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FOREWORD

By Charles W. Niessner,
Saff Officer
Transportation Research
Board

This report presents the findings of a research project to investigate the informa-
tion load imposed on drivers from freeway signs and to develop a model to predict
driver information load. The model has been incorporated into a software tool to help
practitioners identify driver information overload problems and evaluate alternatives
for sign locations. The report will be of particular interest to traffic engineers with
responsibility for freeway sign legends and installations.

“Driver information overload” results from providing too much information,
through devices or conditions, for a driver to perceive and respond properly. There-
fore, theinformation load on adriver isaproperty not only of the specific sign they are
encountering, but also of the roadway context in which the sign occurs, the informa-
tion context in which the sign occurs, the behavior characteristics of the driver, and the
particular navigational task. Where drivers are confronted with more information than
they can process, they may decelerate severely or drive unduly slowly, make late or
erratic maneuvers, take an improper route aternative, ignore critical information, fail
to monitor other traffic, or have excessive eyes-off-the-road episodes. These behav-
iors have obvious safety and operational consequences.

Under NCHRP Projects 3-50 and 3-50(2), “Driver Information Overload” and
“Additional Investigationson Driver Information Overload,” respectively, Westat, Inc.
developed and validated a driver information overload model for freeways and trans-
lated the model into a practical tool for traffic and safety professionals to use in ana-
lyzing driver information |oadings.

Based on aliterature review and analysis of alternate approaches, NCHRP Project
3-50 made substantia progressin understanding the problem and developed a genera
model that captured the primary aspects of the problem. Two research experiments
conducted under Project 3-50 provided some empirical basis for certain aspects of the
model. However, at the conclusion of the project, the model remained primarily con-
ceptua rather than empirical.

Project 3-50(2) expanded on the previous work by conducting additional labora-
tory and on-road experiments. The laboratory experiments attempted to bracket the
range of information |oads associated with each sign type and the manner in which indi-
vidual signs of asign array combine to determine the overall information load associ-
ated with processing the sign array. The on-road experiments used a unique procedure
in which the drivers continuously operated a thumbwheel dial, mounted on the steer-
ing whesel, in order to reflect moment-to-moment changes in the subjective difficulty
of taking in all of the information with which they were dealing. The experiments also
recorded vehicle speed, navigational errors, and other overt driver problems. Taken
together, the experiments provided an empirical basis for refining the general concep-
tual model.



The model and the associated empirical base still has some limitations. Among
these, there was not a sufficient empirical basisfor defining a“red line” level that indi-
catesinformation overload. The model output is quantitative, but relative at this point.
Thus, alternate sign treatments can be compared as better or worse, but more research
or experience with the model will be required before a given information load rating
can be taken to be good, questionable, or bad (overload).

Themodel can be used to eval uate agiven system of signsor to seek improvements
using a“what if” approach. In addition to the software tool, the project also provided
a set of guidelines and recommendations for dealing with sign information overload
problems.
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SUMMARY

ADDITIONAL INVESTIGATIONS
ON DRIVER INFORMATION OVERLOAD

NCHRP Project 3-50(2), “ Additional Investigations on Driver Information Over-
load,” investigated the problems motorists face when confronted with a multitude of
complex sign displays as they drive and navigate. It extends work begun under a pre-
decessor project, NCHRP Project 3-50, “ Driver Information Overload.” Together, these
projects involved research that developed a model that predicts the peak information
demand experienced by drivers when encountering arrays of signs on freeways. The
model was then adapted as a software tool to help practitioners identify problems
related to driver information load and evaluate alternatives for locating signage.

“Driver information overload” is defined as providing amotorist with too muchinfor-
mation, through a series of devices or conditions, for adriver to have adeguate time to
perceive and respond properly. Therefore, the information load on adriver isaproperty
not only of the specific sign he or she is encountering, but also of the roadway context
in which the sign occurs, the information context in which the sign occurs, characteris-
ticsof thedriver, and the particular navigational task. Where drivers are confronted with
more information than they can process, they may decelerate severely or drive unduly
slowly, make late or erratic maneuvers, take an improper route alternative, ignore criti-
cal information, fail to monitor other traffic, or have excessive eyes-off-the-road time
episodes. These behaviors have obvious safety and operational consequences.

On the basis of a literature review and analysis of alternative approaches, an initia
model of the driver information load process was devel oped. The model wasrelated to
the concept of the“information load profile” of the Positive Guidance model. Asdevel -
oped here, the Driver Information Load model viewed two genera sources of demand as
drawing on driver attention resources. One source, termed Information Search Demand,
comesfrom dealing with the information displays confronting the driver. The two com-
ponents of the Information Search Demand are the characteristics of the specific sign
array and the characteristics of the general information environment in which that dis-
play occurs. The other genera source of demand on the driver, termed Driving Task
Demand, comes from dealing with the roadway and traffic while simultaneously trying
to navigate. The model treated two components of Driving Task Demand: (1) one con-
cerns the genera features of the roadway and (2) the other recognizes that attentional
demand increasesin some manner asakey navigational choice point isapproached. This
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model was further developed and refined through a series of four experiments, two in
the laboratory and two on the road. The four experiments established the reasonable-
ness of this simple model for predicting theinformation demand on the driver and gen-
erated a quantitative implementation of the model.

Thefirst experiment dealt with the information load imposed by individual freeway
signs. A “universe” of navigation-related freeway signswas defined based on the Man-
ual on Uniform Traffic Control Devices (MUTCD), and the study attempted to bracket
the range of information |oads associated with each sign type. Participantsin alabora-
tory study had to attempt to extract relevant information from the signs during brief
views similar in duration to asingle glance at asign while driving. Based on thiswork,
a look-up table was devised, so that an analyst could assign a reasonable information
load value to any typical freeway sign. The second laboratory experiment then dealt
with the manner in which individual signs of a sign array combine to determine the
overal information load associated with processing the sign array. Photoediting tech-
nigques were used to manipulate scenes so that sign panels could be “added” or “sub-
tracted” from roadway scenes, with aviewing procedure similar to thefirst experiment.
Various “rules’ were investigated as predictors of the information demand of a sign
array, based on the use of individua sign ratings taken from the look-up tables of the
previous experiment. On the basis of the findings of this experiment, an analyst could
then use the look-up tablefor individual signsand apply asummation rule to determine
theinformation load associated with a set of signs co-located with one another on afree-
way. The remaining two experiments were the preliminary and primary on-road exper-
iments, which addressed other aspects of the driver information load model. These
included roadway factors, spatio-temporal aspectsof information load, and overt indices
of driving problems. The on-road experiments used a unique procedure in which the
driver continuously operated athumbwheel dial, mounted on the steering wheel, in order
to reflect moment-to-moment changes in the subjective difficulty of taking in al of the
information with which they were dealing. The experiments also recorded vehicle speed,
navigational errors, and other overt driver problems. Taken together, the set of experi-
ments provided an empirical basisfor refining the general conceptual model.

