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FOREWORD

This report is one of a series of reports produced as part of a contract desrgned to develop
precise, detailed human factors design guidelines for Advanced Traveler Information Systems
(ATIS) and Commermal Vehicle Operations (CVO). During the analytic phase of the project,
research issues were identified and rated by 8 human factors experts along 14 separate criteria.
The goal of the: expenmental phase was to examine the highest rated research issues that can be
addressed within the scope of the prOJect The 14 expenments produced in that phase reﬂect the
results of those ratlngs .

This study is part of the empirical phase of this ATIS/CVO guidelines development effort and is
one of a series of i mvestlgatlons designed to provide supporting rationale for the in-vehicle design
guidelines. The research reported in this document 1nvest1gated the effects of message format ‘
and modality on comprehensmn and retentron of 1n~veh1cle messages for younger and older
drivers. :

Copies of this report can be obtained through the Research and Technology Report Center, 9701
Philadelphia Court, Unit Q, Lanham, Maryland 20706, telephone: (301) 577-0818, fax: (301) .
577-1421, or the National Technical Information Service (NTIS), 5285 Port Royal Road,
Springfield, Virginia 22161, telephone: (703) 605-6000, fax: (703) 605-6900.

Michael F. Trentacoste .

Director, Office of Safety
Research and Development

NOTICE

This document is disseminated under the sponsorshlp of the Department of Transportatlon in the
interest of mformatlon exchange. The United States Government assumes no liability for its
content or use thereof. This report does not constitute a standard specification, or regulatron

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are conmdered essentlal to the
object of the document.
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EXECUTIVE SUMMARY

This report describes three experiments that investigated the ability of younger and older driversto
comprehend and remember messages displayed on an in-vehicle information system (IVI1S). The
primary independent variables studied were message moddity (visud, auditory, and visua plus auditory
messages) and message format (symbolic and lexica). Three mgjor research questions were asked:

C How do in-vehicle message format and moddlity affect comprehenson?

C How do in-vehicle message format and modadlity affect memory retention?

C What istheimpact of driver age on comprehension and memory?

Both message comprehension and memory are important to the designer of an advanced traveler
information system (ATIS). It is obvious that messages that are not comprehended cannot guide the
driver. However, even a comprehended message will not guide the driver if it cannot be remembered
long enough for the driver to act onit. Hence, system designers need advice on what message formats
and moddities will best suit the younger and older driver in terms of comprehension and memory.

All experiments were conducted in alow-medium fiddlity driving Smulator. Procedures were smilar for
al three experiments. Fird, driverslearned aligt of visud symbols (icons) or auditory symbols
(earcons). These symbols were presented on a screen or through loudspeskers insde the vehicle.

Then messages were presented while the vehicle wasin mation. Drivers were asked to recognize the
messages elther immediately after presentation (comprehension) or after a 50-s delay (memory).
Response latencies and confidence were aso scored for each in-vehicle message. Measures of vehicle
control were recorded from the smulator.

The firgt experiment, caled experiment 5A in the project work plan, examined only visud messages.
Nine younger (ages 18-22) and nine older (ages 65-80) drivers were tested. Although the work plan
cdled for this memory experiment to take place in alaboratory test booth, the early completion of new
amulator facilities dlowed us to move the experiment into the smulator. The smulator controlled
vehicle speed with cruise control while the driver was responsible for steering. Two message formats
were tested: text and icons. The visud icons were largely sdected from exigting symbols familiar to
traffic engineers, with afew new symbols created for this experiment. Comprehension of symbolswas
high for older (90 percent) and younger (99 percent) drivers. The higher performance of the younger
drivers was primarily associated with the less familiar symbols. Y ounger drivers suffered little memory
loss, while older drivers suffered dight (about 5 percent) memory loss. Message presentation did not
degrade vehicle latera control. These results indicate that visual messages, ether text or icons, are
eminently suitable for in-vehicle display for both younger and older drivers.

The second experiment (experiment 5B) used only auditory messages and was otherwise quite Smilar
to the first experiment. Twelve younger (ages 18-30) and six older (ages 65-80) drivers were tested.
A dramétic difference was found in the utility of symbolic messages (earcons) according to driver age.
While al the younger drivers were able to learn the set of earcons with dmost perfect recall scoresin
theinitia phase of the experiment, none of the older drivers were able to learn them even after
condgderable practice. Thisimportant finding strongly suggests that earcons are not suitable for in-



vehicle displays used by older drivers. For younger drivers, comprehension and memory scores were
smilar for earcons and speech messages.

The third experiment (experiment 5C) used visud, auditory, and Smultaneous visua plus auditory
messages. Since auditory messages may have a built-in derting advantage when drivers are looking at
the road rather than at the IVIS display, we included three types of auditory aerts that preceded
message presentation: tone dert, speech dert, and ano-adert control condition. Thirty-six younger
drivers (ages 18-30) were tested. Unlike the first two experiments, drivers had full control of vehicle
speed and lane position. Contrary to our expectations, comprehension and memory were not
improved by using visud plus auditory messages, using only a single message moddity worked just as
well. Comprehension and memory were very high (above 96 percent) and none of the dert conditions
offered an advantage or disadvantage. Driving performance immediatdly preceding message
presentation was compared with performance while a message was being displayed. In-vehicle
message presentation did not impair driving performance. Indeed, there was some evidence that
processing in-vehicle messages tends to suppress lateral and longitudina control actions by the driver,
resulting in less variable postioning of the vehicle on the roadway when the display was active.



CHAPTER 1. EXPERIMENT 5A

INTRODUCTION

The importance of human factors research in the development of Intelligent Trangportation System
(ITS) technologies has been outlined by the ITS America, Safety and Human Factors Committee (ITS
America, 1995). Specific research areas recommended include investigation into enroute information,
route guidance, and traveler service information. Each of these research areas involves the design of
trangportation technologies and the driver’'s bility to in-vehicle information.

The need for human factors research in the development of new technologies has aso been outlined
(e.g., Norman, 1988). Often, when human factors issues are not addressed early in the design process,
the final design is associated with less-than-optima use. An example of such adesign isthe video
cassette recorder (VCR) and the difficulties many experience in set-up and programming. (Have you
ever been to someone' s house and noticed their VCR flashing “12:00"?). Sometimes, inattention to the
effects of human factorsin product design may be benign. Difficulty in programming aVCR may, a
wordt, result in amissed taping of atelevision program. However, with transportation-related
gpplications, the result of poorly designed systems may lead to unsafe driving. Therefore, the careful
gpplication of human factors principles and guidelinesis required in ITS design (Dingus & Hulse, 1993).

Advanced Traveler Information Systems (ATIS) isan I TS technology that provides drivers with
enroute information, including driver advisories and in-vehicdle Sgning. Driver advisoriesinclude red-
time information that assigts driversin making navigation decisons. Asthe nameimplies, in-vehidle
ggning provides drivers with road sgn information directly insgde the vehicle (eg., on a dash mounted
disolay). In-vehicle information organization and display is one specific ATISrelated research issue
outlined by ITS America (1995). One design issue concerns optimally presenting informetion ingde the
vehiclein amanner whereit is quickly understood and not distracting to the driver. In-vehicle
information that is difficult to comprehend and/or diverts the driver’ s attention from the primary task of
operaing the vehicle may result in unsafe driving.

The research presented here isthe first in a series of experiments to investigate in-vehicle information
organization and digplay. This series of experiments will be used in the development of guiddinesfor
ATIS and Commercid Vehicle Operation (CVO) technologies. Specificdly, this research examines
performance differences associated with focusing dl ATIS information through ether sngle or multiple
display channds (Broadbent, 1971), and investigates how to display multiple ATIS messages so that
drivers can identify relevant information and react gppropriately. The present experiment was limited to
visual messages. Follow-up experiments will investigate auditory messages and visud/auditory message
combinations.

The focus of the experiment presented here was to investigate drivers memory for traffic and traveler-
related messages that were displayed on an in-vehicle ATIS, or more specificdly, an In-Vehicle
Information System (IV1S). Rapid access and ease in processing in-vehicle information are important
consderations for system effectiveness and, perhaps more importantly, driver safety. Messages that
are difficult to understand may lead to extended glance duration and attention diversion from the



primary task of operating the vehicle. Therefore, it isimportant to consider different formats that in-
vehicle messages might take, and investigate their possible effects on driver performance and behavior.

In the present research, three questions were examined: (1) How does in-vehicle visuad message
format affect comprehension? (2) How does message format affect memory retention? and (3) What
impact does driver age have on memory for in-vehicle visud messages? Regarding the first question,
two formats that are typical of datic traffic Sgns are symbols and text. Published research is limited
with respect to comprehension comparisons between symbol and text traffic Sgn messages. Hawkins,
Womack, and Mounce (1993) used a multiple-choice questionnaire and examined comprehension for
10 symbols and 7 text traffic warning signs. The results indicated smilar comprehension for the two
message types. Correct comprehension for the symbol sgns varied from gpproximately 32 percent to
87 percent, with amean of 61 percent. Text message sign comprehension ranged from 29 percent to
89 percent, with amean of 61 percent. Based on these findings, we might expect smilar results for the
invehicle environment; comprehension for text and symbol messages should be smilar.

Regarding the second research question, the effect of message format on memory retention, past
research has examined retention for various recdl| intervals (Brown, 1959; Peterson & Peterson,
1959). Results suggest that the accuracy of recall decreases astherecall interva increases. From this,
we might expect driver’s memory for in-vehicle messages to be better with shorter recdl intervas. This
issue may be particularly important when outlining guidelines for message timing and presentation.
Providing information to the driver that alows sufficient time to react and make required adjustments
(e.g., change lanes) isadesired god that must be weighed againgt the driver’ s ability to retain that
information in memory. For example, consder the potentid dilemma in the presentation timing of
directiond information (e.g., “turn left on Cavers Street”). Presenting this information too late (e.g., &
the intersection) risks the driver missing the turn. Presenting the information too early (e.g., five blocks
before the intersection) risks the driver forgetting what to do. The optima timing of information
presentation, and the consequences of early and late presentations, needs careful consideration.

For the third research question of interest, the impact of age on memory, Dewar, Kline, and Swanson
(1994) investigated symboalic traffic Sgn comprehension as afunction of age for 85 of the symbolsin the
U.S. Manua on Uniform Traffic Control Devices (Federa Highway Adminigration, 1988). The results
indicated that older drivers had a poorer understanding than did younger drivers on 39 percent of the
symbols examined. There were no age differences with the remaining 61 percent of the symbols. From
this result, we might anticipate asmilar finding for in-vehice messages; younger drivers may have
superior understanding of some messages, though there may be no age difference for other messages.

To summarize, the purpose of this experiment was to investigate drivers understanding and recall for
traffic- and travel er-related messages that were displayed on an IVIS. Rapid accessand easein
processing in-vehicle information is an important consderation for system effectiveness and, perhaps
more importantly, driver safety. Messages, ether icons or text, that are difficult to understand may lead
to extended glance duration and attention diversion from the primary task of operating the vehicle.
Therefore, it isimportant to consider different formats that in-vehicle messages might take, and
investigate their possible effects on driver performance and behavior.



METHOD
SUBJECTS

Twenty-six subjects agreed to participate in this experiment. Data from eight of them were not used
due to either experimenter error, sSmulator failure, or participant withdrawal. There were three older
drivers who, after the practice sessons, were either not able to perform the task or were not
comfortable with the experimental procedure and withdrew from the study. In addition, the data from
four older drivers and one younger driver weres not used due to Smulator and/or experimenter error.
The 18 drivers who did complete the study were grouped on the basis of age; drivers under 30 years
made up the “younger drivers’ group (N = 9), while those over 64 comprised the “older drivers’ group
(N =9). Fveof theyounger drivers and four of the older driverswere femae. The age range for
younger drivers was 18 to 22 years and the range for older drivers was 65 to 80 years. All subjects
had avalid driver’slicense, drove at least twice per week, and reported not being prone to motion
gckness. Younger drivers were recruited from the University of Washington, while older driverswere
recruited from local church, volunteer, and retirement groups. Each driver was paid $5.00 per hour,
for gpproximately 3 hours of research time.

To determine subjects driving experience, data were collected on the following: age (younger, M =
19.8; older, M = 71.3), years as alicensed driver (younger, M = 3.89; older, M = 49.1), and
estimated total miles driven annudly (younger, M = 8599; older, M = 7500).

APPARATUS
Driver behavior was investigated using the Battelle Automobile Smulator (BAS) shown infigure 1. The

magor components of smulator include: (1) the automobile test buck, (2) message and question
displays, and (3) the smulation software.



Figure 1. The Battelle Automobile Simulator.
Automobile Test Buck

The automobile test buck was built by Walter Dorwin Teague Associates, Incorporated. The buck
was congiructed using a 1986 Merkur XR4Ti automobile. The origina side and top body work, from
12 inchesin front of the firewdl to 20 inches behind the driver's seet, have been maintained to conserve
the fed of areal automobile. The floor pan has been replaced by awood base to provide easy
movement of the buck. The dash of the automobile has been modified to dlow multiple configurations,
including combinations of active matrix liquid crystd display (LCD) touch-screens and
electroluminescent digplays, and a completely andog instrument panel. A amdl fan wasdso included in
the instrument pane to provide air circulation to the driver. The steering column isthat of the Merkur
with no modifications. The steering whed has been modified to include up to 12 push-button switches
(6 on each sde of the whed) placed at gpproximately 130 and 240 degrees. These switches connect
to the digitdl input port of a Computer Dynamics CIO-DI024 card. The steering shaft isaso
connected to atorque motor, which can be adjusted to produce accurate roadway feedback to the
driver. Interior lights are located in the center of the headliner near the front windshield and can be
amed by the driver asneeded. Therear of the vehicle is open to alow access to the rear speakers.
Both doors are operationa with sde-view mirrors. The buck aso has adjustable driver and passenger
seats.



The front “windshidd” is completdy enclosed. The left Sde of the windshield houses a 20-inch
multisync color monitor providing a smulated roadway display for the various driving scenarios. The
monitor is covered with a black wooden hood, and the right side of the windshield is covered with a
black piece of plagtic to reduce the ambient background lighting. The front windshield enclosure can be
removed completely for use with the three screen option, dlowing free vison in al directions.

Message and Question Displays

The message display isaPlanar Systems, Incorporated, EL640.350-DA Series Multicolor EL Display.
The viewing areais 121.9 mm x 179 mm. The center of the display is Stuated 330.2 mm to the right
and 88.9 mm above the center of the steering whedl.

Questions are displayed on a TekVisons, Incorporated, 238.8-mm diagona Rainbow Visons Active
Matrix Color LCD display. Thisdisplay is offset 228.6 mm below and 57.2 mm to the right of the EL
display and is centered on the tranamission channd of the vehicle. The touch-screen uses resgtive
technology with aserid controller. Both monitors are driven by a Colorgraphic Communications Super
Warp Acceerator. Thisgraphic card isadua VGA Video Adapter based on Tseng Labs
ET4000/W32 video accderator chip. This card alows resolutions of up to 1280 x 1024 with 16.8
million colors (640 x 480). The displays are driven by a 486-based computer, which is interlinked with
the STI computer using a second CIO-DIO24 digital input/output card.

Simulation Software

A closed-loop, low-fiddity driving smulator that was developed by Systemns Technology, Inc. (ST1)
(V. 8.01) was used, consgsting of software and commercidly available IBM PC compatible hardware
components for producing visua scenes and auditory displays rdlevant to driving. Driver relevant
vehicdle dynamics are specified by STI1. Usng asmple scenario definition language (SDL), the
researcher can specify scenario attributes that relate to driver psychomotor, divided attention, and
cognitive behavior.

The STI amulator (STISIM) isfully interactive and includes the following features. 5-speed automatic
transmisson, variable vehicle dynamics, smulated road noise (engine and drive train), tire squed to
sgnal loss of control on high-speed turns, and wire-framed rendering of displayed objects. Mgor
components of the system include the following: a 586-based computer that controls the smulation, a
20-inch multisynchronous monitor for the smulation display, a 14-inch EGA monitor for the
experimenter, a sound blaster card, and steering, brake, and accel erator potentiometers and cables.
Magor capabilities of the smulator include variable length and radius curves, both expected and
unexpected obstacles, arandom access sound file, and a secondary visual detection task integrated into
the sysem. Though the ST1 software alows for full driver interaction, for the purposes of this
experiment, the driver was only able to steer the vehicle and had no control over the accelerator or
brakes. In this repect, this study can be thought of as smulating cruise control or an Automated
Highway Sysem (AHS).



EXPERIMENTAL DESIGN
Overview of Independent Variables

For the amulator portion of this experiment, a repeated measures design with three within-subjects
variables (message type, question delay, message repetition) and two between-subjects variables (age
and gender) was used. As subjects drove through the smulation, travel er-related messages were
presented on an IVIS. There were Sx types of in-vehicle messages: (1) very low comprehension
symboal, (2) medium low comprehension symbal, (3) medium high comprehension symbal, (4) very high
comprehension symbal, (5) short text, and (6) long text. Subjects were queried asto the meaning of a
message after it was presented. Questions pertaining to a message were presented either immediately
after the message was presented or after a50-sdelay. That is, there were two levels of the question
dday vaidble: (1) O-sdday and (2) 50-sdelay. Over the course of the smulation, all messages were
repested twice. Assuch, there were two levels of the repetition varigble. Asoutlined in the Subjects
section, drivers were grouped into one of two age groups. (1) younger drivers and (2) older drivers.
In terms of gender, both maes and females were included in the subject sample. A summary of the
independent variables is presented in table 1.

Table 1. Summary of the independent variables.

INDEPENDENT VARIABLE LEVELS

Message Type (1) Very Low Comprehension Symbol

(2) Medium Low Comprehension Symbol

(3) Medium High Comprehension Symbol

(4) Very High Comprehension Symbol

(5) Short Text

(6) Long Text

Question Delay (1) O-second Delay

(2) 50-second Delay

M essage Repetition (1) First Repetition

(2) Second Repetition

Age (1) Younger (18- 22 yrs)
(2) Older (65-80yrs)
Gender (1) Mae
(2) Femde

The following section provides details on the two primary independent variables, message type and
question ddlay. Following thisis adescription of the dependent variables collected in this experiment.



Primary Independent Variables

A repesated measures design was used that had two primary independent variables. (1) message type
and (2) question delay. Message type, awithin-subjects variable, had six levels: (1) very low
comprehension symbol, (2) medium low comprehension symbol, (3) medium high comprehension
symbal, (4) very high comprehension symboal, (5) short text, and (6) long text. The results from Dewar
et a. (1994), and Saunby, Farber, and DeMeéllo (1988), were used to define symbol comprehension.
In the Dewar et a. study, 480 drivers aged 18 to 70+ were tested on traffic Ssgn comprehension and
familiarity. Ther task was to provide a written response for the meaning of different traffic Sgns. A
measure of comprehension was ca culated from these responses. A similar procedure was used in the
Saunby et d. study. For the present study, symbols labeled very low comprehension were those with
Dewar et d. and Saunby et . comprehension ratings ranging from 10 percent to 11 percent. Medium
low comprehension symbols ranged from 34.8 percent to 68.1 percent. Medium high comprehension
symbols ranged from 77.1 percent to 85 percent, while very high comprehension symbols ranged from
91.9 percent to 99.8 percent. Of the 22 symbolsthat fell into these 4 categories, 3 were very low, 3
were medium low, 5 were medium high, and 11 were very high. The sat of 22 symbol messages used
isincluded in gppendix B. Eight additiond symbols were presented during the amulation that were not
rated on comprehension in either the Dewar et d. or Saunby et d. studies. These symbols were not
included in the Analysis of Variance (ANOVA), but were andyzed in post hoc multiple comparisons.

Asoutlined in table 2, atota of 40 text messages were examined; 20 each of the long and short types.
For every long text message, there was a corresponding short text message. For example, one long
text message read, “ School crossing ahead, children present between 8 AM - 4 PM.” The
corresponding short text message reed, “ School crossing.” Long text messages had a mean of 5.3
words, while short text messages had a mean of 2.5 words.

Table 2. Twenty long and 20 corresponding short text messages.

LONG TEXT MESSAGES C‘f)%il; SHORT TEXT MESSAGES g:;(l);l;
Pedestrians Not Allowed To Cross Here Due To Heavy Traffic 10 No Pedestrian Crossing 3
School Crossing Ahead Children Present Between 8AM - 4PM 8 School Crossing 2
Greyhound Bus Stop At Next Exit 6 Bus Stop 2
Bicycles Not Allowed On This Road 6 No Bicycles Allowed 3
Right Front Tire Has Low Pressure 6 Tire Pressure Low 3
Amtrak Train Station At Next Exit 6 Train Station 2




Table 2. Twenty long and 20 corresponding short text messages (continued).

LONG TEXT MESSAGES C‘Z)(();[; SHORT TEXT MESSAGES CV(V)(I’;';
Caution Oil Pressure Extremely Low 5 Qil Pressure Low 3
Kentucky Fried Chicken Next Exit 5 Food Next Exit 3
Police Car Approaching From Behind 5 Police Car Approaching 3
Stray Cattle On Road Ahead 5 Cattle Crossing 2
Cross Country Skiing Next Exit 5 Winter Recreation 2
Hitchhiking Is Not Allowed Here 5 No Hitchhiking 2
Stray Deer On Road Ahead 5 Deer Crossing 2
AxleWeight Limit 5 Tons 5 No Heavy Trucks 3
Residential Area Speed Bumps Ahead 5 Speed Bumps Ahead 3
Water Recreation Next Exit 4 Water Recreation 2
Texaco Station Next Exit 4 Gas Next Exit 3
Caution Fallen Rocks Ahead 4 Fallen Rocks 2
Ambulance Approaching From Behind 4 Ambulance A pproaching 2
Pedestrian Crossing Ahead 3 Pedestrian Crossing 2
Mean =5.3 Mean =2.5

Question delay, awithin-subjects independent variable, refers to the time lag between the offset of a
message and the appearance of areated question. Recall that each message was presented on the
IVISfor 8 s, after which the screen blanked. After the screen blanked a question pertaining to that
message was presented. When this question was presented, in reation to the offset of the message,
defines question delay. Two leves of question delay were investigated: (1) O-sdelay and (2) 50-s
delay. A Greco-Latin Square design was used to baance the messages and question delay types.

Primary Dependent Variables

Asoutlined in table 3, data were collected during three primary phases of the experiment: (1) Subject
Recruitment Phasg, (2) Test Phase, and (3) Post-Test Phase. The dependent measures collected

during each of these three phases are detailed in the following table.




