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IN-VEHICLE INFORMATION SYSTEM (1VI1S)
A detailed description of the information that can be provided by each of the IVIS subsystems is
listed below (Wierwille, Dingus, Neae, and Gallagher, 1996).

In-vehicle Routing and Navigational Systems (IRANS)
In-vehicle Motorist Services and Information Systems (IMSIS)
In-vehicle Signing and Information Systems (1SIS)

In-vehicle Safety Advisory and Warning Systems (IVSAWYS)

IN-VEHICLE ROUTING AND NAVIGATIONAL SYSTEMS (IRANYS)

INFORMATION DESCRIPTION FOR TRIP PLANNING

Current criteriafor automated trip planning

Timeto get to each destination from previous destination

Cost of each toll along the route

Total charges aong thetrip

Total timefor trip

Total distance for trip

Location of attractions and points of interest

Forecast weather information

Historical traffic information

Street or roadway names on the route

States, regions, communities, and districts that the route will traverse
Landmarks or topographical features along route

Number of turns or roadway changes required

Types of roads used on route (interstate highway, two lane street)

Distance to each destination from previous destination

INFORMATION DESCRIPTION FOR MULTI-M ODE TRAVEL COORDINATION AND PLANNING

Bus, train, airline, ferry, and trolley schedules
Location of park and ride facilities

Park and ride parking facilities
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Combined travel mode schedules

Start time required to catch other mode of transportation
Arrival time at destination

Arrival time at end of each segment of travel

Layover time between travel segments

Mode of travel to take for each segment of travel

Current constraint or optimization criteria mode, such as cost, time, etc.
Total time to complete travel

Car pool instructions

Car pool requests/inquiries

Car pool member and address information

Car pool member and community and district information
Minimum layover required to make next connection

Real time schedule updates for alternate modes of transport
Notification of plan change to arrive at destination on time
Interesting things to do during layover

Alternate mode ticket purchase enroute to destination
Schedul e of segment arrival and departure times

Order of trip segments

States, regions, communities, and districts that the route will traverse
Segments by type of transport mode

Park and ride costs

Diagrams of aternate transport mode facilities

Parking instructions for using different travel modes
Location of next segment of travel

Areaview of all segments of travel

Notification of unanticipated delays

Alternate mode of transport ticket availability
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INFORMATION DESCRIPTION FOR PRE-DRIVE ROUTE AND DESTINATION SELECTION
— Listing of routes and roadway names
— Listing route available optimization routines
— Routing constraints, such as cost, time, etc.
— Distance to destination
— Timeto get to destination
— Cost of completing route
— Notification of amore optimal alternative route
— Preview of proposed alternative route
— Historical congestion information
— Real time congestion information
- Location of tolls
— Weather forecast information
— Regions, communities, and districts the route will traverse
— Type of road, such as interstate, two lane, controlled access, one way, etc.

— Landmarks along route

INFORMATION DESCRIPTION FOR DYNAMIC ROUTE SELECTION
— Updated traffic information that might affect the driver’ s route
— Updated weather information that might affect the driver’ s route
— Notification that driver is off route
— Suggested procedure for getting back on route
— Vehicle s current position
-  Weather forecast
— Cost comparisons between current and alternative routes
— Type of road, such as interstate, two lane, controlled access, one way, etc.
— Timeto complete current route versus proposed route
— Directional heading information (North, south, east, west)

— Real timeroad surface condition information
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INFORMATION DESCRIPTION FOR ROUTE GUIDANCE
— Distance to next turn
— Name of street or route to turn on
— Lane suggestion for setup of next turn
— Direction to turn
— Name of current street
— Indicate that the driver is off route
— Total distance remaining to destination
— Timeto next turn at current speed
- Distance to toll booth
- Cost of toll
— Type of road, such asinterstate, two lane, controlled access, one way, etc.
— Diagram of next intersection
— Maximum speed to negotiate exit ramp safely
— Directional heading (North, South, East, West)
— Total estimated time to reach destination

— Location of mgor landmarks (to assist driver in identifying turns)

INFORMATION DESCRIPTION FOR ROUTE NAVIGATION
— Distance to get to destination
— Timeto get to destination
— Cost to get to destination
— Indicate when a driver gets off route
— Streets or roadways that make up the new route
— States, regions, communities, and districts that the route will traverse
— Landmarks or topographical features along route
— Number of turns or roadway changes required
— Areasthat the new route will traverse
- Notification of incidents

— Descriptions of incidents
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Notification of accidents

Updated weather information for the route

Type of road surface, such asdirt, gravel, etc

Type of road, such as interstate, two lane, controlled access, one way
Current elevation

Degree of curvature in the road

Road construction

Types of roadways and streets the new route will use

Presentation of re-route options

Indicate that a faster route exists

INFORMATION DESCRIPTION FOR AUTOMATIC ToLL COLLECTION

Current toll cost

Remaining balance in “toll” account

Number of tolls left to be paid along the unplanned route
Notification of successful toll charge

Interface to buy more credits

IN-VEHICLE MOTORIST SERVICESAND INFORMATION SYSTEMS (IMSIS)

INFORMATION DESCRIPTION FOR BROADCAST SERVICES/ATTRACTIONS

Listing of driver’sinterests and preferences

Indication of IMSIS system status (on, off, mode of operation)
Preferences mode for which services to broadcast

Restaurant locations and costs

Restaurant reservation availability

Restaurant reservation establishment

Servicesinformation (fuel price and availability)

Distance to attraction, restaurant, accommodation, service
Attraction location

Attraction description and costs
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Attraction ticket availability
Accommodation location
Accommodation description and costs

Accommodation reservation availability

INFORMATION DESCRIPTION FOR SERVICES/ATTRACTIONS DIRECTORY

Directory (index of yellow pages)
Description of type of service/attraction provided
List of servicesthat are open

Closest service

Closest, open service

View currently selected preferences
Address of service/attraction

Phone number of service/attraction

List of alternative related services
Restaurant locations and costs
Restaurant reservation availability
Restaurant reservation establishment
Servicesinformation (fuel prices and availability)
Attraction description and costs
Attraction hours of operation

Attraction restrictions

Attraction ticket availability

Attraction ticket purchase
Accommodation location
Accommodation description and costs
Accommodation reservation availability

Accommaodation reservation establishment
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INFORMATION DESCRIPTION FOR DESTINATION COORDINATION

Confirmation of reservations

List of other times available, if time wanted is not available
Locate the nearest parking to destination

Type of parking facility

Cost of parking nearest to destination

Is transportation available from parking to destination
Routing from destination to parking

Directions from parking to destination

Payment methods supported

Reservation details (number in party, time of arrival)

Real time, time of arrival updates

Diagram of parking facility

Parking hours of operation

Other transportation available from parking to destination
Notification of transport arrival

IN-VEHICLE SIGNING AND INFORMATION SYSTEMS (I1SIS)
INFORMATION DESCRIPTION OF DISPLAYED ROADWAY SIGN | NFORMATION

Guidance information, such as street name signs, exit numbers, mile posts, highway route
markers, etc.

Signs associated with driving to specific destinations, such as ferries, stadium, opera house,
etc.

Signs associated with driving to specific services, such as phone, food, gas, lodging, etc.
Inform driver of potential traffic, such astruck crossing, farm machinery, pedestrian
crossing, etc.

Inform driver of changes in the roadway, such as merge signs, curve ahead, divided
highway ends, etc.

Inform driver of temporary or dynamic notification, such as road construction, traffic light
ahead, etc.
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Regulatory information (driver action required) -- stop sign, wrong way, left lane closed
ahead, speed limit
Inform driver of distance to sign or point in question

Filtering status of system (status mode)

IN-VEHICLE SAFETY ADVISORY AND WARNING SYSTEMS (IVSAWYS)
INFORMATION DESCRIPTION FOR HAZARD WARNING

Inform driver of the location of the hazard

Inform driver of the distance to the hazard

Inform driver if aroute is available that would avoid the hazard
Inform driver of the type of hazard

Inform driver of the approach of emergency vehicles

Warn driver of accident immediately ahead

Warn driver of a stopped school bus ahead

Inform driver of the location of specific localized incidents
Location of the vehicle

The status of the hazard

Inform the driver of action required to get out of the emergency vehicle's way

INFORMATION DESCRIPTION FOR ROAD CONDITION INFORMATION

Inform driver of road traction

Informs driver of road visibility

Informs driver of road construction activity

Informs driver of weather conditions

Distance to congestion or construction activity

Suggestions for driving in visibility or weather conditions

Inform driver of any relevant information regarding bridges, such as one lane bridge or
icing.

Inform driver of strong cross winds

Type of road surface, such asdirt, gravel, paved
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— Informdriver if water isflowing over road

INFORMATION DESCRIPTION FOR AUTOMATIC AID REQUEST
— Location information
— Inform driver of time until emergency unit will arrive

— Inform driver that aid has been requested

INFORMATION DESCRIPTION FOR MANUAL AID REQUEST
— Location information
— Inform driver of time and distance until emergency unit will arrive
— Phone number of fire, ambulance, police, towing
— Inform driver that phone will automatically dial requested aid if desired
— Display messages from the emergency response center

— Update real time information from the emergency center

I NFORMATION DESCRIPTION FOR VEHICLE CONDITION MONITORING
— Inform the driver of current problems
— Inform driver of ways to correct problem
— Inform driver of actions to take until problem can be corrected
— Provide more detailed information at drivers request
— Inform the driver of potential problems
— Inform the driver of needed warranty services due
— Inform the driver of immediate danger after an accident, such as “the car isin danger of
exploding”

— Coordination information with a service center
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TableB.1. Eight golden rules of dialogue design (Shneider man, 1992).

Rule Description
Strive for Use consistent sequence of actionsin similar situations;
consistency identical terminology; consistent commands
Enable frequent Asfrequency of useincreases, so does user's desire to
users to use reduce number of interactions and speed up interactions
Offer informative|| For every operator action, there should be some system
feedback feedback
Design dialogsto|| Sequence of actions should be organized into groups with
yield closure a beginning, middle, and end
Offer smple Design the system so that the user cannot make a serious
error handling error
Permit easy Actions should be reversible
reversa of
Support internal Avoid acausality; convey to users that they arein charge
locus of control of the system
Reduce short- Keep displays simple For example, consolidate multiple
term memory pages; provide on-line access to abbreviations

Table B.2. Data display guidelines (L ockhead, as cited in Shneider man, 1992).
Data Display Guidelines

Be consistent in labeling and graphic conventions

Standardize abbreviations

Use consistent format in all displays
Present a page number on each display page, and allow actionsto call up a
page via entry or page number

Present data only if they assist the operator

Present information graphically, where appropriate
Present digital values only when knowledge of numerical valuesis
necessary/useful

Use high-resolution monitors
Design a display in monochromatic form, using spacing and arrangement for
organization, and then add color where it will aid the user

Involve operatorsin the display development
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Table B.3. Data entry guidelines (Scneider man, 1992).

Data Entry Guidelines| Description

Consistency of data Use similar sequences of actions for all conditions For

entry transactions example, use similar abbreviations

Minimal input actions|| Fewer input actions mean greater operator productivity and few
by user chances for error; avoid redundant data entry

Minmal memory load || Operator should not be required to remember long lists

on user
Compatibility of data || Format of data entry should be linked to format of displayed
entry with data display]] information

Flexibility for user Experienced operators may prefer to enter informationin a
control and dataentry || sequence that they can control

Table B.4. Effective wording guidelines (Brown, 1988).