The set of experiments produced the following conclusions:

« “Information load ratings’ for individual signs, as operationalized in this study,
werereliable and replicable. Ratings for acommon subset of signs used in the two
laboratory studies correlated at r = 0.86, despite a number of methodological dif-
ferences between the experiments.

« The look-up tables developed in the initial experiment accurately predicted the
empirically derived information load ratings of individual signs. When the tables
were used to predict the information load of new signs in the second laboratory
experiment, the correlation between the table-derived values and the laboratory
findingswasr = 0.84.

« The information demand of an array of signs could be well-predicted based on
knowledge of the individual signs, using the lookup table. The multiple-R corre-
lation was 0.95.

» Theinformation load imposed by a sign array, as actually measured on the road,
could be well-predicted by the four-factor model (described below). The group
load ratings for mean peak information for driversin the on-road experiment cor-
related at R = 0.81 with the model prediction. This means that even though the
model isquite simple, itisstill able to account for approximately two-thirds of the
variance in the on-road ratings.
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The model, and the associated empirical base, still suffer from a number of limita-
tions, discussed in the report. Among these, there was not a sufficient empirical basis
for defining a“red line” level that indicates “information overload.” The model output
is quantitative, but relative at this point. Thus, alternative sign treatments can be com-
pared as better or worse, but more research or experience with the model will be
required before a given information load rating can be taken to be good, questionable,
or bad (overload).

The model that emerged from this work was a four-factor multiple regression that
included the following factors:

1. Sign array information demand: based on amethod of summing individual sign
values derived from a set of look-up tables.

2. Maneuver proximity: based on a ramping function that takes into account the
distance of the sign array from the maneuver point. The function begins to ramp
up 6,000 ft from the maneuver point and peaks 1,500 ft from the maneuver point,
before ramping down from there to the maneuver point.

3. Local information density: based on theinformation demand and distance of the
other sign arrays surrounding the target sign array.

4. Roadway demand: based on the geometric features of the roadway over the
11,000 ft preceding the maneuver point. The featuresinclude the number of lanes,
curves, merges, exits, weaving sections, and lane drops.

The model does not include driver or traffic variables because it is based on the
worst-case conditions. The driver is assumed to be either elderly or inexperienced,
unfamiliar with the route, and navigating to an approaching destination. However, the
driver is aso assumed to be non-impaired and English-literate. Information load
appears to be worst under conditions of moderately heavy but flowing traffic. When
congestion is heavy and speeds are slow, the difficulty isnot in acquiring the informa-
tion but in accomplishing the maneuver. When traffic is light, there isless demand on
the driver and there is more opportunity to slow down and to make maneuvers.

The model was implemented as a Driver Information Load software tool, designed
for IBM compatible PCs with a Windows Operating System (Windows 95 or later). It
uses Microsoft Access Runtime and Excel programs simultaneously. The program
takes the analyst through the data entry process and use of the look-up tables for indi-
vidual signs. Model output is in both tabular and graphic formats, and shows the con-
tribution of the various model component elementsto the overall information load. The
model can be used to evaluate a given system of signs or to seek improvements using
a“what if” approach. In addition to the software tool, the project also provided a set of
guidelines and recommendations for dealing with sign information overload problems.




CHAPTER 1
INTRODUCTION AND OVERVIEW

THE PROBLEM OF DRIVER INFORMATION
OVERLOAD

Drivers are frequently confronted with a multitude of
information displays, which they must perceive, comprehend,
and evaluate while they are simultaneously controlling their
vehicles, monitoring other traffic, dealing with distractions,
and navigating to a destination. In most metropolitan areas,
one can readily find examples of freeway sites where within
afew minutes of driving timethere are dozens of elements of
route guidance information, in addition to other information
sources and distractions. The need for signing is frequently
associated with complex traffic operations, geometrics, or
potentially hazardous situations, so that the information load
confronting the driver is often greatest when the demands of
vehicle control, guidance, and crash avoidance also impose
their greatest workload. When drivers are confronted with
more information than they can process, they may decelerate
severely or drive too slowly, make late or erratic maneuvers,
takeanimproper route alternative, ignorecritical information,
fail to monitor other traffic, or have excessive episodes of
eyes-off-the-road time. These behaviors have obvious safety
and operational consequences. Current standards permit rather
high densities of destination signing, and current guidance is
lacking in terms of helping the traffic engineer determine
when there is too much information and what can be done to
address it. The purpose of NCHRP Project 3-50 (2), “Addi-
tional Investigationson Driver Information Overload,” wasto
address these issues. It sought to define the problem, provide
a means for estimating information load, and provide guid-
ance for dealing with potential driver overload. The “Addi-
tional Investigations” in the project title reflects the fact that
this project extended work begun under an initial project,
NCHRP 3-50, “Driver Information Overload” (1).

Driver information overload (DI O), as used in this project,
isdefined as providing amotorist with too much information,
through a series of devices or conditions, for adriver to have
adequate time to perceive and respond properly. Thus the
definition is not based simply on the content of the relevant
signs. Rather, it must include the content of all relevant signs,
the time and distance available to view them, the simultane-
ous demands on the driver, and the cognitive demands of
interpreting the information in the signs. “Information over-
load” is not a simple property of a particular sign array, but

rather amore complex interaction of the sign, itscontext, and
the driver’s knowledge and task.

Gordon’s (2) insightful work on the information load of
highway signs emphasized this key point: “The naive view
that overload is simply accounted for by the amount of dis-
played information is erroneous. Information load is largely
determined by what the driver does with the displayed infor-
mation.” In other words, the drivers of two vehicles travel-
ling through the same site may have very different informa
tion loads imposed upon them by the existing environment.
A driver who is familiar with the roadway and simply wants
to stay on the current route does not have a particularly bur-
densometask. Evenif thereis extensive signing, he/she does
not have to fully attend to all the information. In contrast, a
driver who is lacking in perceptual/cognitive capabilities or
driving experience, unfamiliar with theroute, traveling when
traffic is heavy, and looking for the appropriate route to an
unfamiliar destination, has avery different demand for deal-
ing with sign displays. What this meansis that the informa-
tion “content” of traffic control devicesis not equivalent to
the information “load” on the driver.