Table 3. Outline of dependent variables and the three phases of data collection.

SUBJECT RECRUITMENT PHASE TEST PHASE POST-TEST PHASE
Subject Suitability Comfort With Computers Symbol Comprehension
Demographic Information M easures of In-Vehicle System Message Comfort With Computers

Recognition Accuracy
C Recognition Accuracy
C Recognition Latency

Driving Experience Measures of Self-Confidence of In-Vehicle System
M essage Recognition Response

C Self-Confidence in Recognition Response

C Latency of Self-Confidence Response

Technology Use Experience | Measures of Simulated Driving Performance
C Mean Lane Position

C Standard Deviation Lane Position

C Crash Occurrence

Subject Recruitment Phase

There were two missions of the Subject Recruitment Phase. The first was to determine a subject’s
suitability for this experiment. Thiswas assessed via the “ Subject Sdlection Phone Questionnaire”
(appendix A). To be suitable for this study, subjects were required to have an active driver’slicense,
drive at least twice per week, and report to rardly have had past difficulties with motion sickness.

After it had been determined that a subject qudified to participate, they were then administered the
“Driver Demographic Questionnaire’. This questionnaire elicited responses pertaining to awide range
of demographic characterigtics (eg., age, maritd satus), driving experience (e.g., number of miles
driven annualy), and experience with technology (e.g., rated comfort usng new technology).

Test Phase

The Test Phase conssted of data collection in the Battelle Human Performance Laboratory prior to and
during Smulator testing. Prior to beginning the smulation portion of the study, drivers were
administered a questionnaire entitled, “Experiment 5A, Pre-Study Questionnaire: How Comfortable
AreYou With Computers?’ (gppendix A). Asthe name suggests, the purpose of this questionnaire
was to assess the subjects sdif ratings of comfort when working with computers.




After this brief questionnaire had been completed, the smulation portion of the testing phase began.
The following data were recorded:

° Accuracy of Recognition Question Response: Measured in percent correct; accuracy of
recognition to in-vehicle sysem message questions.

° Latency of Recognition Question Response: Measured in milliseconds; response time to
in-vehicle syslem message recognition.

° Self-Confidence in Recognition Question Response: Measured on ascale from O (low) to
100 (high); rated sdlf-confidence in responses to in-vehicle system message recognition
guestions.

° Latency of Self-Confidence in Question Response: Measured in milliseconds, time to
respond to salf-confidence questions.

° Mean Lane Position: Measured in feet; mean distance from the center of the subject’slane.

° Standard Deviation Lane Position: Measured in feet; sandard deviation distance from
center of the subject’slane.

° Crash Occurrence: Measured in percent; incidents of crashes.

Post-Test Phase

At the conclusion of the smulator portion of the testing phase, data were collected on: (1) comfort
working with computers and (2) symbol comprehension. The “Experiment 5A, Post-Study
Quegtionnaire: How Comfortable Are Y ou With Computers?” was administered after the symbol
comprehension test. Identica to the comfort with computers questionnaire administered during the
Tegting Phase, the purpose of this questionnaire was to assess how comfortable subjects were with
computers, comparing before and after driving the smulator. To assess symbol comprehension, a
symbol recdll test was administered. Thistest served to gather data on drivers comprehension of 20
different symboals.

PROCEDURES

Theinitid screening for participant suitability was done by telephone. The " Subject Sdection Phone
Questionnaire’ and the “ Driver Demographic Questionnaire’ were administered at thistime. The
purpose of the screening procedure was to ensure a homogeneous population in terms of the age
groups, driving knowledge, and experience. Another goa of this screening was to rule out subjects
who might be prone to motion sickness and have difficulty driving the smulator. Prospective subjects
who ether did not have an active driver’ s license, drove less than twice per week, or reported
experiencing motion sckness “often” were eiminated from the subject pool. Those who met the
outlined criteria were administered a series of demographic characteristics questions and scheduled for
alaboratory testing time. The demographic questionnaire was given during the telephone interview to
reduce the time required of subjects for the testing session.

At the testing Site, subjects filled out a written consent form. Subjects began the experiment by listening
to instructions about the purpose of the study and their task. Subjects were told that the data from their
participation would alow researchers to better understand how people use an ATIS. Subjects were
then administered the pre-test comfort with computers questionnaire (gppendix A).



Prior to beginning the data collection portion of the Smulated driving, subjects were given a practice
session. In the practice session, subjects were given ingtruction about, and were able to use, the touch-
screen and operate the vehicle. The length of the practice sesson was gpproximately 5 minutes. The
experimenter was present in the passenger seat during the practice sesson. The experimenter’s
purpose for being in the vehicle wasto: (1) provide ingtruction about the touch-screen and vehicle
operation, (2) outline the task, and (3) monitor and assist the subject in completing the task correctly.
Subjects who could correctly perform the task began the testing scenarios. Subjects who had
difficulties completing the task (e.g., were not comfortable with touch-screen operation) were
administered a second practice session, aso lasting 5 minutes. |f a subject continued to have problems
with the task, athird 5-minute practice sesson was dlowed. Subjects who could not perform the task
after three practice sessons were withdrawn from the experiment. There were three older drivers who,
after the practice sessons, were either not able to perform the task or were not comfortable with the
experimenta procedure and withdrew from the study. In addition, the data from four older drivers and
one younger driver were not used due to smulator and/or experimenter error.

After the practice session, each subject “drove’ three smulated scenarios, lasting 34 minutesin length.
Driverswere given a brief break between each scenario. The amulator was programmed to maintain a
constant acceleration (automatic cruise control) and, therefore, in terms of operating the vehicle,
subjects were only required to steer. The driver’ stask wasthreefold: (1) to safely operate the vehicle,
(2) to view the traffic and travel er-related messages displayed on the top screen, and (3) to respond to
the bottom screen questions that pertained to the top screen messages. Periodicdly, questions would
appear on the bottom screen that pertained to the driving scene (e.g., “was the cross traffic that you just
passed on your right or |eft Sde?’). The purpose of these “distraction” questions was to help keep the
drivers focused on the driving events, and watching the road, rather than only watching and waiting for
messages. A total of 16 distraction questions were administered over the course of the smulated drive.

When atraffic or traveler message had reached the in-vehicle diplay, a recorded voice ingtructed the
driver to look at the top screen. Each message remained on the screen for 8 s, after which the screen
blanked. A tone informed drivers when a question gppeared on the bottom touch-screen. After
reading the question, drivers would select (touch) one of two response boxes (i.e., forced-choice). For
example, for the “school crossing” message, the question read, “What type of crossing isahead?’ The
response choices were “pedestrian” or “school.” After answering the question, afollow-up question
immediately appeared that queried the driver on the confidence that he/she had in the previous
response. A horizonta scale was presented on the bottom screen that ranged from 0 (Very Unsure) to
100 (Very Sure). By touching a point on the scale, drivers could indicate their confidence. Drivers
were alowed 15 sto answer both questions, after which the screen blanked.

During the course of the smulated drive, the Six message types outlined (i.e,, very low comprehension
symbol, medium low comprehenson symbol, medium high comprehenson symbol, very high
comprehension symbol, short text, and long text) would appear and, either immediately or 50 s after
leaving the screen, drivers were asked the above described forced-choice questions.

At the conclusion of the three scenarios, drivers began the Post-Test Phase of the experiment. One
very low comprehenson symbol, 1 medium low comprehension symbol, 2 medium high comprehension
symbols, 3 very high comprehension symbols, and 13 novel symbols of previoudy untested
comprehension were presented. Half of the symbols presented during the post-test, including three of
the previoudy untested comprehension symbols, had been previoudy presented during the smulation.



The 13 previoudy untested comprehension symbols were selected as reasonable symbol possibilities
that might gppear on an IVIS. This category of symbolswas labeled “previoudy untested” because
they were not previoudy rated on comprehension in either the Dewar et d. (1994) or Saunby et d.
(1988) sudies. Also, dl of the previoudy untested comprehension symbols are not listed in the 1988
published version of the Manua on Uniform Traffic Control Devices for Streets and Highways
(MUTCD) (Federa Highway Adminigiration, 1988). Appendix B includes the entire set of 20 symbols
presented.

The procedure for the Post-Test Phase was as follows:  each of the symbols, dlong with alabd of their
meaning, was displayed one at atime, each for 8 s, to subjects on the in-vehicle screen. After al 20
symbols had been presented, in a different random order for each subject, each symbol was again
presented. The subject’ s task was to write down the name of the icon on a response sheet. After
writing down a response, the subject touched the touch-screen and another symbol was presented.
Unlike the smulator portion of the Test Phase, in which the subjects had arecognition task, the Post-
Test Phase involved arecall task. Once al 20 responses had been given, the subject was then re-
presented the “How Comfortable Are Y ou With Computers?’ questionnaire. Once completed,
subjects were debriefed and paid for their time.



RESULTS

Asoutlined in table 3, this experiment can be divided into three phases of data collection. These
consst of: (1) the Subject Recruitment Phase, (2) the Test Phase and, (3) the Post-Test Phase. Each
of these three data collection phases are outlined in turn. For details of al analyses conducted for
experiment 5A, please refer to appendix C for the relevant ANOVA tables.

SUBJECT RECRUITMENT PHASE

Recdl that one of the primary functions of the Subject Recruitment Phase was to screen prospective
subjects for experiment suitability. Subjects who met the scoring criteriaindicated on the “ Subject
Selection Phone Questionnaire,” provided in gppendix A, were scheduled for participation. As such,
this subject selection questionnaire can be thought of as a“go, no-go gate’ in which al subjects who
eventualy participated met the outlined scoring criteria

A second function of the Subject Recruitment Phase was to administer the “Driver Demographic
Questionnaire.” The purpose of this particular questionnaire was to collect demographic data and
information on participant driving and technology experience. A sample of the results from the * Driver
Demographic Questionnaire’ is presented in table 4.

Table 4. Sample of the primary results from the “Driver Demographic Questionnaire”
(as administered for experiment 5A).

TECHNOLOGY
DEMOGRAPHIC DRIVING EXPERIENCE
EXPERIENCE

DRIVER
AGE AGE OWN YEARS YEARS YEARS AVERAGE COMFORT USING NEW
GROUP AN LIVING ASA DRIVING MILES DRIVEN TECHNOLOGY

AUTOMOBILE IN LICENSED IN ANNUALLY (0 =LOW, 100 = HIGH)

SEATTLE DRIVER SEATTLE
YOUNGER | 198 56% 10.7 3.89 2.94 8599 78.1
OLDER 713 100% 33.0 49.1 30.0 7500 69.3
TEST PHASE

The Test Phase of this experiment consisted of data collection prior to and during Smulator testing.
Subjective data were collected prior to smulator testing, while both subjective and objective data were
collected during Smulator testing.

As outlined in the Procedures, prior to Smulator testing subjects were administered the “Experiment
5A, Pre-Study Quegtionnaire: How Comfortable Are Y ou With Computers?’ This questionnaire was
aso adminigtered after the smulator testing in the Post-Test Phase. The results of the pre-test/post-test
comparison are outlined later in the Post-Test Phase results section.



During the smulator portion of the experiment, severa subjective and objective dependent measures
were collected. These included three primary categories of measures. (1) measures of in-vehicle
system message recognition, specifically accuracy of question response and latency of question
response; (2) measures of self-confidence of in-vehicle syssem message recognition, specificaly sdf-
confidence of recognition question response and latency of recognition question response; and (3)
measures of smulated driving performance, specifically mean lane pogition, sandard deviation lane
position, and crash occurrence. Each of these three categories of measuresis delineated below.

Measures of In-Vehicle System Message Recognition

Two measures of in-vehicle system message recognition were investigated. These conssted of: (1)
accuracy of in-vehicle systerm message recognition question response and (2) latency of in-vehicle
system message recognition. Note that, where gpplicable, Greenhouse-Geisser probability values
(Greenhouse andGeisser, 1959) are provided. The relevant ANOVA tables for experiment 5A can be
found in gppendix C. Note that missing data comprised less than 3 percent of the entire data set.
Missing data were due to subjects’ failure to respond to the in-vehicle questions. Astwo repetitions of
each message type were presented, data from a completed repetition of a given message type were
subdgtituted for the missing repetition vaues of the same type. This operation served to fill the missing
values and complete the data set.

Accuracy of In-Vehicle System Message Recognition Question Response

Figure 2 shows that younger drivers were more accurate when answering the in-vehicle message
recognition questions than were older drivers, F(1, 14) = 5.39, p< 0.04. Notice that both the younger
and older drivers scored quite well, percentage-wise, with the younger drivers achieving amean
percent correct score of 94.7 percent and the older drivers achieving 90 percent. However, the
relatively smal difference between the younger and older populations was sufficiently reliable to reach
datigticd sgnificance.
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Figure 2. Percent correct as a function of driver age.

Figure 3 shows that drivers were more accurate when responding to questionsin the O-s delay
condition than the 50-s delay condition, F'(1, 14) = 30.7, p< 0.001. Questions administered
immediately after the message left the IVIS were answered with greater accuracy (M = 94.6 percent)
than those with a50-s delay (M = 90.1percent).
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Figure 3. Percent correct as a function of question delay.

Figure 4 shows that response accuracy was affected by the different message types, F(5, 70) = 3.24,
p<0.04. Though the corrected Huynh-Feldt probability (Huynh & Feldt, 1970) indicated significance,



the Greenhouse-Geisser value was margina (p = 0.05). The digtraction type was not included in the
ANOVA, because digtraction events only had questions in the 0-s delay condition. However, the
digtraction type was examined in a post hoc andys's (Tukey, a= 0.05). Drivers had sgnificantly lower
response accuracy scores for the distraction questions (M = 79.7) compared with al other message
types, except for the very low comprehension symbol type. Note that in the experimentd procedure,
drivers were cued to the in-vehicle message presentation and not cued to the distraction events.
Because of this confound, it isimpossible to determine if the poor recognition of the digtraction events
was due to the event’ s location (i.e., outside of the vehicle) or to the cue received with the in-vehicle
messages. Despite this confound, the converging results from the other dependent measures (e.g., saif-
confidence discussed later) suggest that the lack of an auditory cue for the distraction events may have
had little or no influence on their recognition. Nonetheless, future research is planned to examine this
issue more carefully where cuing istied to both in-vehicle and out-of-vehicle messages or events.
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Figure 4. Percent correct as a function of message type.

The Tukey post hoc multiple comparison (a= 0.05) dso indicated that the very low comprehension
symbol (M = 87.5) was sgnificantly less than the very high comprehension symbol (M = 95.6), the
short text (M = 95.7), and the long text (M = 95.8) messages.

Though not illustrated in figure 4, the percent correct for the “previoudy untested comprehension”
symbolswas 95 percent. A Tukey post hoc multiple comparison (a= 0.05) indicated that the
previoudy untested comprehension symbol was sgnificantly higher than the distraction type, the medium
high comprehension symboal type, and the very low comprehension symboal type.

Figure 5 illustrates that younger drivers had smilar percent correct scores for both the 0-s and

50-s question delay conditions. In addition, older drivers had a mean percent correct scorein the O-s
delay condition that was Smilar to that of younger drivers. However, older drivers had significantly
lower percent correct scores in the 50-s delay condition compared with: (1) their scoresin the O-s



delay condition, and (2) the younger driver scoresin both delay conditions, F(1, 14) = 11.0, p< 0.006.
A Tukey post hoc comparison of the means in the figure confirmed this result (p< 0.01).
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Figure 5. Percent correct as a function of driver age and question delay.

The interaction between message type, question delay, and repetition proved to be significant,
F(5, 70) =5.92, p< 0.004. Thisthree-way interaction is shown plotted in figure 6. The incons stent
paitern of the function lines makes the meaning of thisinteraction difficult to interpret.
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Figure 6. Percent correct as a function of message type, question delay, and repetition.

Latency of In-Vehicle Systern Message Recognition Question Response

Asillugrated in figure 7, latency vaues were greater in repetition 1 compared with repetition 2, F(1,

14) =

11.6, p< 0.04. Mean response latency in repetition 1 was 3.57 s, while for repetition 2 it was

3.26s.
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Figure 7. Response latency as a function of repetition.




Figure 8 shows that drivers had sgnificantly lower response latenciesin the O-s delay condition thanin
the 50-s delay condition, (1, 14) = 114, p< 0.0001. Asthe plot indicates, drivers were faster to
respond in the O-s delay condition (M = 2.9 s) compared with the 50-s delay condition (M = 3.93 ).

0 Second Delay 50 Second Delay

Question Delay

Figure 8. Response latency as a function of question delay.

Figure 9 shows latency to respond to the message recognition questions as a function of message type.
Response latency was affected by the different message types, (5, 70) = 10.7, p< 0.001. A Tukey
post hoc multiple comparison test indicated that the very high comprehension symbol was responded to
with aggnificantly lower response latency than the medium low comprehenson symbol (p< 0.01) and
the very low comprehenson symbol (p< 0.05). The long text aso proved to be responded to
sgnificantly faster than the medium low comprehenson symbol (p< 0.01). Note that the distraction
guestions (i.e., questions pertaining to the driving scene and not to the in-vehicle messages) were only
administered immediately after the event occurred in the driving scene and, as such, there was no 50-s
delay condition. Therefore, the distraction type was not included in the repeated measures mode.
However, for comparison, it isworth noting that the mean response latency vaue for the distraction
questionswas 4.24 s. A Tukey post hoc multiple comparison test (a = 0.05) indicated that drivers
were dower to respond to the distraction type compared with al other types, except for the medium
low comprehension symbol. Mean latency for the previoudy untested comprehension symbol type was
3.38s. A Tukey post hoc comparison (a= 0.05) found that response latency for the previoudy
untested comprehension type was significantly less than the digtraction type and the medium low
comprehension symbol type.
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Figure 9. Response latency as a function of message type.

The results outlined in figure 9 generdly support those found with the percent correct dependent
measure (figure 4): for message type, as percent correct scores increased, response latency decreased.
A regression andysis was conducted to support this finding, where percent correct scores (X) were
used to predict response latency scores (y). The resulting regression equation wasy = -0.007x + 9.46
with an R square of 0.75.

Figure 10 shows that response latency varied as afunction of driver age and message type,

F(5, 70) = 3.63, p< 0.03. Though the functions for the high symbols and text messages are nearly
pardld, the interaction gppears to be due to the intersecting function lines across the low symboal
message types. A Tukey post hoc comparison (a= 0.05) was performed to support thisfinding. The
very low comprehensgon symbol type for the older drivers and the medium low comprehension symbol
type for the younger drivers were sgnificantly higher than severd of the other plotted means. However,
adde from these two data points, none of the other Message Type x Age combinations significantly
differed.
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Figure 10. Response latency as a function of message type and driver age.

Figure 11 shows mean response latency for the various message types across repetition. Though the
mean values appear stable for repetition 2 across message type (M = 3.26 ), response latency vaues
for the very low comprehension symbol and medium low comprehension symbol types for repetition 1
are both more than 4 s. These higher response latency vaues for the low comprehension conditions are
represented in the sgnificant Message Type x Repstition interaction, F(5, 70) = 4.38, p< 0.02. That is,
the interaction gppears to be localized in the very low comprehenson symbol and medium low
comprehension symbol types. A Tukey post hoc (a= 0.05) confirmed this result, where the response
latencies for the low comprehenson symbol types for repetition 1 were significantly higher than the
response latencies for severa of the other message types for both repetitions. That is, except for the
response latencies for the very low comprehension and medium low comprehension symbol typesin
repetition 1, none of the other message types, across ether repetition, reached statistical significance.



5 -
—.—Rep 1
= © = Rep2

4 T

)

&3

B 3T

=

3

=

=

2

H

=N 2T

3

&

1 T
0 t t t t t t |
Very Low Medium Low MediumHigh Very High Short Text Long Text

Symbol Symbol Symbol Symbol
Message Type

Figure 11. Response latency as a function of message type and repetition.

Figure 12 shows response latency as a function of message type, question delay, and repetition. Though
the Repetition x Question Delay x Message Type interaction proved to be significant,

F(5, 70) = 8.25, p< 0.0001, the inconsstent patterns of the function lines make it difficult to nterprete
this result.
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Figure 12. Response latency as a function of message type, question delay, and repetition.




Measures of Self-Confidence of In-Vehicle System Message Recognition

Two measures of saf-confidence, with respect to in-vehicle system message recognition responses,
wereinvestigated. These condsted of: (1) rated self-confidence of in-vehicle system message
recognition question response and (2) latency to provide the rated self-confidence of in-vehicle syslem
message recognition response. Asin reporting the previous results, where applicable, the Greenhouse-
Geisser probability vaues are provided. The relevant ANOVA tables for experiment 5A can be found

in gppendix C.

Sdf-Confidence in Recognition Response

Figure 13 illustrates two sggnificant effects. First, with regard to question delay, drivers had higher self-
confidence ratings in the O-s delay condition compared with the 50-s ddlay condition, F(1, 14) = 8.26,
p<0.02. The mean sdf-confidence rating in the O-s delay condition was 82.4, while the salf-confidence
rating in the 50-s delay condition was 77.5.

The second sgnificant result illustrated in figure 13 shows thet rated sdf-confidence for the

50-s delay condition for repetition 1 was lower than the O-s delay condition for repetition 1. However,
sdf-confidence ratings for both delay conditions in repetition 2 were Smilar. This Question Delay x
Repetition interaction proved to be sgnificant, £(1, 14) = 6.4, p<0.03. A Tukey post hoc test of the
means support this result whereby drivers sdf-confidence was sgnificantly lower in the 50-s
delay/repetition 1 condition than in the 0-s delay/repetition 1 condition (»<0.01). No statistically
ggnificant differences were found between 50-s dday/repetition 2 and 0-s delay/repetition 2 (»>0.05).
Confidence ratings in the 50-s delay condition, therefore, increased over time to where there were no
datidticaly sgnificant differences between the two delay conditionsin repetition 2.
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Figure 13. Confidence in responses as a function of question delay and repetition.



Figure 14 shows drivers rated sdf-confidence in their recognition question response as a function of
message type. Response latency was affected by the different message types, F(5, 70) = 6.11,
p<0.001. Asprevioudy noted, the distraction type was not included in the repeated measures
ANOVA, but was examined in apost hoc analyss (Tukey, a= 0.05). Drivers rated sdf-confidence
was sgnificantly lower for the digtraction type (M = 67.5) than for dl other message types, except for
very low comprehenson symbols in which no satistical difference was found.

i

an 1

an 1

a0

‘juit.; wrkloie ar @

Figure 14. Confidence in responses as a function of message type.

