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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-
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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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CHAPTER 4
RESEARCH EXPERIMENTS

OVERVIEW OF SET OF EXPERIMENTS

Two experiments, one laboratory-based and one on-road,
were conducted as part of this project. These two experi-
ments were related to two previous experiments carried out
under NCHRP Project 3-50. Because this set of experiments
formed a series of related findings, al four areincluded here.
One experiment carried out under NCHRP Project 3-50, the
Preliminary On-Road Experiment, essentially served as a
pilot study for the later Primary On-Road Experiment, so it
is discussed in less detail.

The first experiment dealt with the information load im-
posed by individua freeway signs. A “universe” of navigation-
related freeway signs was defined based on the Manual on
Uniform Traffic Control Devices (MUTCD), and the study
attempted to bracket the range of information loads associ-
ated with each sign type. Based on thiswork, alook-up table
was devised, so that an analyst could assign a reasonable
information load value to any typical freeway sign. The sec-
ond experiment then dealt with the manner in which individ-
ual signsthat make up asign array combine to determine the
overall information load associated with processing the sign
array. Based on the findings of this experiment, an analyst
could then use the look-up table for individual signs and
apply a summation rule to determine the information load
associated with a set of signs co-located with one ancther on
afreeway. The preliminary and primary on-road experiments
then addressed other aspects of the driver information load
model. These included roadway factors, spatiotemporal
aspects of information load, and overt indices of driving prob-
lems. Taken together, the set of experiments provided an
empirical basisfor refining the general conceptual modeling
approach described in Chapter 3.

INDIVIDUAL FREEWAY SIGN
INFORMATION LOAD

Overview and Objective

The objective of this experiment was to define arelative
measure of information |oad for any navigation-related sign-
ing likely to appear on afreeway. Thiswas accomplished by
first defining the set of likely signs and specifying each one

in amanner keyed to the relevant MUTCD section or figure.
This research was conducted prior to the completion of the
Millennium Edition of the MUTCD (19), so the 1988 version
of the MUTCD (21) served as the reference document. For
each specific sign type identified, the permissible range of
elements allowed by the MUTCD was determined. Based on
this, two specific versions of the sign were developed: alower-
complexity version and an upper-complexity version. For
example, Sign E1-1ain Figure 2-9 of the 1988 MUTCD (and
Figure 2E-13 of the 2000 MUTCD) shows an advance major
guide signwith aseparate exit panel marker. Thissignisillus-
trated in Figure 6a. A lower-complexity version of thissign
would contain one short destination name, in addition to the
route marker, while an upper-complexity version would
contain two long destination names in addition to the route
marker. Figure 6b illustrates |ow- and high-complexity exam-
plesfor this sign type. In the experiment, lower- and upper-
complexity versions of each possible sign type were assessed.
As aresult, the findings could be presented as a look-up
table. An analyst using the table could directly look up the
type of sign, see the range of information load between the
lower- and upper-complexity versions, and determinewhere
in this range the specific example under consideration was
likely to fal (i.e., wasit analogous to the lower-complexity
example, the higher-complexity example, or somewhere in
between?).

In addition to bracketing lower- and upper-complexity
examples as permitted by the MUTCD, the set of signstested
also included some that went beyond the MUTCD’ s recom-
mendations. For example, a version of the advance major
guide sign with a separate exit panel marker could be devel-
oped with three destination names. Thisallowsthe anayst to
consider the “penalty” in information load for stretching any
of the recommendations for a specific sign type. The data
were also analyzed in amanner that permitted some estimate
of the general effects of variousfactors, such asword length,
additional destinations, and so forth.

The primary use of thefindings of thisexperiment isto pro-
vide a means of adjusting for the contributions of signs of
varying complexities in the driver information load model.
However, thelook-up tables may also be useful in themselves
as ameans of getting a sense of the relative complexities of
very different types of signs.
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Figure6a. Example sign from MUTCD.
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Figure 6b. Examples of low-complexity and high-complexity versions.

Method
Sgn Simuli

A set of 275 different signs was used in the experiment.
These signs represented variants of 54 basic sign formats.
Table 1 lists the 54 specific sign formats (right-maost column),
broken out under headings of signtype/color (e.g., guidesigns,
motorist services signs) and subheadings of sign categories
(e.g., advance guide signs, exit direction). The signs were
taken from Sections 2E through 21 of the 1988 MUTCD (20).
Section 2E in the 1988 MUTCD was* Guide Signs—EXxpress-
way” and Section 2F was “ Guide Signs—Freeways;” these
now correspond to Section 2E, “ Guide Signs—Freeways and
Expressways’ of the 2000 MUTCD. Section 2G, “Motorist
Service Signing,” of the 1988 MUTCD corresponds to Sec-
tion 2F, “ Specific Service Signs,” of the 2000 MUTCD. Sec-
tion 2H, “Recreational and Cultural Interest Area Signs,” of
the 1988 MUTCD corresponds to Section 2H of the 2000
MUTCD, with the same chapter title. Section 2I, “Tourist-
Oriented Directional Signs (TODS),” of the 1988 MUTCD
corresponds to Section 2G, “ Tourist-Oriented Directional

Signs (TODS),” of the 2000 MUTCD. Versions of each sign
were developed using a computerized drawing package and
were representative in terms of font, color, format, and infor-
mation content. Therelative size of the sign images was con-
sistent with typical practice and MUTCD guidance.

All signs fell into one of three sets. These included a
“bracket” set, a “stretch” set, and a “format” set. They are
defined as follows:

* Bracket Set. This set represented the broad range of
signsas defined inthe MUTCD. The specific sign exam-
ples “bracketed” the normal MUTCD cases by present-
ing a high- and low-information version of each sign
type. Half of these signs displayed the minimum amount
of information prescribed by the MUTCD, while half
displayed the maximum amount of information that the
MUTCD prescribes.

» Stretch Set. This set contained signs that exceeded the
MUTCD’ s recommendations for amount of information.
Thiswas accomplished by increasing the number of des-
tinations, the number of route markers, the number of
cardinal directions, and the number of lane indicators.



TABLE1 MUTCD sign categoriesand format basesfor stimuli

Sign type & color Sign categories Specific sign format (reference MUTCD, 1988)

Advance Guide -Fig. 2-9
- Sign E1-1 - Mgjor with separate Exit Number
Panel (E1-5)
- Sign E1-1a- Maor integrated
- Sign E1-2 - Minor with text
- Sign E1-3 - Minor w/o route

Exit Direction - Fig. 2-13 - Dest., Route & Diag. Arrow

Lane Drop - Fig. 2-33
- Sign E11-1 - Major with arrow
- Sign E11-1a- Mgjor
- Sign E11-1b - Split minor
- Sign E11-1c - Minor

Gore -Fig. 2-14
- SignsE5-1 & E5-2 (separate)

Guide Signs - Sign E5-1a (integrated)

or Pull Thru -Fig. 2-15

- Sign E6-2 - Small shield

Recreation & - Sign E6-2a - Large shield

Cultural Area

(lrge) Signs Supplemental Guide - Fig. 2-11 Multiple-Destination Exits with suffix

- Multiple-Destination Exits with NEXT RIGHT or
SECOND RIGHT (no figure)
- Fig. 2-26 - PARK & RIDE

(Green)

Interchange Sequence - Fig. 2-18 - Sign E8-1

Community Interchange - Fig. 2-19 - Sign E8-2
Identification

“Next-Exits’ - Fig. 2-10
Supplemental - Sign E2-1 (horizontal)
- Sign E2-1A (vertica)

Next (X) Exits Area - Fig. 2-20 (Sign E9)

Post-Interchange - Fig. 2-17 (Sign E7)
Distance

Diagrammatic - Fig. 2-32

Mileposts

General -Fig. 2-43
- with “NEXT SERVICES’
- without

Specific - Fig. 2-47
- Single-exit interchange
- Double-exit interchange
- Fig. 2-48
- Gas
- Food

Motorist Services - Lodging

Signs - Camping

Rest Area & Scenic - Fig. 2-44 - Rest Area Gore
(Blue) Area

(continues on next page)
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Sign type & color Sign categories

Specific sign format (reference MUTCD, 1988)

Tourist Information &
Welcome Centers

- Advance Guide (no figure)
- REST AREA, TOURIST INFO CENTER, ____

MILES

- REST AREA, STATE (opt.), WELCOME

CENTER __ MILES

- Exit Direction (no figure)
- REST AREA, TOURIST INFO, arrow or NEXT

RIGHT

- REST AREA, STATE, WELCOME CENTER,

arrow or NEXT RIGHT

Radio Information

- Sign D12-1 - WEATHER INFO
- Sign D12-3 - CB CHANNEL 9
- TRAFFIC INFO (no figure)

Carpool Information

- Sign D12-2 - CAR POOL
- COMMUTER INFO (no figure)
- VAN POOL (no figure)

Recreation & Genera Guide - Fig. 2-52
Cultural Area - Integrated multi-symbol
Signs - Separate multi-symbol
- Water Symbol
(Brown) - Winter Symbol
- Mgjor Destination w/ Distance
- Major Destination w/ Direction
VMS
Boundary and
Orientation
Other
Weigh Station
Route Markers & - Fig. 2-45
Trailblazers - Fig. 2-46

» Format Set. This set atered the format of the informa
tion presented in the sign. Conventional advance guide
signsand exit signsinthe* minimum information” bracket
set were used as a basis for format changes. Changes
included interchanging the location of adestination with
aroute marker, interchanging the location of a destina-
tion with exit information, moving a diagram from the
right to the left side of a diagrammatic sign, and pre-
senting destinations in capital letters. VVariable message
sign formatswere also varied by altering theword order
and number of lines.

Research Participants

A total of 23 people participated in the study. The group
consisted of five females under the age of 20, six males under
the age of 20, six females over the age of 65, and six males

over the age of 65. The mean age for each age/gender group
was as follows: young females, 17.7 years old; young males,
16.9yearsold; older females, 73.4 years old; and older males,
72.8 years old. Selection of these age groups reflects the
assumption of the information overload model that the target
driver groups are either young novice drivers or older driv-
ers. Participants were all English-literate, licensed to drive,
and had normal or corrected-to-normal vision.

Procedure

Research participants viewed the signsin groups of up to
five people, in alaboratory setting. Each computerized sign
image was projected on a screen using a computer projection
monitor. Participants rated each sign on a seven-point scale
using a hand-held key pad. The sequence and timing of stim-
uli, aswell asthe collection of response ratings, was computer
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controlled. Each sign appeared for a period of 1.75 sec; this
value was selected because it is approximately equivalent to
the duration of asingle glance during highway driving (Bhise
and Rockwell [7]). The participants were asked to evaluate
the signs as driverswho must gather certain information cru-
cial to driving and navigation. Specifically, they rated “How
easy or difficult was it to obtain the information from the
sign?’ on ascae from 1 (“Very Easy”) to 7 (“Very Diffi-
cult”). To ensure participants were attending to the signs and
drawing information from them, comprehension questions
also appeared at random times after participants had made
their ratings. These were multiple choice questions, answered
by means of the keypad. An example comprehension ques-
tion is “Which lane should you be in if you want to go south
on Route 947 1. the left lane; 2. theright lane; 3. either the left
or theright lane; 4. none of the above.” The specific question
asked was appropriate to the sign that it followed. These com-
prehension questions were used simply to require the partici-
pants to concentrate on extracting sign information, and were
not treated as part of the analysis of sign load. Severa prac-
ticetrialswere given, with an opportunity for the participants
to ask any questions. Following this, data collection was
begun, with a different random sequence for each group of
participants.

Findings

Ananalysisof variance confirmed that the ratings of infor-
mation load varied significantly among the signs. The pri-
mary findings of the experiment are descriptive, that is, the
group mean information load rating associated with each
type of freeway sign. For ease of use, the group mean scores
on the 1 to 7 rating scale were linearly transformed to 1 to
100 scale for presentation. The results are summarized in
three extensive tables, which are presented in Appendix B.
A revised version of the look-up table, keyed to the Mil-
lennium Edition of the MUTCD (19) and including some
minor revisions suggested by the next experiment, is pre-
sented later in the following section on “ Combination Rules
for Sign Arrays.” Thetablesin Appendix B are keyed to the
1988 version of the MUTCD (20), under which the work
was conducted.

TableBlinAppendix B liststhe signsin the“ bracket set.”
These are the upper-complexity and lower-complexity exam-
plesof each signtype, as permitted by the MUTCD. Thetable
indicates the sign type, the appropriate MUTCD (20) refer-
ence, a description of the upper- and lower-complexity con-
tent, and the group mean ratings for the upper- and lower-
complexity versions. For example, thefirst entry in the table
isfor Advanced Major Guide Signs with Separate Exit pan-
els (indicated in the first column of the table). The second
column indicates that this correspondsto Signs E1-1 and E1-5
in Figure 2-9 of the 1988 MUTCD. The upper-complexity
version of this sign used two destinations with long place

names and one route marker. The lower-complexity version
used one destination with a short place name and one route
marker. The upper-complexity version had an information
load rating of 26 and the lower-complexity version had arat-
ing of 20. The group mean scoresfor thevarioussignsin this
“bracket set” group ranged from alow of 1 to ahigh of 37.
Of the 89 signsin this set, only 6 had a mean rating of 30 or
higher. All six were upper-complexity versions of their cat-
egory, three of them being diagrammatic guide signs. Two
others were the interchange sequence sign and community
interchange sign, when these contained three destinations, all
withlongword length. Thefina signrated over 30 wasthe dou-
ble gas and lodging sign, when it contained a total of 6 icons.
Table Bl isintended to serve as a convenient look-up tool,
so that any relevant MUTCD sign can be directly looked up,
and itsrelativeinformation | oad estimated. It should be noted
that for many types of signs, there were substantial differ-
ences between the upper- and lower-complexity versions,
even though both extremes are permitted by the MUTCD.
Table B2 presents the effects of certain changes to the
upper-complexity version signsof Table B1 for selected sign
types. These changes included adding or subtracting an ele-
ment, or multiple changes (four “short-word” destinations
vs. two “long-word” destinations on aguide sign). Not all of
these changes were consistent with practice in the MUTCD,
but they allow an analyst to assess the influence of various
changes. A few of these changes resulted in ratings substan-
tially higher than those seen in the bracket set. Three signs
had ratings at or above 40. When four long words were used
on an advance major guide sign with separate exit and lane
drop panels, the rating was 40 (versus a rating of 20 for the
upper-bracket condition of two long words). The exit direc-
tion sign had arating of 45 when four long-word destinations
were used (versus two in the upper-bracket version). The
interchange sequence sign was rated at 41 when four long-
word destinationswere used (versustwo in the upper-bracket
version). Thus all three exceptionally high information load
ratings were for cases where there were four long words.
Table B3 attempts to summarize the effects of general
variables by comparing various versions of a particular sign
typethat differ with respect to agiven variable. Thevariables
considered in the table include word length, number of des-
tinations, number of route markers, number of icons, and sign
color. For example, the table beginswith word length, and the
first entries are for advance major guide signs with integrated
exit (Sign E1-1a of Figure 2-9 in the 1988 MUTCD and Fig-
ure 2E-13 of the 2000 MUTCD). The first comparison is for
long- and short-word versions of this sign that had one des-
tination; the ratings differed by 2.47 rating scale units. The
next comparison is for the same sign type but with two des-
tinations, and here thelong- and short-word versions differed
by zero units. Over a number of such observations, despite
the variation from pair to pair, ageneral sense of the magni-
tude of the effect can be drawn. For example, word length



generally had fairly small effects (shifts of from —-1.12 to
+11.33 units), except for the case where there were four
destinations, at which point the extra burden became more
pronounced (+25.04 units). Adding additional destinations,
beyond atotal of two, tended to have large effects on the rat-
ings. The effect of the number of route markers was quite
variable. Theintent of Table B3 isto provide agenera indi-
cation of the influence of the selected factors, but no attempt
to make a more specific quantification is merited, given the
variability among comparison pairs.

COMBINATION RULES FOR SIGN ARRAYS
Overview and Objectives

The second laboratory experiment used a procedure simi-
lar to that of the preceding experiment but included arrays of
freeway signsrather than just individual sign panels. The pro-
cedure was modified in two respects. First, the signs in this
experiment were presented in actual roadway contexts. Pho-
tographs of actua roadway sites were digitally manipulated
to remove, insert, or otherwise modify existing sign arraysin
the scene. Second, the viewing time for each scene presented
was 3.5 sec. A longer presentation period was required than
in the previous experiment because of the greater complex-
ity of the scenes and sign arrays.

The experiment had the following objectives:

* Replicate the findings of the “Individual Freeway Sign
Information Load” experiment and determine the relia-
bility of the measures, through the use of a subset of
sighs common to both experiments;

» Determinetheability to predict theinformation load rat-
ings of individual signs (in roadway context) through
the use of the look-up table developed in the previous
experiment;

* ldentify any refinements required to the look-up table;

» Determine arule for predicting the information load of
asign array based on the information load of individual
signs comprising the array; and

* Determine if the combination rule requires any adjust-
mentsfor features, such assign location within the scene
or sign color.

In order to determine how the information load of a sign
array relates to the information load of the individual signs
comprising the array, the experiment took the approach of
mani pul ating photographic scenes so that identical situations
could be evaluated with the only differencesbeing inthesigns
present. For example, aparticular site might be digitally pho-
tographed that contained an overhead sign mast with three
different sign panels. Through the use of photo-editing soft-
ware, individual signs could be removed or relocated in the
scene, with their original locationsrealistically replaced with
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the appropriate background. Thus each sign could be evalu-
ated alone (other two sign panels removed) within the scene;
each pairwise combination (two of the three signs) could be
evaluated; and the compl ete set of three signs could be eval-
uated. Given the largetotal number of stimuli viewed by par-
ticipantsin the experiment and the brief presentation timefor
each stimulus, participants generally had little awareness of
having viewed a particular scene previously. By systemati-
cally manipulating scenes with up to four or more sign pan-
els, an empirical basis was provided for deriving a combina-
tion rule for signswithin sign arrays.

Method
Sgn Simuli

Of the total of 172 stimuli presented to research partici-
pants, 110 were generated from photographed sign arrays
that exist in real highway situations, while 62 images con-
sisted of computer-generated signs (primarily from the set
of signs used in the previous laboratory study) inserted into
photographs of real roadway scenes.

Appendix C provides adescription of the 172 stimuli. They
are grouped by roadway location. For each scene, the table
indicates whether the signs were photographs of those actu-
ally present at the site (“photo”) or graphically fabricated sign
images that were inserted into a scene (“graphic”). For each
stimulus, thetableindicatesthe number and type of signsthat
constitute the array.

Photographed Stimuli. A wide variety of different sign
types and arrays were photographed in Northern Virginia;
Washington, D.C.; and Maryland. Each scene was photo-
graphed at approximately 75 ft from an approaching vehicle,
using aNikon Coolpix 950 digital camera. Minor corrections
to theimages were made in post-production to standardize the
sizeand quality of the photographicimages (discussed below).
All photographs were taken on sunny days to reduce variabil-
ity between photographs and to maximize image quality.

From alarge number of initia photographs, aset of 21 road-
way scenes was selected for use in the experiment. The sites
were selected on the basis of the types and numbers of the
signs represented. Some sites were also selected because they
were located along the route planned for use in the on-road
experiment, which would permit direct comparison of labora-
tory and on-road ratings. However, the originally planned on-
road route could not be used by the time an on-road experi-
ment was conducted, so these comparisonswere not possible.
From the set of 21 roadway scenes, 110 stimuli were created
using a graphics design software package, Adobe Photo-
Shop, to digitally manipulate the number, color, complexity,
location, and spacing of signsin the array. A complete list-
ing of al sign stimuli, including both photographed and fab-
ricated sign stimuli, can be found in Appendix C.
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Each stimulus was edited using Adobe PhotoShop to max-
imize image quality and to standardize the appearance of the
highway signs (with regard to sign size, sharpness, location,
etc.) within the roadway scenes. In addition, all superfluous
background signsand markings or potentially distracting ele-
mentswere deleted from the stimuli in an effort to focus par-
ticipants' attention on the sign array. An attempt was also
made to standardize the relative size of signsand sign arrays
across each stimulus, although it wasimpossibleto keep these
factors entirely equal across photographs. In generd, an effort
was made to keep the sign arrays within the upper third of
each stimulus. The widest sign array included in the stimuli
set was al so used to set the approximate appearance of signs
within each stimulus; that is, this particular sign array was
used as a benchmark for sign size and location when editing
all other stimuli so asto eliminate major differencesin sign
appearance across the stimuli set. Figure 7 illustrates several
versions of a scene with modifications to the sign array. The
original scene (upper-left photo) contains three sign panels.
Modified versions are shown with only one or two of the
signsremaining in the image.
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Figure7. Original (upper-left) and modified versions of a scene.

Fabricated/Graphic Stimuli. The remaining 62 stimuli
were created by inserting computer-generated signs into
actual, photographed roadway scenes. The fabricated sign
set consisted of a subset of highway guide signs and recre-
ational guide signs (including some with some modifications)
used in the previous laboratory experiment. This allows for
benchmarking of findings from the previous study. The fab-
ricated signs were modified using Microsoft PowerPoint.
Some of the signs from the previous experiment were altered
intermsof complexity by adding or subtracting wordsto cre-
ate slightly more or less complex versions of the origina
signs. In addition, some words were truncated to seeif word
length played arole in determining information load of signs.
Thefabricated signswerethen digitally inserted into the pho-
tographs of actual highway road scenes. The eight roadway
scenes used were chosen from the set of photographs taken
but not included in the set of 110 photographed stimuli, on
the basis of image quality and ease of digital editing. The
roadway scenes were edited using the same techniques in
Adobe PhotoShop described abovefor the photographed signs.
The actual signsthat originaly appeared in these photographs
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were removed using Adobe PhotoShop and replaced by the
fabricated signs. A total of 62 stimuli were created using
Adobe PhotoShop to again digitally manipulate the number,
color, complexity, location, and spacing of signsinthearray.
Details of each stimulus may be found in Appendix C.

Research Participants

Thirty-two participants took part in the study. There were
16 participants in the young group (mean age of 18.3 years,
range of 16—20) and 16 participantsin the older group (mean
age of 75.9 years, range of 69-83), with equal numbers of
males and females within each age group. All participants
were licensed drivers, English-literate, and drove at least
threetimes aweek. The recruitment screening procedure also
excluded those who reported frequent use of roads depicted
in the stimuli.

Participants were tested in groups of up to five. Typicaly, a
morning and an afternoon session were scheduled each day,
recruited so that a given group was homogenous in terms of
age group but mixed with regard to gender. Approximately
equal numbers of participants were tested in the morning and
the afternoon, with similar distributions of age and sex groups.

Procedure

The basic procedure was similar to that of the Individual
Freeway Sign Information Load Experiment described pre-
viously. Participants viewed brief presentations of each scene
and then used a seven-point scale to rate how easy or diffi-
cult it wasto obtain al the information they needed from the
signs. The scene presentation time for this experiment was
3.5 sec. Asin the previous experiment, on an unpredictable
basis some stimuli were followed by comprehension ques-
tions, to ensure that the participants had to actually process
sign information. Because of the complexity of the scenes,
the procedure included substantial familiarization, training,
and practice prior to actual data collection.

Thelaboratory was configured to allow five participantsto
view the sign stimuli on alarge projection screen (8 ft wide
by 6 ft tall). The stimuli were projected onto the screen using
an NEC projector. The size of the projected imagewas 76 in.
wide by 56 in. tall. The average width of the advance guide
signs, which was a so equal to the lane width, was 15 in. Par-
ticipants sat in chairs aligned in a slight \V-shape approxi-
mately 11 ft. 7in. fromthe projection screen. Thusasign panel
corresponding to the freeway lane in width subtended avisual
angle of approximately 6 degrees. Attached to each chair
was a hand-held keypad |abeled with the keypad (box) num-
ber (1, 3, 4,5, or 6) and the question, “HOW DIFFICULT OR
EASY WASIT TOOBTAIN INFORMATION FROM THE
SIGNS?”" The keypad contained seven buttons, labeled “1”
to“7,” on which participants were to enter their ratings. The
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experimenter sat behind the participants at a computer that
controlled presentation of the stimuli onto the screen.

The experimenter first provided participants with an over-
view of the experimental session and then led the participants
through atraining session and a practice session before begin-
ning presentation of the actual sign set. Training began by
providing participants with an idea as to the types and range
of signsthey would encounter in the experiment. Five succes-
sive example signs were presented on the projection screen.
Next, an additional sign, followed by a sample comprehen-
sion question, was presented to participants to familiarize
them with the types of questionsthey might encounter aswell
asthe process by which questions would be asked. Thetrain-
ing set began with asimple, single sign and progressed incre-
mentally to an example of the most complex scenethey might
encounter (a 5-sign array). The experimenter stressed that
stimuli would vary in terms of the number, types, and com-
plexity of individual signs, and participants should attempt to
use the entire range of ratings, from one to seven, when pro-
viding difficulty ratings. Following thistraining, participants
wereinstructed further on using the keypad to enter their rat-
ings and to answer comprehension questions. The experi-
menter then led the group through a series of nine practice
dlidesthat varied in complexity. The experimenter made sure,
through a series of questionsand discussion, that participants
understood that for signsfrom which it was difficult to obtain
all the information, they should provide higher ratings, and
for signs from which it was relatively easy to obtain all the
information, they should provide lower ratings. The practice
set also included two didesfollowed by comprehension ques-
tionsto allow participants to become familiar with answering
such questions after entering their ratings. After the experi-
menter completed the instructions and felt that the partici-
pants understood the task at hand, the experimental data col-
lection began.

In the data collection portion of the experiment, the par-
ticipants were presented with the 172 stimuli. Twenty of the
stimuli, randomly preselected and the same for all groups,
were followed by comprehension questions. The purpose of
the comprehension questions was simply to ensure that par-
ticipantswerefully attending to the content of the stimuli and
actually attempting to obtain the information from the signs.

