to be a significant factor in risk assessment. Risks that were cited by study
participants included harm to oneself and others from a crash, costs of damage and insurance
hikes from a crash, and police enforcement. Some people acknowledged being more
reluctant to use a cell phone if they noticed police in the area, even though they were not
doing anything illegal.

3. Incentive: Incentive is based on the nature of the specific communication event (its benefits,
urgency, and expectancy) and also more generic considerations for engaging in in-vehicle
technology use. These more generic considerations include such things as making use of
limited personal time and taking advantage of the availability of the technology (e.qg.,
remaining phone plan minutes, access to concierge service).

4. Social norms and personal responsibility: The decision about whether to engage in
technology use while driving can be influenced by whether this behavior is seen as socially
acceptable and personally responsible. The focus group suggested an age difference in this
regard, with younger people feeling that cell phone use, in particular, was normal, acceptable,
and even a “lifestyle” element, while older people appeared more likely to feel that cavalier
use may be socially irresponsible. This decision factor is distinct from personal risk
perception, in that it addresses what is socially acceptable, normative, and morally
responsible. Some focus group discussion raised the analogy with responsible use of alcohol
and how the social acceptability of driving-under-the-influence has changed over the years.
The public does not appear to be as cognizant of this social responsibility aspect, as distinct
from personal risk, for in-vehicle technology use, compared to alcohol.

Decision to Initiate

The decision to initiate a task is determined by the opportunities, risk, and incentive and may be
influenced by feelings about social responsibility and normative behavior. Individual differences
in decision making are likely to be pronounced. Individual difference factors may relate to
general cognitive style or to driving-specific concerns. Individual difference factors include
general decision making style, driving style, driving history, risk taking propensity,
impulsiveness, driving ability, divided attention capabilities, visual capabilities, familiarity with
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technologies, and so forth. Driver age, which is correlated with many of these factors, certainly
was found to be an important variable in this study.

The diagrammatic model shows the various integrated concerns converging on a decision
outcome. If the driver decides not to engage in the task, the model continues to cycle through
this decision process as long as there remains some motivation to do the task. If the driver
does decide to initiate the task, there then follows a process of adapting driving and self-
monitoring performance.

Adapt and Monitor

Once the in-vehicle task has been initiated, there is an on-going process of adapting and
monitoring behavior. Driving may be adapted to accommodate the additional task. Adaptations
in driving (such as dropping speed or increasing headway) may be either deliberate or
unconscious acts. Strategies for sharing attention between driving tasks and the in-vehicle task
are continually adapted to the momentary demands of each task. The driver monitors driving
performance to some degree and compensates for errors. There may be varying degrees of self-
awareness and monitoring of the level of distraction. Some feedback may also come from other
road user (e.g., honking horns). The driver also monitors any changes in the immediate roadway
situation (e.g., traffic density, intersection, roadway surface) and considers impending changes
(e.g., will be merging onto freeway in a half mile). The degree to which drivers actually adapt
and monitor their driving performance while doing various in-vehicle tasks is not the specific
issue for this project. What is important for the decision model is that there is some on-going
monitoring by the driver, to some degree. The research literature on driver ability to self-
monitor performance and distraction is not very definitive but some safety-relevant performance
deficits, such as a reduction in the functional field of view (Atchley & Dressel, 2004), may be
difficult to recognize. Problems in driving performance, such as lane deviations or poor
situational awareness, may require either a further adaptation of driving or reconsideration of
whether to continue the in-vehicle task.

In addition to self-monitoring driving performance, the driver must monitor the status of the
in-vehicle task as well. Errors (such as mis-entry) or incidents (such as a dropped phone) may
suddenly alter the nature of the task and its demands. The task may be proceeding very slowly
or with more difficulty and demand than anticipated. If the driver recognizes some problem

in task performance, then a decision must be made about whether and how to continue with
the task.

As the model suggests, as long as the driver does not recognize a problem in driving
performance or in-vehicle task accomplishment, the process of driving adaptation and
performance monitoring continue (until the in-vehicle task is completed). Further decision-
making is required only if there is a perceived problem in either adapting driving or
accomplishing the in-vehicle task.
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Decision to Terminate or Modify Task

If there is a perceived problem in either driving performance or accomplishing the in-vehicle
task, the driver must reconsider the task. The diagram shows three general decision alternatives.
One option is to continue with the task despite the problems. Based on focus group discussion,
there is some reluctance to terminate a task, once it is started, and so the driver may simply
accept an elevated driving risk. While this study did not provide direct data, the implication is
that there may be different acceptable risk criterion levels for initiating a task versus continuing
a task.

A second general alternative is to suspend or terminate the task. “Suspend” means to cease task
activity for some period and then resume where you left off. For example, a driver might cease
entering a destination in a navigation system or might tell someone on a cell phone call to hold
the line until they clear some situation. “Terminate” means ending the task altogether, such as
hanging up the phone.

A third general alternative is to somehow modify the in-vehicle task or the allocation of attention
between driving and the task. Various technology use tasks might be modified in various ways.
For example, a user might switch from visual display/manual input to a voice interactive mode.
A task could be handed off to a passenger, such as handing them the phone or asking them to
continue input of a navigation destination. A cell phone user might insert an earphone for hands-
free use. A navigation system user might decide to rely, for the time being, on directions to an
already-programmed destination that is in the vicinity of the final destination, rather than keying
in the exact new destination. While modifying the task would seem to be a feasible response to
some situations, this strategy did not arise as an explicit discussion point in the focus groups and
we do not know to what extent it may occur. The strategy of changing the allocation of attention
between driving and the in-vehicle task is another approach, and it could shift task priority in
either direction. For example, a driver who finds him or herself drifting out of lane might decide
to limit the number or duration of glances to a display or input device. On the other hand, a
driver who is not making good progress in entering a destination into a navigational system may
choose to devote more attention to the task. An abrupt change in task status may lead to a
reallocation of attention, sometimes with very little deliberate thought. For example, a dropped
cell phone may cause the driver to devote considerable attention to finding the phone and
retrieving it and re-establishing the conversation.

Summary: Model of Driver Decision Making

The conceptual model of driver decision making about in-vehicle tasks provides a descriptive
structure for presenting the various factors that influence the willingness to engage in distracting
activities. The various elements of the model indicate factors or processes that may, or should,
go into decisions. Not all of these factors appear to be equally well considered by all drivers in
the course of their decisions. The structure is useful as a means of considering the project
findings and to suggest target locations for potential safety interventions.
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4.4 Implications for Countermeasures

The findings of this project may help direct countermeasure efforts to reduce the problem of
distracted driving. This section explores the implications of various project findings. By
“findings” we include both objective, quantitative results from the on-road study and qualitative
points raised in the focus groups or responses to open-ended questions in the take-home booklet.
Some of these conclusions remain more speculative than others, but for purposes of suggesting
potential countermeasures, the intent is to be more inclusive of the possibilities. The suggestions
should be viewed as exploratory and they are not weighted in any manner in terms of potential
impact or cost/benefit. Some of the countermeasures discussed here are directed at driver
decisions about whether to engage in a particular task while other countermeasures are directed
at mitigating the effects of having made that decision.

