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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, all four are included 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 individual 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 this work, a look-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 signs that make up a sign 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 another on
a freeway. 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 basis for 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 a relative
measure of information load for any navigation-related sign-
ing likely to appear on a freeway. This was accomplished by
first defining the set of likely signs and specifying each one

in a manner 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: a lower-
complexity version and an upper-complexity version. For
example, Sign E1-1a in Figure 2-9 of the 1988 MUTCD (and
Figure 2E-13 of the 2000 MUTCD) shows an advance major
guide sign with a separate exit panel marker. This sign is illus-
trated in Figure 6a. A lower-complexity version of this sign
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 low- and high-complexity exam-
ples for this sign type. In the experiment, lower- and upper-
complexity versions of each possible sign type were assessed.
As a result, 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 determine where
in this range the specific example under consideration was
likely to fall (i.e., was it 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 signs tested
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. This allows the analyst to
consider the “penalty” in information load for stretching any
of the recommendations for a specific sign type. The data
were also analyzed in a manner that permitted some estimate
of the general effects of various factors, such as word length,
additional destinations, and so forth.

The primary use of the findings of this experiment is to pro-
vide a means of adjusting for the contributions of signs of
varying complexities in the driver information load model.
However, the look-up tables may also be useful in themselves
as a means of getting a sense of the relative complexities of
very different types of signs.



17

Method

Sign Stimuli

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-most column),
broken out under headings of sign type/color (e.g., guide signs,
motorist services signs) and subheadings of sign categories
(e.g., advance guide signs, exit direction). The signs were
taken from Sections 2E through 2I of the 1988 MUTCD (20).
Section 2E in the 1988 MUTCD was “Guide Signs—Express-
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. The relative 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
signs as defined in the 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.
This was accomplished by increasing the number of des-
tinations, the number of route markers, the number of
cardinal directions, and the number of lane indicators.

Figure 6a. Example sign from MUTCD.

B a t h
EXIT  2  MILES

INTERSTATE

81

M e t r o p o l i s
S u m n e r v i l l e

EXITS  2  MILES

190

Figure 6b. Examples of low-complexity and high-complexity versions.
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TABLE 1 MUTCD sign categories and format bases for stimuli

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

 
- Fig. 2-9 
- Sign E1-1 - Major with separate Exit Number  
  Panel (E1-5) 
- Sign E1-1a - Major 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 - Major 
- Sign E11-1b - Split minor 
- Sign E11-1c - Minor 

 
Gore  
 

 
- Fig. 2-14 
- Signs E5-1 & E5-2 (separate) 
- Sign E5-1a (integrated) 

 
Pull Thru  
 

 
- Fig. 2-15 
- Sign E6-2 - Small shield 
- Sign E6-2a - Large shield 

 
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 

 
Interchange Sequence  

 
- Fig. 2-18 - Sign E8-1 

 
Community Interchange 
Identification 

 
- Fig. 2-19 - Sign E8-2 

 
“Next-Exits” 
Supplemental  

 
- Fig. 2-10 
- Sign E2-1 (horizontal) 
- Sign E2-1A (vertical) 

 
Next (X) Exits Area 

 
- Fig. 2-20 (Sign E9) 

 
Post-Interchange 
Distance  

 
- Fig. 2-17 (Sign E7) 

 
Diagrammatic 

 
- Fig. 2-32 

Guide Signs 
 
or 
 
Recreation & 
Cultural Area 
(large) Signs 
 
(Green) 

 
Mileposts 

 
 

(continues on next page)

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

 
Specific 

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

 
Rest Area & Scenic 
Area 

 
- Fig. 2-44 - Rest Area Gore 

Motorist Services 
Signs  

(Blue) 



• Format Set. This set altered the format of the informa-
tion presented in the sign. Conventional advance guide
signs and exit signs in the “minimum information” bracket
set were used as a basis for format changes. Changes
included interchanging the location of a destination with
a route 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. Variable message
sign formats were also varied by altering the word 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
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over the age of 65. The mean age for each age/gender group
was as follows: young females, 17.7 years old; young males,
16.9 years old; 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 signs in groups of up to
five people, in a laboratory 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, as well as the collection of response ratings, was computer

TABLE 1 (Continued)

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 & 
Cultural Area 
Signs  
 
(Brown) 
 

 
General Guide 

 
- Fig. 2-52  
- Integrated multi-symbol 
- Separate multi-symbol 
- Water Symbol 
- Winter Symbol 
- Major Destination w/ Distance 
- Major Destination w/ Direction 

 
VMS  

 
 

 
Boundary and
Orientation 
 
 
Weigh Station 
 

Other  

 
Route Markers & 
Trailblazers 
 

 
- Fig. 2-45 
- Fig. 2-46 



controlled. Each sign appeared for a period of 1.75 sec; this
value was selected because it is approximately equivalent to
the duration of a single glance during highway driving (Bhise
and Rockwell [7]). The participants were asked to evaluate
the signs as drivers who 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 a scale 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 94? 1. the left lane; 2. the right lane; 3. either the left
or the right 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. Several prac-
tice trials were 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

An analysis of 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.” The tables in Appendix B are keyed to the
1988 version of the MUTCD (20), under which the work
was conducted.