Because information overload is a complex and driver-
specific process, thereisachallengein representing thisprocess
in a manner that is useful for the traffic engineer. Complex
human information processing models, of the sort used to
design advanced cockpit displays or process control consoles,
might have the sophistication to represent the mental demands,
given sufficiently detailed information cast in terms of psy-
chological constructs. However, a practical traffic engineer-
ing aid should not require this level of effort or force the
engineer to deal with psychological variablesrather than traf-
fic engineering variables.

OBJECTIVES AND SCOPE OF THE PROJECT

The objectives of the project were to develop a model of
driver information load for freeway applications and to trans-
late that model into a practical tool so traffic and safety pro-
fessional s could analyze driver information load. The specific
focus on freeway signing applications provided a reasonable
scope for the effort because this was felt to be the primary
locus of current traffic engineering concern. Ultimately, it



would be useful to broaden the scope of guidanceto include
other types of roadways (e.g., arterials) and other modes of
communication (e.g., intelligent transportation systems,
highway advisory radio). However, absent any existing
model of DIO and the lack of empirical data upon which to
develop a model, it would be unrealistic to address such
diverse applicationsunder aninitial project of limited scale.
The goal of developing guidelines for the range of freeway
applications was itself an ambitious target of real practical
significance.

In order to achieve this final objective, the project incor-
porated anumber of intermediate goals. Theseincluded iden-
tifying driver information-processing needs and problems
related to freeway guide signing; understanding current traf-
fic engineering concerns and practice related to information
overload; incorporating driver and roadway factors into a
useful conceptual model of driver information load; refining
the model through research experiments; and developing a
practical tool for traffic and safety professionals based on
the model.

It should be noted that this project dealt specifically with
the problem of information overload, and not with other
issues related to signing practice. A number of important
signing problems can, like information overload, lead to
driver confusion, operational problems, and safety concerns.
However, these are beyond the scope of the present project,
and should be explicitly distinguished from information
overload. These issues include information deficiencies,
confusing sign content, use of route names or numbers for
guidance, selection of destinations to show on signs, sign
placement to avoid obstruction, and detailed design aspects
for variable message signs. While al of these are worthy
issues, this project focused on DI O, which concernsthe abil -
ity of drivers to handle information within time/distance
constraints.

OVERVIEW OF PROJECT TASKS
AND RELATION TO NCHRP PROJECT 3-50

A series of tasks were undertaken to accomplish the proj-
ect objectives. These efforts represent an extension of the
work begun under NCHRP Project 3-50. In the earlier proj-
ect, there was areview of the technical literature pertinent to
DIO. Thisincluded research on sign perception, visual search,
information processing, models of driver behavior, and gen-
eral models of human information processing. A preliminary
conceptual model of DIO was then developed. Two experi-
ments (one laboratory and one on-road) were conducted to
begin refinement and quantification of the conceptual model.
Thispreliminary work essentially was completedin 1997 (an
interim report was delivered in 1998). Based on the promise
of theinitia findings, the present project began in late 1999
to continue development of thisline of work. Project NCHRP
3-50(2) included the following major tasks:

» Update the literature review of NCHRP Project 3-50
and determine if any recent research has implications
for the information load model or the planned research
experiments.

» Conduct new experimentsto provide an empirical basis
for the proposed information load model.

» Reviseandrefinethemode based ontheresearchfindings.

» Implement the model in computerized form; exercise
and evaluate the model.

» Formulate the model into apractical user tool for traffic
and safety applications.

» Provide guidelines for freeway sign use that would
address DIO.

The sections that follow describe these project efforts and
their findings. Key activities and findings from the earlier
project (NCHRP Project 3-50) are incorporated into the dis-
cussion, where appropriate.




CHAPTER 2
LITERATURE REVIEW

A detailed literature review was conducted to summarize
the current understanding of how drivers handle roadway
information, particularly when there are constraints on the
time or distance available for a decision. The full literature
review was conducted under NCHRP Project 3-50. It was
presented as an interim project report under that project (3)
and was updated for the present project.

INITIAL REVIEW OF LITERATURE

The initial review of literature took place under NCHRP
3-50 and was conducted in 1995. This literature review first
considered thefindingsrelated to how people notice and attend
to signs. A sign or other traffic control device (TCD) will not
impose any information load on a driver if it is not “noticed”
or attended to. However, this is not an al-or-none process.
Rather, highway information sources can be processed to vary-
ing degrees and have varying amounts of attention directed at
them. The information load is, therefore, not adirect function
of the amount of information in the sign, but of the degree
to which the driver processes that information. Most of the
research on the ability of signs to capture attention and force
information processing (*conspicuity”) comes from research
on warning or regulatory signs, rather than guide signing.
Attributes of the sign, itslocation in the visua field, legibil-
ity, background complexity, competing information elements
(relation to “noise” elements), and driver expectancy have all
been shown to be important determinants of whether, when,
and to what degree signswill be processed. Because thisliter-
ature primarily dealt withwarning or regulatory signing, it was
of limited use for quantifying driver behavior related to free-
way guide sign use.

The literature review next considered models of the visua
search process. Visual search processes can be defined in
terms of three elements: (1) target characteristics, (2) search
field characteristics, and (3) search strategies. Strategies are
often classified in termsof how the eye coversthe search field.
The broad distinction is between visua search schemes that
are controlled by the features of the objectsin the visual field
and schemes that are controlled by the knowledge and beliefs
that the viewer brings to the situation. In some situations, the
manner in which the visual field is scanned is largely deter-
mined by what isin that field: salient objects and their spatia
rel ationshi ps influence the way the eye scansthefield. Thisis

referred to as an “exogenous’ search strategy. In other situ-
ations, the manner in which the visual field is scanned is
largely determined by a systematic plan, or “cognitive strat-
egy.” Thisisreferred to asan “endogenous’ search strategy,
and researchers in this field have distinguished a variety of
types of endogenous search strategies. In many real world sit-
uations, acombination of strategies may be used. Research on
visual search in highway driving, particularly the work of
Theeuwes (4), has highlighted the importance of endogenous
strategiesthat are specifically related to peopl €' sexpectancies
about roadways and signs. In other words, driverswill scan a
roadway scene differently than they would scan a similarly
structured scene that was not a driven roadway. The way the
eye scans is based on peopl€e's knowledge of what typically
occurs. Thisisan efficient search strategy when the expectan-
ciesare accurate. However, when signsoccur in locationsthat
violate driver expectations, there can be considerable delays
in detecting those signs.

