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An Assessment of the Attention Demand Associated with the Processing of
Information for In-Vehicle Information Systems (IVIS)

John Paul Gallagher

(ABSTRACT)

Technological interventions are being considered to alleviate congestion and to improve the
quality of driving on our nation’s highways. These new technology interventions will be capable
of increasing the amount of information provided to the driver; therefore, steps must be taken to
ensure they do not require a high attention demand. (Limited attention resources can be diverted
from the primary task of driving to a secondary in-vehicletask). The attention demand required
as part of the process of extracting information has been studied relatively extensively.

However, the processing required to make complex decisionsis not well understood and

provides cause for concern. This study investigated the attention demand required to perform

several types of tasks, such as selecting aroute, selecting the cheapest route, and selecting the
fastest route. The three objectives of this study were:

1) Toinvestigate driver performance during IVIS tasks that required additional processing of
information after the extraction of information from avisual display.

2) To develop amethod for evaluating driver performance with regard to safety. Thistask was
accomplished by performing an extensive review of the literature, and devel oping two
composite measures.

3) To provide descriptive data on the proportion of drivers who exceeded athreshold of driver
performance for each of the different VIS tasks.

An instrumented vehicle, equipped with cameras and sensors, was used to investigate on-road
driver behavior on afour-lane divided road with good visibility. A confederate vehicle was
drivenin front of the instrumented vehicle to create a vehicle following situation. Thirty-six
drivers participated in this study. Age, presentation format, information density, and type of task
were the independent variables used in this study.

Results from this study indicate that a high proportion of drivers will have substantially
degraded performance performing V1S tasks such as selecting a route or a hotel from severa
possibilities. Findings also indicate that tasks involving computations, such as selecting the
quickest or cheapest route, require a high attention demand and consequently should not be
performed by a driver when the vehicleisin motion. In addition, text-based messagesin
paragraph format should not be presented to the driver while the vehicleisin motion. The
graphic icon format should be utilized for route planning tasks.
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CHAPTER 1: INTRODUCTION

1.1 PROBLEM STATEMENT

A staggering number of lives have been lost and great financial cost has been incurred as aresult
of traffic accidents on our nation’s roadways. In 2000, over 41,800 individuals died in motor
vehicle accidents, an average of one person every thirteen minutes (National Highway Traffic
Safety Administration, 2001). Costs associated with traffic accidents total $70 billion annually,
much of which is attributable to excessive traffic congestion (IVHS America, 1992). Human
error, related to the processing of information, has been found to account for over 70% of traffic
accidents (Treat, Tumbas, McDonald, Shinar, Hume, Mayer, Stansifer, Castellan, 1979). Inthe
past, when roadways became heavily traveled and congested, new roads were constructed.
However, in many parts of the country, thisis no longer economically or environmentally
feasible (Committee on Public Works and Transportation, U.S. House of Representatives, 1989;
IVHS America, 1992).

Technological interventions are now being considered to alleviate congestion and improve the
quality of driving. Additional loss of life and financial costs may occur if those new technol ogy
interventions under devel opment that are capable of increasing the amount of information
provided to the driver are not designed with care. Limited attention resources can be diverted
from the primary task of driving to a secondary in-vehicletask. The attention demand required
as part of the process of extracting information has been studied relatively extensively.

However, it is recognized that many of the new in-vehicle information systems (1VI1Ss) under
development could potentially require adriver to not only extract information from the visual
display, but also to further process the displayed information to make a decision. For example, a
driver usesthe IVISto display alternative routes to a destination and the associated delays for
each of these routes. He/she then selects aroute from thisinformation. The attention demand
required for processing the information to make a decision is a cause for concern. Research has
found that individuals who talk on cellular phones while driving a vehicle are four times as likely
to beinvolved in an accident; thisfinding is similar to the results found from driving with a
blood alcohal level at legal limits (Redelmeirer and Tibshirani, 1997). The attention demand of



IVISs under development could create a similar unsafe situation, causing driversto divert their

visua attention away from the primary task of driving to complete the IVIS task.

1.2 OBJECTIVES
The objectives of this project were:
1) Toinvestigate driver performance during 1VIS tasks that required additional processing
of information after the extraction of information from avisual display;
2) To develop amethod for establishing safety criteriafor driver performance, i.e. safety
“red-lines’” for modeling purposes; and
3) To provide descriptive data on the proportion of drivers who exceeded a safety threshold

of driver performance for each of the different VIS tasks.

1.3EXPERIMENTAL APPROACH

This project built upon past studies conducted on the attention demand of 1VISs. The attention
demand of 1VI1Ss has been studied for more than 15 years. Recognizing the importance of
minimizing the attention demand of 1VISs, Kurokawa and Wierwille (1990) created a computer-
based program to be used by design engineers. This program assisted designersin developing
IVISs, including speedometers, gas/oil gauges, and radio/cassette players. Since the
development of this design tool in 1990, new technological advances have provided drivers with

amuch greater amount of information about their driving environment.

Using the design tool developed by Kurokawa and Wierwille (1990), a project team at the
Virginia Tech Transportation Institute at Virginia Tech devel oped another computer-based
design tool that can be used by designers when designing IV1Ss made possible by new
technological advancesin recent years. Empirical data were needed for this new model, for IVIS
tasks that involved additional information processing after the extraction of information from a

visual display, such as when selecting aroute or hotel.

Thefirst objective [1 to investigate driver performance during 1VIS tasks that required
additional processing of information after the extraction of information from avisual display [

was accomplished by conducting an on-road study. This study built from the work of Lee,



Morgan, Wheeler, Hulse, and Dingus (1997) which characterized the decision-making processin
information-processing terms. Some VIS tasks performed in this study simply required the
driver to locate and extract information on avisual display. Other tasks required different types
of information processing after the information was extracted, such as selecting a hotel, selecting
aroute, determining the cheapest route, or determining the quickest route. Tasks were also
presented in different presentation formats to investigate the effects on attention demand. Data
were collected while drivers from different age groups drove on afour-lane divided highway and
performed VIS tasks. Statistical analyses were performed to investigate the effect of type of

information processing, presentation format, density level, and age on driver performance.

The second objective [I to develop a method for establishing safety criteriafor driving
performance, i.e. safety “red-lines’ for modeling purposes [0 was accomplished by performing
an extensive review of the literature. Vaues were determined for different driver performance
measures that, if exceeded, indicate high workloads and/or decreased situation awareness. Two
composite measures were then created: a Red-line Threshold and a Y ellow-line Threshold.
Exceeding the Red-line Threshold indicate that one or more driver performance measures had
exceeded a specific value of a safety parameter determined by past research and/or expert
opinion (discussed in detail in Chapter 3). Exceeding the Y ellow-line Threshold indicate that
driver performance was significantly worse when compared to baseline driving. These two
measures complemented one another. The Y ellow-line Threshold provided aface valid indicator
that driver performance was negatively affected, and the Red-line Threshold indicate if driver
performance had exceeded safety parameters, based on expert opinion and past research.

The third objective [J to provide descriptive data on the proportion of drivers who exceeded a
safety threshold of driver performance for each of the different IVIS tasks [0 was accomplished
by using the Red-line Threshold. Designers were questioned as to their needs for evaluating
potential IVIS designs. Feedback indicate that designers would prefer not only mean values of
driver performance measures, but also the proportion of drivers negatively affected when
performing an IVIS task (T.A. Dingus, personal communication, May 1998 and A. Gellatly,
personal communication, May 1998). It was recognized that designers may be designing for user



groups composed of different age ranges. Therefore, results are presented for young, middie age,

and older drivers, aswell asfor the entire driving population.

The following hypotheses formed the cornerstone of this dissertation research:

1) The attention demand will vary depending on the type of information processing required
of an IVIS task.

2) The attention demand will vary depending on the presentation format of the information
displayed onthe IVIS.

3) The attention demand will vary depending on the density level of information displayed.

4) The attention demand will be higher for older drivers than younger driver when
completing IVIS tasks.

The attention demand for this study refers to attention demand required of the driver by the
workload for the entire driving task, including any secondary task performed. The following
hypotheses are discussed in terms of visual attention demand. The greater the attention demand
of the task, the greater the number of glances to the display and the longer the eye glance time.
Therefore, task completion time will be greater for tasks requiring a greater attention demand,

and the time spent scanning the environment will be less.

With longitudinal driving performance measures, the greater the attention demand for the
secondary task, the lower the minimum speed, due to drivers creating an “unconscious safety
margin”. Therefore, there will be a greater decrease in speed and greater peak longitudinal
deceleration. It isaso expected that driverswill attend to speed less with greater attention
demand; therefore, there will be alarger variance in speed maintenance.

With lateral driving performance measures, it is expected that drivers will pay less attention to
the steering task, as the secondary task attention demand becomes greater. Therefore, there will
be an increase in steering velocity measures, number of lane deviations, and lateral accelerations.



1.4 DISSERTATION OVERVIEW

This dissertation begins with an overview of how Intelligent Transportation Systems (ITS) may
help solve some of the current problems being addressed on our nation’ s roadways. In
particular, the development of 1VISsisdiscussed. Next, the objectives of the current study are
outlined, and the approach for accomplishing each objective is presented. A method for
performing an evaluation of driver performance is outlined, and the measures used to perform
this evaluation are operationalized and justified based on past research and expert opinion.
Following areview of the pertinent literature, areview of the experimental apparatuses,
experimental design, and experimental proceduresis presented. Results of the data analyses and
adiscussion of ramifications and possible VIS design solutions, conclusions, and suggestions

for future work are then presented.



CHAPTER 2: BACKGROUND

Intelligent Transportation Systems (ITS) are at various stages of research, development, and
implementation. Systems are being devel oped that have the goal of acquiring, analyzing,
communicating, and presenting information to travelers (Campbell, Carney, and Kantowitz,
1998). Systems under development will provide information to drivers that traditionally has
been obtained from road signs a ong roadways, through written information such as maps, and
viaradios. In addition, systemswill provide information to drivers that traditionally has not been
available, or at least has not been readily available, such as information on local attraction or
arrival/departure information on airline flights. IVISswill be the interface between ITS and

individual vehicles.

With the development of ITS, different types of attention demands will be required by the driver
as an increasing number of information systems are added to the driver’s domain. Inthe
development of driver interfaceswith ITS, it isimportant to identify the information needs of the
driver and the best methods to present this information to minimize human error. ITS can
greatly facilitate the driving task; but during development, designers need to ensure that
optimization of task(s) does not occur at the expense of the safety of our nation’s roadways.

This chapter discusses VIS devel opment, the objectives of the current study, and measures of

driver performance.

211VISDEVELOPMENT

A variety of IVISs, that utilize new technological advances are at different stages of
development; some aready have limited market distribution. One example of an VIS that has
been road tested is TravTek, which was designed with the following general objectives (adapted
from Dingus, McGehee, Hulse, Jahns, Manakkal, Mollenhauer, Fleischman, 1995):
1) Allowsfor more effective driver navigation, providing the benefit of saving time;
2) Provides easy access to valuable and convenient location information to alleviate stress
and increase driving enjoyment;

3) Improves roadway efficiency and alleviation of congestion; and



4) Facilitates safety improvements by providing information for avoiding potential hazards
and for emergency response, while allowing maintenance of safe driver performance

during system use.

IVISs that have been identified to serve as an interface between the individual vehiclesand ITS
are divided into four subsystems as summarized below (Campbell, et al., 1998)

1) In-vehicle Routing and Navigation Systems (IRANS),

2) In-vehicle Motorist Services and Information Systems (IMSIS),

3) In-vehicle Signing and Information Systems (1SIS), and

4) In-vehicle Safety Advisory and Warning Systems (IVSAWS).

The following sections provide an overview of the subsystems of 1V1Ss under development. A
more detailed listing of information provided by these subsystemsis presented in Appendix A.

2.1.1 IN-VEHICLE ROUTING AND NAVIGATION SYSTEMS (IRANS)

(adapted from Campbell et al., 1998; adapted from Lee et al., 1997)

IRANS provide drivers with information on travel information that can include turn-by-turn
guidance and information on congestion. IRANS could have the capability of calculating,
selecting, and displaying optimum routes based on real-time traffic data. Listed below are
descriptions of the IRANS subsystems:

* Information Description for Trip Planning: Coordination of long, multiple-
stop/destination journeys.

* Information Description for Multi-Mode Travel Coordination and Planning: Provides
transportation coordination on different modes of transportation (such as buses, trains,
subways) in conjunction with driving a vehicle.

* Information Description for Pre-Drive Route and Destination Selection: Encompasses
destination and route selection choices in which the driver engages when the vehicleisin
park.

» Information Description for Dynamic Route Selection: Encompasses any route selection

system characteristics in which the driver engages when the vehicle is not in park.



» Information Description for Route Guidance: Provides navigation directions in a turn-by-
turn format, given a destination and current location.

* Information Description for Route Navigation: Provides information to help adriver
select a destination that might include distance and time to destination, cost to get to a
destination, and natification of incidents such as construction or accidents. It can also be
used to enable a driver to explore an electronic map with pan and zoom features.

» Information Description for Automated Toll Collection: Allows avehicleto travel
through atoll roadway without the need to stop and pay tolls. Tollswould be
automatically deducted as the driver passes through the toll station. Information could be

supplied to the driver regarding the amount of toll credits and the current toll costs.

2.1.2 IN-VEHICLE MOTORIST SERVICESAND INFORMATION SYSTEMS (IM SIS)

(adapted from Campbell et al., 1998; adapted from Lee et al., 1997)

IMSIS enable driversto quickly locate the nearest desired service that meets their needs. Drivers
are provided with information on nearby lodging, restaurants, service stations, recreational areas,
and historical sites. Specific information could also be attained on transit schedules, costs, travel
times, and departure/arrival times. Listed below are descriptions of the IMSIS subsystems:

* Information Description for Broadcast Services/Attractions: Provides information that is
usually found on commercial roadside signs.

* Information Description for Services/Attractions Directory: Contains information similar
to that found in the yellow pages directory, and can facilitate information obtainability
with awide variety of search methods.

* Information Description for Destination Coordination: Enables adriver to make
arrangements with the final destination (for example, making restaurant or hotel
reservations).

» Message Transfer: Provides the capability for drivers to communicate with others.



2.1.3IN-VEHICLE SIGNING AND INFORMATION SYSTEMS(I1SIS)

(adapted from Campbell et al., 1998; adapted from Lee et al., 1997)

ISIS will provide drivers with advanced warning of upcoming intersections, highway exits, etc.
Information that is currently depicted on external roadway signswill be presented on displaysin
the vehicle. Listed below are descriptions of the ISIS subsystems:

* Presentation of Roadway Guidance Sgn Information: Helps guide adriver to a particular
destination. Information that has been found on the roadways will be brought into the
vehicle and displayed to the driver. Examplesinclude street signs, landmarks,
interchange graphics, and mile posts.

» Presentation of Roadway Notification Sgn Information: Notifies drivers of potential
hazards or changes in the roadway. Examplesinclude merge signs, advisory speed limits,
curve arrows, road closures, road maintenance, and road construction.

* Presentation of Roadway Regulatory Sgn Information: Information that assistsin
regulating traffic and displays the rules of the road. Examplesinclude speed limit signs,

stop signs, yield signs, and turn prohibitions.

2.1.4 IN-VEHICLE SAFETY ADVISORY AND WARNING SYSTEMS (IVSAWYS)

(adapted from Campbell et al., 1998; adapted from Lee et al., 1997)

IV SAWS provide warnings of unsafe conditions and situations affecting the driver on the
roadway ahead. 1V SAWS provide information with enough time that the driver can take
appropriate action. However, these systems do not encompass in-vehicle warnings of imminent
danger requiring immediate attention (for example, collision avoidance devices). Advisory
messages provided by IV SAWS can also include recommended actions. Listed below are
descriptions of the IV SAWS subsystems:

» Information Description for Hazard Warning: Provides information on immediate
hazards which may include the relative location of a hazard, the type of hazard, the
approach of emergency vehicles, accident immediately ahead, or stopped school bus.

* Information Description for Road Condition Information: Provides information within
some pre-defined proximity to the vehicle or the route, and may include traction,

visibility, congestion, construction, or weather conditions.



* Information Description for Automatic Aid Request: Provides a mayday signal in
situations requiring an emergency response (for example, severe accidents). Signal
would provide location and severity information to emergency response teams.

* Information Description for Manual Aid Request: Provides driver with immediate access
to avariety of roadside assistance without requiring access to a phone or phone numbers
(for example, police, ambulance, towing, and fire department).

» Information Description for Vehicle Condition Monitoring: Used to track the overall
condition of the vehicle and inform the driver of any current or potential problems (for
example, engine overheating, broken fan belt, low oil pressure). The system could also
provide information on the appropriate actions to take, for example, drive no further than

necessary to obtain service, or do not drive vehicle because engine damage will occur.

After reviewing these subsystems, the potential information to be presented to drivers and the
ramifications on attention demand become apparent. Guidelines have been created for the
development of these IVIS subsystems. However, not all guidelines are based on empirical data
[0 some are based on expert opinion. One of the goals of the computer-based design tool
developed at the Virginia Tech Transportation Institute was to provide VIS designers with
empirical dataindicating the attention demands required of 1VVISs. Therefore, representative
tasks for the VIS subsystems discussed above were devel oped for this study to assessthe
attention demand required to extract information from avisual display and then process

information to make a decision.

2.20BJECTIVESOF THE STUDY

As previously mentioned, after performing an extensive literature review, it was determined that
empirical data were needed for IVIS tasks that required the additional information processing
that occurs after the extraction of information from avisual display, such as when selecting a
route or hotel. Thisadditional information processing will henceforth be referred to as
supplemental information processing. Campbell et al. (1998) created guidelines for the
presentation of information vialVISs. These guidelines were devel oped based upon both expert
opinion and areview of the current research performed on IVISs. For tasks that involved

supplemental information processing, the guidelines stated that these tasks should not be
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performed while the vehicleisin motion. These guidelines were based on expert opinion with

limited empirical data.

The computer-based model developed at Virginia Tech serves as atool to provide datato
indicate whether atask is unsafe and thus should not be considered for implementation, and data
that allows for comparisons between different IVIS designs. Therefore, even though some of the
tasks presented to drivers were suspected of requiring exceedingly high attention demands to
complete while the vehicle was in motion, it was desired to affirm this opinion and provide
designers with data to support it. As mentioned previously, the purpose of this study was
threefold:
1) Toinvestigate driver performance during VIS tasks that required supplemental
information processing,
2) To develop amethod for establishing safety criteriafor driving performance, i.e. safety
“red-lines” for modeling purposes, and
3) To provide descriptive data on the proportion of drivers who exceeded a safety threshold
of driver performance for each of the different VIS tasks.

2.2.1 OBJECTIVE 1: TO INVESTIGATE DRIVER PERFORMANCE DURING | VIS TASKSTHAT
REQUIRED SUPPLEMENTAL INFORMATION PROCESSING.
Information processing, age, density level, and presentation format of information were studied

to accomplish this objective.

2.2.1.1 Information Processing

To identify tasks requiring undesirable attention demands, the method of characterizing IVIS
tasks developed by Lee et al. (1997) was expanded upon. Leeet al. (1997) characterized IVIS
tasks by the decision-making elements performed by the driver. Their work adapted the general
structure of the decision process from Rasmussen (1986), and the specific decision-making
elements were derived from Miller (1971, 1974). Decision-making elements from the work of
Leeet al. (1997) wereidentified that pertained to supplemental information processing. These

elements were further developed to enable data collection, and are listed in Table 2.1.
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Table 2.1. Decision-making elements (adapted from Lee et al., 1997).

Decision-Making

Description
Element P

Involves scanning and the extraction of information from a visual display

Search that meets predefined parameters.

Compute Involves numerically calculating the answer to a problem.

Involves the matching of resources to the current objective when making

Plan a decision from definitive information.

Interpret Involves extracting the meaning from a set of cues.

Rasmussen (1986) developed amodel of human information processing that outlines the mental
processes that occur during task performance. Depending on the person’s experience and the
nature of the task, he/she will move back and forth between the following three levels:

1) Knowledge-based processing,

2) Rule-based processing, and

3) Skill-based processing.

Knowledge-based processing occurs when actions must be planned at the time, using conscious
analytical processes and stored knowledge. Knowledge-based processing is necessary when
thereisalack of relevant rules or skills and a person is faced with arelatively unfamiliar task.
Sensory input isfirst transformed into conceptual symbols, which are then used for reasoning
about the task in processes such as goal formulation, plan selection, and plan evaluation.

Rule-based processing refers to the composition of subroutinesin afamiliar work situation that
istypically controlled by a stored rule or procedure that has been created through previous
experience. Performanceis goal-oriented. Information isreceived in the form of signs that
indicate a state in the environment with reference to certain conventions or acts. Signs cannot be
processed directly; instead, they serve to activate stored patterns of behavior. Signsrefer to

situations or proper behavior by convention or prior experience.
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ill-based processing represents sensory-motor performance during activities that take place
without conscious control as smooth, automated, and highly integrated patterns of behavior.
Information is received in the form of signals, which are sensory data representing time-space
variables from a dynamical spatial configuration in the environment. The distinction between
the perception of information signals/signs/symbols is generally dependent on the context in

which they are perceived and not on the form in which the information is presented.

2.2.1.2 Age

It isimportant to consider the age range of intended users. Results from previous studies
indicate that driving popul ation demographics are changing, and that the number of older drivers
isincreasing (National Safety Council, 1994; Stamatiadis, Taylor, and McKelvey, 1990).
Therefore, the designers of 1VISs must consider the needs, capabilities, and limitations of older
drivers. Research has been conducted that provides evidence that 1V1Ss benefit older drivers.
Hanowski, Dingus, Gallagher, Kieliszewski, Neale (1999) performed a study and found that
older drivers benefited from IVISs that provided information on route navigation. However, care
must be taken when designing an 1VIS to be used by older drivers. Hanowski, Bitter, Knipling,
Byrne, Parasuraman (1995) outlined a taxonomy for organized research related to older driver
crash involvement and safety interventions. Older drivers are at higher crash risk when their
attentional and other dynamic information-processing capabilities are most challenged.
Therefore, it was hypothesized and confirmed that older driver’ driving performance would be

more affected than younger drivers when completing IVIS tasks.

An understanding of why older drivers have problems with visual tasksis possible when one
reviews the aging process and understands how these changes affect an individual’ s interaction
with hig/her environment. Changes that occur within the visual system of an individual as he/she
grows older may include:

1) Thelensof the eye hardening and becoming translucent,

2) Floaters developing in the vitreous humor,

3) Formation of cataracts, and

4) Theindividual may become farsighted, and lose his/her ability to read up close without

the aid of bifocals.
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These changesin the visual system have an effect on the ease with which individual s can extract
visual information from their environment. Changes also occur with the auditory system that
affect the extraction and processing of auditory information, and with the muscular and nervous
system that affect reaction times. Asindividuals age, the needs, limitations, and abilities of the

user can change due to biological changes occurring within the body.

2.2.1.3 Density

When developing guidelines for IVISs, it isimportant to assess the characteristics of information
displayed on the screen. Tullis (1990) outlined and defined four characteristics of display
density that affect alphanumeric display format: 1) overall density, 2) local density, 3) grouping,
and 4) layout complexity. Overall density isthe number of characters displayed on the screen or
the percentage of total character spaces available. A general rulefor overall density isto
minimize the total amount of information on asingle frame. Local density refers to the number
of filled character spaces near each character. Jones (1978) and Stewart (1976) noted that
spacing breaks up information into logical segments and provides structure. Grouping isthe
extent to which items form well-defined groups. Guidelines pertaining to grouping recommend
that similar items be distinctly grouped. Finally, layout complexity is the extent to which items
follow apredictable visual arrangement. Based on the location of information displayed on the
screen, users should be able to predict the location of other information on the screen. Although
these guidelines were developed for a phanumeric displays, these concepts are applicable to the
design of 1VISs.

If an IVIS requires a high attention demand, then a possible effect is the phenomenon called
perceptual narrowing. Perceptual narrowing is characterized by one of two phenomena:
1) Operator workload is high and the operator fails to scan or does not perform an adequate
scan; or
2) Operator performs a scan of the stimuli, but the stimuli do not capture the operator’s

attention and are not received by the brain for processing.
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The units of information that can be stored in working memory have been researched and have
been found to be 7+2 units of information (Miller, 1956). If information is not kept activein
working memory, it will rapidly decay. Thus, when subjects must divert their attention to
another task, information will be lost and will need to be reobtained prior to subsequent
supplemental information processing for decision-making.

2.2.1.4 Presentation Format

Another system characteristic assessed in this study was the presentation format of information.
Screens were created to display information on the IVIS while the vehicle was in motion. The
information displayed was presented in one of four presentation formats: 1) table format, 2)
paragraph format, 3) graphic map with information displayed in al phanumeric format, and 4)
graphic map with information displayed in iconic format.