Table B1 in Appendix B lists the signs in the “bracket set.”
These are the upper-complexity and lower-complexity exam-
ples of each sign type, as permitted by the MUTCD. The table
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, the first entry in the table
is for Advanced Major Guide Signs with Separate Exit pan-
els (indicated in the first column of the table). The second
column indicates that this corresponds to 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
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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 a rat-
ing of 20. The group mean scores for the various signs in this
“bracket set” group ranged from a low of 1 to a high of 37.
Of the 89 signs in 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
with long word length. The final sign rated over 30 was the dou-
ble gas and lodging sign, when it contained a total of 6 icons.
Table B1 is intended to serve as a convenient look-up tool,
so that any relevant MUTCD sign can be directly looked up,
and its relative information load 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 signs of 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 a guide 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 a rating 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 destinations were used (versus two 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
type that differ with respect to a given variable. The variables
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 begins with 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 the long- and short-word versions differed
by zero units. Over a number of such observations, despite
the variation from pair to pair, a general 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 a total of two, tended to have large effects on the rat-
ings. The effect of the number of route markers was quite
variable. The intent of Table B3 is to provide a general 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 signs rather 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 actual roadway sites were digitally manipulated
to remove, insert, or otherwise modify existing sign arrays in
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
signs common to both experiments;

• Determine the ability to predict the information load rat-
ings of individual signs (in roadway context) through
the use of the look-up table developed in the previous
experiment;

• Identify any refinements required to the look-up table;
• Determine a rule for predicting the information load of

a sign array based on the information load of individual
signs comprising the array; and

• Determine if the combination rule requires any adjust-
ments for features, such as sign 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
manipulating photographic scenes so that identical situations
could be evaluated with the only differences being in the signs
present. For example, a particular 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 locations realistically 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 complete set of three signs could be eval-
uated. Given the large total number of stimuli viewed by par-
ticipants in the experiment and the brief presentation time for
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 signs within sign arrays.

Method

Sign Stimuli

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 a description 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, the table indicates the number and type of signs that
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 a Nikon Coolpix 950 digital camera. Minor corrections
to the images were made in post-production to standardize the
size and quality of the photographic images (discussed below).
All photographs were taken on sunny days to reduce variabil-
ity between photographs and to maximize image quality. 

From a large number of initial photographs, a set 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 comparisons were 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 signs in the array. A complete list-
ing of all sign stimuli, including both photographed and fab-
ricated sign stimuli, can be found in Appendix C. 
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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
in terms of complexity by adding or subtracting words to cre-
ate slightly more or less complex versions of the original
signs. In addition, some words were truncated to see if word
length played a role in determining information load of signs.
The fabricated signs were then 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 above for the photographed signs.
The actual signs that originally appeared in these photographs

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 signs and markings or potentially distracting ele-
ments were 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 signs and sign arrays
across each stimulus, although it was impossible to keep these
factors entirely equal across photographs. In general, 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 also 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 as to eliminate major differences in 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
signs remaining in the image.

Figure 7. Original (upper-left) and modified versions of a scene.



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 signs in the array.
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 participants in 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
three times a week. 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. Typically, 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 was to obtain all the information they needed from the
signs. The scene presentation time for this experiment was
3.5 sec. As in 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.

The laboratory was configured to allow five participants to
view the sign stimuli on a large 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 image was 76 in.
wide by 56 in. tall. The average width of the advance guide
signs, which was also equal to the lane width, was 15 in. Par-
ticipants sat in chairs aligned in a slight V-shape approxi-
mately 11 ft. 7 in. from the projection screen. Thus a sign panel
corresponding to the freeway lane in width subtended a visual
angle of approximately 6 degrees. Attached to each chair
was a hand-held keypad labeled with the keypad (box) num-
ber (1, 3, 4, 5, or 6) and the question, “HOW DIFFICULT OR
EASY WAS IT TO OBTAIN 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 a training 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 signs they 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 questions they might encounter as well
as the process by which questions would be asked. The train-
ing set began with a simple, single sign and progressed incre-
mentally to an example of the most complex scene they 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 this training, participants
were instructed 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
slides that varied in complexity. The experimenter made sure,
through a series of questions and discussion, that participants
understood that for signs from 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 slides followed by comprehension ques-
tions to 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-
ticipants were fully 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 scenes were presented in a different random order
for each group of participants. When all 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
question 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