Each scene was computer-projected on the screen for 3.5
sec, followed by the message “ Please enter your response
now.” The sceneswere presented in adifferent random order
for each group of participants. When al participants had
entered their ratings, the experimenter advanced to the next
display. The participants could change their answers at any
time until the experimenter advanced to the next display; the
computer recorded all answers provided (and the order in
which they were provided) by participants. If a particular
scene was associated with a comprehension question, the
guestion appeared after all participants completed their rat-
ings. The question remained on the screen until all partici-
pants had entered an answer using their keypads. All questions
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were multiple choice, with four answer options, numbered
1 through 4.

This procedure was followed for all 172 sign stimuli and
20 comprehension questions. A 5-min break occurred approx-
imately halfway through the sign set. The entire session
took approximately 1 hour (15 min for training/practice and
45 min for data collection).

Findings

A four-factor analysis of variance was conducted on the
ratings. All four main effects—sign stimulus, age group, gen-
der, and time of session—were statistically significant. The
two-way interaction of age and gender was significant, as
was the two-way interaction of time of session with sign
stimulus. Y oung participants made somewhat higher ratings
than older participants (overall mean of 3.0 vs. 2.8 on the
seven-point scale) and female participants made higher rat-
ingsthan male participants (3.1 vs. 2.7). Ratingstended to be
higher in the morning sessions than in the afternoon sessions
(3.1vs. 2.7). Theinteraction of time of day with sign stimu-
lus, although statistically significant, was small and no sys-
tematic pattern was evident. Of most importance for the study,
information demand ratings were very sensitive to the par-

ticular scene and participants tended to use the full range of
therating scale. Themeanratingsfor individual stimuli ranged
from 1.16 to 6.66. Figure 8 illustrates this range of ratings by
means of abar chart. The 172 stimuli are grouped by the num-
ber of sign panels in the scene, and ordered by rating within
these groupings. Asthe figure shows, generally sceneswith
fewer signsgot lower ratings, but within any category of num-
ber of signs there was still a substantial degree of variation.
Although thereisthe expected rel ationship with the total num-
ber of signs, there aso remain substantial differences to be
explained by the details of the signs and the scenes.

There are two primary aspects to the analysis and inter-
pretation of the findings of this experiment. One aspect con-
cerns the ratings of individual signsin the stimulus set and
the correspondence of these findings with respect to the pre-
vious experiment. The second aspect concerns the ability to
predict the information demand associated with sign arrays
based on knowledge of the information demand associated
with the individual signs comprising the array.

Considering first theratings given to individual signs(i.e.,
scenesthat contained only asinglesign panel), it may be seen
from Figure 8 that there was a substantial range of ratings
even among these single-sign scenes (from just above 1.0 to
nearly 3.5). This experiment and the previous experiment
shared 15 single signsin common. Figure 9 showsthe agree-

Mean Rating
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Figure8. Group mean rating as a function of the number of signsin a scene.
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Figure9. Scatterplot of group mean ratings for signsin common between two experiments.

ment between the two experiments in scatterplot form (the
ratings from the previous experiment are transformed to the
1-100 scale, as described earlier). The agreement between
the two experiments is quite high, with a correlation of r =
0.86. Thus despite differences in procedure (roadway con-
text, viewing time), the findings of the first experiment are
replicated for this subset of signs.

A further replication of the findings is based on use of the
look-up table derived in the first experiment (Appendix B).
Individual signs not presented in the initial experiment can
be assigned predicted values based on the look-up table. The
accuracy of these predictions can then be determined by
comparing them with the actual ratings made in the present
experiment. Figure 10 shows this relationship in scatterplot
form. Again, the level of agreement was quite high, with a
correlation of r = 0.84. It therefore appears that the look-up
tables derived from the initia experiment provide a good
basis for predicting the information load ratings of individ-
ual signs.

Having confirmed that the look-up table provides areplica-
ble and reasonable basis for predicting the information load
rating for an individual sign, the ability to use the table to
estimate the information load of multiple sign arrays can be
explored. Before conducting this part of the analysis, the
look-up table was refined dlightly from that of Appendix B.
Table 2 presents the updated look-up table. In addition,
another table (Table 3) was developed to provide standard

correction factors that could be used for adding to or sub-
tracting from the bracket valuesin the look-up table. Table 2
incorporates the following refinementsto Table B1 in Appen-
dix B. First, the referencing to appropriate sections and fig-
ures within the Manual on Uniform Traffic Control Devices
was updated to reference the 2000 edition (Millennium Edi-
tion) of the MUTCD (19). Second, the original tabled values
for the Exit Direction signs appeared to be aberrantly low,
based on values for similar signs and based on deviation in
the scatterplot of ratings between the two experiments. There-
fore the upper and lower boundsfor this sign category were
modified from 21/14 to 25/18. Third, because the range
between the upper- and lower-complexity vauesfor the Inter-
change Sequence category was so large (4 to 33), an inter-
mediate value (Iabeled “Middle”) was added to thetable. The
definition of this middle condition is contained in the table.
This should make it easier for a user to select an appropriate
value for agiven sign and result in better agreement among
analysts. Finally, consistent values were defined for use when
adding or subtracting a destination or other feature from the
upper or lower boundary condition. These are the values
shown in Table 3. For example, if an additional destination
were added to a sign (relative to the look-up table sign),
Table 3 indicates that an additional seven units should be
added to the look-up table value. The valuesin Table 3 were
derived from considering the full set of signs and conditions
for the tablesin Appendix B.
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Figure10. Scatterplot of actual group mean ratings versus values derived from look-up table.

Tables 2 and 3 were then used to examinethe ability to pre-
dict theinformation load associated with asign array contain-
ing multiple signs. The ability to predict the information load
of asign array depends on finding an appropriate rule for com-
bining the information loads associated with the individual
signsthat make up the array. There are many potential ways of
doing this, beyond simple addition. For example, one might
employ transforms of the original ratings (e.g., log transform)
of some or al of the signs, or use regression equations. The
objective was to find a relatively simple rule that could be
applied to look-up table values of individual signs that would
accurately predict the sign array demands as reflected in the
empirically obtained ratings. A range of possible combina-
tion rules were applied to the data, and two emerged as par-
ticularly good estimators of sign array information demand.
One rule involved adding the information load of the sign
with the highest information load to the square root of the
information load of the remaining signs. Conceptually, this
was a formalization of the idea that the most complex sign
has the greatest impact in determining the overall load, with
other signs contributing proportionately less, and with very
simple signs contributing especially little. Applying thisrule
to look-up table values for the individual signs, the correla-
tion of actual vs. predicted valuefor sign arrayswasR=0.94,

with a standard error of estimate of 0.31 units on the seven-
point rating scale. The constants of the linear regression
equation were quite small: Array Vaue = 0.94 (maximum
value + squareroot of others) + 0.08. Thereforetherule could
be quite accurately applied even without any linear trans-
form. Figure 11 plots this relationship. The other very suc-
cessful predictor was based on alinear regression of thesim-
ple sum of the individual sign values. In this case R = 0.95,
with a standard error of 0.29 units on the seven-point rating
scale. The linear regression equation was Array Value =
0.765 (sum of individual sign ratings) + 0.44. Figure 12 plots
this relationship. The slope value of considerably less than
1.0inthisequationis, in effect, ameans of saying that asone
adds more and more to an existing sign array, the influence
of each additional unit of information load becomes less and
less. Either of these two approaches yields very high predic-
tive value, accounting for about 90 percent of the variancein
theratings. Thus, it isclearly evident that one can predict the
information load of asign array if there is appropriate infor-
mation on the individual signs comprising the array.

Among the modificationsto stimuli in the set of dideswere
afew manipulations of factors such asthelocation of thesign
within the scene, the color of thesign, and the size of thesign.
Theintent wasto seeif any such factors need to betaken into



TABLE 2 Look-up tablefor sign information load

Sign type and category MUTCD reference (2000 edition) Sign complexity Definition Rating
Advance Major Guide, Fig. 2E-13, SignsE1-1 and E1-5 Upper Long Word, 2 Dest., 1 R.M., 26
Separate Exit 0 lcon, No Lane, No Dir.

Lower Short Word, 1 Dest., 1 R.M., 20
0 lcon, No Lane, No Dir.
Advance Major Guide, Fig. 2E-13, Sign E1-1a Upper Long Word, 2 Dest., 1 R.M., 17
Integrated Exit 0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 1 R.M., 12
0 lcon, No Lane, No Dir.
Advance Magjor Guide, Fig. 2E-13, Signs E1-1, E1-5, and Fig. 2E- | Upper Long Word, 2 Dest., 1R.M., 20
9, Sign E11-1
Separate Exit and Lane Drop 0 lcon, Lane, No Dir.
Lower 1 Short Word, 1 Dest., 1 R.M., 20
0 lcon, No Lane, No Dir.
Lower 2 Short Word, 1 Dest.,, 1R.M., 14
0lIcon, Lane, No Dir.
Advance Magjor Guide, Fig. 2E-13, Sign E1-1laand Fig. 2E-9, Sign |Upper Long Word, 2 Dest., 1R.M., 29
E11-1
Integrated Exit and Lane Drop 0 Icon, Lane, No Dir.
Lower Short Word, 1 Dest., 1 R.M., 25
0 lcon, Lane, No Dir.
Advance Minor Guide, Fig. 2E-13, Sign E1-2 Upper Long Word, 2 Dest., 0R.M., 17
without Route 0 lcon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 16
0 lcon, No Lane, No Dir.
Advance Minor Guide Fig. 2E-13, Sign E1-3 Upper Long Word, 2 Dest., 0R.M., 20
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 6
0 lcon, No Lane, No Dir.
Next Exit Fig. 2E-14 Lower N/A Word, 0 Dest.,, 0R.M., 5
0Icon, No Lane, No Dir.
Multiple-Destination Exit Fig. 2E-15 Upper Long Word, 2 Dest., 0 R.M., 26
0 lcon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0R.M., 3
0Icon, No Lane, No Dir.
Multiple-Degination, Next Right Upper Long Word, 2 Dest., 0 R.M., 19
0 lcon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 3
0lcon, No Lane, No Dir.
Exit Direction Fig. 2E-18 Upper Long Word, 2 Dest., 1 R.M., 25
0 Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 1 R.M., 18
0 lcon, No Lane, Dir.
Gore, Separate Fig. 2E-19, Signs E5-1 and E5-2 Lower N/A Word, 0 Dest., 0 RM., 3
0 lcon, No Lane, No Dir.
Gore, Integrated Fig. 2E-19, Sign E5-1a Lower N/A Word, 0 Dest., 0 RM., 4

0 Icon, No Lane, No Dir.

(continues on next page)
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TABLE 2 (Continued)

Sign type and category MUTCD reference (2000 edition) Sign complexity Definition Rating
Pull Thru, Small Shield Fig. 2E-2, Sign E6-2 Upper Long Word, 1 Dest., 1 R.M., 7
0 lcon, No Lane, Dir.
Lower Short Word, 1 Dest., 1 R.M., 7
0 lcon, No Lane, Dir.
Pull Thru, Large Shield Fig. 2E-2, Sign E6-2a Upper Long Word, 1 Dest., 1 R.M., 12
0 lcon, No Lane, Dir.
Lower Short Word, 1 Dest., 1 RM., 12
0lcon, No Lane, Dir.
Post-Interchange Distance Fig. 2E-20, Sign E7 Upper Long Word, 3 Dest., 0 R.M., 21
0 lcon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 3
0lcon, No Lane, No Dir.
Interchange Sequence Fig. 2E-22, Sign E8-1 Upper Long Word, 3 Dest., 0 R.M., 33
0 lcon, No Lane, No Dir.
Middle Short Word, 2 Dest., 0 R.M., 18
0 lcon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 4
0 lcon, No Lane, No Dir.
Community Interchange Fig. 2E-23, Sign E8-2 Upper Long Word, 3 Dest., 0 R.M., 33
0 lcon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 RM., 13
0 lcon, No Lane, No Dir.
Next (X) Exits Fig. 2E-24, Sign E-9 Upper Long Word, 1 Dest., 0R.M., 7
0lcon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 4
0 lcon, No Lane, No Dir.
Park & Ride Fig. 2E-17 Lower N/A Word, 0 Dest.,, 0R.M., 18
0lcon, No Lane, No Dir.
Milepost Sign D10-3 Upper N/A Word, 0 Dest.,, 0R.M., 9
0 lcon, No Lane, No Dir.
Lower N/A Word, 0 Dest.,, 0R.M., 4
0lcon, No Lane, No Dir.
Diagrammatic Guide, Fig. 2E-3 Upper Long Word, 2 Dest., 2 R.M., 34
Separate Exit 0 Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 2 R.M., 22
0lcon, No Lane, Dir.
Diagrammatic Guide, Fig. 2E-3 Upper Long Word, 2 Dest., 2 R.M., 28
Integrated Exit 0Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 2 R.M., 23
0 lcon, No Lane, Dir.
Diagrammatic Guide, Fig. 2E-3 and Fig. 2E-9, Sign E11-1 Upper Long Word, 2 Dest., 2 R.M. 37
Integrated Exit and Lane Drop 0 Icon, Lane, Dir.
Lower Short Word, 1 Dest., 2 R.M., 25

0 Icon, Lane, Dir.
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Diagrammatic Guide, Fig. 2E-3 and Fig. 2E-9,Sign E11-1 Upper Long Word, 2 Dest., 2R.M., 33
Separate Exit and Land Drop 0lcon, Lane, Dir.
Lower Short Word, 1 Dest., 2 R.M., 23
0 lcon, Lane, Dir.
Next Services Fig. 2E-35 Lower N/A Word, 0 Dest., 0 R.M., 5
0 Icon, No Lane, No Dir.
Services, Integrated Fig. 2E-34 Upper N/A Word, 0 Dest.,, 0R.M., 19
0 lcon, No Lane, No Dir.
Lower N/A Word, 0 Dest.,, 0 R.M., 3
0 lcon, No Lane, No Dir.
Services, Separate Fig. 2E-34 Upper N/A Word, 0 Dest., 0 R.M., 17
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest.,, 0R.M., 2
0 Icon, No Lane, No Dir.
Rest Area, Gore Fig. 2E-36 Lower N/A Word, 0 Dest.,, 0 R.M., 2
0 Icon, No Lane, No Dir.
Rest Area, Advance Guide Upper N/A Word, 0 Dest.,, 0R.M., 12
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest.,, 0 R.M., 2
0 lcon, No Lane, No Dir.
Rest Area, Exit Direction Upper N/A Word, 0 Dest.,, 0OR.M., 7
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest.,, 0 R.M., 5
0 Icon, No Lane, No Dir.
Route Marker, U.S. Route Sec 2E-25 Pg 2E-34 Upper N/A Word, 0 Dest., LR.M., 1
0 lcon, No Lane, Dir.
Lower N/A Word, 0 Dest., 1 R.M., 1
0 lcon, No Lane, No Dir.
Route Marker, Interstate Sec 2E-25 Pg 2E-34 Upper N/A Word, 0 Dest., 1R.M., 2
0 lcon, No Lane, Dir.
Lower N/A Word, 0 Dest., 1 R.M., 1
0 Icon, No Lane, No Dir.
Gas & Lodging, Double Fig. 2F-1 Upper 1 N/A Word, 0 Dest.,, 0R.M., 27
4 |con, No Lane, No Dir.
Upper 2 N/A Word, 0 Dest.,, 0R.M., 32
6 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 21
2 lcon, No Lane, No Dir.
Gas & Lodging, Single Fig. 2F-1 Upper 1 N/A Word, 0 Dest.,, 0R.M., 29
4 Icon, No Lane, No Dir.
Upper 2 N/A Word, 0 Dest.,, 0R.M., 23
6 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest.,, 0 R.M., 7

1 Icon, No Lane, No Dir.

(continues on next page)
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TABLE 2 (Continued)

Sign type and category MUTCD reference (2000 edition) Sign complexity Definition Rating

Radio Information, Weather SignD12-1 Upper N/A Word, 0 Dest., 0 RM., 24
0lcon, No Lane, No Dir.

Lower N/A Word, 0 Dest., 0 RM., 6
0 lcon, No Lane, No Dir.

Radio Information, Sign D12-3 Upper Long Word, 0 Dest., 1 R.M., 15
CB Channel 9 0lcon, No Lane, No Dir.

Lower Short Word, 0 Dest., 1 RM., 5
0 lcon, No Lane, No Dir.

Radio Information, Traffic Upper N/A Word, 0 Dest.,, 0R.M., 21
0lcon, No Lane, No Dir.

Lower N/A Word, 0 Dest., 0 R.M., 10
0 Icon, No Lane, No Dir.

Car Pool Information, Car Sign D12-2 Lower N/A Word, 0 Dest., 0 RM., 8
0lcon, No Lane, No Dir.

Car Pool Information, Van Lower N/A Word, 0 Dest., 0 RM., 9
0 lcon, No Lane, No Dir.

Weigh Station, Advance Guide |[Fig. 2D-3, Sign D8-1 Upper N/A Word, 0 Dest., 0R.M., 4
0lcon, No Lane, No Dir.

Lower N/A Word, 0 Dest., 0 RM., 1
0 lcon, No Lane, No Dir.

Weigh Station, Exit Direction Flg. 2D-3, Sign D8-2 Lower N/A Word, 0 Dest., 0 R.M., 5
0lcon, No Lane, No Dir.

Weigh Station, Gore Fig. 2D-3, Sign D8-3 Lower N/A Word, 0 Dest., 0 R.M., 2
0 lcon, No Lane, No Dir.

Recreational Guide, Fig. 2H-2 Upper Long Word, 1 Dest., 0R.M., 15
Integrated |cons 31con, No Lane, No Dir.

Lower Short Word, 1 Dest., 0 RM., 7
1 Icon, No Lane, No Dir.

Recreational Guide, Fig. 2H-2 Upper Long Word, 1 Dest.,, OR.M., , 17
Separate |cons 31con, No Lane, No Dir.

Lower Short Word, 1 Dest.,, 0RM.,, 7

1 Icon, No Lane, No Dir.
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Recreational Guide, Distance Fig. 2H-2 Upper Long Word, 1 Dest., 0 R.M., 18
0 lcon, No Lane, No Dir.

Lower Short Word, 1 Dest.,, 0RM., 10
0 lcon, No Lane, No Dir.

Recreational Guide, Direction Fig. 2H-2 Upper Long Word, 1 Dest., 0R.M., 10
0 Icon, No Lane, No Dir.

Lower Short Word, 1 Dest.,, 0R.M., 6
0 lcon, No Lane, No Dir.

Boundary, County Upper Long Word, 0 Dest., 0 R.M., 4
0 lcon, No Lane, No Dir.

Lower Short Word, 0 Dest., 0RM., 4
0 lcon, No Lane, No Dir.

Boundary, State Upper Long Word, 0 Dest.,, 0RM., 5
0 Icon, No Lane, No Dir.

Lower Short Word, 0 Dest., 0R.M., 1

0 lcon, No Lane, No Dir.

Keys:

Rating = Information load rating (1-100)

Upper = Maximum number of all sign components present as specified in the MUTCD

Lower = Minimum number of all sign components present as specified in the MUTCD

Word = Word length of destinations (Long, Short, N/A)

Dest. = Number of destinations (0-4)

R.M. = Number of route markers (0-3)

Icon = Number of icons (0-6)

Lane = Presence or absence of alaneindicator arrow

Dir. = Presence or absence of acardinal direction

T€
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TABLE 3 Madificationsto look-up tableratings

Base value for sign type according to look-up table (upper or lower boundary) plus or minus:

Sign element Vaue Definitions
Exit Panel Number 8,10 A small panel added to the top of advance guide signs which
indicates the exit number (MUTCD Fig. E1-5)
Destination 7 A textual destination (road, town, etc.)
Route Marker 6 A state or interstate route marker (a number within a shield)
Direction 4 Text indicating the cardinal direction of aroadis traffic flow
Word Length 2,4,6 |Theoveral amount of text on asign, including destinations.

Value varies according to amount of text on sign relative to
baseline amount

Icon 3 A meaningful picture, image, or logo, often representing a
point of interest
Lane Drop 3 Text, sometimes combined with arrows, indicating that alane
can only be used by exiting traffic (‘Exit Only’ sign)
Lane Arrow (each) 2 Downward-pointing arrows indicating which lane to use for a
destination
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Figure1l. Scatterplot of observed sign array rating versus value predicted by combination rule; Maximum sign plus
square root of other signs.



8.00

33

7.00

6.00

5.00

y =0.7651x + 0.4429

R?=0.9053 ~%
*

4.00

$ .

3.00 -

Observed Array Rating

2.00

1.00

0.00 T T T
0.00 1.00 2.00 3.00

4.00 5.00 6.00 7.00 8.00

Sum of Sign Weights

Figure12. Scatterplot of observed sign array rating versus value predicted by combination rule: Regressed sum of signs.

account when attempting to compute the overall information
demand of asignarray. Aninitial scan of theratingsfor signs
manipulated in this manner revealed no consistent or sub-
stantial effects on the ratings. Given the already very high
proportion of variance accounted for by the major variabl e of
individual sign load ratings without including these factors,
no formal analysis of these manipulations was warranted, and
they do not need to be incorporated into formal modeling.

In summary, the experiment on combination rulesfor sign
arraysreplicated the general results of theindividual freeway
sign experiment and demonstrated that the look-up tables
could be used to predict the information load ratings of indi-
vidual signs. The experiment also determined that the infor-
mation demand of asign array could be quite accurately pre-
dicted based solely on the information load ratings of the
individual signs composing the array.

PRELIMINARY ON-ROAD EXPERIMENT

The purpose of the on-road experiment was to obtain con-
tinuous, real-time ratings of information processing demand
from drivers as they drove an extended route that incorpo-

rated arange of roadway typesand signage. Thiswasaccom-
plished by having participants continuously adjust a thumb-
wheel mounted ontheir steeringwhee! in order to continuously
reflect how difficult it wasto take in al the information they
were dealing with. By plotting the thumbwhee! setting against
the location on the road, an “information load profile” can be
generated for each driver, and a group mean profile can be
used to characterize typical driver response to a sign array.
The objective was to relate the findings to the model of
driver information load in terms of the degree of load asso-
ciated with roadway and sign features and with temporal
changes as signs or choice points are approached.

The initial on-road experiment, described in this section,
was conducted under NCHRP Project 3-50, and was actually
conducted after the Individual Freeway Sign Information
L oad Experiment but prior to the Combination Rulesfor Sign
Arrays Experiment. Although thisinitial on-road experiment
provided some useful insights, it was superseded by the pri-
mary on-road experiment described in the next section. This
initial on-road experiment is labeled here as the “prelimi-
nary” on-road experiment. It essentially served as apilot for
the later on-road study. Therefore, the methods and findings
of the preliminary on-road experiment are treated here in a
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summary manner. Greater detail and analysis are provided
for the primary on-road experiment described in the next sec-
tion. The primary on-road experiment improved on the meth-
ods and equipment of thisinitial experiment, which suffered
relatively high data loss due to Global Positioning System
(GPS) drop-out, equipment reliability, difficulties with pre-
cision of location, weather problems, roadway and traffic
problems, and experimenter error.

Sixteen participants, eight in the young group (1620, mean
of 18.5 years) and eight in the older group (64—77, mean of
70.0 years) took part. They drove a 60-mi route of primarily
freeway and interstate roadways that included sections in
Fairfax and Arlington countiesin Northern Virginiaand Wash-
ington, D.C.. Participantsdrovetheroutein their own vehicles.
The vehiclewas outfitted with atemporary PC-controlled data
collection system, which included a GPS to document loca
tion and a steering-wheel-mounted thumbwheel for use in
making ratings. The data collection system sampled vehicle
location (latitude/longitude) and thumbwheel rating every
second.

The participant was asked to drive his or her car in anor-
mal manner along the route specified by the experimenter,
who accompanied them on the trip. While driving, the par-
ticipant was instructed to continuously adjust the thumb-
wheel to rate “how easy or hard it isto take in al the infor-
mation that you need to make your driving decisioninatimely
manner.” The instructions provided detail on what was meant
by “information load” and the use of the dial and its 10-point
scale. The thumbwheel was mounted on the participant’s
steering wheel in alocation that was selected by the partici-
pant as being comfortable and easy to use.

After a practice period to get familiar with the procedure
and the use of the thumbwheel, the data collection trip began.
Prior to the trip, the participant was shown amap of the route
to be taken, and allowed to study it. This provided a generd
orientation. However, he or shewas not expected to memorize
the route. On each leg of thetrip, the participant was informed
of the next destination. The destinations were dways in the
form of an exit from the current route onto another route. For
example, the instruction might be “ Take the exit to Route 29
south at Centerville.” No indication was given as to the dis-
tance or location of the next exit. After each exit maneuver, the
participant was informed of the next destination.

Although therewas considerable variability among drivers
in their ratings, there was general agreement on the approxi-
mate locations of major peaks in information load. These
peaks wereidentified based on the location of obvious peaks
inindividua driver records and also by mapping clusters of
the highest ratings over the entireroute (e.g., the highest 1%).
Two points may be noted regarding these peak areas. First,
they tended to correspond to impending maneuvers. Nine of
the eleven major information load points identified were
approaching areas where an exit maneuver was reguired. A
tenth site was an approach to a very complex set of merging
roadways where it was not clear in advance what lane the

driver would want to be in. The general observation was
that areas of agreement among partici pants tended to involve
regions of approach to an impending maneuver. Another point
is that these areas of “approach” can be quite extended, as
much as 2 mi from the actual exit point, although this esti-
mate is crude. It may be that signing or geometry becomes
more complex in this region, although it appears that dri-
vers may be using the 2-mi interchange advance guide
signs as a cue to increase their concentration on the navi-
gational task.