The literature review next covered the findings related to
how people processtheinformation in signs, given they have
directed sufficient attention to the signs. Eye movement stud-
iesfound that most signs receive at least some glances, even
when the situation is complex. Although most signs were
“read” (if not fully comprehended), this proportion drops
when vehicleinteractions become more demanding. Much of
the pioneering work concerning where and when driversiook
for information has been done by Rockwell and Bhise (5),
although important advancement in modeling this process
has been disappointingly limited since that time. Also, much
of the work on sign processing has involved warning or reg-
ulatory signs, rather than freeway guide signing. Rockwell’s
work has defined anumber of important factorsthat influence
when the initial glance to a sign occurs, how much attention
the sign receives, what portion of the available viewing time
it draws, and how attention gets distributed among compet-
ing features. One finding of note is that when drivers are
unfamiliar with the road and confused about the path, they
often begin sign-reading |l ate, usealow proportion of theavail-
able legihility distance, concentrate their attention on signs
during critical periods, and continue reading as late as pos-
sible. Drivers who are more familiar with the route and less
stressed do not exhibit these characteristics.

The research on noticing signs, directing attention, and
processing sign information emphasizes the notion that the
human information processor is not a passive receiver of



information. He/she has various strategies for seeking or
ignoring different sources of information. When information
load is high, the driver does not simply accept the overload,
but invokes strategies for dealing with it.

The literature review also addressed models of the driver
related to information use. These included the positive guid-
ance model (6), DHESS Design and Evaluation of Highway
Signing Model (7), and work by the Texas Transportation
Institute on guidance related to real-time (changeable mes-
sage sign) information display (8). None of these modelswas
directly usable for determining driver information load, but
all were useful for approaching the topic. Positive guidance,
in particular, provided a simple model that was adaptable to
the problem. In addition to these models of driver behavior,
the literature review also described the general development
of information processing models from academic theory and
other domains of application.

In summary, the literature review indicated that there has
been a considerable amount of research on how drivers may
perceive or respond to signsand other TCDs, but relatively lit-
tle study has directly addressed the specific issue of driver
information overload (D1O). There are many aspectsto how a
driver handles roadway information, but the literature is very
fragmented. For example, most of the research on how a
sign gets noticed has been based on studies of warning signs,
while other research on message formats may be specific to
guide signs or variable message signs. The literature does not
provide a coherent basis for integrating detailed knowledge
about al of the component perceptual and cognitive processes
that together determine how much effort is needed to process
information in agiven situation.

Several key themes emerge from the literature reviewed
here, and should be noted:

1. Theinformation load imposed by agiven array of infor-
mation is not simply a function of the total number of
“hits” of information contained within the array. The
tasksthedriver isengaged in, the roadway situation, and
the attributes of the driver are essential, interacting fac-
tors. A specific sign will impose aload dependent upon
itsmeaning to thedriver, driver expectancy, driver expe-
rience, driver familiarity with the roadway, and individ-
ual differencesin performance capabilities. The presence
of interacting traffic, roadway geometry and naviga-
tional choice points, and other TCD and information
sources are critical. The ability of the driver to “shed”
irrelevant or lower priority information is an important
attribute, as are the perceptual search and processing
strategies used to organize and analyze a scene. Because
sign processing is not simply mechanistic, it is not suffi-
cient to simply assign a given sign some fixed value in
terms of the load it imposes on adriver. If ameaningful
model of driver information load is to be developed, it
apparently will have to incorporate explicit assumptions
about a particular driving scenario: the driver, the task,
familiarity and expectancy, environment, and so forth.
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2. Thereislittle common ground between current, applied
models of driver information handling and basic models
and applications for processing cognitive information.
Modelsused for traffic engineering applicationshavethe
advantages of being relatively smple and of directly
incorporating traffic engineering conceptsand variables.
However, their simplicity and mechanistic nature make
them questionable as reasonable models of driver infor-
mation processing. Current theoretical and empirical
work in human information processing provides more
sophisticated models, but they are complex and difficult
towork with, and do not deal very directly with highway
concepts. Such theories have been incorporated into net-
work models for military design applications (e.g., heli-
copter displays), but the level of analysis, effort, and
expertiseinvolvedin applying thesemodelsislikely pro-
hibitive for normal traffic engineering applications.

3. Previous research on highway signs has focused pre-
dominantly onindividual elements of information dis-
plays, rather than on theinfluence of broader arrays of
information incorporating multiple TCD and spatio-
temporal aspects of information distribution. Thereis
substantial information, for example, on when agiven
sign may become legible or on how the perception-
reaction time may be characterized. There is much less
information on how driver performance will be influ-
enced by sequencesand arrays of signsof varioustypes,
in various locations, competing with one another for
attention.

4. Existing research has revealed a variety of important
concepts and rel ationships, but often these are at aqual-
itative level. There may not be a solid empirical basis
for incorporating these factorsinto a sophisticated, quan-
titative model of information load, driver performance,
or other higher-order description.

In summary then, as of 1995 the literature showed many
factors related to driver information load and clearly indi-
cated that amethod or model for computing thisload cannot
be simply a mechanistic addition of the number of informa
tion elementsin adisplay. At the same time, there were seri-
ous limitations of empirical data and current models that
restricted the ability to quantify DIO.

LITERATURE UPDATE

As an initial step in the continuation of this line of
research, the literature review was updated. This limited
search was sharply focused on work that had been published
or conducted since the initial review, and that had direct
relevance for modeling DIO or for the methodology of
researching the problem. The search specifically covered the
time period 1994 to 1999 and was conducted in October to
November 1999. The search effort included published,
unpublished, and ongoing research, including foreign and
domestic sources.



A variety of search activities were undertaken, including
the following:

* Primary database automated keyword search;

+ Key journal/proceedings scans,

* Internet search;

+ Contacts with key experts; and

+ Contract with technical committees and professional
societies.