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. Young 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-
ings than male participants (3.1 vs. 2.7). Ratings tended to be
higher in the morning sessions than in the afternoon sessions
(3.1 vs. 2.7). The interaction 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-
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ticular scene and participants tended to use the full range of
the rating scale. The mean ratings for individual stimuli ranged
from 1.16 to 6.66. Figure 8 illustrates this range of ratings by
means of a bar chart. The 172 stimuli are grouped by the num-
ber of sign panels in the scene, and ordered by rating within
these groupings. As the figure shows, generally scenes with
fewer signs got lower ratings, but within any category of num-
ber of signs there was still a substantial degree of variation.
Although there is the expected relationship with the total num-
ber of signs, there also 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 signs in 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 the ratings given to individual signs (i.e.,
scenes that contained only a single sign 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 signs in common. Figure 9 shows the agree-
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Figure 8. Group mean rating as a function of the number of signs in a scene.
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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 initial experiment provide a good
basis for predicting the information load ratings of individ-
ual signs.

Having confirmed that the look-up table provides a replica-
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 slightly 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 values in the look-up table. Table 2
incorporates the following refinements to 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 bounds for this sign category were
modified from 21/14 to 25/18. Third, because the range
between the upper- and lower-complexity values for the Inter-
change Sequence category was so large (4 to 33), an inter-
mediate value (labeled “Middle”) was added to the table. 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 a given 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 values in Table 3 were
derived from considering the full set of signs and conditions
for the tables in Appendix B.
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Figure 9. Scatterplot of group mean ratings for signs in common between two experiments.



Tables 2 and 3 were then used to examine the ability to pre-
dict the information load associated with a sign array contain-
ing multiple signs. The ability to predict the information load
of a sign array depends on finding an appropriate rule for com-
bining the information loads associated with the individual
signs that 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 all 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 this rule
to look-up table values for the individual signs, the correla-
tion of actual vs. predicted value for sign arrays was R = 0.94,
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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 Value = 0.94 (maximum
value + square root of others) + 0.08. Therefore the rule 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 a linear regression of the sim-
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
1.0 in this equation is, in effect, a means of saying that as one
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 variance in
the ratings. Thus, it is clearly evident that one can predict the
information load of a sign array if there is appropriate infor-
mation on the individual signs comprising the array.

Among the modifications to stimuli in the set of slides were
a few manipulations of factors such as the location of the sign
within the scene, the color of the sign, and the size of the sign.
The intent was to see if any such factors need to be taken into
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Figure 10. Scatterplot of actual group mean ratings versus values derived from look-up table.
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Sign type and category MUTCD reference (2000 edition) Sign complexity Definition Rating 
Advance Major Guide, Fig. 2E-13, 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. 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 Icon, No Lane, No Dir.  

Advance Major Guide, Fig. 2E-13, Signs E1-1, E1-5, and Fig. 2E-
9, Sign E11-1 

Upper Long Word, 2 Dest., 1 R.M.,  20 

Separate Exit and Lane Drop  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. 2E-13, Sign E1-1a and Fig. 2E-9, Sign 
E11-1 

Upper Long Word, 2 Dest., 1 R.M.,  29 

Integrated Exit and Lane Drop  0 Icon, Lane, No Dir.  
Lower Short Word, 1 Dest., 1 R.M.,  25 
 0 Icon, Lane, No Dir.  

Advance Minor Guide, Fig. 2E-13, 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. 2E-13, 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. 2E-14 Lower N/A Word, 0 Dest., 0 R.M., 5 
  0 Icon, No Lane, No Dir.  

Multiple-Destination Exit Fig. 2E-15 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.  

(continues on next page)

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. 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 Icon, No Lane, Dir.  
Gore, Separate Fig. 2E-19, 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. 2E-19, Sign E5-1a Lower N/A Word, 0 Dest., 0 R.M.,  4 
   0 Icon, No Lane, No Dir.  