The countermeasure suggestions are summarized in matrix form in Table 4-1. The rows of the
table list various project findings. The columns of the table list categories of possible
countermeasures. The findings are grouped under five general headings:

e Findings regarding task attributes: These concern the influence on decisions of
characteristics of the in-vehicle task.

e Findings regarding driving environment: These concern the influence on decisions of the
immediate or impending driving situation, such as roadway features, traffic
characteristics, and driving maneuvers.

e Findings regarding user motivations: These concern the motivations that underlie the
desire to engage, or refrain, from use of in-vehicle devices.

e Findings regarding decision making: These concern characteristics of the general
decision making process and driver awareness of problems and errors in behavior.

e Findings regarding driver attributes: These highlight factors specific to certain driver
groups and primarily address teen or young (<25-year-old) drivers.

The countermeasure categories (columns) in Table 4-1 include three broad headings, each with
two subcategories. The countermeasure groupings are:

e User interface: Displays or controls related to the execution of the in-vehicle task.
0 Need for warnings: Displays to warn the driver about an unsafe act or condition.
o Interface attributes: Task requirements, display elements, control actions, user
options.
e Interactive control: systems that dynamically adapt the way in which the driver can
interact with the vehicle.
o0 Function lock-out: A device or feature is made temporarily inoperable under certain
conditions.
o Driver assist: Intelligent systems that adapt the driver interface and/or allocation of
tasks based on driving task demand and driver state.
e Education and training
o Safety campaigns: Communications to inform or motivate drivers about appropriate
behavior.
o Driver or user training or licensing: Specific training about the use of a device or
execution of a task, or licensing requirements to permit/prohibit use of a device.
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Interactive Education and Education and

User Interface - | User Interface- Control - Interactive Training - Training - Driver or

Need for Interface Function Control - Driver | Safety User Training or
Findings: Task Attributes Warnings Attributes Lock-out Assist Campaigns Licensing
Drivers are sensitive to the visual | Warnings about Features that Strategies based
demand of tasks. long duration reduce visual on eye-off-road

glances are demand should times may be

probably have good user redundant with

redundant but acceptance. driver knowledge

should have and strategy, not

good subjective add that much.

validity.
Drivers don't cite some May be possible | Design to Recognize Algorithms that Inform drivers
potentially important attributes, to issue warnings | minimize critical events, | include attributes | about important
such as chunkability, cognitive about demand problems such such as not considered task attributes to
capture, control over task upon initiation of | as pacing, difficult error by drivers may consider.
initiation and pacing, ability to poorly incident potential, | recovery or add safety.
self-monitor, potential for appreciated and error cognitive
errors/incidents, demands of tasks. recovery. capture.
error recovery.
Users have poor awareness of Give careful The display User training and
options, features, short cuts or consideration to options may materials need to
never learn how to use them or default settings. need to be indicate options,
do not want to go through the Make options considered in reasons. Point of
trouble of using them. Examples more evident in workload sale demos.
include speed dial, voice display layout. assessments.
activation, navigation display Improve
options, pre-programming. treatment in

manuals.

Passengers can assist in certain Design complex Lockout should Encourage

tasks, such as destination entry
or placing calls.

interfaces so
passenger can
also use.

consider
passenger
presence.

drivers to "have
the passenger do
it." Target
message to
passengers to be
a good co-pilot.

Table 4-1.  Possible countermeasures to address concerns from project findings
(Project findings are presented as rows of the matrix; categories of countermeasures are shown as columns of the matrix)
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User Interactive Education and Education and
Interface - Control - Interactive Training - Training - Driver
Need for User Interface- Function Control - Driver Safety or User Training
Findings: Task Attributes Warnings Interface Attributes Lock-out Assist Campaigns or Licensing
Keypad layout and feedback is a Make keys easy to
factor in use while driving; people find and identify by
feel that they have less eyes-off- feel, good feedback
road time when they can get key on actions.
location by feel and get good
feedback upon key entry.
Risks of using cell phone appear Phone task should Information about | Provide users
under-appreciated; there is be part of workload | risks, with feedback on
generally little reluctance to engage algorithm, but user | comparable degradation of
in answering a call, conversing, or acceptance may be | hazards. performance.
placing a call under most a problem.
conditions.
Users feel that "call waiting" is Design call waiting Lock out call Promote use of Training and/or
difficult to handle while driving. task to be more waiting when voice mail. practice to deal
compatible with vehicle is in with call waiting.
driving. motion.
Phone service factors can influence Make your

decisions to engage; these factors
include quality of reception in given
areas, roaming charges, lower per
minute rates at certain times,
remaining unused minutes under a
service plan.

driving decisions
on what is safe to
do, not these
factors.

Drivers view taking notes while
engaged in cell phone conversation
as very risky.

Design aids for easy
recording or saving of
information, voice-to-
text conversion.

If note taking can
be sensed,
consider itin
algorithms.

Promote use of
voice mail.

Table 4-1.
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User Interactive Education and Education and
User Interface - Interface- Control - Interactive Training - Training - Driver or
Need for Interface Function Lock- | Control - Driver Safety User Training or
Findings: Task Attributes Warnings Attributes out Assist Campaigns Licensing
Users have little awareness of | Improve Warnings should be
on-product warnings. conspicuity of on- explicitly pointed out
product and in- in training and
display warnings; training-related
however, such materials. Message
generic warnings validity should be
should not be provided through
expected to be very convincing rationale.
effective.
User Interactive Education and Education and
User Interface - Interface- Control - Interactive Training - Training - Driver or
Findings: Driving Need for Interface Function Lock- Control - Driver Safety User Training or
Environment Warnings Attributes out Assist Campaigns Licensing

Drivers are not very sensitive
to roadway type and features.

Warn drivers
engaged in an
activity when they
are in a high-
demand roadway
situation.

Lock-out systems
should consider
current roadway
demand.

Systems that
recognize and
evaluate the
roadway situation
may compensate
for driver
shortcomings in
this area.

Educate public
about road and
traffic factors to
consider.

Train users to
consider key roadway
features.

Drivers have poor anticipation
of upcoming features and
maneuvers.

Warn drivers about
high demand
ahead if they begin
to initiate a task.

Lock-out systems
should consider
upcoming
roadway
demands;
required amount
of preview may
depend on the
task.

Driver assist
systems that
anticipate and
evaluate the
upcoming roadway
situation may
compensate for
driver shortcomings
in this area.

Encourage public
to wait for an
appropriate time
to conduct a
task: “Pick your
spot”.

Train users to
anticipate conditions
in their decision
making.

Drivers are more reluctant to
engage in tasks with a child
passenger present.

"Drive as though
the baby was
with you."