With regard to the possible impact of the auditory cue confound, where the in-vehicle messages were
cued but the digtraction events were not, the Sgnificantly lower self-confidence scores for the
didraction type suggest that this confound hed little influence on the results. If the auditory cue was a
confound that impacted the results, we might expect response latency to be improved with message
types that were coupled with an auditory cue (which it was). However, there would be no a priori
basis for expecting that an auditory cue would increase drivers rated self-confidence. As such, the
reason suggested for the low percent correct scores, high response latencies, and low sdlf-confidence
ratings for the distraction type is that these events occurred out of the vehicle and not because they
lacked an auditory cue.

A Tukey post hoc multiple comparison (a= 0.05) aso indicated that self-confidence ratings for the
very low comprehension symbol (M = 72.8) were sgnificantly less than dl other message types, except
medium low comprehenson symbols. Self-confidence ratings for the medium low comprehension
symbols were sgnificantly lower than long text, medium high comprehension symbol, and very high
comprehension symbol messages. Though not shown in figure 14, mean saf-confidence ratings for the
previoudy untested comprehension message type was 84.2. A Tukey post hoc multiple comparison (a
= 0.05) indicated that the previoudy untested comprehension symbols were rated with sgnificantly
higher self-confidence than the digtraction type, the very low comprehension symbols, and the medium
low comprehension symbals.



These resultsfit nicely with those reported on message type for percent correct and response latency;
recal that high percent correct scores were associated with low response latency scores. The findings
using self-confidence ratings as the dependent variables have a smilar association; high percent correct
scores are associated with high ratings of driver self-confidence. A regression analysis was ca culated
to support this finding, where percent correct (X) was used to predict self-confidence (y). Theresulting
regression equation wasy = 0.93x - 6.2 with an R square of 0.71.

In addition to the apparent relationship between self-confidence ratings and percent correct, there
seems to be a relationship between sdlf-confidence and response latency. Comparing figures 14 and 9,
low response latencies appear to be associated with high ratings of self-confidence. The resulting
regression equation supporting this finding, where response latency (X) was used to predict sdlf-
confidence ratings (y), wasy = -14.1x + 128.1 with an R square of 0.93.

Latency of Sdf-Confidence Response

Figure 15 shows latency to provide a self-confidence response for younger and older drivers. Y ounger
drivers responded sgnificantly faster (M = 0.83 s) compared with older drivers (M = 1.6 5), F(1, 14)
= 11.0, p<0.006.
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Figure 15. Latency to respond to confidence queries as a function of age.

Figure 16 shows response latency for the self-confidence queries as a function of repetition. Ascan be
seen, repetition had an impact on confidence latency times; drivers were quicker to respond in
repetition 2 than in repetition 1, F(1, 14) 11.4, p<0.006.
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Figure 16. Latency to respond to confidence queries as a function of repetition.

Word Count Difference Between Short and Long Text Messages

As previoudy outlined in the Experimental Design section, atotal of 40 text messages were examined
in this experiment. Twenty of these text messages were “short” and 20 were “long.” For every long
text message, there was a corresponding short text message. Thisinformation is re-presented in table
5. Long text messages had a mean of 5.3 words, while short text messages had amean of 2.5 words.

Table 5. Word count for the 20 long and 20 corresponding short text messages.

LONG TEXT MESSAGES WORD | HORT TEXT MESSAGES WORD
COUNT COUNT
Pedestrians Not Allowed To Cross Here Due To Heavy Traffic 10 No Pedestrian Crossing 3
School Crossing Ahead Children Present Between 8AM - 4PM 8 School Crossing 2
Greyhound Bus Stop At Next Exit 6 Bus Stop 2
Bicycles Not Allowed On This Road 6 No Bicycles Allowed 3
Right Front Tire Has Low Pressure 6 Tire Pressure Low 3
Amtrak Train Station At Next Exit 6 Train Station 2
Caution Oil Pressure Extremely Low 5 Oil Pressure Low 3
Kentucky Fried Chicken Next Exit 5 Food Next Exit 3




Table 5. Word count for the 20 long and 20 corresponding short text messages (continued).

Police Car Approaching From Behind 5 Police Car Approaching 3
Stray Cattle On Road Ahead 5 Cattle Crossing 2
Cross Country Skiing Next Exit 5 Winter Recreation 2
Hitchhiking Is Not Allowed Here 5 No Hitchhiking 2
Stray Deer On Road Ahead 5 Deer Crossing 2
AxleWeight Limit 5 Tons 5 No Heavy Trucks 3
Residential Area Speed Bumps Ahead 5 Speed Bumps Ahead 3
Water Recrestion Next Exit 4 Water Recreation 2
Texaco Station Next Exit 4 Gas Next Exit 3
Caution Fallen Rocks Ahead 4 Fallen Rocks 2
Ambulance Approaching From Behind 4 Ambulance 2
Approaching
Pedestrian Crossing Ahead 3 Pedestrian Crossing 2
Mean=5.3 Mean =2.5

An analysis was conducted to determine if the difference in the number of words from the various long
and short pairings influenced the results. It is possible that longer word count differences may have
influenced the results differently than did shorter word count differences. For example, the first word
pairing in table 5 has aword count difference of 7 words (i.e., “Pedestrians Not Allowed To Cross
Here Due To Heavy Traffic” [10 words] - “No Pedestrian Crossing” [3 words] = 7 words). On the
other hand, the last word pairing in the table has aword count difference of only one word (i.e.,
“Pedestrian Crossing Ahead” [three words] - “Pedestrian Crossing” [one word] = one word). Would
subjects score differently on text message pairs that had large word count differences (e.g., seven
words) vs. small word count differences (e.g., one)? Since no effort was made to control the word
count difference across pairings, it was necessary to explore this further.

Figure 17 illustrates a plot of word count differences, and uses percent correct as the dependent
measure. Using aleast squares method, a regression anadysis was conducted on the function shown in
the figure where the delta word count (x) was used to predict percent correct (y). The resulting
regresson equation was. y = 0.713x + 98.2

The R square for this equation was 0.502. However, this concluson is made with caution considering
the smdl sample size of the groupings (i.e., n = 1 for the Six- and seven-word-count groups).
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Figure 17. Percent correct as a function of short text - long text messages.

Measures of Simulated Driving Performance

Asoutlined in the Procedures, a different times during the smulated drive subjects were presented
with in-vehicle syslem messages (symbol and text). The messages remained on the in-vehicle system
screen for 8 s. After 8 s, the message disgppeared. In the 0-s delay condition, a question pertaining to
the preceding message was immediately shown on the bottom touch-screen. For the 50-s delay
condition, a question was administered 50 s after the message disgppeared. When the question was
administered, the subject’ s task was to reach over to the touch-screen and answer the question, along
with a sdf-confidence follow-up question. Up until a question appeared on the touch-screen, safely
operating the vehicle was the subject’ s primary task. However, during the time that a question was on
the screen, answering the question became the primary task. In terms of smulated driving
performance, it is acknowledged that responding to questions while driving likely invalidated the
performance data during thistime. As such, a method was used to reduce the data set so that it
included only those segments of data where no questions or other messages immediately preceded or
followed (i.e., for 8 seconds) a given message. Therefore, the reduced data set included three data
collection intervals or windows:

(@) Pre-message window: The 8-s period that immediately preceded period 2, where the subject
was only steering the vehicle and not attending to messages or questions.

2 Message Window: The 8-s period where the subject was steering the vehicle while a
message was displayed.

3 Post-message Window: The 8-speriod that immediately followed period 2, where the
subject was only steering the vehicle and not attending to messages or questions.



Thus, each record of datawas for 24 sin which the subject was only driving for thefirg 8 s (i.e,
seconds 1 - 8), driving while amessage was displayed for seconds 9 - 16, and only driving for seconds
17 - 24. Note that this contingency was not met equally for al subjects and, as such, subjects had
different amounts of usable data. As an example, let us assume that a given question, administered after
ab0-sinterva, is“Question A.” The message that Question A referstois“Message A.” After
question A, suppose that a second message is presented cdled “Message B.” So in thisexample
scenario, we have message A, followed by a 50-s delay where no message or question is presented,
followed by Question A. Asit turns out in this scenario, Message B is presented 20 sfollowing the
start of Question A. Fifty seconds following Message B is“Question B.” Subject 1, in thisexample,
may have been dow to answer Question A such that it remained on the screen during window 1 of
Message B (perhaps Subject 1 responded to question A after question A had been on the screen for
14 s, leaving only a 6-s pre-message window). Subject 2, on the other hand, may have answered
question A after 7 s, dlowing for no questions to be present during message B’swindow 1. Inthis
example, Subject 2' s data would have been usable, but Subject 1's would not.

The god of the analyses on the smulated driving performance data was to make comparisons between
window 1, window 2, and window 3. Since the messages were displayed for 8 s, we wanted an 8-s
time frame for the period before the message was displayed and an 8-stime frame for the period after
the message was displayed. During both the before and after windows, no messages or questions
could be present on any of the other screens. That is, we wanted before and after time frames where
the subject was only driving. Setting up this contingency meant losing much of the driving performance
data set. For example, dl the instances of 0-s delay were not included if another question was present
on the screen within the 8-s “post-message” time frame (i.e., window 3). To reduce the data set, mean
vaues were then caculated that summarized the data for each of these three conditions. For example,
mean lane position vaues were calculated for window 1, window 2, and window 3.

Three measures of smulated driving performance were investigated. These conssted of: (1) mean lane
position, (2) sandard deviation lane position, and (3) crash occurrence. The relevant ANOVA tables
for experiment 5A can be found in appendix C.

Mean Lane Podition

Mean lane position vaues were calculated for the three periods outlined above. Figure 18 illustrates
the STISIM lane position values. The entire roadway, from road edge to road edge, is 24 ft. The
subject’ svehicleis 6 ft wide. The center of the roadway is referenced asthe“0 ft” point, while the
center of the subject’slaneisa -6 ft. The lane edge on the right Side of the subject’slaneis-12 ft.
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Figure 18. Description of STISIM lane position.

Figure 19 shows mean lane position across repetition. As can be seen, mean lane position in repetition
1 was further from the lane center (M = -5.06) than was mean lane position in repetition 2 (M = -
5.77). Thisdifference was sufficiently reliable to reach Satigtica sgnificance, F(1, 14) = 85.9,
p<0.001.
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Figure 19. Mean lane position as a function of repetition.



Figure 20 shows the interaction of message type and data collection interva, F(10, 140) = 3.27,
p<0.01. There gppearsto be no consstent pattern of the function linesin this figure, making the
sgnificance of thisinteraction difficult to interpret.
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Figure 20. Mean lane position as a function of message type and data collection interval.

The results presented in figures 19 and 20 were the only onesto reach Satistical significance.

However, afurther finding that was not sgnificant, but isworth noting, is shown in figure 20a. Figure
20a shows mean lane posgition as a function of the data collection interva, or window. As can be seen,
lane keeping was smilar between the three windows, p>0.05. Thisresult is particularly encouraging for
VIS designers Since it suggests drivers are able to ook at messages on an 1VIS without dtering their
lane keeping.
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Figure 20a. Mean lane position as a function of the data collection interval.

Standard Deviation L ane Podtion

Mean standard deviation lane pogition values were d so caculated for each of the three periods. None
of the results reached statistical significance. Figure 20b shows that the standard deviation lane position
did not vary by data collection interva, p>0.05.
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Figure 20b. Standard deviation lane position as a function of the data collection interval.




Crash Occurrence

Figure 21 shows percent crashes as afunction of driver age. Ascan be seen, older drivers had
sgnificantly higher incidence of crashes than did younger drivers, F(1, 14) = 6.66, p<0.03.
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Figure 21. Percent crashes as a function of driver age.

Figure 22 shows the significant three-way interaction of Repetition x Message Type x Data Collection
Interva, F(10, 140) = 3.49, p<0.03. The seeming randomness of the function lines makes this three-
way interaction difficult to interpret. Note that no two-way interactions were satigticaly sgnificant.
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Figure 22. Percent crashes as a function of message type, repetition,
and data collection interval.

Figure 22a shows percent crash occurrence as afunction of the data collection interval. Differences
between the three levels of data collection interval falled to reach satistica sgnificance, p>0.05.
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Figure 22a. Percent crashes as a function of data collection interval.



Pot-Test Phase
Two sets of datawere collected in the Post-Test Phase. The purpose of these data sets was to assess
subjects’: (1) comfort with computers and (2) comprehension with a set of symbols.

Comfort With Computers

Recdl that the “Experiment 5A, Post-Study Questionnaire: How Comfortable Are Y ou With
Computers?’ was administered both before and after the smulation portion of the experiment.
Subjects responded to the questions using arating scale from 0 (“does not gpply”) to 100 (“strongly
gpplies’). Table 6 outlines the mean results of each of the questions, broken up by driver age.

Table 6. Results of the pre-test and post-test “Experiment SA, Post-Study Questionnaire:
How Comfortable Are You With Computers?”

SCALED RATING
(0 =DOES NOT APPLY, 100 =STRONGLY APPLIES)
QUESTION YOUNGER DRIVERS OLDER DRIVERS
PRE-TEST POST-TEST PRE-TEST POST-TEST
_ o\
1. I amsurel could do work with computers. 85.0 86.1 65.6 75.6
2. 1 would like working with computers. 739 733 68.9 65.0
3. I would feel comfortable working with computers. 817 772 65.6 68.3
4. Working with acomputer would make me very 17.2 150 389 228
Nervous.
5. | do aslittle work with computers as possible. 16.7 156 1.1 322
6. | think using acomputer would be very hard for me. 16.7 16.7 333 211

Each of the six questions was analyzed using a2 (Age) x 2 (Gender) x 2 (Testing Time) repeated
measures experimental design. Tedting time refers to adminigtration of the questions either: (1) pre-
smulator or (2) post-smulator.

Asillugrated in figure 23, the first question, “1 am sure | could do work with computers,” isshown asa
function of driver age. Mean response for younger drivers was 85.6, while for older driversit was
71.1. Thisdifference was Satigticdly sgnificant, F(1, 14) = 22.4, p<0.001.
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Figure 23. Comfort with computers pre- and post-test questionnaire, question 1.

Figure 24 shows question 2, “1 would like working with computers” as afunction of testing time (pre-
test vs. podt-test) and gender. Female drivers had larger responses for the post-test compared with the
pre-test. However, male drivers had pre-test responses that were larger than the post-test responses.
This Testing Time x Gender interaction was Sgnificant, F(1, 14) = 5.33, p<0.04.
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Figure 24. Comfort with computers pre- and post-test questionnaire, question 2.




Figure 25 shows question 3, “1 would fed comfortable working with computers” as a function of driver
age. Younger female drivers had higher response scores than did younger maes. However, older
males had higher response scores than younger males. This Age x Gender interaction was significant,
F(1, 14) = 5.09, p<0.05.
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Figure 25. Comfort with computers pre- and post-test questionnaire, question 3.

Findly, figure 26 shows the main effect of age for question 4, “Working with computers would make
me very nervous.” Not surprisingly, older drivers rated this question significantly higher (M = 30.6)
than did younger drivers (M = 16.1). The differencein responses to this question for younger and
older drivers proved to be significant, F(1, 14) = 8.11, p<0.02.
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Figure 26. Comfort with computers pre- and post-test questionnaire, question 4.

Symbol Familiarity

Also during the Post-Test Phase, atest to assess subjects comprehension with a set of symbolswas
administered. Recdl from the Procedures section that during this tet, drivers were shown 3 very high
comprehension symbols, 2 medium high comprehension symbols, 1 medium low comprehension
symbol, 1 very low comprehension symbol, and 13 previoudy untested comprehension symbols. All of
the very high, medium high, medium low, and very low comprehenson symbols shown in the Post-Test
were previoudy presented during the smulator phase while three of the previoudy untested
comprehension symbols were shown in the smulator phase. The 13 previoudy untested
comprehenson symbols, outlined in table 7, were selected as reasonable symbol possibilities that might
gppear on an IVIS. Thereason that this category of symbolswas labeled “previoudy untested” is that
they were not previoudy rated on comprehension in either the Dewar et d. (1994) or Saunby et d.
(1988) studies. Note dso that dl of the previoudy untested comprehension symbols are not listed in
the 1988 published version of the MUTCD.



Table 7. Outline of previously untested comprehension symbols used in the post-test.
(Each of the symbols can be found in appendix B).

PREVIOUSLY UNTESTED COMPREHENSION SYMBOL TITLE | PREVIOUSLY PRESENTED IN SIMULATOR PHASE I
Ambulance A pproaching Yes
Car Crash Ahead No
Car Fire Ahead No
Check Speed No
Congestion Ahead No
Construction Equipment Ahead No
Disabled Vehicle Ahead No
Low Tire Pressure Yes
Rain Ahead No
Slow Trucks Steep Incline Ahead No
Snow Ahead No
Snow Plow Ahead No
Speed Bumps Ahead Yes

The procedure for this portion of the post-test can be summarized in the following four points: (1) each
symbol was displayed for 8 s, (2) after al 20 symbols had been presented, in a different random order
for each subject, each symbol was again presented; (3) the subject’ s task was to write down the name
of the symbol on aresponse shest (i.e., thiswas arecall test); and (4) when the subject had completed
writing down a response, he/she touched the touch-screen and the next symbol was presented.

Responses were scored as either “ correct” (score = 1) or “incorrect” (score = 0). Correct scores
were judged as those where the wording of the response reflected the meaning of the symbol. For
example, correct responses for the symbol “ Check Speed” included: (1) “Check Speed,” (2) “Check
Your Speed,” (3) “Watch Speed,” and (4) “Watch Your Speed.” Incorrect responses for “ Check
Speed” included: (1) “Speed,” and (2) “Low Gas.”

Three sets of analyses were conducted that examined the correctness and latency of the subjects
reponses. The firgt analysis examined the set of symbolsindividudly. The second andysis grouped
the symbols by category (i.e., very high comprehenson symbol, medium high comprehension symboal,
medium low comprehension symbol, very low comprehension symbol, and previoudy untested
comprehension symbol). Thethird andysis divided the previoudy untested comprehension symbol
category into: (1) previoudy presented/ previoudy untested comprehension symbols and (2) not
previoudy presented/ previoudy untested comprehension symbols. The “previous presentation” refers
to presentation during the sSmulator phase.



Thefirg anadlysis used a2 (Age) x 20 (Symbol) experimental design. A Levene Test For Equality of
Variances indicated sgnificance across both the main effects of age and symbol type, and the Age x
Symbol Group interaction (all p’s<0.001). Thisresult indicated alack of homogenety of variance, and
required a more conservative ANOVA. As such, aBrown-Forsythe ANOVA, where the variances
are not assumed to be equal, was conducted.

Figure 27 shows that younger drivers had higher percent correct scores than did older drivers. Y ounger
drivers achieved a 98.9 percent level while older drivers achieved a 90.0 percent level. This difference
in percent correct scores as afunction of driver age was sgnificant, (1, 84) = 14.8, p<0.0003.
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Figure 27. Percent correct on symbol comprehension post-test, and age.

Figure 28 shows percent correct for each of the symbol types. After accounting for heterogeneity of
variance, the differences between the symbols did not prove to be statistically significant, p>0.05.
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Figure 28. Percent correct on symbol comprehension post-test, and symbol type.

Using the same design mode of 2 (Age) x 20 (Symboal), a second analysis was conducted that
examined response latency as the dependent variable. Response latency refers to the time for drivers
to examine a symbol, write down a response on the answer sheet, and touch the screen to move to the
next symbol. The time began when the driver touched the screen, which presented asymbol. After
providing awritten response on the answer sheet provided, the drivers would again touch the screen to
move to the next symbol. This second “touch” of the touch-screen ended that symbol’ s presentation
and aso provided a measure of response latency.

Asin the previous andyss, and for al analyses conducted in the Post-Test phase, the Levene Test For
Equdity of Variancesindicated heterogeneity of variance. As such, results presented are from the more
conservative Brown-Forsythe ANOVA. For response latency, figure 29 shows that younger drivers
were faster to respond than were older drivers, (1, 95) = 10.9, p<0.002.
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Figure 29. Response latency to symbol comprehension post-test and age.

Figure 30 shows response latency for each of the symbols. The differences between the symbols
proved to be sgnificant, £ (19, 95) = 5.07, p<0.0001. A follow-up analyss examined the meansin a
Tukey post hoc test. These results indicated that two of the not previoudy presented/ previoudy
untested comprehension symbols sgnificantly differed from most of the other symbols. As can be seen
in figure 30, the symbols that required the most response time were “ Congruction Equipment Ahead”
and “Sow Trucks Steep Incline Ahead.” Other than these two symbols, no other significant Tukey
results were found (al p’ s>0.05).
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The next andys's used a different design modd in which the symbols were grouped into one of five
categories: (1) very high comprehension symbol, (2) medium high comprehension symbol, (3) medium
low comprehension symbol, (4) very low comprehension symbol, and (5) previoudy untested
comprehension symbol. Assucha?2 (Age) x 5 (Symbol Group) design wasused. A Levene Test For
Equdity of Variancesindicated heterogeneity of variance. As such, results presented are from the more
consarvative Brown-Forsythe ANOVA. The only result to reach Satistica significance was age, F(1,
16) = 5.9, p<0.03. Grouping the symboals using the above mentioned categories did not yied significant
results, p>0.05. Using response latency as the dependent measure aso did not result in asignificant
effect for symbol group, p>.05. However, age was again found to be significant, £ (1, 17) = 5.03,
p<0.04.

The third andlyss divided the previoudy untested comprehension symbols into two sub-groups. (1)
previoudy presented/ previoudy untested comprehension symbols and (2) not previoudy presented/
previoudy untested comprehension symbols. For percent correct, age proved to be significant, F(1,
21) 8.8, p<0.008, but symbol group did not, p>0.05. Using response latency, age was significant, F(1,
19) = 6.45, p<0.03, but symbol group was not sgnificant, p>0.05.



CHAPTER 2. EXPERIMENT 5B

INTRODUCTION

This experiment was quite Smilar to the previous experiment. The main difference was that messages
were presented auditoraly. Auditory in-vehicle messages have been used to reduce the load on the
driver’ svisud channd and there is evidence that, especidly for derting (Miched and Casdli, 1995) and
warning functions (Graham, Hirgt, and Carter, 1995), auditory messages or prompts can reduce driver
response latency.