The screens were created using both general human factor design guidelines found in human
computer interaction (HCI) literature as well as specific guidelines for the design of 1VISs
(Shneiderman, 1992; Brown, 1988; Campbell et al., 1998). Guidelines for the dialogue design,
datadisplay, data entry, and effective wording are listed in Tables B1-B4, respectively, in
Appendix B. Pertinent design guidelines are highlighted below.

Strivefor Consistency — The IVIS was designed such that there was both internal and external

consistency. Internal consistency refersto consistency within the IVIS (for example, the scale of
distance for the graphic maps was located in the lower right-hand corner of each graphic map
screen). In addition, external constancy was maintained (for example, the icons used on the
screens, when possible, were the standard road sign icons located in the Manual of Uniform
Traffic Control Devices (Moeur, 1998)).

Permit Easy Reversal of Actions— The system was designed such that the driver could speak

out loud while extracting the information displayed on the visual screen, eliminating options, and
making afinal decision. Theinformation remained displayed on the screen until the driver stated
a complete answer, such that when selecting aroute, the driver always needed to state two

roadways in his’her answer. The information remained on the display until the driver stated two

15



roadways. Some drivers would start an answer and then change their mind after they stated only

one roadway.

Reduce Short-term Memory L oad — The IVIS was designed such that all displays were ssimple

to understand and all information needed to complete a task was presented on one screen. This
reduced the short-term memory load and allowed for easy reference when making a decision.
The use of abbreviations was limited and, when possible, “everyday” abbreviations were used.
For unfamiliar abbreviations, drivers were trained and tested to ensure recognition prior to data

collection.

Consistency of Data Entry Transactions—The nature of the IVIS was such that the task ended

when the driver provided input (via voice) and a decision was made from the displayed
information. Data entry was similar for like tasks. For example, with route selection tasks, tasks
were created such that the driver had to specify two roadways, regardless of the presentation
format of the information displayed.

Be Consistent in L abeling and Graphic Convention — As appropriate, the information was

displayed in the same location on the screen. In addition, the same layout was used within a
presentation format. For example, with the table format, the same grid-line system was used to
specify rows and columns within the different VIS tasks.

Use of Conver sational L anguage Style — An editor reviewed the language used in the screens

to insure that the meaning was conveyed in the most effective manner possible.

Guidelines adapted from Campbell, et al., (1998) for the design of text, symbols, and color used
in 1VISs are summarized below. Appendix C contains the specifications of the text and icon

presentations used in this study.

Text and Symbols

« Useaclear and simple font.

«  Symbol height 0.50 degrees for titles and other key elements.
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«  Symbol height 0.33 degrees for dynamic or critical elements.
«  Symbol height 0.266 degrees for static or non-critical elements.

« Symbolsthat are familiar or intuitive can be used without accompanying text labels.

Color Coding
«  The number of colors used to code information should be kept to a minimum, not to

exceed 4 colors for casual users and 7 colors for experienced users.
+ Color codes should have the same meaning on different screens.
«  Use compatible color combinations when colors are presented simultaneously.

«  When using color, adhere to popul ation stereotypes.

2.2.2 OBJECTIVE 2: TO DEVELOP A METHOD FOR EVALUATING DRIVER PERFORMANCE WITH

REGARD TO SAFETY.

2.2.2.1 Overview

When evaluating IVISs, it isimportant to “remember that al the in-vehicle information adriver
needs is current speed and fuel remaining to successfully drive the vehicle” (Dingus, 1997).
Treat et al. (1979) performed a study that revealed human error to be the main causative factor of
automobile accidents. There were three main categories of accident causative factors. human,
vehicular, and environmental. After performing on-site accident investigations and reviewing
police reports, it was determined that 70.5% of accidents were directly attributable to human
cause. Recognition errors and decision errors were identified as the leading causes of human
error. Recognition error classification referred to inappropriate information acquisition and
processing. Decision errorsreferred to errors that occurred as aresult of adriver’simproper

course of action or failure to take any action at all.

Accidents are the best direct measure of safety-related problems with the vehicle and/or the
driver (Dingus et al., 1995). However, the data can only be collected post hoc and, therefore,
any recommendations resulting from the results are reactive. If the safety risk of systems could
be predicted before accident data were generated, then needless injury and death could be
avoided before mass market distribution. Dingus et al. (1995) proposed the use of near misses as

17



the best available proactive predictor of safety. Near misses occur more often than accidents of
any severity, asillustrated in Figure 2.1. Thisfigure, known as Heinrich’s Triangle, isused in
other safety applications to estimate future accident rates by counting near misses. Dingus et
al.(1995) proposed that by counting the number of driver errors associated with agiven
configuration and driving circumstance, it is sometimes possible to estimate the number and
severity of accidents that would have occurred with given levels of market distribution.
Unfortunately, the numerical relationship between accidents and driver error does not yet exist
for driving. However, this concept is useful for comparison of 1VIS tasks because differencesin
the number of driver errors will reflect ordinal differencesin accident rates at some level (Dingus
et al., 1995). The relative magnitudes shown in Figure 2.1 are hypothetical. However,
regardless of their relative frequency, these measures provide a means for direct comparison
between VIS tasks tested.

In this study, two composite measures of driver performance were developed as safety

indicators. One composite measure, Red-line Threshold, indicate if driver performance exceeded
values determined apriori. The other composite measure, Y ellow-line Threshold, indicate if
driver performance during IVIS task compl etion was significantly worse from baseline driving.
The specific measures used to develop these composite measures are discussed in the following

sections.
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Figure 2.1. Example of Heinrich’s triangle with hypothetical relative frequencies for
driving (Dingus et al., 1995).
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After an extensive review of the literature, it was determined that the assessment of both
situation awareness and mental workload isimportant for the evaluation of advanced automation
and display/control technology in complex systems and dynamic environments. A prime
objective during testing and evaluation is to obtain an overall assessment of workload using
techniques that have global sensitivity (Wierwille and Eggemeier, 1993). Situation awarenessis
abroad concept and encompasses critical components of multi-sensory integration, perception,
interactions between working and long-term memory, and rapid decision-making in dynamic

systems.

Endsley (1995b) stated that the relationship between situation awareness and workload is
important. Attention serves as an important constraint on situation awareness; direct attention is
needed for perception, working memory processing, decision-making, and forming response
executions. The following describes four possible combinations of situation awareness and
workload (adapted from Endsley, 1995c¢):

1) Low situation awareness and low workload: Driver has little idea of what is going on and
is not actively working to develop an accurate and complete picture of situation.

2) Low situation awareness and high workload: Amount of information and demands of the
task aretoo great. Thisleadsto aloss of situation awareness because the driver is only
attending to a portion of the incoming information.

3) High situation awareness and high workload: Driver isworking hard and is successfully
achieving an accurate and complete picture of the situation.

4) High situation awareness and low workload: Information is presented in a manner that is

easy to process and results in an accurate and complete picture of the situation.

2.2.2.2 Situation Awar eness

Situation awareness has become recognized as an important design criterion in complex systems
and dynamic environments. Situation awareness difficulties have been found to arise when
operators are associated with systems that have advanced automation and display/control
technology in complex systems and dynamic environments. Situation awareness measures are
widely used to assist with the recognition of military and commercial aviation problems that deal

with mission performance and safety. United States Air Force F-15 and F-16 aircrew operators
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have in the past complained of alack of situation awareness. Poor situation awareness appears
to be associated with accidents and incidents, and with reduced mission effectiveness.
Therefore, amajority of past research on situation awareness has been performed in the aviation

community, especially in military applications.

Situation awareness is important from a measurement viewpoint in driving because it is
hypothesized that a reduction in situation awareness may result from increased attention demand
and may lead to a higher frequency of accidents. Endsley’s (1995b) definition of situation

awareness is often referenced within human factors literature (p. 36):

“Situation awareness is the perception of elements in the environment within a volume of time and space, the

comprehension of their meaning, and the projection of their status in the near future.”

Situation awareness is not always acquired instantaneously, but is built up over timeand isan
important part of decision-making regarding the defined system (adapted from Endsley, 1995c).
Endsley (1995b) described situation awareness as having three levels:

* Level 1—Perception of elementsin current situation;

* Level 2 - Comprehension of current situation; and

» Leve 3—Projection of future status.

Level 1 Stuation Awareness is the perception of elements in the environment. Thefirst step isto
perceive the status, attributes, and dynamics of relevant changes in the environment. The
narrowing of attention brought on by stress or high workload can lead to atotal lack of situation
awareness on all but the factor being considered. Errors associated with this level include:
1) Failureto perceive certain information that isimportant for situation awareness;
2) Lack of detectability or discriminability of the signal’s physical characteristics due to
some physical obstruction preventing perception (visual barrier or auditory masking); and

3) Failure of the system to make the information available to the operator.

Level 2 Stuation Awareness is the comprehension of the current situation and includes an

understanding of the significance of those elementsin light of pertinent operator goals. The
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operator forms a holistic picture of the environment, comprehending the significance of objects
and events. Errors associated with thislevel include:
1) Inability to properly integrate or comprehend the meaning of perceived datain light of
operator goals,
2) Improper assimilation of incoming data by novices who do not have the necessary model
in memory to assimilate all the incoming data; and
3) Incorrectly choosing amodel that results in data being interpreted to mean something
quite different than what is actually occurring.

Level 3 Stuation Awareness is the projection of future status [1 the ability to project the future
actions of the elements in the environment, at least in the very near term. Errors associated with
thislevel include:

1) Future status may be lacking or incorrect; and

2) It may be difficult to project future dynamics without a highly developed mental model.

Assessing situation awareness can be undertaken using one method or a combination of methods.
There are four main categories of measurement for situation awareness. Each isdiscussed in
detail below:

1) Performance-based,

2) Subjective evaluation,

3) Knowledge-based, and

4) Physiological measures.

2.2.2.2.1 Performance-based
Performance-based techniques require decisive and identifiable actions. Performance-based

techniques also provide for a means to identify constraints on a user arising from his/her training
and standard procedures (Pritchett, Hansman, and Johnson, 1995). Performance-based measures
are able to determine perceived reliability of the knowledge that users gather from any number of

sources. Three performance based measures are discussed below.

21



Global Measures suffer from diagnosticity and sensitivity problems in that they only measure
the end result of many cognitive processes. Little information is provided about why poor
performance may have occurred in a given situation, such as lack of information, poor sampling
strategies, improper integration or projection, heavy workload, poor decision-making, or action
errors (Endsley, 19954).

External Task Measures involve artificially changing certain information or removing certain
pieces of information from displays and then measuring the reaction time to respond to this

change. Thismanipulation isvery intrusive and alters the subject’ s ongoing task.

I mbedded Task Measures have the major limitation of assessing situation awareness on one
element that may simultaneously reduce situation awareness on another unmeasured e ement.

2.2.2.2.2 Subjective Evaluation
Subjective evaluations can be performed by either the participant or the experimenter who is

observing the study. Each technigque has strengths and weaknesses that are discussed below.

Self Rating has the advantage of being low cost and easy to use. However, an operator’s ability
to estimate his’her own situation awareness will be limited because he/she does not know what is
really happening in the environment. Operators will know when they have no ideawhat is
happenings around them, but they will not know if and when their knowledge isincomplete or
inaccurate. Endsley (1995a) speculated that self-ratings of situation awareness most likely
convey a measure of a subject’s confidence level regarding that situation awareness.

Observer Rating can detect process errors, poor scanning, and other actions, but has the
disadvantage that the operator cannot verbalize what he/she thinks about the situation.

2.2.2.2.3 Knowledge-based

Questionnaires allow for detailed information about situation awareness to be collected on an

element-by-element basis that can be evaluated against the actual surrounding environment.
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Questionnaire at End of Trial is affected by the amount of time and the number of intervening
events that occur between the activity of interest and the administration of the questionnaire. An
advantage of thistechnique is that subjects can respond to a lengthy and detailed list of
guestions. People have trouble reporting detailed information about past mental events, and
there is atendency to overemphasize and overrationalize. Earlier misconceptions can easily be

forgotten as the real picture unfolds during the course of events.

On-line Questioning asked while subjects perform tasks can create an ongoing secondary task-
loading situation that may alter performance on the main task being performed. The questions

could also cue the subject to attend to information that he or she believes will be evaluated later.

With the Freeze Technique displays are blanked and simulation is suspended while subjects
quickly answer questions about their current perception of the situation. This technique has been
found to overcome some of the limitations of other measures of situation awareness; however,

this technique is obviously limited to simulator studies.

2.2.2.2.4 Physiological Measures
Stern, Wang, and Schroeder (1995) and Wilson (1995) performed studies that showed that there
was potential for physiological measures to provide useful measures of situation awareness, in

particular oculmetric (eye) and heart rate measures. Eye tracking measures indicate where an
individual islooking and therefore provide insight on his’her active involvement in the gathering
of information from the environment. However, eye tracking does not indicate which elements
in the periphery vision are observed, or if theindividual processed the information in his/her
visual field of view. Another potential oculmetric measureis eye blink. Expectancy of an event
leads to inhibition of blinking, and if one can’'t inhibit ablink at a point in time close to an
imperative event, then the blink will be of shorter duration than normal (Stern et al., 1995;
Wilson, 1995). Heart rate is ameasure of the cardiac system that has arelatively slow-reacting
mechanism and is therefore seen as an overall indicator of task involvement (Stern et al., 1995;
Wilson, 1995). Wilson (1995) stated that heart rate is useful in determining duration of situation

awareness and that a change in “operator state” has occurred.
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2.2.2.3 Mental Workload

Mental workload measures are often used in the evaluation of 1VISs. At present, workload
assessment techniques are most appropriately applied to measuring workload on arelative basis,
or asindicators of potential workload that require further analysis (Wierwille and Eggemeier,
1993). The choice of measurement should be matched with the assessment technique properties
and the objective and constraints of the particular evaluation (Wierwille and Eggemeier, 1993).
An evaluator isusualy interested in both the levels of workload and the reasons for the workload
levels. Measurement technigues can be used to obtain an overall assessment that has global
sensitivity (Wierwille and Eggemeier, 1993). Other measurement techniques can be used for

diagnostic purposes to determine what part(s) of the task is the most demanding.

Different methods are available for measuring mental workload, each with advantages and
disadvantages. In the following sections, the properties of workload measures to consider and
the different measurement techniques are discussed. Steps in selecting the appropriate workload
assessment technique (adapted from Salvendy, 1997) include the following:
1) Delineate the objectives of the mental workload assessment:
* Predicting the level of mental workload of a planned system.
» Comparing alternative systems to determine the demands across different phases or
conditions.
» Diagnosing the potential cause of a non-optimal system by determining which part of
the system is overly demanding.
2) Perform atask/mission/system analysis.
3) Evaluate the resources available (time and cost constraints, equipment, expertise).
4) Select the types of workload measures to be used (performance, physiological,
subjective).

2.2.2.3.1 Properties of Workload M easur es

Sensgitivity is the ability of a measurement technique to detect changes in the mental workload
experienced by the operator. The intent of workload measurement is to assess the differencesin
workload imposed by the system(s) under test; therefore, sensitivity isamajor consideration in

the choice of a measurement technique (Wierwille and Eggemeier, 1993). Performance
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measures are believed to be insensitive at low workload levels and sensitive at high workload
levels (Salvendy, 1997). Therefore, subjective and/or physiological measures should be
considered in situations where the workload is expected to be low, and performance measures
should be considered if the workload is expected to be high (Salvendy, 1997).

Diagnosticity refers to how precisely a measure can reveal the nature of the workload; it
provides an explanation of workload driving elements, operator information processing
capabilities, and resources that are being expended (Wierwille and Eggemeier, 1993). By
systematically varying aspects of the task and measuring workload, it may be possible to infer
whether a particular aspect of atask is the cause of the non-optimal level of workload (Salvendy,
1997).

I ntrusiveness is an undesirable property in which the introduction of the workload measuring
technique causes a change in the operator-system performance (Wierwille and Eggemeier, 1993).
If the measurement process interferes with the performance of the task, then a contaminated
workload measurement will result. In some cases, the measurement will interfere with the task
that the operator is performing; in other cases, the measurement can be considered a second task
for the operator to perform. Neither of these situationsis desirable. The influence of variables
such as context effects can be minimized by ensuring that operators have similar backgrounds
(Wierwille and Eggemeier, 1993).

Reliability refers to whether the workload measures are stable and consistent over a period of
time. Workload measures should be repeatable under similar measurement conditions
(Salvendy, 1997).

Transferability refers to the ability of atechnique to be used in various applications. Some
measurement techniques vary from application to application, such as primary task

measurements (Wierwille and Eggemeier, 1993).

Ease of Use/l mplementation Requirements refers to any equipment or instrumentation that is

necessary to present information or collect data. It also includes data collection procedures and
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operator training that is associated with a measurement technique (Wierwille and Eggemeier,
1993). Demand characteristics for different measurements are listed below (adapted from
Salvendy, 1997):

* Subjective measures are typically easy to administer and evaluate.

* Primary measures require modification of the system to record performance data.

» Secondary task measures require specialized knowledge to analyze the mental resources

required by the primary task to select an appropriate secondary task.
» Physiological measures require specialized equipment and training to perform data

collection, analysis, and interpretation.

Operator Acceptance isimportant since operators should feel comfortable with the selected
measures to facilitate cooperation. Knowledge of performance or workload scores can be
detrimental in some systems, especially where there is a competitive atmosphere between the
operators. Subjective measures are usually well accepted because of their face validity, and
operators like the opportunity to provide their evaluation of the system (Salvendy, 1997).

Time Considerations need to be evaluated because there may be a need to assess very short-term
operator loading effects or very long-term effects. Short periods of overload can lead to operator
postponement or neglect of task elements, acceptance of less precision in performing tasks, or
complete failure to perform tasks. Momentary workload assessment can sometimes be more
important than a standard assessment that covers alonger period of time. Long-term assessment
needs to be performed under the following conditions (adapted from Wierwille and Eggemeier,
1993):

» Timeon task causes areduction in the operator’ s capacity to handle the load;

* Learning or changesin strategy over time reduce apparent workload; and

» Physical demands over time change the operator’ s ability to handle mental workload.

2.2.2.3.2 Assessment of M ental Wor kload

Different methods for assessing mental workload exist. Methods can be grouped into one of
three categories. 1) subjective measures, 2) performance measures, and 3) physiol ogical

measures. The different methods available to be used are discussed below.
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Subjective Measures require operators to rate the level of mental effort that they feel is required
to perform atask. Thereiswidespread use of this technique because of its ease of use, operator
acceptance, and face validity. Subjective validity has been shown to be sensitive to avariety of
task demand manipulations (Wierwille and Eggemeier, 1993) and has been shown to bereliable
and to have significant concurrent validity with performance measures (Wierwille and Casali,
1983).

Rating scales are frequently used wherein operators select aterm or phrase to best describe how
they feel, or operators are asked to assign a number that represents the mental effort required
(Salvendy, 1997). Ratings are either obtained immediately after performing atask, or
retrospectively after having experienced all of the task conditions. Subjective measures can be
susceptible to memory problems if ratings are made after the performance of the task. A 15-30-
minute delay was not shown to significantly affect ratings, however, waiting 48 hours was shown
to interfere with ratings (Eggemeier and Wilson, 1991). Open-ended questionsin interviews
with operators can also provide useful information about a system (Salvendy, 1997).

Differences in operator experience may be a confounding influence (Boff and Lincoln, 1988).

M easures are susceptible to operator bias regarding the system or component being evaluated,
and can be influenced by past experiences and degree of familiarity with the task or system being
evaluated (Salvendy, 1997).

Relative scores are obtained by asking operators to compare the task condition of interest to
either asingle standard or a multiple-task condition. Scores can either be unidimensional or
multidimensional. Unidimensional scores refer to asingle rating that is obtained concerning the
overall workload level. Multidimensional scores give ratings on severa dimensions of

workload, providing diagnostic information that can pinpoint the nature of the workload.
Modified Cooper-Harper (MCH; Wierwille and Casali, 1983), Subjective Workload A ssessment

Technique (SWAT; Reid and Nygren, 1988), and NASA-Task Load Index (TLX; Hart and

Staveland, 1988) procedures represent globally-sensitive measures of operator workload.
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NASA-TLX and SWAT permit the operator to rate the task on the basis of several dimensions.
In both cases, the operator provides an absolute rating immediately after task performance.
NASA-TLX sub-scales are mental demand, physical demand, tempora demand, performance,
effort, and frustration level. SWAT sub-scales are time load, mental effort load, and
psychological stressload. The NASA-TLX method cal culates a weighted average for each
operator, and the SWAT determines a derived workload scale for each operator. These are both
standard procedures (weighted average and derived workload scal€), but there has been some
recent debate over the merits of each (Salvendy, 1997). SWAT isviewed as having the greatest
potential for identification of factors such as cognitive mechanisms affecting mental workload
judgments. NASA-TLX is seen as appropriate for problems in applied settings and is considered
potentially more sensitive than SWAT at low levels of workload (Wierwille and Eggemeier,
1993).

Performance Measures include primary task measures and/or secondary task measures. Each of
these measuresis discussed. During the primary task, the actual performance of the operator and
system are monitored and changes are noted as the demands of the task vary. When primary task
measures are used to evaluate workload, deteriorated and/or erratic performance may indicate
that workload is at, or is approaching, unacceptable levels (Salvendy, 1997). Characteristics of
primary tasks are listed below:

» Facevalidity: High face validity (Salvendy, 1997).

» Sensitivity: Discriminates overload from non-overload situations (Boff and Lincoln,
1988), but primary task measures can sometimes prove insensitive to variationsin
workload. The operator might have the ability to expend extra processing resources to
satisfy increased demands, in which case the primary task performance would be
maintained at acceptable levels (Wierwille and Eggemeier, 1993).

» Diagnosticity: Non-diagnostic; a global index of workload (Boff and Lincoln, 1988).

» Datacollection: May require instrumentation that would limit use in field situations (Boff
and Lincoln, 1988).

Secondary task measures can be used in systems where primary task performance is difficult to
obtain. Adding a secondary task will increase the overall task demand to alevel where
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performance measures may be more sensitive. Operators are instructed to use only their spare
capacity (not needed by the primary task) to perform the secondary task. Since primary and
secondary tasks compete for resources, the secondary task performance will decrease as
resources are drawn upon to perform the primary task. Secondary task performance will only be
a sensitive workload measure of the primary task demand if the two tasks compete for the same
processing resources (Salvendy, 1997). Secondary tasks are a good tool for diagnosing the
demands of atask. If the secondary task is not affected by the primary task, then the type of
mental demand that the primary task does or does not require becomes evident. Characteristics
of secondary tasks are listed below (adapted from Boff and Lincoln, 1988):

» Sengitivity: Discriminates levels of workload in non-overload situations; can assess

reserve capacity not used by a primary task.
» Diagnosticity: Can discriminate differences in operator resource expenditure.

» FaceValidity: Thereisapotential for lack of face validity.

Intrusion can occur when an operator is made to modify the allocation of processing resources
devoted to the primary task. The requirement of performing a concurrent secondary task can
often be associated with this reall ocation when the secondary task imposes additional demands
on processing resources. Thisis particularly true when the operator is under moderate to high

levels of workload (Wierwille and Eggemeier, 1993).

Physiological Measures record changes in the operator’ s body that are related to the demands of
the task being performed. Measures to consider include 1) the cardiac system, 2) brain activity,
and 3) oculmetric (eye) measures. The cardiac system, measured by heart beat, provides both an
indication of situation awareness, as previously mentioned, and mental workload. Heart rateisa
relatively slow-reacting mechanism and is seen as an overall level of task involvement (Wilson,
1995; Stern et al., 1995). Electroencephal ographs (EEGS) measure the transient cortical evoked
response, a series of voltage oscillations, originating from the cortex of the brain in response to
the occurrence of a discrete event. This response can be measured through the scalp of a
consciousindividual. EEGs are particularly strong in their diagnostic value, pinpointing the
nature of the task demand (Salvendy, 1997). However, various artifacts such as eye and body
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movement can create problems for the analysis of EEG data collection (Wierwille and

Eggemeier, 1993).

Oculmetric measures include eye blink and pupil size. Eye blink measures may be principally
sensitive to visual demand rather than auditory or cognitive demands (Wilson and Eggemeier,
1991; cited in Wierwille and Eggemeier, 1993). Blink rate and duration are often sensitive when
operators are performing two or more tasks with competing visual demands (Wierwille and
Eggemeier, 1993). Blink duration has atendency to decrease with an increase in the visual
demand. Pupil diameter is another useful measure. Pupil diameter is non-diagnostic, however, it
isrelated to the general degree of arousal and therefore is correlated with workload; general
arousal can be attributed to both physical effort as well as psychological effort (Boff and

Lincoln, 1988). Pupilary responseis sensitive to lighting conditions, so these tests must usually

be performed in alaboratory setting.