Wording Guidelines

Use abbreviations only if Use meaningful codes
they are significantly shorter
Use only one abbreviation Use familar terms
for aword
Use consistent abbreviation | Define terms carefully
rules
Provide a dictionary of Minimize jargon
definitions
Abbreviate only when Use consistent wording
necessary
Avoid obscure abbreviations Use unambiguous words

Avoid multiple Use short simple sentences
abbreviations
Define abbreviationsonthe | Begin sentences with the
same screen main topic

Regarding hypenation, end Use affirmative statements
lines wih whole words
Complete asentenceon the | Use consistent statement
same screen structure

Present information in the State sentences in the active
formthat it isused voice

Follow appropriate user Describe steps in order of
conventions use

Use clear labelsto describe | Use a conversational

data language style

Use consistent codes
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APPENDIX C —SPECIFICATIONSFOR TEXT AND ICONSPRESENTED
ON IVISDISPLAYS
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The following sections provide the specifications of the presentation of information on the visual
display.
TABLE AND PARAGRAPH FORMATS

Font Size: Headings-36 point, Body-18 point

Font Type: Courier New
GRAPHIC MAP FORMATS
GENERAL INFORMATION FOR BOTH GRAPHIC TEXT AND GRAPHIC | CON

Width of Roadways

Interstate: 12 point
U.S. Routes (4-lane roads): 6 point
VA. State Highways (2-lane roads): 3 point

Interstate

U.S. Route

VA State Highway

Distance
N

| l |
| ' |
0 5 10

Map distance scale and North arrow located in bottom left corner of display

Route Number | cons

Icon size: 0.38” x 0.38”
Font size: 22 point
Font type: Courier New

Interstate U.S. Route VA. State Highway
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Current Location on Map Indicator

A Iconsize: 0.69” x 0.65”

Indicates L ocation of Hotel on Map

. Icon size: 0.318” x 0.318"

Indicates L ocation of Gas Station on Map

. Icon size: 0.25" x 0.25"

GRAPHIC TEXT
Hote Information

Font Size: Headings - 24 point, Body -18 point
Font Type: Courier New

Ramada
Vacancy
$195.00
Four star
Restaurant
18 miles

Route I nformation

Font Size: 18 point

Font Type: Courier New

Height of single line text box: 0.32”

Height of double line text box: 0.55"

Width of text box: varies, depends on length of text.

Traffic Delays

Length of delay Description of delay
specified in minutes specified

.75” of roadway is highlighted in orange, text states either the exact length of delay or
states the type of delay

Traffic Safety Hazards
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Icy
Bridge

Traffic Density

Heavy
Traffic

0.75” of roadway is highlighted in yellow, text states type of hazard

75" of roadway is highlighted in light green block, text states amount of traffic density

(light, moderate, heavy)
Other Text M essages

Indicates amount of congestion
caused by adelay. Specified as
light, moderate, or heavy.

Hospital Airport
Indicates location Indicates location
of hospital. of airport.

GRAPHIC | CON
Hote Information

Hotel Names

o

Icon size: 0.694” x 0.694"

Marriott Double-Tree
Hotel Hotel

— E
Comfort Embassy
Inn Suites
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1 of 2 Lanes
Closed

Indicates the number of lanes
closed/blocked, in the
driver’sdirection of travel, asa
result of adelay.

Gas Station

Indicates location
of gas station.

o, 8
I @

Hilton Sheraton
Hotel Hotel
Best Western

Hotel



Hotel Characteristics

0

Icon size: 0.281” x 0.281"
Vacancy No Vacancy Restaurant No Restaurant

Symbol height: 0.281"

$D $$$$$ Cost (1-5 levels of expense; 1 low, 5 high)
* D***** Quality rating (1-5 star rating; 1 low, 5 high)
-=FL N PAQAS

Hotel Box Descriptor (Icons and symbols used to describe hotels were placed in abox and
located with the appropriate hotel name icon)

Route I nformation

Traffic Delay | cons
Icon size: 0.6” x 0.6”

e @

Accident Fire Truck Construction Construction
Flagman Work

® & X -

Farm Traffic Railroad Heavy Truck

Machinery Signal Crossing Traffic

20 min Delay
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Traffic Hazard | cons
Icon size: 0.6” x 0.6”

& X b

Slippery Pedestrian School
Road Crossing Cross ng Crossing
Icy Bridge

Other Icons

Icon size: Gas stations, tolls, hospital, traffic density: 0.6” x 0.6”;
Lanes closed — 0.372” x 0.772" two lane roads; and
Lanes closed — 0.372” x 0.331" one lane roads.

n K 17

Gas Station No Gas Toll Road No Tolls
Ll & XX X
Hospital lof 2 20f 2 lof1
Lanes Lanes Lane
Closed Closed Closed
e == _‘E:E..f-- oo
T I
Low Medium High Length of roadway
Traffic Traffic Traffic highlighted in red
Density Density Density indicates the amount of
congestion caused by a
delay
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APPENDI X D —SPECIFICATIONS FOR EXPERIMENTAL VEHICLE
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An instrumented 1995 Oldsmobile Aurora four-door sedan (Figure D.1) was used to investigate
on-road driver behavior. Detailsfor the following components of the experimental vehicle are
listed below:

1) Cameras and sensors,

2) Software and hardware interfaces for data collection,

3) Anin-vehicleinformation system (1VIS), and

4) Safety considerations.

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 the following measures:
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.

Each of these cameras and sensors are discussed in more detail below.

EYE GLANCE CAMERA

The eye glance camera allowed for monitoring of eye movements. Itsfield-of-view
accommodated drivers of varying heights and seat positions. The view of the driver’s eyes was
clear and in focus, alowing for eye movement classification in the laboratory. The eye glance
camerawas located in the center rear-view mirror and did not obscure the driver's view or impair

hig’her use of the mirror.



FORWARD-VIEW CAMERA

The forward-view camera provided a wide view of the forward roadway without substantial
distortion. The camera had an auto-iris and provided a high-quality picturein all but the most
severe daylight glare conditions. The forward-view camerawas located in the center rear-view
mirror and did not obscure any part of the driver’s view of the roadway or impair his’her use of

the mirror.

LANE MARKER CAMERA

The lane marker camera provided aview of the right side roadway, along the outside edge of the
right front tire. The lane marker camera was located inside the right side passenger mirror. The
cameradid not obscure the driver’ s view of the roadway nor did it interfere with his/her use of

the mirror.

INTERIOR CAMERA

The interior camera provided aview of the dashboard, steering wheel, and IVIS display. The
interior camera was located above the driver’s head, mounted in the interior of the vehicle. This
cameradid not interfere with the driver’ s sitting position and was only noticeable upon close

inspection of the vehicle' sinterior.

SENSORS

Sensors measured steering wheel position, lateral and longitudinal accelerations, speed, and
headway distance. The steering wheel sensor provided steering position data accurate to within
+/- 1 degree. The accelerometers provided values at arate of 10 times per second for vehicle
acceleration and deceleration, up to and including hard braking behavior as well asintense
turning. An Eaton Vorad radar system was used to measure headway distance and had a range of
3-350 feet. A microphone was located in the dashboard, and an audio track of the videotape
record contained commentary of the experimenter, driver communication, and 1VIS-generated

audio.
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SOFTWARE AND HARDWARE INTERFACES

Data received from the cameras and sensors were time stamped and recorded both on a videotape
and in adatafile on acomputer installed in the vehicle. The IVIS was controlled by a second
computer installed in the vehicle, which was responsible for both presenting information on the
IVIS display and signaling the confederate vehicle that information was being displayed. The

software and hardware interfaces utilized are discussed below.

MULTIPLEXER AND PC-VCR

A guad-multiplexer integrated the four camera views and included atime stamp onto asingle
videotape record. A PC-VCR received atime stamp from the data collection computer and
displayed the time stamp continuously on the multiplexed view of the videotaped record. The
PC-VCR operated in an S-VHS format so that each multiplexed camera view had 200 horizontal

lines of resolution.

DATA COLLECTION SYSTEM

The vehicle s data collection system provided the capability to store, on a computer, multiple
datainputs at arate of 0.1 seconds during each datarun. The videotape record of the camera
views was time stamped and synchronized with the computer data stream so that post-test data
reduction and data set merging could occur in the laboratory. All data collection records were

time stamped to an accuracy of +/- 0.1 seconds.

COMMUNICATIONS EQUIPMENT

A small FM band transmitter/receiver unit was used to communicate with the confederate
vehicle. When akey was depressed on the experimenter’ s keyboard to activate/deactivate the
VIS, the transmitter sent asignal that instantaneously activated a buzzer in the confederate

vehicle.

EXPERIMENTER DATA FLAG INPUT SWITCH
A button was located in the front passenger seat area that, when depressed, flagged the data set.
This allowed the experimenter to flag the occurrence of unusual/unexpected events for later

analysis, such as an ambulance passing, or the experimenter hitting the emergency brake pedal.
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IN-VEHICLE INFORMATION SYSTEM (1VI1S)
Specifications for the IVIS used in this study are located in Table D.1.

Table D.1. Mechanical specifications of the Dolch Computer Systems, Inc. 10-inch VGA
DataView Display.

Parameter Specification

Display Addresability 640 x 480 pixels

Active Viewing Area 8.31" x 6.24” (211.2mm x 158.4mm)

Diagonal of Viewing Area 10.4” (26cm)

Display Technology TFT Active Matrix

Colors 262,144 (R/G/B 6 bits each)

Contrast Ratio 100:1 Typ.

Vertical Viewing Area 10° center-to-top/ 30° center-to-right

Horizontal Viewing Area 40° center-to-left/ 40° center-to-right

Luminance 70 cd/ mZTyp.

Lamp MTBF 10,000 POH

Response Time 30ms Typ.

Tempered antiglare glass: 60 +/- 20
Faceplate Material Gloss Units (per ASTMD 1003)
Thin film anti-reflective coating

SAFETY CONSIDERATIONS
The following safety precautions were provided as part of the instrumented vehicle system to
help minimize risks to participants during the experiment:
» All data collection equipment was mounted such that it did not pose a hazard to the driver
in any foreseeable instance.
» Thetest vehicle had driver-side and passenger-side air bags.
* Anexperimenter’s brake pedal was mounted in the front passenger side.
* A fireextinguisher, first aid kit, and cellular phone were located in the test vehicle.
* None of the data collection equipment interfered with any part of the driver's normal
field-of-view.