TABLE 2 Look-up table for sign information load
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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 Icon, No Lane, Dir.  
  Lower Short Word, 1 Dest., 1 R.M.,  7 
   0 Icon, No Lane, Dir.  
Pull Thru, Large Shield Fig. 2E-2, 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. 2E-20, 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. 2E-22, Sign E8-1 Upper Long Word, 3 Dest., 0 R.M.,  33 
   0 Icon, No Lane, No Dir.  
  Middle Short Word, 2 Dest., 0 R.M., 18 
   0 Icon, No Lane, No Dir.  
  Lower Short Word, 1 Dest., 0 R.M., 4 
   0 Icon, No Lane, No Dir.  
Community Interchange Fig. 2E-23, 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. 2E-24, 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. 2E-17 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. 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 
   0 Icon, No Lane, Dir.  
Diagrammatic Guide, Fig. 2E-3 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. 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.  

TABLE 2 (Continued)
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Diagrammatic Guide, Fig. 2E-3 and Fig. 2E-9,Sign E11-1 Upper Long Word, 2 Dest., 2 R.M.,  33 
Separate Exit and Land Drop   0 Icon, Lane, Dir.  
  Lower Short Word, 1 Dest., 2 R.M.,  23 
   0 Icon, 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., 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.  

(continues on next page)

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., 0 R.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., 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 Sec 2E-25 Pg 2E-34 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 Sec 2E-25 Pg 2E-34 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. 2F-1 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. 2F-1 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 
   1 Icon, No Lane, No Dir.  
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Sign type and category MUTCD reference (2000 edition) Sign complexity Definition Rating 
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. 2D-3, 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 FIg. 2D-3, Sign D8-2 Lower N/A Word, 0 Dest., 0 R.M.,  5 
  0 Icon, No Lane, No Dir.  

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

Recreational Guide, Fig. 2H-2 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. 2H-2 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.  

TABLE 2 (Continued)
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Recreational Guide, Distance Fig. 2H-2 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. 2H-2 Upper Long Word, 1 Dest., 0 R.M.,  10 
   0 Icon, No Lane, No Dir.  
  Lower Short Word, 1 Dest., 0 R.M.,  6 
   0 Icon, No Lane, No Dir.  
Boundary, County  Upper Long Word, 0 Dest., 0 R.M.,  4 
   0 Icon, No Lane, No Dir.  
  Lower Short Word, 0 Dest., 0 R.M.,  4 
   0 Icon, No Lane, No Dir.  
Boundary, State  Upper Long Word, 0 Dest., 0 R.M.,  5 
   0 Icon, No Lane, No Dir.  
  Lower Short Word, 0 Dest., 0 R.M.,  1 
   0 Icon, 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 a lane indicator arrow 

 Dir. = Presence or absence of a cardinal direction 
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TABLE 3 Modifications to look-up table ratings

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

   

Sign element Value 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 a roadís traffic flow 

Word Length 2, 4, 6 The overall amount of text on a sign, including destinations. 
Value varies according to amount of text on sign relative to 
baseline amount 

Icon A meaningful picture, image, or logo, often representing a 
point of interest 

Lane Drop 3 

3 

Text, sometimes combined with arrows, indicating that a lane 
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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Figure 11. Scatterplot of observed sign array rating versus value predicted by combination rule: Maximum sign plus
square root of other signs.



account when attempting to compute the overall information
demand of a sign array. An initial scan of the ratings for 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 variable 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 rules for sign
arrays replicated the general results of the individual 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 a sign 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-
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rated a range of roadway types and signage. This was accom-
plished by having participants continuously adjust a thumb-
wheel mounted on their steering wheel in order to continuously
reflect how difficult it was to take in all the information they
were dealing with. By plotting the thumbwheel 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
Load Experiment but prior to the Combination Rules for Sign
Arrays Experiment. Although this initial 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 a pilot 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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Figure 12. Scatterplot of observed sign array rating versus value predicted by combination rule: Regressed sum of signs.



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 this initial 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 (16–20, 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 counties in Northern Virginia and Wash-
ington, D.C.. Participants drove the route in their own vehicles.
The vehicle was outfitted with a temporary 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 a nor-
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 is to take in all the infor-
mation that you need to make your driving decision in a timely
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 a location 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 a map of the route
to be taken, and allowed to study it. This provided a general
orientation. However, he or she was not expected to memorize
the route. On each leg of the trip, the participant was informed
of the next destination. The destinations were always 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 there was considerable variability among drivers
in their ratings, there was general agreement on the approxi-
mate locations of major peaks in information load. These
peaks were identified based on the location of obvious peaks
in individual driver records and also by mapping clusters of
the highest ratings over the entire route (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 required. A
tenth site was an approach to a very complex set of merging
roadways where it was not clear in advance what lane the
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driver would want to be in. The general observation was
that areas of agreement among participants 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 high information load, one would
like to be able to combine the data from individual partici-
pants to provide a more fine-grained evaluation 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 presents the group
rating and speed profiles for the five sites. The X-axis in 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). The left ordinate indicates the scale for the dial rat-
ings and the right ordinate indicates the scale for the vehicle
speed. The vertical lines indicate the locations of sign arrays.
Each figure is based on data from only those participants who
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, although 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
were relatively flat. There was not a clear 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 dial 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 a number 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 the information demand. These sites also
had slightly lower speeds overall than the two sites where the
dial ratings were rather flat, although this could likely be
attributed to the roadway category.