Table 4-1.
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User Education Education and
Interface - and Training - | Training - Driver
Need for User Interface- Interactive Control - | Interactive Control - | Safety or User Training
Findings: Driving Environment Warnings Interface Attributes Function Lock-out Driver Assist Campaigns or Licensing
Lighting conditions make some Display activation or Consider ambient
tasks more difficult. People have lighting should be light conditions as
trouble with cell phone use at night. intuitive and easy to part of workload
Navigation systems and other on- find and operate. Use algorithm.
board displays can suffer glare glare-resistant faces
problems. in displays.
Drivers are generally quite willing to If GPS systems allow | If GPS systems allow | "Finish before
initiate a task while preparing to exit recognition of recognition of you start.”
from a parking lot onto an arterial approaches to a approaches to a
roadway. street from a lot, street from a lot,
incorporate this in incorporate this in
lockout criteria. workload algorithm.
Drivers have inconsistent feelings Incorporate Incorporate Encourage
about how traffic congestion relates congestion level and congestion level and public to wait
to willingness to engage in a task. interaction with other interaction with other | for an
vehicles into lockout vehicles into workload | appropriate
criteria. algorithm. time to conduct
atask: “Pick
your spot”.
User Education Education and
Interface - and Training - | Training - Driver
Need for User Interface- Interactive Control - | Interactive Control - | Safety or User Training
Findings: User Motivations Warnings Interface Attributes Function Lock-out Driver Assist Campaigns or Licensing
Drivers do not seek to minimize Try to maintain Lower
workload and maximize safety, but compatibility with user | acceptable
to keep these acceptable. goals; overly strict level of risk by
criteria may result in informing
low acceptance. public of
dangers of
multitasking.
Some drivers seek challenge and Expand sensed Expand sensed Educate Provide driver

enjoy multitasking. This may
include physical challenges (e.g.,
getting something from the back
seat while driving) as well as
perceptual and cognitive
challenges.

activities as much as
possible, including
non-technology tasks,
e.g., turning,
reaching,
eating/drinking, hands
off wheel.

activities as much as
possible, including
non-technology tasks,
e.g., turning,
reaching,
eating/drinking, hands
off wheel.

regarding risks
of multitasking.

with feedback on
degradation of
performance.

Table 4-1.
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User User Education and
Interface - Interface- Training - Driver
Findings: User Need for Interface Interactive Control - | Interactive Control - | Education and Training - | or User Training
Motivations Warnings Attributes | Function Lock-out Driver Assist Safety Campaigns or Licensing
People seek to maximize Campaigns might focus
use of personal time, on perceptions of value,
productivity. Driving time responsibility for risk to
is seen as "wasted" time others (your time but not
that can be utilized. your road); alcohol parallel
(responsible use, social
norms).
Social interaction is an Cautionary Consider whether Educate regarding risks,
important motivation for message if parameters of dialog appropriateness; some
some users. conversation and speech might types of personal
is longer indicate nature of conversation might be
than some conversation and/or particularly distracting;
criterion. risk of distraction. alcohol parallel
(responsible use, social
norms).
User User Education and
Interface - Interface- Training - Driver
Findings: Decision Need for Interface Interactive Control - | Interactive Control - | Education and Training - | or User Training
Making Warnings Attributes | Function Lock-out Driver Assist Safety Campaigns or Licensing

Some drivers choose to
engage in device use on a
use-by-exception basis
and others choose on a
refrain-by-exception basis.

Give driver feedback
regarding current or
impending demand.

Pick your spots, think first.

Rated willingness to
engage in a task is very
strongly correlated with
the perceived risk of
engaging in the task.

Modify perceived risk of
doing tasks.

Decisions about using
technologies while driving
relate to a person's more
general decision-making
style. Some people act
impulsively and others are
very deliberate.

Adapt algorithms to
the particular driver's
behavior.

Make it a choice.

Self-assessment
and awareness
(e.g., scales).

Table 4-1.
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User Interactive Education and Education and

Interface - | User Interface- Control - Training - Training - Driver or

Need for Interface Function Lock- Interactive Control - | Safety User Training or
Findings: Decision Making Warnings | Attributes out Driver Assist Campaigns Licensing

There is often inadequate pre-trip
planning and preparation --
placement of devices and
features (e.g., earphone),
preprogramming, location of
ancillary materials.

Make location,
storage, access
of items handy
and less error-
prone.

Indicate what drivers
should consider and
where they should
place items for easy
and safe access.

Answering a call is often a two-

Make it very easy

Automated

Consider an

Encourage use

stage (call screening) process: to identify the screening, so automated "on hold" of voice
determine who the caller is, then caller without only pre-selected | feature, with messaging.
decide whether to take the call. excessive glance | callers get appropriate message.

time; visual through.

displays, coded

rings, voice.
Once a task is initiated, drivers If a lockout is put | Put calls on an Use projected
are reluctant to terminate it. in effect, make automated hold, demands and

sure driver is with appropriate estimates of task

informed of this, message, during | duration to

to avoid critical periods. discourage or prevent

confusion and task initiation.

attempts to fix.
Drivers acknowledge poor "Admit it" -

decision making, cannot justify
behaviors, and may feel foolish in
admitting them.

acknowledge and
face
responsibility;
alcohol parallel
(responsible use,
social norms).

Drivers acknowledge occasional
"zone out".

Detect the presence
of this state (cognitive
capture?).

"Admit it" -
acknowledge and
face
responsibility.

Table 4-1.
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User Interactive Education and Education and
Interface - | User Interface- Control - Training - Training - Driver
Need for Interface Function Lock- Interactive Control - | Safety or User Training
Findings: Driver Attributes Warnings | Attributes out Driver Assist Campaigns or Licensing
Willingness to engage in in- GDL restrictions on
vehicle tasks is inversely related device use by
to driver age. Teen and young teens. Skill training
(<25) drivers see less risk, and in appropriate
are more willing, than middle age device use for older
drivers, while older (60+) drivers users.
are most reluctant.
Teenage drivers report high Driver-specific Targeted GDL restrictions on
levels of cell phone use while lockouts or time campaigns for device use by
driving. They explain this as a limits. teen drivers. teens.
"lifestyle" factor (in contrast to a
time-use explanation as reported
by more mature participants).
Teenage drivers are more likely Lock-out of text Targeted GDL restrictions on
to use text messaging while messaging campaigns for text messaging
driving than more mature drivers. capability. teen drivers. feature.
Teenage drivers will sometimes Make more Recognize Recognize hands-off-
drive with no hands (using their extensive use of | hands-off-wheel wheel for use in
knees to steer) while engaging in voice recognition. | and lock-out. algorithms.
in-vehicle tasks.
Teenage drivers believe they and Targeted GDL restrictions on
their peers are superior to other campaigns for device use by
age cohorts in multitasking ability teen drivers. teens.
in general, and technology use
while driving in particular.
Some teen drivers report they Teen driver- Teen driver specific Promote GDL restrictions on
are more likely to engage in specific lock out consideration of responsible co- passengers and/or
phone use when they have peer functions if passengers. pilot concept. device use.
passengers in the vehicle. passengers
present.

Drivers under the age of 25 are
more impulsive in their decisions
about in-vehicle device use and
give less consideration to
decision factors.

Adapt algorithms to
the particular driver's
behavior.

"Make it a
choice" oriented
to young target
audience.

Self-assessment
and awareness
(e.g., scales).

Table 4-1.
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User User Education and Education and

Interface - Interface- Training - Training - Driver

Need for Interface Interactive Control - | Interactive Control - | Safety or User Training
Findings: Driver Attributes Warnings Attributes Function Lock-out Driver Assist Campaigns or Licensing

Willingness to engage in in-
vehicle tasks is positively related
to self-reported intensity of
driving style and drivers under
the age of 25 report more intense
driving styles.

Relate lockout criteria
to driving style
(current driving and/or
pattern of driving).

Relate algorithm to
driving style (current
driving and/or pattern
of driving).

GDL restrictions
on device use by
teens.
Restrictions on
device use by
driving offenders.