Although agreat many articleswereinitially targeted by the
keyword searches and other techniques, a subsequent scan of
abstractslimited this set to about 36 titlesrequiring direct con-
sideration. Upon obtai ning these documents, each was scanned
for actual relevance. Most turned out not to be directly related
to theissue of DIO asrelated to highway signage. Even sev-
eral mgjor research efforts of which wewereaware, and which
sounded superficially as though they would be relevant,
turned out to offer little of real benefit.

The general impression that emerged from all of this
review was that there has been very little recent activity in
related areas, with the exception of research on driver work-
load related to in-vehicle information systems (IVIS). This
focus on in-vehicle technologiesis part of the broader effort
that has been directed at intelligent transportation systems
(ITS). The types of ITS tasks investigated included things
such asmoving map displays, cellular phone use, or on-board
display of information on points of interest.

While the present project is focused on roadway signing,
it would seem that research on parallel issues for in-vehicle
displays might provide some useful insights. However, this
was rarely the case because this TS work provides very lit-
tlein terms of theory or models that we can draw on. Rather,
there are very specific empirical evaluations regarding the
ability of adriver to engagein acertain information-intensive
task while driving. There are minimal means to generaize
these findings. Typica questions might be whether a given
item is more effectively presented as an auditory or a visual
message, or whether a particular visual message works best
as atext, chart, or icon display, or whether using a cellular
phone disrupts vehicle control. None of thiswas very useful
for extension to external roadway sign practices.

Another line of research that was not pursued in this search
had to do with improvements to the legibility of highway
sign alphabets. To the extent that legibility distances can be
improved, drivers may derive abenefit in having moretimeto
process that information. For example, Garvey and Pietrucha
(9) describe a new type font called “ Clearview,” which they
report resulted ina22% increasein legibility distancefor older
drivers at night. The researchers did not find font legibility
research to be directly relevant to model development, except
to highlight the fact that, to the extent that sign legibility dis-
tanceis used in any design tool built around amode, the ana-
lyst should be cognizant of any unique fontsthat might signif-
icantly modify the estimated legibility distances.

While none of the more recent research had major impli-
cations for the continuation of the driver information load
project, several studies were of someinterest and raised var-
ious points worth noting. The research programs or research
articles considered in detail included the following:

+ An FHWA project on In-Vehicle Information Systems
Behavioral Model and Design Support (10);

* AnNHTSA project on Heavy Vehicle Driver Workload
Assessment (11);

+ A laboratory study of time-of-day effects on processing
sign information (12);

* Ontario Ministry of Transport research on tourist sign
information (13);

» Texas Transportation Institute research on workload
effects associated with aspectsof highway design (14, 15);

* An*“insitu” study of driving workload during extended
commuting trips (16); and

* A minimum required legibility distance model of sign
placement for rural two-lane roads (17).

Detailed discussion of each of these sources, and the im-
plications for DIO research or modeling, are provided in
Appendix A.

While there are items of interest in the above sources,
nothing in the recent technical literature directly affected the
basic approach to the driver information load model as ini-
tially developed under NCHRP Project 3-50 and discussed in
Chapter 3. There are some interesting alternative or comple-
mentary approachesto dealing with the problem, but they are
not very mature and offer no obvious advantages to the cur-
rent approach. There is little in the way of either empirical
data or conceptual approaches that may be of immediate use
for the current application.

A number of approaches seen in other work share ageneral
conception of the problem with the present approach as out-
lined in Chapter 3. That is, they assume an attention-sharing
model with limited attentional resources, competing demands
from informational tasks and transient factors as well as gen-
eral driving/vehicle control tasks, and additive processes for
integrating these demands (e.g., Hankey [ 10]; Woolridge[14];
Kiger et d. [11]; Zeitlin [16]).

There were some methodol ogical points raised by some of
the reviewed literature, and these influenced some details of
the on-road research conducted in this project. However,
these arein the manner of methodological refinements, rather
than basic changes, as follows:

» The use of brake activations as a supplementa perfor-
mance measure of driver workload;

* The need to control for time-of-day effects in experi-
mental design; and

+ Consideration of potential driver expectancy violations
in the interpretation of findings.




CHAPTER 3

GENERAL APPROACH TO MODELING DRIVER INFORMATION LOAD

The motivation for developing amodel of driver informa-
tion load wasto derive abasisfor apractical tool for analyz-
ing potential overload situations and to provide improved
engineering guidancefor freeway signing practice. The even-
tual users of this model and its associated products are seen
to be traffic engineers and safety professionals. This objec-
tive helped guide the selection of a general approach to a
model, the assumptions that underlie the model, and the con-
ceptual model that ultimately was carried forward into the
research phase. The model needsto be ableto (a) rely on sign
and roadway factors as the primary input, and (b) produce
some sort of quantitativeindex of problem magnitude as out-
put. The model is not an attempt to describe or replicate the
complex perceptual and cognitive processes taking place
within the driver.

CHOICE OF GENERAL APPROACH

A variety of approaches to modeling driver information
load are possible as options. Theliterature review provided in
Chapter 2 revealed a number of these. Broadly, these might
be categorized as rather simplistic driver behavior models
based on traffic engineering variables, more complex models
of driver eye movement, and visual sampling based on the
structure of the visual scene and the driving task, or complex
cognitive models of human information processing in multi-
task environments. Originally, it was felt that the optimal
approach might be ahybrid of several types of models. How-
ever, it soon became apparent that the type of information
required for realistic cognitive modeling would place undue
demands on the analyst for atraffic engineering application.
In order to be auseful tool, the model should require mainly
traffic engineering variables asinputs, with the complex under-
lying perceptual and cognitive processes transparent to the
user. Many of the complexities could be dealt with by means
of worst-case assumptions or the use of look-up tables rather
than computations.

The general approach selected took advantage of the Pos-
itive Guidance mode! (6, 18) as a convenient starting point.
The Positive Guidance model is a systematized means of
incorporating driver capabilities and behavior into the design
or evaluation of highways, integrating human factorsand high-
way engineering. It hasthe virtue of being an established and

familiar resource in traffic engineering. The information load
profileisakey part of the Positive Guidance approach that pos-
sesses a humber of parallels with the modeling requirements
of this project. It provided a useful conceptual approach for
constructing ameans of incorporating arange of information-
processing demands on the driver. However, theinformation
load profile technique also has a number of limitations or
unrealistic assumptions for the present application, and so
serves only as a conceptual starting point.