» Two trained experimenters were present in the test vehicle at all times.
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Figure D.1. Diagram of theinstrumented vehicle.
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Hotels On-route
Hotels On-route

The Hamssda Bar nc vacancy sod iz 17
Fha Elssp I'nn ix dd milas away. Tha Mliwd asay THE Aol W&y ThHa ks &
Cupet § Betal ir 17 milam dwiy. The wwEEncy and im 1§ miles sy, Tie
PidblE THes o8 04 mibad aay Harrictk hes 5 vacsmcy m=d iz 4) mkdles

i @

L ow density (3x2) ' M edium density (3x3)

Hotels On-route
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High density (5x4)

Figure E.1. Paragraph format 0 SP-hotel tasks.
Instructions: Select a hotel.
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Hotals On-route Hotels On-route
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FigureE.2. Tableformat O SP-hotel tasks.
Instructions: Select a hotel.
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Figure E.3. Graphic text format 0 SP-hotel tasks.
Instructions: Select a hotel.
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FigureE.4. Graphicicon format O SP-hotel tasks.
Instructions: Select a hotel.
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FigureE.5. Tableformat O SP-routetasks.
Instructions: Select a route to the hospital.
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Route Planning
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and has & low wicpibility hezard

High density (5x4)

Figure E.6. Paragraph format O SP-routetasks.
Instructions: Select a route to the hospital.
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Medium density (3x3

Tl
| Enila

CF s
.::m:: iy _ | “.l_llL
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iiad g crereing
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ELippeny
Ezas

Very high density (5x6)

Figure E.7. Graphic text format 0 SP-routetasks.
Instructions: Select a route to the hospital.
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L ow density (3x2)

Very high density (5x6)

Figure E.8. Graphicicon format 0 SP-routetasks.
Instructions: Select a route to the hospital.
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Route Planning
Route Planning

T-38 in wm-meE, @, Dep-mia, &l EEE &
13§ to DO-Htw. LI Baw am scoidest LEnin eraaping deley sad I of 2 lanes
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R T L dELaY E-219 G may. 34 fwp. 1F Bar = wbility wock dalay and 1
his 4 hiftss® #apill dmlay af 1 Lare i§ eingasd AE-EtE, &% im AE-
BEw. @4, BE-Fta. 3% has & Fire treck

dulay ard [ of I lesar ir clozed

L ow density (3x2) ' M edium density (3x3)

Route Planning

§-54 to iE-mts. &d, Fo-Ete. @4 baw an
sonident deialy and § of 7 larsd aps
clorsd Ti-Etm. 74 to Fwy,. I8, Hey. 10
e 8 parads Touts delsy smd 1 =F 1
Lane ip olossd E-F% ta tE-ErE. B8, i-
% el @ dEnnElEo Lh B8] & §Rd 1L 4T 2
Earmn iz zloesd il-Fta. T4 to Hey
35, wwy, 2B hanp & rosd work delay snd |
o il 5-TF L@ UE-FiA
EB, WE-Fiw, 1P Rad & doedbiidge delay

and 3 of 1 lanss are clomesd.

High density (5x4)

Figure E.9. Paragraph format O SPI-all tasks.
Instructions: Select a route to the hospital.
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L ow density (3x2)

Route Planning
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ig-kka, 71 FoosdElLEE Ed-kim. TI

I-3a 1 af 1 Lamas
By 44 e ctdend B, 5

nE-Ers, &8 i af B Larsa
Wy, L Enkd BaTk Ea-Ets . EE

Medium density (3x3)

Route Planning

Dwlays Larsam Coregmuticn
Eloamd

Facm I &f T Lanay
Hishinmiy 90-1%m. Tl

Wirs 1 of i Lanar
il Huy.

1 of I Lansr
s Ll T-44d

Hibgmat i &f J Lamss
H'I'H.I g HE-15 & L]

1 =f 1 Lanax
Aebilance Mery. 54

High density (5x4)

FigureE.10. Tableformat O SPI-all tasks.
Instructions: Select a route to the hospital.
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Route Planning

I=id ta Bd=kts, E§ ic 5§ milem el hao
& Trmis oposeing Gelay dE-mra. T e
Wy, 98 is 0 mEles sl B kel

Bum delay fd-Ezm. 014 to FE-Es. H i

Bl mLlSEd &ndl N&§ & CRRELTHDT LGN Ay

Medium density (3x3)

Foute Planning

=20 %o WB=Ebts. @4 fn IO oilam id
Eta, & Bas & dpambTidps deiay, s 3
af 7 1ekss ap® olossd TE-EiE i
Evy. 38 Ip I7 milem Ny, 14 has &
Fumarsl procsmsmicn dalsy. ad L of 1
lans im claassd 1-3% ©o am-moe, B6 o
T4 miles T-3% BaE an sorident deleyg
mred T wf lerme Le closwd, DE-Riw. 74

Ex Nwy im JE milaw vy, I3 ham &

b |
mchosl bax delay, eed L =Ff § lams Sx
i

ol awed -3% in DE-Eie;, iE Qs Tié
milew. IE-Biw. 18 Sar & tceih corawimg

daley, aad 2 =f I lanper ors cloamd

High density (5x4)

Figure E.11. Paragraph format 0 SPI-partial tasks.
Instructions: Select a route to the hospital.

198



Route Planning
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Hiat @ BLET AR Dalaym

134 Bcheal
_D&-Bte. T1 4% milaz Crowmisg

T-44 Farm
Wy, B ik milea WAL L TR T

f-REw. EB Ftility
ey, 18 33 milam Wack
-

Medium density (3x3)

Route Planning

DivEates Dalaym Linea
cLomsad

Fazada I pf T Laram
2% milam Eauta Fi-Rim. 7L

LR AR LE i of 1 laivd
A5 miles Tk P 18

I of ¥ Lanas
K0 milam Rooadest 2-ad

Dbhie<t Lh I of T laimm
1% milam Eomdaay FS-Eitm. 11

W oIy § of 1 lansa
ik milaa wmhicls ey, ki

High density (5x4)

FigureE.12. Tableformat O SPI-partial tasks.
Instructions: Select a route to the hospital.
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o {——

Medium density (3x3)

High density (5x4)

[Hozwcata Fragfic

ke | (e

Light
Trafdia

Waslejats
Frwific |

Very high density (5x6)

Figure E.13. Graphic text format 0 SPI-partial tasks.
Instructions: Select a route to the hospital.
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H

Medium density (3x3)

Very high density (5x6)

Figure E.14. Graphicicon format 0 SPI-partial tasks.
Instructions: Select a route to the hospital.
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Route Planning

E-IF ko PE-Rita. 41 heas = §3.25 %0l] and
[ TINS5 mE-Fta. T ta Te-mpie, &
Fas & ¥5.30 Eall &fhd & B3.75 Esll 16~
Etm. Td &= Bwy. 27 har & FE.28 80l] and
LTS Boll

 Medium density (3x3), addition computation

Instructions: Select the cheapest route to the airport.

Route Planning

mE-re. T4 be gy, 35 G BE miles, amd
Fam @ #8.3% Eoll ead & §4.2% Eoll I
I to d@-mte. & ix LY miles, and han w
B7.80 ball Ewd & 82,84 ©eld an-14
T4 ko Hwy. 39 iw 47 =iles, and har a
E5.0% toll eod o FL.TH tall. I-39 to
FE-Fla. B ie B8 @bles, ani hed & 0680
Eoll mod @ FEI. 35 Enll 16-Bte. T4 t=2
Bry. IJ iw 42 midlme, and har & E1.TH

Call wed & 64, TE £adl

' High density (5x4), addition computation
Instructions: Select the cheapest route to the airport.

Route Planning

-8 Eo UE-Fts. 10 ig 100 milar Emd han
i Epeed limlt @ &5 =ph i-IF b HWy
18 ix H1d milew and hais & spacd 1EmiE
af BE mph f-FF e may. 21 bm jEQ

mAleE i BEs & Epsed Limlp of &% Egphk

Medium density (3x3), divsion computation

Instructions: Select the quickest route to the airport.

Foute Planning

uE-piE, Td i wm-mye, 98 is $9k mileas
hies & mpead limit of EY mph; and haz &
EF._7Y tolkl. I=EF to ODE-Bis. 5F im 174
pilee, haa & mpass Jimdt of 0L mph, and
nEs & #5 A6 woll mm-mia. Tl Ue Wy
S ix 1594 milee, bae & wpesd limik of
&F mph, and Ban & §4.58 Tall §-iF t=
op-pie, &4 18 180 miles, fas & spesd
1limikt of 42 sp&, and has & $3.F1 Ecll
f-0d ta  e-wte. L Qe 3% miles, haa @
spaaid 1imin af B4 gpk, and has 8 P8, 8

toll

High density (5x4), divsion computation
Instructions: Select the quickest route to the airport.

Figure E.15. Paragraph format O SC tasks.
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Route Planning Route Planning

— . s e =
Beetm Toll Eaort Toll famt [T ] D NCARC# Hreil
Limi e

I=J

T NN N o R
m-Me. &1

. 3d kS mpa
LR |

by _aRE S

“Medium density (3x3), addition computation ' ~ Medium density (3x3), division computation'
Instructions: Select the cheapest route to the airport. Instructions: Select the quickest route to the airport.

Route Planning Boute Planning

Oirtance Tull Ceatb Tell Coxk Dimtsnce Speed Tall Camt
Limi%

i ER ¥ JED milem SE mph @625

E1.2% _ UE-Rbe; 10% miles 4% mph B2 %0

Bl .8 = Gl milew &L mph @370

b ey A1 TR el M N TR

LTHE] i 00 milss A%k mpin @160

' High density (5x4), addition computation ' ' High density (5x4), division computation
Instructions: Select the cheapest route to the airport.  Instructions: Select the quickest route to the airport.

Route Planning

begtance Fpmed Sslaym
Limit

Po-Etm. AE
e, i 0 miles 8O mph §b min

pe-Ete. &F
ey, 16 213 miles 415 mph 38 min

1=-34
PE-Ela, A¥ NN midwed @5 @ph 5 mln

-3
ey . SE 131 milesm RO "'Eh TE min

1=34
RE-Rtm. 71 180 =milad 35 mph 30 mih

High density (5x4), division and addition computation
Instructions: Select the quickest route to the airport.

FigureE.16. Tableformat O SC tasks.
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45

1
s
Limi® i
i E i_ | —
gl 10
M edium density (3x3), division computation
Instructions: Select the quickest route to the airport.

Browd Tull
""'"'I—Ei}- CaRt
L] #E-TR

T
Tull Li

fre—

High density (5x4), addition computation High density (5x4), division computation
Instructions: Select the cheapest route to the airport.  Instructions: Select the quickest route to the airport.

[5-ET 1 -y
Efmdt Emid
Fi]
Fjusemil
j-]— 40 12

High density (5x4), division & addition computation
Instructions: Select the quickest route to the airport.

Figure E.17. Graphictext format 0 SC-tasks.
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Route Planning

[=I9 ko WE~Ete. 5§ ip 168 miles and has
i mpaed Timdit cof 45 mph 1=34 &3 Wy,
2 um Lid milem and has & epiesd | LEit
#f 4% mph. I-39 e mwy. ¥ Ls 300

milea and her & oeesd Jimit of 40 =gh.