Table 4-1.
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Suggestions for Warnings

Suggestions related to driver warnings are generally based on findings about the factors that
drivers fail to appreciate in their decision making. The visual demand of a task is no doubt a
critical safety factor, but it is also one that drivers appear to appreciate. Although warnings
about long-duration glances are likely to be redundant with driver awareness of the risk, the
importance of this factor and the driver’s appreciation of it suggest that some level of non-
informative warnings will be tolerated and the situation should be warned. Other task attributes
are less well-appreciated by drivers and therefore warnings may be more informative to them.
Users may be warned at the initiation of high demand tasks, particularly under already
demanding conditions. Researchers have suggested some potentially important task attributes
related to distraction, such as the ability to segregate the task into discrete “chunks,” user control
over temporal aspects (onset, pacing), the phenomenon of “cognitive capture” (mental absorption
in the task to the point of loss of situational awareness), the ability of the driver to self-monitor
task demands or driving degradation, and the likelihood of in-vehicle task errors and incidents
and the demands of addressing these. Unfortunately, the field does not yet have an accepted
taxonomy of in-vehicle tasks related to workload or distraction. The relative importance of
various task attributes remains to be specified and the degree to which drivers under-appreciate
particular aspects is unclear.

The project findings suggest that drivers give relatively little attention to immediate or
impending roadway and traffic demands. To the extent a system can detect or anticipate the
driving task demands, a warning can be given if the driver initiates an in-vehicle activity at an
inappropriate time. Roadway and traffic conditions may be sensed from vehicle-based sensors.
Road and traffic attributes for immediate and up-road locations may be derived from GIS sources
or transmissions from traffic centers. The driver’s likely path could be projected based on
navigation system entries or driver past history or models of traffic flow at the site. Although the
sophistication with which a system might define driving task demands is speculative, any
warning that can promote better appreciation of high-demand conditions may help address an
important limitation of much driver decision making.

Another opportunity for warning is to caution drivers if a phone conversation (or other
communication) meets criteria that suggest it is unsafe or inappropriate. For example, if a
conversation exceeds a certain duration, a cautionary message could be provided. However, one
difficulty for any warning or interactive control system in dealing with cell phone use is that the
phone is likely to be a carry-on, rather than integrated within the vehicle. Therefore some form
of remote sensing, or user cooperation, would be required.

The suggestions above are all for “active” warnings that are provided when certain
circumstances exist. There are also fixed warnings that appear as on-product labels, routine
messages on display screens, or within ancillary materials, such as user manuals or quick guides.
For example, navigation devices typically provide a cautionary message on the start-up screen,
warning about the risks of use while driving (Llaneras & Singer, 2002). Cell phones typically
include warnings within the instructional material that accompanies the product. Device users
appear to have little awareness of specific warning messages that appear on or accompany the
device or in the display. In general, product warnings are often necessary but of limited
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effectiveness. There are various things that can be done to improve the ability of a warning to
capture attention, appear credible and meaningful, and promote user compliance. Manufacturers
and distributors of devices or vehicles might consider available guidance to improve the
effectiveness of their fixed warnings (e.g., Singer, Balliro, & Lerner, 2003). However, the
literature on warning labels makes it clear that such warnings are generally of limited
effectiveness and should not be viewed as the primary means of addressing safety concerns (e.g.,
Wogalter, DelJoy, & Laughery, 1999).

Suggestions for Interface Attributes

Certain attributes of the user interface can be designed to reduce the demand for visual fixations.
Reducing visual demand is an obvious design objective and is consistent with user’s perceptions
about the importance of this factor. Visual demand can be influenced by the visual display, input
requirements (visual and motor), display location, menu structures, amount and type of
information, and so forth. There exist numerous standards, guidelines, and research
recommendations for vehicle displays and controls and for ITS applications (e.g., Campbell,
Carney, & Kantowitz, 1998; SAE, 2004) which will not be discussed here, but which designers
should consider in developing the user interface. However, we will highlight a few specific
interface features that emerged as potentially important in this study. First, greater use of voice
technology is promising. Voice messages and speech recognition not only reduce the amount of
visual search required to obtain information and input a response, but also have the further
benefit of not requiring the driver to remove a hand from the steering wheel. Particularly for
teen drivers, there were self-reports of steering with one’s knees while doing other tasks, so
voice input could be especially helpful for this target group. Participants in this project’s focus
groups were generally reluctant to consider voice input even when they recognized the option.
They were not very confident of the technology, although it was not clear to what extent this was
based on personal experience with current technology, experience with older technology, or
simply by assumption. In any case, more effort is required to have users take advantage of voice.
Speech-based technology may also be helpful in addressing the safety concern of drivers trying
to take notes during phone conversation (e.g., writing down an address). Perhaps voice
recording, with a voice-to-text output for later use, might be helpful. Improved tactile or
auditory feedback from input responses may also reduce visual demands. Focus group
participants specifically mentioned the layout of keypads and the tactile feedback from the keys
as influencing this demand. Perhaps speech feedback might also be useful (e.g., a voice echo of
a key entry). The design of the interaction required for manual inputs can also reduce visual
demand. For example, it may be better to selected functions by repeated presses of a single key
rather than through individual keys. Another point where visual demand can be reduced is in the
caller ID display of cell phones (and by analogy, the identification of the communicating party
on other sorts of communications). Phone users indicated that their decision about whether or
not to answer a cell phone while driving depended on who the caller was; therefore they checked
the caller ID while driving, then answered the phone (or not). If the caller ID display is too
small, low contrast, or subject to glare, it may require excessive visual attention.

Other aspects of the interface have to do with the structure of the task. Certain features of the

task may be important determinants of distraction but the self-report findings suggest little
consideration of such factors when drivers make their decisions. These factors were already
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alluded to in the discussion of warning countermeasures, and include subtask chunking, pacing,
and input errors. Since drivers may fail to adequately consider such factors, it is important to
keep the demands limited. The task should be designed to minimize perceived urgency in the
procedure, by allowing ample time for inputs, having natural “break points” in the sequence, and
retaining memory for sufficient periods. Recovery from errors may also require excessive visual
attention. Errors may include things such as mis-entry of a character, dropping something (e.g.,
a phone or a stylus), or making a navigational mistake. The task should be designed to reduce
the likelihood of an error and also to minimize what is required in correcting the error. Drivers
are unlikely to consider various sorts of potential errors in their decision making yet such errors
could be important contributors to crashes.

Drivers should be informed if there is some unsolicited (automated) change in telematic or
vehicle functions. For example, if some function is locked out because the system senses there is
high driver demand, the driver needs to understand that the function is unavailable. The very
reason for implementing a lock-out is that the driver may decide to engage in the task. If the
driver attempts to do this and the function is not working as anticipated, there may be even
greater distraction as the driver attempts to understand and “fix” the situation. The user interface
must therefore provide a simple and effective means of indicating this lock-out status. The
display, whether visual or auditory, must not in itself contribute to distraction during what is
already, by definition, a demanding period. Also, the driver should be made aware of the
termination of a lockout period, particularly if there was an attempt to perform the task during
the lockout.

Some in-vehicle devices may offer the user a variety of options for displays, modes of use,
special features, or pre-programming. For example, route guidance systems may offer displays
in either map or turn-by-turn list modes, cell phones may be programmed to have distinct rings
for selected callers, or devices may be operable in voice interactive mode. Users may not take
advantage of these features or even be aware of them. One implication of this is that careful
thought should go into selection of the default mode (if the user takes no selective action). The
default should be designed for minimum workload and distraction for typical users and
particularly for novice users. This is not necessarily the case, as evidenced by recent reviews of
navigation systems (Llaneras & Singer, 2002). Also, the devices or their displays may do little
to make it evident to the user that there are options. Better designs could make the users more
aware of opportunities to modify the task to reduce interference with driving.