The Positive Guidance model, in common with a variety
of other models of driver behavior, viewsthe demands of the
driving task as composed of three levels of task require-
ments. In Positive Guidance, these are viewed as a pyramid
of threeinterrelated levels of performance: control, guidance,
and navigation, with each level representing increasing com-
plexity and adecreasing scale of priority, or “primacy.” Con-
trol tasks are related to the driver interaction with the vehi-
cle, controlling speed, path, and direction. Information at this
level is provided by feedback from movement of the vehicle
and from vehicle displays. The guidance level of perfor-
mance is defined as those tasks related to adriver’ s selection
and maintenance of safe speed and path. Guidance tasks
require a driver to make decisions using judgments, esti-
mates, and predictions. Information at thislevel is provided
by highway characteristics, traffic, and traffic control devices.
Navigation tasks involve the planning and execution of atrip
from beginning to end. Decisions such as lane choice or
speed are made at choice points along the route. Information
sources may include prior experience, maps, signs, and land-
marks. As one progresses through the levels of the Positive
Guidance Pyramid, the tasks have less primacy and become
more complex; drivers require more time to acquire infor-
mation from signs and process information. When informa-
tion sources compete for attention, lower primacy informa-
tion tendsto be discarded or delayed from consideration. The
important implication of this conceptualization for the pur-
poses of modeling driver information load from freeway sign-
ageisthat the model must incorporate the demands of other
aspects of thedriving task aswell asjust theinformation pres-
ent within asign array. The ability to deal with sign informa:
tion must be viewed in the context of the current driving task.

Animportant component of the Positive Guidance approach
isthe“information load profile.” The information load profile
schematizes the demands placed on the driver asafunction of
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the number of significant roadway items competing for adriv-
er's attention. Schematically, each item is represented by a
horizonta bar along an axisthat correspondsto itslocation on
the road. Each bar begins at the point in the road where the
item first becomes visible or legible and continues until the
item is passed. The barsfor the various items are “ stacked” as
they overlap on these schematic diagrams. The information
load at any point isdetermined by the height of the stack at that
point. Excessive loading at agiven point is seen asincreasing
the probability of a crash. While the present project attempts
to model the problem of coping with sign information, rather
than specifically with crash effects, the concept of using some
additive model to integrate al of the demands on the driver at
aparticular location is appealing. However, while the infor-
mation load profile technique from Positive Guidance pro-
vides an interesting analogy, it has anumber of limitations for
application to the present problem. Briefly, these include:

+ All roadway items, from lanelinesto geometric features
to signage, have identical contributions to total load;

» Theimpact of agiven element is mapped on the basi s of
the section of the roadway over which it is viewable;
this may not be the same as the region over which it is
likely to influence the driver;

» The summation of multiple elements to achieve a total
information load is based on simple addition, but actual
rules may be more complex;

» Applications of Positive Guidance have focused mainly
on safety issuesrelating geometric design and traffic con-
trol devicesto driver performance demands; there has not
been as much consideration of navigation-related tasks.
Asaresult,

— The approach provides a more “micro” approach to
roadway geometry and roadside features than may be
desirable for the present application, and

— The approach does not distinguish well among com-
plex navigational sign messages and arrays of signs.

Thus, something conceptually analogous to the informa-
tion load profile provides a useful general framework from
which to develop a model of driver information overload
(DIO) for freeway guide signing, but it is only a starting
point. A number of changes or refinements are required in
order to achieve a useful quantitative model.

ASSUMPTIONS INCORPORATED
IN THE MODEL

A set of assumptions related to the general modeling
approach was explicitly set forth before conducting the
research experiments and more detailed modeling efforts.
These assumptions included the following items.

Driver and Task

One of the complicating factors in modeling information
load is that the load is not simply a function of the sign con-
tent, but also the driver’ sknowledge, abilities, and task. A dif-
ferent information load could be computed for every driver
encountering asign array. To simplify thissituation, the model
is assumed to involve a “design driver,” who typifies those
most likely to experience problems dealing with the informa:
tion load, within reasonable limits. The following design
driver characteristics are assumed:

« Familiarity. The driver is assumed not to be familiar
with the particular site.

* Navigation Task. It is assumed the driver needs to
actively navigate in order to reach his destination, and
that the signing contains information relevant to that
decision.

+ Age and Experience. The design driver is assumed to
bean older driver or an inexperienced driver. Theserep-
resent groups most likely to experience difficulty. Older
driversarelessableto perceive and rapidly processsign
information. Inexperienced drivers devote relatively
more of their attention to the lower-level driving tasks
(control and guidance levels) and are less effective in
their attention-sharing strategies.

* Impairment. It is assumed that the design driver is not
impaired by alcohol, drugs, or excessive fatigue.

+ Literacy. Itisassumed that thedesign driver isEnglish-
literate.

Roadway Type and Traffic

The model is confined to freeway and expressway signing.
Within these categories of roadway, there are still meaningful
differences in the demand that the roadway will place on the
motorist, exclusive of the navigational signing issues. The
model should therefore include some means of reflecting a
range of roadway demand. However, the degree of traffic
congestion (level of service) is not avariable that needsto be
incorporated into the modeling. Based on analyses done
under NCHRP Project 3-50, the problem of DIO did not
appear to be experienced during the stop-and-go conditions
of peak periods because there was more timeto processthe
information. The sense of information overload was great-
est during moderately heavy but rapidly moving traffic.
Therefore, thisis the condition for which navigational sign-
ing systems must be designed and evaluated. The model
need not be complicated by incorporating thelevel of service
because the interest is not in the range of conditions at asite
but rather with the design condition of moderately heavy but
at-speed traffic.



Sign Type

Thefocus of interest is on signing relevant to the navigation
task. Thisincludesguide signing, motorist servicesigning, and
recreational and cultural interest signing. For purposes of
determining DIO situations, it is assumed that warning and
regulatory signing can be ignored in thismodel. This assump-
tion is based on the literature on driver eye movement, which
suggests that where an unfamiliar driver isin an undecided
navigational situation, the information from other sources can
be“shed.” Thisassumption may not be appropriate for arterial
roadways, where control and guidance tasks require closer
attention to traffic control devices at many points. However,
because the interest here is specifically with freeways and
expressways, themodel can reasonably exclude traffic control
devices other than guide signing, motorist service signing, and
recreational and cultural interest signing.