While the analysis of raw individual data was useful for
roughly identifying areas of highinformation|oad, onewould
like to be able to combine the data from individual partici-
pantsto provide amore fine-grained eval uation of group data
and its relation to roadway and signing elements. Five sites
along the route were subjected to this more detailed evalua-
tion. For each site, the mean information load rating (dial set-
ting) and the mean vehicle speed were computed for the group
of 16 participants along the site. Figure 13 presentsthe group
rating and speed profilesfor thefive sites. The X-axisin each
figure shows the distance from the choice point (gore area)
in feet. Thus the curves trace the approach of the vehicle
from the farthest point analyzed (left side of figure) up to the
point where the vehicle reaches the gore (0 point, right side
of figure). Theleft ordinateindicatesthe scalefor thedial rat-
ings and the right ordinate indicates the scale for the vehicle
speed. Thevertical linesindicate thelocations of sign arrays.
Each figureisbased on datafrom only those participantswho
had complete and valid data for that site, which ranged from
9 to 13 participants. Each plot encompasses a distance of
7,000 ft from the exit gore point, athough for one site, the
actual length of the site was only about 2,500 ft.

There was no obvious, consistent pattern across these var-
ious site profiles that related the ratings to sign locations or
roadway features, although there was some tendency for the
ratings to rise over the approach. Some sites showed pro-
nounced changes in the ratings across the site while others
wererelatively flat. Therewasnot aclear and consistent peak
or hump or shift in the records that corresponded to each
major sign array, as conceptualized for the model in Chapter
3 (e.g., Figure 3). It may be noted that for the three sites
where there were rather pronounced changes in the dia rat-
ings (Sites 2, 4, 7), vehicle speed roughly mirrored the rat-
ings, with the vehicle slowing as the rating increased. While
vehicle speed is subject to anumber of influences, these broad
changes suggest that where information demand is increas-
ing, the driver slows down somewhat as a behavioral strat-
egy for coping with theinformation demand. These sitesalso
had slightly lower speedsoverall than the two siteswherethe
dial ratings were rather flat, although this could likely be
attributed to the roadway category.

Asaheurigtic device to help suggest possible relationships
within the data, the statistical technique of principal compo-
nent analysis was used to summarize dia setting behavior at
thesites. Thistechniquewas used to transform the dial settings
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of drivers into their principal component scores. Principal
component scores are linear combinations (sort of weighted
averageswith negative weights permitted) of the original vari-
ables, inthisinstance, the dial settings. The computer program
used to implement this analysis selects the transformation
from individual dial settingsto principal componentsin away
that would be optimal, assuming certain mathematical condi-
tions. For these data, the approach should be viewed as heuris-
tic because the formal conditions for principal component
analysis are not fully met. However, regardiess of optimality,
thefirst few principal components can usually provide avery
good summary of salient features of the data. In the present
case, thefirst two principal components accounted for most of
the explainable variance at all sites, and only these two com-
ponents were retained for closer consideration.

Thefirst, and dominant, factor (labeled Factor 1) intherat-
ing data explained anywhere from 39% to 56% of the vari-
ance at a particular site. At each site, the majority of drivers
(50-85%) showed a positive correlation of their dial ratings
with Factor 1. Examination of the analysisindicated that Fac-
tor 1isgenerally related to proximity to the choice point. Fig-
ure 14 plots the mean dia ratings, Factor 1 values, and Fac-
tor 2 values across each of the five sites. In each case, there
is a generally increasing trend in Factor 1, even for those
cases where no such trend was obvious in the overall mean
dia ratingitself. This suggeststhat the subjective sense of the
demand imposed on the driver increases as the exit point is
approached, and might be described as an “urgency” factor,
although the basis for the feeling is not known. The length of
this Factor 1 ramp tendsto be large relative to decision sight
distances. Figure 15 plotsthe Factor 1 functionsfor each of the
five sites on a common set of axes. The distance along the
X-axisislong (17,000 ft) so asto clearly show the approach
and initiation of the upward ramping of the function. Site 2 is
clearly different from the others, which isto be expected given
that it is much shorter. Site 4 is also somewhat shorter, and
begins to ramp up somewhat later than the others. The Factor
1 functions for four remaining sites with longer approaches
begin to ramp up at about 6,000 ft from the exit gore. With
the exception of Site 2, the Factor 1 function tends to peak
somewhere in the 1,100- to 1,800-ft range from the exit
point, although for Site 10 (and somewhat for Site 9), there
isasecond later peak very close to the exit gore itself.

Factor 2 is far more ambiguous. The functions were gen-
eraly more “jagged” than for Factor 1 and were unsystem-
atic. Thisfactor accounted for relatively little variance in the
ratings, and no suitable explanation was found to describe to
what it might be related.

In summary, the preliminary on-road experiment found
that the continuous on-road ratings of information |oad varied
over sections of the route, despite considerable variance
among participants and the substantial data loss occurring in
this study. High ratings of information load were associated
with locations where a maneuver was required, and evidence
was found for the importance of amaneuver proximity factor

that gradually increases asthe exit point is approached, peak-
ing about 1,500 ft or less from the exit gore. Finer details of
the group mean rating functions did not show specific peaks
clearly associated with individual roadway signs, although
some such association appeared to be present in certain indi-
vidual participant records.

A number of methodological limitations of this experi-
ment were recognized and the primary on-road experiment
attempted to address these.

PRIMARY ON-ROAD EXPERIMENT
Overview and Objectives

The Primary On-Road Experiment made anumber of mod-
ifications to the methods of the Preliminary On-Road Experi-
ment. Theseincluded improvementsto the precision and reli-
ability of the data collection system; improvements to the
dial-based information load rating task; more extensive and
structured training of participants prior to data collection;
and more comprehensive collection of information related to
the degree of driving performance problems.

The experiment had severa objectives. As in the prelimi-
nary on-road experiment, the intent wasto obtain acontinuous
mesasure of the driver’s subjective sense of information load
over an extended trip, and be able to map these ratings onto
specific roadway locations. The analysis could then examine
thelevel of reported information demand as afunction of the
signs present, roadway features, proximity to maneuvers, or
other factors. Both response magnitude and temporal aspects
of the ratings could be considered. The study also collected
a variety of measures that might reflect driving difficulties
associated with coping with high information load. These
included both vehicle control measures (based on steering,
braking, and speed) and observations recorded by the experi-
menter (erratic maneuvers, missed exits, verbalizations, etc.).
The findings of this experiment, taken together with the find-
ings of the previous experiments, could then beintegrated into
a quantitative model of driver information load and a proce-
dure for analytically deriving an index of information load.

One of the original objectives of this experiment was not
able to be performed. The intent was to have a set of scenes
in common between the laboratory experiment on combina-
tion rules for sign arrays and the on-road experiment. This
would have permitted a direct comparison of static labora-
tory and dynamic on-road ratings of the same sign arraysin
identical contexts. A probable route for the on-road experi-
ment was selected prior to the laboratory experiment. Signs
from that route were photographed and included in the |ab-
oratory experiment. However, by the time the on-road exper-
iment was implemented, there had been avariety of changes
to some sites, traffic patterns had been changed as a result
of major roadway work in the vicinity (resulting in frequent
unacceptable levels of congestion), and additional road work
was planned in parts of the study route during periods that
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overlapped with data collection. Therefore, an entirely new
route had to be planned in adifferent area. Asaresult, thelab-
oratory and on-road experiments did not share any common
subset of signs, and direct comparisons were not possible.

Method
Route

The route encompassed approximately 60 mi of freeway
roads in the greater Baltimore, MD, area, primarily in sub-
urban settings. Thisincluded portions of 1-95, 1-695, 1-195,
[-395, and MD 295. Exit maneuvers (from freeway to freeway
or freeway to surface street) were required at eight locations.
These represented the termini of eight “sites” as defined for
purposes of data analysis. The route could start at either of
two starting points; this permitted counterbalancing among
two different sequences of the sites (the starting point for one
route sequence wasthe sixth sitefor the other sequence). Each
route sequence was also associated with a training route,

over which the subject received practice in using the steer-
ing wheel-mounted dia to make ratings. Appendix D presents
the sequence of sites used for training and data collection
under each of the two route sequences.

The eight sitesinvolved the following exit maneuvers:

+ Sitel:
+ Site2:
+ Site3:
+ Site4:
+ Siteb:
+ Site6:
+ Site7:
+ Site8:

L eft exit from [-95 North to [-695 West;
Exit from [-695 West to Security Blvd;

Exit from [-695 South to [-95 North;

Exit from [-95 North to [-395 North;

Left Exit from 1-95 South to 1-695 East;
Exit from [-695 East to MD 295 South;

Exit from MD 295 South to 1-195 West; and
Exit from [-195 West to 1-95 North.

I nstrumentation

Participantsin thisexperiment drovea1999 Chevrolet Mal -
ibu that was outfitted with a data collection/experimental con-



trol system. Figure 16 shows a simplified schematic of the
system and Figure 17 illustrates the physical location of the
components in the vehicle.

Asthefiguresillustrate, the system ran off the car battery
with amarine battery backup. A laptop computer, at the exper-
imenter station in the back seat, controlled inputs and out-
puts. The data acquisition system recorded vehicle speed,
distance, steering wheel location, brake status, and partici-
pant/driver information load rating (from the dial mounted
on the steering wheel). The computer also recorded various
coded inputs from the experimenter, entered via the key-
board. The computer was time-synched with the video sys-
tem so that video images and other data could be directly
related. Four cameras were located around the vehicle. One
recorded the view ahead; another recorded the driver’'s head
and torso. The remaining two looked out directly to the left
and right and were used to precisely indicate the point at
which the vehicle passed key landmarks a ong the route (this
was a double check on the experimenter’s manual entry of
these same landmarks and also permitted later definition of
any additional landmarks that were desired). The four cam-
eraimages were integrated into a single recording by means
of the quad-splitter. The video titler superimposed various
other information directly on the video image. Thusin addi-
tion to being stored in the computer file, information such as
dia rating, speed, steering wheel position, and other items
was also directly visible on the video display. This had sev-
eral advantages. It provided a redundant data record in the
event of any problems. It also permitted later off-line view-
ing, where it may be enlightening to watch the roadway scene
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and driver behavior while seeing the changing status of other
factors. The audio output (beep rate and pitch changes) related
to the dial setting was also recorded acousticaly, so it was
possibleto“listen” to the participant’ sratings while watching
the scene. Finally, the video image was also displayed on a
small monitor at the experimenter station so that the experi-
menter could monitor and confirm the working status of all
inputs (e.g., if there was a problem with the steering-wheel -
position recording component, this would be evident from
the data on the monitor).

In addition to controlling the experiment and monitoring
the status of data collection, the experimenter also entered a
variety of information through coded keyboard inputs. Fig-
ure 18 shows the experimenter interface screen for the data
collection portion of the procedure (other screens were in
effect for initial participant coding and for training). The left
side of the display allowed the experimenter to monitor time,
distance, rating, speed, steering wheel position, and brake
status. Inthe upper center, the“ Road Marker” input was used
to indicate when the vehicle reached key points along the
route. The right side of the display provided additional input
keys for the experimenter (entered via the keyboard). The
upper-right entry indicated the site number. The“driver prob-
lems” section allowed notation of erratic maneuvers, naviga-
tion errors, and confusions, with an areafor comment entries.
The areain the middle of the screen allowed coding of traf-
ficdensity. The“visual obstructions’ field allowed the exper-
imenter to indicate if the driver’'s view of signs was sub-
stantially obstructed by intervening trucksor by severeglare.
Finally, any abnormal road conditions or unusual events that
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Figure16. Schematic of data collection/experimental control system.
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might influence the data could be noted in the field at the bot-
tom (and expanded on in the comment bar).

A thumbwheel dial was mounted on the steering wheel in
aposition comfortably reached while driving. Thiswas used
by the driver to make continuous ratings of the information
demand being confronted while driving. The thumbwheel
was labeled with a 0-to-10 scale, and there was al so acoustic

output associated with the dial position. The 0-to-10 scale
took up only a portion of the full range of the dial, with a
physical stop at each end of the scale. Figure 19 showsapic-
ture of the thumbwheel, seen mounted inside the steering
wheel rim, to the upper left. The small pointer inside the dial
rim pointsto the numeric setting, although the scale numbers
were not on the dial shaft at the time of this photograph. The
range of throw was set such that the participant could rotate
thedia from 0 to 10 with one continuous motion of the thumb
or fingers. The acoustic signal was generated using the library
functionsfrom aMusical Instrument Digital Interface (MIDI)
file (winmm.dll). The sel ected acoustic signal wasthe “wood
block” sound (voice 115 in the General MIDI standard),
which was a brief percussive signal with little reverberation.
Asthedial wasrotated from the O position to the 10 position,
the rate of the beep increased from alow of once per 1.5 sec
to ahigh of 5 per sec. The pitch of the sound also increased
asthe dial wasturned. This acoustic feedback, together with
proprioceptive feedback from the thumb or finger position,
provided the participant with a good sense of the approxi-
mate dial setting without having to look down at the dial.

Figure 20 shows the vehicle from an exterior view. The
four video cameras are visible as white rectangular objects
in the picture. The one centered in the windshield is aimed
at theforward view, and theonein front of thedriver isrecord-
ing the head and torso. The side-facing “landmark” cameras
are more difficult to see, but they arelocated near the upper
edge of the rear windows, and are aimed laterally at the
roadside.
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Figure18. Experimenter interface screen for data collection.



Figure19. Thumbwheel rating dial mounted on steering
column.

Figure 21 shows an interior view from the experimenter’'s
position. The laptop computer and small video monitor are
being viewed by the experimenter. The VCR and other equip-
ment are to her left (not visible). The participant’s steering
wheel-mounted dial isvisible between thefront seats. Itisthe
black circular dial set just inside the steering wheel rim.

Research Participants

Sixteen participants took part in the study. They were
recruited from the suburban Washington, D.C., area (Mont-
gomery and Prince George's counties in Maryland), about
25 mi south of the generd study site. Participantswere screened
to exclude those who had local familiarity with sections of the
route, although many had occasionally driven sections of the
routein the past. Participantswererecruited in two age groups,

Figure20. Exterior view of instrumented vehicle.
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Figure2l. Experimenter’spositionin vehicle.

with eight participants in each group (4 male, 4 female). The
young driver group was composed of drivers 20 years old or
younger (mean of 19.0), with a minimum of 1 year's driving
experience. Theolder group was composed of driversover the
age of 65 (mean of 74.5). All participants were licensed driv-
ers, English-literate, and droveat least threetimesaweek. Age
and sex groups were approximately counterbalanced with
respect to morning and afternoon test sessions.

Procedure

The participant’s task involved driving an extended route
in anormal manner, with the exception of also adjusting the
thumbwheel dial as they drove, to reflect the level of infor-
mation demand confronting the driver. The rating task was
made as unobtrusive as possible, through the design and loca
tion of the dial, provision for acoustic feedback, and training
and practice prior to data collection. During the trip, the par-
ticipant was navigating from location to location. The exper-
imenter, seated in the back seat of thevehicle, would indicate
the next location to which the participant was to drive. The
direction was given in the form of a route name, cardina
direction, and destination. For example, the participant might
betold to “go to 1-695 East to Glen Burnie.” No other infor-
mation (e.g., distance, exit number, preferred lane) was pro-
vided. The participant navigated to the exit, made the exit
maneuver, and then was directed by the experimenter as to
what to do next.

The data collection system continuously recorded distance
and dial rating during thetrip. Variouslandmarkswere used to
calibrate the distance readings. The experimenter hit an indi-
cator key at the moment each landmark was reached, so that
the distance reading at that point was known and recorded in
the computer file. Later off-line validation of the accuracy
of the key timing was achieved through the use of the video
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record (side camera views). Thus the information demand
rating at any moment coul d be accurately mapped to theloca
tion on the road. Steering wheel position, vehicle speed, and
brake status were also automatically recorded. The experi-
menter was responsible for noting and entering various other
factors. One set of observations had to do with driving prob-
lemsthat may reflect information overload or driver confusion.
Theseincluded late or erratic maneuvers, navigation errors,
obvious confusion, and verbalizations. In addition to noting
the occurrence of such an event, the experimenter also typed
in adescriptive notation in the comment field (see Figure 18).
The experimenter also noted traffic density throughout the
trip and made a new entry in this field any time the traffic
density changed from one level to another. Visual obstruc-
tionsto sign viewing, such aslargetrucks or severe sun glare
on the sign panel face, were recorded only when such obstruc-
tions were clearly beyond normally encountered conditions.
Other atypical roadway conditions were also noted, such as
work zones or “unusual events’ such as police activity or
objectsintheroadway. Atypical visual obstructionsor unusual
roadway conditions were rare. Thisinformation was used as
ameans of screening data anomalies from the final database.

The instructions to the participant defined “information
demand” and described how to makethedial ratingsusing the
0to 10 scale. The definitions and procedures were repeated a
number of times through the course of training and practice.
Thefull training protocol, including the precise instructions,
is provided in Appendix E. Some example wording taken
from a portion of theinstructionsis:

Wewant you to tell ushow easy or difficultitistotakeinal
theinformation you need asyou are driving along. When you
drive, information you need to deal with isaways coming at
you, and so there is always some level of effort involved in
dealing with that information. We refer to this as “informa-
tion demand.” We'll cal it information demand because we
want to know how much demand this situation is putting on
you asyou deal with the information coming at you. Some of
the information you deal with may come from signs, but it
also may come from what you see on the road, or the actions
of other traffic around you, or just thework involved in steer-
ing and driving properly.

Theinstructions also indicated that the participant was not
to make hisor her ratingsin acal culated, analytic manner, but
rather based on a subjective sense of information demand:

Wewant you to be the “ measuring stick” for deciding, at any
given moment, just how hard it is for you to deal with pro-
cessing the information you are faced with. We don’t want
you to think hard about it or analyze it; just report your feel-
ings. In other words, we are not asking you to think about
how much information there is around you or anything else
you would not normally do while driving. But we want you
to pay attention to your own sense of effort in dealing with
information. How easy or hard isit to takein the information
you need at this point to make your driving decisionsin a
timely way?

The participant was given an extensive sequence of training
and practice activities prior to data collection. This included
the following sequence of events:

+ General description of the participant’ s task;

+ Meaning of “information demand,” photographic exam-
plesof “low-information demand” and “ high-information
demand” scenes;

* Practice manipulating the thumbwheel dial, experienc-
ing acoustic feedback;

+ Detailed explanation of information demand, use of 0to
10 rating scale;

+ Discussion of four photographic examples of scenes of
obvioudly different information demand, sortingin order;

+ Use of thumbwheel and 10-point scale to rate informa
tion demand for the four pictures;

* Viewing of avideo showing a driver making ratings
while driving;

 Familiarization with driving the vehicle;

* Practice operating the dial while driving;

+ Practice doing the rating procedure, using dial to make
information demand ratings while driving and navigat-
ing; and

+ Feedback from experimenter and continued practice.

After satisfactory completion of this training regimen, the
participant entered the experimental route at the appropriate
location and data collection was begun. The training portion
of the procedure generally took about 30 to 45 min and the
data collection portion took about 1 hour. After completion of
the data collection portion, the participant was debriefed and
paid for participation. Appendix E presents the full instruc-
tions and training protocol.

Findings

Datawere analyzed for each of the eight sites described in
Chapter 4 under “Method.” The analyses conducted on the
findings of the experiment are treated under several cate-
goriesbelow. Firstisan anaysis of the information load rat-
ings associated with individual sign arrays. Next, the distribu-
tion of group mean ratings across each site is considered.
Following that, thefindings of aPrincipal Components Analy-
sis are reported, which attempts to capture basic underlying
patterns in driver information load ratings and identify fac-
tors that contribute to observed variance in the rating scores.
Next, the relationship of overt indications of driving problems
(e.g., erratic maneuvers, verbalizations) to information load
ratingsisaddressed. Finally, findingsfrom thison-road study
as well as preceding experiments are used in regression
analysesin an effort to derive a quantitative model to predict
driver information load.



Information Load Ratings for Sgn Arrays

Theinformation load (dial) ratings differed significantly
among the eight sites of the experiment. Analyses of vari-
ance (ANOVAs) were conducted for both the peak rating
(highest rating given by a participant during the course of
the site) and mean rating (mean rating for the participant
averaged acrossthe entire site). The ANOV Asincluded site
as awithin-subjects factor and age, gender, and time of day
for the session (morning or afternoon) as between-subject
factors. Table 4 summarizes the ANOVAS. As the table
shows, both the peak and mean ratings differed significantly
(p < 0.05) among the sites. For peak rating, the highest and
lowest rated sites (Sites 4 and 8) differed by about 2 (1.91)
rating scale units on the 10-point rating scale. For mean rat-
ing, the difference was about 1 rating scale unit (0.94). Older
participants had dlightly higher ratings than young partici-
pants, although this was statistically significant only for the
mean ratings across the site (4.26 for old, 3.86 for young).
The difference between male and female participants was
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significant for both peak and mean ratings, but the direction
of the difference was opposite. Males gave somewhat higher
mean ratings (4.26 vs. 3.85), but somewhat lower peak ratings
(6.18 vs. 6.69). Neither age nor gender interacted with site.
Ageand gender did interact with one another for the site peak
rating measure. As Figure 22 illustrates, older females had
higher peak ratings than older males; young females had
lower pesk ratings than young males. While the time of the
session did not affect the mean ratings, peak ratings were
higher in the morning (6.88 vs. 5.85). The reason for this dif-
ferenceisnot known. It might berelated to traffic conditions,
environmental conditions (including glare on signs), circa-
dianfactors, or imperfect counterbalancing with other factors.

Although the group mean findings appear reasonable and
were statistically significant, there was arestriction of range
in the rating values. The momentary individual dia setting
values could range from 0 to 10, and some individual s used
wide portions of thisrange. But when averaged for the group,
the mean dial ratings within a site showed arelatively small
range, with the lowest group mean values somewhat above 3,

TABLE 4 Summary of analyses of variance (* indicates a statistically

significant effect at the p < 0.05 level)

Variable Peak rating within site Mean rating across site
Site * *
Age *
Gender * *
Time of Day *
Site X Age
Site X Gender
Age X Gender *
AgeX Time * *
Gender X Time *
8
=@- Young
75 Older

~

o

—

\o

o
&

Mean Peak Informaiton Demand Dial Rating
(o]
(6]

Male

Female

Figure22. Ste peak information load rating as a function of age and gender.
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and the highest somewhat over 5 for several sites, and less
than 5 for others. There are several reasons for this restric-
tion of range. Various participants used different parts of the
scalerange, but few used agreat deal of that rangeat any given
site. Thismay be dueto effects at both ends of the scale. Even
in the absence of signs, the amount of traffic, traffic interac-
tions, and truck traffic tended to move the “floor” up for these
sites. The most complex sign arrays on the route were not
as extreme as some of those on our originally planned route,
which had to be abandoned for logistical considerations.
Therefore, we may not be working near either extreme of the
scale. Furthermore, participants varied in how they used the
dial. Some were relatively unresponsive (little change in dia
settings) and others were aberrant in the shape of their distri-
butions. Participants also tended to differ somewhat in where
their ratings peaked, even if in response to the same feature.
Therefore, when averaged for particular points along the road-
way, thegroup mean dial ratings did not tend to show dramatic
differences. Despitetherestricted range and thevariancein the
data as the ANOVAs indicated, individual participants were
generally sensitive to differences between sites, both in their
average setting and highest setting for the site.

Spatial Distribution of Ratings

Group mean profilesfor dial rating and vehicle speed were
calculated for each site. This was done by dividing the site
into 20-ft segments, or distance “bins,” and defining a speed

and dial rating value for each participant for each bin (mean
of all sampled datapointsfalling withinthat bin). Figures23a
through 23h show the group mean dia rating profiles and
vehicle speed profiles for each of the eight sites. The “0”
point on the X-axis (extreme |eft) isthe end of the route seg-
ment, that is, the gore point where the subj ect vehicle hasjust
made the exit maneuver. The right-most point on the X-axis
isthe location designated (for analysis purposes) as the start
of the segment, and the furthest point from the exit. Thus, the
vehicle may be seen astraveling fromright to | eft through the
figure. The vertical lines on the figure show the location of
various sign arrays. In general, there appears to be a gradual
upward trend in ratings as the exit point is approached, with a
dropinthefinal portion (when uncertainty may be eliminated).
Speed also drops at the termination of the segment, reflecting
the exit maneuver. Thereisnot aclear and consistent relation-
ship of the shape of the dial rating profileto thelocation of sign
arrays. In anumber of cases, there appearsto be“ peaking” on
the approach to amajor sign array, rather than at the point of
thesign array itself. Site 6 providesagood example. However,
this pattern was not consistent and, while somewhat sugges-
tivein the averaged group data, was not obvious in most indi-
vidual ratings. Formal attemptsto describe the location of the
peak rating with respect to the location of the sign array did
not yield a meaningful result. Various transforms and stetis-
tical strategies were used to attempt to improve the direct
match of the group mean information rating load functionsto
roadway features, and to reduce the substantial variability of
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theindividual subject ratings. Although the Z-transform was
used to normalize individual data and provide a more uni-
form basis for combining and comparing subject data (com-
bining individual data into group curves), the inter-subject
variability and “noisy” group functions remained. Based on
thesedata, it did not appear warranted to try to describe atyp-
ical “envelope” shape of information demand around each
sign array.

Principal Components Analysis

In an attempt to better understand the nature of the data
and provide deeper insights into how drivers experience
“information demand,” the datawere subjected to factor ana-
lytic techniques (specifically, principal components analy-
sis). Thisresulted in the definition of two, and perhapsthree,
factors underlying the data structure (Factor 1, Factor 2, and
Factor 3). These factors were extracted and plotted for each
site, to help us try to understand their meaning. Figure 24
plotsthese datafor Site 6. The X-axis plots the distance from
the exit gore of the site. The “0” point on the left side isthe
point of the exit gore at which the subject vehicleis making
a maneuver. The numbers along the axis show the distance
in feet from this gore, or “end point” of the road segment.
The vertical lines show the locations of individual signs or
signarrays. The Y -axisshowstherelative value of the strength
of aparticular factor. Thefour tracings on the graph show the
group mean functions for Factor 1, Factor 2, Factor 3, and

standardized dial rating. Factors 1 and 2 turn out to be quite
interpretable. For the varioussites, Factor 1 accountsfor from
17 to 33 percent of the variance in the analyses, averaging
24 percent. Factor 2 accountsfor from 13 to 18 percent of the
variance, averaging 15 percent. Factor 3 is more ambiguous
ininterpretation and accounts for less of the variance (8 to 13
percent, averaging 10 percent).