Focus group participants indicated that they had difficulty coping with call waiting while driving.
There does not appear to be objective data on driver performance in this task, in the present
project or other published research. The issue is interesting because the focus group participants
were all active cell phone users and presumably quite familiar with this function. Why can these
people handle call waiting well in other contexts, but report getting “befuddled” when trying to
do this while driving? Since receiving another call while engaged in a current call is presumably
fairly common, it would seem important to better understand whether this is a real safety concern
and what aspect of the task causes the difficulty. It may be possible to better design the call
waiting task so that it does not interfere with driving as much. As with various other suggestions
for improved design, however, this could also lead to greater phone use while driving and the net
benefits may be unclear.
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Another user interface problem relates to the finding that drivers often do not prepare in advance
for likely en route tasks that they may choose to engage in. Cell phones may not be within easy
reach. Materials that might be required for communications (particularly for business-related
messages) may be difficult to access. Earphones may not be easily found. Phone numbers or e-
mails that may be contacted are not pre-programmed (speed dialing). Likely destinations may
not be entered in a navigation system. To some extent, pre-trip preparation might be influenced
by design factors. Storage areas on the device or fitted to the vehicle might encourage better
placement of items. Displays or procedures that make pre-programming more attractive to the
user (simpler, faster, more evident) might encourage pre-trip preparation.

Some complex tasks that drivers choose to engage in could be done more easily by passengers.
For example, entering destinations into a navigation system or reading an e-mail could be
accomplished by a passenger in a “co-pilot” role. Some focus group discussants reported doing
this regularly. Device interfaces may be designed so that they can be seen and used by
passengers, giving the driver an alternative to a yes-or-no decision about whether to engage in
the task.

Suggestions for Function Lock-Out

Lock-out functions essentially take the decision about whether to engage in a task away from the
driver. They may be especially helpful for those situations that drivers do not take adequately
into account in their evaluations or for those drivers who choose to act in a risky manner. When
employing a lock-out feature, it will be important for drivers to clearly understand how and why
the system acts as it does. Otherwise, drivers may attempt to “fix”” or override the system or user
acceptance may be poor. Therefore the functioning of the system and informational displays
should promote a valid “mental model” of the system for the user.

Since drivers do not seem particularly sensitive to the roadway situation when making their
decisions, lock-out functions ideally would take the current and projected roadway demand into
account. The current situation could include traffic interactions using vehicle-based sensing,
such as proximity to other vehicles, time to contact measures, speed, and maneuvers (e.g.,
turning). Systems may also be able to project impending roadway demands using GIS data,
information transmitted from traffic control centers, or planned route (based on navigation
system input or driver history). Drivers do not seem particularly sensitive to certain driving
transitions so sensing of this in lock-out systems may also be helpful. Examples include exiting
from parking lots and other driveways or moving into freeway exits.

The tasks drivers choose to engage in may cause distraction not just from the overall visual or
cognitive demand of the tasks, but also because of occasional “incidents.” People may not be
sensitive to the possibility of these events. These may include critical events such as errors in
entry, drops or spills of items, “cognitive capture,” or distraction by other in-vehicle or external
activities. It would be helpful if a lock-out system could recognize such incidents.

Drivers may be reluctant to terminate communications (phone conversations or text messaging)

once they have committed to engaging in the task. Therefore it might be useful if a lock-out
system automatically put the other party “on hold” during critical periods. The system could
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provide an automated message to the other party indicating that the communication is
temporarily suspended until the driving demand subsides. It has been speculated that one reason
that cell phone conversations are more disruptive of driving than conversations with vehicle
passengers is that passengers adapt their speech behavior to the traffic situation and the driver’s
actions. Cell phone parties cannot do this. An automated phone hold might therefore help
address this limitation.

Responding to incoming phone calls or other messages may have an undue sense of urgency for
some drivers and some research suggests that a high proportion of cell phone-related crashes are
associated with responding to a call (e.g., Goodman, Bents, Tijerina, Wierwille, Lerner, & Benel,
1997). One strategy may be to lock out all incoming messages unless by exception. Only
communications from pre-selected parties would be permitted through. This could limit the
number of calls or text messages and also simplify the driver decision process (eliminating the
common step of checking caller ID).

Passengers may be a factor in driver decision making and also in the extent to which a task is
potentially distracting. Passengers may influence the situation in various ways. For young
(particularly teen) drivers, passengers appear to be a very significant risk factor (e.g., Williams,
2001) and in themselves may constitute a basis for locking out some tasks. On the other hand,
for some functions, passengers can serve as “co-pilots” and make it possible to conduct a

task even when the driver is otherwise engaged. For example, a passenger may enter a
destination into a navigation system. Therefore a lock-out system may act differently if a
passenger is sensed.

Because some drivers enjoy multitasking, and may actually seek challenging situations, it would
be helpful if a lock-out system could recognize when the driver is engaged in non-driving related
activities. This could be based on driver posture (leaning, turning), gaze, hand position (and
hands-off-wheel), device activation (e.g., phone use), or other actions (eating, drinking, reading)
identified through image analysis or other means of detection.

Teenage drivers are a particular concern, given their greater willingness to engage, lower
perceived risk, confidence and enjoyment of multitasking, more intense driving styles, and
generally poorer crash avoidance behavior. Systems that can recognize the individual driver
could adjust the lock-out criteria if a teen driver was present. Some tasks could be locked out
simply on the basis of the driver; for example, teens appear more likely than others to use text
messaging, and it may be reasonable to simply preclude this. Some tasks could be locked out
under certain higher-risk conditions, such as with passengers present or in inclement weather.
Other lock-outs for teens could be based on sensing likely inappropriate device use, such as
extended phone conversations.

This study found a positive relationship between an intense, aggressive driving style and the
willingness to engage in distracting tasks. Therefore a lock-out system might take into account
the user’s driving style. This determination could be based on measures taken during the current
trip or on historic driving data (particularly if the system recognizes individual drivers). This
could preclude the most risk-prone drivers from engaging in an inappropriate task and might also
have the benefit of motivating less aggressive driving in order to relax lock-out criteria.
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Suggestions for Driver Assist

Driver assist systems dynamically adapt the driving task and/or the possibilities for conducting
other activities based on an assessment of current or predicted conditions. Therefore it is not
surprising that a number of the recommendations for driver assist systems are related to
suggestions already made for driver warnings and function lockouts.

A key recommendation is that driver assist systems should go well beyond driver looking
behavior (eye off road, glance duration, visual task demand) in their algorithms. Visual search is
a key factor related to distraction and to degraded driving performance, but it is also one for
which drivers appear to have good appreciation and which they already may factor into their
decision-making. Visual demand must be incorporated into driver assist systems because it is
important and because it is consistent with driver perceptions of distraction (hence is important
for system credibility). However, additional significant benefits in driver assist systems may be
achieved by incorporating those factors that drivers do not take into account well. These have
been mentioned previously for other countermeasure approaches and include:

e Immediate and predictable upcoming demands of the driving task. These include
roadway characteristics, traffic conditions, road user interactions, planned maneuvers,
and transitions from one type of driving situation to another.

e Features of the in-vehicle task that may have an important relationship to distraction.
These features may include user control over temporal aspects, ability to break up the
task into discrete subtasks (chunking), perceived urgency, cognitive capture, driver
ability to monitor distraction (self-awareness), probability of errors/incidents, and the
demands of recovery from errors/incidents.