M edium density (3x3), divison computation

RBoute Planning

rE-nte, Vi te mey. BE Le BT miles, hae
i vpaed 1LRIE of 45 aph. &k kas 4
§4.30 toll. I-2F to TE-@%e. 44 ix 100
milew, hes ¢ gpesd limit of 00 sk, snd
Faw & ¥1.73% Enll OF-Pia. T4 1o Ry
23 im 131 mdlem, hazs o spesd Limdt of
% mph, aod fae & PE.50 toll I-IF To
Fo-Ftw. 35 is 120 milws, hed & speed
Limi% af 5% mph; eod Dar & §3.30 toll
cowt P-26F to id-@ts. LA ier LdJ milas
b w apesd Liwmyn of &k mph, and ke @

B3.I5 Emll.

i—|igh density (5x4), division computation

Route Planning

BE-Riw ‘4 to By, I3 i3 8T miles, and
hax & H.35% t0ll and a §2.TH toll i |
TP to BE-Rta. B0 tm 3d milas, ard bam a
FE.50 22l] and & 83.%0 toll Lot 41 ]
Td to By J0 iz @7 milam, s=d has &
EE. TR %=1l and = #3.78 £cll. §-H %o
pE-pia, 44 48 0iF milew. sl kap & BE 36
foll and & F5.25 toll - Eta. T o
Di-Eks, LN im dF oiles, enad haw s 81,75

Eall and & & 80 tall

High density (5x4), addition computation

Figure E.18. Paragraph format 0 SPC task.
Instructions. Select a route to the airport.
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REoute Planning

-
Hids & ELaTEM"A Efi il
Limit

10 =ph

Eh mnih

35 *ll

Medium density (3x3), division computatibn

Route Planning

WallE F T d s 0 el Tokl TaEn
RlmLE

AR e

0k milss &R mpn

Tl 20E milem 3% mph

1]
2if HWilles 50 Fph

[E]
1] L0 mdlam 43 mpb  SE.-21

High density (5x4), division computation

Boute Planning

=
Cimbancs Tl CEEE TEl] ChEx
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1=di
nE-prs. Ti

O@-Rtw. &0
ey, 34 _ A0 milam

NE-PEs L1}
OE-REE, S8 87 mLiss

I=14
D= fkw. 33 Zill milam

High density (5x4), addition computatioh

Figure E.19. Tableformat 00 SPC tasks.
Instructions. Select a route to the airport.
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] 5 14

High denSIty (5x4), division computation

High density (5x4), addition computation

Figure E.20. Graphictext format 0 SPC tasks.
Instructions. Select a route to the airport.
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Route Planning
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i F3.,73 E=ll, od bey & doesibiidgs
w1y Ta-Eim. Tl &= By J6 har
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izmin croomleg dalay

High density (5x4), addition computation

Foute Planning
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High density (5x4), division computation

FigureE.21. Paragraph format 0 SPIC tasks.
Instructions. Select a route to the airport.
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Route Planning

Diwl oy

Tall

Cori Tol

n-ai
e L

FEiE
lischinaty

i-ktm

Ty Ik

W-Fe. @

iy 34

Frain
Croanling

| =R i 1114

23
-t

il |
iy, 14

Draszzidge

Rl | b fiim

High density (5x4), addition computation

Foute Planning
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i—|igh density (5x4), division computation

FigureE.22. Tableformat 0 SPIC tasks.
Instructions. Select a route to the airport.

209



15

.

Eamdt
0 -
Hjpsa
Fpead LimiE a
Limie g5 I'_"'I"_I
10 _I_ n § 10

High density (5x4), division computation

Figure E.23. Graphic text format O SPIC tasks.
Instructions. Select a route to the airport.
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Local Attractions
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Local Attractions
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High density (5x4)

Local Attractions

gptice I, o parkinsg cost med §4.00

afmiyaie Dptidgn 2 lew patklng coib

and §LI.0F adaimais=. ODgitiam 3; =o

packizg cort aod @ _DF sdederian

Medium density (3x3)

Local Attractions

Dpiidn 1, $4H), 5 Batel ; high Tosd ooEl
na packing caost, $E0.00 sdmirmis=. and
ne b=ll ok, Spbios B, F1LIE.00 Heokal
medsTatE food poat, lod patking cort
Eik. 0F sdmission P tall wank
Ppliahn 0, Fi%, 09 Ialel, léw [opd ceal
midarata pathing coak; #0.00 sdeismion,
et so toll cowk. Opidon 4, E0.40
hetal coet;, ma food camt, =a periking
padt, 00,00 SdNESEREON; And me well
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Very high density (5x6)

Figure E.24. Paragraph format 0 S-General tasks.
Instructions: Which option has no monetary cost?
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Local Attractions Local Attractions
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High density (5x4) ' Very high density (5x6)

FigureE.25. Tableformat 0 S-General tasks.
Instructions. Which option has no monetary cost?
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Figure E.26. Graphic text format O S-HP tasks.
Instructions. Which option has no monetary cost?
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L ow density (3x2) Medium density (3x3)

Instructions: Isthere a highway 92 on the map? Instructions: Which hotel has a vacancy?

High density (5x4) Very high density (5x6)
Instructions: Which hotel has a vacancy? Instructions: Select the four star hotel ?

Figure E.27. Graphicicon format 0 S-HP tasks.
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Medium density (3x3)
Instructions: Which roadway has a 35 minute delay?

Childran
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Instructions: Which roadway has 15 minute delay?
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| B Sam Gtatizn
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Very high density (5x6)
Instructions: Which roadway has a 15 minute delay?

Figure E.28. Graphictext format 0 S-RP tasks.
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L ow density (3x2) Medium density (5x2)
Instructions: Isthere a highway 92 on the map? Instructions: Isthere a highway 75 on the map?

Medium density (3x3) High density (5x4)
Instructions: Which roadway hasa 26 minutedelay?  Instructions: Which roadway has 42 minute delay?

Figure E.29. Graphicicon format 0 S-RP tasks.
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L ow density (3x2)
Instructions: Select the route with a drawbridge.

Route Planning
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Medium density (3x3)
Instructions; Salect the route with construction.
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High density (5x4)
Instructions: Select the route with an accident.

Figure E.30. Tableformat O S-RPI tasks.
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Medium density (3x3)
Instructions. Which roadway has a bike race delay?

" High density (5x4)
Instructions: Which roadway has a drawbridge delay?

Eadazate
Trffic

Hrdwrmke
TiaFiLo
oy

Very high density (5x6)
Instructions. Which roadway has a construction delay?

Figure E.31. Graphictext format O S-RPI tasks.
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Medium density (3x3) High density (5x4)
Instructions: Which roadway has an accident delay? Instructions: Which roadway has a farm machinery delay?

Very high density (5x6)
Instructions: Which roadway has fire truck delay?

Figure E.32. Graphicicon format 0 S-RPI tasks.
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Medium density (3x3)
Instructions: Which roadway has speed limit of 35mph?

High density (5x4)
Instructions: Which roadway has $2.75 toll?

Figure E.33. Graphic text format 0 S-Computetasks.
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APPENDIX F —SCREENING QUESTIONNAIRE
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Participant’s Name:
Age:

Participant’s Phone:
Male/ Female

Pass/ Fail

ADMINISTERED BY PHONE

NOTE TO INTERVIEWER: Ask the participant the following questions and record his/her
responses. Participants are required to have avalid driver’slicense and to drive at least twice a
week.

PHONE INTERVIEWER: As part of the study, | need to ask you afew questions. Y our answers
will determine your eligibility for thisstudy. Thisdatawill not be associated with your name,
and will be treated confidentialy.

1) Do you have avalid driver’s license?
Yes No
2) How many times per week do you drive in Blacksburg or the surrounding area?
4+ 2-3X 1X <1X

3) Approximately how many miles do you drive per year?
1 Under 2,000
2 2,000 - 7,999
3 8,000 - 12,999
4 13,000 - 19,999
S5 20,000 or more

4) Do you have any medical conditions that would interfere with driving an automobile?

PHONE INTERVIEWER:
Thank you, will call and schedule a date and time with you.
What days of the week and/or times would you typically be available to participate?
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APPENDIX G — INFORMATION SHEET FOR PARTICIPANTS
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Thanks for offering to help with this study. Information about the procedures for the study is

explained below. Pleasefeel free to ask any questions you may have.

TASKSTO BE COMPLETED DURING THE DRIVE

Your primary task is to safely drive the automobile; you should allow nothing to interfere
with this. To simulate medium traffic density, there will be an automobile driven in front of
you by personnel from the Center for Transportation Research.

Asyou are driving, you will be provided information on avisual display or auditorily and
will be asked to make decisions from thisinformation. These are secondary tasks and you
should NOT allow them to interfere with safely driving the vehicle.

Periodically aong the route you will hear atone; following the tone, you will hear
instructions provided by the computer on how to compl ete the task, such as select a hotel.
After the instructions are completed, information will either be presented on the visual

display or will be presented auditorily.

VISUAL TASKS

Visual information will remain on the screen until you state your decision, such as selecting a
hotel based on the information provided. Y ou may repeat the instructions at any time and as
many times as you would like by pressing the button on the |eft side of the steering wheel.

Thereisno time limit — take as much time as you want.

AUDITORY TASKS

Auditory information will be presented once and will stop. If you wish to replay the
information, ssimply press the button on the right side of the steering wheel. Y ou may repeat
the information as many times as you like.

If you would like to replay the instructions at any time, simply press the button on the | eft
side of the steering wheel. Y ou may interrupt the presentation of information to hear the
instructions. If you should interrupt the presentation of information after the instructions are
repeated, the information presentation will start at the beginning.
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« You may provide an answer at any time. If you choose to replay the information, you do not

have to wait until the information repeats in its entirety to state your answer.

TASK DESCRIPTION

Y ou will be asked to perform avariety of tasks. Some tasks will ask you to choose a hotel or to
choose aroute; with these tasks, it is desired that you search the information and identify and use
the information you find useful in making your decision. We readlize that not everyone will
choose to use the same criteria when making a decision. It doesn’t matter to us which criteria
you use or how many you use. However, it isimportant that we know which information you
used to arrive at your decision. For example, if five items of information were presented, it is
important for usto know that you used 1, 2, 3, 4 or 5 items, and which items you used.
Therefore, at the conclusion of each task, the experimenter will ask why you selected your
answer. At thistime, indicate which criteriayou used (for example, you might have considered

distance, cost, and quality when selecting a hotel).

When given the task of selecting a route to the hospital or airport, you are not in arush to get to
the hospital or airport. Imagine you are going to visit someone in the hospital, or that you are

going to meet someone at the airport.

Some tasks will require that you perform calculations, while other tasks will provide you with
the option of doing calculation(s). It isimportant that we know if you performed a calculation
and what type of calculation you performed.

«  When you are asked to determine the cheapest route or the quickest route, we would like you
to perform a calculation with the information provided. We will prompt you for a numeric
answer after you have stated your selected route. As with any task, you can always say “ skip”
if you do not wish to perform the task while driving.

« If you are asked to select aroute and toll costs, speed limit, distance, and/or time delays are
provided, you have the option of performing one or more calculations. When asked to select
aroute, use the information as you normally would while driving. After you provide your

route selection, we will ask you if you performed a calculation and if so, what type.
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» If a any time you fedl atask requires too much attention to ensure safe driving, simply say
“skip” and the task will end.

» |f a any time you wish to stop and take a break, indicate your desire to the experimenters.

» If a any time you wish to end your participation in the study, simply state your desire to the

experimenters and we will return to the Center for Transportation Research.

RATING OF TASK DIFFICULTY
After each task is completed, we will ask you to rate the mental demand, frustration level, and
time sharing demand of the task. Y ou will also be asked to rate how aware of your surroundings

you were while completing the task.