2.2.2.4 Operationalized Driver Performance M easures
Measures of situation awareness and workload were used to assess driver performance while
performing IVIS tasks, and the situation awareness of the driver were assessed. To establish
criteriafor modeling purposes, several measures of driver performance were collected to
differentiate “safe” driving performance from “unsafe”’ driving performance. Measures were
divided into the following three classifications and are discussed below:

- Eyeglance measures,

« Longitudinal driving performance measures, and

« Lateral driving performance measures.

2.2.2.4.1 Eye Glance M easur es

Eye scanning measures were used to assess whether the driver exhibited behavior that allowed
for rapid and continuous updating of information about the environment. The faster the vehicle's
speed, the higher the potential for rapid changes in the environment. Eye glance scanning
behavior was a good indicator of situation awareness; if the driver was not scanning the
environment, then he/she wasn’t acquiring information on how the environment was changing. If

the eyes were off-road, such aslooking at an in-vehicle display, then the driver’ s situation
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awareness decreased. It was also important to assess whether the driver was scanning all parts of
the environment and not only the front roadway. To be aware of the surroundings, a driver must
scan the mirrors to learn about the traffic on either side and to the rear. However, if eye glance
measures gave the impression that a driver was scanning the environment or looking in a certain
location, this did not necessarily mean that the driver was actually obtaining and processing
information from the environment; he/she could simply have been staring. The following three
eye glance measures were used in this study:

1) Number of eye glancesto the IVIS display,

2) Peak single eye glance length to the IVIS display, and

3) Number of eye glancesto mirrors.

Number of Eye Glancesto the VIS Display refers to the number of times that the driver’s eyes
were directed to the display during the task. If the driver’s eyes|eft the display and then
returned, the glance count increased by one. When using navigational systems, driverstend to
glance back and forth between the display and the forward roadway. Most expertsin the field of
driver safety would agree that atask that required nine or more glancesto the IVIS display
should be avoided (T. A. Dingus, personal communication, March, 1998). In fact, Zwhlen,
Adams, and DeBald (1988) stated that the total number of eye glances for an in-vehicle task
should not exceed 4 glances. Therefore, in this study, the number of drivers who took 1-4
glances, 5-8 glances, and 9 or more glances was determined for each task.

Peak Single Eye Glance Length to the I VIS Display refersto the longest continuous amount of
time that the driver’ s eyes were directed toward the display without looking to another location
during the task. Glance duration was recorded and data were reduced such that each glance to
the nearest 0.1s could be identified. The external driving environment constantly changed, and
the longer the driver’s eyes were off-road and not monitoring these changes, the greater the
danger of an event occurring with the driver having an insufficient time to react to avoid an
accident. Bhise, Forbes, and Farber (1986) have suggested that based on speed and travel
distance, asingle glance greater than 2.5 seconds is inherently dangerous. Therefore, 2.5
seconds was used as a criterion to assess instances of unsafe behavior. It isalso generally

accepted that at a minimum, a 2.0-second headway should be maintained for safe operation of a
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vehicle, and at fast speeds, this distance should be increased. Unfortunately, this distance is not
often maintained. Even so, atask requiring an eye glance of 2.0 seconds could potentially create
asituation where adriver does not have sufficient time to react to avoid a collision. Therefore,
for this study, the number of drivers who had one or more glances over 2.0 seconds and over 2.5

seconds was determined for each task.

Number of Eye Glancesto Mirrors refers to the number of times the driver’s eyes were directed
to either the right-side mirror, left-side mirror, or rear-view mirror during the task and baseline
driving. If the driver’s eyes|eft the mirror location and then returned, the glance count increased
by one. For tasks in which there were no glances to amirror, this measure was equal to zero. To
determine if atask negatively affected the driver’ s scanning, the number of glances to the mirrors
during task compl etion was compared to the number of glances during baseline driving. If the
number of glancesto the mirrors was significantly less during task completion, the task was

identified as negatively affecting driver performance.

2.2.2.4.2 L ongitudinal Driving Performance M easur es

If adriver isto have sufficient time to react to changes in the environment, he/she must maintain
an appropriate distance from the vehicle in front. In addition, a safe speed needsto be
maintained. Vehicle speed can be considered a vehicle state that at some level must be held
constant in most circumstances. Carpenter, Fleishchman, Dingus, Szczublewski, Krage, Means
(1991) and Monty (1984) found velocity maintenance to be a sensitive measure to changesin the
amount of attention demand by secondary driving tasks. Monty (1984) also determined braking
behavior to be a sensitive measure of driving performance. The following five measures were
used to assess adriver’s headway and speed maintenance:

1) Changein speed,

2) Variance in speed,

3) Minimum speed,

4) Minimum headway, and

5) Peak longitudinal deceleration.
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Change in Speed was determined by computing the difference between the speed at the start of
the task or baseline, and the minimum speed reached during that task completion or baseline. If
there was a significantly larger change in speed during task completion than baseline, driving
performance was determined to be negatively affected.

Variance in Speed was determined for each task and baseline. The variance in the speed driven
during task completion was compared to the variance in speed driven during baseline. If the
variance was significantly larger during task completion than baseline, driving performance was
determined to be negatively affected.

Minimum Speed driven during task completion and baseline was determined. Slow speeds due
to glances at the display configuration indicated driver inattention to the driving task. Some
drivers attempted to compensate for the attention demand required of the IVIS task by decreasing
the speed at which they were driving. If there was a significantly lower minimum speed during
the task than baseline, driving performance was determined to be negatively affected.

Minimum Headway was determined for each task and baseline driving. Headway was defined
as the distance between the test vehicle and the vehicle in front, divided by the speed of the test
vehicle. When driversfollowed at close headway, the attention required to effectively avoid
accidents increased greatly. Frequent or extended glances at the navigation information display
rather than the forward roadway constituted an increase in accident potential. The less distance
between two vehicles, the less time a driver has to respond to avoid an accident. The minimum
headway reached during task completion was compared with minimum headway measures
collected during baseline driving. If the headway was significantly less during IV1S task

completion, then driving performance was determined to be negatively affected.

Peak Longitudinal Deceleration was determined for each task and baseline driving. If adriver
looked away from the driving scene and then glanced back to realize that an unanticipated event
was occurring, it was expected that the brake pedal would be depressed harder, resulting in a
greater than normal deceleration. Therefore, if the peak deceleration was significantly greater
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during task completion than baseline, driving performance was determined to be negatively
affected.

2.2.2.4.3 Lateral Driving Performance M easur es

When driving a vehicle, drivers make steering adjustments as needed to keep the vehicle “on
track” in the roadway. If adriver continuously monitors the roadway, then he/she will
continuously make small incremental inputs to the steering wheel. However, if adriver is
distracted from tracking the vehicle, then alarger steering correction may become necessary. In
this study, the following four measures were used to evaluate the driver’ s tracking of the vehicle:

1) Lanedeviation,

2) Peak steering wheel angular velocity,

3) Variancein steering wheel position, and

4) Peak lateral acceleration.

Lane Deviations were defined as the occurrence of the front wheels of the vehicle going over the
inside edge of either the right or left lane marker during the task. During task completion, if a
lane deviation occurred, lane deviations increased from 0 to 1. The value range for this measure
was 0 or 1 for each driver for each task. The number of drivers who had alane deviation for
each task was determined.

All lane deviations were monitored with alane-tracking camera view. Unplanned lane
deviations provided a valuable face-valid measure of driving task interference resulting in
performance degradation. If adriver deviated from his/her lane, this obviously could have
caused an accident. However, if there was an acceptable reason for the lane deviation, such as
passing a vehicle parked on the shoulder of the road and no vehicles were in the vicinity to make

this an unsafe event, then the lane deviation was not recorded as a driver error.

Peak Steering Wheel Angular Velocity during each task completion and baseline driving was
determined. Research has shown that changesin driver steering behavior occur when driver
attention changes (Wierwille and Gutman, 1978). The rate of change in steering wheel position

provided an indication of how suddenly/unexpectedly the driver had to respond to a situation.



Peak steering wheel angular velocity measures during task completion were compared with
measures taken during baseline driving. If the velocity was significantly greater during the task
than during baseline, driving performance was determined to be negatively affected.

Variance in Steering Wheel Position during each task completion and baseline was determined.
When the driver tracks the road during baseline driving, there are small incremental movements
of the steering wheel. If there was a significantly larger amount of variance in the steering wheel
position during task compl etion than during baseline, driving performance was determined to be
negatively affected.

Peak Lateral Acceleration was determined for each task completion and baseline. Large lateral
acceleration was an indication that the driver had to make large corrections with the steering
wheel. If the peak lateral acceleration was significantly larger during the task than during
baseline, driving performance was determined to be negatively affected.

2.2.2.4.4 Secondary Task Performance M easur es

Performance on secondary tasks provided an indication of the mental workload required to

complete the IVIS task and the situation awareness of the driver while completing thetask. The
following four measures were used to characterize VIS task performance:

1) Task completion time,

2) Number of drivers who skipped atask,

3) Number of tasks not presented to driver because of safety concerns, and

4) Number of errors on secondary task completion.

Task Completion Time started at the conclusion of instructions and ended when the driver stated
the last word of his’her answer. Guidelines developed by Battelle for FHWA (Campbell, 1998)
support restricted access if task completion time is greater than 10 seconds. Consensus on the
SAE subcommittee for standards for navigation and route guidance function accessibility while
driving could not be reached for aguideline limit of 10 seconds. However, the SAE

subcommittee was able to arrive at a consensus that 15 seconds was the longest task completion
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time (static task — vehicle stationary) that could be undertaken before driving would be
unquestionably degraded (SAE 2364, 1998).

The time duration of 15 seconds was defined by the SAE subcommittee as the time to complete a
task while the vehicle was stationary. Paul Green has performed research and found that under
low to moderate driving demands, a multiplier of 1.2 to 1.4 can be used on task compl etion times
to yield approximate task completion times when avehicle is moving (P. Green, personal
communication, December 1998). In this study, tasks were performed while the vehicle was
moving. Therefore, task completion times greater than 13 seconds and 20 seconds were
identified. (Using Green’s modifier, 10 seconds and 15 seconds were modified to 13 and 20

seconds, respectively.)

Number of Drivers Who Skipped a Task was determined. A task was considered to be skipped
by the driver if the driver said “skip” rather than compl eting the task after the task was presented
onthelVISdisplay. Driverswereinstructed during training to say “skip” if they believed the
task required too much attention to safely complete while driving. The number of drivers who
skipped each task was determined.

Number of Tasks Not Presented to Driver, Safety Concern. Tasks were not presented if driver
performance on a previously performed lower information density task was determined to be
unsafe. For safety reasons, tasks with greater difficulty were not presented. Unsafe driver
performance was determined by the experimenter in the vehicle as nine or more eye glancesto
the display, significant lane deviation, and/or significant headway or speed maintenance

variations.

Number of Errorson Secondary Task Completion. An answer was determined correct for tasks
that required the driver to either 1) search display for specific information, 2) determine the
quickest route to the airport, or 3) determine the cheapest route to the airport. Clearly, errors are
an undesired outcome. In this study, each of these tasks had only one correct answer. If an error

was made, it indicated that insufficient mental resources were allocated to the task; had the driver
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allocated additional resources, perhaps situation awareness would have been degraded and an

accident would have resulted.

2.2.3 OBJECTIVE 3: TO PROVIDE DESCRIPTIVE DATA ON THE PROPORTION OF DRIVERSWHO
EXCEEDED A SAFETY THRESHOL D FOR EACH OF THE DIFFERENT IVISTASKS.

Driver performance, in this study, was characterized as being within ared zone, yellow zone, or
green zone. The red, yellow, and green zones were operationally defined as driver performance
that exceeded the Red-line Threshold, driver performance that exceeded the Y ellow-line
Threshold, and driver performance not significantly degraded from baseline driving,
respectively. Figure 2.2 illustrates this concept. Driver performance data exist in the literature
for IVIS tasks resulting in driver performance in the green zone; however, data are needed to
indicate which IVIS tasks result in driver performance in the yellow and red zones. Exceeding
the Y ellow-line Threshold indicated there was a measurable degradation in driver performance.
In contrast, exceeding the Red-line Threshold indicated that a composite group of surrogate

safety measures of driver performance was substantially affected.
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Figure 2.2. Illustration of Red-line and Y ellow-line Thr&ehl ds.

A database was created that contains the proportion of drivers who exceeded the Red-line
Threshold for each of the IVIS tasks in this study (refer to Appendices M-X). Alsoincludedin
Appendices M-X are the results from the Y ellow-line Threshold measure, indicating whether the
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driver performance for each age group was significantly degraded during IVIS tasks from
baseline driving.

The objective was to provide data and recommendations to designers and policy makers, not to
determine the instrumentation to be placed in vehicles. When possible, the best approach to use
for designing a safe system is to design out unsafe aspects based upon the user’ s needs,
capabilities, and limitations. However, there are other methods to make a system safe that
include training, policies and procedures, and warnings (Anton, 1989). Implementation of 1VIS
requires consideration of many issues. This study provides designers and policy makers with
information to assist in determining how best to proceed with the implementation of this new

technology.
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CHAPTER 3: METHOD

3.1 PARTICIPANTS

Thirty-six drivers, ranging in age from 18 to 85 years, participated in the study. Driverswere
grouped into one of three categories 1) young, 2) middle age, or 3) older drivers. A screening
was performed to determine driver experience. Table 3.1 lists the average age and average miles
driven for each age group. Driverswere recruited by advertisements in newspapers and flyers,
and received $10.00/hour for approximately five hours of research time. To participate in the
study, drivers were required to:

1) Haveavaliddriver'slicense;

2) Pass ahealth screening questionnaire;

3) Have aminimum of 20/40 visual acuity, wearing corrective lenses if necessary;

4) Passaninformal hearing test; and

5) Driveaminimum of four times aweek.

Table 3.1. Participants’ age and milesdriven annually.

AgeRange| Average
(years) | Miles/Year

19-24 16,083
20-25 10,750
37-43 15,750
35-45 11,500
72-85 14,083
65-84 4,550

3.2DRIVING CONDITIONS

Tasks were performed and data were collected on U.S. Highway 460, a four-lane divided road
with good visibility, as participants drove from Blacksburg, Virginiato Princeton, West Virginia,
and then back to Blacksburg. Datawere only collected during daytime hours and during clear
weather conditions with no rain, snow, or ice on the roadway. A confederate vehicle was driven
in front of the test vehicle, throughout the drive, to create a vehicle following situation.
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3.3 APPARATUS

An instrumented 1995 Oldsmobile Aurorafour-door sedan was used to investigate on-road
driver behavior. The primary apparatus used in the study, in addition to the automobile, were:
1) Cameras, sensors, and associated hardware and software;
2) Anin-vehicleinformation system (IVI1S); and
3) A confederate vehicle.

3.3.1 CAMERAS AND SENSORS
The vehicle was instrumented with cameras and sensors to monitor and record driver behavior.
Cameras were positioned to monitor and record:

1) Eye glance movements of the driver,

2) Forward roadway,

3) Position of the vehicle relative to the lane markers, and

4) Information being displayed on the IVIS.

Sensors were installed to monitor and record:
1) Longitudinal and lateral accelerations of the vehicle,
2) Speed of the vehicle,
3) Steering wheel position,
4) Headway distance, and

5) In-vehicle auditory sounds.

Datareceived from the cameras and sensors were time stamped and recorded both on a videotape
and in adatafile on acomputer installed in the vehicle. Appendix D contains detailed
information about the cameras, sensors, and associated hardware and software interfaces used in

the instrumented vehicle.

3.3.2 IN-VEHICLE INFORMATION SYSTEM (IVI1S)

The vehicle was equipped with an experimenter-operated 1VIS. A PC laptop was used to operate
the IVIS and a series of slides were created and stored in the computer’s memory. Two
experimenters were in the vehicle at all times during data collection. One experimenter sat in the
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front passenger seat and the other experimenter sat in the back seat. When the rear seat
experimenter typed a slide number into the keypad of the computer, atone was presented to the
driver to alert him/her that atask was to begin. Auditory instructions for the task to be
performed were then presented to the driver. At the conclusion of the instructions, information
needed to complete the task was instantaneously displayed on a screen mounted to the right of
thedriver. A button was located on the left side of the steering wheel that served to repeat the
instructions when needed by the driver. If the driver depressed this button the data file was
flagged, indicating that the driver requested that the instructions be repeated. A 10-inch LCD
was mounted to the right of the driver. The distance from the right edge of the steering wheel to
the display’ s midpoint was 6.25 in. The display swiveled on a ball and socket joint, allowing the
driver to adjust the positioning of the display. Figure 3.1 illustratesthe display used. TableD.1
in Appendix D lists the technical specifications of the LCD display.

Figure 3.1. IVIS display in the experimental vehicle.

3.3.3 CONFEDERATE VEHICLE

A vehiclewasdriven in front of the test vehicle at all times on theroute. The vehicle was termed
a"confederate vehicle" due to the fact that the participant of the study was unaware of the "help"
that the confederate vehicle was providing to the experimentersin the test vehicle. The
participant was made aware that a vehicle would be driven in front of his/her vehicle for the
duration of the study with the purpose of creating a“traffic situation.” However, the participant

was not made aware that the confederate vehicle’ s speed would vary depending on whether
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information was being displayed on the participant’s IVIS. The confederate vehicle was
equipped with a buzzer that was activated, viaradio signal by the computer operated in the
experimental vehicle by the rear seat experimenter, at the beginning and at the end of each task
presentation and baseline condition.

3.4 EXPERIMENTAL DESIGN

This study utilized three within-subject variables (information processing, presentation format,
and density level), and two between-subject variables (age and gender). The presentation order
of the VIS tasks was counter-balanced. The independent variables, dependent variables, and the
variables held constant during the study are illustrated in Figure 3.2. Table 3.2 provides
additional information about the independent variables studied.
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Figure E’:Z \;;riabl €s.
3.4.1 INDEPENDENT VARIABLES
3.4.1.1Age
The 36 drivers who participated in the experiment were divided into three groups based on age;
each group had twelve drivers:

1) Young (18 and 25),

2) Middle age (35-45), and

3) Older (65").
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3.4.1.2 Gender

Within each age group, six drivers were male and six were female.

3.4.1.31VISTasks
VIS tasks are characterized by three variables:
1) Presentation format: paragraph, table, graphic text, and graphic icon;
2) Density level: (number of options X number of categories of information); and
3) Information processing: Search; Search and Plan; Search and Compute; Search, Plan, and
Interpret; Search, Plan, and Compute; and Search, Plan, Interpret, and Compute.
(Explained in detail in alater section)
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Table 3.2. Independent Variables.
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3.4.1.3.1 Presentation For mats

The presentation format refers to how information was displayed on the VIS screen.
Information was displayed in one of the following four formats:

1) Tableformat: (refer to Figure 3.3),

2) Paragraph format: (refer to Figure 3.4),

3) Graphic text: (refer to Figure 3.5), and

4) Graphicicon: (refer to Figure 3.6).

Information displayed was presented using the guidelines outlined in the work of
Campbell et al. (1998). Visual anglesfor title, critical elements, and non-critical
elements were 0.50 degrees, 0.33 degrees, and 0.266, respectively. A simple and clear
font, courier new, was utilized. Refer to Appendix C for additional specifications on the

information presented.

Route Planning

Aouts Diimtancs fml LrE

1-34 e el
HE-EEe, TI i miles Erosring
I=714 Ferm

M. 54 25 milew Blackinsry
DE-REwm. &H TELL AR
Huy. 18 EE miles wWoEk

Figure 3.3. Table format.
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Route Planning
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Figure 3.4. Paragraph format.
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Figure 3.5. Graphic text format.

Figure 3.6. Graphic icon format.
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3.4.1.3.2 Density L evels

The density level refersto the “number of options’ and the “number of categories’ of

information to be considered for each option presented (number of options X number of
categories of information). For example, a driver might have been presented a map with
five possible routes to a destination and been provided the following information for each
of the routes: type of road, distance, delays, and lanes closed. Each of these five routes or
“options’ had four “categories of information” to consider; therefore, this would be

characterized as 5 options x 4 categories of information (5x4).

To further illustrate the concept of density levels, an exampleis provided below depicting
atask and each of its density levelsin the graphic icon format. This task involved
selecting aroute; there were five possible density levelsin which information could have
been presented to the driver when he/she completed thistask. Table 3.3 contains the
categories of information that were presented in each density level. The five density
levels are listed below:

» Low (3x2): 3 options, 2 categories of information (refer to Figure 3.7),

* Medium (3x3): 3 options, 3 categories of information (refer to Figure 3.8),

* Medium (5x2): 5 options, 2 categories of information (refer to Figure 3.9),

* High (5x4): 5 options, 4 categories of information (refer to Figure 3.10), and

* Very High (5x6): 5 options, 6 categories of information (refer to Figure 3.11).

Table 3.3. Categories of information presented in different density levels.

Information Presented to Driver on IVIS

Low (3x2)

Medium (3x3)

Medium (5x2)

High (5x4)

Very High (5x6)

Type of road

Type of road

Type of road

Type of road

Type of road

Distance

Distance

Distance

Distance

Distance

Delays

Delays

Delays

Hazards

Hazards

Toll road
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Figure 3.7. Low density (3x2), graphic icon.

0 5 10
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Figure 3.8. Medium density (3x3), graphic icon.
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Figure 3.11. Very high density (5x6), graphic icon.
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The space available on the visua display to present information restricted the
combinations of density levels and presentation formats. The categories of information
presented in each density level for each task are discussed further in the next section on

information processing.

3.4.1.3.3 Information Processing

Tasks were characterized by the information processing required to complete the task.
The classification scheme was adapted from the work of Lee et al. (1997). As discussed
previously, four elements characterized the IVIS tasks: 1) Search, 2) Compute, 3) Plan,
and 4) Interpret elements. Tasks were created such that they had one of the following
combinations of elements:

» Search and Plan (SP task);

« Search, Plan, and Interpret (SPI task);

+  Search and Compute (SC task);

«  Search, Plan, and Compute (SPC task);

« Search, Plan, Interpret, and Compute (SPIC task); and

« Searchtask.

All tasks had a Search element since all tasks required the participant to scan the visual
display for information. If atask required the participant to perform computations, then it
was characterized as having a Compute element. Tasks that required the driver to select
the “best” option from those presented were characterized as having a Plan element. If
the information presented was ambiguous and the driver had to rely on personal judgment
to infer the ramification(s) of the information, the task was characterized as having an

Interpret element. The following section describes these tasks in more detail.

Search and Plan Tasks (SP task)
SP tasks involved the driver scanning and extracting information from the visual display

and then further processing the information to determine how best to accomplish an

objective. Theinformation presented was characterized as definitive information; the
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information did not need to be interpreted prior to using it to make adecision. Drivers
were presented SP tasks that involved one of two objectives:

1) Selecting ahotel, or

2) Selecting aroute.

SP-hotel Tasks
The low density level contained information about the name of the hotel and the distance
from the vehicle's current location for each hotel presented. All density levels provided
thisinformation, while additional information presented at higher density levelsincluded
information on vacancy, cost, quality rating, and restaurant availability. Taskswere
created to determine the effect of presenting the same categories of hotel information in
the different presentation formats. However, due to the nature of graphic maps, type of
roadway information was also presented in the graphic text and graphic icon format.
- Table 3.4 outlines the information that was presented for selecting a hotel at the
different density levels.
« Figure 3.12 provides an example of an SP-hotel task.
- Table3.5 provides alisting of the density levels that were used with each of the
presentation formats.
« FiguresE.1-E.4in Appendix E illustrate the IVIS screens presented for the SP-
hotel tasks.

Table 3.4. Categories of infor mation presented to driversduring SP-hotel.
Information Presented to Driver on VIS
Low (3x2) Medium (3x3) High (5x4) Very High (5x6)

Hotel name Hotel name Hotel name Hotel name

Distance Distance Distance Distance

Vacancy Vacancy Vacancy

Cost Cost

Quiality
Restaurant

51



Hotels On-route

e Yacancy Oirtancs
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Figure 3.12. An example of a SP-hotel.

Table 3.5. Density levels utilized for SP-hotel tasks.
Density Level

Presentation Medium | High Very High
Format (3x3) (5x4) (5x6)

Table
Paragraph

Graphic text*

Graphic icon*

* Type of roadway was also presented in the graphic text and graphic icon formats.

SP-route Tasks
The 3x2 and 5x2 density levels, contained information about the type of roadway and the
distance from the vehicle's current location to the destination for all possible routes. All
density levels provided this information, while additional information presented at higher
density levels included the presence of delays (in minutes), safety hazards, tolls (no
computation required), and/or gas stations on route.
- Table 3.6 outlines the information that was presented for selecting aroute at the
different density levels.
« Figure 3.13 provides an example of a SP-route task.
- Table 3.7 provides the density levels used with each of the presentation formats.
« FiguresE.5-E.8 in Appendix E illustrate the IVIS screens presented for the SP-
route tasks.
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Table 3.6. Categories of information presented to driversduring SP-route tasks.