As a heuristic device to help suggest possible relationships
within the data, the statistical technique of principal compo-
nent analysis was used to summarize dial setting behavior at
the sites. This technique was used to transform the dial settings



Figure 13. Group mean dial ratings and speed profiles for five sites.



of drivers into their principal component scores. Principal
component scores are linear combinations (sort of weighted
averages with negative weights permitted) of the original vari-
ables, in this instance, the dial settings. The computer program
used to implement this analysis selects the transformation
from individual dial settings to principal components in a way
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, regardless of optimality,
the first few principal components can usually provide a very
good summary of salient features of the data. In the present
case, the first two principal components accounted for most of
the explainable variance at all sites, and only these two com-
ponents were retained for closer consideration.

The first, and dominant, factor (labeled Factor 1) in the rat-
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 analysis indicated that Fac-
tor 1 is generally related to proximity to the choice point. Fig-
ure 14 plots the mean dial 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
dial rating itself. This suggests that 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 tends to be large relative to decision sight
distances. Figure 15 plots the Factor 1 functions for each of the
five sites on a common set of axes. The distance along the 
X-axis is long (17,000 ft) so as to clearly show the approach
and initiation of the upward ramping of the function. Site 2 is
clearly different from the others, which is to 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
is a second later peak very close to the exit gore itself.

Factor 2 is far more ambiguous. The functions were gen-
erally more “jagged” than for Factor 1 and were unsystem-
atic. This factor 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 load 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 a maneuver proximity factor
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that gradually increases as the 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 a number of mod-
ifications to the methods of the Preliminary On-Road Experi-
ment. These included improvements to 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 several objectives. As in the prelimi-
nary on-road experiment, the intent was to obtain a continuous
measure 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
the level of reported information demand as a function 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 be integrated 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 arrays in
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 lab-
oratory experiment. However, by the time the on-road exper-
iment was implemented, there had been a variety 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



Figure 14. Mean dial rating, Factor 1, and Factor 2 values for five sites.



overlapped with data collection. Therefore, an entirely new
route had to be planned in a different area. As a result, the lab-
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. This included portions of I-95, I-695, I-195,
I-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 was the sixth site for the other sequence). Each
route sequence was also associated with a training route,

38

over which the subject received practice in using the steer-
ing wheel-mounted dial 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 sites involved the following exit maneuvers:

• Site 1: Left exit from I-95 North to I-695 West;
• Site 2: Exit from I-695 West to Security Blvd;
• Site 3: Exit from I-695 South to I-95 North;
• Site 4: Exit from I-95 North to I-395 North;
• Site 5: Left Exit from I-95 South to I-695 East;
• Site 6: Exit from I-695 East to MD 295 South;
• Site 7: Exit from MD 295 South to I-195 West; and
• Site 8: Exit from I-195 West to I-95 North.

Instrumentation

Participants in this experiment drove a 1999 Chevrolet Mal-
ibu that was outfitted with a data collection/experimental con-

Figure 15. Factor 1 values for five sites on a common axis. 



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

As the figures illustrate, the system ran off the car battery
with a marine 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 along 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-
era images were integrated into a single recording by means
of the quad-splitter. The video titler superimposed various
other information directly on the video image. Thus in addi-
tion to being stored in the computer file, information such as
dial 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 acoustically, so it was
possible to “listen” to the participant’s ratings 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. In the 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 area for comment entries.
The area in the middle of the screen allowed coding of traf-
fic density. The “visual obstructions” field allowed the exper-
imenter to indicate if the driver’s view of signs was sub-
stantially obstructed by intervening trucks or by severe glare.
Finally, any abnormal road conditions or unusual events that
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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
a position comfortably reached while driving. This was 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 also acoustic
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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 shows a pic-
ture of the thumbwheel, seen mounted inside the steering
wheel rim, to the upper left. The small pointer inside the dial
rim points to 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
the dial from 0 to 10 with one continuous motion of the thumb
or fingers. The acoustic signal was generated using the library
functions from a Musical Instrument Digital Interface (MIDI)
file (winmm.dll). The selected acoustic signal was the “wood
block” sound (voice 115 in the General MIDI standard),
which was a brief percussive signal with little reverberation.
As the dial was rotated from the 0 position to the 10 position,
the rate of the beep increased from a low of once per 1.5 sec
to a high of 5 per sec. The pitch of the sound also increased
as the dial was turned. 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 the forward view, and the one in front of the driver is record-
ing the head and torso. The side-facing “landmark” cameras
are more difficult to see, but they are located near the upper
edge of the rear windows, and are aimed laterally at the
roadside.