As discussed earlier, immediate and projected driving task demand information might come from
vehicle-based sensors, GPS/GIS, information transmitted from traffic control centers, and
inferred driver intent based on navigation system input or driving history. The ability to
categorize in-vehicle tasks based on their distraction potential is not very mature, but it still may
be worthwhile to attempt some means of including those task factors to which drivers appear to
be insensitive.

“Cognitive capture” may be a particularly interesting phenomenon to incorporate into evaluation
if it can be appropriately defined and measured. Focus group participants acknowledged finding
themselves in “zombie-like” states, so this certainly has a subjective reality.

Because users appear reluctant to terminate an ongoing task, driver assist systems may do well to
place more emphasis on predicting demand and discouraging task initiation in the first place.
Drivers do not seem to give much consideration to likely uproad demands.

Since in-vehicle devices may have various modes of use and display options, a driver assist
system ideally will take into account how the driver is using the device. For example, navigation
map displays may be more demanding than simple turn-by-turn lists, and lists may be more
demanding than voice. Destination input will be more demanding for keying in a new
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destination than recalling a pre-programmed destination. Driver assist algorithms could consider
how a device is being used and what options regarding display or function are in effect.

As discussed earlier under the topic of function lock-outs, some drivers knowingly choose to
place themselves in demanding situations and some seek out this challenge. Therefore it would
be useful if a driver assist system could recognize when the driver is engaged in ancillary
activities related to the in-vehicle task (e.g., taking notes, looking for items) or engaged in other
unrelated tasks (e.g., eating, drinking, use of entertainment system, attending to children).
Involvement in such activities might be detectable through driver posture, hands-off-wheel, eye
glance patterns, reaching/hand location, or more sophisticated image analysis.

A driver assist system should take ambient lighting into account. Participants reported difficulty
with some common cell phone tasks at night and glare has also been described as a problem.
Light conditions obviously could also affect the demand of the driving task. Yet the rated
willingness to engage in a task (keying in a cell phone call) was not affected by light conditions
(although this is based on a single “what-if” scenario in the take-home booklet). Since night
conditions may influence both the demands of the driving task and the distraction potential of in-
vehicle activities, this factor would appear to merit consideration in driver assist strategies.

While cell phone conversations are a common activity, not all conversations are equally
distracting. Focus group participants noted this, as related to the emotional intensity of the
conversation, the ability to “zone out” during extended casual conversation, and the demands of
certain business communications. However, there is little indication that drivers take the type of
conversation into account when making there decisions to engage in a task. In fact, one might
speculate that the very types of conversations that are most interfering may also be the ones that
appear most personally significant to the phone user and they may be most reluctant to defer.
Therefore it might be advantageous if a driver assist system could recognize conversation that
has high distraction potential. There may be parameters of speech and dialog that reflect this.
For example, an evaluation might consider speech rate, voice volume/volume changes, acoustic
indicators of stress, duration of speech episodes, length of the conversation, and so forth. The
potential for practical benefits of speech and dialog analysis in this application are not clear and
would require a careful evaluation of the technical literatures on this subject.

If a system is capable of recognizing the individual driver, driver assist algorithms could be
adapted to individual behavior. This was discussed previously for function lock outs, as related
to poor decision making by those with aggressive driving styles or teen drivers. The point may
be more generally applied to the criteria for driver assist functions in general.

A final point has to do with the trade-off between minimizing driving risks and maintaining
good user acceptance. Drivers generally do not seek to minimize workload and maximize safety
but rather try to keep these at acceptable levels. For many common tasks, including cell phone
use, there is little reluctance to engage in use of most functions under most driving conditions.
Driver assist systems that adopt much stricter goals than does the driver may face user
acceptance problems. The findings of the on-road study regarding the willingness of people to
engage in various tasks under various conditions may prove helpful when considering system
safety criteria.
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Suggestions for Safety Campaigns

Public educations campaigns might be useful in addressing some of the problems of poor driver
decision making about engaging in in-vehicle tasks. The suggestions that follow relate particular
findings to possible public education themes.

Various findings related to the failure of many drivers to be selective in their choice of time or
place for engaging in tasks. Drivers appear to give inadequate consideration to current driving
and traffic conditions and even less to anticipated demands even shortly ahead (e.g., leaving a
parking lot). Many focus group participants described their decision making as “impulsive” or
as “lifestyle.” While some described a “use-by-exception” strategy, others employed a “refrain-
by-exception” style. A safety campaign might be addressed at getting drivers to recognize
device use as a conscious choice and that engaging in in-vehicle activities should be deliberate.
Campaigns might be constructed around concepts such as “pick your spot,” “make it a choice,”
“don’t just do it,” or similar ideas. Many focus group participants readily acknowledged this
lack of deliberate choice in their behavior. Therefore there may be an opportunity to promote
self-acknowledgement of this and foster more deliberate planning and choice.

Drivers appear to be sensitive to the visual attention demands of in-vehicle tasks and take this
into account in their decision making. An education effort could inform the public of the need to
consider more than just what takes their eyes off the road. Other task attributes to consider
include how long the task will take, whether it can be conveniently suspended or terminated if
the demand of the driving task gets high, whether it can draw the driver into a non-aware state
(cognitive capture), whether there are difficult timing demands or urgency, whether items (e.g.,
phone, earpiece, notes) are reachable and conveniently situated, and whether there may be
disruptive incidents (e.g., dropped items, mis-entries).

Drivers are relatively insensitive to roadway and traffic conditions in their decisions and need to
have greater awareness of the important factors. This relates to the need to make a deliberate
choice (“pick your spot™) discussed above. It may also be useful to make explicit the kinds of
roadway factors that could lead to difficulties in dealing with distracting tasks. The driver should
anticipate maneuvers (turns, merges), changes in speed or congestion, demanding roadway
geometry, work zones, entering traffic, pedestrians, and so forth.

The focus groups suggested that a very considerable aspect of decision making relates to factors
that are unrelated to driving and safety. These may be inappropriate concerns in the roadway
environment. People feel that their time is their own to use as they wish and that driving time is
“wasted” time. Their decisions may be driven by details of their phone service, such as when
minutes are least expensive, roaming charges, locations where reception is poor, or whether there
are minutes remaining on a service plan.

Some users are motivated by a desire for sociability. Decisions should be driven by the safety of
engaging in the task at a particular time, not by personal considerations of service costs,
sociability, or personal time use. This is a matter of responsibility to other road users and in this
sense may be parallel to the issue of responsible alcohol use. Perhaps one can find parallels to
successful drink-driving campaigns. The general point is that these personal considerations put
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other road users at risk. The message is, it may be your time, but it’s not your road. “Impaired
driving” for personal motives is not acceptable on public roads. Safety considerations need

to be given greater priority in decisions about engaging in a task than minor personal motives. In
addressing this message, it may prove difficult to shift personal utility of these various motiva-
tional factors through educational efforts. However, alcohol-related efforts may point to ways to
influence the public acceptability of these actions and the need to take personal responsibility.

An interesting aspect of the focus groups was that many people readily admitted to poor decision
making, to “zoning out” while engaged in tasks, and to incidents of poor driving. People
acknowledged the absurdity of trying to fill every minute with some activity, even while driving.
There was often a rather sheepish aspect to these admissions. If drivers are aware of making
poor choices, and admit it, perhaps this is something that can be built upon. People may readily
criticize the stupid actions of the “other” driver, but when engaged in real discussion, admit to
their own poor choices. Perhaps a safety campaign based around the concept of “admit it!”
could be used as a basis fostering a greater sense of responsibility for one’s actions.