Factor 1 generally increases in value as a geometric fea
ture (interchange) is approached and then drops somewhat
prior to the point of the gore. This replicates the smilar obser-
vation from the preliminary on-road experiment. Figure 25
averagesthe F1 functionsfor all eight sites of the experiment.
Thisisthefactor that accountsfor the largest portion of vari-
ance in the principal components analyses. Some sites show
a Factor 1 increase, then dip, then increase again in a few
places, asin Figure 24. Comparison with roadway features
found that this is generally related to the presence of exit
lanes or ramps on the road section, prior to the one that the
subject driver is navigating to. Factor 2 was initially more
difficult for usto interpret, since it was not directly linked to
an obvious geometric feature. The sites were examined in
detail to attempt to determine what might relate to the Factor 2
profiles. Factor 2 appears to reflect lane or path uncertainty.
It rises as questions about lane/path arise, and drops at the
point where it becomes clear where the lane or path goes or
what lies ahead. Thisresolution of uncertainty can comefrom
direct view, initiation of a dedicated lane, division of lanes,
or signage. Factor 3 was not clearly interpretable and was
relatively weak statistically (accounting on average for about



49

5 -
=—=Factor 1
4 Factor 2
Mean Rating Standard Scores
3 Factor 3
Sign
2

o M W a4\ \a'N
e,
-1 & vese L — A
2 \v'
_3 T
4 -
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Distance From Gore Point (in feet)

Figure 24. Factor and standardized scores for Segment 6 across all subjects.

10% of the variance). It may relateindirectly to “information
load,” although the relationship is not clear or consistent.

As the researchers conceptualize it, Factors 1 and 2 are
related to driver planning and execution of navigational
maneuvers:

Factor 1: Execution

+ Being where you want to be;
 Confirmation of your proper location;
+ Dealing with interacting traffic; and
 Dealing with complex geometry.

Factor 2: Planning (Resolution of Uncertainty)

* Where must | be?
* When must | be there?
» What is coming up? Are there more choices to make?

Factors 1 and 2 are the largest factors, in terms of account-
ing for variance (on average, 24% and 15%, respectively).
While this helps us understand the data, it does not directly
addressdriver information load, related to sign content. What
seemsto be emerging isapicturethat theinformation demand
experienced by the driver is a function of various factors,
with the amount of sign information being only one of those
factors. “Demand” is driven by the need for information as
well as the presence of information, as well as by the addi-
tional demands of the driving task

More generally, it appears that information processing
driven by the need to try to acquire information to resolve
ambiguity isanimportant factor that must be considered along

with information processing driven by the need to extract the
information in signs. Factor 2 is not restricted to signs, and
perhaps more critically for modeling, it deals with the quali-
tative information in the sign. While Factor 1 may be readily
incorporated into the general scheme of the information load
model devel oped here, the qualitative nature of Factor 2 makes
it moredifficult to incorporate. Factor 2 appearsto reflect good
sign practice, in the sense of providing clear direction, reduc-
ing ambiguity, delivering guidancein atimely way, relating
destinations to proper lane choice, and so forth.

Overt Indices of Driving Problems

One aspect of the on-road study was to attempt to deter-
mine if there was some level of information load that corre-
sponded to the point at which drivers began to evidence overt
indications of confusion and driving difficulty. This would
correspond to a“red zone” for applying the model and rec-
ognizing where the absol ute val ue of theinformation demand
is unacceptably high. It was recognized from the outset that
the small scale of the study, in terms of number of partici-
pantsand the range of sites, would not permit any very refined
analysis and quantification of this criterion point. However, it
was hoped that the data might allow at least a crude estimate
of aregion in which overt driving problems began to occur.

A variety of events indicated driving problems. These
included navigation errors, erratic maneuvers, verbal indica-
tions of confusion, and obvious confusion. For purposes of
analysis, a drive through a site was considered to exemplify
a problem if any one of these events occurred anywhere in
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Figure25. Mean F1 (“ Proximity to Maneuver” ) Function (average of eight sites).

the site. Even using thisliberal criterion, overt indications of
driving problemswererare. Of the 128 cases (16 participants
times 8 sites), adriving problem was recorded for only 15 of
them (excluding a few erratic maneuvers that were clearly
related to crash avoidance due to the aggressive actions of
other vehicles). These were distributed across sites, with one
to three incidents per site. Even of these 15 events, the cause
of many were not clear. Acrossall 128 cases, there were only
two instances of missed exits and three near misses of exits.

Because overt indices of problems were infrequent, often
ambiguous, and distributed across the eight sites, the exper-
iment therefore was not ableto objectively definea“red zone’
for driver information load. Ratings must be treated as rela-
tive. A larger driver sample, and sites with more extreme
information demands, will be required to empirically estab-
lish acriterion level for “overload.”

Regression Models

The information demand of agiven sign array isonly one
of various elementsthat contribute to the overall driver infor-
mation load. The conceptual model developed earlier in the
project and described in Section 3 indicated factorsrelated to
“Information Search Demand” (ISD) and factors related to
“Driving Task Demand” (DTD). ISD factors included the
sign arrays, their relative locations, and the information den-
sity of the site. The DTD factorsincluded the roadway type,
features, and proximity to the exit choice point. The on-road
experiment confirmed the reasonabl eness of the basic struc-
ture of this model. The “proximity to the exit choice point”
again emerged as amajor consideration. During this portion

of the analysis, research findings from all experiments and
their interrelationship were expressed in terms of a multiple
regression model. The model assessed the ability of various
factors, individually and in combination, to predict the peak
rating for agiven sign array on the road.

The experiment on combination rulesfor sign arrays estab-
lished that the information demand of a particular sign array
(asmeasured in the laboratory) could be well predicted from
table-based estimates of the demand of each sign that was
part of thesign array. However, the actual demand associated
with asign array in areal roadway context will beinfluenced
by various additional factors. Theissue then becomeswhether
there are reasonably simple rules that can be used to predict
the information demand of a sign array in its roadway con-
text for an unfamiliar, navigating driver.

A variety of different predictors were explored. Table 5
liststhe simple correlation coefficients for a number of indi-
vidual variables as they correlate with the on-road peak rat-
ingsfor each sign array (anumber of variantsof many of these
concepts were also explored, although no important improve-
ments occurred). Many of these simple correlations were sta
tistically significant. The highest correlation (r = 0.57) was
with the sign array information load value (derived from the
look-up tables); by itself thisaccounted for about one-third of
the variance in the on-road peak ratings (r? = 0.32). Correla-
tions were also substantial for the value of Factor 1 at the
location of the sign array and with the two closely related
measures of the complexity of the roadway (number of ele-
ments, and number of elements divided by segment length).
There was also substantial correlation with a measure that
summed all of the sign array information loads for the site.



TABLES5 Simplecorrelations of variableswith peak on-road rating

of individual sign arrays
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Variable Correlation (r) Statistical significance
Sign Array Information Load (from lookup table) 0.57 P<0.0001
Factor 1 (proximity to maneuver factor) 0.44 P<0.0002
Factor 2 (path uncertainty?) 0.10 NS
Tota number of signsin site 0.23 NS (p<0.06)
Sum of information loads of al arraysin site 0.42 P<0.0004
Local information density (sum of information loads for 0.25 P<0.05
preceding and following arrays, over distance)
Average distance to nearest array (mean of distance to -0.21 P<0.05
preceding and following signs)
Number of roadway elementsin site (curves, exits, etc.) 0.47 P<0.0002
Roadway baseline (number of elements divided by length 0.48 P<0.0002
of roadway segment)

Various measures of the information surrounding the target
sign array were also correlated, although to alesser degree.

Applying multiple regression fitsto the data accounted for
substantially more of the variance. Combinations of four
factors (sign array information load, Factor 1, plus others)
yielded R? values ranging from 0.65 to 0.70, and using five
or six factorsyielded R? valuesin the areaof 0.71. Whilethis
indicates that the on-road rating of information demand can
be well-predicted by these factors, there isthe practical con-
cern that one of the key variables (Factor 1) is empirically
derived from the experiment. It is not an observable charac-
teristic measured from the physical features of the site. Since
the ultimate objective isto develop simple rules for the ana-
lyst to use, the variables that constitute the regression model
should not require such empirical data. The model should be
based on factors that can be derived entirely from physical
characteristics of the site and the signs. Therefore, a simple
ramping function was substituted for the empirical Factor 1
variable and some other measures were also simplified. The
“maneuver proximity” ramping function rose beginning 6,000
ft from the exit gore, peaked 1,500 ft from the exit gore, and
then dropped again to the point of the exit (formal definitions
of all the terms used in the model can be found in the sub-
section “Driver Information Load Model Status and Limita-
tions”). The resulting multiple regression, using five factors,
resulted in an RZof 0.66. Essentially the same R?was obtained
after dropping one of these factors (information density across
thesite), so afour-factor model appearsappropriate. Thefour
factorsthat predicted the peak on-road rating for asign array
were asfollows:

1. Sign array value, based on the look-up table;

2. Proximity to the exit choice point, using a ramping
function;

3. Local information density measure, based upon thesign
array values of the preceding and successive arrays,
divided by the distance spanned; and

4. Roadway demand baseline value, based on the density
of geometric features such as merges, curves, etc.

The key finding is that this simple four-factor linear regres-
sionisquite successful in predicting what the pesk rating will
be (based on group mean data) for agiven sign array at agiven
site. The resulting four-factor multiple regression equation
predicted the peak rating for on-road information load for
agiven sign array with amultiple correlation coefficient of
R =0.81. This meansthat the four factors of the model were
able to account for about two-thirds in the variance of the
peak ratings (R? = 0.66) for sign array. The high level of cor-
relation is especially noteworthy, given that there are addi-
tional, presumably important, variablesthat were uncontrolled
inthe experiment (e.g., traffic), individual differencesamong
drivers, and qualitative aspects of the sign message that are
not included within the information load concept (e.g., ambi-
guity, expectancy). Thus, the moddl is quite successful in
predicting driver information load, as measured by the driv-
er'son-road dial ratings.

SUMMARY OF KEY FINDINGS
AND INTEGRATION INTO MODEL

Relation of Findings
to Key Research Questions

The purpose of the research experiments was to contribute
to the development of a model of driver information load
related to freeway guide signage. The structure of the model
involved the following components:

» Determination of information loads associated with
individual signs (based on look-up tables);

+ A rule for combining the information load associated
with individual sign panelsinto asingle figure to repre-
sent the information load associated with a particular
array of co-located signs; and

» A means of combining the information |oad associated
with asign array with theinformation load generated by
theroadway and other nearby signage, in order to derive
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an overall information load associated with the sign
array at its roadway location.

Several key research questions relate to the accomplish-
ment of these goals. The questions and the primary findings
that bear on them are summarized here.

Aretheinformation load ratingsfor individual signsreli-
ableand replicable?

Systematic and strongly significant variation in ratings of
individual sign information load were observed in both lab-
oratory experiments. The two experiments shared acommon
subset of 15 signs. The ratings for these signs between the
two experiments correlated at r = 0.86, despite a number of
methodological differences between the experiments (e.g.,
viewing time, sign context). Thusthe answer to this question
is“Yes:"” thesign ratings appear meaningful and replicable.”

Do the look-up tables accur ately predict the information
load ratings of individual signs?

The look-up table for sign information load developed in
the initial laboratory experiment was used to predict the
actual rated information load of anew set of individual signs
presented in the subsequent laboratory experiment. The cor-
relation of predicted and observed ratingswasr = 0.84. This
isnearly the same asthe correlation with which ratings of the
same sign could be replicated across the two experiments.
Therefore, the answer to this question is Y es: the look-up
tables provide a good basis for predicting the information
load of individual signs.”

Istheinformation load of a sign array predictable from
knowing theinformation load of theindividual signs mak-
ing up thesign array?

The greatest sign complexity encountered on the road is
assumed to be where there are multiple signs located in an
array. Sincethelook-up tablesonly dealt withindividual signs,
there remained the question of whether the table information
could be used to estimate the information load ratings given
to sign arrays. Various rules for combining the individual
sign ratingsinto asingle sign array weighting were explored.
Using the best of these rules (linear function of arithmetic
summation), the correlation between observed and predicted
sign array weightings was R = 0.95, with a standard error of
estimate of about 0.29 units on the seven-point rating scale.
This strong correlation accounts for about 90% of the vari-
ance among the ratings. Therefore, the answer to this ques-
tionis“Yes.” A very ssimple equation, based solely on the
information load values of individual signs, accurately pre-
dicts the directly rated information load of a sign array.
Therefore, the assumption of the modeling approach—to use
categorized sign look-up tables as a basis for determining
complex sign array information demand—is supported.

Can the on-the-road peak information load associated
with asign array bepredicted based on sign and r oadway
variables?

The ultimate question addressed by the experiments was
whether it was possible to predict on-the-road findings regard-
ing information load, based on knowing the characteristics of
the signs and the roadway. The answer to this question for
predicting the peak information load associated with a sign
array was“Yes.” A simple multiple regression equation based
on four factors predicted the peak rating, with a correlation
coefficient of R=0.81. This means that the four factors of the
model were able to account for about two-thirds of the vari-
anceinratingsfor thesignarray. Thefour factorswere (1) sign
array information demand (derived from the look-up tables);
(2) maneuver proximity; (3) roadway demand (based on a
count of roadway features); and (4) local information density
(based on the information demand of surrounding signs). The
high level of correlation is especially noteworthy, given that
thereare additional, presumably important, variablesthat were
uncontrolled in the experiment (e.g., traffic actions), individ-
ual differences among drivers, and qualitative aspects of the
sign message that are not included within the information
load concept (e.g., ambiguity, expectancy).

Can the spatial aspects of on-road information demand
be predicted?

Although the peak information demand associated with a
sign array can be well predicted, it would also be desirable
to quantitatively describe the region over which asign array
exerts its influence and the shape of any function describ-
ing the magnitude of these effects. The initial model con-
ception described in Chapter 3 visualized an “envelope’ of
demand around each sign array. The on-road experiments
did not establish any such functions. There was no clear evi-
dence of any typical function shape for information load sur-
rounding sign arrays. This could be due to limitations of the
data (which were limited aswell as“noisy” and quite differ-
ent from person to person). It may aso be because the con-
cept that information demand changesin ahighly systematic
manner on the approach to and pass by a sign array is not
realistic. In any case, the findings of the experiments did not
permit prediction of thelocation of apeak for each sign array
in the group mean information load function. Thus while the
model predictsthe magnitude of the peak rating for each sign
array, it does not describe spatial aspects.

Isthere an empirically determined information demand
level that definesa “red zone” for infor mation overload?

Although the primary on-road experiment attempted to
addressthis question, the datawere simply too limited to pro-
vide an answer. Various indices of driver problems, such as
unusual steering or braking events, navigation errors, erratic
maneuvers, and verbalizationswererecorded. Theintent was



to relate the frequency of these problem indices to the model
output of information load, in hopes of observing somerange
of information load in which these problems were seen to
emerge more frequently. However, there were relatively few
occurrences of these events. With only eight sites, 16 partic-
ipants, and few extreme examples of sign complexity within
the set, there were not enough problems observed. This was
the case even though the study employed relatively old or rel-
atively inexperienced drivers who did not have good famil-
iarity with the area. Therefore the experiment did not provide
an empirical estimate of the model output level that corre-
spondsto a“red zone” for information overload.

Driver Information Load Model Status
and Limitations

The laboratory and on-road experiments have led to the
development of arelatively ssmple model of driver informa-
tion load that predicts the peak information load associated
withagivensignarray initsactual on-road setting. The model
not only includes information about the target sign array but
also incorporatesfeatures of theroadway and surrounding sign
arrays. The model begins with the following assumptions:

» Thedriver isassumed to be navigating to an unfamiliar
destination (Sincefamiliar driversmay not need to process
the information in the signs);

+ A navigational maneuver (e.g., exiting) isrequired at an
approaching interchange or decision point (since this
appears to be the worst-case condition for a given sign
array);

* There is available information (content and location)
regarding all relevant navigation-related signs for the
roadway segment (11,000 ft prior to the exit gore); and

» Thereisavailable information regarding road geometry
for the site.

Given these assumptions, the information load associated
with aparticular sign array isestimated by the multiple regres-
sion formula:

IL =0.012%A + 0.062MP + 5.649RD + 0.082LD + 3.17

IL = Driver information load
SA = Sign array information demand
MP = Maneuver proximity
RD = Roadway demand
LD = Local information density

Operationally, these factors are defined as follows:

1. Sign Array Information Demand (SA)
a. Value for each individual sign is estimated using
look-up table.
b. Sum valuesfor individua signs, where array infor-
mation demand = 0.765 (Sum) + 0.44.
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2. Maneuver Proximity (MP)

a. Determine the point of the exit gore for the naviga-
tional maneuver.

b. The value of the Maneuver Proximity factor is
described by aramp function:

1. From O ft (maneuver point) to 1,500 ft prior to
the maneuver point, the function ramps up from
1.0to 35.
2. From 1,500 ft to 6,000 ft, the function ramps
down from 3.5t0 0.
3. Beyond 6,000 ft, the valueis 0.
3. Local Information Density (LD)

a. Determine the sign array information demand for
the array preceding and the array following the tar-
get sign array.

b. Sum the before array and after array values and
divide by the distance between them to derive local
information density; multiply by 100.

4. Roadway Demand (RD)
a. Theroadway segment isdefined asthe 11,000 ft pre-
ceding the navigation point. If the roadway segment
is shorter than this, use only the appropriate length,
not preceding entry ramps or other roadways.
b. Over the roadway segment, sum the number of rel-
evant features. Featuresinclude the following items:
1. Maximum number of lanes (not counting weav-
ing sections),

2. Number of merges,

3. Number of exits,

4. Number of weaving sections (merges and exits
counted separately),

5. Number of lane drops, and

6. Number of horizontal curves.

c. Divide the sum of the number of features by the
roadway segment length, and multiply by 100.

The implementation of this model into a usable tool for
traffic engineering applications is the subject of subsequent
sections of this report.

Although this model worked well in predicting observed
on-road subjective judgments of information load for the
sites employed in the on-road experiment (R = 0.81), there
are still anumber of significant limitations to the data and to
the model as it now stands. These should be explicitly rec-
ognized and may require additional researchin order torefine
the model. One limitation is simply the size and variability
of the experimental database itself. Idedlly, a substantially
larger sample would have been used to enhance the precision
of the findings, but sample sizes were dictated by available
project resources. Beyond this, there were some more specific
limitations to the data collected, including the following:

» The sites studied were fairly homogeneous, al being in
suburban Batimore. In particular, there were no complex
urban areas. Some complex urban sites were included in
the originally planned route that had to be abandoned,



and no suitable urban sites were found in the new area.
Ideally, datafrom abroader range of geographic regions
and abroader range of roadway environments would be
included.

The research did not address off-road signing, such as
billboards and commercial signs. It isnot known to what
extent the model needs to include these displays and
how to best incorporate them.

The model assumes that there is a finite “universe” of
navigation-related signs that can be assigned informa-
tion load values and used in look-up table form. There
are two significant exclusions from the set included in
this research. The first of these is logo signs (motorist
services). The other isthebroad category of variable mes-
sage signs and their related display technologies. Ulti-
mately one would want these TCDsincorporated into the
look-up tables.

One problem related to sign visibility is that signs can
be obscured by large trucks in the surrounding traffic
stream. Truck traffic was well represented in the route
used for the on-road experiment, but it was not system-
atically measured or incorporated as a variable. It may
or may not be useful to include someindex of truck traf-
ficin the information load model.

The model does not include an explicit treatment of sign
legibility. This may not be necessary, in part because of
the general similarity of signswithin any category of the
look-up table. In model development at thispoint, it was
felt to be an unnecessary complication to the model and
the associated engineering tool. However, it is possible
that incorporating some legibility factor might enhance
the model, particularly for extreme cases.

One goal of the research was to provide objective data
for the definition of aproblem zone (“red line”) for infor-
mation load that defines” overload.” Overt indications of
driver problemsweretoo infrequent in thissmall data set
to permit any estimates of this zone.

Themodel does not attempt to incorporate various qual -
itative aspects of the specific message of a sign. The
driver will presumably haveto devote more effort if the
message is unclear, if expectancies about the display or
maneuver are violated (e.g., expect to see an interstate
logo, expect a right hand exit), or if there are other
unusual or confusing aspects.

The implementation of the model requires operational
definitions of variousfactors (e.g., maneuver proximity,
roadway demand). The choices reflected in the defini-
tions described above were based on simplicity, general
logic, and comparisons between various aternatives.
The choices may not be optimal and in some cases
might be overly simplified. On the other hand, given the
general success of the model in predicting the on-road
data, there may not be great return in efforts to further
refine these factors. The need for improved definitions
of the model factors remains an open question.

» Themodel isbased on the relationship of sign and road-
way factors to a driver’s subjective sense of the diffi-
culty of coping with information. Some measures of
overt driving problems were taken, but there were few
instances of these occurrences. Ultimately, the predic-
tions of the model should be validated against objective
indices of driving problems, such as erratic maneuver
rates or crash occurrences. Such studies present some
difficulties, since sitefactors other than information over-
load may contribute to the problemsand it isdifficult to
know whether a given motorist is unfamiliar with the
site and is actually navigating and using sign informa-
tion. Despite such issues, it will be important to provide
some external means of model validation.

Although this discussion of limitations points out the
incompleteness of the modeling effort, one should not lose
sight of the fact that this initial model appears to have been
reasonably successful despite its limitations. The approach
appears both workable and promising and also practical as
the basis for an engineering tool or procedure. There may be
substantial benefit in addressing some of the limitations dis-
cussed above, but there also might be little practical change
to the current version of the model. The issues are empirical
and the significance may not be known without additional
research.

Suggestions for Additional Research

Given the limitations cited above, the following topics are
recommended for subsequent research:

+ Validation of themodel. Because the model was devel-
oped, in part, from on-road data from a small set of
driversand roadway sites, thereisageneral need to repli-
cate and extend the findings. The model based on the
findingsisintended to help identify and mitigate condi-
tions where driver information overload (DIO) causes
safety or operational problems. Research is required to
validate the model by demonstrating a substantial rela
tionship between the model output and the ultimate
safety or operational consequences. It would also be
desirable to do before-after studies to determine the
effectiveness of countermeasure improvements sug-
gested by the model. The research method would
require ameans of determining to what extent observed
safety and operational events are related to high infor-
mation load demands. To the extent other factors con-
tribute to problems at a site, indices of information load
would not be expected to be very predictive.

« Defining the relationship of model output to overt
driving consequences. The research to this point has
defined a relationship among sign and roadway factors
and the subjective sense of “information demand” faced
by the driver trying to cope with these factors. However,



the on-road experiment wastoo limited to determinethe
levels at which the index of driver information load
begins to have negative effects on overt driver actions.
Research is needed to effectively map model outputs to
behavioral effects so that thresholds for problem regions
(e.g., red lines) could be objectively defined.
Expanding the resear ch base to a broader range of
site types. Because the model was developed using a
small set of suburban interchanges, the possibility of
generalizing the findings to a broader set of sitesis not
demonstrated. Research should determine whether any
refinements are needed to encompass a broader range of
conditions. Research should investigate urban settings,
a broader range of geometries and operational condi-
tions, the effects of the vehicle mix (large trucks), and
more complex sign arrays.

Expanding the typesof infor mation sour cesincluded.
The present research focused on static highway signs
related to navigation. Other information sourcesthat may
affect theinformation load of the driver may also need to
beincluded in amore comprehensive moddl . Subsequent
research should include sign categories not included
inthe present research: logo signs, TODS, and variable
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message signs. The influence of off-road commercial
signing should also be considered. Also, as in-vehicle
technol ogies such as route guidance systems become
more commonplace, theinteraction of in-vehicle displays
with external signage may need to beinvestigated.
Refining the component elements of the model. The
model bases driver information load on four compo-
nent computations:. sign array information demand, local
information density, maneuver proximity, and roadway
demand. While the predictive success of the regression
model suggests that these general concepts are address-
ing important factors, they still might not be ideally con-
ceptualized. Additional research may suggest better ways
of defining these attributes. Each component is based on
asimple computation; there may be more precise ways of
quantifying these attributes. Also, theremay be additional
components of importance not addressed by the current
model. Among these may be legibility factors or qualita-
tive aspects of the quality and clarity of sign information
content. Subsequent research should investigate the com-
pleteness and precision of the model components and
whether there would be practical benefits to including
additiond factors.
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CHAPTER 5

DRIVER INFORMATION LOAD MODEL COMPUTATIONAL TOOL

INTRODUCTION

A computational tool was developed using software and
analytical capabilities of readily available off-the-shelf com-
puter programs. This software tool allows the user to readily
computethedriver information load (DIL) based on the model
developed under this project and described in detail in the ear-
lier chapters. Asdiscussed earlier, themodd of DIL usesinfor-
mation about the roadway and signage asinput and providesa
quantitativeindex of theinformation |oad associated with each
set of signs present on a section of roadway as output. DIL is
a quantitative index of the information load for each set of
signs on a section of roadway associated with aparticular des-
tination (e.g., an exit off the freeway). It refersto the level of
demand placed on the driver in order to process and respond
to the information presented about the subject exit within the
section of highway preceding that exit.