Two kinds of messages were investigated, as was the case for the previous experiment. Text messages
consisted of recorded speech; this was analogous to the visua text messages previoudy used. Auditory
icons, hereafter caled earcons (Brewster, Wright, and Edwards, 1995) were andogous to the visua
icons used previoudy. Two kinds of earcons were investigated. One set of earcons corresponded to
natura sounds such aswind, tire squeal, and dripping water. Such naturalistic earcons offer greater
ecological vdidity (Gaver, 1993) and have the potentid to be processed more effectively by the driver.
Complex tones, such as bells, whistles, and drum sounds, comprised the other category of earcons.

Asin the previous experiment, three questions were examined:
1 How does in-vehicle message format (speech versus earcons) affect comprehension?
2. How does message format affect memory retention?

3. What impact does driver age have on memory of auditory messages?



METHOD

SUBJECTS

Eighteen subjects participated in this experiment. There were Sx males and Six females ranging in age
from 18 to 30 years old, and two males and four females over the age of 65. All subjects had avaid
driver’slicense, drove a least two times per week, and reported not being prone to motion sickness.
Y ounger drivers were recruited from the University of Washington. Older drivers were recruited from
senior centers and recreational facilities. All subjects were paid $10.00 per hour, for gpproximately 3
hours of research time.

APPARATUS

The gpparatus was the same as used in the previous experimen.

EXPERIMENTAL DESIGN

A 2x2x2x2x6x2x2 repeated measures design was used for the smulator portion of this experiment.
Five within-subjects variables (message type, message repetition, message delay, message position, and
question lure) were used with two between-subjects variables (age and gender). Table 8 below
provides a complete description of al the independent variables used.

Table 8. Complete independent variable descriptions for experiment 5B.

BETWEEN SUBJECTS/
INDEPENDENT VARIABLE DESCRIPTION
WITHIN SUBJECTS
AGE Between Subjects Y oung (18-30)
Old (over 65)
GENDER Between Subjects Made
Female
MESSAGE TYPE Within Subjects Earcon:
- Naturalistic tone
- Complex tone
Speech
MESSAGE DELAY Within Subjects 0-second delay
50-second delay
MESSAGE REPETITION Within Subjects Two repetitions at 0-second delay
Two repetitions at 50-second delay
LURE TYPE Within Subjects Acoustic
Cognitive-2
Cognitive-1
Acoustic and cognitive
Control-2
Control-2
MESSAGE LOCATION Within Subjects Left side of vehicle
Right side of vehicle




Independent Variables

The messages conveyed traffic, roadway, and vehicle information to drivers. Two message types were
used, earcons and speech. Twenty-one earcons were developed using either naturdistic or complex
tonesto represent amessage. Ten of the earcon messages were aso presented as speech. All earcons
were 300 msin duration, approximately 65-72 dBA, and played through either the left or right channd,
never in steren. The peech messages were approximately 1sin duration, approximately 68 dBA, and
played through either the left or right channd. A femae voice was used to cregte the Speech messages.
Table 9 describes each message.

Table 9. Description of earcon and speech messages for experiment SB.
EARCON NATURAL/
MEANING DESCRIPTION
ONLY COMPLEX
Ambulance Approaching N A siren that you would hear in a control room
Beach T N Splash of water
Cattle Crossing T N A cow “moo”
Fallen Rocks C Five pats on acongo drum randomly spaced
Ferry T C A ferry horn
. Two bell dings similar to the bells sounded when one
Gas Station C }
drives up to the gas tanks
Impending Collision N A “crash” sound
Low Qil Pressure T C Two dripping sounds
Low Tire Pressure T N Hissing air
A doppler whoosh sound with a buzz sound played
No Passing Zone T C . PP Py
simultaneously
. . Two short whistles with abuzz sound played
No Pedestrian Crossing C .
simultaneously
Passing Zone T N A doppler whoosh sound
Pedestrian Crossing N Onelong whistle
Police Approaching C A British police siren
Slippery Road T N Tire squeal
Snow Advisory C Sleigh bells
Two low congo drums pats played sequentially in an
Speed Bumps Ahead C g paisplayed seq y
even rhythm
Telephone C Ringing bell
. . Two clangs of bell with a‘train sound’ in the
Train Station T C
background
Restaurant T N Belch
Road Work Ahead T N Jackhammer

Each message was repested four times throughout the entire experiment. Each time a message was
played, a question would appear on the touch-screen regarding the recent message along with two
possible answers. Question delay refersto the lag time between the message offset and question onset.
Questions either appeared immediately after the message (0-s delay) or 50 s after the message (50-s



delay). The frequency of message repetition and message delay were completely balanced so that each
message had two questions appearing with a 0-s delay and two questions gppearing with a 50-s delay
throughout the entire experiment. Message position refers to the sde of the vehicle on which the
message was played. Each message was played on the right side of the vehicle two times and the left
dde of the vehicle two times.

The questions were written so that specific pairings could be made between messagesin order to
determine whether observers were confusing Smilar messages (question lures). The types of questions
that were investigated were asfollows. (1) Acoudtic lures compared messages that had smilar
acoudtical properties (i.e., gas station consisted of two digtinct bell dings and train Sation consisted of
two amilar sounding bell dings with the second bell being briefer than the firgt); (2) Cognitive-2 lures
compared two messages that had smilar goa characteristics and subjects had learned atraffic message
for both possible answers (i.e., ambulance approaching and police approaching would both require the
driver to locate the emergency vehicle and, if necessary, dow down and pull over to dlow the
emergency vehicle to pass); (3) Cognitive-1 lures compared messages that had smilar goa
characterigtics, however, subjects learned atraffic message for one of the possible answers and the
other answer was novd (i.e., the message “ ambulance gpproaching” would be paired with “fire truck
approaching.” These two types of eventswould cause Smilar actionsin drivers, however, the subject
only learned an associated message for ambulance, not fire truck); (4) Acougtic and cognitive lures
compared messages that possessed Smilar acoustical properties and also smilar god characteristics
(i.e., “speed bumps’ were two distinct congo drum bests and “falen rocks’ was a compilation of
severd congo drum beats. Both “speed bumps’ and “fallen rocks” would cause the driver to dow
down and possibly maneuver around the obstacles in the roadway); (5) Control-2 isalure that
randomly compared two sounds that did not sound similar or possess Smilar goal characteristics and
subjects had learned an association for both possible answers (i.e., “ambulance approaching” and
“speed bumps ahead” did not sound smilar nor did they possess similar goas); and (6) Control-1 lures
randomly compared one learned association with anove simulus (i.e., “ambulance gpproaching” and
“camp ground ahead”).

Given the complexity of the design and range of levels of independent variables, not al independent
variables were completely balanced in respect to other variables. Each message was repeated four
times across dl three scenarios, twice with a 0-s delay and twice with a50-sdelay. Each message was
played on the left Sde of the vehicle twice and on the right Sde of the vehicle twice. It was balanced
over dl messages as to how many times each message a a 0-s ddlay is on the left Sde of the vehicle
veraus the right, and how many times each message at a 50-s delay is played on the left Sde of the
vehicle versustheright. Question lure was not balanced with respect to other variables since only
smilar acoustic and smilar god properties were investigated. The three scenarios did not possess the
same number of messages, time delays, or message positions.

The entire experiment was 101 minutes in length. This was broken into scenarios one, two, and three,
congsting of 32 minutes, 34 minutes, and 35 minutes, respectively. All subjects viewed the three
scenarios in the same order.



Dependent Variables

The dependent variables that were used are outlined below in table 10. Data were collected in four
primary phases. (1) Subject recruitment phase, (2) Pre-test message recognition phase, (3) Smulator
testing phase, and (4) Post-test message recognition phase. The dependent measures that were
collected during each of these four phases are detailed below.

Subject Recruitment Phase

There were two missions of the subject recruitment phase. The first was to determine subjects
suitability for this experiment. Subjects were required to have an active driver’slicense, drive & lesst
twice per week, and report to rarely have difficulties with motion sickness.

After it had been determined that subjects were qudified to participate, some basic demographic
information was collected (i.e., age, marita satus, and number of miles driven annualy).

Pre-Test Message Recall Phase

The pre-test message recognition phase condsted of teaching the subjects the meanings associated with
each of the 21 earcons. The subjects were required to recall dl 21 earcons on two consecutive tests.
All subjects were alowed one incorrect answer on the second test.

Smulator Tesing Phase

The testing phase conssted of data collection in the Battelle Human Performance Laboratory Low-
Fiddity Vehicle Smulator. The following data were recorded.

Table 10. Description of dependent variables for experiment 5B.

DEPENDENT VARIABLE | DESCRIPTION I

Recognition Accuracy Measured in percent, accuracy of responsesto in-vehicle system
message recall questions.

Recognition Latency Measured in milliseconds, time to respond to in-vehicle system
message recall questions.

Self-Confidence Response Measured on scale from O (low) to 100 (high), rated self-confidence
in recognition accuracy task.

Self-Confidence Response Latency Measured in milliseconds, time to response to self-confidence
questions.

Message Position Accuracy Measured in percent, accuracy of localizing which side of the

vehicle the messages came from (right or left side).

Message Position Latency Measured in milliseconds, time to response to localizing which side
of the vehicle the message came from (left or right).

Post-Test Phase

At the concluson of the smulator portion of the testing phase, one test of al earcon messages was
given to the subjects. The purpose of the post-test was to determine if there was a change in subjects
ability to recal the earcon messages after the driving task.



PROCEDURES

Theinitid screening for participant suitability was done by telephone. The * Subject Sdection Phone
Quedtionnaire’ and the “ Driver Demographic Questionnaire” were administered at thistime. The
purpose of the screening procedure was to ensure a homogeneous population in terms of age groups,
driving knowledge, and experience. Ancther god of the screening was to rule out subjects who might
be prone to moation sickness and have difficulty driving the smulator. Potentid subjects who either did
not have an active driver’ s license, drove less than twice per week, or reported experiencing motion
sckness often were diminated from the subject pool. Those who met the outlined criteriawere
administered a series of demographic characteristic questions and scheduled for alaboratory testing
time. The demographic questionnaire was given during the telephone interview to reduce the time
required of subjects for the testing sesson.

At the testing Site, subjects were given a brief explanation of the experiment and then asked tofill out a
written consent form. The experimenter then told subjects they would be listening to 21 sounds, dl
representing roadway or vehicle information. The experimenter told the subject the name of the sound
they were abouit to hear (i.e., “this sound means ambulance approaching”) and the sound was played.
A brief explanation was given about each sound and why it represents that particular roadway or
vehicle event. After dl 21 sounds were played and explained to the subject, the list was played a
second time. The second time through the entire ligt, the sound was played before the experimenter
reported what the sound meant. Sounds often confused were then played for the subjects so that they
could hear the discriminating properties. Finally, subjects were asked if there were any sounds that
they wanted to hear again before taking the test. The subjects were given a sheet of paper with 21
blanks on it and asked to write down what each sound meant asit was played in sequence. They were
alowed to have any sounds repeated or to come back to a particular sound. The experimenter then
played each sound in adifferent sequence and waited for the subject to indicate they were ready to
continue with the next sound. After al 21 earcons were played, the experimenter asked if the subject
wanted to hear any repeated and, if not, the responses were evaluated to determine need for re-testing.
Subjects were required to get 100 percent correct once and not get less than 95 percent correct on the
following test. The subjects were required to repest the test until they reached this criterion. If the
subjects did not reach this criterion within 60 min, they were withdrawn from the study.

After reaching pre-test criterion, the experimenter read the smulator instructions, which gave a precise
description of thetask. The subjects were then given a 5-min-long practice scenario. The
experimenter sat in the passenger sedt to provide ingtruction about the touch-screen and vehicle
operation, outline the task, and monitor and assist the subject in completing the task correctly. Subjects
who correctly performed and completed the task during the practice scenario began the testing
scenarios. Subjects who had difficulty completing the task (e.g., were not comfortable with the touch-
screen operation) were administered a second 5-min-long practice sesson. If the subject continued to
have problems, afind 5-min practice sesson was alowed. Subjects who could not perform the task
after three practice sessons were withdrawn from the experiment.

After the practice session, each subject drove three smulated scenarios, lasting 32, 34, and 35 minutes,
respectively. The smulator was programmed to maintain a constant speed and, therefore, in terms of
operating the vehicle, subjects were only required to steer. The driver’ stask was asfollows. (1) to
safely operate the vehicle, (2) to listen for the traffic and travel er-related messages, (3) to pressthe right
or left button on the steering whed indicating which sde of the vehicle the message was played, and (4)
to respond to the questions that pertained to the auditory messages. Note that periodicaly, questions



would appear on the touch-screen that pertained to roadway information only (i.e., “Was the traffic
light you just passed green or amber?’). The purpose of these distraction questions was to help keep
the driver focused on the driving events, rather than only on the messages. A totd of 15 distractor
guestions were administered over the course of dl three scenarios.

A tone was played to indicate when a question gppeared on the touch-screen.  After reading the
guestion, drivers would select (touch) one of two response boxes (i.e., forced choice). For example,
when the * Speed Bumps Ahead” message was played, the question would read, “What obstecleis
ahead?’ The response choices were “ Speed Bumps Ahead” or “Fallen Rocks Ahead.” After
answering the question, a follow-up question immediately gppeared that queried the driver on his’her
confidence of the previous response. A horizonta scale was presented on the bottom screen that
ranged from O (very unsure) to 100 (very sure). By touching a point on the scale, drivers could indicate
their confidence. Drivers were allowed 15 sto answer both questions, after which the screen blanked.

During the course of the smulated drive, the three types of messages (naturdistic sounds, complex
tones, and verbal messages) would gppear and, either immediately or 50 s later, drivers were asked the
above noted forced-choice questions.

At the conclusion of the three scenarios, drivers would take a post-test for earcon recdl. Again the
subjects would be given a sheet of paper with 21 blanks and were asked to write down the meaning of
the message as the experimenter played the sounds in random sequence. The subject would listen to
each earcon and write down its meaning, then indicate when he/she was ready to hear the next
message. After dl 21 nonverba messages were played, the subject was asked a series of questions
verbally by the experimenter, and was asked to rank like/didikes of generd properties of the verbal
and nonverbal messages. Once this was completed, the subjects were paid for their time.



RESULTS

PRE-TEST MESSAGE RECALL

For thistest, the 21 earcons were played and subjects had to name each sound immediately after it was
presented. Thistest was repeated until subjects were able to recal each sound with not more than 1
error in the entire set of 21 earcons. For pre-tests one, two, and three (for those subjects who required
athird test), the mean recall scores for younger drivers were 98.8 percent, 99.6 percent, and 100
percent. All younger drivers completed this phase of the experiment in less than 25 minutes.

For older drivers, pre-test scores for four tests were 72 percent, 80 percent, 87 percent, and 88
percent. After 60 minutes of training, only 3 older drivers reached the fourth pre-test. No older driver
was able to meet the criterion of only one error on thistest. Thisfallure, according to self-reports from
al the older drivers, was due to their inability to distinguish among the 300 ms sounds, rather than an
inability to remember the names of the sounds. Since no older driver met the pre-test criterion, none
proceeded to the driving phase of the experiment. The following reported results pertain to younger
driversonly. A sample of the results of the “Driver Demographic Questionnaire” administered to these
younger driversis presented in table 11. The rdlevant ANOVA tables for experiment 5B can be found

in gppendix C.

Table 11. Sample of the primary results from “Driver Demographic Questionnaire”
(as administered to younger drivers for experiment SB).

IN-VEHICLE MESSAGES

DEMOGRAPHIC DRIVING EXPERIENCE
DRIVER GENDER AGE | YEARSLIVING YEARS AS A YEARSDRIVINGIN | AVERAGE MILES DRIVEN
GROUP IN SEATTLE LICENSED DRIVER SEATTLE ANNUALLY
MALES 20.3 4.6 35 14 11250
FEMALES 234 14 8.7 57 16667

Figure 31 shows that recognition accuracy was extremely high for al conditions. Effects of message
delay, message type, and their interaction did not reach the 0.05 level of significance.
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Figure 31. Recognition accuracy: Message Type x Message Delay.

Figure 32 shows the effects of message type and delay upon recognition latency. Driverstook longer
to respond to earcons (M = 2.45 s) than to speech messages (M = 2.16 5), F(1, 10) = 14.1, p < 0.01.
Drivers responded faster with zero message delay (M = 1.85 s) than with a50-sdelay (M = 2.77 9),
F(1,10) = 121, p < 0.001.
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Figure 32. Recognition latency: Message Type x Message Delay.



Figure 33 shows effects of message type and delay upon subjective confidence ratings. Aswasthe
case for recognition accuracy, confidence was very high and no effects were sgnificant at the 0.05
leve.
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Figure 33. Recognition confidence: Message Type x Message Delay.

Figure 34 shows effects of message position and repetition upon localization accuracy, where drivers
were required to press either the left or right button on the steering whed to indicate on which sde the
message occurred. While messages presented on ether Sde were locdized identicaly for the first
repetition of amessage, the second repetition reveaed better performance for the left-sde messages,
F(1,10) =7.85, p =0.02. Thisinteraction wasthe only satigticaly sgnificant finding. The driver, of
course, was closer to the left-sde loudspeaker. This result may indicate that, as drivers learn about in-
vehicle systems that present auditory messages, they also learn about the physical position presenting
the message. However, an experiment with many more message repetitions would be required before
this result could be incorporated into an ATIS guiddine.
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Figure 35 shows latency of the locdization response, pressing the left or right button on the steering
whed. Driverslocalized earcons more quickly than speech messages, (1, 10) = 6.63, p < 0.03.
There was no sgnificant effect of message postion upon latency. While an ecologica psychologist
might interpret this result to indicate that there is asurviva benefit to the species of being better able to
locdize naturdigtic sounds, it is not immediatdy apparent how this result could be incorporated into
ATIS guiddines. However, this result could be ussful for crash avoidance guiddines because it
suggests that earcons are better for indicating the position of an externd vehicle, such as an ambulance.
Given that it isdifficult for drivers to locdize externd vehicle position (Cadlli and Porter, 1980), such
in-vehicle information could be very helpful.
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Figure 35. Position latency: Message Type.

Figure 36 shows that recognition accuracy was very high for al messages. No one message was any
more accurate, and no differences reach the 0.05 leve of significance.
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Figure 36. Recognition accuracy: Message.



Table 12 shows the results of a postive Tukey Test where each message was compared with dl other messages. Only the messages where
sgnificant differences in recognition latency occurred are shown in the table.

Table 12. Recognition latency: Message.

PEDEZ(T)RIAN PASSING |  PEDESTRIAN | = SLIPPERY SNOW sgﬂiz TELEPHONE TRAIN

CROSSING ZONE CROSSING ROAD ADVISORY [ ° STATION
Beach 0.883 - 0.885 - - 0.749 - 0.774 1272
Cattle Crossing - - - - - - - - 0.938
Ferry Dock - - - - - - - - 1.069
Gas Station -- - - - - - — - 0.98
Impending Collision - - - - - - - - 0.827
Fallen Rocks - - - - - - - - 1.093
Low Tire Pressure 0.885 - 0.887 - -- 0.751 - 0.776 1.274
Low Oil Pressure - - - - - - - - 0974
No Passing Zone - - - - - - - - 1.068
No Pedestrian Crossing - - - 0.737 - - 0.791 - -
Passing Zone -- - - - - - - - 1.085
Pedestrian Crossing - - - 0.739 - - 0.793 - -
Police Approaching - - - - - - - - 0.922
Restaurant - -- - - - - - - 1126
Road Work - - - - - - - - 1.008
Speed Bumps Ahead - - - - - - - - 118
Critical Value: 0.7328




Figure 37 groups latencies for naturaistic versus complex earcons. Thisa priori comparison reveded
fadter latencies for naturdigtic tones, ¢ (10) = 8.83, p = 0.014.
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Figure 37. Recognition latency: T-test comparing naturalistic and complex tones.

POST-TEST MESSAGE RECALL

At the close of the experiment, the set of 21 messages was again administered when subjects were not
driving. Mean scores were 100 percent for males and 98 percent for females. Thistest was included
as acontral condition to evauate possble changes in message recal| after driving. However, since
accuracy scoreswere so high in al conditions, no improvement was observed.



CHAPTER 3. EXPERIMENT 5C

INTRODUCTION

In the first two experiments, memory for visual and auditory messages was evauated while the vehicle
gpeed in the driving smulator was controlled automaticaly. Cruise control was activated in these
experiments because our initid god was to study memory rather than driving, and so wetried to
minimize driver workload. (Indeed, our origina research plan caled for these experiments to be
performed without a driving Ssmulator, but we were able to take advantage of early completion of the
amulator facility to perform these experiments in the smulator instead of atest booth.) Results showed
that memory was excdlent when drivers were responsble only for controlling Steering. In this
experiment, the driver was in full control of the vehicle, being responsible for both vehicle speed and
lane position. Furthermore, unlike the smpler, previous experiments where messages were presented
only in asngle moddity, this experiment used a mixed presentation with both visual and auditory
messages. Given the results of the previous experiment, where older drivers were unable to learn the
auditory messages, only younger drivers were tested in this experiment. A new varigble, dert, was
added to warn drivers that a message would be presented. Since auditory messages have an innate
derting qudity (eg., the driver can hear the message even if looking out the windshield to the roadway),
acomparison of mixed auditory and visuad messages may be confounded by potentid aerting qudities
that differ across moddities. Thus, two kinds of auditory aerts (speech and tone) were examined;
furthermore, a no-dert control condition was adso included to provide basdine data.

Two questions, also asked for the previous experiments, were examined:
1 How does in-vehicle message format (moddity, message format) affect comprehension?

2. How does message format affect memory retention?



METHOD

PARTICIPANTS

Thirty-sx participants were recruited from the University of Washington. Participants met al selection
requirements; possessed avalid driver’ slicense, drove at least two times per week, were between 18
and 30 years old, and reported not to be prone to motion sickness. The initial screening for participant
suitability was conducted via the telgphone using the “ Subject Sdlection Phone Questionnaire.” If the
participant passed selection criterion, the * Driver Demographic Questionnaire’ was administered.

Thefind participant sample consisted of 18 males and 18 females, with amean age of 23.3 years.
Participants were paid $10.00 per hour for gpproximately 2 hours of smulated driving time.

APPARATUS

The gpparatus was the same as used in the previous experimen.