Rating scales have been devel oped for you to use in evaluating your experiences during the
different tasks. Please read the descriptions of the scales carefully. It isextremely important that
they be clear to you; please ask if you have any questions. Y ou may request a description of the

scales at any time during the experiment.

After performing each task, you will be asked to evaluate the task by selecting avalue from 1 to
100 for each of the scales. Each line has two endpoint descriptors that describe the scale. For
example, Frustration Level goesfrom 1 (not frustrating) to 100 (extremely frustrating). The
experimenter will say the name of each scale, at which point you will respond with your
evaluation of the task you just completed on a scale from 1 t0100. Please consider your
responses carefully in distinguishing among the task conditions. Consider each scale
individually. Your ratings will play an important role in the evaluation being conducted; thus,
your active participation is essential to the success of this experiment, and is greatly appreciated.

Refer to the table on the next page for an illustration of the rating scales.
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RATING SCALE DEFINITIONS

Title

Endpoints

Descriptions

M ental Demand

e e M
1 20 40 60 80 100

Easy Hard

How much mental and perceptual activity was required
(e.0., thinking, deciding, calculating, remembering, looking,
searching, etc.)? Was the task easy or demanding, simple or
complex ?

Frustration
Level

e e
1 20 40 60 80 100
Low High

How insecure, discouraged, irritated, stressed, and annoyed
versus secure, gratified, content, relaxed, and complacent
did you feel during the task?

Time Sharing
Demand

I B e
1 20 40 60 80 100
Easy Hard

How easy did you find it to perform the task and safely
drive the vehicle? Wasit easy to divide your attention
between the two tasks (driving and the secondary task)?

Situation
Awar eness

80 100
High

1 20 40 60
Low

SEQUENCE OF EVENTS

How aware were you of surrounding traffic when you were
performing the secondary task? If you had wanted to slam
on the brakes or swerve right or left, did you know if you
could do so without hitting another vehicle?

Prior to going outside to the vehicle, you will be shown examples of each type of task.

After going outside to the vehicle but prior to driving, sample information will be presented

on the display.

Y ou will be shown the controls of the vehicle you will drive.

Once any questions you have are answered, we will drive around the block so that you can

familiarize yourself with the handling of the vehicle.

When you feel comfortable with driving the vehicle, another short drive will be taken to

allow you to practice performing tasks with the information presented by the computer

(controlled by the experimenters).

When you feel comfortable performing the tasks, we will then drive to Route 460.
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LIST OF TASKSTO BE COMPLETED ON THE DRIVE

Listed below isacomplete list of tasks you will be asked to perform. Information to complete
these tasks will be provided on the visual display and auditorily, in different formats, on the drive
today.

« Select aroute to the hospital

« Select aroute to the airport

«  Select the cheapest route to the airport
«  Select the quickest route to the airport
« Select ahotel

«  Which hotel has a vacancy?

« Whichhotel is__ milesaway?

«  Which roadway has no tolls?

+ Whichroadway has___ delay?

«  Which roadway hasaspeed limitof ___miles per hour?
« Is___ roadway located on the map?
«  Which route has a gas station?

«  Which option has no monetary cost?
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INVESTIGATIVE PROJECTS
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Title of Project: In-vehicle Task Performance Study

| nvestigators: John P. Gallagher, Industrial and Systems Engineering graduate student

Dr. Thomas A. Dingus, Industrial and Systems Engineering Professor and
Director of the Virginia Tech Center for Transportation Research

Dr. Walter W. Wierwille, Paul T. Norton Professor of Industrial and
Systems Engineering and Senior Transportation Research Fellow at the

Virginia Tech Center for Transportation Research

|. The Purpose of this Resear ch Project

The purpose of this research experiment is to evaluate driving behavior and performance while
drivers concurrently perform in-vehicle tasks. These tasks will include reading information from
in-vehicle displays and operating an in-vehicle information system. The data obtained will be
used to evaluate the attention demand of different in-vehicle information systems. Thirty-six

drivers, each tested individually, will participate in this experiment.

Il. Procedures

In the study you will be asked to perform specific in-car tasks as you drive on U.S. Route 460
and other primary and secondary roads in the New River Valley area. Two trained
experimenters will ride in the research vehicle with you during the experiment to assist in the
data-gathering process and to help ensure the safe operation of the experimental vehicle. Itis
your responsibility as the driver to obey all traffic regulations and to maintain safe operations of
the vehicle at all times. Y ou must treat the driving task as the primary task and perform the other
instructed task only when it is safe to do so. Y ou will be required to have the lap/shoulder belt
restraint system securely fastened while driving.

The experimental vehicleisalate model American car. The car is equipped with an automatic
transmission; analog instrument cluster; cellular phone, entertainment system (audio); and
climate-control. The car is aso equipped with an advanced traveler information system. In this

study, you will drive and perform avariety of in-vehicle tasks.
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The vehicleis also outfitted with devices designed to monitor various relevant aspects of your
driving behavior (for example, video cameras and recorder, microphones, and computers).
These measurement devices do not require that your attention be diverted from the driving task.
All equipment will be placed in the vehicle and secured such that it will not present a hazard.
Also, afire extinguisher, afirst aid kit, and a cellular phone will be carried in the vehicle at all

timesin case of an emergency.

The study will consist of four experimental stages. The experiment will proceed as follows.

1. Introductory Stage
This stage consists of preliminaries. You will thoroughly read the informed consent form.
Assuming that you sign the informed consent form, we will ask you to fill out a brief medical
screening questionnaire. Next, we will give you asimple vision test and we will also ask to see
your driver’slicense. Once you successfully complete all preliminaries, we will begin your

training. Thefirst stage is expected to last about 10 minutes.

2. Training Stage
We will take you to the research vehicle where we will train you on the use of the different in-
vehicle information systems. Since the instrument panels and controls may differ from the
vehicle you normally drive, it is necessary to train you on the in-vehicle tasks that you will be
performing throughout the experiment. We will then ask you to perform a series of tasks using
the different in-vehicle information systems on which you were just trained. This stage should

take approximately 50 minutes.

3. Driving Stage
After ashort rest break, you will begin driving the vehicle on a pre-selected route and will be
asked to begin performing a series of instructed in-vehicle tasks. The driving stage will
alternate between periods of regular driving and driving while performing the various tasks for
which you have been trained. This stage is expected to last approximately 3 ¥z hours
depending on the amount of re-training required. At the end of the drive, you will return to the

Center for Transportation Research (CTR).
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4. Debriefing and Payment Stage
On returning to CTR, you will be debriefed and paid for your time. This stage should take
about 10 minutes.

Y our total participation time will be approximately 4 ¥2 hours, but may be somewhat shorter
or longer depending on the length of rest breaks and amount of training needed.

If during the study you feel that you cannot continue for any reason, you have theright to
terminate your participation; you will be paid for the amount of time you participated. This
includes the right to withdraw at any time after having read and signed the informed consent
form. If you withdraw during the driving stage, the experimenter will take over the driving and
return you to CTR.

If you have any questions about the experiment or your rights as a participant after reading the
informed consent form, please do not hesitate to ask. We will answer your questions as openly

and honestly as possible.

[1l. Risks
There are some risks and discomforts to which drivers are exposed in volunteering for this
research. Therisksare:
(1) Therisk of an accident normally associated with driving an automobile in light or
moderate traffic, as well as on straight and curved roadways.
(2) Thedlight additional risk of an accident while performing instructed in-vehicle
tasks. Past research indicates that this risk isminimal.
(3) Possiblefatigue dueto the length of the experiment. However, you will be given
short rest breaks during the experimental session.
(4) Whileyou are driving the vehicle, you will be videotaped by cameras. Asaresult,
we will ask you not to wear sunglasses. If thisat any time during the course of the
experiment impairs your ability to drive the vehicle safely, you should notify the

experimenter.
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The following precautions will be taken to ensure minimal risk to the participants:

(1) Theexperimenter will monitor your driving, and will ask you to stop if he feelsthe
risks are too great to continue. However, aslong as you are driving the research
vehicle, it remains your responsibility to drive in a safe, legal manner.

(2) Youwill berequired to wear the lap and shoulder belt restraint system anytime the
car isontheroad. The vehicleisaso equipped with adriver's side airbag
supplemental restraint system.

(3) Thevehicleisequipped with afire extinguisher, first-aid kit, cellular phone, and an
experimenter’ s safety brake pedal.

(4) If an accident does occur, the experimenter will arrange medical transportation to a
nearby hospital emergency room. You will be required to undergo examination by

medical personnel in the emergency room.

V. Benefits of this Research Project

While there are no direct benefits to you from this research (other than payment), you may find
the experiment interesting. No promise or guarantee of benefits has been made to encourage you
to participate. Y our participation, along with that of the other volunteers, should make it
possible to improve the design of in-vehicle systems. Improvements in the design of automotive
in-vehicle systems may have a significant impact on driving safety, system usability, and

consumer satisfaction.

V. Extent of Anonymity and Confidentiality

The data gathered in this experiment will be treated with confidentiality. Shortly after you have
participated, your name will be separated from your data. A coding scheme will be employed to
identify your data by gender and participant number only (e.g., Male, Participant No. 3).

Eye movement behavior is measured using a video camera and recorder during the experiment.
A camera, positioned inside the center rearview mirror, is used to record drivers eye-movements.
The video image recorded is of the driver's head, with some additional space around the head to

accommodate any head-movements by the driver during data collection. The videotapes will be
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stored in alocked filing cabinet at the Virginia Tech Center for Transportation Research. Access
to the tapes will be under the supervision of Dr. Thomas Dingus and Dr. Walter Wierwille. John
Gallagher will have access to the tapes and will score the eye movement behavior using "frame-
by-frame" analysis. The video tapes will be erased one year after the data have been analyzed

and the results written-up.

At no time will the researchers release the videotapes from the study to anyone other than
individuals working on the project without your written consent.

VI. Compensation
Y ou will be paid $10 per hour for the time you actually spend in the experiment. Payment will
be made immediately after you have finished your participation.

VIl. Freedom to Withdraw
Y ou should know that at any time you are free to withdraw from participation in this research
program without penalty. No one will try to make you continue if you do not want to continue,

and you will be paid for the amount of time you actually participated.

VIII. Approval of Research

This research project has been approved, as required by the Institutional Review Board for
Research Involving Human Participants at Virginia Polytechnic Institute and State University,
the Department of Industrial and Systems Engineering, and the Virginia Tech Center for
Transportation Research.

I X. Participant’s Responsibilities

| voluntarily agree to participate in this study. | have the following responsibilities:

1) | should not volunteer for participation in this research if | am younger than 18 years of age,
or if I do not have avalid driver'slicense, or if | am not in good health, or if | am pregnant.

2) | should not take part in the driving task if | have taken any drug, acoholic beverage, or
medication within the previous 24 hours that might affect my ability to safely operate an

automobile. It is my responsibility to inform the experimenters of any additional conditions
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that might interfere with my ability to drive. Such conditions would include inadequate
sleep, hangover, headache, cold symptoms, depression, allergies, emotional upset, visual or
hearing impairment, seizures (fits), nerve or muscle disease, or other similar conditions.

3) Asthedriver of the research vehicle, | must obey al traffic regulations and maintain safe
operation of the vehicle at al times. | will treat the driving task as the primary task and

perform the other instructed tasks only when it is safe to do so.