The tool was developed to make the DIL modd easy to use
for evaluating and analyzing information | oads associated with
an array of guide signs on freeways. The tool can be used to
identify potential information overload problems and to com-
pare dternatives for the design and placement of signs. How-
ever, it must be recognized that the model and the associated
softwaretool deal specifically with the problem of DIL, that is,
the ability of the driver to safely process the amount of infor-
mation in the time available. The model does not address the
full process of designing aninformational sign system, includ-
ing consideration of motorist information needs, the accu-
racy or clarity of the message, the choice of wording or des-
tinations, and other features. Managing the information load
isonly one part of the process, and it isthe part dealt withina
guantitative fashion by thistool.

A detailed description on how to use this tool and some
underlying theory of the model are presented in the User’'s
Manual, whichisattached as Appendix F. Appendix Fincludes
illustrations of theinput screensand output formatsand aglos-
sary that defines the terms and concepts used in the program.

DIL COMPUTATIONAL TOOL DEVELOPMENT

The DIL software tool wasfirst developed in a spreadsheet
format for analytical purposes, that is, generating the DIL val-
ues and its various components. It was realized that the data

entry, including scrolling through the look-up tables could be
very tedious and time consuming. Hence, an input module
with forms, drop-down list, and check boxes was devel oped
using the database program. Thiswas doneto make the model
more user-friendly and simple to use. An interface between
the input module and the analysis (output) module was cre-
ated so that oncethe dataare entered in theinput module, they
could be sent to the output module by aclick of the mouse but-
ton. All the analysis is automatically performed and the user
can open the output modul e to see the results.

The output is provided in both tabular and graphic format,
and showstheoverall DIL rating at each signlocation aswell
as contributions of various component elements of the model
to the overall information load. The graphical output is eas-
ier to understand by most people. It shows the distance of
each sign array from the subject exit gore and the DIL rating
and its components, thereby creating a*“ profile” for DIL dis-
tribution. This allows the user to assess the demand on the
freeway driver imposed by a sign array in relation to other
factors. Theterm “sign array” refersto aset of individua sign
panelsthat areinstalled together at agiven point on the road-
way, typically on the same sigh mounting structure or assem-
bly. For example, threeindividual sign panels mounted onan
overhead mast would constitute asingle sign array.

The model is based on the use of roadway sections, where
a section ends at the point where a driver makes a naviga-
tional maneuver, such as an exit or a change into the appro-
priate lanes at a diversion point. The road section is defined
as the section from the exit gore point at one end to an
upstream point normally 11,000 ft from the gore. This dis-
tance is slightly more than 2 mi, thus encompassing where
theinitial advance signing for an exit typically occurs. A par-
ticular sign array might be included in multiple segments
defined by different exit points. Even though the sign array
itself would be constant, theinformation |oad associated with
dealing with the sign may vary because of the changing road
segment and proximity to the choice point. Therefore, the
DIL computed for asign array is specific to the assumption
made about where the navigation maneuver takes place.

As such, the DIL software tool’s input module requests
data from the user regarding the section first, then the sign
arrays, and then the individua signs on each array. Details
on the use of thistool and datathat should be assembled prior



to using it are presented in the User’'s Manual section in
Appendix F.

USING THE DIL PROFILE TO IDENTIFY DIO

While the DIL model does not provide any thresholds for
driver information overload (DIO), it can be used to compare
relative complexities of alternative information systems. At
the heart of the model is the DIL “Profile,” as described in
Chapter 3. An example of using the DIL for an actual situa-
tion, where several interchanges exist in close proximity and
is believed to exhibit DIO, is presented here.

Application of the Model

A comparison of the DIL Profile for an alternate signing
schemeis also provided. Thisexampleisfor a section of NB
[-395 toward the District of Columbia from Virginia ending
at theinterchangefor the George Washington Memorial Park-
way. An inventory of the then-existing signs was conducted
by BMI on the subject highway for aproject in 1997 and rec-
ommendations were made to modify several guide signs to
improve navigation. The current DIL model wasnot available
then, and recommendations were based on standard engineer-
ing practices, MUTCD guidelines, and knowledge of local
conditions. This example illustrates the application of the
DIL model to compare the relative complexity of signs for
alternative information highway sign information systems.

Existing Signing Conditions

Figure 26 shows the array of signs leading up to the sub-
ject interchange. To develop the DIL Profile, the following
steps were taken based on the guidelines presented earlier:

1. A computerized program was used to develop the DIL
Profile.

2. The total number of sign arrays (multiple signs on a
single structure constitute an array) related to the sub-
ject interchange was identified and distances of these
sign arrays from the exit gore were obtained.

3. Data on geometric features within 11,000 ft of the exit
gore, e.g., number of curves, merges, weaves, exits, lane
drops, and maximum number of lanes, were obtained
and entered into the computer model, which computes
the Roadway Density component of the DIL.

4. Each sign within every sign array was related to one of
the sign categorieslisted in thelook-up table and abase
sign load rating was selected based on the upper and
lower bound guidance provided in the look-up table.
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5. Elements of aselected sign that were different than the
base signin the selected category wereidentified. Appro-
priate modification to the base rating was applied to
obtain the adjusted sign rating.

6. Basedon all theseinputs, the model computesthe other
components of the DIL, namely, Maneuver Proximity
(MP), Local Information Density, and Sign Array Infor-
mation Demand for each sign array.

7. Finally, the total DIL Profile is shown in Figure 27,
which is a numerical value corresponding to each sign
array location. This value is shown by the star symbol,
with the numeric valueimmediately aboveit. Itincludes
the four components of DIL.

The DIL Profileindicatesthat there is a definitive peaking
of information load around Sign Array 105 along with high
rating at Sign Array 104 location. At each of these locations,
the Sign Array Information Demand component of the DIL
issignificantly higher than for other signs. Thisisindicative
of high complexity of these two sign arrays. Total DIL for
Sign Array 106 is also high. But it should be noted that the
Local Information Density Component islargely responsible
for thishigh rating, whichisduetoits proximity to Sign Array
105. Asshown in Figure 27, Sign Arrays 104 and 105 each
have multiple signson asingle structure and are complicated,
whereas Sign Array 106 is simply an exit gore sign. Hence,
the results of the model appear to be reasonable.

Proposed Sgning Scheme

As mentioned earlier, a set of modified signs for this sec-
tion was developed and recommended. Figure 28 shows the
array of signs proposed for this section. The DIL Profile was
developed for the proposed signing scheme following simi-
lar steps as for the existing signs and is shown in Figure 29.
It can be seen from this chart that the peak DIL rating (star
symbol) at the Sign Array 105 |ocation would be reduced sig-
nificantly with the proposed signing scheme. Moreover, the
model estimates elimination of a sharp “spike” in the DIL
Profile and the profile of total information load rating follows
more closely to the MP component of the DIL. Comparing
the DIL profiles for the two scenarios, there is a margina
increase in the total information load rating estimated to
result from the proposed signing scheme at Sign Array 101
location. However, the reductionsin the information load at
other locations are more significant and important because of
their proximity to the exit gore.

Hence, this model provides a tool to evaluate the effec-
tiveness of guide signs in terms of not overburdening the
drivers with too much information. This model can be used
to identify the critical locations with peak DIL ratings in a
busy highway corridor. It also points to factors that highway
engineers should investigate further to ascertain the causes of
ahigh DIL rating.
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Figure26. Sgn arraysfor example—EXxisting signs.

Evaluation of the Model

The model and the software were presented to the Guide
and Motorist Information (GMI) Technical Committee of the
National Committee of Uniform Traffic Control Devices
(NCUTCD) at their annual meeting in January 2002. Several
participants indicated interest in using the DIL tool, and the
tool was sent to four interested professionalsfor their review
and comments. All members of the NCHRP Panel for this

project were also sent a copy of the DIL program for their
review and comments. All recipients of the program were
asked to respond to address the following questions:

1. Do you fed this analytical tool is useful for practical
application or isit too academic?

2. Arethereany improvementsyou can suggest that would
improve its usefulness?

3. Wasthe program easy to use, understand, and follow?
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The researchers received four responses from practition-
ers, one of which wasfrom an NCHRP Panel member. While
some respondentsindicated that they used the program, none
of them actually applied it to any real world situation. Some
indicated that they will be using thistool later in the year for
evaluating some actual signs.

The responses generally pointed out that for the program
to become more practical, there was a need to establish some
thresholdsfor DIL to estimate when an information overload
situation will occur. This seemed to be their biggest concern.
Also, the respondents felt that this program will not be able

to help solve the “urban clutter” caused by closely spaced
interchanges and associated signs. Otherswanted more “ util-
ity” features added to the software.

The program was then presented to the NCHRP Project
Panel a a meeting in June 2002. The panel members made
some specific commentsand suggestionsrelated to the software,
including specific situationswhen the program “ crashed,” need
for additiond fields, or the capability to parse unwanted records.
The tool was then modified to incorporate those comments.

In terms of responses to the comments, the project team
has the following to offer:
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» TheDIL program isintended to be used by experienced + Urban freeway segmentswith closely spaced interchanges

traffic engineers who would assemble al the required can be analyzed and evaluated using this toal. In fact,
information before using the toal. this tool provides an excellent opportunity to identify
» Once the data are properly assembled, the actual data the problem locations and contributing factors within
entry into the input module takes a very short time to the scope of the model. This has been illustrated in the

complete. “Application of the Model” section of this chapter.




CHAPTER 6

GUIDELINES FOR IDENTIFYING AND PREVENTING DRIVER
INFORMATION OVERLOAD RELATED TO GUIDE SIGNS ON FREEWAYS

INTRODUCTION

Normally driving is arelatively simple task and does not
overly tax the ability of the driver to processinformation and
respond in a correct, efficient, and safe manner. However,
there are situations when a significant percentage of the driv-
ers, especially the elderly drivers or inexperienced younger
drivers, find that there simply is so much information, or pos-
sibly confusing information, that they either have to compen-
sate by reducing speed, or knowingly or unknowingly miss
information that is critical to their driving task. Also, drivers
of all agesand experience unfamiliar with the highway, espe-
cialy in the vicinity of urban areas, may have similar expe-
riences. Driver information overload (DIO) is commonly
used as arubric for this condition.

DIO can occur, for certain drivers, when there is more
information presented than can be processed in sufficient
time. The information can come from all types of traffic con-
trol devicesidentified in the MUTCD, but most notably from
traffic signs. It can also stem from the roadway geometrics,
e.g., complicated interchangeswith | eft- and right-side ramps,
and can be compounded under heavy-volume, high-speed
traffic and in work zone areas. Non-highway features, such
as billboards or signs on buildings can also add to the infor-
mation load. While there are numerous contributors to DIO
and it can occur on all types of roads, this study has focused
on what is believed to be the more frequent condition, guide
and related signs on freeways.

Highway guidesignsarecritical devicesthat provide guid-
ance and navigation information to the driver. For the driver
unfamiliar with the route, they are crucia for finding one's
way. Even with adequate trip preparation and use of a map
(now with the possibility of in-vehicle navigation systems),
motorists would not be able to find their destination without
adequate guide signs. Motorists have many destinations and
are hopeful that highway guide signswill provide those des-
tinations in their sign messages. However, thisis not practi-
cal with fixed highway signs. Providing too many destina-
tions and other guidance and way-finding information on a
specific sign or group of signs would certainly cause DIO.

The guidelines that are provided here are meant to assist
the engineer responsible for designing and/or maintaining
roadway information systems to avoid DIO, at least for the

vast majority of the driving public. The guidelines are struc-
tured asfollows:

« A working definition of DIO, at least with respect, to
highway guide and related signing, is provided.

+ Guidanceis provided on how to identify DIO with cur-
rent or proposed signing.

+ Guidanceis provided on what measures can be taken to
minimize the driver information loading through the
application of already established principles of infor-
mation, i.e., sign design.

The guidance is drawn from the research conducted for
this study, already existing state-of-the-art knowledge, and
the combined judgments of the research staff.

DEFINITION OF DIO

Most peoplefeel that there are locations or situations (com-
bination of location, traffic, etc.) where, as motorists, they
have felt “information overload.” They know it when they
experienceit, but they have difficulty defining or describingiit.
They likely felt uncomfortable and/or confused, may have had
to reduce their speed, were possibly not sure of their direction,
and possibly even took the wrong turn (perhaps even making
an erratic maneuver in doing so). Eventraffic engineersare not
unanimous as to what constitutes DIO.

In the early stages of this project, a questionnaire was sent
to 20 state and 20 local traffic engineers selected to represent
all areas of the country. Responseswere received from 27 per-
sons. For one of the questions, those surveyed were asked to
define DIO. Whilemost stated that, in essence, it wastoo much
information for the motorist to processin sufficient time, there
were afew who believed that other signing deficiencies could
contribute to information overload, such as small letter size,
missing or misleading information, etc. Therefore, adefinition
of DIO is needed, at least with regard to this study, and the
following is offered:

DIO occurs when the driver cannot process the roadway
information in sufficient time to respond properly and safely
at the design speed or the 85th percentile operating speed,
whichever is higher.



This definition is explained as follows:

Roadway infor mation—While the roadway features,
design elements, and the varioustraffic control devices (signs,
markings, signals, etc.) collectively provide theroadway infor-
mation upon which decisions about a driver’s desired guid-
ance and control are made, this project focused on roadway
signing, and in particular, guide and guide-related signing
(signs found in Section 2E of the MUTCD, Millennium Edi-
tion). Hence, guide sign information could replace roadway
information for the purposes of this study.

Driver—Guide signing is designed primarily to meet the
needs of the unfamiliar driver who must rely on the message
for way-finding. It must accommodate those segments of the
driving population who arelikely to requirelonger than aver-
age processing and response times, such as the elderly and
novice drivers.

Process—This term is meant to include all elements of
information processing from initial detection of the device,
to reading and comprehension of the message, to making an
appropriate decision on whatever maneuver may berequired,
and ending with initiation of the required response based on
the decision made.

Sufficient time to respond properly and safely at the
design speed—Thisterm meansthat the driver hasbeen able
to process the information (signing) at a distance upstream
sufficient to accommodate the desired maneuver (e.g. lane
change for exiting) at the design speed or the 85th percentile
operating speed, whichever is higher.

WHY IS DIO A PROBLEM?

DIO is problematic to the driver for a number of reasons.
If the driver is confronted with information overload, then
he/she may reduce his/her speed in order to have more time
to process the information; this action could result in traffic
slow downs, conflicts, and possibly collisions. At afreeway
exit, where this overload is likely to occur, the driver may
make a late exit resulting in an erratic maneuver, such as
crossing the gore area or even backing up on the shoulder or
the ramp to correct the wrong turn. That erratic maneuvers
aremorefrequent at locationswith high-information load has
been shownin an earlier research by Taylor and McGee (21).
In an NCHRP study entitled, “Improving Traffic Operations
and Safety at Exit Gore Areas,” they evaluated what factors
caused drivers to make erratic maneuvers when exiting the
freeway. Their findings were that there are numerous rea-
sons, which relate to the deficiencies of thedriver (distracted,
not sure of direction, etc.), the information (confusing sign
legend, insufficient advance warning, etc.), and the geomet-
ricsof theinterchange (e.g., sight distanceto the ramp). While
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the study did not attempt to relate erratic maneuver occur-
renceto the amount of signinformation, it isnoted from their
study that of the nine sitesthat were studied, thetwo sitesthat
experienced the highest erratic maneuver rate (erratic maneu-
vers per volume) were those that had the highest sign density
and highest information loading on the guide signs.

HOW TO DETERMINE IF DIO EXISTS

Specifying when DIO existsis not easy. There are no pre-
cise rules or values that resulted from this research, nor has
there been any offered from previous research. What this
project did develop is an evaluation tool—the DIL Profile—
that can be used for eval uating alternative sign systems based
on the relative DIL produced. That tool was discussed in
Chapter 5.

TheDIL Profileispartialy based ontheresults of theexper-
iment discussed in Section 4.2. The results of that experiment
are found in Table 2, which provides a load rating value for
numerous sign types. Although these values cannot be used
directly to determine if any given sign or array of signs has
too much information, they provide a simple means of esti-
mating a rough relative demand.

Aside from using the DIO model, some general guidance,
drawn from the results of this project and from previous
research, about when anindividua guidesignwill likely cause
DIOisasfollows:

* The number of destinations exceeds two, especialy if
theword length islong (eight letters or more); and

» The number of route markers exceeds two; a sign with
more than two destinations and/or more than two route
symbols is likely to cause an information processing
problem for some drivers.

For situationswherethereare multiple signson asign struc-
ture, DIO can result from the following:

» Two sign panels with more than two destination names
and two route symbols on any one sign;

+ Three guide sign panels with any one sign having more
than two destination names; or

» More than three sign panels, regardless of message
content.

DIO islikely to occur at those locations that have heavy
density of information in termsof proximity of signsand sign
message content. More specifically, DIO is likely under the
following condition:

+ Spacing between two guide signs, including supplemen-
tal signs, islessthan 800 ft, wherethereis one destination
on the second sign, and 1,200 ft where there are two or
three destinations on the second sign.
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Figure 30 shows a simple advance guide sign for a free-
way exit. Thiscertainly would not be considered information
overload for any reasonable driver. Figure 31 shows an array
of signing for a freeway location that has interchanges in
close proximity. Some drivers experiencing this situation for
the first time are likely to consider this as DIO. From these
examplesit iseasy to say what may or may not be DIO. How-
ever, it is not so easy to provide guidelines on when DIO
begins for drivers of varying information processing capa
bilities. Nonetheless, it can be stated that, in general, DIO can
occur with:

« Anindividual sign with too much message content;

+ Multiple sign panels at the same location with or with-
out an individual sign having too much information;

+ Signsin close proximity (i.e., short spacing between
signs), with or without an individual sign having too
much information; or

+ Other situationswhen other distracting factors may cause
DIO.

These situations are elaborated upon with examples below.

Figure30. Example of sign with low-information load.

Figure31. Example of a sign array with high-information
load.

Too Much Information on One Sign

There is no doubt that a single guide sign panel or other
navigation-related sign can have too much information inthe
form of destinations (i.e., place name, street name, and route
symbol), cardinal directions, exit numbers, arrows, and other
exit directions. Figure 32 shows a sign that is not a typical
highway guide sign, but it has so much information content
that most would agree it could cause DIO. What determines
“too much” is based on many interrelated factors including
the size of the sign legend, the complexity of the message
(word length), the driver’ svisual and information processing
capabilities, and the vehicle speed.

Examples of signs with multiple destinations can be often
found on our highways, as shown in Figure 33. But the ques-
tion related to these signsis, “Isit too much information?’

There is no standard in the MUTCD as to the maximum
amount of legend allowed on one guide sign. However, the
MUTCD does provide guidance (i.e., should statements) on
this item where it states in Section 2D-07 regarding guide
signs on conventional roads:

... thelegend on a guide sign must be kept to a minimumto
be legible at a glance during the few moments that a driver
can turn his eyes from the road. Guide signs should be lim-
ited to three lines of principal legend . . . Principal legend
includes only place name, route numbers, and street names.
Symbols, action information, cardinal directions, and exit
numbers may make up other lines of legend, within reason-
able limits.

For guide signs on expressways, the MUTCD provides the
following guidance in Section 2E-09:

No more than two destination names or street names should
be shown on any Advance Guide Sign or Exit Direction sign.
A city name and street name on the same sign should be
avoided. Where two or three signs are placed on the same
supports, destinations or names should be limited to one per
ling, or to atotal of three in the display. Sgn legends should
not exceed three lines of copy.

24  Ave -NW
rmation

Figure 32.
content.

Example of a sign with too much message
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Providing message content that exceeds these guidelines,
does not necessarily mean that the sign(s) will cause DIO,
but they are reasonabl e thresholds beyond which the possi-
bility increases significantly.

Multiple Sign Panels at the Same Location

While an individual sign’s message content may not be
considered information overload, DIO can occur wherethere
is more than one sign on a sign structure. Figure 34 shows
four sign panels on asingle overhead structure; thisis likely
to be considered information overload for some drivers.

Section 2E-10 of current version of the MUTCD, which
deals with the number of signs at an overhead installation,
states that

... the number of signs at these locations [i.e. where over-
head signs are warranted] should be limited to only those
essential in communicating pertinent destination informa-
tion to the road user. Exit Direction signs for a single exit
and the Advance Guide signs should have only one panel
with oneor two destinations. Regulatory signs, such as speed
limits, should not be used in conjunction with overhead guide
sign installations. Because road users have limited time to
read and comprehend sign messages, there should be no
more than three guide signs displayed at any one location
either on the overhead structure or its support.

Signs in Close Proximity

Motorists need timeto detect, read, processtheinformation,
and make a decision and respond, if appropriate, to each and

every sign. This time equates to a distance that varies by the
highway speed. In urban areas, interchanges are frequently
close to one another or there are several destinations for
which directional guidanceisdeemed necessary. Inthese sit-
uations, spacing between signs can be so short that the
motorist may have difficulty processing the needed informa-
tion, which constitutes a DI1O situation.

As part of an improvement feasibility study for a section of
[-395 in Northern Virginia, the guide signs were evaluated to
determine if they could be simplified or otherwise improved.
Along a 3.33-mi section from Glebe Road to the Potomac
River bridges, there are three interchanges that have a com-
bined count of 20 sign structureswith 40 individua sign pan-
els. Many of the sign panelshavethreelinesof copy. In some
areas, the spacing between signs is less than the minimum
800 ft specified in the MUTCD. This areais well known for

Figure34. Example of potential DIO situation due to
multiple sign panels at one location.
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causing navigational problems for drivers unfamiliar with
the area and can be considered as an area of DIO.

As noted above, the current Millennium Edition of the
MUTCD offers the following guidance regarding spacing
between signs:

... Guide signs placed in advance of an interchange decel-
eration lane should be spaced at least 240 m (800 ft) apart.
(Section 2E.7)

Other than this spacing guidance, the following statements
are provided in the MUTCD:

* Where there is less than 800 ft between interchanges,
Interchange Sequence Series signs should be used instead
of the Advance Guide sign for the affected interchanges.
[Section 2E-37]

« If only one advance guide sign is used, the supplemen-
tal sign should follow by at least 800 ft. [ Section 2E-32]

+ With regard to Specific Service Signing [Section 2F.06]:
“. .. There should be at least 800 feet spacing between
Specific Service signs, except for Specific Service ramp
signs.” [Asdepicted by Figure 2F-2 inthe MUTCD, this
spacing appliesto distances between two logo signs and
between alogo sign and aguide sign.]

Other Situations Causing DIO

It was observed from both the early field reconnaissance
drive by the research team and during the on-road experi-
ments that drivers felt uncomfortable (overloaded) at com-
plex interchanges, especially under high volume conditions.
Thiswas observed even where the signs themsel ves may not
suggest excessive information load. At these locations, the
driver must pay attention to driving control tasks.

At least two other situations, occurring on freeways, can
result in or influence DIO:

+ One geometric situation that occurs frequently in urban
areasiswherean interchangeisin close proximity of the
merge of two major Interstate roadways. In this situa-
tion, motorists who wish to exit at the interchange have
to weave across a heavy volume of merging traffic from
the other Interstate. These maneuvers take up much of
the attention of the driver making it more difficult for
the driver to process the guide sign information. The
example shown in Figure 2 earlier represents such situ-
ations. As the signs indicate, there are interchanges in
close proximity, one with aleft-hand exit, another with
a right-hand exit, and the third one has a lane drop.
Besides, this sign is located where there are other inter-
changesin close proximity upstream of the sign location.

« Any time there is construction on a freeway, especially
near an interchange, it ismore difficult for the motorists
to give full attention to the signing. Quite often in con-

struction zone areas, thereisalane reduction, lanewidth
reduction, or a lane shift. Attending to these situations
detracts from the motorist’ s ability to process theinfor-
mation from the signing.

HOW TO AVOID OR MINIMIZE DIO

Since DIO is partly afunction of the information process-
ing capability of thedriver, and since thereisawide range of
information processing capabilities among the driving popu-
lation, it is unlikely that DIO could be eliminated. Some
drivers will experience DIO at certain situations no matter
how well the information is presented. Nonetheless, a vari-
ety of principles can be followed that will at least minimize
the occurrence of DIO for the vast mgjority of drivers. These
principles are enumerated below.

Avoid Complex Highway Design Configurations

It has been often stated within the highway engineering
community that “if you can’t signit, don’t design it.” Some-
times, especially in urban areas, highway designerswill pre-
pare designs of interchanges that are fairly complex with | eft
and right exits, exit rampsthat split, lane drops, exit rampsin
close proximity, etc. These designs often are dictated by the
need to design within a given right-of-way. The designs result
in multiple decision points in close proximity making it dif-
ficult to adhere to principles of good sign design. Recogniz-
ing that there are budget and right-of-way limitations, the
designer should seek a plan that avoids these multiple deci-
sion points and will result in aless dense signing plan.

Consider Signing Needs Early
and Throughout the Road Design Process

During the preliminary engineering phase of a new or
reconstructed facility, the traffic engineering department or
those responsible for sign design should be consulted about
the ability to adequately sign for the design options. Thisis
especially true for complex designs as discussed above, but
should hold for even relatively simple designs.

Throughout the design process, the sign designer should
think beyond what specific sign would be needed at acertain
location. The designer should consider the demands placed
upon the driver from the road design as well as from the
expected traffic levels. Well ahead of peak demand points,
which are in an area of about 1,500 ft from the gore, the
designer should clearly provide the information the driver
needs to resolve any uncertainty. The signs, markings, and
geometry should work together to clarify answers to: where
must | be, when must | be there, and what is coming up?



Follow Standards and Guidelines of the MUTCD

While the MUTCD is not a “how to” manua, it provides
several guideline-type statements that, if followed, will min-
imizethe occurrence of signing systems causing DIO. Several
excerpts from the current edition of the MUTCD that directly
or indirectly provide sign guidance for expressway/freeway
signs to avoid DIO have been presented earlier. Adherence
to these guidelines should minimize the possibility of asign
information system that would cause DIO.