EXPERIMENTAL DESIGN

Two between-subject variables (aert type and gender) and three within-subject variables (message
modality, message format, and time delay) were examined in this experiment using a 3x2x3x2x2 mixed
design (table 13).

Table 13. Independent variables for experiment 5C.

BETWEEN-SUBJECTS/
INDEPENDENT VARIABLE DESCRIPTION
WITHIN-SUBJECTS
GENDER Between Subjects Femde
Male
ALERT TYPE Between Subjects No Alert
Speech Alert
ToneAlert
MESSAGE MODALITY Within Subjects Visual
Auditory
Visual + Auditory
MESSAGE FORMAT Within Subjects Symbolic
Lexica
TIME DELAY Within Subjects 0 Seconds
50 Seconds




Given the large number of independent variables and the complexity of the design, acompletely
counterbaanced design was not implemented. Message modaity was ordered by creating a 3x3 Latin
square containing three unique orders of message modality. This 3x3 Latin square was then repeated 4
times to account for the 12 information and traveler-related messages. Findly, these four Latin squares
were repeated once more to account for the two levels of delay, for atota of eight Latin squares (table
14).

Table 14. Experimental design of ATIS: Experiment SC

FIRST SCENARIO SECOND SCENARIO
0-SECOND DELAY 50-SECOND DELAY
MESSAGE VISUAL AUDITORY VISUAL + VISUAL AUDITORY VISUAL +
AUDITORY AUDITORY
1 | FalenRocks 1 2 3 1 2 3
2 | Ambulance 2 3 1 2 3 1
Approaching
3 | Ferry 3 1 2 3 1 2
4 | Cattle Crossing 1 2 3 1 2 3
5 | Low Tire Pressure 2 3 1 2 3 1
6 | Water Recreation 3 1 2 3 1 2
50-SECOND DELAY 0-SECOND DELAY
VISUAL AUDITORY VISUAL + VISUAL AUDITORY VISUAL +
AUDITORY AUDITORY
7 | Police Approaching 1 2 3 1 2 3
8 | Speed Bumps Ahead 2 3 1 2 3 1
9 | Snow Advisory 3 1 2 3 1 2
10 | Pedestrian Crossing 1 2 3 1 2 3
11 | Low Oil Pressure 2 3 1 2 3 1
12 | Train Station 3 1 2 3 1 2




Between-Subjects Variables

The dert variable was used to determine if notification of an impending message would enhance drivers
recognition memory. One group received a 60 dbA tone dert that was 200 msin length and consisted
of two rapid pulses. The second group of participants received a 60 dbA speech dert that was 1000
msin length and conssted of arecorded mae voice sating, “incoming message.” The third group of
participants did not recelve amessage dert. Six maes and six females were randomly assigned to each
aert group.

Within-Subjects Variables

Three different levels of message moddity were used to determine if moddity (visud or auditory) would
affect drivers memory of messages and dso if abimoda (visud + auditory) message type would
improve drivers comprehension and memory over aunimoda (visud or auditory) message type.

Visuad messages were presented on a color monitor on the dashboard compartment of the vehicle.
Auditory messages were presented through two speskersin the rear corners of the vehicle. Bimodal
(visua + auditory) messages conssted of the Smultaneous presentation of both a visua message and an
auditory message.

Two levels of message format, symbolic and lexica, were used to determine if recognition memory is
affected by the format of messages. Two types of format were investigated for both visua and auditory
messages. Visua messages were presented as icons or text. Auditory messages were presented as
ether earcons or smple gpeech messages. Visud icons were rectangular in shagpe (7.25 cm long and
5.5 cm high) and were presented for 7 sin the center of acolor monitor. Visua text messages were
written in 0.5-cm capitd letters using the same dimensions, duration, and location as the visud icons.
The auditory earcons were presented at 57.5 dbA (+/- 2.5 dbA) for 300 ms. The auditory speech
messages were presented at the same intensity for 1000 ms.

Both a0-stime ddlay and a 50-s time delay condition were used in this experiment to determine how
well participants would be able to remember messages over time. Time delay is defined as the length of
time between the offset of the message and the onset of the question about that message.

Dependent Variables

Severd measures of message comprehension, sdlf-confidence, and driving performance were collected.
These measures are summarized in table 15.



Table 15. Description of dependent variables for experiment 5C.

DEPENDENT VARIABLE I DESCRIPTION I
Accuracy of reg iti i i
RECOGNITION ACCURACY y ponses to message recoghition questions, measured in percent
correct
RECOGNITION LATENCY Timeto respond to message recognition questions, measured in milliseconds
Rated self-confidence in recognition accuracy task, measured on a scale from O (low)
CONFIDENCE RATING }
to 100 (high)
LATENCY OF CONFIDENCE Timeto respond to self-confidence questions, measured in milliseconds
RATING
Thedriver’slane position with respect to the centerline of the highway, measured in
MEAN LANE POSITION
meters
STANDARD DEVIATION OF Thedriver’svariable lane position with respect to the centerline of the highway,
LANE POSITION measured in meters
To determine whether drivers maintained an average velocity of 35 mi/h, measured in
MEAN VELOCITY .
miles per hour
STANDARD DEVIATION OF Thedriver’svariable velocity around their target velocity of 35 mi/h, measured in
VELOCITY miles per hour
NUMBER OF TICKETS The number of times the driver exceeds 38 mi/h
NUMBER OF ACCIDENTS The number of times that the participants collide with an object or drive off the road
PROCEDURES
Task

At the tegting Site, participants were given a brief explanation of the experiment and then were asked to
read and Sgn a consent form. Each participant was trained on 10 earcons aswel as 7 icons. All
participants were administered earcon recal tests and icon recdl| tests until they achieved 100 percent
correct on one test and no more than one incorrect answer on the very next recdl test. If a participant
gl had not achieved this criterion after 60 minutes of training and testing, they were dismissed from the
experiment.



The experimenter then read the smulator ingtructions describing the task in detail. Participants were
asked to drive asmulated vehicle on awinding, rurd, two-lane highway. While they were driving,
visud, auditory, or visud plus auditory messages were presented to them. Either immediately or 50 s
after the message, a question was displayed querying the driver about the previous message. After
reading the question, drivers selected one of two response boxes. For example, if the Speed Bumps
Ahead message was presented, the question, “Caution due to?’, and response choices, Speed Bumps
or Road Congtruction, would appear on the touch-screen. After selecting an answer, afollow-up
question immediately gppeared on the touch-screen querying the driver to rate the leve of confidence
she had in her previous answer. A horizontal scale was presented on the bottom of the touch-screen
ranging from O (Very Unsure) to 100 (Very Sure). Drivers were dlowed 15 sto answer both
questions. If the driver failed to answer the first question in 15 s, the confidence rating scde did not

appear.

One-third of the subjects received atone aert prior to the message presentation, one-third received a
gpeech dert prior to message presentation, and the final one-third received no message dert a dl. All
participants heard a bell chime indicating when a question was present on the question display.

After the task was described by the experimenter, the participants were dlowed two 5-min practice
scenarios. Thefirdt practice scenario alowed the participant to experience the vehicle dynamics, where
participants controlled the vehicle's speed and direction (avelocity limit was set at 40 mi/h). The
second practice scenario required the participant to practice the experimental task in its entirety, which
included controlling the vehicle direction and speed, attending to the traveler- and vehicle-related
messages, answering questions about these messages, and rating their salf-confidence.

After the 2 practice sessons, each subject drove 2 smulated scenarios, lagting 25 min each. The
participant was instructed to:

C drive safdy and maintain 35 mi/h,

C listen and view the traffic- and travel er-related messages,

C answer the questions about the messages, and

C indicate their confidence about the previous question.

During these two scenarios the experimenter was in an adjoining room, monitoring the participant viaa
amdl in-vehicle camerato determine if there were any difficulties during the course of the experimen.

At the conclusion of the two scenarios, drivers were administered both auditory and visua message
recall teststhat wereidentica in format to the criterion tests administered at the beginning of the testing
session.

Scenarios

During both scenarios, 36 messages were presented to the participant. Of these 36 messages, 12
messages were visua only, 12 messages were auditory only, and 12 messages were visud plus
auditory. Also, 18 of the 36 questions in each scenario were presented immediately after the message
presentation and 18 questions were presented 50 s after the message presentation. All participants
viewed the scenarios in the same order.



The content of the 12 visua, 12 auditory, and 12 visud plus auditory messages was identica and
pertained to generd traveler or vehicle information (see gppendix B). The 12 visud messages were
selected from a subset of icons and text messages that were easly recognized in a previous experiment
(experiment 5A). The 12 auditory messages were selected from a subset of earcons and speech
messages that were eadly recognized in a previous experiment (experiment 5B). The find message
selections were based on those messages that were highly recognizable in both visud and auditory
modalities so that both unimoda and bimoda messages could be crested.

To increase menta workload, and aso to reduce the length of the experiment, messages and
corresponding questions were presented interleaved. During every 50-s delay period, either a
message, or corresponding question, or another message was randomly presented to the participant.
For example, the visud text message Pedestrian Crossing was presented to the participant. Then the
auditory speech message “ Snow Advisory” was presented, followed by the question, “ Caution due to?’
with options of Snow Advisory and Speed Bumps Ahead. After the participant selected the correct
answer and rated his’her self-confidence, the question referring to the first message gppeared on the
touch-screen, “What type of crossing zone did you pass?’ with the options of Cattle Crossing and
Pedestrian Crossing. This procedural manipulation required participants to sometimes maintain two
messages in working memory.



RESULTS

DATA ANALYSES

Datawere collected in four test phases: (1) driver recruitment phase; (2) pre-test message recdl
phase; (3) smulator testing phase; and (4) post-test message recd|l phase.

Driver Recruitment Phase

In the Driver Recruitment phase, drivers were asked questions (via telephone) about their age, number
of years with driving experience, and number of times they drove per week. Seetable 16 for this
demographic data.

Table 16. Sample of the primary results from “Driver Demographic Questionnaire”
(as administered for experiment 5C).

DEMOGRAPHIC DRIVING EXPERIENCE
DRIVER GENDER AGE | YEARSLIVING YEARS AS A YEARSDRIVINGIN | AVERAGE MILES DRIVEN
GROUP INSEATTLE LICENSED DRIVER SEATTLE ANNUALLY
MALES 23.8 8.7 74 4.7 19131
FEMALES 22.3 11.2 6.1 3.6 13421

Pre-Test Message Recall Phase

In the pre-test message recall phase, drivers were asked to recdl 10 earconsand 7 icons. For the
earcon pretest, only two driversincorrectly recaled messages on thefirst test. Therest of the drivers
received a perfect score on thefirst two tests. For the icon pretest, dl drivers got al sevenicons
correct on the first two tests.

Simulator Testing Phase

The smulator testing phase consisted of collecting severa objective and subjective dependent measures
that included two primary categories. Thefirst category is message screen data, which included the
following dependent variables. (1) message recognition (percent correct), (2) recognition latency
(measured in seconds), and (3) self-confidence rating of message recognition questions (on ascae from
1to0 100). The second category of dependent measures is driving performance data, which includes
the following: (1) mean speed, (2) standard deviation of speed, (3) mean lane position, (4) standard
deviation of lane position, (5) number of accidents, and (6) number of speeding tickets. These two
categories are outlined below.

The message screen data were evaluated to determine how the drivers in each of the aert groups
(between-subjects variable) would differ in their performance for each message modality
(within-subjects variable) aswell asin each ddlay condition (within-subjects variable). It was
hypothesized that performance would be worst for the drivers not recelving an dert. We aso expected
that driver recognition accuracy, latency, and confidence levels would be superior with redundant or



bimodd information. Findly, we hypothesized that the bimoda message modality would be more
memorable than the unimodal message moddlity after the 50-s delay condition.

The driving performance data were broken down into three time periods surrounding and including the
presentation of the message. These three time periods are as follows. 6 s prior to the presentation of a
message (pre-message window); 8 s during the presentation of the message (during message window),
and 6 s after the presentation of the message (post-message window). Only half of the data were
eligible for the post-message window because immediately following haf of the messages, drivers
would answer a question about the message (0-s delay condition). We were only interested in driving
performance data, not driving performance with a concurrent activity. Therefore, the post-message
window was only caculated for the 50 percent of the data where there was a 50-s delay between the
message presentation and the question.

The during-message window evauated drivers initia reactions to particular message types. We
hypothesized that drivers would dow down during the visud messages, dow a moderate amount during
the visuad plus auditory messages, and maintain their origind speed with the auditory messages. We
a0 hypothesized that their speed deviations would be greater with the visud messages, moderate with
the visud plus auditory, and smallest with the auditory messages. Lane position and standard deviation
of lane position would fluctuate most with the visud messages, moderately fluctuate with the visua plus
auditory, and fluctuate least with the auditory only messages. These hypotheses are based on the
premise that subjects will have to avert their gaze to view the visud messages. All of the predicted
effects are hypothesized to be much stronger in the first scenario than in the second.

The post-message window investigated any latent reactions to particular message types. We
hypothesized that the visud message modaity would cause a dower mean speed and larger speed
deviations than the other two message modalities. All of the predicted effects were hypothesized to be

gronger in the first scenario than in the second.
MESSAGE SCREEN DATA

Three measures of message screen data were measured: (1) recognition accuracy, (2) recognition
latency, and (3) sdf-confidence of recognition. The relevant ANOV A tables for experiment 5C can be
found in appendix C. Note that missing data comprised less than 3 percent of the entire data set.
Missing data occurred because of drivers failure to answer the recognition question within a 10-s
period. If the driversfailed to answer the question, it was consdered an incorrect response for the
recognition accuracy data. The individua's mean latency and mean self-confidence scores for message
modality and delay were used to replace missing datavaues. Thus, this analysis was conducted on a
full data set.

Recognition Accuracy

The three types of aerts had no effect on drivers' recognition accuracy, F (2, 33) = 1.71, p = 0.196.
Driversin the tone-dert (M = 0.984), speech-dert (M = 0.969), and no-dert (M = 0.964) conditions
were mantaining avery high leve of recognition accuracy, which indicates a ceiling effect.

An dert by message moddity interaction was found when only the visua and auditory message
modaity types were compared (see figure 38). Drivers maintained higher accuracy with the auditory



messages than they maintained with the visua messagesfor dl dert types, F' (2, 33) = 3.85, p = 0.032.
Drivers accuracy in the visua message moddity no-aert condition was significantly lower than in the
visua message modality tone-dert condition [z (33) = 8.33, p < 0.001] and the visual speech-adert
condition [z (33) = 6.67, p <0.01]. There were dso sgnificant accuracy differencesin the no-aert
condition between the visud and the auditory message modalities, 7 (33) = 5.15, p < 0.025. These
results were anticipated as it would be harder to know when avisua message was being presented
without an dert. These differences between message modalities and derts, while satigticdly sgnificant,
were 0 smd| that they have minimal implications for guiddines.
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Figure 38. The effects of alert type and message modality on recognition accuracy.

There was a message modality by delay interaction where drivers recognition accuracy was equaly
high with al three message typesin the O-s delay condition but significantly different in the 50-s dday
condition (see figure 39), F' (2, 66) = 5.95, p = 0.006. In the 50-s delay condition, drivers were more
accurate with the auditory messages than they were with the visud messages |z (66) = 6.5, p < 0.01] or
with the visud plus auditory messages [z (66) = 10.5, p < 0.001]. There was dso asgnificant
difference between the visud message modality and the visua plus auditory message moddity with a
50-sdday, ¢ (66) = 4.0, p = 0.05. These findings support our hypotheses that drivers seem to
remember the auditory messages better than they remember the visua ones. It was surprising that
drivers remembered the auditory messages better than the visua plus auditory messages. Performance
differences between 0-s dday and 50-s dday intervas were sgnificantly different for the visud, ¢ (66)
=8.75, p < 0.001, auditory, ¢ (66) = 4.5, p <0.025, and visud plus auditory, ¢ (66) = 16.75, p <
0.001. Thisindicatesthat performance differences involving message modality occur when the drivers
have to remember the messagefor 50 s.
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Figure 39. The effects of message modality and delay on recognition accuracy.

Figure 40 shows the interaction between message modality and message format. This interaction did
not achieve sgnificance a the 0.05 leve, F (1, 33) = 0.260, p = 0.612. This result suggests that
drivers perform equaly well with the symbolic and lexica message formats regardless of whether they
are presented in the visua or auditory moddity. Thisfinding goes againgt our hypotheses in that we
anticipated drivers performance to be superior with the auditory moddity for both symbolic and lexica
message formats, moderate in the visua modality/symbolic message format, and worst in the visud
modality/lexical message format. One possible reason why our hypotheses were incorrect is because
al drivers were very accurate in their responses, causing acelling effect.
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Figure 40. The effects of message modality and message format
on recognition accuracy (ns).

Drivers recognition accuracy was sgnificantly higher with auditory messages (M = 0.984) than with
visua messages (M = 0.966) and visua plus auditory messages (M = 0.966), F' (2, 66) =5.18, p =
0.01. Driversresponded more accurately to the auditory messages than to ether the visud [z (66) =
6.0, p <0.01] or the visud plus auditory messages [ (66) = 6.0, p <0.01]. Thiswasasurprisng
finding as it was expected that higher recognition accuracy rates would be associated with the visua
plus auditory messages.

Drivers were generdly more accurate with symbolic (M = 0.981)) message formats than they were
with the lexical (M = 0.969) message formats, F (1, 33) = 4.12, p = 0.051. Thisfinding supports our
hypothesis that drivers will be able to acquire information easier when it isin a symboalic format than
whenitisinalexicd format. This difference was so smdl that it haslittle implications for guiddines.

There was alarger performance decrement found between scenario 1 and scenario 2 in the 50- s delay
condition than was found in the O-s ddlay (see figure 41), F (1, 33) = 6.61, p = 0.015. The recognition
accuracy scores for scenarios 1 and 2 were significantly different for the 50-s delay condition [ (33) =
6.07, p < 0.025] but not with the 0-s ddlay condition. Thisfinding suggeststhat drivers memory for
messages will improve after they become more familiar with the messages,

Drivers responded more accurately when they answered the question immediately (M = .99) than when
they answered a question 50 slater (M =.95), F' (1, 33) = 21.97, p = 0.001. Thisfinding was not
surprising and establishes that drivers memory does decay dightly during the 50-s delay period.
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Figure 41. The effects of scenario and delay on recognition accuracy.

Figure 42 shows the dert by message moddity interaction, F' (2, 33) = 3.50, p = 0.042. Driversinthe
no-aert condition were sgnificantly faster with the auditory messages than with the visual messages, ¢
(33), 6.06, p <0.01. Therewere no sgnificant differences between the visud and auditory messages
for gpeech [# (33) = 2.61, p > 0.10] and tone dlerts [z (33) = 1.12, p > 0.25]. Thiswasan
unexpected finding because it was hypothesized that drivers would be able to perform more quickly
with awarning present than without awarning present. This finding may suggest that auditory messages
do not require an auditory alert but visua messages do require an dert for faster response.
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Figure 42. The effects of alert type and message modality on recognition latency.

Figure 43 shows that there was an interaction with message modality, scenario, and delay. Subjects
response times were longer in scenario 1 with a 50-s delay than in scenario 2 with a50-s delay for dl
three message modalities, F' (2, 66) = 3.54, p = 0.039. For scenario 2, drivers performance with the
auditory message modality was satigticaly equivaent to performance with the visua plus auditory
message moddlity for the O-s delay condition, ¢ (66) = 0.857, p > 0.25. Also for scenario 2,
performance with the auditory message modality was sgnificantly faster with the 50-s delay than
performance with the visua plus auditory, ¢ (66) = 4.57, p < 0.025. Thiswas the same result found
with measures of recognition accuracy. It was hypothesized that drivers would perform best with the
visud plus auditory message modadlity; however, it was not expected that performance with the auditory
message moddity would be equivaent or superior.
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Figure 43. The effects of message modality, scenario, and delay on recognition latency.

Figure 44 depicts the scenario by message format interaction, F' (1, 33) = 20.51, p = 0.001. There
were sgnificant differences between the two scenarios with the lexical message format [ (33) = 16.45,
p < 0.001], but not between the two scenarios with the symbolic message format, ¢ (33) = 2.90, p >
0.10.
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Figure 44. The effects of message format and scenario on recognition latency.



Drivers responded generdly fagter to the symbolic messages (M = 2.23 s) than they did to the lexica
messages (M =2.34 9), F' (1, 33) = 6.56, p = 0.015. Thisfinding supports our hypothess that drivers
performance will be fagter with the symbolic message format than with the lexical message format.

Figure 45 shows the scenario by delay interaction, F' (1, 33) = 4.09, p = 0.051. Drivers performance
was sgnificantly different between scenarios 1 and 2 for both the O-s delay condition [¢ (33) = 7.14, p
< 0.025] and the 50-s delay condition [# (33) = 13.81, p <0.001]. Thisfinding indicatesthat drivers
performance improved in scenario 2 for both message presentation delays. Thiswas an expected
finding as drivers performance will usudly improve over time.

OScenario One

@mScenario Two

Recognition Latency (sec)
=
o

0-Sec Delay 50-Sec Delay
Delay

Figure 45. The effects of scenario and delay on recognition latency.

Drivers responded significantly faster in the O-s delay condition (M = 1.959 s) than they did in the 50-s
delay condition (M =2.624 s), F' (1, 33) = 45.07, p = 0.001. Thisfinding suggeststhat it takes drivers
longer to respond if they must remember the message for 50 sthan if they answer the question
immediately (O-s delay).

Driversimproved their response times over the two scenarios (first scenario M = 2.403 s, second
scenario M = 2179 9). Drivers responded as expected in that they were sgnificantly faster in scenario
2 than they were in scenario 1, F' (1, 33) = 19.38, p = 0.001.

Self-Confidence for Recognition Accuracy

Figure 46 shows that drivers were more confident overadl with the tone dert for dl three message
moddities than with any other dert, F' (4, 66) = 2.70, p = 0.038. Aninteresting point within this
interaction was the significantly lower confidence ratings of the visud message modadity and no-dert
condition versus the high confidence ratings of the visuad messages with the speech dert [ (66) = 12.2,
p <0.001] and tone dert [¢ (66) = 11.4, p < 0.001]. Thissupportsour hypothesis that drivers were
not as confident of their responses to the visua messages without an dert present. What was not
hypothesized was that drivers would be more confident with the auditory message moddity than with
the visua plus auditory message moddity. Drivers were sgnificantly more confident of the auditory



message modality than the visua plus auditory message modality in the no-dert [7 (66) = 3.71, p <
0.01] and in the speech-aert conditions [¢ (66) = 3.1, p < 0.025]. Drivers confidence levels were
equivaent for the tone-aert condition. This suggests that the tone dert assgs driversin ther
recognition confidence better than the speech dert or having no aert presented at dl. Aurd messages
goparently do not require an dert whereas the visud messages and the visud plus auditory messages do
require an dert for high saf-confidence ratings.
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Figure 46. The effect of alert type and message modality on self-confidence.