Information Presented to Driver on IVIS

Low (3x2)

Medium (3x3)

Medium (5x2)

High (5x4)

Very High (5x6)

Type of road

Type of road

Type of road

Type of road

Type of road

Distance

Distance

Distance

Distance

Distance

Delays

Delays

Delays

Hazards

Hazards

Toll road

Route Planning

Houts ClaTanos Pelaye
I-34

IS-Bte 1S milem 20 e
2]

Hwy 85 miles a5 mimn
T=14

Huwg 150 miles L5 mim

-

Figure 3.13. An example of an SP-route task.

Table 3.7. Density levels utilized for SP-route tasks.

Density Level

Gas station

Presentation
Format

Medium
(5x2)

Medium
(3x3)

High
(5x4)

Table

Paragraph

Graphic text

Graphicicon




Search, Plan, and Interpret Tasks (SPI tasks)
SPI tasks involved:

1) Scanning and extracting information from the visual display;

2) Interpreting the information, such as determining the implications of a car
accident, or train crossing; and then

3) Deciding how best to accomplish an objective.

All SPI tasksinvolved selecting aroute. Tasks were placed into one of the following
groups based on the categories of information presented:

1) SPI-partial tasks presented categories of information that needed to be interpreted,
but in addition, they also presented distance from current location to destination.
Distance did not need to be interpreted; therefore, not all categories of
information needed to be interpreted, hence the name SPI-partial. The SPI-partial
tasks were presented in al presentation formats.

2) SPI-all task did not contain distance as a category of information; therefore, the
SPI-all tasks were not presented in the graphic text and graphic icon formats.

Information displayed during SPI tasks is characterized in the following figures and

tables:

« Table 3.8 outlines the information that was presented for selecting a route at the
different density levels.

« Figures 3.14 and 3.15 illustrate an SPI-partial task and an SPI-all task, respectively.

« Table3.9 provides alisting of the density levels that were used with each of the
presentation formats.

« FiguresE.9-E.14 in Appendix E illustrate the VIS screens presented for the SPI
tasks.
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Table 3.8. Categories of information presented to driversduring SPI tasks.

Information Presented to Driver on VIS

Low (3x2)

Medium (3x3)

High (5x4)

Very High (5x6)

Partial -
Interpret

Type of road

Type of road

Type of road

Distance

Distance

Distance

Delays

Delays

Delays

Lane(s) closed

Lane(s) closed

Congestion

Traffic density

All -
Interpret

Type of road

Type of road

Type of road

Delays

Delays

Delays

Lane(s) closed

Lane(s) closed

Congestion

Route Planning

Aoute bistamce  Dmlays
I=34 Schoal
OE-Rtm. V1 43 milax Croaaing
I-34 Fatm

Huy . 54 25 milas 1842 hi na ey
oE-Ate. 62 wtility
Hwy ., 18 BES milss WaTk

Fi gure 3.14. An example of an SPI-partial task.
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Route Planning
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Figure 3.15. An example of an SPI-all task.

Table 3.9. Density levels utilized for SPI tasks.
Display Densities

Presentation

(3x3) (5x4) (5x6)

Table X X

Partial- Paragraph
Interpret || Graphic text

Graphicicon

All - Table
Interpret || paragraph

Search and Compute Tasks (SC task)
SC tasksinvolved the driver scanning and extracting information from the visua display

and then performing a computation with the information. Drivers were presented SC
tasks that involved one of the following types of computations:
1) Addition O determine the cheapest route provided toll costs (SC-addition);
2) Division [0 determine the quickest route provided distance and speed limit (SC-
division); and
3) Division & addition [0 determine the quickest route provided distance, speed
limit, and delays in minutes (SC-division & addition).
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Table 3.10 outlines the categories of information presented to drivers during SC tasks.
Three categories of information was the minimum number needed to create an SC task,
two categories with numbers for computations, and one category to identify the option.
After adriver completed an SC task, he/she was asked if a computation was performed.
If a computation was not performed, then the task was not characterized as an SC task,
but rather as a Search and Plan task. The information presented during SC tasksis
characterized in the following tables and figures:
* Figures 3.16, 3.17, and 3.18 provide examples of SC-addition, SC-division, and
SC-division & addition tasks, respectively.
e Table3.11 provides alisting of the density levels that were used with each of the
presentation formats.
* Figures E.15-E.17 located in Appendix E illustrate the IVIS screens presented for
the SC tasks.

Table 3.10. Categories of information presented to driversduring SC tasks.

Information Presented to Driver on VIS

Medium (3x3) High (5x4)

Type of road Type of road
Toll cost Toll cost

Addition
Toll cost Toll cost

Distance

Type of road Type of road

Distance Distance
Speed limit Speed limit
Toll cost
Addition Type of road
& Distance
Division Speed limit
Delays

Division
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Table 3.11. Density levels utilized for SC tasks.

Presentation Density L evel
For mat (3x3) (5x4)

Table X X
Addition Paragraph X
Graphic text
Table
Division Paragraph
Graphic text

Addition & Table
Division

Graphic text

Route Planning

-
Rooks Tnll Copk Tall Coxt
I-18,

Hiy, 14 §2.58 §5.25
oE-pte. 69

Heg, Gd 46,00 §3.50
I-34,

DE=Rte. A3 L1 FarE -] 53,73

Fi gure 3.16. An example of an SC-addition task.
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Route Planning

[T Distatse Spemd
Limit

1-34,

OE-gta. 33 344 milas &5 mph

Ug-Ris, &8,

Wey, 16 159 miles 50 mph

I=34,

Ry, A Z40 milem 5 mph

Figure 3.17. An example of an SC-division task.

Route Planning

Bouts Distarcs ppead balm'yy
Limit

O@=Rte. &0,

Hary, 54 ZT0 milewm B0 mEh 4% mimn
OE~Rts. &0,

Awny. LA 204 milesx 53 mph 28 min
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us-Ate. 33 325 milem 63 mph 5 min
I-34
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I-34

IE-mte. T1 18% miles 55 mph I min

Figure 3.18. An example of an SC-division & addition task.
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Sear ch, Plan, and Compute Tasks (SPC task)

SPC tasks involved scanning and extracting information from avisual display, choosing

whether to perform a computation with the information, and then selecting a route from
those presented. The same categories of information were presented to drivers during SPC
tasks as during SC tasks; however, the instructions were different. During a SC task, the
driver was instructed to “ Select the quickest route to the airport” or “ Select the cheapest
route to the airport.” During SPC tasks, drivers were instructed to “ Select aroute to the
airport.”

Drivers were questioned after the completion of SPC tasks to determine if the driver
actually performed a SPC task or simply a SP task. If the driver stated that he/she
performed a computation in deciding which route to take, then the task was characterized
as an SPC task. However, if no calculation was performed, then the task was
characterized as a SP task.

The number of categories of information required to perform computations did not allow
SPC tasks to be presented in al combinations of presentation formats and density levels.
SPC tasks were not presented in the graphic icon format due to the fact that numbers
(text) had to be displayed for computation tasks. Information displayed during SPC tasks
is characterized in the following figures and tables:
- Table 3.12 outlines the information that was presented for selecting aroute at the
different density levels.
« Figure 3.19 provides an example of an SPC task.
« Table3.13 provides alisting of the density levels that were used with each of the
presentation formats.
« FiguresE.18-E.20in Appendix E contain the IVIS screens presented for the SPC
tasks.
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Table 3.12. Categories of information presented to driversduring SPC tasks.
Information Presented to Driver on IVIS
Medium (3x3) High (5x4)
Type of road Type of road
Toll cost Toll cost
Toll cost Toll cost

Addition

Distance
Type of road Type of road
Distance Distance
Speed limit Speed limit
Toll cost
Type of road
Distance
Speed limit

Division

Addition
&
Division

Delays

Route Planning

EOUTe piptanos Tell Coat Tall Ceat
I-34

mwy. 16 71 miles #2 .50 #4 . 50
I-34

TE=Rtm; 71 14 milmm g4 .50 53 .00

Ti-ft=, 63

. 54 _33 miles 93,50 _53.75
TE-Rie. &4

wE-Rie. 24 53 milas #1508 §5 .28
e T |

¥8-Rts, 33 % mileE §1.,78 g4, 00

Figure 3.19. An example of an SPC task.
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Table 3.13. Density levels utilized for SPC tasks.
Density Level

Presentation

(3x3) (5x4)
Tabular X
Addition Paragraph

Graphic text

Tabular

Division Paragraph

Graphic text

Search, Plan, Interpret, and Compute Tasks (SPIC tasks)
SPIC tasks involved scanning and extracting information from avisual display, choosing

whether to perform a computation with the information, interpreting information, and then
deciding how best to accomplish the objective of selecting a route from those presented.

During SPIC tasks, drivers were instructed to “ Select aroute to the airport.”

Drivers were questioned after the presentation of SPIC tasks to determineif the driver
actually performed a SPIC task, a SPI task, a SPC task, or a SPtask. A task was only
considered to have a Compute element if the driver performed a computation, while a
task was only considered to have an Interpret element if the driver used the category of
information that required interpretation.

The number of categories of information required to perform computations did not allow
SPIC tasks to be presented in al combinations of presentation formats and density levels.
A minimum of four categories of information were required to create SPIC tasks,
therefore, they were not presented in the low and medium density levels. SPIC tasks
were not presented in the graphic icon format due to the fact that numbers (text) had to be
displayed for computation tasks. Information displayed during SPIC tasksis
characterized in the following figures and tables:

- Table 3.14 outlines the information that was presented for selecting a route.
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« Figure 3.20 provides an example of a SPIC task.

- Table 3.15 provides alisting of the density levels that were used with each of the
presentation formats.

« FiguresE.21-E.23in Appendix E contain the IVIS screens presented for the SPIC
tasks.

Table 3.14. Categories of information presented to driversduring SPIC tasks.
Information Presented to Driver on IVIS
High (5x4)
Type of road
Toll cost
Toll cost

Addition

Distance
Type of road
Distance
Speed limit
Toll cost

Division

Route Planning

Route Distance Speed Delays

Limit
I-34,
Us-Rte. 71 320 miles 65 mph Construction
I-34,
Hwy. 16 245 miles 55 mph School Bus
US-Rte. 68,
Hwy. 54 195 miles 45 mph Hazmat Spill
US-Rte. 68,

US-Rte. 28 139 miles 50 mph Drawbridge

I-34,
US-Rte. 33 205 miles 55 mph Fire Truck

Figure 3.20. An example of an SPIC task.



Table 3.15. Density levels utilized for SPIC tasks.

Presentation
Format

Density Level

High (5x4)

Tabular

Addition Paragraph

Graphic text

Tabular

Division Paragraph

Graphic text

Search Tasks

Search tasks involved the driver scanning avisual display and extracting information.

Drivers scanned for information that met predefined parameters; no further processing of

the information was necessary. Search tasks were created with the goal of comparing the

attention demand of scanning and extracting information from avisual display with tasks

which required both the attention demand of scanning and extracting information from a

visua display as well as performing additional information processing. Search tasks

were grouped into the following categories:

«  Search on general information screens of text (S-general task)

Tasks were created in the table and paragraph format that contained general

information for drivers to scan and extract information (Figure 3.21). Figures E.24

and E.25 in Appendix E contain the IVIS screens presented for the S-general task.

«  Search on hotel selection tasks (S HP task)

Tasks were created in the graphic text and graphic icon formats that were similar to
hotel selection tasks (Figure 3.22). Figures E.26 and E.27 in Appendix E contain the

VIS screens presented for the S-HP tasks.
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« Scarch on route selection tasks

Tasks were created in the table, graphic text, and graphic icon formats that were
similar to route selection tasks (Figure 3.23).

SP route slides (S-RP task). Figures E.28 and E.29 in Appendix E contains the
VIS screens presented for the S-RP task.

SPI dides (S-RPI task). Figures E.30-E.32 in Appendix E containthe IVIS
screens presented for the S-RPI tasks.

SC dlides (S-compute task). Figure E.33 in Appendix E containsthe IVIS screens
presented for the S-compute tasks.

Local Attractions

Option Parking Admission
Cost Cost
1 No cost 54.50
2 High 50.00
3 No cost 50.00

Figure 3.21. S-general task, table format.
Instructions: “ Which option has no monetary cost?”

) ~
O\l

£3 L

Sl

H:l:J | J
== =

Figure 3.22. S-HP task, graphic icon format.
Instructions: “ Which hotel has a vacancy?”
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Figure 3.23. S-RPI task, graphic icon format.
Instructions: “ Which roadway has a railroad crossing delay?”

3.4.2 DEPENDENT VARIABLES
Several measures were used to analyze driver performance during task completion and
baseline driving. Task completion refersto the time starting at the completion of the
instruction presentation and ending when the participant stated the last word of the
answer. Information was displayed on the IVIS immediately after the instructions were
presented. The effects of performing IVIS tasks on driver performance were determined
with the following measures:

- Eyeglance measures,

« Longitudinal driving performance measures,

+ Lateral driving performance measures, and

«  Secondary task performance measures.

The dependent measures used in this study are listed in Table 3.16.
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Table 3.16. Dependent measur es.

Measure

Description

Eye Glance
Measures

Number of eye glancesto I VIS display
(number)

The number of times the driver’s eyes were directed to the display during task completion.

Peak single eye glance length to | VIS display
(seconds)

The longest continuous amount of time the driver’s eyes were directed toward the display without |ooking to another location
during task completion.

Number of eye glances to mirrors (number)

The number of times the driver’'s eyes were directed to either the right-side mirror, left-side mirror, or rear-view mirror during
task completion and baseline driving.

Longitudinal
Driving
Performance

Minimum speed (mph)

The minimum speed driven during task completion and baseline driving was determined.

Change in speed (mph)

The difference between the speed at the start of either atask or baseline and the minimum speed reached during that task or
baseline.

Variance in speed

The variance in speed during task completion and baseline driving was determined.

Minimum headway (seconds)

Headway was defined as the distance between the test vehicle and the vehicle in front, divided by the speed of the test vehicle.
The minimum headway reached was determined for each task completion and baseline driving.

Peak longitudinal deceleration (G's)

The pesk longitudinal acceleration reached during task completion and baseline driving.

Lateral Drivin
Performance

Lane deviation (number)

The occurrence of the front wheels of the vehicle going over the inside edge of either the right or Ieft lane marker, during task
completion and baseline driving.

Peak steering wheel angular velocity
(degrees/sec)

The maximum velocity the steering wheel was turned during task completion and baseline driving.

Variancein steering wheel position

The variance in steering wheel position during task completion and baseline driving.

Peak lateral acceleration (G's)

The pesk lateral acceleration reached during task completion and baseline driving.

Secondary
Task
Performance

Task completion time (seconds)

The length of time needed to complete the task, the time from the completion of instructions to when the driver stated the last
word of the answer.

Number of drivers who skipped a task
(number)

A task was considered skipped by the driver if after the start of the task the driver said “skip” rather than complete the task and
provided an answer.

Number of drivers not presented a task, safety
concern (number)

A task was not presented to adriver if driving was determined to have exceeded the Red-line Threshold at alower density level
for the same task.

Errorson secondary task completion
(number)

Correct/not correct was determined for the answer to the secondary task (1V1S task).
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3.5 PROCEDURES
The method used during this study is divided into four components. Detailed procedures for each
of these components are outlined below:

1) Participant screening and training,

2) Datacollection,

3) Confederate vehicle, and

4) Dataanalysis.

3.5.1 PARTICIPANT SCREENING AND TRAINING PROCEDURES
Participants were screened over the telephone regarding age, gender, and driving experience
(Appendix F). If participants qualified, atime was scheduled for testing. Participants were
instructed to meet experimenters at the Virginia Tech Transportation Institute (VTTI),
Blacksburg, VA. After arriving at the VTTI, the participant was given an overview of the study
(Appendix G) and he/she completed the following:

1) Informed consent form (Appendix H).

2) Health screening questionnaire (Appendix I).

3) Vision test, to ensure minimum of 40/20 distance vision.

If no health problems were identified and the driver passed the vision test, the participant
continued with training. The training process is outlined below; for a detailed description, refer to

Appendix J.

1) Participant received instructions on the VIS, using a computer mockup of the IVIS located in
alaboratory.

2) Participant performed sample VIS tasks on the computer mockup.

3) At the completion of the training on the computer mockup (approx. 1 hour), the participant
was shown the vehicle that he/she was to drive during the study, and received instructions on
vehicle operations.

4) Operations of the IVIS were reviewed, and in-vehicle vision and hearing tests were
administered.
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5)

6)

7)

8)

9)

a) Vision test was administered to determine the participant’s ability to read the text
presented on the IVIS display.

b) Hearing test was administered to determine the participant’s ability to understand verbal
navigational commands and hear the auditory alert cues.

Participant then received driving instructions to follow throughout the drive.

a) Remain in the right-hand lane unless asked to pass a slow-moving vehicle.

b) Drive at acomfortable speed, not to exceed the speed limit.

c) Observeadl traffic regulations, such as turn restrictions, traffic lights, regulatory and
warning signs, etc.

d) Say“skip” if an VIS task requirestoo much attention to safely perform while driving.

Participants then drove around a practice route to become familiar with the handling of the

vehicle; during thistime, no VIS tasks were presented.

Once the participant stated that he/she was comfortable with the handling of the vehicle,

training of IVI1S tasks began while the vehicle was in motion.

a) Task was presented on the IVIS system.

b) Participant completed the task.

c) Front seat experimenter asked participant for the categories of information used.

d) Front seat experimenter prompted the participant to complete the modified NASA-TLX
subjective rating.

€) Front seat experimenter then stated what he heard the participant say and what this meant
to him, the experimenter.

f) Front seat experimenter then asked the participant if this was how he/she intended to
answer.

If the participant felt comfortable performing the VIS task, then he/she was instructed to

drive to U.S. Route 460, and additional training tasks were presented. At thistime, the

participant was not aware that these were practice tasks.

After completion of training tasks, data collection began on U.S. Route 460.

3.5.2 DATA COLLECTION PROCEDURES

Two experimenters were in the vehicle with the driver. The experimenter in the front seat

interacted with the driver as needed, prompted the rear driver to present atask on the IVIS, and
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served as the safety officer, using the emergency brake as needed. Appendix K contains the

protocol followed by the front seat experimenter.

The experimenter in the rear seat presented information on the IVIS vialaptop computer inputs,
asinstructed by the front seat experimenter, that was stored as slide format in the laptop
computer’s hard-drive. The data set was flagged automatically when new information was
presented on the IVIS display. The sequence of data collection was as follows:
1) Front seat experimenter stated “Present task # .
2) Rear seat experimenter presented the appropriate task on the IVIS.
a) Beep was sounded by VIS, notifying the participant that atask was to be presented.
b) Auditory instructions were presented over the vehicle's sound system, such as* Select
ahotel.”
¢) Visua information was displayed on the IVIS display at the conclusion of the auditory
instructions.
d) The subject could, at any time, press the button on the left side of the steering wheel to
have the instructions replayed.
€) Driver used the information displayed on the VIS to compl ete the task.
f) Driver auditorily stated answer.
g) IVISdisplay went blank, and the task ended.
3) Driver was asked which information was used and, if applicable, whether a computation
was performed.
4) Driver was asked for amodified NASA-TLX subjective evaluation and subjective
evaluation of situation awareness (Appendix G).
5) A brief rest period; duration depended on road conditions (minimum of 10 seconds).

This series of events was repeated for each VIS task presented to the driver. Each type of task
(Search, SP, SC, etc.) was presented in each of the possible presentation formats. After all tasks
had been presented one time, each task was then repeated at a higher or lower density level. This
process continued until it was determined at what density level the Red-line Threshold was
exceeded for each type of task in each of the presentation formats. Therefore, the total number of
slides presented varied among participants. The presentation order of the tasks was counter-
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balanced between drivers, based on type of task and presentation format. Baseline data

collections were also counterbal anced with task presentations.

During the drive, tasks were evaluated on whether they exceeded the Red-line Threshold with an
estimate of driver performance. The front seat experimenter evaluated lateral deviations, speed,
and headway. The rear seat experimenter estimated the number of eye glancesto the IVIS
display; nine or more eye glances indicated that the Red-line Threshold had been exceeded. Also,
if the driver said “skip” when atask was presented, then the Red-line Threshold had been
exceeded.

Tasks were not performed along parts of the route that had poor visibility and/or sharp curves.
Breaks were provided at rest areas and gas stations aong the route, as needed. Once all tasks
were completed, the driver was instructed to return to the Virginia Tech Transportation Institute

where the driver was debriefed and paid for his/her time.

3.5.3 CONFEDERATE VEHICLE PROCEDURES

A passenger vehicle was driven in front of the test vehicle for the duration of the drive during
which time it matched the speed of the Aurora. The confederate driver was signaled at the start of
each VIS task and baseline condition. An FM radio transmitter/receiver unit sent asignal to the
confederate vehicle; a buzzer sounded once to indicate the start of atask, and twice to indicate the
end of atask. The confederate driver decelerated at the onset of atask presentation. The
confederate vehicle remained in the right-hand lane for the duration of atask. Appendix L

contains protocol followed by the confederate driver.

3.5.4 DATA ANALYSIS PROCEDURES
Two groups of analysis were performed; procedures for each are discussed in the following
sections:

1) Procedure for determination of Red-line and Y ellow-line Thresholds, and

2) Procedure for comparative analysis of attention demand for V1S tasks.
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3.5.4.1 Procedurefor Determination of Red-line and Y ellow-line Thresholds

As mentioned previously, Red-line Thresholds and Y ellow-line Thresholds were created to assess
driver performance while completing IVIS tasks. A conservative Red-line Threshold was
determined with the expectation that experts will agree on the threshold values that should not be
exceeded. However, data are available if the need to modify the threshold values arises. If the
Red-line Threshold values are modified, then the data will indicate the minimum number of
drivers who would have exceeded the lower modified Red-line Threshold value. For example, it
was expected that experts would agree that nine or more eye glances to the IVIS display indicated
that the Red-line Threshold had been exceeded. However, if an expert instead chose to use five
eye glancesto the IVIS display as the Red-line Threshold, then the results would need to be
interpreted as at least X% of drivers exceeded the Red-line Threshold. Drivers who made 5-8 eye
glances to the display were not presented alower density level; therefore, it is not known for all
driversif amodified Red-line Threshold of five eye glancesto the IVIS display would have been
exceeded.

A combination of six measures was used to create the Red-line Threshold. Three measures
indicated the occurrence of a particular event and three other measures were used which indicated

specific values had been exceeded.

The occurrence of one of the following three events indicated that the Red-line Threshold had
been exceeded:

1) Lanedeviations,

2) Task skipped by the participant, and

3) Task not presented to the driver because of safety concerns due to the driver’s

performance on a previoustask at alower density level.

The following three measures each had arange of values for which safety parameters were
established from past research and expert opinion. Table 3.17 lists the values used to define the
Red-line Threshold.

1) Number of glancesto the IVIS display,

2) Peak eye glancelengthto IVIS display, and
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3) IVIStask completion time.

Table 3.17. Red-line Threshold values.

M easure Red-line

Number of eye glancesto

VIS display 9 or more glance

Threshold

Determined from|| Peak single eye glance Greater than 2.5
Past Research and|| length to IVIS display seconds
Expert Opinion

Greater than 20
seconds

Task completion time

As discussed in previous sections, the Y ellow-line Threshold was determined to be exceeded if
driving performance during V1S task completion was negatively affected when compared to
baseline driving. The measures listed in Table 3.18 were used to compare driver performance.
The time to complete VIS tasks varied; therefore, baselines were taken at time intervals
representative of task completion times. The baseline measures were counterbalanced with the
task presentations. Baseline values were determined for the performance measures by collecting
four baselines for each of the different time intervals for each driver. Mean values for each
performance measure were then determined for each driver. Table 3.19 contains the mean length
of time for baselines and IVIS tasks for each timeinterval.

The performance of each driver was compared to his’her performance during task completion; a
paired T-test was performed to determine if there was a significant difference (p<0.05). This
procedure was repeated for each of the three age groups. If performance was found to be
significantly degraded with one or more of these measures during the IVIS task completion, then

performance was said to be negatively affected and the Y ellow-line Threshold was exceeded.
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Table 3.18. Yellow-line Threshold measur es.

M easur es

Eye-Scanning Behavior Number of eye glances to mirrors

Peak |ateral acceleration

Lateral Driving

Performance Peak steering wheel velocity

Variance in steering wheel position

Peak longitudinal deceleration

Minimum headway

Longitudinal Driving

Performance Change in speed

Minimum speed

Variance in speed

Table 3.19. Mean valuesfor the different timeintervals.