Power
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VCR
& Quad

Driver

Experimenter

Cameras

Laptop

Backup
Battery

Figure 17. Equipment location schematic.

Figure 18. Experimenter interface screen for data collection.



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 is visible between the front seats. It is the
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 general study site. Participants were screened
to exclude those who had local familiarity with sections of the
route, although many had occasionally driven sections of the
route in the past. Participants were recruited in two age groups,
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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. The older group was composed of drivers over the
age of 65 (mean of 74.5). All participants were licensed driv-
ers, English-literate, and drove at least three times a week. 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 a normal 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 the vehicle, would indicate
the next location to which the participant was to drive. The
direction was given in the form of a route name, cardinal
direction, and destination. For example, the participant might
be told to “go to I-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 the trip. Various landmarks were 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

Figure 19. Thumbwheel rating dial mounted on steering
column.

Figure 20. Exterior view of instrumented vehicle.

Figure 21. Experimenter’s position in vehicle.



record (side camera views). Thus the information demand
rating at any moment could be accurately mapped to the loca-
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-
lems that may reflect information overload or driver confusion.
These included 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 a descriptive 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-
tions to sign viewing, such as large trucks 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
objects in the roadway. Atypical visual obstructions or unusual
roadway conditions were rare. This information was used as
a means of screening data anomalies from the final database.

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

We want you to tell us how easy or difficult it is to take in all
the information you need as you are driving along. When you
drive, information you need to deal with is always 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 call it information demand because we
want to know how much demand this situation is putting on
you as you 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 the work involved in steer-
ing and driving properly.

The instructions also indicated that the participant was not
to make his or her ratings in a calculated, analytic manner, but
rather based on a subjective sense of information demand:

We want 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 is it to take in the information
you need at this point to make your driving decisions in a
timely way?
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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-

ples of “low-information demand” and “high-information
demand” scenes;

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

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

• Discussion of four photographic examples of scenes of
obviously different information demand, sorting in order;

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

• Viewing of a video 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

Data were 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-
gories below. First is an analysis 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, the findings of a Principal 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
ratings is addressed. Finally, findings from this on-road study
as well as preceding experiments are used in regression
analyses in an effort to derive a quantitative model to predict
driver information load.



Information Load Ratings for Sign Arrays

The information 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 across the entire site). The ANOVAs included site
as a within-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 slightly 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.
Age and 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 peak 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-
ference is not known. It might be related to traffic conditions,
environmental conditions (including glare on signs), circa-
dian factors, or imperfect counterbalancing with other factors.

Although the group mean findings appear reasonable and
were statistically significant, there was a restriction of range
in the rating values. The momentary individual dial setting
values could range from 0 to 10, and some individuals used
wide portions of this range. But when averaged for the group,
the mean dial ratings within a site showed a relatively 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 * 

* 

* 
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Age X Gender *  
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Figure 22. Site peak information load rating as a function of age and gender.



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
scale range, but few used a great deal of that range at any given
site. This may be due to 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 dial
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, the group mean dial ratings did not tend to show dramatic
differences. Despite the restricted range and the variance in 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 profiles for 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
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and dial rating value for each participant for each bin (mean
of all sampled data points falling within that bin). Figures 23a
through 23h show the group mean dial rating profiles and
vehicle speed profiles for each of the eight sites. The “0”
point on the X-axis (extreme left) is the end of the route seg-
ment, that is, the gore point where the subject vehicle has just
made the exit maneuver. The right-most point on the X-axis
is the location designated (for analysis purposes) as the start
of the segment, and the furthest point from the exit. Thus, the
vehicle may be seen as traveling from right to left 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
drop in the final portion (when uncertainty may be eliminated).
Speed also drops at the termination of the segment, reflecting
the exit maneuver. There is not a clear and consistent relation-
ship of the shape of the dial rating profile to the location of sign
arrays. In a number of cases, there appears to be “peaking” on
the approach to a major sign array, rather than at the point of
the sign array itself. Site 6 provides a good example. However,
this pattern was not consistent and, while somewhat sugges-
tive in the averaged group data, was not obvious in most indi-
vidual ratings. Formal attempts to 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 statis-
tical strategies were used to attempt to improve the direct
match of the group mean information rating load functions to
roadway features, and to reduce the substantial variability of