Figure 47 shows the three-way interaction of dert by message moddity by delay. The results suggest
once again that the differences in confidence ratings are generdly found when the drivers must
remember the message format for an extended period of time, F' (4, 66) = 4.29, p = 0.004.
Confidence ratings were higher across message modalities and delay conditions with the tone- alert
group than with ether the speech- or no-alert groups. In the 50-s delay, confidence ratings were higher
with the auditory modadity versusthe visud plus auditory moddity for the no-alert group [z (66) = 7.20,
p < 0.001] and the speech-aert group [# (66) = 3.41, p < 0.025]. Confidence ratings between the
auditory and the visud plus auditory were not sgnificantly different with the 50-s delay for the tone-aert
group, ¢ (66) = 2.17, p <0.100. Once again, the auditory message moddity performed well with or
without an dert present, whereas the visua and visud plus auditory moddities only performed well with
the tone dert present.
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Figure 47. The effects of alert, message modality, and delay on self-confidence ratings.

Figure 48 shows the alert by message format interaction, F' (2, 33) = 4.79, p = 0.015. Driversin the
no-dert group maintained higher confidence with the symbolic message format than with the lexica
message format, ¢ (33) = 9.13, p <0.001. There were no differences between the message formats for
the other two dert groups. There aso was asignificant difference for the lexical message formats
between no aert and speech dert [¢ (33) = 14.18, p < 0.001] and the no alert and tone aert [¢ (33) =
13.70, p <0.001]. Theseresults suggested that presenting an dert will help increase drivers
confidence in the lexica message format but an dert is not necessary for the symbolic message format.
Thisfinding isimportant for design guiddine developmert.



90 1

88 A

86 A

84 1

OLexical

82 B Symbolic

Confidence Ratings

80 A

78 7

76
No Alert Speech Alert Tone Alert
Alert

Figure 48. The effects of alert type and message format on self-confidence ratings.

Figure 49 shows the message modality by delay interaction. Drivers were more confident in the 0-s
delay condition with al three message moddities, however, confidence ratings show sgnificant
differences with the 50-s delay across al three message moddlities, F (2, 66) = 5.16, p = 0.008. There
was a sgnificant difference between the visua and the auditory message modality for the 50-s delay
condition [z (66) = 13.33, p < 0.001], the visud and the visud plus auditory condition [z (66) = 5.95, p
< 0.01], and the auditory and the visud plus auditory condition [z (66) = 7.38, p <0.1]. Thesefindings
suggest that confidence ratings among the three message modalities only differ when the drivers were
required to remember the message for an extended period of time. These findings dso indicate that the
auditory message modadity was preferred by drivers over the visud plus auditory and the visud
modalities. Thisresult contradicts our origind hypothesis that the visua plus auditory message modality
would be the preferred moddity.
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Figure 49. The effects of message modality and delay on self-confidence ratings.

Figure 50 shows the message modality by message format interaction. Confidence levels differed
between the visud/lexical and the visua/symbolic messages, while no differences existed between the
auditory/lexical and auditory/symbolic messages, F' (1, 33) = 6.02, p = 0.02. There was asgnificant
difference between the confidence ratings of the visua/lexicd messages and the visua/symbolic
messages [¢ (33) = 8.60, p = 0.01]. There were no differences between the visual/symbolic messages
and the auditory/symbolic messages [z (33) = 3.75, p > 0.05] or the auditory/symbolic and
auditory/lexicd [z (33) = 0.099, p > 0.25], which suggests that drivers were least confident of the visud
lexicd message. Thisfinding supports our origind hypothesis and has important implications for the
design guidelines.

Drivers confidence ratings indicated that the auditory message moddity was preferred (M = 88.2),
visud plus auditory messages were moderately high (M = 86.6), and the visual messages were lowest
(M =85.2), F (2,66) =7.12, p =0.002. Confidence ratings for auditory messages were significantly
higher than the visua plus auditory messages [¢ (66) = 4.86, p < 0.025] and the visual messages [ (66)
=0.23, p <0.001]. Thevisud messages were sgnificantly lower than the visua plus auditory
messages [ (66) = 4.37, p <0.025]. Thisfinding was surprising in thet it was expected that drivers
would be more confident of the visud plus auditory message modality than ether the visua or the
auditory message moddlity.
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Figure 50. The effects of message modality and message format
on recognition confidence.

The scenario by delay interaction indicated that confidence ratings for scenarios 1 and 2 were much
higher in the O-s delay condition than they were in the 50-s delay condition (seefigure 51), F' (1, 33) =
8.66, p = 0.006. Confidence rating differences for the 50-s delay condition were significantly lower in
scenario 1 than in scenario 2 [ (33) = 8.89, p < 0.01]. Thisfinding suggests that, over time, drivers
gained more confidence in their answers in the 50-s delay condition.

Drivers were more confident of their answers when there was no delay between the message
presentation time (M = 89.9) and their answers versus when there was a 50-s delay (M = 84.5),
F (1, 33) =24.93, p = 0.001.

Drivers confidence ratings were sgnificantly higher for the second scenario (M = 87.5) than they were
for thefirst (M =85.9), F (1, 33) = 6.06, p = 0.019.
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Figure 51. The effects of scenario and delay on self-confidence ratings.

DRIVING PERFORMANCE DATA

Figure 52 shows mean speed as a function of Window and Message Moddlity. Mean speed was
dightly lower for the Pre-Window (50.4 ft/s) than for the During (50.5 ft/s) or Post-Window (50.6 ft/s),
F(2,66) = 3.60, p <0.001. While there were other statistically sgnificant effects, their magnitude was
too smdl to be important for guiddine development.
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Figure 52. The effect of window and message modality on mean speed.



Figure 53 shows that the standard deviation of speed was dightly higher for the Pre-Window (0.328 ft)
than for the During (0.211) for Post-Window (0.203 ft), F(2, 66) = 38.6, p < 0.001. The sgnificant
interaction between Window and Modality found in figure 53, F (4, 132) = 23.9, p < 0.001, shows that
the decrease from Pre- to During-Window is greater for auditory or visuad messages relaive to
combined auditory plus visud messages. By the time the Post Window is entered, the initid effects of
message moddity have disgppeared. These findings are consistent with the hypothesis that processing
in-vehicle messages temporarily suppresses accelerator control actions for uni-moda messages.
However, itisnot at al clear why control actions are not suppressed by messages that combine visud
and auditory gtimuli.
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Figure 53. The effects of message modality and window on standard deviation of speed.

Figure 54 shows standard deviation of lane position is greater for the Pre-Window (0.700 ft) than for
the During (0.519 ft) or Post-Window (0.579 ft), F(2, 66) = 82.8, p < 0.001. The sgnificant
interaction displayed in thisfigure, F(4, 132) = 107, p < 0.001, islargely due to a decrease in auditory
message sandard deviation for the During Window. Thisfinding is consstent with the hypothesis that
auditory messages command attention (Lee et ., 1998) and s0 suppress steering-whedl control
actions.

These results taken together show that in-vehicle message presentation does not impair driving
performance. Indeed, there is some evidence that processing in-vehicle messages tends to suppress
latera and longitudina control actions by the driver, resulting in less variable positioning of the vehicle
on the smulated roadway.
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CHAPTER 4. DISCUSSION
DRIVER AGE

Older drivers have condderable difficulty in comprehending the meaning of in-vehicle icons and
earcons. The most important finding in these experiments was the complete inability of older driversto
learn the set of auditory earcons (experiment 5B). While younger drivers had dmost perfect recdl
scores, not asingle older driver was able to continue with the smulator portion of the experiment
because they could not learn the earcons even with extended practice. This has very strong
implications for design guidelines. Earcons, especidly if of brief duration asin experiment 5B, may not
be at al suitable for older drivers.

In sharp contrast, younger drivers fared quite well with earcons. All younger drivers learned the set of
earcons in less than 25 minutes and had recall scores above 98 percent. Furthermore, recognition
accuracy during smulated driving was aso about 98 percent. Naturdistic earcons were responded to
more quickly than complex earcons (figure 37).

While older drivers were able to learn the sat of visua icons, their comprehension scores, dthough high
(90 percent), were less than scores of younger drivers (99 percent). Thisimplies that icons are highly
gppropriate as in-vehicle messages for both older and younger drivers. Thisis especidly true when
familiar symbols are used (experiment 5A).

MESSAGE FORMAT AND COMPREHENSION

For visua messages, recognition scores were Smilar for text and icons, except for low-comprehension
icons that were not familiar to many drivers (experiment 5A). For auditory messages, recognition
scores for earcons and speech messages were a'so smilar (experiment 5B). Contrary to our
expectations, recognition accuracy was not improved for redundant visud plus auditory messages
(experiment 5C). While scores were generdly quite high, this result cannot be attributed to a ceiling
effect because visud plus auditory scores were dightly but significantly lower (97 percent) than for
auditory messages (98 percent). These results dlow designers to use whatever message format and
modality is most convenient.

MESSAGE FORMAT AND MEMORY

For visua messages, a 50-s ddlay imposed a dight loss in recognition, decreasing from 95 percent at
zero delay to 90 percent. However, thisloss was similar regardless of message format. Furthermore,
this memory effect was largely confined to older drivers (experiment 5A). For auditory messages,
gmilar results were obtained with the younger drivers showing no sgnificant memory loss, recdl that
older drivers were not tested because they could not learn the earcons. However, in experiment 5C
when driverswerein full control of the vehicle, the delay produced a small but sgnificant memory
decrease on the order of 4 percent that was especially pronounced for visua plus auditory messages
(figure 39). Thus, while dl message formats were comprehended about equdly, they were not
remembered equaly well. Auditory messages seem to be most resstant to delay and thisisan
important point for designersto consider. Furthermore, symbolic and lexicad message formats were
equaly resstant to delay so that designers may use the most convenient format.



VEHICLE CONTROL

In generd, no adverse effects of in-vehicle message presentation were found when examining laterd
and longitudina vehicle control. In experiments 5A and 5B where drivers only controlled steering and
the vehicle cruise-control maintained a constant speed, driving lane position and standard deviation of
lane position were not adtered when driving performance in a pre-message window was compared with
aduring-message window. In experiment 5C when drivers had full vehicle control, neither steering nor
speed control was impaired by message presentation. While these results are quite encouraging for
ATIS designers, snce they imply that in-vehicle messages will not decrease road safety, nevertheess
they should be interpreted with some caution because they were obtained in asmulator. No driver has
ever died in agmulator accident. On-road replication of these findings will be useful.



Subject Name

Sub ID

APPENDIX A: QUESTIONNAIRES

SUBJECT SELECTION PHONE QUESTIONNAIRE

Age Gender (1=M, 2=F)

Subject Selection Phone Questionnaire
Spring 1995

Note To Experimenter: DO NOT read the following "Purposeg" to subjects.

Purpos
have an

e: Before asubject can be selected to participate in Task K/Experiment 5A, he or she must
active driver’slicense, drive a least twice per week, & not be prone to motion sickness.

Questions:

Scoring

1) Do you have an active Driver'sLicense? Yes(1) No(2)

2) How many times per week do you drive in Segttle or the surrounding aress?
<1X (1 1X (2) 2-3X (3) 4+ (4)

3) How often do you experience motion sickness when driving?
Never (1) Sometimes(2)*  Often (3)**

* Experimenter: if subject answers "sometimes' to experiencing motion sickness, ask
them further questionstto try and assessif thisislikely to be aproblem
in the smulator. If S0, go to **!

*x Experimenter: if the subject answers "often” to experiencing motion sickness, inform
them of the fallowing:

One potentid risk with any smulator study is the possibility of "smulator sickness.”
Simulator Scknessis Smilar to the motion sickness that some experience when traveling
inavehicle. Because you often experience motion sickness, there might be a chance of
you experiencing motion sickness from our smulator. We don't want this to happen, so
unfortunately you won't be able to participate in this udy. We do however, grestly
gopreciate your time and interest, and if you like, we can put you on our list for other
experiments. That way, if we have aneed for subjects a any timein the future, we will
contact you.

1) All subjects MUST have an active driver's license.
2) Subjects must drive at least 2 times/week.
3) Subjects must not experience motion sickness "often.”



EXPERIMENT 5A PRE-STUDY QUESTIONNAIRE:
HOW COMFORTABLE ARE YOU WITH COMPUTERS?
(QUESTIONNAIRE REPEATED IN POST-STUDY.)

Experiment SA
Post-Study Questionnaire
How Comfortable Are You With Computers?

It isimportant to us to understand how comfortable you fed with computers. Please mark with an "' X"
to indicate how much each statement below appliesto you. Marking toward the 100 would indicate
that a statement strongly applies. Marking toward the O would indicate that it does not apply.

1 | am sure | could do work with computers.
0 0 100
Toew mt 2o nglyr
Fpphyr Frphies
2. | would like working with computers.
i 50 100
Do it 2o oyl
Ppphyr Frphas
3. | would fed comfortable working with computers.
0 0 100
Doe mt 2o nglyr
Apohyr Bopplies




4, Working with a computer would make me very nervous.

0 50 100
Doar ot 2o oyl
Aprhyr hplis
5. | do aslittle work with computers as possible.
0 50 100
Doar ot 2o oyl
Aprhyr hplis
6. | think using a computer would be very hard for me.
0 50 100
Doar ot 2o oyl
Aprhyr hplis




APPENDIX B: SYMBOL MESSAGES

Double Arrow

Bus Station Recrcalion {Obstruction)

EXPERIMENT 5A DATA COLLECTION

Fog Lights On
Schoal Crossing il Pressure

Low

Trunk Open Fédﬁt;'*ﬂﬂ i No Hitchhiking
rassing

Mo Right Turn No Heavy Trucks i Deer Crossing

G Slippery When Worker
Cattle Crossing Wet (Construction)



EXPERIMENT SA POST TEST.

E

Snow Ahead Car Fire Ahead

A

Speed Bumps Ahead

Propane No Right Tum

Low Tire Pressune Fog Lights On

Slow Trucks/Steep
Incline Ahcad

Disabled Vehicle

Catile Crossing
Ahead

Slow Plow Ahead Construction Equipment
Ahead

Check Speed

Rain Ahead Car Crash Ahead Schoaol Crossing

Ambulance
Approaching




EXPERIMENT 5A UNFAMILIAR POST TEST COMPREHENSION.

Disabled Vehicle
Ahead

Appraaching

Snow Ahead

Show Trucks/Steep
Incline Ahead

Slow Plow Ahead

Car Fire Ahead

Low Tire Pressure

Congestion Ahead

Construction Equipment
Ahead

Car Crash Ahead

Speed Bumps Ahead




EXPERIMENT 5C DATA COLLECTION.

ﬂ."l'\.

Fallen Rocks

Cattle Crassing

Ambulance
Approaching

Low Tire Pressune

Train
Station




APPENDIX C. RESULTS ANOVA TABLES

EXPERIMENT 5A - RECOGNITION ACCURACY

Table 17. Analysis of variance for gender, age, repetition, delay, and symbol type.

SOURCE OF VARIATION df MS F p GREENHOUSE-=

GEISSER

Gender 1 0.072 144 0.25

Age 1 0.27 5.39 0.036

Gender x Age 1 0.027 054 0.475

Error 14 0.05

Repetition 1 0.024 095 0.348

Repetition x Gender 1 0.005 02 0.665

Repetition x Age 1 0.005 021 0.654

Repetition x Gender x Age 1 0.002 0.09 0.767

Error 14 0.025

Delay 1 0.199 | 30.72 0.0001

Delay x Gender 1 0.017 26 0.129

Delay x Age 1 0.071 10.97 0.005

Delay x Gender x Age 1 0.027 41 0.062

Error 14

Repetition x Delay 1 0.004 029 0599

Repetition x Delay x Gender 1 0.017 133 0.268

Repetition x Delay x Age 0.006 0.49 0.495

Repetition x Delay x Gender x Age 1 0.018 138 0.26

Error 14 0.013

Symbol Type 5 0.099 3.24 0.011 0.05

Symbol Type x Gender 5 0.012 0.39 0.853 0.693

Symbol Typex Age 5 0.035 114 0.346 0335

Symbol Type x Gender x Age 5 0.027 09 0.483 0425

Error 70 0.031




Table 17. Analysis of variance for gender, age, repetition, delay, and symbol type

(continued).
SOURCE OF VARIATION df MS F p GREENHOUSE=
GEISSER
Repetition x Symbol Type 5 0.035 247 004 0.084
Repetition x Symbol Type x Gender 5 0.022 153 0.192 0.227
Repetition x Symbol Typex Age 5 0.005 033 0.892 0.775
Repetition x Symbol Type x Gender x Age 5 0.007 052 0.764 0.65
Error 70 0.014
Delay x Symbol Type 5 0.012 0.97 0443 0405
Delay x Symbol Type x Gender 5 0.011 091 0477 0428
Delay x Symbol Typex Age 5 0.011 0.92 0471 0.424
Delay x Symbol Type x Gender x Age 5 0.001 01 0.992 0.939
Error 70 0.012
Repetition x Delay x Symbol Type 5 0.137 5.92 0.0001 0.003
Repetition x Delay x Symbol Type x Gender 5 0.065 282 0.022 0.057
Repetition x Delay x Symbol Typex Age 5 0.011 0.46 0.804 0.69
Repetition x Delay x Symbol Type x Gender x Age 5 0.001 0.06 0.998 0.974
Error 70 0.023




EXPERIMENT 5A - RECOGNITION LATENCY

Table 18. Analysis of variance for gender, age, repetition, delay, and symbol type.

SOURCE OF VARIATION df MS F p GREENHOUSE-=
GEISSER
Gender 1 29.89 182 0.198
Age 1 0.38 0.02 0.882
Gender x Age 1 1261 0.77 0.395
Error 14 16.38
Repetition 1 11.55 5.19 0.039
Repetition x Gender 1 6.37 2.86 0112
Repetition x Age 1 134 0.60 0451
Repetition x Gender x Age 1 144 0.65 0435
Error 14 223
Delay 1 113.87 77.28 0.001
Delay x Gender 1 043 0.29 0.599
Delay x Age 1 0.01 0.01 0.943
Delay x Gender x Age 1 0.02 0.01 0.915
Error 14 147
Repetition x Delay 1 133 116 0.300
Repetition x Delay x Gender 1 0.14 0.01 0912
Repetition x Delay x Age 1 0.14 012 0.736
Repetition x Delay x Gender x Age 1 047 041 0532
Error 14 115
Symbol Type 5 8.97 10.67 0.001 0.001
Symbol Type x Gender 5 0.72 0.86 0.513 0454
Symbol Type x Age 5 3.05 3.63 0.006 0.029
Symbol Type x Gender x Age 5 0.74 0.88 0.500 0444
Error 70 084




Table 18. Analysis of variance for gender, age, repetition, delay, and symbol type

(continued).
SOURCE OF VARIATION df MS F p GREENHOUSE=
GEISSER
Repetition x Symbol Type 5 3.30 4.38 0.002 0.016
Repetition x Symbol Type x Gender 5 0.158 021 0.958 0.847
Repetition x Symbol Typex Age 5 0.823 1.09 0.374 0.357
Repetition x Symbol Type x Gender x Age 5 0.714 094 0.457 0412
Error 70 0.755
Delay x Symbol Type 5 0.10 0.13 0.984 0.933
Delay x Symbol Type x Gender 5 0.36 047 0.795 0.6%4
Delay x Symbol Typex Age 5 0.77 101 0417 0.395
Delay x Symbol Type x Gender x Age 5 033 043 0.824 0.722
Error 70 0.76
Repetition x Delay x Symbol Type 5 6.61 8.25 0.001 0.001
Repetition x Delay x Symbol Type x Gender 5 0.91 113 0.351 0.346
Repetition x Delay x Symbol Typex Age 5 1.06 133 0.263 0.378
Repetition x Delay x Symbol Type x Gender x Age 5 178 233 0.061 0.101
Error 70 0.80




EXPERIMENT 5A - RECOGNITION CONFIDENCE

Table 19. Analysis of variance for gender, age, repetition, delay, and symbol type.
SOURCE OF VARIATION df MS F p GREENHOUSE-=
GEISSER
Gender 1 158.8 0.08 0.777
Age 1 3498.6 184 0.196
Gender x Age 1 559.2 0.29 0.596
Error 14 | 18979
Repetition 1 314.1 118 0.296
Repetition x Gender 1 14.29 0.05 0.820
Repetition x Age 1 0.60 0.00 0.963
Repetition x Gender x Age 1 239.3 0.90 0.360
Error 14 266.6
Delay 1 |2350.5 8.26 0.012
Delay x Gender 1 391 0.01 0.901
Delay x Age 1 6.00 0.02 0.887
Delay x Gender x Age 1 370.8 130 0.273
Error 14 284.6
Repetition x Delay 1 746.7 6.40 0.024
Repetition x Delay x Gender 1 85.3 0.73 0.407
Repetition x Delay x Age 1 1234 105 0.323
Repetition x Delay x Gender x Age 1 374 032 0581
Error 14 116.7
Symbol Type 5 [|1686.1 6.11 0.001 0.002
Symbol Type x Gender 5 | 3120 113 0.352 0.345
Symbol Typex Age 5 161.7 058 0.710 0.609
Symbol Type x Gender x Age 5 2248 0.82 0543 0481
Error 70 275.7




Table 19. Analysis of variance for gender, age, repetition, delay, and symbol type

(continued).
SOURCE OF VARIATION df MS F p GREENHOUSE=
GEISSER

Repetition x Symbol Type 5 460.7 278 0.024 0.062
Repetition x Symbol Type x Gender 5 256.7 155 0.185 0222
Repetition x Symbol Typex Age 5 205.6 124 0.299 0.306
Repetition x Symbol Type x Gender x Age 5 3264 197 0.0%4 0.143
Error 70 1655

Delay x Symbol Type 5 646.6 296 0.018 0.078
Delay x Symbol Type x Gender 5 2273 104 0.400 0.358
Delay x Symbol Typex Age 5 9.1 045 0.809 0.610
Delay x Symbol Type x Gender x Age 5 7.3 0.35 0.834 0.678
Error 70 2182

Repetition x Delay x Symbol Type 5 2130 1.89 0.107 0.149
Repetition x Delay x Symbol Type x Gender 5 10.72 0.18 0.968 0.899
Repetition x Delay x Symbol Typex Age 5 70.0 0.62 0.684 0.598
Repetition x Delay x Symbol Type x Gender x Age 5 2855 025 0.937 0.849
Error 70 1126




EXPERIMENT 5A - RECOGNITION CONFIDENCE LATENCY

Table 20. Analysis of variance for gender, age, repetition, delay, and symbol type.
SOURCE OF VARIATION df MS F p GREENHOUSE-=
GEISSER
Gender 1 16.7 259 0.13
Age 1 70.68 10.97 0.005
Gender x Age 1 842 131 0.272
Error 14 6.44
Repetition 1 40.93 11.41 0.005
Repetition x Gender 1 11.59 323 0.0%4
Repetition x Age 1 6.77 189 0191
Repetition x Gender x Age 1 223 0.62 0.444
Error 14 359
Delay 1 216 172 0.210
Delay x Gender 1 263 210 0.170
Delay x Age 1 1.90 151 0.239
Delay x Gender x Age 1 256 205 0174
Error 14 125
Repetition x Delay 1 170 1.06 0321
Repetition x Delay x Gender 1 1% 121 0.290
Repetition x Delay x Age 1 191 119 0294
Repetition x Delay x Gender x Age 1 212 132 0.269
Error 14 160
Symbol Type 5 295 1.88 0.108 0177
Symbol Type x Gender 5 0.85 054 0.747 0568
Symbol Typex Age 5 240 153 0.193 0.237
Symbol Type x Gender x Age 5 0.79 051 0.771 0.586
Error 70 157




Table 20. Analysis of variance for gender, age, repetition, delay, and symbol type

(continued).
SOURCE OF VARIATION df MS F p GREENHOUSE=
GEISSER

Repetition x Symbol Type 5 188 1.06 0.389 0341
Repetition x Symbol Type x Gender 5 203 114 0.346 0.319
Repetition x Symbol Typex Age 5 246 138 0241 0.266
Repetition x Symbol Type x Gender x Age 5 0.81 0.46 0.807 0571
Error 70 178

Delay x Symbol Type 5 2.26 174 0.137 0.203
Delay x Symbol Type x Gender 5 103 0.79 0.560 0432
Delay x Symbol Typex Age 5 122 0A 0.460 0.381
Delay x Symbol Type x Gender x Age 5 156 120 0.316 0.307
Error 70 130

Repetition x Delay x Symbol Type 5 146 123 0.305 0.303
Repetition x Delay x Symbol Type x Gender 5 118 0.99 0.430 0.370
Repetition x Delay x Symbol Typex Age 5 124 104 0.399 0.353
Repetition x Delay x Symbol Type x Gender x Age 5 117 0.99 0433 0371
Error 70 119




EXPERIMENT 5A - MEAN LANE POSITION

Table 21. Analysis of variance for gender, age, repetition, message type and PDA.