Time Interval

6-13 secs. | 13-20 secs.| >20 secs.
Baseline 9.1 16.7 29.1
IVIS task . 9.2 16.6 29
Baseline . 9.1 16.8 30.3
IVIS task . 9.1 16 29

Young

Middle Age

Baseline . 9.9
IVIS task . 9.3

Older

3.5.4.2 Procedurefor Comparative Analysis of Attention Demand for 1VIS Tasks

Statistical analysis was performed using the SAS v6.12 software package. Due to missing data,
typical of field experiments, all ANOV As were conducted with the GLM Procedure. For this
experiment, the 0.05 significance level was used (95% probability that the reported results reflect
actual differences). Similarly, due to missing data, L Smeans was used when performing post hoc
tests. The adjusted Tukey post hoc test was used to control for aphainflation.

It was recognized that there would be awide range of abilities in both driving the vehicle and
performing the IVIStasks. Therefore, tasks were presented at different density levels with the
goal of determining when a driver’s performance exceeded the Red-line Threshold. A

disadvantage to this approach is that comparing individual measures is not possible. Dueto the

75



method used, the mean number of glances for the high density version of atask might actually be

less than the low density version. The reason for this result is that the excellent drivers and those

drivers with excellent cognitive abilities performed the high density tasks, whereas the less skilled
drivers and those with lower cognitive abilities performed the lower density tasks. Therefore, the

number of drivers who exceeded the comprehensive Red-line Threshold measure was used to

compare tasks.

There were 106 tasks for each driver that were either 1) presented, 2) not presented — assumed
above Red-line Threshold, or 3) not presented — assumed below Red-line Threshold. Thirty-six
drivers participated in the study; therefore, there were atotal of 3816 tasks. Of these 3816 tasks,
datawere missing for 139 tasks (3.6%). Datawere missing for one of two reasons:

1) Equipment failure, such as sensors, cameras, VCR occurred during data collection. The Red-
line Threshold was a composite measure; therefore, not all sensors and/or cameras needed to
be operating to determine if a Red-line Threshold had been exceeded for a particular task. For
example, if the eye glance camerawas not working but the lane-tracking camera detected a
lane deviation, then the driver was determined to have exceeded the Red-line Threshold for
the task. Asanother example, if both the data collection computer and the lane-tracking
camerawere fully operational and both indicated that the Red-line Threshold had not been
exceeded, but the eye glance camera was not working, then the data were determined to be
inconclusive and the task was coded as having missing data for the Red-line Threshold
measure.

2) A task that was assumed to be below the Red-line Threshold by an in-vehicle experimenter
but was later determined to be inconclusive. As discussed in previous sections, some tasks
were not presented because the in-vehicle experimenters did not detect that the driver had
exceeded a Red-line Threshold at a higher density level. It was assumed that the lower
density level tasks would also not exceed the Red-line Threshold. However, if after data
anaysis adriver was found to have actually exceeded the Red-line Threshold on atask
categorized by the in-vehicle experimenters as below Red-line Threshold, any task not
presented because of this and assumed below Red-line Threshold was reclassified as missing
data.
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CHAPTER 4: RESULTS
4.1 OVERVIEW

Results from this study are presented in two sections within this chapter:
1) Determination of Red-line and Y ellow-line Thresholds, and
2) Comparative Analysis of Attention Demands for IVIS Tasks.

Thefirst section, Determination of Red-line and Y ellow-line Thresholds, presents data for
evaluating a potential VIS on the criteria of:

* The proportion of drivers who exceeded the Red-line Threshold, developed based on
findings from past studies and expert opinion which should not be exceeded due to safety
implications; and

*  Whether the Y ellow-line Threshold was exceeded and thus driver performance
significantly affected (p<0.05) compared to baseline driving.

The second section of this chapter, Comparative Analysis of Attention Demands of 1VIS Tasks,
presents the results found from studying the effects of the following design parameters on the
attention demand required of 1VIS tasks:

* Type of information processing,
* Presentation format,
* Density level, and

« Age

4.2 RED-LINE AND YELLOW-LINE THRESHOLDS
This section presents results indicating whether the Red-line Threshold and/or Y ellow-line
Threshold were exceeded. After brief descriptions of Red-line and Y ellow-line Thresholds,
results are presented for each of the following IVIS tasks:

* Hotel selection planning (SP-hotel tasks),

* Route planning with definitive information (SP-route tasks),

* Route planning with ambiguous information (SPI tasks),

» Determining the quickest route (SC-division tasks and SC-division & addition tasks),
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» Determining the cheapest route (SC-addition tasks),
* Route planning with computations (SPC and SPIC tasks), and
» Scanning the IVISto find an item matching specified criteria (Search tasks).

4.2.1 RED-LINE THRESHOLDS
Results pertaining to the proportion of drivers from all age groups who exceeded the Red-line
Threshold for each of the different tasks are presented in this section. Data are also available for
each age group in the tables located in Appendices M-X. Asdiscussed in Chapter 3: Method, the
Red-line Threshold was determined based on the following six measures:

1) Task skipped by driver,

2) Task not presented — assumed to exceed Red-line Threshold,

3) Number of eye glancesto the VIS display,

4) Peak single eye glance length to the IVIS display,

5) Task completion time, and

6) Lanedeviations.

4.2.2 YELLOW-LINE THRESHOLDS

Asdiscussed in Chapter 3, the Y ellow-line Threshold was determined by comparing several
driver performance measures during V1S tasks to baseline driving. However, after analyzing the
data, some of the measures discussed in Chapter 3 were not used to determine the Y ellow-line
Threshold. Variance in steering wheel position, variance in speed, change in speed, peak lateral
acceleration, peak longitudinal deceleration, and minimum headway measures were determined to

not be sensitive indicators of a negative change in driver performance.

Therefore, only the following three measures were used as indicators of driver performance being
significantly negatively affected during IVIS task completion:

1) Number of eye glancesto mirror locations,

2) Peak steering wheel angular velocity, and

3) Minimum speed driven.
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When interpreting the results of the Y ellow-line Threshold, it isimportant that the results from
the Red-line Threshold also be considered. A total of twelve drivers from each age group
participated in the study; if data were available for fewer than six drivers, then the Y ellow-line
Threshold results were said to be inconclusive. Also, if driver performance was not found to be
significantly degraded from baseline driving, then the number of drivers who either skipped the
task or were not presented the task for safety reasons was so indicated.

4.2.3RESULTS
4.2.3.1 Hotel Selection Planning (SP-hotel Tasks)
As described in Chapter 3, SP-hotel tasks were characterized as requiring a decision from
definitive information, but requiring no interpretation of meaning to accomplish an objective.
These tasks involved searching for information and then using the information to make a decision
on what hotel to stay at for the evening. All SP-hotel tasks provided the following information:

* Name of hotel, and

+ Distance from current location to hotel.

Higher density level SP-hotel tasks contained additional information, including one or more of the

following:
* Vacancy,
* Cost,

e Quality rating, and
* Restaurant availability.

The number of categories of information (2, 3, 4, or 6) that was presented was used to classify
displays into one of four density levels: low, medium, high, and very high, respectively. Refer to
Chapter 3 for more details on the information displayed in each density level.

As shown in Figure 4.1, when the name of the hotel and the distance from the current position to
the hotel were presented, 25%, 17%, 14%, and 17% of drivers exceeded the Red-line Threshold in
the paragraph, table, graphic text, and graphic icon formats, respectively. Asshownin Table4.1,

results were inconclusive for young and middle age drivers with the Y ellow-line Threshold; less
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than 6 young drivers and 6 middle age drivers completed the SP-hotel task in the low density
level. However, results from the Y ellow-line Threshold indicate that the performance of older
drivers’ was significantly negatively affected in al presentation formats with the exception of the
graphic text format.

When the additional information of vacancy was presented in the medium density level

paragraph, table, graphic text, and graphic icon formats, 33%, 31%, 19%, and 33% of drivers
exceeded the Red-line Threshold, respectively. Asshownin Table 4.1, the Yellow-line Threshold
results indicate that the performance of young drivers’ was significantly affected in the paragraph
format but not in the table format; results were inconclusive with the graphic text and graphic
icon formats. The performance of middle age drivers was significantly affected in all
presentation formats with the exception of the graphic icon format, and the performance of older

drivers was significantly affected in all presentation formats.

When the additional information of cost, quality rating, and/or restaurant availability was added to
the visual display, creating the high and very high density levels, more than 50% of drivers
exceeded the Red-line Threshold, regardless of presentation format. For these tasksin either the
high or very high density levelsin which six or more drivers within an age group completed the

task, driver performance was found to be significantly degraded from baseline driving.
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Figure 4.1. Proportion of drivers who exceeded the Red-line Threshold with SP-hotel tasks.
Note: 1) Task did not exist in the very high (5x6) density level paragraph format.
2) Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Table4.1. Ydlow-line Threshold for SP-hotel tasks.

Presentation For mat

Graphic
Text
Graphic
Icon

Densitv Level

Q, || Paragraph
Q, [| Table

H*
H*

Low (3x2)
Medium (3x3)
High (5x4)
Very High (5x6)

Q
Q

H*
H*

Q
Q

Young

O |

Q. |lm |m |o
Q. [fw |
Q.|| |wm

Low (3x2)
Medium (3x3)
High (5x4)
Very High (5x6)
Low (3x2)
Medium (3x3)
High (5x4)
Very High (5x6)

D - Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.
M- Scanning of mirrors was significantly less than baseline driving, p<0.05.
B — Both driving performance and scanning of mirrors were significantly worse from baseline
driving, p<0.05.
# — Datawere available for fewer than six drivers.
n/a— Task did not exist in this presentation format.
( )— The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were not presented the
task for safety reasons.

Middle Age

W w|IZE|wm |o

W [ZE|0||om|m|Z
|2~ |m |

Refer to Appendix M, Table M.1 for a summary of the Red-line and Y ellow-line Thresholds
exceeded; Table M.2 for the proportion of all drivers who exceeded the Red-line Thresholds;
Tables M.3 —M.5 for the proportion of young, middle age, and older drivers who exceeded the
Red-line Thresholds; and Tables M.6 — M .9 for the paired T-test results used to determine the
Y ellow-line Threshold.
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4.2.3.2 Route Planning Tasks with Definitive Information (SP-route Tasks)
As described in Chapter 3, SP-route tasks were characterized as requiring a decision from
definitive information; the displayed information required no interpretation of meaning to
accomplish the objective. These tasks involved searching the IVIS display for information and
then using the information to make a decision on which route to select. All SP-route tasks
presented the following information:

* Typeof road, and

» Distance from current position to destination.

In addition, higher density levels contained one or more of the following:
* Delaysin minutes,
» Hazards,
» Toll booth locations, and

e Gas station locations.

The number of categories of information (2, 3, 4, or 6) that was presented was used to classify
displays into one of four density levels: low, medium, high, and very high, respectively. Refer to
Chapter 3 for more details on the information displayed in each density level.

As shown in Figure 4.2, when compl eting the SP-route tasks a large proportion of drivers
exceeded the Red-line Threshold regardless of presentation format or density level. Evenin the
low (3x2) density level, where only three routes were presented with type of road and distance to
destination, at least 25% of drivers exceeded the Red-line Threshold. The performance of young
drivers was significantly worse from baseline driving with the exception of the paragraph format;
the performance of middle age drivers was significantly worse with the exception of the graphic
icon format; and the performance of older drivers was significantly affected in all presentation

formats.
When the route information “delay in minutes’ was added to each of the three possible routes,

creating the medium (3x3) density level, at least 35% of drivers exceeded the Red-line Threshold.

The performance of young drivers was significantly degraded from baseline driving in all
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presentation formats with the exception of the graphic icon format. The performance of middle
age drivers was significantly degraded from baseline driving regardless of presentation format.
The performance of older drivers was significantly degraded from baseline driving in all
presentation formats in which data were available for six or more drivers.

As shown in Figure 4.2, when five possible routes to a destination each having type of roadway
and distance information, were presented to the driver creating the medium (5x2) density level,
31% of drivers exceeded the Red-line Threshold. Asshown in Table 4.2, regardless of age, driver

performance was significantly degraded from baseline driving.

Also, as shown in Figure 4.2, when the additional route information of delay in minutes, hazards,
toll booth locations, and/or gas station locations were presented creating the high (5x4) and very
high (5x6) density levels, over 70% of drivers exceeded the Red-line Threshold. Regardless of
age or presentation format, if six or more drivers completed the task, driver performance was

significantly degraded from baseline driving.
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Figure 4.2. Proportion of drivers who exceeded the Red-line Threshold with SP-route tasks.
Note:
1) Task did not exist in the low (3x2) density level, graphic text format.
2) Task did not exist in the medium (5x2) density level for the paragraph, table, and graphic text formats.
3) Task did not exist in the very high (5x6) density level for the paragraph and table formats.
4) Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Table4.2. Yellow-line Threshold for SP-route tasks.

Presentation Format

Icon

Density Level

Low (3x2)
Medium (3x3)
Medium (5x2)
High (5x4)
Very High (5x6)
Low (3x2)
Medium (3x3)
Medium (5x2)
High (5x4)
Very High (5x6)
Low (3x2)
Medium (3x3)
Medium (5x2)
High (5x4)
Very High (5x6)

D - Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.
M- Scanning of mirrors was significantly less than baseline driving, p<0.05.
B — Both driving performance and scanning of mirrors were significantly degraded from baseline
driving, p<0.05.
# — Data were available for fewer than six drivers.
n/a— Task did not exist in this presentation format.
( )— The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were not presented
the task for safety reasons.

w | o || Paragraph
Graphic

Middle Age

o |lo|lo|(ZT|lofo|w|Z]|o|wm

W |O|m|O

Refer to Appendix N, Table N.1 for asummary of the Red-line and Y ellow-line Thresholds
exceeded; Table N.2 for the proportion of al drivers who exceeded the Red-line Thresholds;
Tables N.3 —N.5 for the proportion of young, middle age, and older drivers who exceeded the
Red-line Thresholds; and Tables N.6 — N.9 for the paired T-test results used to determine the
Y ellow-line Threshold.
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4.2.3.3 Route Planning Tasks with Ambiguous Information (SPI Tasks)
As described in Chapter 3, SPI tasks required the driver to first interpret the information presented
before using the information to decide how best to accomplish an objective. These tasks involved
searching for information, interpreting it, and then using the information to make a route selection
decision. All SPI tasks presented the following information:

* Typeof road, and

» Description of delays.

Higher density levels of al presentation formats included the above mentioned categories of
information and one or more of the following:

*  Number of lanes closed,

e Amount of congestion,

» Traffic density, and

+ Distance.

The number of categories (2, 3, 4, or 6) that was displayed was used to classify displaysinto one
of four density levels: low, medium, high, and very high, respectively. Depending on the
information displayed, SPI tasks were characterized as either 1) SPI-all or 2) SPI-partial tasks.
SPI-all tasks did not contain information about distance to destination. SPI-partial tasks presented
information about the distance from current location to destination, which was not ambiguous
information and consequently did not need to be interpreted. Refer to Chapter 3 for more details
on the information displayed in each density level.

As shown in Figure 4.3, SPI-all tasks required a high amount of attention demand. When drivers
were provided information on type of roadway and description of delay, more than 45% of drivers
exceeded the Red-line Threshold, regardless of presentation format. When additional ambiguous
route selection information was added, creating the medium and high density levels, more than
75% of drivers exceeded the Red-line Threshold, regardless of presentation format. Dueto the
fact that graphic maps always presented distance information, SPI-all tasks were only presented in
the table and paragraph formats.
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As shown in Figure 4.4 with SPI-partial tasks, when one ambiguous category of information was
added to the type of roadway and distance to destination information, typically presented on
graphic maps, 39% and 19% of drivers exceeded the Red-line Threshold in the graphic text and
graphic icon formats, respectively. In higher density levels, when two or more ambiguous
categories were added to the type of roadway and distance to destination information, at |east
60% of drivers exceeded the Red-line Threshold in both the graphic text and graphic icon
formats. When the same information was presented in the table and paragraph formats, at least
53% of drivers exceeded the Red-line Threshold, regardless of density level.

Asshownin Table 4.3, with few exceptions, if six or more drivers completed a task, then driver
performance was significantly degraded from baseline driving for all age groups regardless of
presentation format or density level.
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Figure 4.3. Proportion of drivers who exceeded the Red-line Threshold with SPI-all tasks.
Note: Bar graphs correspond to the ordering, |eft to right, of descriptorsin the legend.

86



w
o
2
S
(@]
G
c
S
=
S
S
Q
o
S
o
N—r

Par agraph Table Graphic Text Graphic lcon
(Density Levels)

OMedium (3x3) BWHigh (5x4) B Very High (5x6)

Figure 4.4. Proportion of drivers who exceeded the Red-line Threshold with SPI-partial tasks.
Note:
1) Task did not exist in very high (5x6) density level paragraph or table formats.
2) Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Table4.3. Yellow-line Threshold for SPI tasks.

Presentation For mat

SPI-all SPI-partial

Density Level

Low (3x2)
Medium (3x3)
High (5x4)

Very High (5x6)
Low (3x2)
Medium (3x3)
High (5x4)

Very High (5x6)
Low (3x2)
Medium (3x3)
High (5x4)
Very High (5x6)

D - Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.
M- Scanning of mirrors was significantly less than baseline driving, p<0.05.
B — Both driving performance and scanning of mirrors were significantly degraded from baseline
driving, p<0.05.
# — Datawere available for fewer than six drivers.
n/a— Task did not exist in this presentation format.
( )— The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were not presented
the task for safety reasons.
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Refer to Appendices O and P, Tables O.1 and P.1 for asummary of the Red-line and Y ellow-line
Thresholds exceeded; Tables O.2 and P.2 for the proportion of all drivers who exceeded the Red-
line Thresholds; Tables 0.3 — 0.5 and P.3 — P.5 for the proportion of young, middle age, and
older drivers who exceeded the Red-line Thresholds; and Tables O.6 — O.7 and P.6 — P.9 for the
paired T-test results for the Y ellow-line Threshold.
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4.2.3.4 Determining the Quickest Route (SC-division Tasks, and SC-division & addition
Tasks)

As described in Chapter 3, SC-division tasks involved searching for information on a display and
then performing computations to determine the quickest route to a destination. Information
displayed in the lowest density level SC-division tasks included type of road, distance, and speed
l[imit. Inthe higher density level SC-division tasks, the route descriptor of toll cost was added.
The number of categories of information (3 or 4) that was displayed was used to classify displays

into one of two density categories. medium and high, respectively.

SC-division & addition tasks also involved determining the quickest route to the destination.
Information presented included type of road, distance, speed limit, and delay in minutes. SC-
division tasks were only presented in the 5x4 density level. Refer to Chapter 3 for more details on
the information displayed in each density level.

Drivers were instructed during training to determine the quickest route with computations if they
felt comfortable diverting the needed attention. Probe questions were asked after the driver stated
an answer to determine if a computation had been performed or if the driver had simply
performed alogical comparison to determine the quickest route. The results stated below
illustrate the attention demand required to determine the quickest route, regardless of whether the

driver performed a computation or alogical comparison.

As shown in Figure 4.5, when drivers were presented with the SC-division tasks, alarge
proportion of drivers exceeded the Red-line Threshold, regardiess of presentation format. Inthe
medium density level; where only information on type of road, speed limit, and distance was
presented, at |east 55% of drivers exceeded the Red-line Threshold. When the additional
information of toll cost was also presented in the high density level, at least 80% of drivers
exceeded the Red-line Threshold.

All drivers did not successfully complete the secondary task of determining the quickest route.

Dueto the fact that drivers were not presented a task, the measure of number/proportion of drivers
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who unsuccessfully completed the secondary task is by itself not a meaningful measure.
However, some might argue that if drivers had allocated more attention to the secondary task,
then the Red-line Threshold might have been exceeded. Therefore, Table 4.4 presents the
proportion of drivers who exceeded the Red-line Threshold with SC-division tasks based on both
the criteria outlined in Chapter 3 and the proportion of drivers who exceeded the Red-line
Threshold (taking into consideration whether the task was successfully completed). Asshown in
Table 4.4, the graphic text format in particular resulted in arelatively large proportion of drivers
who completed the task without exceeding the Red-line Threshold, but who stated an incorrect

answer (20% of driversin the 3x3 density level, and 11% of driversin the 5x4 density level).

Table 4.5 presents the results from the Y ellow-line Threshold analysis for SC-division tasks.
Results indicate that the driving performance of young and middle age drivers was not
significantly different from baseline driving when the SC-division task was presented in the table
format, medium density level. However, when this task was presented in either of the other two
formats, paragraph or graphic text, the performance of both young and middle age drivers was
significantly degraded from baseline driving. The performance of older drivers when completing
the medium density level was significantly degraded from baseline driving. In the high density
level, regardless of age, if six or more drivers completed the task, then driving was significantly
affected.

When SC-division & addition tasks were presented in the table and graphic text formats, at least
83% of all drivers exceeded the Red-line Threshold. Table 4.6 shows the proportion of drivers
who exceeded the Red-line Threshold for each of the presentation formats. Table 4.7 shows that
the performance of young drivers did not exceed the Y ellow-line Threshold when the task was
presented in the table format. Y ellow-line Threshold data were inconclusive for young driversin
the graphic text format, and were inconclusive for middle age and older driversin all presentation

formats.
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Figure 4.5. Proportion of drivers who exceeded the Red-line Threshold with SC-division tasks.
Note: Bar graphs correspond to the ordering, |eft to right, of descriptorsin the legend.

Table 4.4. Proportion of driverswho exceeded the Red-line Threshold with SC-division tasks.
Proportion of Drivers Exceeding Red-line Threshold

IVIS Tasks Without Includin
Including Computation Errors thou . uding
Computation Errors

Presentation

Format Density L evel

Middle Age
All Drivers
Middle Age
All Drivers

©
0
©

Medium (3x3)
High (5x4)
Medium (3x3)
High (5x4)
Medium (3x3)
High (5x4)

Paragraph

=
o
S

Table
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Table4.5. Ydlow-line Threshold for SC-division tasks.

Presentation Format

Densitv Level

Young Medium (3X3)
Drivers High (5x4)

©, |o || Paragraph

MiddleAge | Medium (3x3)
Drivers High (5x4)
Older Medium (3x3)
Drivers High (5x4)

D - Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.
M- Scanning of mirrors was significantly less than baseline driving, p<0.05.
B — Both driving performance and scanning of mirrors were significantly degraded from baseline
driving, p<0.05.
# — Data were available for fewer than six drivers.
( ) The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were not presented
the task for safety reasons.

LO#UJ

w||w |o||lw |o || Table

W)

Table 4.6. Proportion of driverswho exceeded the Red-line Threshold with SC-division & addition.

Proportion of Drivers Exceeding Red-line T hreshold

IVIS Tasks Without Includin
Including Computation Errors . g
Computation Errors

Presentation
Format

Density L evel

Middle Age
All Drivers
Middle Age
All Drivers

o
foc]
w
o
©
N
o
o0
w

High (5x4)
High (5x4)
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Table4.7. Yelow-line Threshold for SC-division & addition tasks.

Presentation

Density Level

Young High (5x4)
Middle Age| High (5x4)
Older High (5x4)

# - Datawere available from fewer than six drivers.
( ) — The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly
different from baseline driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were
not presented the task for safety reasons.

Refer to Appendix Q, Table Q.1 for asummary of Red-line and Y ellow-line Thresholds
exceeded; Table Q.2 for the proportion of all drivers who exceeded the Red-line Thresholds,
Tables Q.3 — Q.5 for the proportion of young, middle age, and older drivers who exceeded the
Red-line Thresholds; and Tables Q.6 — Q.8 for the paired T-test results used to determine the
Y ellow-line Threshold.

4.2.3.5 Determining the Cheapest Route (SC-addition Tasks)

As described in Chapter 3: SC-addition tasks involved searching for information on a display and
then performing computations with this information to determine the cheapest route to a
destination. SC-addition tasks were presented in the medium and high density levels.

Information displayed in the medium density level included type of road, toll cost #1, and toll cost
#2. The 3x3 density level was only presented in the paragraph and table formats. 1n the high
density level, distance to the destination was also presented. This density level was presented in
the paragraph, table, and graphic text formats. Refer to Chapter 3 for more details on the
information displayed in each density level.

Drivers were instructed during training to determine the cheapest route with computations if they
felt comfortable diverting the needed attention to complete the task. Probe questions were asked

after the driver had stated an answer to determine if a computation had been performed or if the
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driver had simply performed alogical comparison to determine the cheapest route. The results
stated below illustrate the attention demand required to determine the cheapest route, regardless of
whether the driver performed a computation or alogical comparison.

As shown in Figure 4.6, when drivers were presented with the SC-addition tasks, a large
proportion of drivers exceeded the Red-line Threshold, regardiess of presentation format. The
medium density level was only presented in the table and paragraph formats, and 58% and 86% of
drivers exceeded the Red-line Threshold, respectively. When the additional information of
distance to the destination was included, at least 75% of drivers exceeded the Red-line Threshold,

regardless of the presentation format.