The on-road experiment found a very strong negative correlation between the perceived risk of
engaging in some activity and the driver’s rated willingness to engage in that activity. While the
existence of this relationship is not a surprise, that strength and consistency of it is. The
correlation coefficient was r = -0.98 and there were very few cases where a task deviated
substantially from the regression line. In other words, perceived risk (or more accurately, its
inverse) and stated willingness were essentially the same thing to these research participants.
This implies that anything that influences the perceived risk of some in-vehicle activity should
directly impact the likelihood of a driver deciding to engage in that activity. Therefore
information campaigns that promote awareness of the risks of engaging in in-vehicle activities
may promote better decision making. One specific target may be cell phone use, since research
participants indicated little reluctance to place or receive calls under almost any condition. Some
drivers are also extremely confident in their ability to multitask in general, so information related
to this risk may also be useful.

Relating the risks of certain in-vehicle tasks to other recognized hazards (which may be less
acceptable to drivers) could be useful, but there is limited objective data to compare various
risks. Some studies of cell phone use have compared the degradation of performance to some
level of alcohol impairment. Strayer, Drews, & Crouch (2006), for example, found in a study
of simulated driving that drivers using cell phones had elevated crash risks similar to those of
drivers with blood alcohol concentrations of approximately .08 g/dL, though the specific
impairments of each group differed. While there may be difficulties in directly comparing
the risks associated with various impairments, to the extent that general comparisons are
supported by data, such comparisons may provide a means to influence driver risk perception
of in-vehicle activities.

One interesting note regarding risk perception is that it may be influenced by having a child on
board. This was raised in the focus groups but only seen to a limited degree in the take-home
booklet scenario ratings. There were two rating scenarios where a toddler was present while the
driver was said to be driving on an arterial road; one involved answering a cell phone call and the
other involved eating something messy. Risk was rated higher (and willingness lower) with the
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toddler present for the eating task, but there was little effect for the phone answering task. To
the extent having a young child present influences the driver’s sense of risk, there may be a basis
for a message to make your decisions about distracting tasks as though “the baby is in the car
with you.”

Drivers may have the capability of modifying or redefining some tasks and educational
campaigns might highlight these options. For example, some tasks can be handed off to the
passenger, in a “co-pilot” role. In the same way a passenger would normally read a map for the
driver, the passenger could answer or place calls, deal with the navigation system, and so forth.
Drivers could more often use voice messaging as an alternative to answering a call and this could
be encouraged. Pre-programming is relevant for a variety of tasks, such as destination entry,
speed dialing, or assigning distinct rings to particular callers. Another option to redefine the task
is to realize that the task can be completed before driving. This is particularly evident in the
willingness of drivers to initiate a call or other activity when they enter their vehicles, and then
continue the task as they try to exit a parking area and merge into traffic on a major road.
Information campaigns might be aimed at particular examples (“let the passenger do it;” “finish
before you start”) or at the general point that the driver has ways to handle tasks that can reduce
the risk of distraction.

Teen drivers would appear to be a key target audience for educational campaigns. Teens stand
out from more mature drivers in a variety of ways. They are more willing multitaskers, with
considerable confidence in their abilities to do things while driving and with enjoyment in
challenging their skills. They appear to have relatively high levels of cell phone use and see this
as an important component of their lifestyle. They appear more likely than other drivers to
engage in text messaging. Across the full range of in-vehicle activities, they tend to see less risk
and have greater willingness to engage in tasks. They are more impulsive in their decision
making. For these reasons, it would seem reasonable to have safety educational campaigns
targeted specifically to teen audiences, with teen-appropriate messages.

All of the above suggestions for safety messages were directed at the vehicle driver. It may also
be reasonable to educate the passenger. This is particularly the case for teenagers, where
passenger presence is a clear risk factor and where the driver may not make use of passengers as
helpers. Passengers (even teens too young to drive) could be the targets of a “be a good co-pilot”
campaign. This might address not contributing to distraction at critical times, helping the driver
with key tasks (e.g., phone use, navigation system use, entertainment system use), and “speaking
up” if the driver appears distracted or risk-prone.

Suggestions for Driver or User Training or Licensing

Many users of in-vehicle devices have a poor awareness of various display options, functions,
and shortcuts. Even if aware of these, the user may not appreciate the benefits or understand
how to implement the option. Examples include programming cell phone rings for specific
callers, speed dialing, voice messaging, speech input and output, navigation display options, and
pre-programming of likely destinations. It should not be assumed that users are aware of or
appreciate all of the safety-relevant features that a device may afford. Manufacturers,
distributors, and retailers of devices and/or vehicles need to make the options and their

95



distraction-related safety benefits more evident. This could be done through design of the
device, design of the display, marketing materials, user manuals and quick guides, point-of-sale
demonstrations, and training. Training options include self-training material, such as videos,
CDs, interactive web sites, or workbooks. It may be possible to promote these ideas at cell
phone and telephone messaging industry group meetings.

Some focus group participants indicated that the cell phone call waiting function was difficult to
cope with while driving. Ideally, then, drivers would not use this function and rather allow a
voice messaging system record the message. However, if drivers do persist in responding to all
calls, it might be useful to promote training and practice in using the call waiting function. If it
is well-practiced it may be less disruptive.

Device users appear to have little awareness of specific on-product messages that appear on the
device or in the display. Warnings should be explicitly pointed out in training, demonstrations,
or on product-related materials.

Many drivers appear to have limited appreciation of the effects of cell phone use on their driving
performance and are very confident in their ability to multitask while driving. Therefore their
decision making does not reflect proper respect for the potential for driver distraction. It might
be useful to provide people with some sort of demonstration or feedback regarding degradation
of their driving performance while engaged in certain tasks. This could be in the form of a
driving simulator or some other demonstration tool that would show the user performance effects
with and without the distracting task. This could be made available to the public at venues such
as shopping malls or fairs. It could also be incorporated as part of driver training or in
remediation courses for traffic offenders. The demonstration device and associated scenarios
and tasks would have to be carefully designed to reliably show effects, whether on overt driving,
glance distributions, or hazard detection.

Drivers appear to be relatively insensitive to roadway features and show poor anticipation of the
demands of upcoming features, traffic, and maneuvers. This seems to be an important limitation
in driver decision making that could be addressed through training. Drivers should learn to give
careful consideration to driving demands and should understand the factors that may make it
difficult to conduct in-vehicle tasks. A key issue is how to provide this training. It could be
incorporated into more general driver training and might also be incorporated with any training
materials or procedures for particular in-vehicle devices.

A number of participants in the focus groups acknowledged being very impulsive in their
decision making and giving minimal thought as to whether to engage in some task. They just
“do it.” Perhaps some sort of simple self-rating scale could be developed and distributed, to
provide drivers with feedback about whether they have a dangerous decision style. Improved
self-awareness about this tendency might help promote more conscience consideration in
decision making.

Some driver decision making about in-vehicle tasks actually should take place prior to the trip.

In many cases, drivers apparently fail to do this. Users can be trained, perhaps through
checklists or other aids, to recognize what can be done prior to a trip and the best way to do these
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things. Pre-trip preparation might involve physical objects (e.g., phones, earpieces, notes, CDs).
It may also involve pre-programming devices or selection of options. For example, an
anticipated important call could be programmed to have a unique ring, or likely destinations
could be pre-entered into the navigation system.