X. Participant’s Permission

| have read and understand the Informed Consent and conditions of this research project. | have
had all my questions answered. | hereby acknowledge the above and give my voluntary consent
for participation in this project. If | participate, | may withdraw at any time without penalty. |
agree to abide by the rules of this research project.

Signature Date
Should | have any questions about this research or its conduct, | may contact:
Dr. Thomas A. Dingus 231-8831
Principal Investigator

Dr. Walter W. Wierwille 231-7740
Principal Investigator

H.T. Hurd 231-5281

Director, Sponsored programs
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1. Areyouin good genera health? Yes No
If no, list any health-related conditions you are experiencing or have experienced in the
recent past.

2. Haveyou, inthelast 24 hours, experienced any of the following conditions?

Inadequate sleep Yes No
Hangover Yes No
Headache Yes No
Cold symptoms Yes No
Depression Yes No
Allergies Yes No
Emotional upset Yes No
3. Do you have ahistory of any of the following?
Visual Impairment Yes No

(If yes, please describe.)

Hearing Impairment Yes No
(If yes, please describe.)

Seizures or other lapses of consciousness Yes No
(If yes, please describe.)

Any disorders similar to the above or that would impair your driving ability Yes No
(If yes, please describe.)

4. List any prescription or non-prescription drugs you are currently taking or have taken in the
last 24 hours.

5. List the approximate amount of alcohol (beer, wine, fortified wine, or liquor) you have
consumed in the last 24 hours.

6. Areyou taking any drugs of any kind other than those listedin 4 or 5 above? Yes No

7. If you are female, are you pregnant? Yes No

Signature Date
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Note: Drivers participated in two studies; one study presented information visually, and the other
presented information auditorily to the driversviathe IVIS. Drivers were trained for both
studies prior to performing either study. After the training session, the visual study was

performed first; once all the data were collected for this study, the auditory study was conducted.

WELCOME PARTICIPANT

Experimenter

The research you will be helping with is funded by the Federal Highway Administration. The
purpose isto gather information that will be made free to the public, including car

manufacturers.

The goal is to determine the best format in which to present information to drivers while driving.
In the near future, when in-vehicle information systems are readily available in al vehicles, we
want to ensure that the information is presented in aformat and complexity level that doesn’t
create a safety hazard.

The study will consist of driving on US Route 460 into West Virginiaand back. | will be riding
in the front passenger seat and will be asking you questions after you complete each task. There
will be an individual riding in the back who will be monitoring the computers and equipment.
There will also be another person driving acar in front of us. Do not worry about him, ignore
him; if other cars come in between us, don’t worry about it. His purposeisto betraffic for usif
there are no other vehicles around. We have him there because we didn’t want some participants
to have alot of traffic and others to have no traffic. Thisway everyone will have at |east one car

in front of them.

Along the drive, we will present information to you and ask you to perform atask with it, such as
select ahotel or select aroute. Today, we will be presenting information in different formats,
both visually and auditorily, to determine which formats are preferred. If at anytime you feel

that the information istoo complex to read or listen to while driving, smply say skip. We aren’'t
testing your ability to perform atask; rather, we are trying to determine your preference. Saying
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“skip” is good data for us so that we know not to present information in that complexity or

format to individuals when the vehicle is moving.

| have prepared some paperwork that will provide you with more information about the study.

Before we begin, do you have any questions?

(Answer any questions participants may have)

I’d like for you to to read and fill out two forms. The first form tells you about the study, your
responsibilities, safety concerns, compensation, etc. The second form is a questionnaire about
your general health. The purpose is to determine that you don’t have any visual, hearing, or
other condition that would interfere with safely driving the vehicle. After you read and complete
both forms, please sign and date them both. Y ou will be given a copy of the informed consent to

keep. Feel freeto ask any questions you may have.

PAPERWORK
Informed consent
Health questionnaire

LICENSE
Check to seethat it isacurrent valid driving license

DISTANCE VISION TEST
Administer vision test. 40/20 distance vision is required to proceed.

INSTRUCTION HANDOUT

Ask participant to read instruction handout, and then answer any questions.

Explain mental demand, frustration level, time-sharing demand, and situation awareness
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ICON TRAINING
TRAINING SLIDE #1: | CON TRAINING/TEST.
(Display training slide #1 on computer)
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FigureJ.1. Training Slide #1.

)

Experimenter

I’d like to start by showing you samples of al the icons that you will see on the information
system today. For your drive today, pretend you are in the near future, where sensors will be
built into the roadway that will transmit information to vehicles describing current roadway
conditions. Assume the information that is presented to you accurately describes the current
roadway conditions. For example, if the information states that the road is slippery or the bridge
isicy, then assumethisistrue. Thisinformation, which will be provided to you, is different
from the information simply warning you that these conditions may occur, asis the case with
roadway signs posted on roadways. Also, if atrain crossing delay or drawbridge delay is
presented, assume that the computer has cal culated when you will be arriving at these locations.
Based on your current position and speed, the computer has determined that atrain will be

crossing the tracks or the drawbridge will be up; you can’t cross when you arrive at the location.
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Delays
The following icons indicate delays on roadways: (Point to each of the following icons on the

screen and state the type of delay depicted)

Traffic signal ahead

Heavy truck traffic (18 wheelers)

Fire truck (moving or stationary, but has its lights on and wants you to know it’ s there)
Construction flagman

Construction work

Farm machinery

Accident (thisicon depicts two cars that have collided)

Railroad crossing

Text description of length of delay. To avoid covering the roadway, the text block is offset
from the roadway to which it applies. The location of the delay is indicated by an orange-
highlighted roadway. The length of the highlighted area is constant and consequently doesn’t
indicate the time of delay or amount of congestion.

Congestion
Congestion resulting from each delay isindicated by the roadway highlighted in red. The length

of the red highlighted area indicates the amount of congestion. (Point to the two different red

lines and indicate how they can vary in length)

Hazards

The following icons indicate hazards located on roadways. (Point to each of the icons, and state

the meaning of each)

Pedestrian crossing
Children playing
School area

Icy bridge

Deer crossing

Slippery road
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» Text description of hazards — the location of the hazard isindicated by the yellow —
highlighted roadway. The length of the highlighted area is constant and consequently doesn’t

indicate any measure of time or severity.

More Delay | cons

The following icons indicate the length of time for delays. Think of a clock; the orange
represents the amount of time of the delay. These icons are only examples of the icons used to
depict time delays. Similar iconswill be used in the study to depict different lengths of time:
(Point to each icon and state length of delay)

e 20 —minute delay

* 40— minute delay

e 55-—minutedelay

L anes Closed

The following three icons indicate the number of lanes of travel in your direction and how many
of them are blocked/closed due to the delay: (Point to each icon, and state number of lanes open
and blocked/closed)

» Two lanes, two lanes blocked

* Onelane, onelane blocked

* Two lanes, one lane blocked

Information may state that all lanes are blocked, but this does not necessarily mean all trafficis
stopped. It may be possible to drive on the shoulder, or there may be police or construction
workers on scene directing traffic (stop traffic in opposing lanes and have you drive in those

lanes).

North Direction Arrow and Distance Scale

Directiona arrow and scale of distance are present on al maps. Scale indicates distance for 5

miles and 10 miles: (Point to North Arrow, 5-mile, and 10-mile indicators).
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Roadways
Type of roadway is indicated by roadway thickness and route sign icons. Interstates will be the

thickest lines, US routes will have the medium thickness, and VA state highways will be the

thinnest: (Point to each of the roadways as being described)

* Interstate 17 — Four lanes, limited access, with amedian. Two lanes of travel in each
direction. Think of Interstate 81.

* USRoute 37 — Four lanes, may or may not have amedian. Two lanes of travel in each
direction. Think of US Route 460.

* VA State Highway 42 — Two lanes, one lane in each direction. Think of the road out front.

(Point to the road that can be seen from the office window)

In tables or paragraphs, when roadways are referred to, they will be abbreviated as:
* Interstate 17 —1-17.

* USRoute37-USRte. 37

* VA State Highway 42 — Hwy. 42

Hotels
The following iconsindicate hotels. (Point to each of the hotels and state name; repeat list

twice)

* Marriott

* Double-Tree

* Hilton

* Comfort Inn

* Best Western

» Sheraton

» Embassy Suites

If you should forget the name associated with the icon while you are driving, simply describe the

icon to me that you would choose for example, the “S’ hotel to indicate the Sheraton, or red
circleto indicate Marriott). It's not important that you remember the name, just that | know what
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hotel you have chosen. The display will be facing toward you; | will not be able to read the

information on it.

The following groups of icons will appear with each hotel. Sometimes all four of theseicons
will be grouped together, sometimes only two, or sometimes only one icon will appear with each
hotel: (Point to each icon and state meaning)
» Bedicon indicates that hotel has vacancies.
* Bedicon with red crossindicates no vacancies.
* Doallar signsindicate cost of hotel. The number of dollar signs range from
1to 5: 1 dollar sign indicates low cost, while 5 dollar signs indicate high cost.
» Fork and knife icon indicates restaurant present in hotel.
» Fork and knife with red cross indicates no restaurant in hotel.
o Starsindicate quality of hotel. The number of stars range from
1to 5: 1 star indicates poor quality, while 5 stars indicate excellent quality.

Traffic Density

Icons indicate low, medium, or high traffic density. These iconsindicate the amount of traffic
elsewhere on the route, unassociated with any delays. (Point to each icon and state meaning.)

Other Icons

(Point to each icon and state meaning.)

* Hogpita

* Red circlesare used in conjunction with icons or blocks of text to indicate the location of the
hospital, airport, and hotels.

* Toll road

* Notolls

» Gasstation; location will be indicated with a blue square.

* No gas station on roadway
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TESTING OF ICON RECOGNITION

EXPERIMENTER

Please start in the upper left-hand corner of the screen and state the meaning of each icon.

(If participant fails to identify an icon correctly, repeat the meaning of theicon. After the
participant has gone through the complete list of icons, he/she will be asked to repeat the icons
that they failed to identify. Thiswill be repeated until the participant successfully states the
meaning of all icons and he/she states that he/she feels comfortable identifying all the icons.
Review as needed.)

PRESENTATION OF SAMPLE SLIDES
TRAINING SLIDE #2: TABLE, SEARCH.
(Display training slide #2 on computer)

Local Attractions

Ckptinn Huiel F ond Parking Lilmission Tl

Cos il sl sl L sl
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FigureJ.2. Training Slide #2.
Instructions: Identify the option with no monetary cost.

Experimenter
Complete the task and state your answer.

Participant states answer
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Experimenter
(Verify that the correct selection was chosen. If it was not, explain how to do the task and ask

the participant to choose again.)

TRAINING SLIDE #3: PARAGRAPH, SEARCH AND COMPUTE.
(Display training slide #3 on computer)

Route Planning

I-2% o DE-Rte. 64 has & §2.25 Eoll and
a §3.25 toll. US-Rte. Td to US-Rbte. 64
has a §3_50 tell and a §2.756 toll. ns-
Rte. 74 to Ruy. Z3 has & 5. 28 toll and

a 21.75 tell.

FigureJ.3. Training Slide #3.
Instructions: Determine the cheapest route to take to the airport.