SOURCE OF VARIATION df MS F p GREG];T:SZI;SE'
Gender 1 584 221 0.159
Age 1 122 0.46 0.507
Gender x Age 1 223 0.85 0.373
Error 14 264
Repetition 1 85.8 27.0 0.001
Repetition x Gender 1 0.28 0.09 0771
Repetition x Age 1 6.60 207 0172
Repetition x Gender x Age 1 0.16 0.05 0.828
Error 14 319
Message Type 5 245 225 0.059 0101
Message Type x Gender 5 044 0.39 0.855 0.749
Message Type x Age 5 0.78 0.69 0.930 0553
Message Type x Gender x Age 5 0.56 050 0.778 0.675
Error 70 113
Repetition x Message Type 5 2.08 162 0.167 0.191
Repetition x Message Type x Gender 5 0.98 0.76 0581 0540
Repetition x Message Type x Age 5 0.72 056 0.731 0.670
Repetition x Message Type x Gender x Age 5 3.50 2.72 0.027 0.047
Error 70 129
PDA 2 172 337 0.049 0.058
PDA x Gender 2 138 270 0.085 0.095
PDA x Age 2 022 043 0.652 0.622
PDA x Gender x Age 2 0.64 125 0.301 0.299
Error 28 051




Table 21. Analysis of variance for gender, age, repetition, message type, and PDA

(continued).
SOURCE OF VARIATION df MS F p GREENHOUSE=
GEISSER
Repetition x PDA 2 125 125 0.302 0.300
Repetition x PDA x Gender 2 0.05 004 0.956 0.942
Repetition x PDA x Age 2 0.36 0.36 0.702 0.679
Repetition x PDA x Gender x Age 2 0.07 0.07 0934 0.917
Error 28 1.00
Message Type x PDA 10 1.50 3.27 0.001 0.001
Message Type x PDA x Gender 10 037 0.80 0.627 0555
Message Type x PDA x Age 10 0.36 0.79 0.641 0.566
Message Type x PDA x Gender x Age 10 0.69 151 0.143 0.197
Error 140 046
Repetition x Message Type x PDA 10 0.72 130 0.236 0.276
Repetition x Message Type x PDA x Gender 10 013 023 0.993 0.943
Repetition x Message Type x PDA x Age 10 053 0.96 0.479 0.444
Repetition x Message Type x PDA x Gender x Age 10 041 0.75 0.676 0.582
Error 140 0.55




EXPERIMENT 5A - STANDARD DEVIATION LANE POSITION

Table 22. Analysis of variance for gender, age, re etition, message type and PDA.
SOURCE OF VARIATION df MS F p GREG];T:SZI;SE'

Gender 1 053 014 071
Age 1 9.30 246 014
Gender x Age 1 0.78 021 0.66
Error 14 3.79
Repetition 1 145 334 0.089
Repetition x Gender 1 0.05 011 0.750
Repetition x Age 1 0.08 019 0671
Repetition x Gender x Age 1 0.36 0.83 0.379
Error 14 044
Message Type 5 051 234 0.050 0.089
Message Type x Gender 5 037 170 0.147 0184
Message Type x Age 5 0.18 084 0528 0479
Message Type x Gender x Age 5 0.25 112 0.358 0.352
Error 70 0.22
Repetition x Message Type 5 0.37 2.38 0.047 0.071
Repetition x Message Type x Gender 5 0.05 0.30 0.908 0.853
Repetition x Message Type x Age 5 0.04 025 0.938 0.890
Repetition x Message Type x Gender x Age 5 011 0.70 0.629 0.582
Error 70 0.16
PDA 2 0.29 144 0.255 0.256
PDA x Gender 2 021 1.06 0.359 0.349
PDA x Age 2 0.27 1.36 0.272 0.272
PDA x Gender x Age 2 0.01 004 0.958 0933
Error 28 0.20




Table 22. Analysis of variance for gender, age, repetition, message type and PDA

(continued).
SOURCE OF VARIATION df MS F p GREENHOUSE=
GEISSER
Repetition x PDA 2 0.19 185 0.175 0.179
Repetition x PDA x Gender 2 0.03 024 0.788 0.769
Repetition x PDA x Age 2 0.04 0.36 0.699 0.681
Repetition x PDA x Gender x Age 2 0.04 0.39 0.679 0.662
Error 28 0.10
Message Type x PDA 10 0.21 152 0.139 0.204
Message Type x PDA x Gender 10 0.08 0.56 0.842 0.705
Message Type x PDA x Age 10 0.24 176 0.074 0.144
Message Type x PDA x Gender x Age 10 0.04 031 0976 0.881
Error 140 014
Repetition x Message Type x PDA 10 013 157 0.120 0.163
Repetition x Message Type x PDA x Gender 10 0.06 0.73 0.692 0.627
Repetition x Message Type x PDA x Age 10 0.07 0.89 0541 0525
Repetition x Message Type x PDA x Gender x Age 10 0.06 0.69 0.737 0.666
Error 140 0.08




EXPERIMENT 5A - CRASHES

Table 23. Analysis of variance for gender, age, re etition, message type and PDA.
SOURCE OF VARIATION df MS F p GREG];T:SZI;SE'

Gender 1 0.09 0.01 0.964
Age 1 0.27 6.66 0.022
Gender x Age 1 0.01 0.03 0.860
Error 14 0.04
Repetition 1 011 271 0122
Repetition x Gender 1 0.01 0.02 0.882
Repetition x Age 1 0.06 162 0224
Repetition x Gender x Age 1 0.09 0.05 0.833
Error 14 0.04
Message Type 5 0.03 251 0.038 0.102
Message Type x Gender 5 0.01 1.00 0424 0377
Message Type x Age 5 0.02 156 0184 0.230
Message Type x Gender x Age 5 0.01 0.78 0570 0464
Error 70 0.01
Repetition x Message Type 5 0.01 034 0.890 0.692
Repetition x Message Type x Gender 5 0.01 071 0.617 0.484
Repetition x Message Type x Age 5 0.01 0.48 0.788 0.600
Repetition x Message Type x Gender x Age 5 0.01 0.37 0.869 0.671
Error 70 0.01
PDA 2 0.01 116 0.328 0.324
PDA x Gender 2 0.01 1.06 0.361 0.355
PDA x Age 2 0.02 222 0.128 0135
PDA x Gender x Age 2 0.01 120 0.317 0314
Error 28 0.01




Table 23. Analysis of variance for gender, age, repetition, message type and PDA

(continued).
SOURCE OF VARIATION df MS F p GREEET:IS(;[;SE'

Repetitionx PDA 2 0.02 1.01 0.378 0.367
Repetition x PDA x Gender 2 0.01 0.65 0.530 0.505
Repetition x PDA x Age 2 0.01 0.69 0.509 0.486
Repetition x PDA x Gender x Age 2 0.01 037 0.693 0.657
Error 28 0.02

Message Type x PDA 10 0.02 149 0.151 0.239
Message Type x PDA x Gender 10 0.01 0.42 0934 0.701
Message Type x PDA x Age 10 0.02 151 0.141 0.233
Message Type x PDA x Gender x Age 10 0.01 084 0.589 0.461
Error 140 0.01

Repetition x Message Type x PDA 10 0.03 3049 0.001 0.021
Repetition x Message Type x PDA x Gender 10 0.01 0.46 0912 0721
Repetition x Message Type x PDA x Age 10 0.03 3.20 0.001 0.030
Repetition x Message Type x PDA x Gender x Age 10 0.01 0.73 0.699 0459
Error 140 0.01




EXPERIMENT 5A: SYMBOL COMPREHENSION POST-TEST: ACCURACY

Table 24. Analysis of variance for age (2) and symbols (20).*

*Variances not assumed to be equal; Brown-Forsythe used.

SOURCE df F p
Age 1, 84 14.84 0.0002
Symbol 19,84 171 0.051
Agex Symbol 19,84 142 0.142
Table 25. Analysis of variance for age (2) and symbol group (5).*
SOURCE df F p
Age 1,16 5.9 0.027
Symbol 4,15 136 0.296
Age x Symbol 4,15 123 0.339
Table 26. Analysis of variance for age (2) and symbol group (6).*
SOURCE df F p
Age 1,21 8.8 0.007
Symbol 5,20 121 0.342
Agex Symbol 5,20 111 0.385




EXPERIMENT 5A: SYMBOL COMPREHENSION POST-TEST: LATENCY

Table 27. Analysis of variance for age (2) and symbols (20).*

SOURCE df F p
Age 1,95 10.91 0.0013
Symbol 19,95 5.07 0.00001
Age x Symbol 19,95 094 0.5357

Table 28. Analysis of variance for age (2) and symbol group (5).*

SOURCE df F p
Age 1,17 5.03 0.039
Symbol 4,17 0.80 0.539
Agex Symbol 4,17 2.26 0.105

Table 29. Analysis of variance for age (2) and symbol group (6).*

SOURCE df F p
Age 1,19 6.45 0.02
Symbol 5,18 0.79 057
Age x Symbol 5,18 209 0113

*Variances not assumed to be equal; Brown-Forsythe used.



EXPERIMENT 5B: RECOGNITION ACCURACY

Table 30. Analysis of variance for gender, message type, delay, and repetition.

SOURCE OF VARIATION df MS F p

Gender 1 0.00036 0.26 0.624
Error 10 0.0014

Message 1 9.00 2.30 0.160
Message x Gender 1 0.00155 110 0.318
Error 10 0.0014

Delay 1 0.0001 014 0.716
Delay x Gender 1 0.00009 011 0.742
Error 10 0.00074

Message x Delay 1 0.0001 0.09 0.769
Message x Delay x Gender 1 0.00088 0.77 0.400
Error 10 0.00114

Repetition 1 0.00082 2.60 0.138
Repetition x Gender 1 0.0001 0.33 0.579
Error 10 0.00032

Message x Repetition 1 0.00241 217 0171
Message x Repetition x Gender 1 0.0001 0.09 0.766
Error 10 0.00111

Delay x Repetition 1 0.00036 049 0499
Delay x Repetition x Gender 1 0.00357 4.90 0.051
Error 10 0.00073

Message x Delay x Repetition 1 0.00155 315 0.106
Message x Delay x Repetition x Gender 1 0 0 0.949
Error 10 0.00049




EXPERIMENT 5B - RECOGNITION ACCURACY

Table 31. Analysis of variance for gender, earcon, delay, and repetition.

GREENHOUSE-

SOURCE OF VARIATION df MS F p

GEISSER

Gender 1 0.04 0.75 0.407
Error 10 0.05
Earcon 20 0.03 152 0.076 0220
Earcon x gender 20 0.01 0.89 0.605 0472
Error 200 017
Delay 1 0 0 1.000
Delay x gender 1 0.02 0.65 0.441
Error 10 0.02
Earcon x delay 20 0.02 102 0435 0.407
Earcon x delay x gender 20 0.01 0.46 0977 0.765
Error 200 0.02
Repetition 1 0.06 421 0.067
Repetition x gender 1 0 0 1.000
Error 10 0.02
Earcon x repetition 20 0.03 129 0.186 0294
Earcon x repetition x gender 20 0.01 0.62 0.893 0.609
Error 200 0.02
Delay x repetition 1 0.04 250 0.145
Delay x repetition x gender 1 0.04 250 0.145
Error 10 0.01
Earcon x delay x repetition 20 0.03 181 0.022 0.138
Earcon x delay x repetition x gender 20 0.01 0.71 0.815 0.603
Error 200 0.02




EXPERIMENT 5B: RECOGNITION LATENCY

Table 32. Analysis of variance for gender, message type, delay, and repetition.

SOURCE OF VARIATION df MS F p

Gender 1 2073 155 0.242
Error 10 134

Message 1 2.03 14.13 0.004
Message x Gender 1 017 121 0.297
Error 10 014

Delay 1 20.33 121.27 0.001
Delay x Gender 1 0.39 234 0.157
Error 10 017

Message x Delay 1 0.00025 0 0.967
Message x Delay x Gender 1 0.00007 0 0.983
Error 10 0.14

Repetition 1 0.79 18.34 0.002
Repetition x Gender 1 0.00002 0 0.985
Error 10 0.04

Message x Repetition 1 0.07 170 0.222
Message x Repetition x Gender 1 0.21 5.19 0.046
Error 10 0.04

Delay x Repetition 1 0.01 011 0.747
Delay x Repetition x Gender 1 0.03 0.56 0473
Error 10 0.06

Message x Delay x Repetition 1 0.14 450 0.060
Message x Delay x Repetition x Gender 1 0.04 115 0.309
Error 10 0.03




EXPERIMENT 5B: RECOGNITION LATENCY

Table 33. Analysis of variance for gender, earcon, delay, and repetition.

GREENHOUSE-
SOURCE OF VARIATION df MS F p
GEISSER
Gender 1 10.98 0.78 0.399
Error 10 14.14
Earcon 20 5.54 6.17 0.000 0.001
Earcon x gender 20 1.08 121 0.252 0.317
Error 200 090
Delay 1 212.01 69.97 0.000
Delay x gender 1 423 14 0.265
Error 10 303
Earcon x delay 20 116 119 0.268 0.3262
Earcon x delay x gender 20 091 093 0544 0474
Error 200 0.97
Repetition 1 13.89 21.36 0.001
Repetition x gender 1 212 326 0.101
Error 10 0.65
Earcon x repetition 20 120 132 0.172 0.270
Earcon x repetition x gender 20 0.70 0.77 0.748 0581
Error 200 091
Delay x repetition 1 0.90 0.88 0.369
Delay x repetition x gender 1 149 146 0254
Error 10 102
Earcon x delay x repetition 20 175 223 0.003 0.060
Earcon x delay x repetition x gender 20 0.72 092 0.568 0.484
Error 200 0.79




EXPERIMENT 5B: RECOGNITION CONFIDENCE

Table 34. Analysis of variance for gender, message type, delay, and repetition.

SOURCE OF VARIATION df MS F p
Gender 1 15954 201 0.186
Error 10 79.20
Message 1 0.90 014 0711
Message x Gender 1 0.38 0.06 0.809
Error 10 6.19
Delay 1 84.54 352 0.090
Delay x Gender 1 022 0.01 0.925
Error 10 2401
Message x Delay 1 034 0.02 0.900
Message x Delay x Gender 1 0.28 0.01 0.909
Error 10 2024
Repetition 1 0.16 0.02 0.882
Repetition x Gender 1 19.62 2.87 0121
Error 10 6.84
Message x Repetition 1 168 0.10 0.761
Message x Repetition x Gender 1 5.61 033 0.581
Error 10 17.19
Delay x Repetition 1 7.77428 135 0.272
Delay x Repetition x Gender 1 0.93634 0.16 0.695
Error 10 5.74497
Message x Delay x Repetition 1 10.61277 219 0.170
Message x Delay x Repetition x Gender 1 011213 0.02 0.882
Error 10 4.8464




EXPERIMENT 5B: RECOGNITION CONFIDENCE

Table 35. Analysis of variance for gender, earcon, delay, and repetition.

GREENHOUSE-
SOURCE OF VARIATION df MS F p
GEISSER

Gender 1 257856 3.08 0.118
Error 8 837.87
Earcon 20 158.82 111 0.344 0.369
Earcon x gender 20 130.97 091 0.569 0.466
Error 160 143.16
Delay 1 108.36 199 0.196
Delay x gender 1 206.83 3.79 0.087
Error 8 54.51
Earcon x delay 20 151.62 125 0.220 0.309
Earcon x delay x gender 20 111.38 0.92 0.563 0.465
Error 160 121.15
Repetition 1 3.62 0.02 0.887
Repetition x gender 1 219 0.01 0912
Error 8 168.74
Earcon x repetition 20 171.34 143 0.115 0.249
Earcon x repetition x gender 20 12171 102 0.446 0412
Error 160 119.76
Delay x repetition 1 127.30 209 0.187
Delay x repetition x gender 1 100.30 164 0.236
Error 8 61.02
Earcon x delay x repetition 20 127.63 128 0.203 0304
Earcon x delay x repetition x gender 20 74.30 0.74 0.777 0.548
Error 160 100.07




EXPERIMENT 5C: RECOGNITION ACCURACY

Table 36. Analysis of variance for alert, scenario, message modality, and message format.

SOURCE OF VARIATION df MS F p
Alert 2 0.01 125 0.299
Error 3 0.01
Scenario 1 0.0001 0.03 0.862
Scenario x Alert 2 0.01 279 0.076
Error 33 0.00315
Message Modality 1 0.02 15.18 0.0005
Message Modality x Alert 2 0.01 3.85 0.032
Error 3 0.00143
Scenario X Message Modality 1 0.00087 0.38 0541
Scenario x Message Modality x Alert 2 0.00203 0.09 0.420
Error 3 0.00227
Message Format 1 0.01 4.12 0.050
Message Format x Alert 2 0.00125 044 0.646
Error 33 0.00283
Scenario x Message Format 1 0.00241 0.40 0530
Scenario x Message Format x Alert 2 0.00936 156 0225
Error 3 0.00599
Message Modality x Message Format 1 0.00087 0.26 0.611
Message Modality x Message Format x ” 0.00608 185 0174
Alert
Error 3 0.00329
Scenario X Message Modality x Message 1 000241 063 0434
Format
Scenario X Message Modality x Message 5 000993 58 0091
Format x Alert
Error 33 0.00385




EXPERIMENT 5C: RECOGNITION ACCURACY

Table 37. Analysis of variance for alert, scenario, message modality, and delay.

GREENHOUSE-
SOURCE OF VARIATION df MS F p

GEISSER
Alert 2 0.02 171 0.196
Error 33 0.01
Scenario 1 0.0041 120 0.281
Scenario x Alert 2 0.01 182 0.178
Error 3 0.0034
Message Modality 2 0.01 5.18 0.008 0.014
Message Modality x Alert 4 0.0045 162 0.179 0.192
Error 66 0.0028
Scenario X Message Modality 2 0.0032 111 0.335 0.333
Scenario X Message Modality x Alert 4 0.0027 094 0.445 0.442
Error 66 0.0028
Delay 1 0.17 21.97 0.001
Delay x Alert 2 0.02 2.35 0111
Error 3 0.01
Scenario x Delay 1 0.03 6.61 0.015
Scenario x Delay x Alert 2 0.01 160 0.217
Error 3 0.0039
Message Modality x Delay 2 0.02 5.95 0.004 0.006
Message Modality x Delay x Alert 4 0.0042 114 0.347 0.346
Error 66 0.0037
Scenario x Message Modality x Delay 2 0.0012 040 0.675 0.673
Scenario X Message Modality x Delay x 4 0.0040 130 0278 0279
Alert
Error 66 0.0031




EXPERIMENT 5C: RECOGNITION ACCURACY

Table 38. Analysis of variance for alert, scenario, message modality, format, and delay.

SOURCE OF VARIATION df MS F p
Alert 2 0.02 0.83 0443
Error 33 0.03
Scenario 1 0.00043 0.02 0.876
Scenario x Alert 2 0.02 139 0.264
Error 33 0.02
Message Modality 1 0.08 9.67 0.004
Message Modality x Alert 2 0.03 4.08 0.026
Error 3 0.01
Scenario X Message Modality 1 0.00391 0.35 0.557
Scenario x Message Modality x Alert 2 0.01 0.96 0.3M4
Error 33 0.01
Format 1 0.00444 0.29 0592
Format x Alert 2 0.01 0.67 0517
Error 33 0.02
Scenario x Format 1 0.03 114 0.294
Scenario X Format x Alert 2 0.01 0.33 0.721
Error 3 0.02
Message Modality x Format 1 0.00028 0.02 0.883
Message Modality x Format x Alert 2 0.03 223 0124
Error 3 0.01
Scenario X Message Modality x Format 1 0.01 05 0.485
Scenario X Message Modality x Format x Alert 2 0.02 167 0204
Error 3 0.00139
Delay 1 0.17 6.87 0.013
Delay x Alert 2 0.01 034 0.714
Error 33 0.03




Table 38. Analysis of variance for alert, scenario, modality, format, and delay (continued).