Spreading of Information Load

Ashasbeen discussed, DIO occurswhen thereistoo much
information presented at any one location for the motorist to
process in sufficient time. The information load profile con-
ceptually demonstrates how the information loading signifi-
cantly increaseswith sign message density, asdetermined by
number of destinations, length of words, number of symbols,
exiting information, spacing of signs, etc. Theremay beoppor-
tunities where this sign message density can be reduced by
spreading some of theinformation along theroute, i.e., mov-
ing less critical information to other locations away from the
high density area.

Another example of sign spreading would be the use of
supplemental signs. At some locations, it may be necessary
to provide directional information for several destinations.
The MUTCD recommends that no more than three destina-
tions be on any one guide sign. However, even asingle sign
with three destinations along with route symbols and exiting
information can be a problem for some motorists on a high-
volume, urban freeway. Consideration should be given to
using a supplemental sign where the third, or even afourth,
destination could be placed. In thisway the information load
is spread out along the route. However, based on the results
of the studies conducted for this project, it appears that the
advantages of spreading sign density are not seen until about
800 ft of separation, which is consistent with the guidance
provided in the MUTCD. Because of the interaction and com-
petition for the driver’s information processing time, signs
too close can be more demanding as one sign with the same
information.

Sign Repetition

Sign repetition is defined as repeating the same sign mes-
sage on another sign downstream. In generad it is not a good
sign practice to repeat a sign as this leads to excessive sign-
ing and would unnecessarily add to the information overload.
However, in the case of a complex interchange, where there
must be multiple signs on a sign structure, DIO could occur.
If this cannot be avoided, then it may be advisableto provide
another sign support further downstream with all or aportion
of the sign information repeated. This, in essence provides
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another opportunity for the motorist to “take in” the entire
message, and respond accordingly. Obviously, to accomplish
thisthere needs to be sufficient distance upstream of the inter-
change to provide the additional sign(s) and still maintain at
least the 800-ft spacing recommended in the MUTCD.

Increase the Size of the Legend

Thetime and distance it takes to read asign are partly due
to the size of thelegend, and more specificaly, the size of the
letters and symbols. The former rule of thumb for the provi-
sion of letter size of “1 in. of letter height for every 50 ft of
legibility distance” has been updated in the current MUTCD
to be “1in. of letter height for every 40 ft of legibility dis-
tance” based on research on letter size as required by the
elderly driver, which increases the legend sizes by as much
as 20%. Specific sizes of lettersand numeralsare specified in
the MUTCD and range from 8 to 30 in. depending upon the
type of interchange and sign placement (i.e., overhead or
ground-mounted). The FHWA Highway Design Handbook
for Older Drivers and Pedestrians recommends “not more
than 33 ft of legibility distancefor each 1in. of letter height.”
If followed, thiswould increase the letter sizes by up to 18%
more than the current MUTCD guidelines.

For situations where there has to be high information load
to meet the guidance information requirements, it may be
advisableto increase the size of the sign legend. By doing so,
it will afford the motorist longer distance to read the sign,
thereby compensating, to some degree, for the possibleinfor-
mation overload. Figure 35 shows an example of signs with
larger than standard route markers. As it can be seen, this
sign array has too much information, including four destina-
tions and seven route designations combined. The middle
sign has four route marker symbols along with their cardinal
directions. Hence, larger route designation symbols have been
used for the U.S. routes to compensate for too many routes
on one sign.

:: ué Reldsville
NGl Danville
ko“". — /2 MILE

Figure35. Example of signswith larger symbols to offset
information overload.
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Maintain High Level of Sign Legibility at Night

It is important that all signs are legible at night. Thisis
accomplished by using retro-reflective materials, of varying
quality, for al guide signs and for some overhead signs and
by also using external illumination. Retro-reflective materi-
alshaveimproved over the years and materialsare now avail-
able that will provide a high level of brightness, thereby,
allowing the driver to read the sign well within the required
legibility distance. Adding sign lighting enhances the legi-
bility of the sign even more.

Itisadvisable, therefore, that signswithin asection of high
information load be made of the brightest practical retro-
reflective material and, if overhead, be illuminated by sign
lighting.

POTENTIAL ADVANCES AND APPLICATIONS
OF THE INFORMATION LOAD PROGRAM

In Chapter 5, the concept of the DIL Profile diagram was
presented and exampl es of its application were shown. While
the DIL inits current state should be a good tool for analyz-
ing highway information systems to determine if they may
cause DIO, further research is needed to validate the model

with more data and potentially develop thresholds for quan-
tifying information overload situations. That is, a measure of
information load needs to be developed so that the vertical
scale on the diagram has an absolute meaning. Researchers
need to better understand and quantify how individual signs
and signs asasystem affect thismeasure of information load.
They also need to understand how different road types affect
the various components of DIL. Then a threshold level of
DIO is needed. As this is likely to vary by one or more
driver characteristics, it islikely that thisthreshold will need
to be presented as a percentile of the driving public.

Once these issues are resolved, the engineers developing
and evaluating sign systems can use the DIL model more
effectively during the sign design stage. With existing com-
puter hardware and software advances, it should berelatively
simple to automatically create the DIL in a computer-aided
design (CAD) environment. Information load ratings could
be assigned to each sign using the values generated by the
software tool already developed. Also with the horizontal and
vertical plansavailableinthe CAD file, theload ratingsfor the
Driving Task Demand (DTD) component would come from
values based on various geometric and traffic elements. A
review of the DIL would then identify whether or not a
potential DIO situation exists with the proposed sign design.




CHAPTER 7
REFERENCES

10.

11.

. Lerner, N. and Benel, D. (1995). Driver Information Overload:

Draft Literature Review. Unpublished Interim Report under
NCHRP Project 3-50. January 1995. Washington, D.C.: TRB,
The National Academies.

. Gordon, D. (1981). “The Assessment of Guide Sign Informa

tional Load.” Human Factors, 23(4), 453-466.

. Lerner, N. and Benel, D. (1995). Driver Information Overload

Draft Literature Review. Report under NCHRP Project 3-50 for
TRB. Silver Spring, MD: Comsis Corporation.

. Theeuwes, J. (1993). “Visual Attention and Driving Behavior.”

In Santos ed., Human Factors in Road Traffic. Lisboa: Esher.

. Bhise, V. and Rockwell, T. (1972). “Development of a

Methodology for Evaluating Road Signs.” Columbus, OH:
Ohio State University, Systems Research Group, Project No.
EES 407B.

. Alexander, G. and Lunenfeld, H. (1990). “Positive Guidance

and Driver Expectancy.” In Peters, G. and Peters, B. (1990).
Automotive Engineering and Litigation. New York: Garland
Law Publishing, 617-679.

. Bhisg, V. and Rockwell, T. (1974). Implementing Sgn Research

Results into Operational Practices. OHIO-DOT 03-74, Ohio
Department of Transportation, Columbus, OH.

. Dudek, C. and Huchingson, R.D. (1986). Manual on Real-time

Motorist Information Displays. FHWA-IP-86-16, Washington,
D.C.: Federal Highway Administration.

. Garvey, P. and Pietrucha, M. (1996). Development of a New

Guide Sgn Alphabet. Paper presented at 40th Annual Meeting of
the Human Factors and Ergonomics Society. Philadel phia, PA.

Hankey, J., Dingus, T., Hanowski, R., Wierwille, W. and
Andrews, C. (2000). In-Vehicle Information Systems Behavioral
Model and Design Support: Final Report. Report FHWA-RD-
00-135. Washington, D.C.: Federal Highway Administration.

Kiger, S., Rockwell, T. and Tijerina, L. (1996). Heavy Vehicle
Driver Workload Assessment, Task 6: Baseline Data Study.

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

71

Report DOT HS 808 467 Final Report Supplement. Washing-
ton, D.C.: National Highway Traffic Safety Administration.
McFadden, E. and Tepas, D. (1997). Effects of Time of Day and
Task Demand on Smulated Sgn Recognition. Poster session
paper presented at 41st Annual Meeting of the Human Factors
and Ergonomics Society. Albuquerque, NM.

Smiley, A., MacGregor, C., Dewar, R. and Blamey, C.
(1998). “Evaluation of Prototype Highway Tourist Signs for
Ontario.” Transportation Research Record 1628, 34-40,
TRB, The National Academies.

Woolridge, M. (1994). “ Design Consistency and Driver Error.”
Transportation Research Record 1445, 148-155, TRB, The
National Academies.

Krammes, R. and Glascock, S. (1992). “Geometric Inconsis-
tenciesand Accident Experience on Two-lane Rural Highways.
Transportation Research Record 1356, TRB, The National
Academies, Washington, D.C., pp. 1-10.

Zeitlin, L. (1998). “Micromodel for Objective Estimation of
Driver Mental Workload from Task Data” Transportation
Research Record 1631, 28-34, TRB, The National Academies.
Zwahlen, H. (1995). “Traffic Sign Reading Distances and
Times During Night Driving.” Transportation Research Record
1495, 140-146, TRB, The National Academies.

Post, T., Alexander, G. and Lunenfeld, H. (1981). “A Users
Guide to Positive Guidance (2nd edition).” FHWA-TO-81-1,
Washington, D.C.: Federal Highway Administration.

Manual on Uniform Traffic Control Devices, Millennium Edi-
tion. (2000). Federal Highway Administration, Washington,
D.C.: U.S. Department of Transportation.

Manual on Uniform Traffic Control Devices for Streets and
Highways. (1988). Federal Highway Administration, Wash-
ington, D.C.: U.S. Department of Transportation.

Taylor, J. and McGee, H. (1973). NCHRP Report 145: Improv-
ing Traffic Operations and Safety at Exit Gore Areas. Wash-
ington, D.C.: TRB, The National Academies.




72

APPENDIXES A, C, D, AND E
UNPUBLISHED MATERIAL

Appendixes A, C, D, and E as submitted by the research agency are not published herein. For alimited time, they are avail-
able from the NCHRP. Their titles are as follows:

« Appendix A: Review of Selected Literature

+ Appendix C: Description of Stimuli Presented in the Experiment on Combination Rules for Sign Arrays
« Appendix D: On-road Sequence of Sites for Primary On-road Experiment

« Appendix E: Primary On-road Experiment Instructions and Protocol




APPENDIX B

SUMMARY TABLES FOR SIGN CATEGORIES FROM
“INDIVIDUAL FREEWAY SIGN INFORMATION LOAD EXPERIMENT”
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TABLE B-1 Information load ratingsfor signsin bracket set

0 Icon, No Lane, No Dir.

Sign Type and Category MUTCD Reference (1988 Edition) Sign Complexity Definition Rating
Advance Major Guide, Fig. 2-9, Signs E1-1 and E1-5 Upper Long Word, 2 Dest., 1 R.M., 26
Separate Exit 0 Icon, No Lane, No Dir.

Lower Short Word, 1 Dest., 1 R.M., 20
0 Icon, No Lane, No Dir.
Advance Major Guide, Fig. 2-9, Sign El-1a Upper Long Word, 2 Dest., 1 R.M., 17
Integrated Exit 0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 1 R.M., 12
0 Icon, No Lane, No Dir.
Advance Major Guide, Fig. 2-9, Signs E1-1, E1-5, Upper Long Word, 2 Dest., 1 R.M., 20
Separate Exit and Lane Drop and Fig. 2-33, Sign E11-1 0 Icon, Lane, No Dir.
Lower 1 Short Word, 1 Dest., 1 R.M., 20
0 Icon, No Lane, No Dir.
Lower 2 Short Word, 1 Dest., 1 R.M., 14
0 Icon, Lane, No Dir.
Advance Major Guide, Fig. 2-9, Sign E1-1a and Upper Long Word, 2 Dest., 1 R.M., 29
Integrated Exit and Lane Drop Fig. 2-33, Sign E11-1 0 Icon, Lane, No Dir.
Lower Short Word, 1 Dest., 1 R.M., 25
0 Icon, Lane, No Dir.
Advance Minor Guide, Fig. 2-9, Sign E1-2 Upper Long Word, 2 Dest., 0 R.M., 17
without Route 0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 16
0 Icon, No Lane, No Dir.
Advance Minor Guide Fig. 2-9, Sign E1-3 Upper Long Word, 2 Dest., 0 R.M., 20
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 6
0 Icon, No Lane, No Dir.
Next Exit Fig. 2-10 Lower N/A Word, 0 Dest., 0 R.M., 5
0 Icon, No Lane, No Dir.
Multiple Destination Exit Fig. 2-11 Upper Long Word, 2 Dest., 0 R.M., 26
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 3
0 Icon, No Lane, No Dir.
Multiple Destination, Next Right Upper Long Word, 2 Dest., 0 R.M., 19
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 3
0 Icon, No Lane, No Dir.
Exit Direction Fig. 2-13 Upper Long Word, 2 Dest., 1 R.M., 21
0 Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 1 R.M,, 14
0 Icon, No Lane, Dir.
Gore, Separate Fig. 2-14, Signs E5-1 and E5-2 Lower N/A Word, 0 Dest., 0 R.M., 3
0 Icon, No Lane, No Dir.
Gore, Integrated Fig. 2-14, Sign E5-1a Lower N/A Word, 0 Dest., 0 R.M., 4
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0 Icon, Lane, Dir.

Pull Thru, Small Shield Fig. 2-15, Sign E6-2 Upper Long Word, 1 Dest., 1 R.M., 7
0 Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 1 R.M., 7
0 Icon, No Lane, Dir.
Pull Thru, Large Shield Fig. 2-15, Sign E6-2a Upper Long Word, 1 Dest., 1 R.M., 12
0 Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 1 R.M., 12
0 Icon, No Lane, Dir.
Post-Interchange Distance Fig. 2-17, Sign E7 Upper Long Word, 3 Dest., 0 R.M., 21
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 3
0 Icon, No Lane, No Dir.
Interchange Sequence Fig. 2-18, Sign E8-1 Upper Long Word, 3 Dest., 0 R.M., 33
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 4
0 Icon, No Lane, No Dir.
Community Interchange Fig. 2-19, Sign E8-2 Upper Long Word, 3 Dest., 0 R.M., 33
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 13
0 Icon, No Lane, No Dir.
Next (X) Exits Fig. 2-20, Sign E-9 Upper Long Word, 1 Dest., 0 R.M., 7
0 Icon, No Lane, No Dir.
Lower Short Word, 1 Dest., 0 R.M., 4
0 Icon, No Lane, No Dir.
Park & Ride Fig. 2-26 Lower N/A Word, 0 Dest., 0 R.M., 18
0 Icon, No Lane, No Dir.
Milepost Sign D10-3 Upper N/A Word, 0 Dest., 0 R.M., 9
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 4
0 Icon, No Lane, No Dir.
Diagrammatic Guide, Fig. 2-32 Upper Long Word, 2 Dest., 2 R.M., 34
Separate Exit 0 Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 2 R.M,, 22
0 Icon, No Lane, Dir.
Diagrammatic Guide, Fig. 2-32 Upper Long Word, 2 Dest., 2 R.M., 28
Integrated Exit 0 Icon, No Lane, Dir.
Lower Short Word, 1 Dest., 2 R.M., 23
0 Icon, No Lane, Dir.
Diagrammatic Guide, Fig. 2-32 and Fig. 2-33, Upper Long Word, 2 Dest., 2 R.M. 37
Integrated Exit and Lane Drop Sign E11-1 0 Icon, Lane, Dir.
Lower Short Word, 1 Dest., 2 R.M., 25

(continued on next page)
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TABLE B-1 (Continued)

1 Icon, No Lane, No Dir.

Sign Type and Category MUTCD Reference (1988 Edition) Sign Complexity Definition Rating
Diagrammatic Guide, Fig. 2-32 and Fig. 2-33, Upper Long Word, 2 Dest., 2 R.M., 33
Separate Exit and Land Drop Sign E11-1 0 Icon, Lane, Dir.

Lower Short Word, 1 Dest., 2 R.M,, 23
0 Icon, Lane, Dir.
Next Services Fig. 2-43 Lower N/A Word, 0 Dest., 0 R.M., 5
0 Icon, No Lane, No Dir.
Services, Integrated Fig. 2-43 Upper N/A Word, 0 Dest., 0 R.M., 19
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 3
0 Icon, No Lane, No Dir.
Services, Separate Fig. 2-43 Upper N/A Word, 0 Dest., 0 R.M., 17
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 2
0 Icon, No Lane, No Dir.
Rest Area, Gore Fig. 2-44 Lower N/A Word, 0 Dest., 0 R.M., 2
0 Icon, No Lane, No Dir.
Rest Area, Advance Guide Upper N/A Word, 0 Dest., 0 R.M., 12
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 2
0 Icon, No Lane, No Dir.
Rest Area, Exit Direction Upper N/A Word, 0 Dest., 0 R.M., 7
0 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 5
0 Icon, No Lane, No Dir.
Route Marker, U.S. Route Fig. 2-45 Upper N/A Word, 0 Dest., 1 R.M., 1
0 Icon, No Lane, Dir.
Lower N/A Word, 0 Dest., 1 R.M., 1
0 Icon, No Lane, No Dir.
Route Marker, Interstate Fig. 2-46 Upper N/A Word, 0 Dest., 1 R.M., 2
0 Icon, No Lane, Dir.
Lower N/A Word, 0 Dest., 1 R.M., 1
0 Icon, No Lane, No Dir.
Gas & Lodging, Double Fig. 2-47 Upper 1 N/A Word, 0 Dest., 0 R.M., 27
4 Icon, No Lane, No Dir.
Upper 2 N/A Word, 0 Dest., 0 R.M., 32
6 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 21
2 Icon, No Lane, No Dir.
Gas & Lodging, Single Fig. 2-47 Upper 1 N/A Word, 0 Dest., 0 R.M., 29
4 Icon, No Lane, No Dir.
Upper 2 N/A Word, 0 Dest., 0 R.M., 23
6 Icon, No Lane, No Dir.
Lower N/A Word, 0 Dest., 0 R.M., 7
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0 Icon, No Lane, No Dir.

Radio Information, Weather Sign D12-1 Upper N/A Word, 0 Dest., 0 R.M., 24
0 Icon, No Lane, No Dir.

Lower N/A Word, 0 Dest., 0 R.M., 6
0 Icon, No Lane, No Dir.

Radio Information, Sign D12-3 Upper Long Word, 0 Dest., 1 R.M., 15
CB Channel 9 0 Icon, No Lane, No Dir.

Lower Short Word, 0 Dest., 1 R.M., 5
0 Icon, No Lane, No Dir.

Radio Information, Traffic Upper N/A Word, 0 Dest., 0 R.M., 21
0 Icon, No Lane, No Dir.

Lower N/A Word, 0 Dest., 0 R.M., 10
0 Icon, No Lane, No Dir.

Car Pool Information, Car Sign D12-2 Lower N/A Word, 0 Dest., 0 R.M., 8
0 Icon, No Lane, No Dir.

Car Pool Information, Van Lower N/A Word, 0 Dest., 0 R.M., 9
0 Icon, No Lane, No Dir.

Weigh Station, Advance Guide Fig. 2-8, Sign D8-1 Upper N/A Word, 0 Dest., 0 R.M., 4
0 Icon, No Lane, No Dir.

Lower N/A Word, 0 Dest., 0 R.M., 1
0 Icon, No Lane, No Dir.

Weigh Station, Exit Direction Flg. 2-8, Sign D8-2 Lower N/A Word, 0 Dest., 0 R.M., 5
0 Icon, No Lane, No Dir.

Weigh Station, Gore Fig. 2-8., Sign D8-3 Lower N/A Word, 0 Dest., 0 R.M., 2
0 Icon, No Lane, No Dir.

Recreational Guide, Fig. 2-52 Upper Long Word, 1 Dest., 0 R.M., 15
Integrated Icons 3 Icon, No Lane, No Dir.

Lower Short Word, 1 Dest., 0 R.M., 7
1 Icon, No Lane, No Dir.

Recreational Guide, Fig. 2-52 Upper Long Word, 1 Dest., 0 R.M., , 17
Separate Icons 3 Icon, No Lane, No Dir.

Lower Short Word, 1 Dest., 0 R.M., , 7
1 Icon, No Lane, No Dir.

Recreational Guide, Distance Fig. 2-52 Upper Long Word, 1 Dest., 0 R.M., 18
0 Icon, No Lane, No Dir.

Lower Short Word, 1 Dest., 0 R.M., 10
0 Icon, No Lane, No Dir.

Recreational Guide, Direction Fig. 2-52 Upper Long Word, 1 Dest., 0 R.M., 10
0 Icon, No Lane, No Dir.

Lower Short Word, 1 Dest., 0 R.M., 6

(continued on next page)
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TABLE B-1 (Continued)

Sign Type and Category

MUTCD Reference (1988 Edition)

Sign Complexity

Definition

Rating

Boundary, County

Upper

Long Word, 0 Dest., 0 R.M.,
0 Icon, No Lane, No Dir.

Lower Short Word, 0 Dest., 0 R.M.,
0 Icon, No Lane, No Dir.

Boundary, State Upper Long Word, 0 Dest., 0 R.M.,
0 Icon, No Lane, No Dir.

Lower Short Word, 0 Dest., 0 R.M.,

0 Icon, No Lane, No Dir.

Key:
Rating = Information load rating (1-100)

Upper = Maximum number of all sign components present as specified in the MUTCD
Lower = Minimum number of all sign components present as specified in the MUTCD

Word = Word length of destinations (Long, Short, N/A)

Dest. = Number of destinations (0-4)
R.M. = Number of route markers (0-3)
Icon = Number of icons (0-6)

Lane = Presence or absence of a lane indicator arrow
Dir. = Presence or absence of a cardinal direction
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TABLE B-2 Information load ratings for added sign components

0 Icon, No Lane, No Dir.

0 Icon, No Lane, No Dir.

Sign Type and Category "Upper" Complexity "Upper" Complexity Added Component Definition Rating
Definition Rating
Advance Major Guide, Long Word, 2 Dest., 1 R.M. 26 |2 Destinations Short Word, 3 Dest., 1 R.M. 18
Separate Exit 0 Icon, No Lane, No Dir. 0 Icon, No Lane, No Dir.
3 Destinations Short Word, 4 Dest., 1 R.M. 27
0 Icon, No Lane, No Dir.
Advance Major Guide, Long Word, 2 Dest., 1 R.M., 171 Destination Short Word, 2 Dest., 1 R.M. 17
Integrated Exit 0 Icon, No Lane, No Dir. 0 Icon, No Lane, No Dir.
1 Route Marker Short Word, 1 Dest., 2 R.M. 19
0 Icon, No Lane, No Dir.
Long Word Long Word, 1 Dest., 1 R.M. 15
0 Icon, No Lane, No Dir.
Advance Major Guide, Long Word, 2 Dest., 1 R.M., 202 Destinations Long Word, 4 Dest., 1 R.M. 40
Separate Exit and Lane Drop 0 Icon, Lane, No Dir. 0 Icon, Lane, No Dir.
Multiple Destination Exit Long Word, 2 Dest., 0 R.M., 262 Destinations Short Word, 3 Dest., 0 R.M. 27
0 Icon, No Lane, No Dir. 0 Icon, No Lane, No Dir.
Exit Direction Long Word, 2 Dest., 1 R.M., 21|1 Destination Short Word, 2 Dest., 1 R.M. 16
0 Icon, No Lane, Dir. 0 Icon, No Lane, Dir.
Long Word Long Word, 1 Dest., 1 R.M. 24
0 Icon, No Lane, Dir.
2 Destinations Long Word, 4 Dest., 1 R.M. 45
0 Icon, No Lane, Dir.
1 Destination Long Word, 3 Dest., 1 R.M. 23
0 Icon, No Lane, Dir.
1 Route Marker Short Word, 1 Dest., 2 R.M. 23
0 Icon, No Lane, Dir.
3 Destinations Short Word, 4 Dest., 1 R.M. 20
0 Icon, No Lane, Dir.
Pull Thru, Small Shield Long Word, 1 Dest., 1 R.M,, 7 |Lane Indicator Long Word, 1 Dest., 1 R.M. 12
0 Icon, No Lane, Dir. 0 Icon, Lane, Dir.
Pull Thru, Large Shield Long Word, 1 Dest., 1 R.M., 12|1 Route Marker Short Word, 1 Dest., 2 R.M. 25
0 Icon, No Lane, Dir. 0 Icon, No Lane, Dir.
Post-Interchange Distance Long Word, 3 Dest., 0 R.M., 21|1 Destination Long Word, 4 Dest., 0 R.M. 27
0 Icon, No Lane, No Dir. 0 Icon, No Lane, No Dir.
Long Word Long Word, 1 Dest., 0 R.M. 6
0 Icon, No Lane, No Dir.
2 Destinations Short Word, 3 Dest., 0 R.M. 20
0 Icon, No Lane, No Dir.
3 Destinations Short Word, 4 Dest., 0 R.M. 28
0 Icon, No Lane, No Dir.
Interchange Sequence Long Word, 3 Dest., 0 R.M., 33 |1 Route Marker Short Word, 1 Dest., 1 R.M. 11

(continued on next page)
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TABLE B-2 (Continued)