Experimenter

When you state your answer, simply state the route numbers. Y ou don’t need to state what type
of road it is (interstate, U.S. route, or highway). For example, if you want to take 1-38 to
Highway 24, simply state as your answer “38 to 24”.

Whenever your instructions state to determine the cheapest route or the quickest route, | will ask
you if you performed a calculation, rough calculation, or a comparison with no calculation. |If
you feel comfortable performing a calculation, | would like you to perform one to determine the
cheapest or quickest route. If you say that you performed a calculation or rough calculation, |
will then ask for the numeric answer you calculated or roughly approximated. | will then state
each category of information that was displayed and ask if you considered it in making a
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decision. | would like for you to follow the instructions stated by the computer, but it is not
imperative that you do. However, it isimportant that | know what information you used in
making your decision. When | compile all the data, | will categorize the data by the number of
categories of information you used and whether you did any type of calculation. Thisiswhy |
will ask you if you used categories of information that there was no need to use in order to
complete the task asinstructed. I’'m simply checking to make sure that | understand how you
used the presented information.

Aswith any task, if you feel the task is too difficult to perform, ssmply say “skip” and the task

will end.

Go ahead and compl ete this task, determine the cheapest route to the airport, and then state your
answer; if you feel the task istoo difficult to perform, you may say “skip” and the task will end.

Participant states answer.
Experimenter
Did you perform a calculation, rough calculation, or did you do a simple comparison with no

cdculation?

(If a calculation was performed, ask participant to state how much the cheapest route would
cost).

(Ask if each category of information was considered: type of road and tolls. Participant will

answer yes/no for each category of information.)
(Discuss what constitutes using a category of information — ex. Comparing the type of roadways

on one route with the roadways on another route vs. simply looking at one option and

determining that the roadways met some criteria.)
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TRAINING SLIDE #4: TABLES, SEARCH AND COMPUTE.
(Display training slide #4 on computer)

Route Planning

Route Distance Spead Tell Cost
Limlt

I-34,

Sy S8 S50 mrlan LD oSph - S8 S5

UE-Rtm, 6B

UE-Rte., 15 L45 miles 40 mph ¥1.25

UE-Rta, &8,

Huy, 16 L6E mileas 3535 mph B3.15

I-34

UE-Rte, T1 310 miles €85 mph §2.7%

UB=Rte. &8
Hury . 54 155 miles 358 mp b 8 _80

FigureJ.4. Training Slide #4.
Instructions: Determine the quickest route to the airport.

Experimenter

With this task, we are looking for you to use the distance and speed limits to determine the
quickest route. Aswith the previous task, perform a calculation and then state your answer.
After you state your answer, | will again ask you if you performed a calculation, rough
calculation, or asimple comparison. If you performed a calculation or rough calculation, | will
ask you for anumeric answer or approximation you calculated for the selected route.

Remember, you may say skip if you would not choose to perform this task while driving.

When information about speed limit is provided to you in paragraph and table format, the
average speed limit has been determined and provided to you.

If you use a speed limit that is different from the one that is provided on the display for aroute,
let me know what value you used in determining the quickest route. For example, if aroadway

has a speed limit of 55mph but you normally drive 50mph or 60mph, then make your decision
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and/or calculations as you normally would. However, let me know what values you used if they

are different than those provided.

Go ahead and determine the quickest route to the airport. Remember that you may say “skip” at

any time.

Participant states answer.

Experimenter
Did you perform a calculation, rough calculation, or did you do a simple comparison with no
calculation?

(If a calculation was performed, ask participant to state how long the quickest route would take).

(Ask if each category of information was considered: type of road, speed limit, distance, and toll

cost. Participant will answer yes/no for each category of information.)

TRAINING SLIDE #5: TABLE, SEARCH AND COMPUTE.
(Display training slide #5 on computer).

Route Planning

Route Distance 51}!!!-(1 D] a Ve
Limlt

Us-Rte. 68,
_Hwy. Sd _ 170 miles 40 mph 22 min
US-Eta. 68,
Hwy. 16 725 miles 65 mph 21 min
I-34,
US-Rte. 33 195 miles 50 mph 8 min
I-34,
Hwy. 28 170 miles 35 mph 4% min
I-34,
UE-gta. T1 210 miles 4% mph 10 min

FigureJ.5. Training Slide #5.
Instructions: Determine the quickest route to the airport.
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Experimenter

Thistask issimilar to the last task; with this slide, you are aso presented information on length
of delaysin addition to the distance and speed limit. Use the information as you feel
comfortable. Go ahead and determine the quickest route to the airport.

Participant states answer.

Experimenter

Did you perform a calculation, rough calculation, or did you do a simple comparison with no
calculation?

(If a calculation was performed, ask participant to state how long the quickest route would take.)
(Ask if each category of information was considered: type of road, speed limit, distance, and

delays. Participant will answer yes/no for each category of information.)

TRAINING SLIDE #6: TABLE; SEARCH, COMPUTE, AND PLAN.

(Display training slide #6 on computer).

Route Planning

Routes Distance Spead Tell Cost
Limlt

I-34,

g 34 ISt ek Shooph GOS8

UE-Rtm, 6B

UE-Rte., 15 L45 miles 40 mph ¥1.25

UE-Rta, &8,

Huy, 16 L6E mileas 3535 mph B3.15

I-34

UE-Rte, T1 310 miles €85 mph §2.7%

UB=Rte. &8
Hury . 54 155 miles 358 mp b 8 _80

Figure J.6. Training Slide #6.
Instructions. Select a route to the airport.
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Experimenter

This dlide presents the same information as a previous slide. However, the instructions were
different. Theseinstructions asked you to select aroute, whereas the previous instructions asked
you to select the quickest route. When the instructions ask you to select aroute, feel free to use
the information in the manner you normally would when making adecision. Y ou may choose to
do acalculation or you may choose not to; you may choose to perform comparisons between the
different categories of information, or you may simply perform acalculation. It isup to you how

you use the information.

However, please remember that when we ask for the quickest route or the cheapest route, we

would like for you to perform a calculation.

Go ahead and select aroute to the hospital, using the information as you choose.

Participant states answer.

Experimenter

Did you perform a calculation, rough calculation, or did you do a simple comparison with no

cdculation?

(If a calculation was performed, ask participant to state how long the route they selected would
take.)

(Ask if each category of information was considered: type of road, distance, speed limit, and toll

costs. Participant will answer yes/no for each category of information.)
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TRAINING SLIDE #7: GRAPHIC | CON; SEARCH, PLAN, AND INTERPRET.

(Display training slide #7 on computer).

FigureJ.7. Training Slide #7.
Instructions: Select a route to the hospital.

Experimenter

Y our current position is indicated by the green triangle. Y ou want to go to the hospital; this
location isindicated by the red circle. Five routes are possible to get to the hospital. (Trace5
routes, point out that it isn’t possible to go 17 to 26 because of bridge.)

Information about each route includes:. type of road, distance, type of delays, congestion caused
by delays, lanes closed because of delay, and traffic density. (Point to each category of

information)

Go ahead and select aroute to the hospital.

Participant states answer.

Experimenter
(Ask participant if each category of information was considered: delays, number of lanes closed,
congestion, type of road, distance, and traffic density. Participant answers yes/no for each

category of information.)
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TRAINING SLIDE #8: GRAPHIC TEXT, SEARCH AND PLAN.

(Display training slide #3).

2N

Harcow

(Bridge |

[alind |

| Person| 8 min |
iln Sas Station

- |

Mospital

Br idge
L[ aas rr.-t:lmu |Hllpplrhr
Iu-l:l 1

| No Gas mt:-:n
_Eas ut.l:iﬂn O

|Tn11|n|
Lnock | [E] COAS Ft!.lt.i.w

FigureJ.8. Training Slide #8.

Instructions: Select a route to the hospital.

Experimenter

This display indicates the type of road, distance, type of delays, safety hazards, toll costs, and gas

station. The highlighted areas of orange and yellow do not indicate length of time or amount of

congestion. The gray square indicates the location of agas station. (Point to each category of

information.)

Go ahead and select aroute to the hospital.

Participant states answer .

Experimenter

(Ask participant if each category of information was considered: delays, safety hazards, tolls,

gas station, type of road, and distance. Participant answers yes/no for each category of

information.)
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TRAINING SLIDE #9: GRAPHIC TEXT, SEARCH AND COMPUTE.

(Display training slide #9 on computer).

FigureJ.9. Training Slide #9.
Instructions. Determine the quickest route.

Experimenter

Y ou are presented with information on distance, speed limit, delays, and type of road. Go ahead
and determine the quickest route to the airport.

Participant states answer.

Experimenter

Did you perform a calculation, rough calculation, or did you do a simple comparison with no
calculation?

(If a calculation was performed, ask participant to state how long the quickest route would take).

(Ask if each category of information was considered: type of road, distance, speed limit, and

delays. Participant will answer yes/no for each category of information.)
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TRAINING SLIDE #10: GRAPHIC TEXT; SEARCH, COMPUTE, AND PLAN.

(Display training slide #10 on computer).

Figure J.10. Training Slide #10.
Instructions. Select a route to the airport.

Experimenter
This dlide presents the same information as in the previous slide. However, the instructions are
different. Theseinstructions ask you to select aroute, whereas the previous instructions asked

you to select the quickest route.

Go ahead and select aroute to the hospital, using the information as you choose.

Participant states answer.

Experimenter

Did you perform a calculation, rough calculation, or did you do a simple comparison with no

cdculation?

(If a calculation was performed, ask participant to state how long the route they selected would
take.)
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(Ask if each category of information was considered: type of road, distance, speed limit, and

delays. Participant will answer yes/no for each category of information.)

(Discuss how the same information can be presented with two different types of instructions.

Oneinstruction isasking for a calculation to be performed, while the other is not).

TRAINING SLIDE # 11: GRAPHIC TEXT, SEARCH AND PLAN.

(Display training slide #11 on computer).

[Moderate
|Praffic
R os————

] ‘Hodarats
ﬁ E_a Traffic
[Light
|Teaffic|

1 of 1 Lanes

i-d ,r

Light
Trcatfic

FigureJ.11. Training Slide #11.
Instructions. Select a route to the hospital.

Experimenter

This display indicates the type of road, distance, delays, congestion caused by delay, lanes
closed, and traffic density. The length of the red-highlighted roadway indicates the amount
of congestion caused by the delay. The green-highlighted roadway simply indicates the
location of the traffic density measure. The green-highlighted areais similar to the yellow-
and orange-highlighted areas in previous slides; the length of the highlighted areasis

constant and does not indicate severity or time.

Go ahead and select aroute to the hospital.
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Participant states answer.

Experimenter
(Ask participant if each category of information was considered: type of road, distance, delay,

lanes closed, and congestion. Participant answers yes/no for each category of information.)

TRAINING SLIDE #12: GRAPHIC | CON, SEARCH AND PLAN.

(Display training slide #12 on computer).

Figure J.12. Training Slide #12.
Instructions: Select a hotel.

Experimenter
The green triangle marks your current position at the intersection of two roads. Y ou are getting
tired; select ahotel to stay at for the evening using information provided; assume your normal

route isalong interstate 17.