2

3

4

5

6

0-
20

18
0-

20
0

36
0-

38
0

54
0-

56
0

72
0-

74
0

90
0-

92
0

10
80

-1
10

0

12
60

-1
28

0

14
40

-1
46

0

16
20

-1
64

0

18
00

-1
82

0

19
80

-2
00

0

21
60

-2
18

0

23
40

-2
36

0

25
20

-2
54

0

27
00

-2
72

0

28
80

-2
90

0

30
60

-3
08

0

32
40

-3
26

0

34
20

-3
44

0

36
00

-3
62

0

37
80

-3
80

0

39
60

-3
98

0

41
40

-4
16

0

43
20

-4
34

0

45
00

-4
52

0

46
80

-4
70

0

48
60

-4
88

0

50
40

-5
06

0

52
20

-5
24

0

54
00

-5
42

0

55
80

-5
60

0

57
60

-5
78

0

59
40

-5
96

0

61
20

-6
14

0

63
00

-6
32

0

64
80

-6
50

0

66
60

-6
68

0

68
40

-6
86

0

70
20

-7
04

0

72
00

-7
22

0

73
80

-7
40

0

75
60

-7
58

0

77
40

-7
76

0

79
20

-7
94

0

81
00

-8
12

0

82
80

-8
30

0

84
60

-8
48

0

86
40

-8
66

0

88
20

-8
84

0

90
00

-9
02

0

91
80

-9
20

0

93
60

-9
38

0

95
40

-9
56

0

97
20

-9
74

0

99
00

-9
92

0

10
08

0-
10

10
0

10
26

0-
10

28
0

10
44

0-
10

46
0

10
62

0-
10

64
0

10
80

0-
10

82
0

10
98

0-
11

00
0

Distance From Gore Point (ft)

M
ea

n
 In

fo
rm

at
io

n
 L

o
ad

 R
at

in
g

0

10

20

30

40

50

60

70

M
ea

n
 S

p
ee

d
 (

m
p

h
)

Rating

Speed
Site 1

Figure 23a. Mean information load rating and mean speed for Site 1.



45

2

3

4

5

6
0-

20

20
0-

22
0

40
0-

42
0

60
0-

62
0

80
0-

82
0

10
00

-1
02

0

12
00

-1
22

0

14
00

-1
42

0

16
00

-1
62

0

18
00

-1
82

0

20
00

-2
02

0

22
00

-2
22

0

24
00

-2
42

0

26
00

-2
62

0

28
00

-2
82

0

30
00

-3
02

0

32
00

-3
22

0

34
00

-3
42

0

36
00

-3
62

0

38
00

-3
82

0

40
00

-4
02

0

42
00

-4
22

0

44
00

-4
42

0

46
00

-4
62

0

48
00

-4
82

0

50
00

-5
02

0

52
00

-5
22

0

54
00

-5
42

0

56
00

-5
62

0

58
00

-5
82

0

60
00

-6
02

0

62
00

-6
22

0

64
00

-6
42

0

66
00

-6
62

0

68
00

-6
82

0

70
00

-7
02

0

72
00

-7
22

0

74
00

-7
42

0

76
00

-7
62

0

78
00

-7
82

0

80
00

-8
02

0

82
00

-8
22

0

84
00

-8
42

0

86
00

-8
62

0

88
00

-8
82

0

90
00

-9
02

0

92
00

-9
22

0

94
00

-9
42

0

96
00

-9
62

0

98
00

-9
82

0

10
00

0-
10

02
0

10
20

0-
10

22
0

10
40

0-
10

42
0

10
60

0-
10

62
0

10
80

0-
10

82
0

11
00

0-
11

02
0

11
20

0-
11

22
0

11
40

0-
11

42
0

11
60

0-
11

62
0

11
80

0-
11

82
0

12
00

0-
12

02
0

Distance From Gore Point (ft)

M
ea

n
 In

fo
rm

at
io

n
 L

o
ad

 R
at

in
g

0

10

20

30

40

50

60

70

M
ea

n
 S

p
ee

d
 (

m
p

h
)

Rating
Speed

Site 2

Figure 23b. Mean information load rating and mean speed for Site 2.
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Figure 23c. Mean information load rating and mean speed for Site 3.
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Figure 23d. Mean information load rating and mean speed for Site 4.
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Figure 23e. Mean information load rating and mean speed for Site 5.
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Figure 23f. Mean information load rating and mean speed for Site 6.
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Figure 23g. Mean information load rating and mean speed for Site 7.