0 Icon, No Lane, No Dir.

Sign Type and Category "Upper" Complexity "Upper" Complexity Added Component Definition Rating
Definition Rating
Interchange Sequence (Ct'd.) 3 Route Markers N/A Word, 3 Dest., 3 R.M. 30
0 Icon, No Lane, No Dir.
Long Word Long Word, 1 Dest., 0 R.M. 10
0 Icon, No Lane, No Dir.
2 Destinations Short Word, 3 Dest., 2 R.M. 30
2 Route Markers 0 Icon, No Lane, No Dir.
2 Destinations Short Word, 3 Dest., 0 R.M. 26
0 Icon, No Lane, No Dir.
1 Destination Long Word, 4 Dest., 0 R.M. 41
0 Icon, No Lane, No Dir.
1 Route Marker N/A Word, 1 Dest., 1 R.M. 9
0 Icon, No Lane, No Dir.
1 Destination N/A Word, 2 Dest., 1 R.M. 21
1 Route Marker 0 Icon, No Lane, No Dir.
Community Interchange Long Word, 3 Dest., 0 R.M., 33 |2 Destinations Short Word, 3 Dest., 2 R.M. 29
0 Icon, No Lane, No Dir. 2 Route Markers 0 Icon, No Lane, No Dir.
1 Route Marker Short Word, 1 Dest., 1 R.M. 23
0 Icon, No Lane, No Dir.
2 Destinations Short Word, 3 Dest., 0 R.M. 33
0 Icon, No Lane, No Dir.
1 Route Marker N/A Word, 1 Dest., 1 R.M. 17
0 Icon, No Lane, No Dir.
Long Word Long Word, 1 Dest., 0 R.M. 24
0 Icon, No Lane, No Dir.
3 Route Markers N/A Word, 3 Dest., 3 R.M. 30
0 Icon, No Lane, No Dir.
1 Destination N/A Word, 2 Dest., 2 R.M. 25
1 Route Marker 0 Icon, No Lane, No Dir.
3 Destinations Short Word, 4 Dest., 0 R.M. 33
0 Icon, No Lane, No Dir.
Diagrammatic Guide, Long Word, 2 Dest., 2 R.M., 341 Direction Short Word, 1 Dest., 2 R.M. 29
Separate Exit 0 Icon, No Lane, Dir. 0 Icon, No Lane, Dir.
1 Route Marker Short Word, 1 Dest., 3 R.M. 30
0 Icon, No Lane, Dir.
Services, Integrated N/A Word, 0 Dest., 0 R.M., 19|3 Icons N/A Word, 0 Dest., 0 R.M. 13
0 Icon, No Lane, No Dir. 3 Icon, No Lane, No Dir.
6 Icons N/A Word, 0 Dest., 0 R.M. 20
6 Icon, No Lane, No Dir.
1 Icon N/A Word, 0 Dest., 0 R.M. 1
1 Icon, No Lane, No Dir.
Route Marker, N/A Word, 0 Dest., 1 R.M., Interstate = 2|1 Route Marker N/A Word, 0 Dest., 2 R.M. 15
Interstate and U.S. Route 0 Icon, No Lane, Dir. U.S. Route = 1 0 Icon, No Lane, Dir.
1 Route Marker N/A Word, 0 Dest., 0 R.M. 4
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Recreational Guide, Long Word, 1 Dest., 0 R.M., 15|13 Icons Short Word, 1 Dest., 0 R.M. 17
Integrated Icons 3 Icon, No Lane, No Dir. 4 Icon, No Lane, No Dir.
Recreational Guide, Long Word, 1 Dest.,, 0 R.M., , 1715 Icons Short Word, 1 Dest., 0 R.M. 25
Separate Icons 3 Icon, No Lane, No Dir. 6 Icon, No Lane, No Dir.
Recreational Guide, Distance Long Word, 1 Dest., 0 R.M., 18 |Green Color Long Word, 1 Dest., 0 R.M. 10
0 Icon, No Lane, No Dir. 0 Icon, No Lane, No Dir.
1 Destination Long Word, 2 Dest., 0 R.M. 19
0 Icon, No Lane, No Dir.
2 Destinations Long Word, 3 Dest., 0 R.M. 29
0 Icon, No Lane, No Dir.
Recreational Guide, Direction Long Word, 1 Dest., 0 R.M., 10 |1 Destination Long Word, 2 Dest., 0 R.M. 14

0 Icon, No Lane, No Dir.

0 Icon, No Lane, No Dir.

Key:

"Upper" Complexity = Maximum number of all sign components present as specified in the MUTCD

"Upper" Complexity Rating = Mean information load rating for the defined "upper" complexity sign (1-100)

Rating = Mean information load rating for the defined sign with added components (1-100)

Word = Word length of destinations (Long, Short, N/A)

Dest. = Number of destinations (0-4)

R.M. = Number of route markers (0-3)

Icon = Number of icons (0-6)

Lane = Presence or absence of a lane indicator arrow
Dir. = Presence or absence of a cardinal direction
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TABLE B-3 General effects of sign components on infor mation load

Sign Component Type and Category Definition Rating Difference
Word Length Advance Major Guide, Short Word, 1 Dest., 1 R.M. 12.48

Integrated Exit 0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 1 R.M. 14.95 +2.47
0 Icon, No Lane, No Dir.
Short Word, 2 Dest., 1 R.M. 17.46
0 Icon, No Lane, No Dir.
Long Word, 2 Dest., 1 R.M. 17.46 0
0 Icon, No Lane, No Dir.

Advance Major Guide, Short Word, 1 Dest., 1 R.M. 24.99

Integrated and Lane Drop 0 Icon, Lane, No Dir.
Long Word, 1 Dest., 1 R.M. 29.14 +4.15
0 Icon, Lane, No Dir.

Exit Direction Short Word, 1 Dest., 1 R.M. 14.06
0 Icon, No Lane, Dir.
Long Word, 1 Dest., 1 R.M. 23.58 +9.52
0 Icon, No Lane, Dir.
Short Word, 2 Dest., 1 R.M. 16.07
0 Icon, No Lane, Dir.
Long Word, 2 Dest., 1 R.M. 21.21 +5.14
0 Icon, No Lane, Dir.
Short Word, 4 Dest., 1 R.M. 20.33
0 Icon, No Lane, Dir.
Long Word, 4 Dest., 1 R.M. 45.37 +25.04
0 Icon, No Lane, Dir.

Post-Interchange Distance Short Word, 1 Dest., 0 R.M. 3.15
0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 0 R.M. 6.02 +2.87
0 Icon, No Lane, No Dir.
Short Word, 4 Dest., 0 R.M. 27.75
0 Icon, No Lane, No Dir.
Long Word, 4 Dest., 0 R.M. 26.63 -1.12
0 Icon, No Lane, No Dir.

Interchange Sequence Short Word, 1 Dest., 0 R.M. 4.21
0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 0 R.M. 10.3 +6.09

0 Icon, No Lane, No Dir.
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0 Icon, No Lane, Dir.

Sign Component Type and Category Definition Rating Difference
Word Length (Ct'd.) Interchange Sequence (Ct'd.) Short Word, 3 Dest., 0 R.M. 26.36

0 Icon, No Lane, No Dir.
Long Word, 3 Dest., 0 R.M. 32.77 +6.41
0 Icon, No Lane, No Dir.

Community Interchange Short Word, 1 Dest., 0 R.M. 12.82
0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 0 R.M., 24.15 +11.33
0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 0 R.M. 33.48
0 Icon, No Lane, No Dir.
Long Word, 3 Dest., 0 R.M. 33.36 -0.12
0 Icon, No Lane, No Dir.

Recreational Guide, Short Word, 1 Dest., 0 R.M. 10.33 +7.8

Distance 0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 0 R.M. 18.13
0 Icon, No Lane, No Dir.

Number of Destinations Advance Major Guide, Short Word, 1 Dest., 1 R.M. 20.01

Separate Exit 0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 1 R.M. 18.42 -1.59
0 Icon, No Lane, No Dir.
Short Word, 4 Dest., 1 R.M. 27.37 +7.36
0 Icon, No Lane, No Dir.

Advance Major Guide, Long Word, 2 Dest., 1 R.M. 19.9

Separate Exit and Lane Drop 0 Icon, Lane, No Dir.
Long Word, 4 Dest., 1 R.M. 39.73 +19.74
0 Icon, Lane, No Dir.

Multiple Destination Exit Short Word, 1 Dest., 0 R.M. 3.15
0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 0 R.M. 27.03 +23.88
0 Icon, No Lane, No Dir.

Exit Direction Short Word, 1 Dest., 1 R.M. 14.06
0 Icon, No Lane, Dir.
Short Word, 2 Dest., 1 R.M. 16.07 +2.01
0 Icon, No Lane, Dir.
Short Word, 4 Dest., 1 R.M. 20.33 +6.27
0 Icon, No Lane, Dir.
Long Word, 1 Dest., 1 R.M. 23.58
0 Icon, No Lane, Dir.
Long Word, 3 Dest., 1 R.M. 23.45 -0.13
0 Icon, No Lane, Dir.
Long Word, 4 Dest., 1 R.M. 45.37 +21.79

(continued on next page)
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TABLE B-3 (Continued)

0 Icon, No Lane, No Dir.

Sign Component Type and Category Definition Rating Difference
Number of Destinations (Ct'd.) Post-Interchange Distance Short Word, 1 Dest., 0 R.M. 3.15

0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 0 R.M. 19.63 +16.48
0 Icon, No Lane, No Dir.
Short Word, 4 Dest., 0 R.M. 27.75 +24.6
0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 0 R.M. 6.02
0 Icon, No Lane, No Dir.
Long Word, 3 Dest., 0 R.M. 21.27 +15.25
0 Icon, No Lane, No Dir.
Long Word, 4 Dest., 0 R.M. 26.63 +20.61
0 Icon, No Lane, No Dir.

Interchange Sequence Short Word, 1 Dest., 0 R.M. 4.21
0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 0 R.M. 26.36 +22.15
0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 0 R.M. 10.3
0 Icon, No Lane, No Dir.
Long Word, 3 Dest., 0 R.M. 32.77 +22.47
0 Icon, No Lane, No Dir.
Long Word, 4 Dest., 0 R.M. 40.62 +30.32
0 Icon, No Lane, No Dir.

Community Interchange Short Word, 1 Dest., 0 R.M. 12.82
0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 0 R.M. 33.48 +20.66
0 Icon, No Lane, No Dir.
Short Word, 4 Dest., 0 R.M. 33.02 +20.2
0 Icon, No Lane, No Dir.

Recreational Guide, Direction Long Word, 1 Dest., 0 R.M. 9.59
0 Icon, No Lane, No Dir.
Long Word, 2 Dest., 0 R.M. 14.27 +4.68
0 Icon, No Lane, No Dir.

Number of Route Markers Advance Major Guide, Short Word, 1 Dest., 1 R.M. 12.48

Integrated Exit 0 Icon, No Lane, No Dir.
Short Word, 1 Dest., 2 R.M. 18.89 +6.41
0 Icon, No Lane, No Dir.

Exit Direction Short Word, 1 Dest., 1 R.M. 14.06
0 Icon, No Lane, Dir.
Short Word, 1 Dest., 2 R.M. 22.82 +8.76
0 Icon, No Lane, Dir.

Interchange Sequence Short Word, 1 Dest., 0 R.M. 4.21
0 Icon, No Lane, No Dir.
Short Word, 1 Dest., 1 R.M. 10.66 +6.45
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0 Icon, No Lane, No Dir.

Sign Component Type and Category Definition Rating Difference
Number of Route Markers (Ct'd.) Interchange Sequence (Ct'd.) Short Word, 3 Dest., 0 R.M. 26.36
0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 2 R.M. 29.84 +3.48
0 Icon, No Lane, No Dir.
N/A Word, 1 Dest., 1 R.M. 8.53
0 Icon, No Lane, No Dir.
N/A Word, 2 Dest., 2 R.M. 21.4 +12.87
0 Icon, No Lane, No Dir.
N/ A Word, 3 Dest., 3 R.M. 29.84 +21.31
0 Icon, No Lane, No Dir.
Community Interchange Short Word, 1 Dest., 0 R.M. 12.82
0 Icon, No Lane, No Dir.
Short Word, 1 Dest., 1 R.M. 22.52 +9.7
0 Icon, No Lane, No Dir.
Short Word, 3 Dest,. 0 R.M. 33.48
0 Icon, No Lane, No Dir.
Short Word, 3 Dest., 2 R.M. 29.03 -4.45
0 Icon, No Lane, No Dir.
N/A Word, 1 Dest., 1 R.M. 17.14
0 Icon, No Lane, No Dir.
N/A Word, 2 Dest., 2 R.M. 24.61 +6.96
0 Icon, No Lane, No Dir.
N/A Word, 3 Dest., 3 R.M. 30.17 +13.03
0 Icon, No Lane, No Dir.
Diagrammatic Guide, Short Word, 1 Dest., 2 R.M. 21.97
Separate Exit 0 Icon, No Lane, No Dir.
Short Word, 1 Dest., 3 R.M. 29.88 +7.91

(continued on next page)

€T-d



TABLE B-3 (Continued) o
Sign Component Type and Category Definition Rating Difference IS
Number of Icons Recreational Guide, Integrated Short Word, 1 Dest., 0 R.M. 6.74
1 Icon, No Lane, No Dir.
Short Word, 1 Dest., 0 R.M. 17.1 +10.36
4 Icon, No Lane, No Dir.
Recreational Guide, Separate Short Word, 1 Dest., 0 R.M. 7.46
1 Icon, No Lane, No Dir.
Short Word, 1 Dest., 0 R.M. 24.59 +17.13
6 Icon, No Lane, No Dir.
Sign Color Recreational Guide, Distance Long Word, 1 Dest., 0 R.M. 18.13
0 Icon, No Lane, No Dir.
Long Word, 1 Dest., 0 R.M. 9.59 -8.54
0 Icon, No Lane, No Dir.

Key:

Rating = Mean information load rating for the defined sign (1-100)

Difference = The difference in the ratings for the two signs under comparison. The rating of the first sign is subtracted from
the rating for the second sign. In the case of a three-sign comparison, differences are calculated for the first and second signs
and the first and third signs. The difference appears next to the row containing the second sign in the comparison.

Dest. = Number of destinations (0-4)

R.M. = Number of route markers (0-3)

Icon = Number of icons (0-6)

Lane = Presence or absence of a lane indicator arrow

Dir. = Presence or absence of a cardinal direction
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SECTION 1—INTRODUCTION

Application

The purpose of this software tool isto allow the user to derive a quantitative index of the
information load imposed upon a motorist who is encountering an array of navigation-
related signs. Drivers are frequently confronted with a multitude of information displays,
which they must perceive, comprehend, and evaluate while they are simultaneously con-
trolling their vehicles, monitoring other traffic, dealing with distractions, and navigating
to adestination. Where drivers are confronted with more information than they can
process, in consegquence they may decel erate severely or drive unduly slowly, make late
or erratic maneuvers, take an improper route alternative, ignore critical information, fail
to monitor other traffic, or take their eyes off the road for extended periods. These effects
of high information load may have safety and operational consequences.

Under NCHRP Project 3-50(2), amodel of driver information load was developed that
uses as input information about the roadway and signage and provides as output a quanti-
tative index of the information load associated with each set of signs present on a section
of roadway. “Driver information load” (DIL) refersto the level of demand placed on the
driver in order to process and respond to the information presented in the time available.
The information load imposed by a set of signsis determined not only by the character-
istics of the signs themselves, but also the driver’ s task and the roadway context in
which the signs are located. The model incorporates all of these factors in computing the
index of driver information load. The current version of the model is specific to naviga-
tion-related signs (guide signs, service signs, recreational signs, etc.) on freeways and
expressways.

The DIL software tool allows the user to assess the demand on the freeway driver
imposed by an array of signs. The model output is provided in both tabular and graphic
format, and shows the contributions of various component elements to the overall infor-
mation load. The tool can be used to identify potential information overload problems
and to compare alternatives for the design and placement of signs. However, it must be
recognized that the model and the associated software tool deal specifically with the
problem of driver information load, that is, the ability of the driver to safely process the
amount of information in the time available. The model does not address the full process
of designing an informational sign system, including consideration of motorist informa-
tion needs, the accuracy or clarity of the message, the choice of wording or destinations,
and so forth. Managing the information load is only one part of the process, and it isthe
part dealt with in a quantitative fashion by thistool.

Overview of the Driver Information Load Computational M odel

The model is based on determining the driver information load associated with a particu-
lar sign array. Theterm “sign array” refersto a set of individual sign panelsthat are co-
located with one another at a given point on the roadway, typically on the same sign
mounting structure or assembly. For example, threeindividual sign panels mounted on an
overhead mast would constitute asingle sign array.

The general structure of the DIL model is shown in Figure 1. The model recognizesthat a
driver's ability to deal with theinformation in asign array is afunction of two broad sets
of demands. One is termed the Information Search Demand (1SD); thisis the demand
imposed upon the driver by the effort of searching and processing the formal information
sources (primarily signs) provided on the roadway. The other category istermed the Driv-
ing Task Demand (DTD); thisis the attentional demand placed on the driver controlling
and guiding the vehicle, monitoring the situation, making decisions and executing
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Figurel. Conceptual Model of Driver Information Load

maneuvers. DTD and ISD operate together to determine the overal driver information
load (DIL) placed on the motorist who is confronting a particular sign array.

AsFigure 1illustrates, both ISD and DTD arein turn conceptualized as having two com-
ponent factors. For 1SD, one component is the demand imposed by the information
within the particular sign array itself. The other component is the density of other sign
information in the general area (how close and how complex are neighboring sign
arrays). For DTD, one component is the geometric and operational complexity of the sec-
tion of roadway leading up to a navigation maneuver point (exit or diversion point). The
other component is the proximity to that choice point. Research supporting the develop-
ment of the model found that drivers devoted more attention to DTD as they got progres-
sively nearer to the point where they must make a navigation-rel ated maneuver.

Figure 1 also shows the factors that go into the determination of each component of DIL.
These are the inputs to the model that the user provides, and they are defined further
below. Based on the user’ s input for these factors, the software tool provides estimates of
each component of informational load (1SD and DTD and their subcomponents), and then
computes the total information load confronting the motorist when dealing with the sign
array (DIL).

The model is based on the use of roadway segments, where a segment ends at the point
where a driver makes a navigational maneuver, such as an exit or a change into the
appropriate lanes at a diversion point. This approach is necessary because the information
load associated with asign array is not the same for every driver. The worst case (there-
fore the one of interest) is where an unfamiliar driver must make a maneuver at an
approaching choice point. Therefore the model assumes that the driver is making a
maneuver at the choice point that defines the end of the road section. The road segment is
defined as the section from the exit gore point at one end to an upstream point normally
11,000 feet from the gore. This distanceis dlightly over two miles, thus encompassing
where the initial advance signing for an exit typically occurs. A particular sign array
might be included in multiple segments defined by different exit points. Even though the
sign array itself would be constant, the information load associated with dealing with the
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sign may vary because of the changing road segment and proximity to the choice point.
Therefore, the DIL computed for asign array is specific to the assumption made about
where the navigation maneuver takes place.

SECTION 2—SYSTEM REQUIREMENTS

The program files for this model were designed for IBM-compatible PCs. Hence, the
computer must have Windows Operating System (Windows 95 or later). The computer
also must have Microsoft Excel (Excel97 or later) installed on it.

The computer must have adequate hardware (e.g., memory, disk space, etc.) to be ableto
load and run Access Runtime and Excel application programs simultaneously. In general,
32 MB of memory and at least 4 MB of free hard disk space should be enough to run the
program.

SECTION 3—INSTALLATION
The package can be installed on a PC by running the setup program from the DIL Instal-

lation CD. Insert the DIL Installation CD into your CD-ROM drive. Open the DIL Instal-
lation CD directory and run the “setup.exe” file.

Note: If you are prompted to install Microsoft Access 2000 Runtime files, follow the
onscreen directions. You may be prompted to restart your computer several times dur-
ing this process. After restarting, run the “ setup.exe” file on the installation CD again
to continue the installation process.

Theinstallation wizard window will appear to guide you through the rest of theinstalla-
tion. By default, setup will assume the following path for installation:

C:\Program Files\DIL New\

Y ou may choose to install the program filesin afolder other than the default folder. After
choosing the install folder, click the large computer icon in the dialog box to continue
installation.

The program will set up a shortcut on your “Programs’ list. By default, it will be named
“Driver Information Load Program.” Y ou may elect to change this name.

When installation is complete, the following two files should be present in the folder
where the program was installed:

* DIL New.mdb
* DIL New.xls

It is essential that these two files reside in the same folder, otherwise the program will not
be able to compl ete the Driver Information Load analysis.

SECTION 4—DRIVER INFORMATION LOAD PROGRAM OVERVIEW

Driver Information Load (DIL) is computed and output in three steps using this software
package:
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1. Enter roadway segment information. This includes segment length, roadway geo-
metric information, number of sign arrays, and the site ID/name.

2. Enter sign array data. Thisincludes entering information about each navigation-
related sign array and individual signs within the arrays.

3. Transfer datato spreadsheet. Once al array and sign data have been entered, the data
can be transferred from the Microsoft Access file to a Microsoft Excel spreadsheet that
presents the DIL output. The output includes a graphic depiction of DIL at each array
location. The output shows the level of contribution of each component element to the
total DIL.

SECTION 5—GETTING STARTED

Open the DIL program by selecting it from the “ Programs’ menu (from the “ Start” but-
ton). The first screen that appearsisthe Main Menu, as shown in Figure 2. Y ou may
choose to perform one of the following operations:

» Enter New Data: Enter roadway and sign component data into the database.
» Manage Data: Transfer existing data to a spreadsheet for analysis.

» View Report: View and print reports for specific segments.

» Exit Database: Exit the database.

Select the appropriate menu option. When beginning data entry for a new roadway seg-
ment, select Enter New Data.

SECTION 6—ENTERING NEW DATA

Overview

It is recommended that all the required data be collected and organized before attempting
to enter it into the database. Roadway and sign data may be obtained from a variety of
sources such as field observations or measurements, computer inventories of signs and
roadway designs, sign design plans, etc. The model only deals with freeway sign arrays
that are relevant to navigation, such as guide signs and motorist information signs. Stand-
alone regulatory and warning signs (e.g., speed limit, added lane) are not relevant and
should not be entered in the data.

DRIYER INFORMATION LOAD DATABASE

Enker New Data’ Manage Data

..........................

View Report Exit Database

Figure2. Main Menu



Data entry involves two major steps:

1. Enter information related to the roadway segment, which extends from the exit gore
point to a point 11,000 feet upstream of the gore

2. Enter information related to the sign arrays and individual signs located within the
roadway segment

After entering the roadway segment data, you will be prompted to enter data for the first
sign array of the segment. After entering the data for the first sign array, you will be
prompted to enter information about each sign panel within the array. When all sign pan-
els are completed for the first array, you will be prompted to enter data for the second
sign array. This procedure continues until al arrays and signs are entered. This data entry
processisoutlined in Figure 3. The datais then transferred to a Microsoft Excel spread-
sheet where the output can be analyzed. The steps of data entry and analysis are described
in detail in the following sections.

Note: See Appendix A for a glossary of terms used in thismanual and inthe DIL program. |

Step 1: Enter Segment Info Data

A. To enter new data, click the “Enter New Data’ from the Main Menu. The Segment
Info form for entering roadway segment data, as shown in Figure 4, will appear.

B. Inthe Segment I nfo form, enter the following data in the appropriate input box:

Enter roadway characteristics and the number of sign
1 arrays in the roadway segment.

v

2 Describe the first sign array: Where is it located and

how many individual sign panels doesit contain?

v

Enter information about each individual sign panel in
3 thefirst sign array to determine its information load
" rating. For each individual sign panel:

3a. / 3b. 3c.

Determine sign type Choose a suitable base Modify the base rating to
P> rating for the sign =P more closely reflect the
sign’s characteristics

/

4 Repeat Steps 2 and 3 for all subsequent arrays in the

roadway segment.

Figure3. Flow Chart of Data Entry Procedures
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Segment Info

PLEASE ENTER THE SITE INFORMATION PERTAINING TO THE SEGMENT

Please note that the initial values shown are default values. These may be overwritten.

Site ID/Name |I-95N - I-695% E it

Maximum Number of Lanes | 4 MNumber of Merges | 0 Number of Exits | 2
MNumber aneaves| 0  Mumber of Lane Drnps| 1 Number of Cuwes| 2

Section Length (in feet] | 11000 Mumber of Sign Arrays | B

Proceed to Sign Array Data >> EXIT

Figure4. Road Segment Data Input Form

A suitable name or identification number (ID) for the segment. This can be an

alphanumeric entry.

« Length of roadway segment in feet, if lessthan 11,000 feet. A section extending
11,000 feet upstream of the gore point is the normal default, capturing normal
advance signing for the exit and the area over which an approaching driver is most
engaged in search and decision making. In some cases, a segment length less than
11,000 feet must be used if the roadway itself is not this long.

» Maximum number of through lanes in the roadway segment, excluding merges,
exits, and weaving sections.

 Total number of merges, exits, and weaving areas in the segment.

* Number of lane-dropsin the segment.

* Number of curvesin the segment.

» Total number of sign arrays in the segment. Note that there may be multiple signsin

asingle sign array. Enter only the number of sign arrays here.

C. After entering all the relevant data on the Segment I nfo form, click the “Proceed to
Sign Array Data button.” Follow the steps to enter the sign array and individual sign
rating data. A sequence of two forms will be used for this purpose.

Step 2: Enter Sign Array Data

Note: Be sureto enter all data accurately. Once data for a sign array have been entered,
it cannot be deleted or edited. However, segment information (the datain) can be edited
and additional sign arrays may be added after initial data entry is complete.
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A. Onthe Sign Array Subform, which is shown in Figure 5, enter the following datain
the appropriate input box:

* A suitable name or identification number (ID) for the sign array for which datais
being entered.

« Distance (in feet) of the current sign array from the downstream end point of the
segment.

» Number of individual signsin the sign array. It isimportant to enter this number
correctly so that you will be presented with the correct number of entry forms.

The Sign Array Subform will display blank spaces under several DIL components at
this time. These components will be computed and displayed once the individual sign
information has been entered in the form that will follow.

B. After completing the Sign Array Subform, click the “Enter Individual Signs’ button.
A Sign Lookup Tableform similar to the one displayed in Figure 6 will appear.
Information related to individual signsis entered on this form. It should be noted that
familiarity with the guide sign designations in the Manual on Uniform Traffic Control
Devices (MUTCD) will be helpful in expediting data entry on this form. Specifically,
the following information should be entered in the order shown below (Note that
pressing the <Tab> key on the keyboard move to the next field in the form):

B-1) A suitable name or identification number (ID) for the sign. This entry can be
alphanumeric. For reference, the form displays the name/ID of the sign array on
which this signislocated and it cannot be overwritten on this form.

B-2) Next, assign the sign atype and category from the drop down list. Thislistis
primarily based on the standard guide signs defined in the MUTCD. The sign
type and category should be determined before beginning data entry. Based on
the sign type and category selected, additional information appears on the form:

» Thesign’s corresponding MUTCD reference is cited in the box below it.