Sign Set

Interest is specific to normal freeway signing, astypified by
the signs defined in Sections 2E, 2F, and 2H of the Manual
on Uniform Traffic Control Devices (19). This reasonable
assumption provides a very important advantage for the
model. It allowsusto assumeafairly large, but finite, universe
of possible signs. This meansthat the “information load” of a
given sign can be directly determined from a look-up table,
rather than needing to be computed based on a set of general
characteristics of the sign (size, color, contrast, font, wording,
diagrams, complexity, organization, message length, expec-
tancies regarding content, etc.). It would take considerable
research and devel opment effort to develop areasonable algo-
rithm for trandating general sign characteristics into an esti-
mate of information load, and the resulting estimate would
likely not be as accurate as one could achieve through a direct
evaluation of the sign itsdlf. Therefore, the information load
model is not based around component sign physical charac-
teristics, but is based upon matching a given sign to an exem-
plar from a structured universe of freeway signs.

GENERAL CONCEPTUAL MODEL

A general conceptual model of driver information load,
consistent with the points of previous sections, was devel-
oped under NCHRP Project 3-50 and provided a starting
point for the present project. Thismodel isdescribed as* con-
ceptual” because it defines the various component elements
of the model but is not formalized or quantitative in dealing
with them. Theresearch described in Chapter 4 wasintended
to provide a basis for a more refined and quantitative imple-
mentation of this general model.

The primary objective of the model is to define the infor-
mation load associated with agiven sign array withinitsroad-

11

way context. Theterm “sign array” isintended to refer to aset
of individual sign panelsthat are co-located with one another
at agiven point on theroadway. Thusfor example, threeindi-
vidua sign panelslocated on an overhead mast would consti-
tuteasingle sign array. The model of driver information load
isbased on aprocess of determining the demand placed onthe
driver by sign arrays and by the driving task, and then sum-
ming these in an appropriate manner to derive atotal demand
placed on the driver’ sinformation-processing capabilities. In
considering the demand on the driver in dealing with the
information present in agiven sign array, the model needs to
incorporate: (@) the information content and format of the
signs of interest; (b) the local information context in which
those signsare placed; and (c¢) the demands of the driving task
concurrent with the sign information processing task.

Figure 1 presents a high-level overview of the model. The
model breaks the driving task into two major categories,
Information Search Demand (1SD) and Driving Task Demand
(DTD). Together these categories draw on the attention of
the driver. The driver's ability to devote attention to these
demandsis dependent in part upon various characteristics of
the driver, as shown in the illustration. As discussed above,
the model uses a “design driver” concept so that individual
driver characteristics do not need to be considered. The design
driver assumes alocally unfamiliar driver involved in navi-
gating at an approaching choice point. The driver isassumed
to be older (e.g., age 65 or older) or inexperienced, English-
literate, and not impaired.

The two categories of the driving task, ISD and DTD, are
related to the three levels of driver performance of the Posi-
tive Guidance model. The lower-level demands of the guid-
ance and control tasks are combined into a single category,
DTD, encompassing the general characteristics of the road-
way segment and choice points. ISD is analogous to the
navigation task as defined by Positive Guidance. Both of
these demands, as defined within the DIO framework, com-
pete for available attention resources of the target driver.
For purposes of this model, additional demands on driver
attention from in-vehicle sources and tasks are not a con-
sideration. Information sources are primarily visual and
external to the vehicle.

The driver information load is determined by computing
the DTD and the 1SD and summing these to derive a total
demand, in the same manner as information elements are
“stacked” in the Positive Guidance information load profile.
DTD and ISD are themselves each composed of component
factors that are also summed to determine the overall DTD
or ISD values. The DTD is conceptualized in the model as
having two components, a demand associated with the road-
way segment and a demand associated with the interchange
anditsproximity. The1SD isconceptualized as having aspe-
cific sign array component and a local information density
component. Thus the overall information load on the driver
represents some additive process of four general sources of
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Figurel. Driver information load model components.

demand for attentional resources: the general roadway, the
proximity to maneuver points, the particular array of sign
panelsat agivenlocation, and the more extended set of infor-
mational sourcesin the general vicinity around the particular
sign array. The model presumes that as the total information
load approaches higher levels, the driver begins to experi-
encemore difficulty in dealing with theinformation. At some
point, the difficulty is severe enough to generate safety or
operational problems, defining an “information overload”
level. The sections that follow first discuss the DTD portion
of the model, then the ISD portion, and finally the combina-
tion of al elementsto derive the total demand.

Components of Driving Task Demand

The DTD is presumed to be afunction of two factors: the
roadway baseline requirement and the proximity to the nav-
igation choice point.

The roadway baseline requirement is a general level of
attentional demand requirement that is viewed as being more
or lessuniform over a section of freeway. It is determined by
the nature of the roadway and its features. The initiadl means
of addressing thisfactor wasto simply categorize freewaysin
terms of a three-factor scheme: (1) distance between exits;
(2) ADT/lanes each direction; and (3) level of service. How-
ever, this categorization scheme did not work particularly
well for the on-road experiment of the present project. The
preferred means of determining avaluefor the roadway base-
line requirement was based on the set of particular geometric
features present (as will be discussed further in Chapter 4).
However operationalized, conceptualy this factor should be

viewed asthe general demand imposed upon the driver over an
extended segment of freeway based on the geometric, opera-
tional, and environmental characteristics of the roadway.
Although the baseline demand of agiven freeway istreated
as constant over an extended section of roadway, it is neces-
sary for the model to recognize an increased demand as the
vehicle approaches a navigational choice point that requires
a driving maneuver. Models of driver behavior, including
Positive Guidance, typically recognize features such as exit
areas asimposing additional load, and the empirical findings
of the initial (NCHRP Project 3-50) on-road rating experi-
ment (and confirmed in the subsequent research of this proj-
ect) identified afactor that clearly “ramped up” asthe choice
area was approached. The reasons for this increased load
may have to do with the perceptual and control demands
required to monitor conflicting traffic, find gaps, determine
the appropriate lane, determine the appropriate speed, exe-
cute lane changes, and adjust speed. It might also be related
to increasingly urgent cognitive or emotional factors asso-
ciated with resolving uncertainty. The precise form of this
maneuver proximity ramping function is an issue for model
development, and it is dealt with further in Chapter 4.
Figure 2 illustrates the conceptual load diagram for DTD.
The X-axisrepresents distance a ong the roadway, from some
point upstream of the exit maneuver point to the gore point for
the freeway exit. The information load imposed upon the
driver by theroadway isshown ontheY-axis. Part of theDTD
is due to the characteristics of the section of the roadway and
istreated as fixed over the course of the road segment. Thisis
labeled “Roadway Baseline.” Superimposed on this baseline
is the “Maneuver Proximity” function, which begins to ramp
up at some distance from the exit point and reaches a peak
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somewhere near the exit point. Taken together, these factors
define aDTD profile, upon which the ISD profile is stacked.