Table 4.8 presents the proportion of drivers who exceeded the Red-line Threshold with SC-
addition tasks based on the criteria outlined in Chapter 3 and the proportion of drivers who
exceeded the Red-line Threshold (taking into consideration whether or not the task was
successfully completed). Unlike the SC-division tasks, no one particular format had a high
proportion of drivers who completed the task without exceeding the Red-line Threshold, but who

did not successfully determine the correct answer.
Table 4.9 presents the results from the Y ellow-line Threshold analysis. Resultsindicate that if six

or more drivers completed the task, then driver performance was found to be significantly

degraded from baseline driving regardless of age, presentation format, or density level.
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Figure 4.6. Proportion of drivers who exceeded the Red-line Threshold with SC-addition tasks

Note:
1) Task did not exist in the medium (3x3) density level graphic text format.

2) Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.

Table 4.8. Proportion of driverswho exceeded the Red-line Threshold with SC-addition tasks.
Proportion of Drivers Exceeding Red-line Threshold

IVIS Tasks Including Computation Without Including
Errors Computation Errors

Presentation

Format Density L evel

Middle Age

All Drivers
Middle Age
All Drivers

o
\'
al
o
0
©
o
\'
al

Medium (3x3)
High (5x4)
Medium (3x3)
High (5x4)

Paragraph

=
o
S

Table

G. Text High (5x4)
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Table4.9. Yellow-line Threshold for SC-addition tasks.

Presentation
Format

Density Level

=
&
g
3

o
D

Young Med|um (3)(3)
Drivers | High (5x4)

S
H*

W)

Middle Age [ Medium (3x3)
Drivers | High (5x4)

W ||w |w [[w |o || Table

Older Medium (3x3)
Drivers | High (5x4)

D - Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.

B — Both driving performance and scanning of mirrors were significantly degraded from baseline
driving, p<0.05.

# — Datawere available for fewer than six drivers.
n/a— Task did not exist in this presentation format.
( )— The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and

2. The number of drivers out of twelve who either skipped the task or were not presented
the task for safety reasons.

Refer to Appendix R, Table R.1 for asummary of the Red-line and Y ellow-line Thresholds
exceeded; Table R.2 for the proportion of all drivers who exceeded the Red-line Thresholds;

Tables R.3 — R.5 for the proportion of young, middle age, and older drivers who exceeded the

Red-line Thresholds; and Tables R.6 — R.8 for the paired T-test results used to determine the
Y ellow-line Threshold.

4.2.3.6 Route Planning with Computations (SPC Tasks)
As described in Chapter 3, SPC tasks involved searching the IVIS display for information,

performing computations to either determine the amount of travel time or the associated toll cost,

and then making a decision on what route to select. The information presented allowed drivers to

perform a computation if they chose to do so when selecting aroute. After atask was completed,
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the driver was asked if a computation had been performed. Only if a computation was performed
was atask considered to be an SPC task.

The number of categories of information (3 or 4) displayed was used to classify tasks into either
the medium or high density levels, respectively. Information presented with SPC tasks included
type of road and distance, and either speed limit and/or toll cost information. Refer to Chapter 3

for more details on the information displayed in each density level.

Table 4.10 lists the proportion of drivers who chose not to perform a computation and thus only
performed an SP task. Also presented in thistable are the proportions of drivers who were
determined to have exceeded the Red-line Threshold on SPC tasks. This proportion was based on
the total number of drivers who either skipped the task, were not presented the task for safety
reasons, or who chose to perform the SPC task; not included in this proportion were drivers who
chose to simply perform an SP task. Based on the findings with the SC-addition and SC-division
tasks, it was not surprising that alarge percentage (at least 73%), of drivers exceeded the Red-line
Threshold for the SPC tasks, regardless of presentation format.

Refer to Appendix S Table S.1 for the proportion of all drivers who exceeded the Red-line

Thresholds, and Tables S.2 — S.4 for the proportion of young, middle age, and older drivers who
exceeded the Red-line Thresholds.
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Table 4.10. SPC tasks.

Skipped, Not Presented Task, or Chose

Chose Not to Perform a Computation
to Complete SPC Task

Presentation Format
Density Level
Information Processing
Total Number of Drivers
Red-lined on SPC Task

w
o))
'—\
w
N
w

Number
SPC-division

Percentage

Number

SPC-addition

Per centage

Number

SPC-division
Percentage

Number
SPC-division

Per centage

Number

SPC-addition

Percentage

Number

SPC-division

Per centage

Number

SPC-division

Per centage

Number

SPC-addition

Percentage

Number

Graphic Text

SPC-division

Per centage
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4.2.3.7 Route Planning with Computations (SPIC Tasks)

As described in Chapter 3, SPIC tasks involved searching the IVIS display for information,
interpreting the information, and performing computations to either determine the amount of
travel time or the associated toll cost, and then making a decision on what route to select. The
information presented allowed driversto perform a computation if they chose to do so when
selecting aroute. One category of ambiguous information, type of delay, was also presented.
After atask was completed the driver was asked if a computation had been performed if the type
of delay information was considered. Only if a computation was performed and the type of delay
information considered was atask considered to be an SPIC task.

The SPIC tasks were presented in only the 5x4 density level; information presented included type

of road, description of delays, and either two toll costs or distance and speed limit information.

Table 4.11 lists the proportion of drivers who chose not to perform a computation and/or consider
type of delay information and thus only performed an SP, SPI, or SPC task. Also presented in
this table are the proportions of drivers who were determined to have exceeded the Red-line
Threshold on SPIC tasks. This proportion was based on the total number of drivers who either
skipped the task, were not presented the task for safety reasons, or who chose to perform the SPIC
task; not included in this proportion were drivers who chose to smply perform an SP, SPI, or SPC
task. Based on the findings with the SC-addition and SC-division tasks, it was not surprising that
alarge percentage (at least 95%), of drivers exceeded the Red-line Threshold for the SPIC tasks.

Refer to Appendix T, Table T.1 for the proportion of all drivers who exceeded the Red-line

Thresholds, and Tables T.2 — T.4 for the proportion of young, middle age, and older drivers who
exceeded the Red-line Thresholds.
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Table4.11. SPIC tasks.

IVIS Task Drivers

Type of Information Processing
Total Number of Drivers

Chose Not to Perform a
Computation and/or Intepretation
Skipped, Not Presented Task, or
Choseto Complete SPIC Task
Red-lined on SPIC Task

®
IS
S
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c
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%
a

w
o
w
o

Number

SPI C-division
Per centage

[N
3
=

®8
9
>

Number

SPI C-addition

Per centage

Number

SPI C-division
Per centage

o Number
SPI C-addition

Per centage

Number

SPIC-division

Per centage

4.2.3.8 Scan the IVISto Find an Item Matching Specified Criteria (Search Tasks)
4.2.3.8.1 Overview
As described in Chapter 3, tasks characterized as Search tasks required the driver to scan the

display and locate information that met a predefined parameter. Tasks that required supplemental
information processing (planning, interpreting, and/or computing) had different information
displayed depending on what type of supplemental information processing was required.
Therefore, Search tasks that were created that had similar visual display characteristics as the
IVIS displays used for the supplemental information processing tasks. Search tasks were labeled
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with the same density level and presentation format as the associated task that required the
supplemental information processing. Search tasks were grouped into one of three categories:
1) Genera information,
2) Hotel selection information, or

3) Route selection information.

4.2.3.8.2 Search Taskswith General Information (S-general Tasks)
Search tasks characterized as searching general information were created in the table and

paragraph formats. Asshown in Figure 4.7, 17% or less of drivers exceeded the Red-line
Threshold in the low, medium, and high density levelsin the table format and in the low and
medium density levels in the paragraph format. Over 40% of drivers exceeded the threshold in
the table format “very high” density level, and over 55% of drivers exceeded the threshold in the
paragraph format “high” and “very high” density levels.

Similarly to the SC tasks, there was one correct answer for each secondary task that required the
driver to search for specific information on the display. Again, the measure of the number or
proportion of drivers who successfully completed the task is not meaningful by itself because not
all drivers completed all tasks. Therefore, the proportion of drivers who completed the task
without exceeding the Red-line Threshold, but who incorrectly determined the answer for the
secondary task, was determined. Asshownin Table 4.12, drivers especially had difficulty
successfully completing the secondary task of searching for the specified information in the high
density level paragraph formats.

Asshown in Table 4.13, in the medium, high, and very high density levels, in both the table and
paragraph formats, if six or more drivers completed the task, then driver performance was
significantly degraded from baseline driving. In the low density level paragraph format the
performance of both young and older drivers was found to be significantly degraded from
baseline driving; results were inconclusive for middle age drivers. In the low density level table
format, the performance of older drivers was not significantly degraded from baseline driving;

results were inconclusive for young and middle age drivers.
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Figure 4.7. Proportion of drivers who exceeded the Red-line Threshold with S-general tasks.
Note: Bar graphs correspond to the ordering, |eft to right, of descriptorsin the legend.

Table 4.12. S-general tasks successfully completed.

IVISTasks

Proportion of Drivers Exceeding Red-line Threshold

Without Including Sear ching

Including Searching Errors Errors

Presentation
For mat

Density L evel

Middle Age
All Drivers
Middle Age
All Drivers

Paragraph

Low (3x2)

Medium (3x3)

High (5x4)

Very High (5x6)

Low (3x2)

Medium (3x3)

High (5x4)

Very High (5x6)
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Table 4.13. Yellow-line Threshold for S-general tasks

Presentation
Format

Density Level
Low (3x2)
Medium (3x3)
High (5x4)
Very High (5x6)
Low (3x2)
Medium (3x3)
High (5x4)
Very High (5x6)
Low (3x2)
Medium (3x3)
High (5x4)
Very High (5x6)

D - Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.
M- Scanning of mirrors was significantly less than baseline driving, p<0.05.
B — Both driving performance and scanning of mirrors were significantly degraded from baseline
driving, p<0.05.
# — Datawere available for fewer than six drivers.
() — Thepresence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were not presented
the task for safety reasons.

Q, || Table

Young

<
g
S
3
o
D
D
D
6
O#

S I 10 (L

Middle Age

T |W||O | |T

Slo|r || |

0,

[EnY
N

Refer to Appendix U, Table U.1 for asummary of Red-line and Y ellow-line Thresholds
exceeded; Table U.2 for the proportion of all drivers who exceeded the Red-line Thresholds,
Tables U.3 —U.5 for the proportion of young, middle age, and older drivers who exceeded the
Red-line Thresholds; and Tables U.6 — U.7 for the paired T-test results used to determine the
Y ellow-line Threshold.
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4.2.3.8.3 Search tasks with Hotel Selection Information (S HP Tasks)
Search tasks created with displays similar to the SP-hotel tasks were presented in the graphic text

and graphic icon formats. Asshown in Figure 4.8, less than 15% of drivers exceeded the Red-
line Threshold in the graphic text format’s low, medium, and high density levels. However, more
than 40% of drivers exceeded the Red-line Threshold in the graphic text’s very high density level.
In the graphic icon format, less than 15% of drivers exceeded the Red-line Threshold in the low
density level, more than 20% of drivers exceeded the threshold in the medium density level, and
over 30% exceeded the threshold in the high and very high density levels. Asshownin Table
4.14, most drivers who completed the task without exceeding the Red-line Threshold were able to
successfully identify the specified information that they were searching for on the display.

Asshown in Table 4.15, Y ellow-line Threshold results were inconclusive for young and middle
age driversin the low density level. However, in all other density levels, in both the graphic text
and graphic icon formats, the performance of young and middle age drivers was found to be
significantly degraded from baseline driving. The performance of older drivers’ was found to be
significantly degraded from baseline driving in al density levelsin both formats.

»w
o
2
S
(@]
G
c
S
=
S
S
Q
o
S
o
N—r

N

Graphic Text Graphic lcon

(Density Levels)

BLow (3x2) [OMedium (3x3) M High(5x4) MVery High (5x6)

Figure 4.8. Proportion of drivers who exceeded the Red-line Threshold with S-HP tasks.
Note: Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Table 4.14. S-HP tasks successfully completed.
Proportion of Drivers Exceeding Red-line Threshold

IVIS Tasks _ _ _
Including Searching Errors Without In‘é;‘rdc')pg Sear ching

Presentation

Format Density Level

Middle Age

All Drivers
Middle Age
All Drivers

o
=Y
=

Low (3x2)

Medium (3x3)
High (5x4)
Very High (5x6)

Low (3x2)

Medium (3x3)

High (5x4)

Very High (5x6)

105



Table4.15. Yellow-Line Threshold for S-HP tasks

Presentation
Format

Graphic
Text
Graphic
Icon

Density Level

<,
<,

Medium (3x3)
Medium (3x4)
High (5x5)

Very High (5x7)
Medium (3x3)
Medium (3x4)
High (5x5)
Very High (5x7)
Medium (3x3)
Medium (3x4)
High (5x5)
Very High (5x7)

D — Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.
M- Scanning of mirrors was significantly less than baseline driving, p<0.05.
B — Both driving performance and scanning of mirrors were significantly degraded from baseline
driving, p<0.05.
# — Datawere available for fewer than six drivers.
(' )= The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were not presented
the task for safety reasons.
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Refer to Appendix V, Table V.1 for asummary of Red-line and Y ellow-line Thresholds
exceeded; Table V.2 for the proportion of all drivers who exceeded the Red-line Thresholds,
Tables V.3 —V.5 for the proportion of young, middle age, and older drivers who exceeded the
Red-line Thresholds; and Tables V.6 — V.7 for the paired T-test results used to determine the
Y ellow-line Threshold.
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4.2.3.8.4 Search Taskswith Route Selection | nfor mation (S-RP, S-RPI, and S-compute

Tasks)
Route selection Search tasks were presented in the table, graphic text, and graphic icon formats

to represent the different type of information/icons presented in the IVIS tasks that required the
additional information processing of planning, interpreting, and/or computing. Refer to Chapter 3

for more information on information displayed in each V1S task.

Table Format

As shown in Figure 4.9, when route selection information was presented in table format in the
low and medium density levels, less than 15% of drivers exceeded the Red-line Threshold; 28%
of drivers exceeded the threshold in the high density level. Asshown in Table 4.16, most drivers
who completed the task and who did not exceed the Red-line Threshold were successfully able to
identify the correct information they were searching for on the display. Asshownin Table4.17,
the performance of young drivers was not significantly different from baseline driving when the
Search task with route selection information was presented in the low (3x2) density level.
However, the performance of both middle age and older drivers was significantly degraded from
baseline driving in the low density level. Driver performance, regardliess of age, was significantly

degraded from baseline driving in the medium and high density levels.

»
o)
=
—
(@]
G
c
o
-
—
o
o
o
—
o
~

|—-:

Table

(Density Levels)

0O(3x2) O(3x3) M (5x4)

Figure 4.9. Proportion of drivers who exceeded the Red-line Threshold with route selection
Search tasks, table format.
Note: Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Table 4.16. Route selection Sear ch tasks successfully completed in the table for mat.
Proportion of Drivers Exceeding Red-line Threshold

IVIS Tasks ; ; ;
Including Searching Errors Without In(I:EI:.Ird(;rnSg Sear ching

Presentation

Format Density Level

Middle Age
All Drivers

Middle Age
All Drivers

o
[N
[

Low (3x2)

Medium (3x3)

High (5x4)

Table4.17. Ydlow-line Threshold for route selection Sear ch tasks, table format.

Density Level

Table
Format

Low (3x2)

Medium (3x3)

Y oung

High (5x4)

Low (3x2)

Medium (3x3)

@
>
<
o
S
°
=

High (5x4)

Low (3x2)

OO I |2 |w|o

Medium (3x3)

Older

vy}

High (5x4)

D - Driving performance affected (max. steering velocity significantly greater than and/or min.
speed significantly less than baseline driving), p<0.05.

M- Scanning of mirrors was significantly less than baseline driving, p<0.05.

B — Both driving performance and scanning of mirrors were significantly degraded from baseline
driving, p<0.05.

( )— The presence of a number indicates:
1) Driving performance and scanning of mirrors were not significantly different from
baseline driving for the drivers who completed the task, and

2) The number of drivers out of twelve who either skipped the task or were not presented

the task for safety reasons.
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Refer to Appendix W, Table W.1 for asummary of Red-line and Y ellow-line Thresholds
exceeded; Table W.2 for the proportion of all drivers who exceeded the Red-line Thresholds,
TablesW.3 —W.5 for the proportion of young, middle age, and older drivers who exceeded the
Red-line Thresholds; and Table W.6 for the paired T-test results used to determine the Y ellow-
line Threshold.

4.2.3.8.5 Graphic Text and Graphic I con Formats

Asshown in Figure 4.10, 17% of drivers exceeded the Red-line Threshold when they searched for
information on a graphic map with three possible routes to a destination, low (3x2) density level,
and 28% of drivers exceeded the Red-line Threshold when they searched for information on a

graphic map with five possible routes to a destination, medium (5x2) density level. Asshownin
Table 4.18, when either three or fives routes to a destination were presented on a graphic map (the
3x2 and 5x2 density levels), driver performance, regardless of age, was significantly degraded

from baseline driving.

Asshown in Figures 4.11 — 4.13, when the additional route information used in the SSRP and S-
RPI tasks in the medium density level was added to the graphic map, less than 15% of drivers
exceeded the Red-line Threshold in both the graphic text and graphic icon formats. When the
additional route descriptors used in the high density level were added, 11% of drivers exceeded
the Red-line Threshold in the S-RP graphic text format. In al the other Search tasks presented in
the high density level, 19% or more of drivers exceeded the Red-line Threshold. In addition, as
shown in Table 4.18, drivers had difficulty searching for and correctly identifying information

when presented in the very high density level.
Asshown in Table 4.19, with few exception, regardless of age and presentation format, driver

performance was found to be significantly degraded from baseline driving when additional route

descriptors were added in the high and very high density levels.
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Figure 4.10. Proportion of drivers who exceeded the Red-line Threshold with route selection
Search tasks, graphic map format.
Note: Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Figure 4.11. Proportion of drivers who exceeded the Red-line Threshold with S-RP tasks.
Note:
1) Task did not exist for the graphic icon, 5x6 density level
2) Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Figure 4.12. Proportion of drivers who exceeded the Red-line Threshold with S-RPI tasks.
Note: Bar graphs correspond to the ordering, |eft to right, of descriptorsin the legend.
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Figure 4.13. Proportion of drivers who exceeded the Red-line Threshold with S-compute tasks.
Note: Bar graphs correspond to the ordering, left to right, of descriptorsin the legend.
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Table 4.18. Route selection Sear ch tasks successfully completed in the graphic map for mats.
Proportion of Drivers Exceeding Red-line Threshold

IVIS Tasks ; ;
. : Without Including
Including Searching Errorg Searching Errors

Density Level

Info. Processing
Presentation

Middle Age
All Drivers
Middle Age
All Drivers

o
o
®
o
o
@©
o
o
®©

Medium (3x3)

o
o
®
©
-
-
o
o
®©

High (5x4)

G. Text

Very High (5x6)

Low (3x2)

Medium (3x3)

Medium (5x2)

High (5x4)

Medium (3x3)

High (5x4)

Very High (5x6)

Medium (3x3)

High (5x4)

Very High (5x6)

Medium (3x3)

S-compute

High (5x4)
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Table 4.19. Yellow-line Threshold for route selection Sear ch tasksin the graphic map formats.

Presentation For mat

IVIS Task Young Middle Age Older
Drivers Drivers Drivers

Type of Info.
Processing

Density Level

lcon
lcon
lcon

SP Low (3x2)

SP Medium (3x3)
Medium (3x3)
Medium (3x3)
Medium (5x2)
High (5x4)
High (5x4)
High (5x4)
Very High (5x6)

Very High (5x6)

D - Driving performance affected (max. steering velocity significantly greater than and/or min. speed
significantly less than baseline driving), p<0.05.
M — Scanning of mirrors was significantly less than baseline driving, p<0.05.
B - Both driving performance and scanning of mirrors were significantly degraded from baseline driving,
p<0.05.
# — Datawere available for fewer than six drivers.
n/a —Task did not exist in this presentation format.
( ) —The presence of a number indicates:
1. Driving performance and scanning of mirrors were not significantly different from baseline
driving for the drivers who completed the task, and
2. The number of drivers out of twelve who either skipped the task or were not presented the task
for safety reasons.

o |o, |[w || Graphic
o |= l|w || Graphic
w |w llw || Graphic

>
S~
QD

Refer to Appendix X for route selection Search tasks, graphic map formats: Table X.1 for a
summary of Red-line and Y ellow-line Thresholds exceeded; Table X.2 for the proportion of all
drivers who exceeded the Red-line Thresholds; Tables X.3 — X.5 for the proportion of young,
middle age, and older drivers who exceeded the Red-line Thresholds; and Tables X.6 and X.7 for
the paired T-test results used to determine the Y ellow-line Threshold.
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4.3 COMPARATIVE ANALYSISOF ATTENTION DEMANDSFOR IVIS
TASKS

This section presents the findings revealed from an investigation of the attention demand required
of IVIStasks. The effects of type of information processing, presentation format, density, and
age were studied. Past research has not found a significant effect of gender on driving
performance with the exception of risk perception (Farber, Blanco, Foley, Curry, Greenberg, and
Serafin, 2000; T. Dingus, personal communication, July 1999). Consequently, the effects of
gender were not investigated in this research study.

The attention demands of 1V1Ss were compared using the Red-line Threshold. An analysis of
variance was performed to determine the significant effects. The results, presented in the
following sections, are organized by density level. Not all tasks were presented in each density
level; therefore, the density levels were analyzed separately. Refer to Chapter 3 for more
information on both the Red-line Threshold and the tasks presented in each density level.

Within each density level, the effect of presentation format was studied. Because not all tasks
were presented in each presentation format, tasks were grouped together based on common
presentation formats. Separate ANOV As were performed on the following three groups:

1) Route selection tasks that did not require computations,

2) Route selection tasks that did require computations, and

3) Hotel selection tasks.

Within each density level, the effect of type of information processing and age was also studied
with ANOVAS. Not all types of information processing were presented in each presentation
format at each density level. Results from the low density level are presented first, followed by

the medium density level, and then the high density level.
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4.3.1Low DENSITY LEVEL

Tasks presented in the different presentation formats at the low density level arelisted in Table
4.20. Several ANOVAswere performed. The first group of ANOV As determined the effect of
presentation format on driving performance. The second group of ANOV As determined the
effects of type of information processing and age; separate analyses were performed for each

presentation format.

Table 4.20. Types of information processing tasks presented in each of the
presentation formats at the low density level.

Presentation Format

Information Processing

Graphic

Paragraph Table lcon

S-General X X
S-HP
S-route
SP-hotel
SP-route

4.3.1.1 Analysisfor the Effects of Presentation Format
4.3.1.1.1 Overview

Analyses were performed to determine the effects of presentation format on the proportion of

drivers who exceeded the Red-line Threshold. Two analyses were performed; one for route
selection tasks, and another for hotel selection tasks. Analyses for the route selection tasks are
presented first, followed by the hotel selection tasks.

4.3.1.1.2 Route Selection
For the route selection tasks, not all tasks were presented in each presentation format. Therefore,

only those tasks that were presented in the three presentation formats of paragraph, table, and
graphic icon were analyzed. There were two Search tasks presented in the table format: S-general
and S-route. To determine the effect of presentation format across type of information
processing, these tasks were combined and labeled as Search tasks. Analysis supported the belief
that these two Search tasks were similar [F(1,26) = 0.01, p=0.91].
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Data analysis revealed significant main effects of presentation format [F(2, 190) = 5.10, p<0.01]
and type of information processing [F(1, 190) = 53.67, p < 0.01]; asignificant interaction between
presentation format and type of information processing [F(2, 190) = 10.16, p< 0.01]; and a
significant interaction between presentation format and age [F(4, 190) = 4.06,

p< 0.01].

The interactive effect of type of information processing and presentation format isillustrated in
Figure 4.14. Post hoc analysis revealed that the attention demand required to simply extract
information from a display was not significantly different with the different presentation formats.
However, the SP-route task presented in the paragraph format had significantly more “red-lines’
than both the table (p<0.01) and graphic icon (p<0.01) formats. These findings indicate that at
this low density of information presentation, no presentation format was more difficult than
another in terms of extracting information. However, when additional information processing
was required after the information was extracted, the paragraph format required a higher attention

demand than the other presentation formats to compl ete the task.

The interactive affect of age and presentation format isillustrated in Figure 4.15. Post hoc
analysis revealed that young drivers were affected by presentation format, a significantly higher
proportion of young drivers exceeded the Red-line Threshold in the paragraph format than the
table format (p=0.02). Middle age drivers were aso affect by presentation format; they had
significantly more “red-lines’ in the paragraph format than the graphic text format (p=0.02).