» Below the MUTCD reference is a table with the characteristics of the selected
sign. The top row represents atypical complex sign of the selected sign type
and the bottom row represents a typical uncomplicated sign of the selected
sign type. The two rows have different sets of characteristics representing
their varying levels of complexity. The complex (“upper”) and simpler
(“lower™) versions of asign type differ in terms of characteristics such as
word length, number of destinations, and the presence of various features
such as route markers or icons.

Sign Array Subform l

Distance [ff] MNo.of  Sum of Individual Aray Maneuver Roadway
Sign Amray D from Gore  Signs  Sign Ratings Demand  Froximity  Demand

101 I 7588 | 2 I 0082

Figure5. Sgn Array Information Form
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Sign Lookup Table

PLEASE SELECT THE BASE SIGN TYPE AND CATEGORY THEN =
THE CORRESPONDING SIGN ELEMENT DETAILS WILL BE DISPLAYED BELOW

Sign Aray 1D /Name [1071 Sign Number or D [115 4
Sign Type and Category ]Advance Major Guide, Separate Exit H
MUTCD Reference: | Fig. 2E-13. Signs E1-1 and E15

Characteristics and Upper/Lower Bound Ratings for the Selected Sign

Complexity| Rating |Word Length| # of Dest |# of Rte Markers| # of Icons | Lane Indicator| Direction

| P|  Upper 25 Long 2 1 0 No No
Lowver 20 Short 1 1 1] Mo Mo

[Please use the values in the table displayed above as Guidance in selecting a suitable Base Rating value)
ENTER A SUITABLE BASE RATING FOR THE SELECTED SIGN | 20

Check if Net

Sign Element | Adjustment | Applicable  Add or Sublract Quantity Adjustment

P |Exit Number Panel (Single #) 8] M~ 1ol o | 1 8
__| Exit Number Panel (Multiple # 10 | |

Destination 7 v o c 1 7

Route Marker B v o . 1 6
__|Cardinal Direction 4 ~ « ® 1 4
___|Word Length (up/down 1 Level) 2 v C O 2/ -4
__|Word Length {up/down 2 Levels) a0 T
__|'Word Length {up/down 3 Levels) B [
__|lcon ] 4 £ o | g 3
__|Lane Drop 3 L

Lane Arrow 2l ¥ o c [ ] 2§

TOTAL MODIFICATION TO BASE RATING: |26

ADJUSTED SIGN RATING FOR DRIVER INFORMATION LOAD |4ﬁ

COMPOSITE RATING FOR ALL SIGNS IN THIS ARRAY ]45

NEXT SIGN —

Figure6. Individual Sgn Data Input Form with Base Rating and Modifications

B-3) The next step isto assign abase load rating for the sign. The upper and lower
complexity rating values shown in the table should be used for reference. The
characteristics of the sign should be compared to those displayed in the table.
Engineering judgment should be used in deciding whether to use the higher
complexity value, the lower complexity value, or avalue in between these two
values. A value outside the range of higher and lower values may also be
selected if it is determined that the sign warrants it when compared to the
selected sign category.

To simplify Step B-4, selecting one of the predetermined complexity ratingsis
recommended. If you decide that neither the upper nor lower sign complexity
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characteristics reflect the subject sign, however, you may choose an intermedi-
ate value that reflects your personal judgment of the sign’s complexity. Because
the intermediate value deviates from the predetermined complexity levels, the
Rating M odification Worksheet for Additional Sign Componentsin Step B-4
should not be completed. Upon deciding on an appropriate base rating, enter it
in the input box provided. Scroll the form down to view the lower section of
the form.

The final section of the Sign Lookup Tableisthe Rating M odification Work-
sheet for Additional Sign Components. This section allows you to enter infor-
mation to modify the rating of the sign based on components that vary from the
predefined components for the selected sign category. For example, there may
be additional route markers or less text on the sign than is specified in the table
of characteristics. To account for these variations, you may adjust the base rat-
ing that you selected for the sign. Thisis done using the worksheet below the
base rating input box in the current form.

Note: If you do not want to use the rating adjustment worksheet, but rather
just select an inter mediate val ue between the upper and lower values based on
analyst judgment, a sign rating value may be entered directly in the base rat-
ing box.

Y ou may add/subtract points to/from the specified base rating for the following
signh components:

 Exit number panels for single or multiple exit numbers

Number of destinationslisted on the sign

Number of route markers on the sign

Cardinal direction (e.g., East, West, etc.) associated with routes
Word length, i.e., length of text message on the sign

Icons

Lanedrop

 Lane arrows depicted on sign

Theseitems are listed in tabular format in the worksheet along with associated
points that will be added or subtracted for each item selected. Thereis a selec-
tion box next to each item which can be checked or unchecked. Upon checking
abox for a selected item, more input options will become available to the right
of the checked box. Thiswill allow you to choose whether you want to add or
subtract a sign component as well as the quantity of that component that will be
adjusted. For example, if the base rating for a sign type specifies 1 route marker
but the actual sign has 3 route markers, you should select “Add” and fill in a
quantity of 2. Quantity must be entered using the keyboard. After each modifi-
cation, press <Enter> or <Tab> to calculate the modification. Thetotal pointsto
be added to or subtracted from the base rating will be displayed in the far right
column, labeled “ Net Adjustment.” The total modification to the baserating is
presented directly below the “Net Adjustment” column.

Two display boxes are present at the bottom of the Sign L ookup Table form.
The top box displays the total adjusted rating for the current sign (the user-
defined base rating plus or minus the total modification to the base rating). The
other box displays the sum of sign ratings for all signsin the current sign array.
Upon completing the entry for agiven sign, click the “Next Sign” button at the
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bottom of the form. The program will automatically determine if thisisthe last
signin the current array based on the number of signs entered in the Sign Array
Subform. If thisis not the last sign, then ablank Sign Lookup Table form will
appear for entering data for the next sign. Otherwise, this form will close and
the Sign Array Subform will reappear and will display the various computed
components of Driver Information Load for the sign array, as shown in Figure 7
for the sample data.

Note that the Sign Array Subform now (as shownin) hasa“Next Array” action button
instead of the “Enter Individual Signs’ button. Click the “Next Array” button to proceed.
If thisis not the last sign array in this segment, ablank Sign Array Subform will appear
to enter data for the next array. Otherwise, this form will close and the Segment Info
form will be displayed with a summary of al the sign arraysin the segment along with
the roadway data. Figure 8 shows the Segment | nfo form with sample data.

Step 3: Transfer Data to the Spreadshest

If al information has been entered correctly and you are prepared to view the DIL analy-
sis output, you may transfer the data now (for instructions, skip to the second subheading:
“If Data Entry is Complete and Y ou are Ready to Transfer the Data and Begin Analy-
sis’). If additional datais required, you may enter it now or exit the program and come
back to it later. Remember that additional sign arrays may be added to a roadway seg-
ment, but existing sign arrays may not be deleted or edited. Whether you are ready to
transfer data or not, the following paragraphs will give further instructions.

Note: If you have transferred roadway segment data previously, but have not renamed
the “ DIL New.xIS" spreadsheet, please do so now. If you do not, the new output will
overwritethis earlier spreadsheet.

If You Would Liketo Add Additional Data Before Beginning DIL Analysis

The data you have entered have been automatically saved to disk, so you can click the
“Exit” button to close this form and return to the Main Menu. From the Main Menu, you
may exit the program, manage data, or view summary reports. If you are not ready to fin-
ish data entry at thistime, click “Exit Database” to close the DIL program.

When you are ready to complete data entry for the roadway segment, open the DIL pro-
gram again and click “Enter New Data’ from the Main Menu. Thiswill bring up the
same form that you used to enter the roadway datain Step 1. Enter the name of the seg-

Sign Array Subform |

Distance [ft] MNo.of  Sum of Individual Array Maneuver Roadway
Sign Array D fromGore  Signs  Sign Ratings Demand  Proximity ~ Demand
1M [ 7588 I E I 76 ] 58.580 I 0.000 0.082

Mewst Array I

Figure7. Sgn Array Form After Entering Individual Sgn Data
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Segment Info

DATA FOR THE SELECTED SITE IS DISPLAYED ON THIS FORM

Site ID/Name II—EISN - |-695w/ Exit

Marimum Mumber of Lanes | 4 Murmber of Merges I ] MNumber of Exits I 2
Number of Weaves ] 0 Mumber of Lane Drops l 1 MNumber of Curves | 2

Section Length [in feet) | 11000 MNurmber of Sign Arrays ] 6

Sign Array Subform

Sign Array ID| Location| No. of Signs Sum of Sign Ratings| Array Demand | | ~

id

101
102
103
104
105

1ME=

7588 2 76 58.580
5086 1 30 23.390
4113 1 9 7325
2352 3 93 71.585
507 2 56 43.280

1

n I 12 1"11::5:!1%'
>

Data to Spreadshest >3 | EXIT:

Figure8. Segment Summary After Entering Sgn Array Data

ment exactly as you did during initial data entry. Re-enter the segment information. The
information that you enter will overwrite the previous segment information. For number
of sign arrays, however, enter the number of sign arrays that you would like to add to the
segment, rather than the total number of sign arrays. Continue to enter all necessary infor-
mation for the additional sign arrays asyou did in Step 2. When the information for the
additional sign arrays has been entered, you may exit to the Main Menu (your data will

be automatically saved) or transfer the data to the spreadsheet. If you are not ready to
transfer the data, click “Exit” and continue to the next paragraph for instructions on trans-
ferring data from the Main Menu. If you are ready to transfer data to the spreadsheet
immediately, skip ahead to the next subheading.

To transfer data from the Main Menu, click “Manage Data.” Thiswill bring up the Selec-
tion Form seenin Figure 9. Select the name of the segment that you would like to transfer
from the “ Section ID/Name” drop down menu and click the “View/Transfer Data” button
to bring up a Segment I nfo form similar to the one in which displays the information
entered for the site. Y ou are now ready to transfer the data. Continue to the next subhead-
ing for further instructions. If you wish to transfer the data to an Excel spreadsheet at this
time, click the “Datato Spreadsheet>>" button. The datawill be transferred to an Excel
spreadsheet named “DIL New.xIs’ in the folder that you designated during installation.

If Data Entry is Complete and Y ou are Ready to Transfer the Data and Begin Analysis

If you are ready to transfer the data to an Excel Spreadshest, click the “Data to Spread-
sheet>>" button on the Segment Info form to transfer all relevant data for the current
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Selection Form

PLEASE SELECT THE SECTION FOR WHICH SIGN BATING DATA IS DESIRED

Section |D/Name: | ||

View/Transfer Data |

Figure9. Segment Selection Form

segment/site to a Microsoft Excel spreadsheet file named “DIL New.xIs” in the folder
that you designated during installation (the default folder is“DIL New”"). The Excel file
must not be open at the time of data transfer because data will not be transferred and an
error message will be displayed. Section 8 describes the Excel spreadsheet in detail.

SECTION 7—VIEW AND PRINT SIGN SUMMARY REPORTS

The program can generate two reports for each roadway segment. Y ou can preview them
on the computer screen and print hard copies as well. One of the reportsis a detailed
report of all theindividual signs under all sign arrays associated with the segment. The
other report is asummary of al the sign arrays for the segment. Sample reports are pre-
sented in Figure 10 and Figure 11, respectively. Note that these sign summary reports are
not the final output of the DIL model. The full model output comes from the spreadsheet
analysis described in Section 8.

To view areport, click the “View Report” button on the DIL program’s Main Menu. The
Report Selection Form, as shown in Figure 12, will appear. From the drop down menu,
select the segment for which the report is desired and then press the appropriate button
for the type of report desired. Select “Preview Sign Report” for asummary of sign rating
data for each array in the segment (see ). Select “Preview Array Report” for a broader
overview of each array in the segment, along with its associated “ Array Demand” and
“Maneuver Proximity” scores (see). The selected report will be displayed on the com-
puter screen. The program’s Print menu can be used to print the report.

SECTION 8—DRIVER INFORMATION LOAD SPREADSHEET ANALYSIS

Spreadsheet Overview

This step provides the primary output of the DIL moddl. It provides, in both tabular and
graphic formats, the DIL associated with each sign array, and the contributions of the var-
ious components of DIL. This output can be manipulated in order to explore the effects of
making various changesto the sign system (e.g., dter asign’s content or relocate an array).

After aset of datafor aroadway segment has been transferred to the spreadsheet (as
explained in Section 6, Step 3), you may open the spreadsheet to begin analysis.

First, open the file named “DIL New.xIs’. Thisfileisin the directory or folder specified
at the time of program installation. If the default path was selected, then thisfile will be
in the “C:\Program Files\DIL New\" directory.
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i DIL Summary

i =] S

R ==s

Sign Rating Summary

Section ID: I-95N -- I-695W Exit

Sign Array ID 101 Distance from Gore (ft) 7583
SignID Sign Type and Category Base Rating Modification Sign Rating
115B Advance Major Guide, Separate Exit % 4 20
1154 Advance Major Guide, Separate Exit 2N % 46
Sum of Sign Ratings for the Array: 7% 0
Sign Array ID 102 Distance from Gore (fi) 3085
SignlD Sign Type and Category Base Rating Modification Sign Rating
1156 Advance Major Guide, Separate Exit ¥ 4 D
Sum of Sign Ratings for the Array: 30
Sign Array ID 103 Distance from Gore (ft) 4113
SignlD Sign Type and Caiegory Base Rating Modification Sign Rating
117 & dvane Mincr Gude [ 3 9

Page: Hlill—l PIPII i] I

Figure10. Sample Sgn Rating Report

segment 1D is recommended.

Warning! You must savethe“ DIL New.xIs filewith a new, unique name. Every time
new data is transferred to the spreadsheet, the “ DIL New.xIS” fileis updated with the
new data, overwriting any previously existing data in the file. A hame that includes the

Y ou do not need to perform any computations in the spreadsheet; the program has
already computed the total Driver Information Load and its components for each sign
array and created a chart plotting these values versus the distance of the sign array from

the exit gore.

The Excel spreadsheet contains a number of worksheets listed as tabs along the bottom of
the screen. Each worksheet is described in detail in the next section.

Worksheet Descriptions

The primary output of the Driver Information Load model is presented in tabular formin
the “DIL” worksheet and in graphic form in the “DIL Components Chart” worksheet.
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I& DIL Summary M =] B3
AI
Array Summary
Section ID: |[I-951V -- I-695W Exit Roadway Demand | 0.032
Distance (ft) Sum of Sign Array Maneuver
Sign Array Name or ID from Gore Ratingsfor Array Demand Proximity
101 7588 76 58.580 0.000
102 5084 30 23.390 0711 o
103 4113 9 7.325 1.468
104 2352 93 T1.585 2837
105 507 56 43.280 1.845
106 0 16 12.680 1.000
v
Page: Wl 1w | 1

Figure1l. Sample Array Summary Report

DIL

The worksheet titled “DIL” presentsthe DIL for each sign array in the roadway segment,
aswell as the contributions of the four factorsin the model (e.g., sign array information
demand, maneuver proximity, roadway demand, and local density). A sample workshest
is shown in Figure 13. The four rightmost columns are the components that contribute to
the final DIL (second column). This worksheet may be formatted to your preference, but
care must be taken not to unintentionally alter data or formulas. Data in the highlighted
sections of the worksheet may be altered, but all other sections are protected and cannot

Report Selection Form

PLEASE SELECT THE SECTION FOR WHICH REPORT IS DESIRED

Section |D/MName: |I-95N - |-695w/ Exit Ra|

Preview Sign Report | Preview Aray Report |

Figure12. Section and Report Selection Form
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X Microsoft Excel - DIL New.xls:2 [Read-Only] _[&] x]

| Fle Edt View Insert Format Tools Data Window Help -18] x|

DEEERY BRI |-« A® > AL BSH 0 -[@
| avia -0 s BZU|IEE=E8 %, HaEE|H-O A
a2 ~| =]

A | B c | D I F | H | J L | E
1 Seqment ID/Name: [-95N -- |-BI5WW Exit
: . ]
| 3 |IMPORTANT: ENTER DATA IN DESCENDING ORDER OF DISTANCE FROM EXIT GORE IF EDITING MANUALLY

Sign Array
Rating Sign Array Local
Driver Distance {(Sum of Information  Maneuver Roadway  Information
Information  from Exit  Individual Demand Proximity Demand  Density

4 |Sign Array ID Load (DIL) Gore (ft) Sign Ratings) (SA) (MP) (RD) (LD)
5
B 101 4.412 7588 76 0.703 0.000 3632 0.077
2 102 4,112 5086 30 0.281 0.044 3.632 0.156
=0 103 4.096 4113 9 0.088 0.091 3632 0.285
EEN 104 4782 2352 93 0.859 0.176 3.632 0.115
10 105 4.560 507 56 0.519 0.114 3.632 0.294
kil 106 4.546 0 16 0.152 0.062 3632 0.700
2
[ijsi
147
15
16
17|
18
19|
20
21| -
1;’?41;[p|;\nn( DIL Components Chart {  DIL Components Stack / Tatal DIL Profile | 4| | _r_]J'J
Ready == eSS =il =l

Figure13. DIL Worksheet—Driver Information Load Computations

be changed. Y ou may experiment with the effects of adding, removing, or altering arrays
and view the resulting effect on DIL.

DIL Components Chart

This tab contains a graph of Driver Information Load (here referred to as Sign Array
Information Demand) and its components plotted by distance (in feet) from the exit gore.
A vaueis calculated at each point where an array is located. Roadway demand remains
constant for each segment. This graph islinked to the “DIL” worksheet, so changesin the
“DIL" worksheet will be reflected in the graph. The graph may be formatted for individ-
ual preferences, but care must be taken not to alter the source data. A sample chart is
shown in Figure 14. Since Local Density (LD) shifts value at the point of each sign array,
the chart shows the highest LD value at any point and the diamond symbol indicates the
LD valuefor the sign array at that point. This chart provides a visualization tool that may
be useful for considering alternate sign treatments.

DIL Components Stack

This tab contains a stacked bar chart that represents the individual contributions of each
DIL component toward the total DIL for each sign array in the roadway segment. A sam-
ple chart is shown in Figure 15. Thetotal height of each stack isthe DIL of that array.
Unlike the DIL Components Chart, the DIL Components Stack chart does not display rel-
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ative or actual distance from the exit gore. The chart areais formatted to display a maxi-
mum of ten sign arrays. If there are more than ten arrays in the roadway segment, you
may format the Excel chart to fit the additional sign arrays.

Total DIL Profile

Thistab isasimplified version of the “DIL Components Chart” described above. This
graph displays the Driver Information Load value for each array, but not the individual
components. In this graph, a straight line connects each array’s DIL value.

L ookup Signs

This worksheet contains sign characteristics used in the Sign Lookup Table form during
data entry. This worksheet may be used as a reference guide for information on the char-
acteristics of various sign types.

Lookup Signs—Diff Format

The same information asin the “Lookup Signs’ worksheet; formatted differently.

L ookup—Added Comps

This worksheet gives anumber of sample sign types and the effects of hypothetical
additions and subtractions from the standard sign components. This worksheet is partic-
ularly useful for reference when selecting a baseline sign rating between the two stan-
dard definitions.
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GLOSSARY OF TERMS

Ordered According to the Form in Which Each Term Appears

Term

Definition

SEGMENT INFO

Site A roadway segment less than or equal to 11,000
feet from the exit gore point to the upstream end of
the segment.

Site ID/Name User-defined name/number used to identify the site

Maximum Number of Lanes

The maximum number of through lanesin a site,
excluding exit, entrance, and weave lanes.

Number of Merges

The total number of |ocations where vehicles may
enter the highway from another road, excluding
weaving sections.

Number of Exits

The total number of locations where vehicles may
exit the highway, excluding weaving sections.

Number of Weaves

The total number of weaving sections where the
pattern of traffic entering and leaving at contiguous
points of access results in vehicle paths crossing
each other. Where aweaving section is present, DO
NOT count the merge and exit individually.

Number of Lane Drops

The total number of through lanes which end
(traffic must merge into other highway lanes) or
become “exit only” lanes.

Number of Curves

The total number of discrete horizontal curvesin
the roadway segment.

Section Length (in feet)

Thetotal length of a site measured from the exit
gore point at one end to an upstream point nor-
mally 11,000 feet from the gore (the point where
adriver makes a navigational maneuver, such asan
exit or a change into the appropriate lanes at a
diversion point).

Sign Array

A set of individual sign panelsthat are co-located
with one another at a given point on the roadway,
typically on the same sign mounting structure or
assembly.

Number of Sign Arrays

Thetotal number of sign arraysin asite.

SIGN ARRAY SUBFORM

Sign Array ID

User-defined name/number used to identify the
array.

Distance (ft) from Gore

Distance (in feet) of the current sign array from the
downstream exit gore point where adriver will
make a navigational maneuver such as an exit or a
change into the appropriate lanes at adiversion
point.

No. of signs

The total number of signsin an array.

Sum of Individual Sign Ratings

The additive sum of the ratings of each signin an
array.




Term

Definition

Array Demand

A value derived from the Sum of Individual Sign
Ratings for each array. This valueis a component
of the Multiple Regression Formulafor Driver
Information Load.

Maneuver Proximity

A vaue determined by the array’ s proximity to the
downstream end point of the roadway segment (the
point where a driver must make a navigational
maneuver). Thisvalue isacomponent of Driver
Information Load.

Local Density (not shown on Sign
Array Subform)

A value derived at each sign array by taking the
mean of the array demand values for the array
immediately preceding it and the array immedi-
ately after it. The mean value of thetwo signsis
then divided by the distance between them. This
value isa component of Driver Information Load.

Roadway Demand

A value derived from the complexity of the site’s
roadway geometry (e.g., merges, exits, curves,
etc.) as entered in the “ Segment Info” form. This
value is a component of Driver Information Load.

SIGN LOOKUP TABLE

Sign

Anindividual panel in an array

Sign Array ID/Name

User-defined name/number used to identify the
array. ThisID was created on the previous form.

Sign Number of ID

User-defined name/number used to identify the
individual sign

Sign Type and Category

Sign types according to the 2000 edition of the
Manual on Uniform Traffic Control Devices
(MUTCD). Refer to the MUTCD for detailed
descriptions. Select the most appropriate sign type
from the drop down menu.

MUTCD Reference

The location and/or figure reference for a particular
signinthe MUTCD.

Complexity Notes whether the specifications for asign’s com-
ponents relate to the upper or lower boundary of
complexity.

Rating The base value associated with asign’s upper or
lower bound.

Word Length The average amount of text for all destinations on

asign. The 4 lengths to choose from are ‘' no word,’
‘short word,” ‘long word,” and ‘very long word.’
Value varies by increments of 2 according to
amount of text on sign relative to the baseline
amount. For example, if the basgline sign word
length is ‘short word' and the actual sign’sword
length is‘very long word, the baseline word
length must be increased by 2 increments. 2 x 2=
total adjustment of +4. If the baseline word length
is the same as the actual sign’sword length, no
adjustment is necessary.




Term

Definition

# of Dest

The total number of text destinations (e.g., road,
town, etc.) on asign.

# of Rte Markers

The total number of state or interstate route mark-
ers (a number within a shield).

# of lcons

The total number of meaningful pictures, images,
or logos, often representing a point of interest.

Lane Indicator

The total number of downward-pointing arrows
and/or text indicating which lane to use for a par-
ticular destination/exit.

Direction The total number of direction indicators (text indi-

cating the cardinal direction of aroad’ straffic flow).

Suitable Base Rating for A user-defined sign complexity rating based on the
the Selected Sign sign’s characteristics and the upper/lower bounds

established in the table above this item.

Exit Number Panel (Single #)

A small panel attached to alarger sign indicating
an exit number or |etter.

Exit Number Panel (Multiple #)

A small panel attached to alarger sign indicating
multiple exits (often at the same interchange).

Destination

A text destination (e.g., road, town, etc.) on asign.

Route Marker

A state or interstate route marker (anumber within a
shield).

Cardinal Direction

Text indicating the cardinal direction of aroad’s
traffic flow.

Word Length (up/down 1 Level)

Increase or decrease length of baseline word by 1
increment. See “Word Length” above for more
detail.

Word Length (up/down 2 Levels)

Increase or decrease length of baseline word by 2
increments. See “Word Length” above for more
detail.

Word Length (up/down 3 Levels)

Increase or decrease length of baseline word by 3
increments. See “Word Length” above for more
detail.

Icon A meaningful picture, image, or logo, often repre-
senting a point of interest.

Lane Drop A through lane which ends (traffic must mergeinto
other highway lanes) or becomes an “exit only”
lane.

Lane Arrow A downward-pointing arrow and/or text indicating

which lane to use for a particular destination/exit.

Total Modification to Base Rating

The net sum of all added and subtracted sign ele-
ments. This value will be applied to the user-
defined base rating to generate the sign’s Adjusted
Rating for Driver Information Load.

Adjusted Sign Rating for Driver
Information Load

See“Total Modification to Base Rating” above.

Composite Rating for All Signsin
this Array

The sum of the “Adjusted Sign Rating for Driver
Information Load” for all signsin the present

array.




Abbreviations used without definitions in TRB publications:

AASHO
AASHTO
ASCE
ASME
ASTM
FAA
FHWA
FRA
FTA
IEEE
ITE
NCHRP
NCTRP
NHTSA
SAE
TCRP
TRB
U.S.DOT

American Association of State Highway Officials

American Association of State Highway and Transportation Officials
American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

Federal Aviation Administration

Federal Highway Administration

Federal Railroad Administration

Federal Transit Administration

Institute of Electrical and Electronics Engineers

Institute of Transportation Engineers

National Cooperative Highway Research Program

National Cooperative Transit Research and Development Program
National Highway Traffic Safety Administration

Society of Automotive Engineers

Transit Cooperative Research Program

Transportation Research Board

United States Department of Transportation
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