The concerns about teen drivers emphasize the importance of this group for any sort of training
discussed above. Beyond that, however, some form of restriction of in-vehicle device use should
be considered as part of a graduated licensing program. Teen drivers appear more likely than
others to make inappropriate decisions and are more vulnerable to the effects of distraction. Cell
phone use, in particular, may be a problem. For example, Greenberg et al. (2003) compared the
driving of 16- to 18-year-olds with that of 25- to 66-year-olds using the sophisticated Ford
VIRTTEX moving base driving simulator. When dialing a hand-held phone, the teen drivers
failed to detect over half (54%) of the incidents occurring directly in front of them; this is in
contrast to only about 14 percent missed by more mature drivers under the same conditions.

In the focus group, teens explained that they have grown up multitasking and feel their
generation is more adept at this than others. They have grown up with cell phones, and
ubiquitous use of the phone is seen as integral to their lifestyle. They indicate a greater
willingness to use more complex cell phone functions while driving, such as text messaging.
Some also indicated that they were even more likely to be on the phone when accompanied by
peers, as opposed to driving alone, yet teen driver crash rates are dramatically higher when there
are teen passengers present. The teens also describe their decision making as more impulsive
than more mature groups. Some also indicated that they enjoy challenging themselves with high
demand (multitasking, speed, maneuvers) while driving. All of this suggests that teen drivers are
likely to make poor decisions about engaging in in-vehicle activities in general, and cell phone
use in particular.

At the same time, teens appear more vulnerable to the effects of distraction. Inexperienced teen
drivers are more susceptible to attention-sharing difficulties (Lerner et al., 1999). Teens tend to
drive at higher speeds and with shorter following headways than other drivers (Lerner, Singer, &
Masseth, 2004) and are less capable of recovering from errors in vehicle control. All of this
suggests that inexperienced teen drivers should not be expected to make good decisions about the
use of cell phones and other devices. Some formal restriction on use of phones and other devices
while driving could be incorporated into graduated licensing programs. This might be a general
prohibition against use while driving (other than emergency calls), under either primary or
secondary laws. The use of a cell phone while there are other teen passengers in the vehicle
would appear to be a particular concern and may warrant specific attention.

Given the concerns with teen driver willingness to engage in in-vehicle tasks, there may also be
merit to some form of training for the parents of teen drivers. This might involve helping them
identify and discourage inappropriate actions in the teens or helping them model responsible
behavior. Another possibility is to provide the parent with a model “contract” with the teen
regarding what is acceptable during driving. Various sorts of formalized teen/parent driving
agreements have been recommended and there is evidence to indicate that some forms of
parental intervention and agreement can have persistent effects (Simons-Morton, Hartos, &
Beck, 2003).
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The on-road experiment found a strong relationship of driving style with willingness to engage in
in-vehicle tasks. Drivers who self-reported an aggressive, intense driving style also were
substantially more willing to engage in potentially distracting activities. This suggests a public
safety concern over device use by drivers who already pose a greater crash threat. Therefore it
might be reasonable to consider sanctions against cell phone or other device use by motorists
convicted of serious driving offenses.

Older drivers reported greater reluctance to engage in in-vehicle activities. This may be an
entirely appropriate example of self-regulation of driving practices. However, it might be argued
that older drivers may benefit from the use of some devices, such as navigation systems. In that
case, some form of skill training would be useful to assure competent use and guidance in good
decision making.
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Appendix A: On-Road Study Informed Consent Form

Driver Decision Making About In-Vehicle Tasks
Participant Consent Form

You are invited to take part in a research study that investigates how people make decisions
about various tasks while they are driving. This study is sponsored by the National Highway
Traffic Safety Administration (NHTSA). Please read this consent form carefully. If you agree
to participate please sign your name at the end of this form.

Driving Task: You will be asked to drive your own vehicle along a specific test route with a
trained observer in the back seat. At different times, the observer will ask you to make certain
ratings about various tasks a driver might engage in, such as placing a call on a cell phone. For
safety reasons, you will not actually engage in any of these tasks while driving. Driving the
test route will take approximately two hours to complete. The entire session will take about

2 % hours.

After driving the test route, you will be given a booklet to complete at home. The booklet asks
about how you made decisions on the test route and also about your attitudes and beliefs about
driving. You may refuse to answer any question. You can mail the completed booklet to Westat
in the addressed, stamped envelope provided. It will take about an hour to complete. You will
receive $200 for completing the full study: $50 after driving the test route today and the
additional $150 when the completed booklet is received by Westat.

Participation: Participating in the driving task is entirely voluntary. You may agree or refuse to
participate. If you agree to participate, you can stop at any time during the driving task. The
observer will stop you from driving if he/she feels you are driving in an unsafe manner. You
will be paid for the amount of time you have participated.

Confidentiality: You will be asked to provide some basic descriptive information such as age,
gender, driving history (e.g., how long have you been driving), and driving habits (e.g., how
much do you drive, at what speed do you drive, etc.). This information is confidential, and no
published reports of the research will identify any participants. Likewise, all information
collected during the driving task is confidential and will not be presented in any form that
identifies individuals. Your driving trip may be videotaped to provide us with a record of events
for analysis purposes. The video tapes will be destroyed after the study is completed. All data
will be treated with anonymity. Your records will be assigned a number and all information will
be linked to that number, not to your name. All information reported will reflect information
from the group that participated in the study, not from any one individual. Any information
gathered will be used only by staff of Westat or of the National Highway Traffic Safety
Administration who are involved in the project.

Risks: You will be asked to drive your own vehicle, in a normal manner, along a specific route.
Therefore the risks are those inherent in normal driving. You will not be asked to drive in any
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unusual or illegal manner. You and the observer will be required to wear seat belts. In the course
of driving, you may expect to encounter other traffic and events that can occur in everyday
driving and parking situations. There will be no collision hazards other than what you encounter
in normal driving situations. The observer will always be present in the vehicle. The only aspect
in which your driving trip will be different from usual is that you will periodically be asked to
verbally give a numeric rating. You will be trained in how to do this rating, and you will
practice it before going out on the road. Although the observer will be asking you to rate
specific situations, you will not actually engage in any risky tasks while driving. You can refuse
to perform any maneuver that makes you feel uncomfortable or unsafe. You may defer or
decline to answer any question. If at any time you feel uncomfortable, you may inform the
observer and stop the driving task. The observer will carry a cell phone in the event an
unexpected incident occurs. You are driving at your own risk. Neither NHTSA, House Market
Research, nor Westat will be responsible for any damages that might occur while the participant
is engaged in study activities.

Benefits: The findings of this study may result in an improved understanding of how drivers
make decisions. They also have the potential to improve driver safety. The only direct benefit to
you is that you will receive $200 for your time.

Questions: If you have any questions about the driving task or the rights of research participants,
please contact: Dr. Neil Lerner, Principal Investigator, (301) 315-5962, Westat, 1650 Research
Boulevard, Rockville Maryland 20850.

Authorization: By agreeing to participate, you certify that you possess a valid, U.S. drivers
license, have normal hearing and vision (with correction allowed), are able to drive your personal
vehicle without assistive devices or special equipment, are able to give informed consent and are
not under the influence of alcohol, drugs, or any other substances which may impair your ability
to drive. You must also provide proof of insurance.

I (participant’s name) have received information about being
involved in the driving task on driving and using electronic equipment. | have read it, |
understand it, and my questions have been answered. | agree to participate in the driving task.
I also know that | may be contacted for other follow-up interviews.

You (Print Name) Signature Date

Recruiter (Print Name) Signature Date
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