However, presentation format did not significantly affect older drivers (p>0.05).
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Figure 4.14. Proportion of drivers who exceeded the Red-line Threshold when presented with
Search tasks and SP-route tasks in each of the presentation formats, at the low density level.
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Figure 4.15. Proportion of young, middle age, and older drivers who exceeded the Red-line
Threshold on each presentation format, at the low density level.

4.3.1.1.3 Hotel Selection
The analysis of SP-hotel tasks revealed that there was no effect of presentation format on the

proportion of driverswho “red-lined” [F(3, 76) = 0.47, p=0.71]. It isimportant to note that both
the graphic text and graphic icon formats, as mentioned in Chapter 3, each had one additional
category of information for drivers to consider than either the table or paragraph formats. Both
graphic text and graphic icon formats had the additional category of “type of road” due to the fact
that the information was presented on a graphic map.
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4.3.1.2 Analysisfor Effectsof Type of Information Processing and Age
4.3.1.2.1 Overview

The effect of type of information processing was analyzed on each presentation format separately.

Not all tasks were presented in each format; therefore, separate analysis of each presentation
format allowed for the comparison of all tasks within a presentation format. Results of the
paragraph format are presented first, followed by the table format, and then the graphic icon
format.

4.3.1.2.2 Par agr aph For mat

The analysis of the paragraph format revealed that there were main effects for both age [F(2, 94)
= 6.03, p<0.01] and type of information processing [F(3, 94) = 23.00, p<0.01]. Asshownin
Figure 4.16, both the S-general and SP-hotel tasks had a significantly lower proportion of drivers
who exceeded the Red-line Threshold than all other tasks. There was no significant difference
between S-general and SP-hotel tasks (p=0.28).

Asshown in Figure 4.17, it was also revealed that young drivers had significantly fewer “red-
lines’ than older drivers (p<0.01), whereas middle age drivers were not significantly different

than either young (p=0.31) or older drivers (p=0.15).
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Figure 4.16. Proportion of drivers who exceeded the Red-line Threshold with each type of
information processing in the paragraph format, at the low density level.
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Figure 4.17. Proportion of young, middie age, and older drivers who exceeded the Red-line
Threshold with the paragraph format, at the low density level.

4.3.1.2.3 Table Format
The analysis of the table format revealed that there were main effects for both age [F(2, 115) =
24.26, p<0.01] and type of information processing [F(3, 115) = 9.31, p<0.01], aswell asa

significant interaction between age and type of information processing [F(6, 115) = 3.07, p<0.01].
As shown in Figure 4.18, young drivers did not have any “red-lines’ on S-general, SP-hotel, and
SP-route tasks, but 50% of young drivers exceeded the Red-line Threshold with the SPI-all task.
Middle age drivers did not have significantly different proportions of “red-lines’ on any task
(p>0.05). Older drivers had significantly more “red-lines’ with SP-route tasks than with Search
tasks.

Post hoc analysis also revealed that there was no significant difference between young and middle
age drivers on any task (p>0.05). However, older drivers had significantly more (p<0.05) “red-
lines’ than young and middle age drivers on both SP-hotel and SP-route tasks.
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Figure 4.18. Proportion of drivers who exceeded the Red-line Threshold with the table format, at
the low density level.

4.3.1.2.4 Graphic | con For mat

Analysis of the graphic icon format revealed that there was no significant difference between the
different types of information processing [F(1, 33) = 1.6, p=0.21]. However, therewas a
significant main effect of age [F(2, 33) = 7.3, p<0.01]. Asshown in Figure 4.19, older drivers had
significantly more “red-lines’ than both young (p<0.01) and middle age (p<0.01) drivers.
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Figure 4.19. Proportion of young, middie age, and older drivers who exceeded the Red-line
Threshold in the graphic icon format, at the low density level.
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4.3.2 MEDIUM DENSITY LEVEL

Tasks that were presented in the different presentation formats at the medium density level are
listed in Table 4.21. Several ANOVAswere performed. The first group of ANOVAs determined
the effect of presentation format on driving performance. The second group of ANOVAs
determined the effects of type of information processing and age; separate analyses were

performed for each presentation format.

Table 4.21. Types of information processing tasks presented in each of the presentation
formats at the medium density level.

Presentation Format

Information
Processing Paragraph Table

Graphic Graphic
Text Icon

S-general X X
S-HP

S-route

S-compute
SP-hotel
SP-route
SPl-partial
SPI-all
SC-addition
SC-division

4.3.2.1 Analysisfor the Effects of Presentation Format

4.3.2.1.1 Overview

Analyses were performed to determine the effects of presentation format on the proportion of
drivers who exceeded the Red-line Threshold. Route selection tasks and hotel selection tasks
were analyzed separately. Results from the route selection analyses are presented first.

4.3.2.1.2 Route Selection

For the route selection tasks, not all tasks were presented in each presentation format. Therefore,

to determine the effects of presentation format, two analyses were performed. Thefirst analysis
was performed on tasks that were presented in all four presentation formats. paragraph, table,
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graphic text, and graphic icon. The route selection tasks that were presented in all four
presentation formats involved searching and/or planning, but did not involve computations:
Search, SP-route, and SPI-partial tasks. The SC-division tasks involved computations and were
only presented in the paragraph, table, and graphic text formats; therefore, a separate data analysis

was performed to determine effects of presentation format for these tasks.

There were two Search tasks presented in the table, graphic text, and graphic icon formats that
represented visual displays used for route selection planning tasks. To determine the effect of
presentation format across type of information processing, these tasks were combined and |abeled
Search tasks. Results from separate analyses of each pair of Search tasks supported the belief that
the attention demand required to extract information from the visual display was similar for each
pair of Search tasks. Analysisfound no significance difference between the task presented in the
table format [F(1, 28) = 0.20, p=0.66], the graphic text format [F(1, 29) = 0.04, p=0.84), or the
graphic icon format [F(1, 30) = 0.01, p = 0.94].

Data analysis for Search, SP-route, and SPI-partial tasks presented in the paragraph, table, graphic
text, and graphic icon formats revealed significant main effects for both presentation format [F(3,
447) = 32.95, p < 0.01] and age [F(2, 447) = 36.84, p < 0.01]; asignificant interaction between
presentation format and type of information processing [F(6, 447) = 7.12, p< 0.01]; and a
significant interaction between presentation format and age [F(6, 447) = 2.36, p = 0.03].

The interactive effect of type of information processing and presentation format isillustrated in
Figure 4.20. Post hoc analysis revealed that presentation format affected the proportion of “red-
lines” for both SP-route and SPI-partial tasks. With both of these tasks, the paragraph format had
significantly more (p<0.05) “red-lines’ than all other presentation formats, whereas the table
format had significantly more than the graphic icon format (p<0.05), and the graphic text format
was not significantly different (p>0.05) from either the table or the graphic icon formats.
However, presentation format did not affect the proportion of “red-lines’ with Search tasks
(P>0.05).
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The interactive effect of age and presentation format isillustrated in Figure 4.21. Post hoc
analysis revealed that presentation format affected all age groups. With young drivers, the
paragraph format had significantly more “red-lines’ than al other formats, whereas the table
format had significantly more “red-lines’ than the graphic text (p=0.03) and graphic icon (p<0.01)
formats, and there was no significant difference between the graphic text and graphic icon formats
(p=0.99). With middle age drivers, the paragraph format had significantly more “red-lines’ than
the graphic text (p=0.02) and graphic icon (p<0.01) formats. The proportion of older drivers who
exceeded the Red-line Threshold was not affected by presentation format, with the exception that
the paragraph format had significantly more “red-lines’ than the graphic text format (p=0.01).

Analysis of the SC-division tasks presented in the paragraph, table, and graphic text formats also
revealed a significant main effect of presentation format [F(2, 153) = 2.17, p<0.01], and a
significant interaction between age and presentation format [F(2, 153) = 2.17, p<0.01]. Asshown
in Figure 4.22, post hoc analysis revealed that presentation format did not significantly affect the
proportion of middle age or older drivers who exceeded the Red-line Threshold for the SC-
division task. However, significantly fewer young drivers had “red-lines’ with the graphic text
format than with the paragraph format.
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Figure 4.20. Proportion of drivers who exceeded the Red-line Threshold when presented with
Search, SP-route, and SPI-partial tasksin different presentation formats, at the medium density
level.
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Figure 4.21. Proportion of young, middie age, and older drivers who exceeded the Red-line
Threshold on Search, SP-route, and SPI-partial tasks in different presentation formats, at the
medium density level.
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Figure 4.22. Proportion of drivers who exceeded the Red-line Threshold when presented with the
SC-division task in different presentation formats, at the medium density level.

4.3.2.1.3 Hotel Selection
The analysis of SP-hotel tasks revealed that presentation format did not have a significant effect

on the proportion of driverswho “red-lined.” The main effect of presentation format was [F(3,
84) = 0.83, p=0.48]. It isimportant to note that both the graphic text and graphic icon formats as
mentioned in Chapter 3, each had one additional category of information for driversto consider
than either the table or paragraph formats. Both graphic text and graphic icon formats had the
additional category of “type of road” due to the fact that the information was presented on a
graphic map.
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4.3.2.2 Analysisfor Effectsof Type of Information Processing and Age
4.3.2.2.1 Overview

The effect of type of information processing was then analyzed on each presentation format

separately. Not all tasks were presented in each format; therefore, a separate analysis of each
presentation format allowed for comparison of al tasks within a presentation format. Results of
the paragraph format are presented first, followed by the table format, the graphic text format, and
then the graphic icon format.

4.3.2.2.2 Par agr aph For mat

Analysis of the paragraph format revealed that there were significant main effects for both types
of information processing [F(6, 196) = 37.94, p<0.01] and age [F(2, 196) = 7.09, p<0.01]. As
shown in Figure 4.23, the analysis of the paragraph format revealed that there was no significant
difference between the S-general task and the SP-hotel task (p=0.20); however, all other tasks had
asignificantly higher proportion of drivers who “red-lined” (p<0.05) than either the S-general or
SP-hotel tasks.

Figure 4.24 illustrates the main effect of age in the paragraph format. Post hoc analysis revea ed
that young and middle age drivers were not significantly different (p=0.81); however, older
drivers had significantly more “red-lines’ than either young (p<0.01) or middle age (p<0.01)

drivers.
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Figure 4.23. Proportion of drivers who exceeded the Red-line Threshold with each type of
information processing in the paragraph format, at the medium density level.
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Figure 4.24. Proportion of young, middie age, and older drivers who exceeded the Red-line
Threshold with the paragraph format, at the medium density level.

4.3.2.2.3 Table Format

The analysis of the table format reveal ed that there were main effects for both type of information
processing [F(6, 221) = 14.99, p<0.01] and age [F(2, 221) = 9.13, p<0.01]. Asshownin Figure
4.25, Search tasks had significantly fewer “red-lines’ than all other tasks, with the exception of
the SP-hotel task (p=0.64). SP-route, SPI-all, and tasks that required computations were not
significantly different (p>0.05).

Figure 4.26 illustrates the main effect of age in the table format. Post hoc analysis revealed that
older drivers had significantly more “red-lines’ than both young (p<0.01) and middle age
(p=0.01) drivers.
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Figure 4.25. Proportion of drivers who exceeded the Red-line Threshold with each type of
information processing in the table format, at the medium density level.
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Figure 4.26. Proportion of young, middie age, and older drivers who exceeded the Red-line
Threshold with the table format, at the medium density level.

4.3.2.2.4 Graphic Text Format

The analysis of the graphic text format revealed that there was a main effect for both type of
information processing [F(7, 214) = 10.06, p<0.01] and age [F(2, 214) = 22.74, p<0.01]. As
shown in Figure 4.27, tasks that simply required the extraction of information from the display

had fewer “red-lines’ than the corresponding task that required not only extraction, but also
supplemental information processing (with the exception of the SP-hotel task). Also, tasks that
only involved searching were not significantly different from one another (p>0.05). S-RP tasks
had significantly fewer “red-lines’ than SP-route tasks (p< 0.01), while S-RPI had significantly
fewer “red-lines’ than SPI-partial (p=0.01), and S-C tasks had significantly fewer “red-lines’ than
SC-division tasks (p<0.01). However, S-HP was not significantly different from SP-hotel
(p=0.99).

Tasks that required route planning or computations were not significantly different: SP-route,
SPI-partial, and SC-division tasks (p>0.05). However, the SP-hotel had significantly fewer “red-
lines’ than both the SP-route (P=0.03) and SC-division tasks (p<0.01). There was no significant
different between the SP-hotel and SPI-partial tasks (p=0.18).

Figure 4.28 illustrates the main effect of age in the graphic text format. Post hoc analysis
revealed that young drivers had a significantly lower proportion of “red-lines’” than both middle
age (p<0.01) and older (p<0.01) drivers. Middle age drivers had significantly fewer “red-lines’
than older drivers (p=0.02).
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Figure 4.27. Proportion of drivers who exceeded the Red-line Threshold with each type of
information processing in the graphic text format, at the medium density level.
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Figure 4.28. Proportion of young, middie age, and older drivers who exceeded the Red-line
Threshold with the graphic text format, at the medium density level.

4.3.2.2.5 Graphic | con For mat

The analysis of the graphic icon format revealed main effects for both type of information
processing [F(5, 140) = 4.01, p<0.01] and age [F(2, 140) = 27.62, p<0.01]. Asshownin Figure
4.29, tasks that required only the extraction of information from the screen did not necessarily
have fewer “red-lines’ than tasks that also required supplemental information processing.
However, the tasks that required only the extraction of information were not significantly
different from one another (p>0.05). The S-RP task had significantly fewer “red-lines’ than the
SP-route task (p=0.02), but the S-RPI task was not significantly different from the SPI-partial task
(p=0.84), and the S-HP task was not significantly different from the SP-hotel task (p=0.88).

There was also no significant difference between the tasks that involved route planning; SP-route
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and SPI-partial tasks (p=0.33). However, the SP-hotel task had significantly fewer “red-lines’
than the SP-route task (p<0.05).

Figure 4.30 illustrates the main effect of age in the graphic icon format. Post hoc analysis
revealed that older drivers had significantly more “red-lines’ than young (p<0.01) and middle age
(p<0.01) drivers. There was no significant difference between young and middle age drivers
(p=0.16).
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Figure 4.29. Proportion of drivers who exceeded the Red-line Threshold with each type of
information processing in the graphic icon format, at the medium density level.
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Figure 4.30. Proportion of young, middie age, and older drivers who exceeded the Red-line
Threshold with the graphic icon format, at the medium density level.
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4.3.3HIGH DENSITY LEVEL

Tasks that were presented in the different presentation formats at the high density level are listed
in Table 4.22. Several ANOV Aswere performed. Thefirst group of ANOV As determined the
effect of presentation format on driving performance. The second group of ANOV As determined
the effect of type of information processing and age; separate analyses were performed for each

presentation format.

Table 4.22. Types of information processing tasks presented in each of the presentation
formats at the high density level.

Presentation Format

Information
Processing [paragraph| Table

Graphic Graphic
Text Icon

S-general X X
S-HP

S-route

S-compute
SP-hotel
SP-route

SPIl-partial
SPl-all
SC-addition
SC-division

4.3.3.1 Analysisfor the Effects of Presentation Format

4.3.3.1.1 Overview

Analyses were performed to determine the effects of presentation format on the proportion of
drivers who exceeded the Red-line Threshold. Route selection tasks and hotel selection tasks
were analyzed separately. Results for route selection analyses are presented first.

4.3.3.1.2 Route Selection Tasks
With the route selection tasks, not all tasks were presented in each presentation format.

Therefore, to determine the effects of presentation format, two analyses were performed. The
first analysis was performed on tasks that were presented in al four presentation formats:

paragraph, table, graphic text, and graphic icon. The route selection tasks that were presented in
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all four presentation formats involved searching and/or planning, but not computations. Search,
SP-route, and SPI-partial tasks. The SC-division and SC-addition tasks involved a computation
and were therefore only presented in the paragraph, table, and graphic text formats; a separate
data analysis was performed on these tasks.

There were two Search tasks presented in the table, graphic text, and graphic icon formats that
represented visual displays used for route selection tasks. Each format was analyzed separately
and the results from each of these analyses supported the belief that the attention demand required
to extract information from the visual display was not different for each pair of tasks. Analysis
found no significant difference between the tasks presented in the table format [F(1,28) = 2.41,
p=0.13], the graphic text format [F(1, 33) = 0.2, p=0.66]; or the graphic icon format [F(1, 32) =
1.93, p=0.17]. Therefore, the Search tasks within each presentation format were grouped
together under the category of Search task.

Data analysis for Search, SP-route, and SPI-partial tasks presented in the paragraph, table, graphic
text, and graphic icon formats revealed a significant main effect for presentation format [F(3, 462)
=21.93, p<0.01]. Asshown in Figure 4.31, data analysis revealed that the paragraph format had
significantly more (p<0.01) “red-lines’ than the table, graphic text, and graphic icon formats, and
that the table format had significantly more “red-lines’ than the graphic text format (p=0.01).

Data analysis for the tasks that required computations, SC-division and SC-addition, revealed a
significant main effect of presentation format [F(2, 165) = 10.2, p<0.01]. Asshown in Figure
4.32, post hoc analysis revealed that the paragraph format had significantly more “red-lines’ than
both the table (p< 0.01) and graphic text (p<0.05) formats.
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Figure 4.31. Proportion of drivers who exceeded the Red-line Threshold when presented with
Search, SP-route, and SPI-partial tasks in different presentation formats, at the high density level.
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Figure 4.32. Proportion of drivers who exceeded the Red-line Threshold when presented with
computation tasks in different presentation formats, at the 5x4 density level.

4.3.3.1.3 Hotel Selection
Analysis of SP-hotel tasks revealed that there was a significant main effect for presentation

format [F(3, 98) = 8.24, p<0.01], and a significant interaction between presentation format and
age [F(6, 98) = 2.2, p<0.05]. Asshown in Figure 4.33, post hoc analysis reveal ed that
presentation format did not affect the proportion of middie age or older drivers who exceeded the
Red-line Threshold. However, with young drivers, the proportion who exceeded the Red-line
Threshold with the paragraph format was significantly greater than for the graphic icon format.

It isimportant to note that both the graphic text and graphic icon formats, as mentioned in

Chapter 3, each had one additional category of information for driversto consider than either the
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table or paragraph formats. Both graphic text and graphic icon formats had the additional
category of “type of road” due to the fact that the information was located on a graphic map.
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Figure 4.33. Proportion of drivers who exceeded the Red-line Threshold when presented with SP-
hotel tasks in each of the presentation formats, at the high density level

4.3.3.2 Analysisfor Effectsof Type of Information Processing and Age
4.3.3.2.1 Overview

The effect of type of information processing was analyzed on each presentation format separately.

Not all tasks were presented in each format; therefore, separate analysis of each presentation
format allowed for comparison of all tasks within a presentation format. Results of the paragraph
format are presented first, followed by the table format, graphic text, and graphic icon formats.

4.3.3.2.2 Par agr aph For mat

The analysis of the paragraph format reveal ed that there was a main effect of type of information
processing [F(6,198) = 27.2, p<0.01], and a significant interaction between age and type of
information processing [F(12,198) = 2.54, p<0.01]. Asshown in Figure 4.34, the proportion of
drivers who exceeded the Red-line Threshold was significantly less for S-general tasks than for
all other tasks for young (p<0.01) and middle age (p<0.01) drivers; no other tasks for either age
group were significantly different from one another (p>0.05). With older drivers, there was no
significant difference between any of the tasks (p>0.05). The proportion of older drivers who
exceeded the Red-line Threshold when performing an S-general task was significantly larger than
for either young (p<0.01) or middle age (p<.01) drivers.
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Figure 4.34. Proportion of young, middle age, and older drivers who exceeded the Red-line
Threshold with the paragraph format, at the high density level.

4.3.3.2.3 Table For mat
Analysis of the table format revealed that there were main effects for both age [F(2, 229) = 9.62,

p<0.01] and type of information processing [F(6, 229) = 22.67, p<0.01]. Therewasaso a
significant interaction between age and type of information processing [F(12, 229) = 2.08,
p=0.02]. Asshown in Figure 4.35, with both young and middle age drivers, the Search task had
significantly fewer (p<0.05) “red-lines’ than all other tasks; all other tasks were not significantly
different (p>0.05) from one another. With older drivers, there was no significant difference
between the different tasks (p>0.05). The Search task was the only task in which age had an
effect on the proportion of “red-lines;” older drivers had significantly more “red-lines’ than
young (p<0.01) and middle age (p<0.01) drivers. With all other tasks, there was no significant
difference between the different age groups (p>0.05).
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Figure 4.35. Proportion of young, middle age, and older drivers who exceeded the Red-line
Threshold with the table format, at the high density level.

4.3.3.2.4 Graphic Text Format

Analysis of the graphic text format in the high density level revealed a significant main effect for
both type of information processing [F(8, 260) = 28.06, p<0.01] and age [F(2, 260) = 10.61,
p<0.01]. Asshown in Figure 4.36, al tasks that ssmply required the extraction of information

from avisual display required less attention demand than tasks that also required additional
information processing: S-RP was significantly less than SP-route (p<0.01), S-RPI was
significantly less than SPI-partial (p<0.01), and S-compute was significantly less than both SC-
division (p<0.01) and SC-addition (p<0.01).

Tasks that required planning or computing were not significantly different (p>0.05) from one

another. Asshown in Figure 4.37, post hoc analysis revealed that older drivers had significantly
more “red-lines” than either young (p<0.01) or middle age (p<0.01) drivers.
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Figure 4.36. Proportion of drivers who exceeded the Red-line Threshold with each type of
information processing in the graphic text format, at the high density level.
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Figure 4.37. Proportion of young, middle age, and older drivers who exceeded the Red-line
Threshold with the graphic text format, at the high density level.

4.3.3.2.5 Graphic I con Format
Analysis of the graphic icon format of the high density level revealed main effects for age [F(2,
161) = 29.5, p<0.01] and type of information processing [F(5, 161) = 12.53, p<0.01]. Asshown

in Figure 4.38, post hoc analysis of the graphic icon format revealed that tasks that required only
the extraction of information had significantly fewer “red-lines’ than the tasks that also involved
planning (p<0.05): the S-RP task had significantly fewer “red-lines’ than the SP-route task
(p<0.01), the S-RPI task had significantly fewer “red-lines’ less than the SPI-partial task
(p<0.01), and the S-PH task had significantly fewer “red-lines’ than the SP-hotel task (p=0.03).
Tasks that involved planning were not significantly different from one another: SP-hotel, SP-
route, and SPI-partial tasks (p>0.05).
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As shown in Figure 4.39, post hoc analysis revealed that young drivers had fewer “red-lines’ than
both middle age (p<0.01) and older (p<0.01) drivers, and middle age drivers had significantly
fewer “red-lines’ than older drivers (p<0.01).
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Figure 4.38. Proportion of drivers who exceeded the Red-line Threshold with each type of
information processing in the graphic icon format, at the high density level.
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Figure 4.39. Proportion of young, middle age, and older drivers who exceeded the Red-line
Threshold with the graphic icon format, at the high density level.
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CHAPTER 5: DISCUSSION AND FUTURE RESEARCH
5.1 OVERVIEW

The results from this study support previous research by confirming that 1V1Ss have the potential
to negatively affect driver safety. However, previous research aso indicate that 1VISs can be
beneficial when designed appropriately; careful assessment of the capabilities and limitations of
the intended user groups needs to be included in design efforts. The pertinent findings related to
the objectives of this study are discussed in this chapter in the context of design solutions for
IVISs. Findings related to devel oping the method for evaluating driving performance are
discussed first. Next, the results found from using this method to investigate the effects of age,

presentation format, and processing information are discussed.

5.2 OBJECTIVE: TO DEVELOP A METHOD FOR EVALUATING

DRIVING PERFORMANCE WITH REGARD TO SAFETY
To be proactive and determine 1VISs that pose a safety risk prior to mass market distribution,

composite measures utilizing several measures of workload and situation awareness were
developed. The method built upon the technique used in the TravTek Camera Car Study (Dingus
et al., 1995) in which driver errors were analyzed to perform safety-related system comparisons.

Two composite measures were developed. The Y ellow-line Threshold, indicated that driver
performance had been degraded during VIS task completion. Driver performance was
significantly degraded from baseline driving, but did not necessarily exceed a safety threshold.
However, the Red-line Threshold was composed of a group of surrogate safety measures that
indicated if driver performance exceeded values that had been determined in previous research or
by expert opinion to indicate driver performance had been substantially affected. The following
two sections discuss the Red-line and Y ellow-line Threshold measures, and their benefits and
limitations for IVIS design.
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5.2.1 RED-LINE THRESHOLD MEASURE
Developing the Red-line Threshold composite measure accomplished the objective of providing
data on the proportion of drivers who exceeded a safety threshold for each of the different IVIS
tasks. The measures used to determine the Red-line Threshold were:

1) Task skipped by driver,

2) Task not presented to driver because of safety concerns,

3) Nineor more eye glancesto the IVIS display,

4) Single eye glance longer than 2.5 secondsto the IVIS display,

5) Lanedeviation, and

6) VIS task completion time greater than 20 seconds.