(Indicate meaning of vacancy, cost, restaurant, and quality symbols. Also explain hotel name

and distance information categories).

Go ahead and select a hotdl.
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Participant states answer.

Experimenter
(Ask participant if each category of information was considered: hotel hame, vacancy, cost,

restaurant, quality, and distance. Participant answers yes/no for each category of information.)

AUDITORY, TRAINING TASK #1
(Play audio-tape for auditory, training task #1)
Instructions. Select aroute to the hospital.

Experimenter
The next example will be an auditory task. Y ou will hear the instructions, there will be a brief
pause, and then the information necessary to complete the task will be presented. Y ou may have

the instructions and information repeated as many times as you would like.

With auditory tasks, 3 or 5 options will be presented. Listen to all options before giving an
answer when the task instructions are to select a hotel or route, or to select the cheapest or

quickest route.

When you state an answer for route questions, you may answer with either option 1, 2, 3,4, 0r 5

or by saying the route numbers as you did with the visual tasks. Do whichever is easiest.

(Show illustration of the location of buttons and explain how information is presented and

how/when information can be repeated.)

» Push left button to replay instructions and information

» Push right button to replay only the information

» May choose to replay instructions and/or information as many times as desired

 Listen to all options before stating selection

» When you choose to replay information, you may state your selection at any time after the
information has been presented once. It is not necessary to repeat al the information.

* Youmay say “skip” at any time and the task will end.
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Participant listensto information.

(Replay information as many times as necessary)

Participant states answer.
(Ask participant if each of the different categories of information was considered: type of road,
distance, speed limit, delays, hazards, and gas station. Participant answers yes/no for each

category of information.)

AUDITORY, TRAINING TASK #2.
(Play audio-tape for auditory training task #2)
Instructions: Select aroute to the hospital.

Experimenter
The next example will be an auditory task. Y ou will hear the instruction, there will be a brief
pause, and then the information necessary to complete the task will be presented. Remember,

you may have the instructions and information repeated as many times as you would like.

Participant listensto information.
(Replay information as many times as necessary)

Participant states selection.
Experimenter
(Ask participant if each of the different categories of information was considered: type of road,

distance, delay, weather, lanes closed, and congestion. Participant answers yes/no for each

category of information.)
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SUMMARY OF DESK-TOP TRAINING

Experimenter

Y ou’ ve now seen an example of each type of task that you will be shown in the vehicle. These
slides had the highest complexity of information that you would be shown while you are driving.
There are dlides that have significantly less information; we will present these slides with less

information to you first during the drive.

| just want to remind you that it isall right to skip atask that is presented. Thisis good datafor
us. Say “skip” if you feel that performing the task takes too much attention away from driving,
or, if you really had to make this decision in rea life, you would want to pull over to the side of
the road to look at the display more closely or to take notes while listening to the auditory
information. We are not evaluating how much information you can make yourself process, but
rather how much you feel comfortable processing and would choose to process based on the

attention demand required and your confidence in selecting the correct option.

One last thing: when making decisions, remain stubborn; do not modify the way you make
decisions. The same categories of information will be repeatedly used. | will ask if you used
each category of information after each task. Don't feel like you should change the way you
make decisions because | keep asking if you used a category of information. | don’t want you to
change the way you normally would make decisions, but | must ask every time to determine

which categories of information were used.

Do you have any questions before we go out to the car?
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IN-VEHICLE TRAINING
Have Participant Adjust Seat

Have Participant Adjust Mirrors

Verify Eyesin View of Camera

Have rear seat experimenter verify that both of the participant’ s eyes can be seen clearly in the
camera. (If both eyesare not in clear view, adjust the mirror and/or seat such that the
participant feels comfortable with the mirror position and his’her eyesare in view of the

camera.)

Vehicle Controls

Have the participant |ocate and become comfortable with wiper, signal, and headlight controls.

Point out the instruments on the display:

* Speedometer

» Temperature gauge (really the gas gauge). When thered areais reached, it means we are low
on gas.

» Display to right of speedometer will remain blank for the duration of the drive.

262



VISION TEST, AND HEARING TEST
(Display training slide #13)

Sheraton|| Comfort Inn

Vacancy Hao Vaoancy Na Vacancy

| 895,00 $135.00 875.00

22 miles 27 milas | 38 miles

@ @ &
Ramada Eﬂ

| Courtyard Vaoancy
| Ha Vacanoy B115. 00
| FL05 .00 14 milas '.
1T miles

(o —
IE
ol

O il

Figure J.13. Training Slide #13.
Instructions: Select a hotel.
Experimenter

(Adjust display position for the participant’s comfort.)

Ask the participant to read the information displayed on the screen. If the participant is unable to
read the information displayed, thank him/her for offering to help and end the study.

Ask the participant to repeat the instructions he/she heard. Ask if he/she would like the volume

increased. Repeat until the participant states that the desired level has been obtained. If the

participant is unable to understand the information presented auditorily, thank him/her for
coming and end the study.

Ask the participant to select a hotel.

Participant states selection.
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Experimenter
(Ask participant if each category of information was considered [/ hotel name, vacancy, cost,
and distance [J in making his/her decision. Participant answers yes/no for each category of

information.)

Practice Drive
(Ask participant if he/sheisready. If he/sheisready, drive around the practice route to allow

the participant to become familiar with the vehicle.)

Experimenter
Do not worry about keeping up with the lead vehicle or worry if a vehicle comes between you
and him. Remember, the purpose of the lead vehicle isto simulate traffic; if other vehicles come

between you and him, then they will take his place as traffic.

If | see that you have become overly distracted by the display and are starting to go off the road,
| will simply say ROAD. When you hear this, stop looking at the display and put your full
attention to the roadway.

| have an emergency brake pedal on my side. If | push it, thisiswhat it will fedl like. (Check to

make sure vehicles aren’t behind the Aurora, and gently press brake)
(After driving around the practice route once, ask the participant if he/she feels comfortable with
the handling of the vehicle. If he/she would like more practice, allow hinvher to drive around

the route as many times as needed.)

Practice Slides
(Have participant drive around practice route.)
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PRESENT TRAINING SLIDES#14, 15, 16, 17, AND 18

la

FigureJ.14. Training Slide #14.
Instructions. Select a route to the hospital.

Route Planning

Routs Distancs Spead
Limit

I-34,

US-Rta. T1 110 milas 35 mph

Us=Rte. 68,

Hwy. 48 287 miles 63 mph

I-34,

Huy. 54 189 miles 58 mph

Figure J.15. Training Slide #15.
Instructions: Select the quickest route to the airport.
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Local Attractions

option 1. high parking cost and 54.00
admission. oOption 2, no parking cost
and §0.00 admission cost. option 3, no
parking cost and $12.00 admission.

Figure J.16. Training Slide #16.
Instructions: Select a route to the hospital.

FigureJ.17. Training Slide #17.
Instructions. Select the cheapest route to the airport.
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Figure J.18. Training Slide #18.
Instructions: Select a route to the hospital.

(If no problems exist, begin data collection of visual tasks.)
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APPENDIX K —FRONT SEAT EXPERIMENTER PROTOCAL
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DATA COLLECTION PROCEDURES
TASK PRESENTATION

Timdine

Present task (Do not present tasks during sharp curves or while driving through towns)
Allow the participant time to complete each task. If unsafe driving behavior is exhibited, end
task.

AsKk participant probe questions to determine what information was used and if any
calculation(s) were performed.

Ask participant subjective evaluation questions for workload and situation awareness.

Record answers on data collection sheet.

Procedures

1)

2)
3)
4)

5)

6)

Prior to starting data collection, place task sheets, in a prearranged order, in abinder. Each
task sheet has a unique combination of type of task and presentation format. The different
dides for this unique combination, each with a different level of complexity, arelisted on the
sheet.

During data collection, present one task per page in the notebook.

Select a complexity level that is suspected to be slightly under the Red-line Threshold.

State the task to be presented; the rear seat experimenter will type in the slide number and the
slide will be presented.

After the participant provides hig’her answer:

a) Ask the participant which categories of information he/she used,

b) Ask the participant for subjective measures, and

c) AsK rear experimenter for number of eye glances.

Once one task per page has been presented, start on the first page again, and present a second
complexity level. If, during the first task presentation, the complexity level resulted in a
measure under the Red-line Threshold, then present a more difficult complexity level. For
safety reasons, sneak up on the Red-line Threshold. Avoid giving atask that is significantly
over the Red-line Threshold. If, during the first task presentation, the complexity level
resulted in a measure over the Red-line Threshold, then present aless difficult complexity

level.
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7)

After a second complexity level has been presented for each category of task, start at the first
page and present athird task if the two previous complexity levels did not yield measures
below and above red-line. The goal isto have one task below and one task slightly above
red-line. Use nine eye glancesto the IVIS display as arough estimate that a red-line has
been reached if driving behavior does not indicate that the Red-line Threshold has been
reached.

8) When atask is presented, the computer automatically sends a signal to the confederate

driver: one beep at the beginning of atask, and two beeps at the end of atask.

BASELINE M EASURES
For every 4-5 visual tasks, there will be a page in the notebook that states that a baseline reading
isto be collected for either 5,10, 20, or 30 seconds. To flag data as baseline data:

1)

2)
3)

4)

Inconspicuoudly raise right hand to side of head, put one finger up. Thisinformsthe rear seat
experimenter to signal the confederate vehicle that a baseline condition is being performed.
Note: the confederate driver receives the same signals for the starting and ending of baseline
conditions. He/she does not know which is being recorded in the data set.

Press and hold in the data flagger button for a preset number of seconds.

Inconspicuoudly raise right hand to side of head, put two fingers up. Thisinforms the rear-
seat experimenter to signal the confederate vehicle that a baseline condition has ended.

If during baseline data collection an event occurs (for example, participant sneezes, vehicle
merges into traffic in between confederate vehicle and test vehicle, etc.) that creates non-
baseline conditions, depress the data flagger and signal rear-seat experimenter that the
baseline condition has ended. When a baseline condition is present again, repeat steps 1-3.

Breaks
Periodically ask the participant how he/she isfeeling and if he/she would like to take a break.
Take breaks approximately every 45 minutes, or more often, as needed by the participant.
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APPENDIX L —CONFEDERATE DRIVER PROTOCAL
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PROCEDURES

GENERAL
Drive along the predetermined route on U.S. Route 460.
Maintain a speed, when possible, of + 5Smph of the posted speed limit. The speed limit, on
sections of the route during which tasks are presented ranges between 55mph and 65mph.
If the experimental vehicle becomes too distant (greater than a 5-second separation), slow
down until the distance between the experimental vehicle and the confederate vehicle
becomes |ess than 5 seconds.
If the experimental vehicle becomes too close (uncomfortable or less than one-second
separation), accelerate to allow for a comfortable headway distance.

DURING TASK PRESENTATION
When a single tone signal is sent via the hand-held radio from the experimental vehicle,
indicating the beginning of atask, decelerate approximately 5 mph.
When decelerating, if possible, do not use the vehicle' s brakes. Instead, decelerate by
releasing the accelerator pedal when going up a hill or by down-shifting when on aflat or
downhill section of road.
When a double tone signal is sent via the hand-held radio from the experimental vehicle,
indicating the end of atask, resume driving at the original speed.

Remain in the right lane for the completion of atask
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