Components of Information Search Demand

Conceptualy, 1SD is the demand imposed upon the driver
by the effort of searching the formal information sources pro-
vided on the roadway and processing the information so as
to support navigationa decision-making. There are severd
aspects to this. First, each sign pand that the driver encoun-
tershasto be dealt with to some degree. However, the demand
associated with a given sign panel depends in part on the
information context in which that sign occurs. One aspect of
this context is the other sign panels with which the sign may
be co-located, that is, thesign array. Thereisnoapriori rea
son to assume that the degree to which a given sign con-
tributesto the overall information demand isidentical whether
that sign occursin isolation or together with other signs. For
example, consider three individual signs, A, B, and C. If pre-
sented alone, each of these signs may have someinformation
demand level associated with processing it. Does this mean
that if the motorist now encountersasign array comprised of
three sign panels, A, B, and C, the associated information
demand for dealing with the array simply will be equivalent to
summing the demands for the individual signs? This appears
unlikely for a variety of reasons (search strategies, temporal
constraints). Because the modeling approach selected here
begins with determining the information demand associated
with specific freeway sign types, some rule must be found for
combining the associated demands for individual signs that
comprise asign array.

A given sign array will exert its effect over some span of
distance and time, so that successive sign arrays may influ-

|

EXIT GORE

Information load conceptual diagram for driving task

enceoneanother if they arein close enough proximity. Obvi-
ously, the demand on a driver would be greater if two com-
plex sign arrays occurred in close succession as opposed to
being spaced far apart. Therefore, the demands of dealing
with theinformation in one particular sign array isinfluenced
by the presence of other signs in the area. Thisis what is
referred to in the model as the local information context.
Somehow the model must be able to reflect the interaction of
successive sign arrays. The initial modeling efforts under
NCHRP Project 3-50 attempted to do this through defining
an “envelope” of information demand in the region surround-
ing agiven sign array, and then summing the overlapping por-
tions of the envelopes for successive sign arrays. Figure 3,
taken from the NCHRP Project 3-50 report (1) illustratesthis
concept. The upper panel of the figure (labeled “individual
sign loads™) shows information load envelopes for six sign
arrays located along aroadway. The height of each function
at a given point reflects the demand on the driver related to
the sign array. The second panel of the figure (labeled “local
sign effects’) shows how the overlapping functions for indi-
vidual sign arraysare summed to generate atotal information
load at each point, one that takes into account all of the sign
arrays that may be influencing the driver at that point. How-
ever, therewere problemswith thisapproach. Firgt, it wasdif-
ficult to define the appropriate envel ope shape, either through
the empirical findings or theoretical treatments. Second, in
order to yield meaningful results, an additional factor had to
be added to the model, one that looked at the density of sign
information over the full extent of aroadway site. Thisfactor
is shown as the “information density component” load in the
bottom portion of the figure. The inclusion of this factor
reflected the fact that motorists seemed to be responding to the
effects of information that was located beyond the envelope
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of the sign, based on theoretically assumed envel ope shapes.
Based on the findings of the research reported in Chapter 4,
another approach is provided in the model described later.
However treated, it is essential to recognize that a particular
sign array occurs in the context of other signage distributed
along the siteand that this additional signage providesalocal
information context in which the particular sign array must
be dealt with by the motorist.

In summary, the major points with regard to the ISD are
asfollows; (a) thereis some demand associated with agiven
sign; (b) some rule governs the summation of individual
sign loads to determine the demand associated with a given
sign array; and (c) other signage in the vicinity of a particu-
lar sign array provides alocal information context that also
contributes to the difficulty of dealing with the target sign
array. Figure 4 illustrates this conception of 1SD. In contrast
to Figure 3, thisfigure does not attempt to illustrate any par-
ticular region over which the information load of a given
sign array is experienced; asingle point of information load is
shown. The need and ability to describe the spatiotemporal
aspects of information demand are dealt with further in sub-
sequent sections.

Total Information Load

The total information load represents the I1SD value over-
laid upon the DTD value. Figure 5 illustrates this conceptu-
alization. The figure shows the summing of the two factors,
each composed of its subfactors. The overall height of the
function represents the total demand associated with coping
with the navigation-related sign information. Some level of
this demand defines an “information overload” region. The
research and modeling efforts described in the subsequent
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Components of information search demand.

sectionsof thisreport represent an effort to formalize this con-
ceptual scheme and develop a useful engineering tool based
around this model.

Although the conceptual model was illustrated diagram-
matically in order to illustrate the process of summing com-
ponent aspects of information load, this does not imply that
the ultimate model or related engineering tool needs to be
diagrammatic rather than in some other form. Formalization
of the conceptual model will be dealt with in subsequent sec-
tions of this report. It should also be recognized that thisini-
tial effort at modeling islimited in that it does not include all
possible factors contributing to information load nor does it
attempt to treat each component factor to the greatest level of

il il

Individual Signs

Sign Array Vaues H

Local Information
Context Level

ISD Associated
with Array B

Figure4. Conceptual scheme for information search
demand.
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detail. For example, off-road signing and distractions are not
explicitly treated, nor are transient factors such as obscura
tion of signs by trucksin the traffic stream. Roadway driving
demands could betreated at amuch more micro level of analy-
sis (e.g., point-by-point consideration of every roadway ele-
ment). The model does not address qualitative aspects of the

sign message (e.g., is the message ambiguous, are the desti-
nation names appropriate?) or fundamental traffic engineer-
ing principles (e.g., appropriate legibility and sight distances).
Nonetheless, the scope of the problem that isaddressed is sub-
stantial and provides an opportunity to significantly improve
current practice.
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