5.2.1.1 Benefitsfor 1VIS Design

The Red-line Threshold measure allowed for an assessment of driving performance. Data
collected on avariety of driver performance measures have, in the past, been commonly presented
in descriptive form. While mean and standard deviation values provide insight into the attention
demand required of 1VIS, a composite measure provides additional insight not available with
these individual measures. The composite measure, Red-line Threshold, developed in this study
allowsfor a determination of the proportion of drivers who would be adversely affected if a
particular system had mass market distribution. A similar technique to the Red-line Threshold is
used by Human Factors experts when designing other consumer products (for example, designing
the ergonomics of a chair to accommodate the 95th percentile male and the 5th percentile female.)
Thisisnot to say that a composite measure, such as the Red-line Threshold, is a better measure
than the descriptive measures of mean and standard deviation, but rather that both types of

measures provide useful and unique insights for the design process.

The driving performance of different driverswill be affected differently when performing IVIS
tasks. The Red-line Threshold, which combines several measures of situation awareness and
mental workloads, provides a method for determining whether each driver exceeded one or more
safety parameters. For example, some drivers maintained adequate speeds and lane tracking
while completing a task; however, the eye glance data indicate that they had poor situation

awareness. Other drivers appeared to have adequate situation awareness based on eye glance
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data; however, their speed maintenance and/or lane tracking data indicate that the attention
demand required to complete the IVIS task intruded upon the primary task of driving.

Knowledge of the proportion of drivers who exceeded this composite measure will both 1) alow
for a comparison of 1VISs, and 2) aid in assessing the impact and determination of the appropriate

implementation strategy, such astraining, guarding, or warnings, for a particular IVIS.

5.2.1.2 Limitations

Tables located in Appendices M-X provide afurther breakdown of the datathat allows for
modifications of the Red-line Threshold. For example, if anindividual believes the threshold for
VIS task completion time should be 13 seconds versus 20 seconds, then the Red-line Threshold
can be modified using the datain Appendices M-X. This modification provides an estimate of the
proportion of drivers who exceeded the Red-line Threshold based on a value of 13 seconds for
VIS task completion. The results are only an estimate because driver performance is not known
for drivers who were not presented the task. The performance of some drivers was assumed to be
below the Red-line Threshold, based on the criteria stated above, and because of this assumption,
these drivers were not presented with atask. Therefore, if the Red-line Threshold is modified,
then the wording of the results needs to reflect that “at least X drivers’ exceeded the Red-line
Threshold.

5.2.2 YELLOW-LINE THRESHOLD M EASURE
The Yellow-line Threshold provides a different evaluation than the Red-line measure. The Red-
line Threshold indicate if driver performance exceeded specified values, whereas the Y ellow-line
Threshold compared each individual driver’s performance during 1VIS task completion with
his’her normal driving performance (baseline driving). Driver performance for each age group
during IVIS task completion was compared with baseline driving to determine if driver
performance was significantly degraded. Several measures were collected and analyzed to
determine the Y ellow-line Threshold. However, only three measures were found to be sensitive
to changes in driving performance:

1) Minimum speed,

2) Peak steering wheel angular velocity, and

3) Number of eye glancesto mirror locations.
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5.2.2.1 Benefitsfor 1VIS Design

The Yellow-line Threshold provides an indicator that driver performance was affected during
IVIStasks. With this measure, there is no question that driver performance was significantly
degraded from baseline driving; however, the magnitude of the change in driver performanceis
not discernible with this measure. For thisreason, the Y ellow-line and Red-line Thresholds
complement one another. The Y ellow-line Threshold indicates that driver performance was
significantly degraded from normal baseline driving, and the Red-line Threshold indicates when

driver performance exceeded safety parameters.

5.2.2.2 Limitations

Results obtained from the Y ellow-line Threshold measure needed to be interpreted in conjunction
with the results from the Red-line Threshold. Results may indicate that a Y ellow-line Threshold
had not been exceeded, and that driving was not affected; however, there may have been drivers
who either chose to skip the task because they felt the task was too difficult to complete, or who
were not presented the task because of safety considerations. When either of these instances
occurred, the results ssmply indicate that driving was not affected for the drivers who completed
the IVIS task and thus are not necessarily representative of the entire driver population. The same
istrue with the interpretation of results when some drivers were not presented a task because the
task was assumed to be below the Red-line Threshold.
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5.30BJECTIVE: TOINVESTIGATE DRIVER PERFORMANCE DURING
IVISTASKSTHAT REQUIRED ADDITIONAL PROCESSING OF
INFORMATION AFTER THE EXTRACTION OF INFORMATION FROM
THE DISPLAY

IVISs have been the subject of much research that has facilitated the creation of guidelines.
However, a need was identified for data on tasks that required supplemental information
processing. From epidemiological studies performed on cellular telephones, findings indicate that
cellular phone usage while driving increased the probability of an accident (Redelmeirer and
Tibshirani, 1997). Depending on the cellular phone conversation, supplemental information
processing may take place. There was concern that a similar increase in accidents might result if
drivers performed VIS tasks that required supplemental information processing. Thereisno
doubt that there are benefits to providing drivers with the information presented on the IVISin
this study. However, the information portraya method needs to be studied to determine the
optimal method of presentation such that the benefits outweigh the negative impact of VIS

implementation.

In the following sections, possible design solutions and future research ideas for tasks that involve
supplemental information processing are discussed based on the findings from this study. This
discussion is divided into two sections:

1) Characteristics of the intended driver and vehicle, and

2) Characteristics of the IVIS task.

5.3.1 CHARACTERISTICSOF THE INTENDED DRIVER AND VEHICLE

One of thefirst steps in any design process is to perform a needs analysis and determine the
capabilities and limitations of potential users. |VISs have apotential to impact many
applications. Consequently, drivers of all ages, including 1) typical commuter driver, 2)
professional commercial driver (such astaxi driver, delivery truck driver, or bus driver), and 3)
special vehicle operators (such as ambulance drivers or police officers), may find using an IVIS to
be beneficial while driving. Therefore, the design process of IV1Ss should involve a careful
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evaluation of the needs, capabilities, and limitations of different types of drivers. First, the
limitations of this study with regard to characteristics of the intended driver and vehicle are
presented followed by a discussion of the possible design ramifications and areas of future

research.

5.3.1.1 Limitations

This study provides designers with data comparable to a scenario in which an individual buys a
new VIS, discusses how to use the system with a knowledgeabl e sal esperson, spends an hour
becoming familiar with the new system, and then starts using the system while driving on
highways. The effect of age was investigated; however, the effects of driver type, training, and
different types of vehicles were not investigated. Therefore, the results from this study provide
insight into the general driving public. Findings are not necessarily generalizable to drivers with

specialized training and experience.

There are severa commercial and public service applications for IVISs. Some specia vehicle
operators already receive special driver training that emphasizes the importance of maintaining
situation awareness and aims to improve driving performance under all types of driving
conditions. Other commercial drivers are on the road for many hours a day due to the nature of
their jobs, and therefore have considerably more driving experience than atypical commuter.
Thus, the results from this study, like many from previous studies, may not adequately portray the
results that 1V1Ss would have on the driving performance of commercial vehicle and special

vehicle drivers. The vehicle type was limited to a four-door passenger sedan.

5.3.1.2 Ramificationsfor 1VIS Design

IVISs need to be carefully designed because there is a potential for these systems to draw upon
the limited resources of the driver that the system was originally designed to augment. Inthe
design process an important consideration for designersis the age range of the intended I1VIS.
The findings from this study indicate that the performance of older drivers was significantly more
affected than young drivers when using an IVIS. It isimportant to note that the performance of
older drivers was not only significantly more affected on tasks that required supplemental

information processing, but that performance was also more affected on tasks that ssimply required
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the driver to extract information from the visual display. From the results, it is apparent that
designers must recognize that as drivers age, they have a significantly harder time performing
tasksin all presentation formats, even when selecting aroute at the low density level when only
the road type and distance information were presented for three possible routes.

The aging process causes changes in the visual system that decrease the ability of individualsto
extract visual information from their environment. Other changes also occur with the auditory
system that affect the extraction and processing of auditory information and with the muscular
and nervous systems that affect reaction times. The exact changes that occur are not important for
interpreting the results from this study. What isimportant to note is that as a user grows older, his
or her needs, limitations, and capabilities can change due to biological changes occurring within
the body. Another potential explanation for the observed driving performance of older driversis
these individuals are more cautious; they are the survivors of their generation. Higher risk takers
from their generation are now fewer in number. Older individuals have a different attitude toward
speed/accuracy tradeoff; they tend to go for accuracy whereas younger individuals tend to go for
speed of task completion.

If adesigner isto create a system that can be used by the entire population, then to maintain
safety in the user’ s environment, the system should be designed such that the system is either:

1) Flexible, and can be modified/preset based on a specific operator’ s ability, or

2) If only one setting is possible, designed such that the limitations of all potential operators

are considered.

If the IVIS has the functionality to be set at different operating levels based on driver abilities
then other issues, outside the scope of this paper, would need to be addressed, such as:
1) Who determines what training and evaluation is needed for drivers as they perform IVIS
tasks?
2) Who performs the training and evaluation?

The biological/medical conditions that contribute to the difficulties that older drivers experience

can occur in individuals of any age. Older individuals simply have a higher occurrence of these
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medical conditions. Likewise, not all older drivers have these medical problems, so age alone
should not be used as a selection criteria; instead, age should be an indicator for caution and

prudent judgment.

In addition to biological changes, another possible explanation for the performance of older
drivers being more affected than younger drivers, isthe issue of skill transferability. Y ounger
individualsin today’ s society are more likely to be familiar with computer interfaces than older
individuals. Therefore, unless older individuals have had the same extensive exposure in their
later years, thislack of familiarity can contribute to the fact that the computer interface in the
vehicle required more attention demand of older drivers to complete the task than of younger

drivers.

5.3.1.3 Future Research

With regard to training, if drivers received intense training and evaluation prior to using the IVIS
on public roadways, would drivers be able to perform in-vehicle tasks that required supplemental
information processing while maintaining safe vehicle operations? Research performed in the
aviation industry, particularly by military applications, indicates that this might be the case
(Gugerty and Tirre, 1997; Vidulich, McCoy, and Crabtree 1995).

As mentioned previously, many of the IVISs currently under development have very practical
applications for professional drivers, such as commercial vehicle operators of heavy trucks and
light trucks, bus drivers, taxi drivers, and emergency vehicle operators. For the general driving
population, the current driving system does not compare to the intense training and preparation
that military pilots undergo as they learn to use their avionic systems and fly their planesin
combat. However, if research is performed that indicates that an intensive training and evaluation
program allows for safe use of 1VISs, then it is conceivable that professional drivers could
undergo arigorous training program and evaluation before being allowed to use advanced IVISs
on public roadways. If the use of 1VISswill increase the efficiency, effectiveness, productivity,
and/or quality of service provided by professional drivers, then employers will be apt to provide

both training and eval uation with appropriate external oversight.
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5.3.2 CHARACTERISTICSOF THE I VIS TASK

The main focus of this study was to research the effects of supplemental information processing.
IVISsthat allow the driver to select aternative routes and perform other tasks that require
planning and decision-making, and thus require supplemental information processing, would
obviously be very beneficial and desired by drivers while in the vehicle. Possible design
solutions and areas of future work are discussed in this section. First, however, limitations of this
study with regard to the type of VIS task presented are discussed.

5.3.2.1 Limitations
This study was designed to study the effects of supplemental information processing after the
extraction of information from avisual display. However, there were three limitations with
regard to information processing. Each limitation is discussed below:

1) Presentation of information auditorily,

2) Presentation of information via several visual screens as opposed to one, and

3) Theissue that drivers did not make decisions they would follow through with action.

Information to compl ete the route planning and hotel selection tasks could be presented both
visually and/or auditorily. In this study, information was only presented visually. In another
study, Biever (in progress) examined the effect of presenting information auditorily which then
required supplemental information processing. Driversin this study were representative of the
general driving population and drove a four-door sedan as the study vehicle. The results from

Biever's study were not available at the time this document was written.

The results from the current study provide insight into 1V1S designs that present all the
information on one screen for a particular task. Results are not necessarily generalizable to tasks

that require the user to advance through more than one screen of information to complete a task.
The VIS tasks that required the driver to select aroute or a hotel did not have a correct answer.

The driver could provide any answer, and consequently it is unknown to what degree the driver

considered his or her answer to be the best one possible. During training, drivers were instructed
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to only state an answer if they felt confident that they were making the best possible decision.

The drivers were instructed to either make a decision they were comfortable acting on, or to say
“skip” if they would want to pull over to the shoulder, stop the vehicle, and look at the
information in more detail. Drivers were given these instructions, but the degree to which they
were followed is not possible to ascertain. Therefore, the results from this study should be used to
exclude tasks from further consideration due to high attention demands. Ideally, another study
that had the driver act on his’/her decisions, such as selecting an alternate route to a destination,
could be performed to validate the results of the tasks that this study indicate had alow attention

demand.

5.3.2.2 Ramificationsfor 1VIS Design

As expected, tasks that needed supplemental information processing required more attention
demand than tasks that required searching for specific information. For many of the tasks that
required supplemental information processing, there was a high proportion of drivers, from all age
groups, who exceeded the Red-line Threshold. This study does not indicate that designers should
completely eliminate tasks that required supplemental information processing. However, this
study does indicate that careful assessment needs to be performed to avoid the potentially high

attention demands of tasks that require supplemental information processing.

As mentioned in an earlier section, Redelmeirer and Tibshirani (1997) collected accident data that
indicated that if adriver used a cellular phone while driving, he/she was four times as likely to
have an accident than if no cellular phone was used. One rationalization for this safety concern
with cellular phonesis that the person with whom the driver is having a conversation is not in the
vehicle and is not aware of the driving environment. The driver isnot in control of the
information inputs and consequently, the information received from the person with whom the
driver is having a conversation can create a dangerous situation when the road being travel ed
upon also requires a high attention demand. There might be some belief that the IVIS would not
have the same effect of diverting too much attention away from the primary task of driving the
vehicle. Therational for this belief isthat drivers are better able to control the amount of
attention diverted to the IVIS task than with a cellular phone. However, as the findings from this

study show, thisis not the case. VIS tasks can cause adriver to divert too much attention away
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from the primary task of driving to the point that driving performance exceeds safety parameters
established from past research and expert opinion.

The high proportion of drivers who exceeded the Red-line Threshold while completing 1VIS tasks
requiring supplemental information processing is cause for concern when designing IVISs.
However, findings suggest that both young and middle age drivers have the potential for
performing tasks that require alimited amount of supplemental information processing. As
expected, the more information presented, the higher the proportion of drivers who exceeded the
Red-line Threshold. Depending on the age of the driver (young or middle age) and the
information displayed, two categories of information may be considered for presentation.
However, with older drivers, a high percentage (at |east 50%) exceeded the Red-line Threshold
when only two categories of information were presented.

A relatively low proportion of young and middle age drivers exceeded the Red-line Threshold
compared to older drivers for tasks requiring planning and/or interpreting, such as selecting a
route or hotel. However, if atask required a computation, at least 25% of drivers from each age
group exceeded the Red-line Threshold. In addition, if drivers had the choice to perform a
computation and then use this newly acquired information when selecting a route, many chose not
to perform a computation. Almost all drivers who chose to perform a computation and then use
the computed information to select aroute exceeded the Red-line Threshold. These findings with
computation tasks are not surprising based on documented human and machine capabilities and
limitations (McCormick, 1985). The data collected on the attention demands required of drivers
to complete computation tasks reinforced the expert opinion that the VIS should perform these
tasks.

Findings from this study appeared to indicate that young and middle age driver performance
would not be degraded while performing tasks that only required the extraction of information
from avisual display. However, when determining information to be presented to drivers,
designers should understand the intended purpose of the system and the potential misuses of the
system. For example, if the information displayed is only intended for the driver to search and the

designer has displayed the appropriate amount of information that has been shown can be
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searched safely, then a problem occurs if the driver also performs supplemental information
processing using the displayed information. If the driver does choose to perform supplemental
information processing, such as route planning or hotel selection, then a potentially higher
proportion of drivers, asthe findings indicate, will exceed the Red-line Threshold.

The same is true when displaying numeric values such as distance, speed limit, and costs. With
current technology, it is hard to imagine that designers would not have a computer perform
computations. However, designers need to identify potential computations that drivers might try
to perform from displayed information and then create a system that automatically computes these
values. For example, adesigner should recognize the potential for adriver performing a
computation to determine the quickest route when an VIS presents more than one route and
provides the route descriptors of distance and speed limit. Findings from this study indicate that a
large proportion of driverswill exceed the Red-line Threshold if they attempt to determine the
quickest route. Therefore, a solution might be to present an estimated time of travel for each
routein lieu of speed limit, or if adriver requests information on the speed limits, the time of
travel could be presented along with the speed limit.

The information presented to driversin this study was used because it was believed that drivers
would want this information when selecting aroute or ahotel. The safest solution would be to
have alock-out function that only presented this type of information when the vehicle was
stopped (for example, parked on the shoulder). However, especially for commercia drivers and
specialty vehicle operators, it would be desirable to present information for decision-making

purposes as the vehicle is moving.

Therefore, another design possibility for consideration is the presentation of small amounts of
information serialy. Findings from this study indicate that when selecting aroute, if more than
three categories for three possible routes are presented to young drivers and more than two
categories are presented to middle age drivers, then a high proportion will exceed the Red-line
Threshold. Another related finding was that the hotel selection task frequently required less
attention demand than the route planning tasks. One possible explanation for thisis that the

categories of information in the hotel selection task facilitated the decision-making process by
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making it easier for drivers to exclude one or more of the presented options and all the associated
information from further decision-making. Whereas, with the route planning tasks, options might
not have been as easily excluded from further consideration based on one category of information,
more categories of information were considered and compared between options.

A possible example of the decision-making process for selecting a hotel is asfollows: if three
hotels are presented, adriver might scan for the cheapest hotel. Once the least expensive hotel is
located, the driver might check the other categories of information to make sure that he/sheis
within proper limits (for example, distance to travel or quality rating of the hotel). As another
example, perhaps the driver prefersto stay at Comfort Inns. The driver therefore searches the
available options, locates a Comfort Inn, and then verifies the distance and cost to ensure that they
are within acceptable limits.

IVISs that provide information in small amounts, allowing drivers to eliminate options from
further consideration, may result in an acceptable attention demand. If the small amount of
information presented results in a decision that |eads to a new screen with additional information
(the old information replaced with new information vs. increasing the total amount of
information), then the interaction with the manual and speech demands needs to be researched.
Working memory load would also need to be minimized, if not eliminated, as a driver advanced
from one screen to the next in the IVIS to complete a task.

Another issue to consider when attempting to minimize the attention demand of tasks requiring
supplemental information processing is the selection of the best presentation format(s) to portray
the information on the visual display. When selecting aroute, the paragraph format required a
higher attention demand than any of the other presentation formats, regardless of the density
level. When only type of roadway and distance were presented, there was no significant
difference between the table format and the graphic map format. However, when an additional
route descriptor was added (for example, delay in minutes), then the graphic map format required
less attention demand than the table format. This finding supports the IVIS guideline that states
that the graphic portrayal of information should be utilized when possible (Campbell, 1998).
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It was not surprising that the paragraph format had the highest attention demand; however, with
the potential for email systems and other similar systemsto be available in vehicles, it was desired
to make the attention demand of text presentations available to designers. Findings from this
study indicate that a high proportion of driversfrom all age groups will exceed the Red-line
Threshold when presented with tasks requiring supplemental information processing when

information is presented in paragraph format, even when only 3 lines of text are presented.

5.3.2.3 Future Resear ch

Results from this study indicate that young and middle age drivers have the potential to be able to
perform tasks requiring supplemental information processing when a limited amount of
information is displayed. To assessthe feasibility of presenting severa categories of information
to drivers for route planning, hotel selection, or similar tasks, additional research should be
performed with small amounts of information presented serially to the driver while the vehicleis
inmotion. Inaddition, if information is presented serially, then the combined attention demand
of visual extraction of information, supplemental information processing, and either manual or
voice demands needs to be assessed.
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CHAPTER 6: CONCLUSIONS

The three objectives set forth at the beginning of this research project were accomplished.

1) Taskswere created and presented to drivers of different ages to assess the effect of different
types of tasks, density levels, and presentation formats on driver performance.

2) A method for evaluating driving performance to assess safety criteria was devel oped.

3) Descriptive datawere collected and used in the development of the IVIS model (Hankey,
Dingus, Hanowski, Wierwille, and Andrews, 2000).

A method was created establishing Red-line and Y ellow-line Thresholds, which, if exceeded,

provided evidence of decreased driver performance in regard to safety. The Red-line and Y ellow-

line Thresholds created in this research effort can be used by both designers of 1VISs and

individuals advocating for legidative intervention on policies pertaining to the use of 1VISs.

These thresholds provide:

» Facevalid indication of driver performance degradation,

» Assessment based upon safety parameters established by previous research and expert
opinion, and

» The proportion of drivers whose driver performance is substantially affected when completing
different VIS tasks

This research providesinsight into tasks resulting in decreased situation awareness. Tasks
requiring supplemental information processing had a high attention demand when compared with
tasks that only required the scanning and extraction of information from avisual display. The
ramifications of this discovery are important with regard to creating and maintaining safe

roadways. Based on the findings from this research, design guidelines are listed below.

DESIGN GUIDELINES

The results from this VIS research suggest the following for visual information presentation to

driverswhile avehicleisin motion:

» Consider how the driver will use this information before considering the visual characteristics
of the information presented:

— What types of decisions will be made?
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What decision-making process will be performed by the driver when using the displayed
information (e.g. Will al information for all options be compared? Will the driver exclude

options from further consideration based on one or more categories of information?).

Design the information presentation to:

Minimize the attention demand required for decision-making
Facilitate the driver in making quick and accurate decisions
Allow for easy elimination of potential options

Allow for easy pause and restart of the decision-making task

Structure the information presentation to facilitate decision-making. Tasks that allow for

quick option elimination require less attention demand.

Identify potential options meeting driver specifications

Identify and display criteriadesired by the driver for decision-making

Identify the relative importance, determined by the driver, of the different criteria and then
use this ranking to determine the sequence of information portrayal

Provide accurate and specific details for criteriaidentified as being important, by the
driver, for decision-making

Avoid the presentation of information not valued by the driver for decision-making

Allow for easy identification/removal of information presented that is determined not

pertinent for decision-making

Develop an IVIS to assist with decision-making by avoiding displays with a high density level

and tasks that require calculations.

Preset system to display information with specifications based on driver preferences/needs
Minimize the number of potentia options displayed

Allow the driver to limit the amount of information to be presented during decision-
making tasks

Design the system to perform cal culations desired by the driver for decision-making
Avoid displaying information that could be used by drivers to perform cal culations, such
as determining the quickest route from speed and distance information, unlessthe IVIS

also provides the information obtained from performing the calculation
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* Avoid the presentation of information in aformat or density level that requires a high
attention demand. The proportion of drivers who exceeded the Red-line Threshold was
dependent on the presentation format of the displayed information.

— Avoid using the paragraph format to present information to drivers

— Utilize the graphic icon format, when possible, for route planning tasks instead of either
the table or graphic text formats

» Consider the information processing capabilities of various driver age groups.

— Avoid presenting information in the graphic icon format above the medium density level
to young drivers. Information presented to young driversin either the table or graphic text
formats should not exceed the low density level

— Present information to middle age driversin the graphic icon format and do not exceed the
low density level

— Use caution when presenting information for decision-making tasks to older drivers.
Older drivers are burdened by the attention demand required for decision-making elicited
by visually displayed information regardless of the density level or presentation format

» Avoid the use of warnings, such as those printed on consumer devices, as the primary
intervention in creating safe IVISs. Drivers did not appear to be aware of the decrease in their
situation awareness while performing VIS tasks. Many drivers repeatedly exceeded the Red-
line Thresholds, indicating that they either:

— Had poor ability in assessing their situation awareness,

— Were not aware of the ramification that their driving performance had on their ability to
safely respond to eventsin their surroundings, and/or

— Had afalse sense of security due to the in-vehicle experimenter being present to monitor

and/or intervene when necessary

Generally speaking designers should avoid using technology for technology sake. 1VISs should
be utilized when there is an opportunity to provide drivers with information in a more efficient
and effective manner than conventional means allow, thereby, improving safety when compared
to decision-making processes using current, non-technology methods.
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