SOURCE OF VARIATION df MS F p

Scenario x Delay 1 0.02 130 0.262
Scenario x Delay x Alert 2 004 239 0.108
Error 3 0.02

Message Modality x Delay 1 0.03 244 0.128
Message Modality x Delay x Alert 2 0.02 144 0.252
Error 3 0.01

Scenario x Message Modality x Delay 1 0.00444 0.35 0.557
Scenario X Message Modality x Delay x Alert 2 0.02 172 0.195
Error 33 0.01

Format x Delay 1 0.00391 0.23 0.633
Format x Delay x Alert 2 0.01 0.63 0537
Error 33 0.02

Scenario x Format x Delay 1 0.01 041 0525
Scenario x Format x Delay x Alert 2 0.00048 0.03 0974
Error 3 0.02

Message Modality x Format x Delay 1 0.00043 0.03 0.868
Message Modality x Format x Delay x Alert 2 0.02 104 0.365
Error 3 0.02

Scenario x Message Modality x Format x Delay 1 0.02 145 0.237
Scenario X Message Modality x Format x Delay x 5 003 278 0077
Alert

Error 33 0.01




EXPERIMENT 5C: RECOGNITION LATENCY

Table 39. Analysis of variance for alert, scenario, message modality, and delay.

GREENHOUSE-
SOURCE OF VARIATION df MS F P
GEISSER
Alert 2 034 0.09 0918
Error 33 402
Scenario 1 5.42 19.38 0.001
Scenario x Alert 2 0.15 054 0.590
Error 3 0.28
Message Modality 0.12 0.94 0.397 0.390
Message Modality x Alert 4 0.33 251 0.050 0.056
Error 66 013
Scenario X Message Modality 2 0.18 135 0.268 0.266
Scenario x Message Modality x Alert 4 0.06 045 0.775 0.729
Error 66 013
Delay 1 47.74 45.07 0.001
Delay x Alert 2 154 145 0.249
Error 3 106
Scenario x Delay 1 0.56 4.09 0.051
Scenario x Delay x Alert 2 0.07 0.52 0.598
Error 3 0.00389
Message Modality x Delay 2 0.03 0.17 0.847 0.842
Message Modality x Delay x Alert 4 0.18 114 0.347 0.347
Error 66 0.16
Scenario x Message Modality x Delay 2 0.48 3.54 0.035 0.039
Scenario X Message Modality x Delay x 4 004 027 089 0883
Alert
Error 66 014




EXPERIMENT 5C: RECOGNITION LATENCY

Table 40. Analysis of variance for alert, scenario, message modality, message format, and

delay.
SOURCE OF VARIATION MS F p

Alert 103 0.19 0.832
Error 555
Scenario 8.56 14.31 0.0006
Scenario x Alert 0.09 0.15 0.862
Error 0.60
Message Modality 0.80 106 0311
Message Modality x Alert 116 155 0.227
Error 0.75
Scenario X Message Modality 012 0.23 0.632
Scenario X Message Modality x Alert 059 118 0.319
Error 050
M essage Format 071 154 0224
Message Format x Alert 0.28 0.61 0551
Error 0.46
Scenario x Message Format 0.45 181 0.188
Scenario x Message Format x Alert 052 2.06 0.144
Error 025
Message Modality x Message Format 041 113 0.296
Message Modality x Message Format x Alert 050 139 0.264
Error 0.36
Scenario X Message Modality x Message Format 105 3.79 0.060
Scenario X Message Modality x Message Format x 014 051 0607
Alert
Error 0.28
Delay 69.17 44.75 0.000
Delay x Alert 123 0.80 0.459
Error 155




Table 40. Analysis of variance for alert, scenario, message modality, message format, and
delay (continued).

SOURCE OF VARIATION df MS F p
Scenario x Delay 1 113 256 0119
Scenario x Delay x Alert 2 013 0.30 0.741
Error 3 0.44
Message Modality x Delay 1 0.60 126 0.270
Message Modality x Delay x Alert 2 094 197 0.155
Error 3 047
Scenario x Message Modality x Delay 1 0.01 0.04 0.853
Scenario X Message Modality x Delay x Alert 2 0.19 049 0.617
Error 33 0.38
Message Format x Delay 1 020 042 0519
Message Format x Delay x Alert 2 0.26 057 0573
Error 33 047
Scenario X Message Format x Delay 1 059 104 0.316
Scenario x Message Format x Delay x Alert 2 0.48 0.84 0.439
Error 3 057
Message Modality x Message Format x Delay 1 0.65 135 0.253
Message Modality x Message Format x Delay x 5 047 098 0387
Alert
Error 33 048
Scenario x Message Modality x Message Format x 1 053 128 0267
Delay
Scenario x Message Modality x Message Format x 5 031 074 0486
Delay x Alert
Error 33 042




EXPERIMENT 5C: RECOGNITION LATENCY

Table 41. Analysis of variance for alert, scenario, message modality, and message format.

SOURCE OF VARIATION df MS F p
Alert 2 021 0.08 0.926
Error 33 2.65
Scenario 1 3.30 153 0.0004
Scenario x Alert 2 0.19 0.87 0.427
Error 33 022
Message Modality 1 021 137 0.250
Message Modality x Alert 2 0.55 35 0.042
Error 3 0.16
Scenario X Message Modality 1 034 165 0.208
Scenario x Message Modality x Alert 2 0.06 0.29 0.749
Error 33 0.20
Message Format 1 0.97 6.56 0.015
Message Format x Alert 2 0.08 052 0.602
Error 33 015
Scenario x Message Format 1 6.53 20.51 0.0001
Scenario x Message Format x Alert 2 084 263 0.09
Error 3 0.32
Message Modality x M essage Format 1 0.38 2338 013
Message Modality x Message Format x Alert 2 0.01 0.61 055
Error 3 0.16
Scenario X Message Modality x Message Format 1 0.28 228 014
Scenario X Message Modality x Message Format x 5 006 050 061
Alert
Error 3 012




EXPERIMENT 5C: RECOGNITION CONFIDENCE

Table 42. Analysis of variance for alert, scenario, message modality, and delay.

GREENHOUSE-
SOURCE OF VARIATION df MS F p

GEISSER
Alert 2 871.90 289 0.697
Error 33 301.60
Scenario 1 154.30 532 0.028
Scenario x Alert 2 1383 048 0.625
Error 33 28.99
Message Modality 2 324.70 7.12 0.002 0.004
Message Modality x Alert 4 123.13 2.70 0.038 0.052
Error 66 31.08
Scenario X Message Modality 2 26.64 0.86 0.429 0.406
Scenario x Message Modality x Alert 4 83.86 2.70 0.038 0.053
Error 66 31.08
Delay 1 4267.14 24.93 0.001
Deay x Alert 2 268.34 157 0224
Error 33 171.19
Scenario x Delay 1 278.64 8.66 0.006
Scenario x Delay x Alert 2 42.83 133 0.278
Error 3 32.16
Message Modality x Delay 2 165.32 5.16 0.008 0.008
Message Modality x Delay x Alert 4 137.38 4.29 0.004 0.004
Error 66 3202
Scenario x Message Modality x Delay 2 295 0.06 0.941 0.935
Scenario X Message Modality x Delay x 4 3593 074 0569 0564
Alert
Error 66 48.65




EXPERIMENT 5C: RECOGNITION CONFIDENCE

Table 43. Analysis of variance for alert, scenario, message modality, and message format.

SOURCE OF VARIATION df MS F p
Alert 2 666.98 3.02 0.062
Error 33 220.86
Scenario 1 182.43 6.06 0.019
Scenario x Alert 2 1534 051 0.605
Error 33 30.10
Message Modality 1 648.96 10.11 0.003
Message Modality x Alert 2 188.63 294 0.067
Error 3 64.18
Scenario X Message Modality 1 19.35 0.60 0.44
Scenario x Message Modality x Alert 2 76.91 2.38 011
Error 33 32.35
Message Format 1 191.62 6.21 0.018
Message Format x Alert 2 147.91 4.79 0.015
Error 33 30.87
Scenario x Message Format 1 932.93 14.68 0.001
Scenario x Message Format x Alert 2 171.87 2.70 0.082
Error 3 63.57
Message Modality x Message Format 1 183.02 6.02 0.020
Message Modality x Message Format x Alert 2 4115 135 0272
Error 3 30.39
Scenario X Message Modality x Message Format 1 91.37 231 0.138
Scenario X Message Modality x Message Format x 5 68,68 173 019
Alert
Error 33 39.62




EXPERIMENT 5C: RECOGNITION CONFIDENCE

Table 44. Analysis of variance for alert, scenario, message modality, message format, and

delay.

SOURCE OF VARIATION df MS F p
Alert 2 742.36 159 0.220
Error 33 467.78
Scenario 1 519.75 370 0.063
Scenario x Alert 2 56.51 040 0.672
Error 3 140.64
Message Modality 1 2026.46 10.18 0.003
Message Modality x Alert 2 365.26 183 0.176
Error 3 199.06
Scenario X Message Modality 1 0.216 0 0971
Scenario X Message Modality x Alert 2 199.75 1.29 0.290
Error 33 155.17
M essage Format 1 355.46 285 0.101
Message Format x Alert 2 358.55 287 0.071
Error 33 124.89
Scenario x Message Format 1 0.95 0.01 0.918
Scenario x Message Format x Alert 2 12761 145 0.250
Error 3 83.09
Message Modality x Message Format 1 584.01 6.81 0.014
Message Modality x Message Format x Alert 2 96.23 112 0.3338
Error 3 85.72
Scenario X Message Modality x Message Format 1 264.27 15 0.229
Scenario X Message Modality x Message Format x 5 140 001 099
Alert
Error 3 176.05
Delay 1 5937.92 21.51 0.001
Delay x Alert 2 302.01 1.09 0.347
Error 33 276.02




Table 44. Analysis of variance for alert, scenario, message modality, message format, and
delay (continued).

SOURCE OF VARIATION df MS F p
Scenario x Delay 1 2918 0.2 0.659
Scenario x Delay x Alert 2 100.97 0.68 0511
Error 3 14753
Message Modality x Delay 1 1146.64 8.00 0.008
Message Modality x Delay x Alert 2 448.84 313 0.057
Error 3 143.40
Scenario x Message Modality x Delay 1 140.87 091 0.347
Scenario X Message Modality x Delay x Alert 2 3.65 0.02 0.978
Error 33 154.46
Message Format x Delay 1 16.00 0.09 0.765
Message Format x Delay x Alert 2 361.57 205 0.145
Error 33 176.47
Scenario X Message Format x Delay 1 375.63 252 0122
Scenario x Message Format x Delay x Alert 2 166.41 112 0.340
Error 3 148.89
Message Modality x Message Format x Delay 1 103.62 047 0.499
Message Modality x Message Format x Delay x 5 791 003 0.968
Alert
Error 33 22211
Scenario x Message Modality x Message Format x 1 13068 075 0394
Delay
Scenario x Message Modality x Message Format x 5 50714 286 0072
Delay x Alert
Error 3 17758




EXPERIMENT 5C: MEAN SPEED

Table 45. Analysis of variance for alert, message modality, window, and delay.

GREENHOUSE-
SOURCE OF VARIATION df MS F p

GEISSER
Alert 2 10542 2.36 0111
Error 3 44.75
Message Modality 2 6.37 5.48 0.006 0.006
Message Modality x Alert 4 0.73 0.63 0.644 0.643
Error 66 116
Window 2 3.60 12.44 0.000 0.0003
Window x Alert 4 047 164 0.175 0.196
Error 66 029
Message Modality x Window 4 1.59 5.77 0.000 0.001
Message Modality x Window x Alert 8 0.16 058 0.797 0.745
Error 132 0.28
Delay 1 301 3.96 0.055
Delay x Alert 2 0.65 0.86 0432
Error 33 0.76
Message Modality x Delay 2 6.67 10.30 0.001 0.001
Message Modality x Delay x Alert 4 0.69 107 0.381 0.380
Error 66 0.65
Window x Delay 2 1.19 3.47 0.037 0.041
Window x Delay x Alert 4 0.38 1.09 0.368 0.367
Error 66 034
Message Modality x Window x Delay 4 1.76 5.62 0.001 0.003
Message Modality x Window x Delay x 8 018 059 0785 0711
Alert
Error 132 031




EXPERIMENT 5C: STANDARD DEVIATION FOR SPEED

Table 46. Analysis of variance for alert, message modality, window, and delay.

GREENHOUSE-
SOURCE OF VARIATION df MS F p

GEISSER
Alert 2 0.37 0.73 0.490
Error 3 051
Message Modality 2 0.66 28.90 0.001 0.001
Message Modality x Alert 4 0.03 135 0.260 0.260
Error 66 0.02
Window 2 1.05 38.61 0.001 0.001
Window x Alert 4 0.03 112 0.355 0.351
Error 66 0.03
Message Modality x Window 4 0.40 23.87 0.001 0.001
Message Modality x Window x Alert 8 0.02 0.90 0515 0.498
Error 132 0.02
Delay 1 0.11 6.14 0.019
Delay x Alert 2 0.02 0.90 0415
Error 33 0.02
Message Modality x Delay 2 0.04 127 0.289 0.285
Message Modality x Delay x Alert 4 0.05 185 0.129 0.145
Error 66 0.03
Window x Delay 2 0.05 3.72 0.030 0.045
Window x Delay x Alert 4 0.01 0.55 0.699 0.645
Error 66 0.01
Message Modality x Window x Delay 4 0.02 0.74 0.568 0.498
Message Modality x Window x Delay x 8 003 156 0142 0186
Alert
Error 132 0.02




EXPERIMENT 5C: MEAN LANE POSITION

Table 47. Analysis of variance for alert, message modality, window, and delay.

GREENHOUSE-
SOURCE OF VARIATION df MS F p

GEISSER
Alert 2 172 0.33 0.720
Error 3 520
Message Modality 2 1.44 11.53 0.001 0.001
Message Modality x Alert 4 0.08 0.68 0.610 0.603
Error 66 012
Window 2 0.03 0.24 0.790 0.722
Window x Alert 4 0.10 0.73 0.574 0.537
Error 66 014
Message Modality x Window 4 0.26 4.02 0.004 0.005
Message Modality x Window x Alert 8 0.07 1.00 0.439 0.4364
Error 132 0.07
Delay 1 022 201 0.166
Delay x Alert 2 0.09 0.81 0454
Error 3 011
Message Modality x Delay 2 0.88 4.15 0.020 0.025
Message Modality x Delay x Alert 4 015 0.73 0573 0.558
Error 66 021
Window x Delay 2 0.04 0.75 0.475 0473
Window x Delay x Alert 4 0.04 0.63 0.641 0.638
Error 66 0.06
Message Modality x Window x Delay 4 0.20 3.38 0.011 0.017
Message Modality x Window x Delay x 8 003 055 0820 0792
Alert
Error 132 0.06




EXPERIMENT 5C: STANDARD DEVIATION FOR LANE POSITION

Table 48. Analysis of variance for alert, message modality, window, and delay.

GREENHOUSE-
SOURCE OF VARIATION df MS F p

GEISSER
Alert 2 0.03 0.07 0.937
Error 3 050
Message Modality 2 1.61 79.90 0.001 0.001
Message Modality x Alert 4 0.03 134 0.266 0273
Error 66 0.02
Window 2 1.82 82.76 0.001 0.001
Window x Alert 4 0.04 167 0.168 0.175
Error 66 0.02
Message Modality x Window 4 1.35 106.59 0.001 0.001
Message Modality x Window x Alert 8 0.004 0.29 0.968 0.949
Error 132 0.01
Delay 1 0.005 0.38 0.539
Delay x Alert 2 0.02 201 0.150
Error 33 0.01
Message Modality x Delay 2 0.003 0.22 0.802 0.798
Message Modality x Delay x Alert 4 0.01 0.56 0.696 0.693
Error 66 0.02
Window x Delay 2 0.00 0.09 0.910 0.879
Window x Delay x Alert 4 0.01 110 0.366 0.362
Error 66 0.01
Message Modality x Window x Delay 4 0.03 2.75 0.031 0.042
Message Modality x Window x Delay x 8 0,004 042 0906 0877
Alert
Error 132 0.01




REFERENCES

Brewster, S, Wright, P. C., & Edwards, A. D. N. (1995). Pardld earcons. Reducing the length of
audio messages. International Journal of Human-Computer Studies, 43, 153-175.

Broadbent, D. E. (1971). Decision and stress. New York: Academic Press.

Brown, J. (1959). Some tests of the decay theory of immediate memory. Quarterly Journal of
Experimental Psychology, 10, 12-21.

Cadli, T., & Porter, D. (1980). Ondifficultiesin locdizing anbulance Srens. Human Factors, 22,
719-724.

Dewar, R. E., Kline, D. W., & Swanson, H. A. (January, 1994). Age differencesin the
comprehension of traffic Sgn symbols. Paper presented at the 73rd Meeting of the
Transportation Research Board. Washington, DC: Transportation Research Board.

Dingus, T. A., & Hulse, M. C. (1993). Human factors research recommendations for the
development of design guiddinesfor Advanced Traveer Information Systlems. Proceedings of
the Human Factors and Ergonomics Society 37th Annual Meeting, 1067-1071.

Federd Highway Adminigration (1988). Manual on uniform traffic control devices for streets and
highways. Washington, DC: U.S. Department of Transportation.

Gaver, W. W. (1993). How do we hear in the world? Explorationsin ecologica acoustics.
Ecological Psychology, 5(4), 285-313.

Graham, R, Hirg, S. J,, & Carter, C. (1995). Auditory icons for collison avoidance warnings.

Intelligent Transportation: Serving the User Through Deployment. Proceedings of the
1995 ITS AMERICA Annual Conference, 1057-1063.

Greenhouse, S. W., & Geisser, S, (1959). On methods in the analysis of profile data.
Psychometrika.

Hawkins, H. E., Womack, K. N., & Mounce, J. M. (1993). Driver comprehension of warning Sgns.
Paper presented at the 72nd Annua Meeting of the Transportation Research Board.
Washington, DC: Transportation Research Board.

Huynh, H., & Feldt, L. S. (1970). Conditions under which mean square ratios in repested
measurement designs have fixed F-distributions. Journal of the American Statistical
Association, 65, 1582-1589.

ITSAmerica. (1995). Safety and human factors research needs. Presented by the Safety and
Human Factors Committee. Washington, DC: ITS America



Lee J.D., Stone, S. R, Gore, B. F., Colton, C., Macauley, J., Kinghorn, R. A., Campbell, J. L.,
Finch, M., & Jamieson, G. (1998). Development of human factors guidelines for
advanced traveler information systems and commercial vehicle operations. Design
alternatives for in-vehicle information displays (FHWA-RD-96-147). McLean, VA:
Office of Safety and Traffic Operations R& D, Federd Highway Adminigration.

Miched, S. G, & Casdi, J. G. (1995). Auditory prompts: Effects on visud acquigition time and
accuracy in a dashboard-mounted navigationd display task. Proceedings of the 3rd Annual
Mid-Atlantic Human Factors Conference, 15-21.

Norman, D. A. (1988). The design of everyday things. New York: Doubleday.

Peterson, L. R., & Peterson, M. J. (1959). Short-term retention of individua verba items. Journal
of Experimental Psychology, 58, 193-198.

Saunby, C. S, Farber, E. |., & DeMdllo, J. (1988). Driver understanding and recognition of
automotive 1SO symbols. Paper presented at the International Congress and Expostion (SAE
Technica Paper Series No. 880056). Warrendade, PA: Society of Automotive Engineers.



	Table of Contents
	Executive Summary
	1. Experiment 5A
	Introduction
	Method
	Subject
	Apparatus
	Automobile Test Buck
	Message and Question Displays
	Simulation Software

	Experimental Design
	Overview of Independent Variables
	Primary Independent Variables
	Primary Dependent Variables
	Subject Recruitment Phase
	Test Phase
	Post-Test Phase

	Procedures

	Results
	Subject Recruitment Phase
	Test Phase
	Measure of In-Vehicle System Message Recognition
	Accuracy of In-Vehicle System Message Recognitionm Question Response
	Latency of In-Vehicle System Message Recognition Question Response

	Measure of Self-Confidence of In-Vehicle System Message Recognition
	Self-Confidence in Recognition Response
	Latency of Self-Confidence Response
	Word Count Difference Between Short and Long Text Messages

	Measures of Simulated Driving Performance
	Mean Lane Position
	Standard Deviation Lane Position
	Crash Occurence


	Post-Test Phase
	Comfort With Computers
	Symbol Familiarity



	2. Experiment 5B
	Introduction
	Method
	Subjects
	Apparatus
	Experimental Design
	Independent Variables
	Dependent Variables
	Subject Recruitment Phase
	Pre-Test Message Recall Phase
	Simulator Testing Phase
	Post-Test Phase


	Procedures

	Results
	Pre-Test Message Recall
	In-Vehicle Messages
	Post-Test Message Recall


	3. Experiment 5C
	Introduction
	Method
	Participants
	Apparatus
	Experimental Design
	Between-Subject Variables
	Within-Subjects Variables
	Dependent Variables

	Procedures
	Task
	Scenarios


	Results
	Data Analysis
	Driver Recruitment Phase
	Pre-Test Message Recall Phase
	Simulator Testing Phase

	Message Screen Data
	Recognition Accuracy
	Recognition Latency
	Self-Confidence for Recognition Accuracy

	Driving Performance Data


	4. Discussion
	Driver Age
	Message Format and Comprehension
	Message Format and Memory
	Vehicle Control

	Appendix A: Questionnaires
	Subject Selection Phone Questionnaire
	Comfort with Computers Questionnaire

	Appendix B: Symbol Messages
	Experiment 5A Data Collection
	Experiment 5A Post Test
	Experiment 5A Unfamiliar Post Test Comprehension
	Experiment 5C Data Collection

	Appendix C: Results Anova Tables
	Experiment 5A
	Experiment 5B
	Experiment 5C

	References
	List of Abbreviations