the individual 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
these data, it did not appear warranted to try to describe a typ-
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 data were subjected to factor ana-
lytic techniques (specifically, principal components analy-
sis). This resulted in the definition of two, and perhaps three,
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
plots these data for Site 6. The X-axis plots the distance from
the exit gore of the site. The “0” point on the left side is the
point of the exit gore at which the subject vehicle is 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
sign arrays. The Y-axis shows the relative value of the strength
of a particular factor. The four tracings on the graph show the
group mean functions for Factor 1, Factor 2, Factor 3, and

48

standardized dial rating. Factors 1 and 2 turn out to be quite
interpretable. For the various sites, Factor 1 accounts for from
17 to 33 percent of the variance in the analyses, averaging
24 percent. Factor 2 accounts for from 13 to 18 percent of the
variance, averaging 15 percent. Factor 3 is more ambiguous
in interpretation 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 similar obser-
vation from the preliminary on-road experiment. Figure 25
averages the F1 functions for all eight sites of the experiment.
This is the factor that accounts for 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, as in 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 us to 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. This resolution of uncertainty can come from
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
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Figure 23h. Mean information load rating and mean speed for Site 8.



10% of the variance). It may relate indirectly 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 I be?
• When must I 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
address driver information load, related to sign content. What
seems to be emerging is a picture that the information 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 is an important factor that must be considered along
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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 developed here, the qualitative nature of Factor 2 makes
it more difficult to incorporate. Factor 2 appears to reflect good
sign practice, in the sense of providing clear direction, reduc-
ing ambiguity, delivering guidance in a timely 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 absolute value of the information demand
is unacceptably high. It was recognized from the outset that
the small scale of the study, in terms of number of partici-
pants and 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 a region 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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the site. Even using this liberal criterion, overt indications of
driving problems were rare. Of the 128 cases (16 participants
times 8 sites), a driving 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. Across all 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 able to objectively define a “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 a criterion level for “overload.”

Regression Models

The information demand of a given sign array is only one
of various elements that contribute to the overall driver infor-
mation load. The conceptual model developed earlier in the
project and described in Section 3 indicated factors related 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 factors included the roadway type,
features, and proximity to the exit choice point. The on-road
experiment confirmed the reasonableness of the basic struc-
ture of this model. The “proximity to the exit choice point”
again emerged as a major consideration. During this portion
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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 a given sign array on the road.

The experiment on combination rules for sign arrays estab-
lished that the information demand of a particular sign array
(as measured in the laboratory) could be well predicted from
table-based estimates of the demand of each sign that was
part of the sign array. However, the actual demand associated
with a sign array in a real roadway context will be influenced
by various additional factors. The issue then becomes whether
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
lists the simple correlation coefficients for a number of indi-
vidual variables as they correlate with the on-road peak rat-
ings for each sign array (a number of variants of 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 this accounted for about one-third of
the variance in the on-road peak ratings (r2 = 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.
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Various measures of the information surrounding the target
sign array were also correlated, although to a lesser degree. 

Applying multiple regression fits to the data accounted for
substantially more of the variance. Combinations of four
factors (sign array information load, Factor 1, plus others)
yielded R2 values ranging from 0.65 to 0.70, and using five
or six factors yielded R2 values in the area of 0.71. While this
indicates that the on-road rating of information demand can
be well-predicted by these factors, there is the 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 is to 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 R2 of 0.66. Essentially the same R2 was obtained
after dropping one of these factors (information density across
the site), so a four-factor model appears appropriate. The four
factors that predicted the peak on-road rating for a sign array
were as follows: 

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 the sign

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. 
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The key finding is that this simple four-factor linear regres-
sion is quite successful in predicting what the peak rating will
be (based on group mean data) for a given sign array at a given
site. The resulting four-factor multiple regression equation
predicted the peak rating for on-road information load for 
a given sign array with a multiple correlation coefficient of
R = 0.81. This means that the four factors of the model were
able to account for about two-thirds in the variance of the
peak ratings (R2 = 0.66) for sign array. The high level of cor-
relation is especially noteworthy, given that there are addi-
tional, presumably important, variables that were uncontrolled
in the experiment (e.g., traffic), individual differences among
drivers, and qualitative aspects of the sign message that are
not included within the information load concept (e.g., ambi-
guity, expectancy). Thus, the model is quite successful in
predicting driver information load, as measured by the driv-
er’s on-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 panels into a single figure to repre-
sent the information load associated with a particular
array of co-located signs; and

• A means of combining the information load associated
with a sign array with the information load generated by
the roadway and other nearby signage, in order to derive

TABLE 5 Simple correlations of variables with peak on-road rating 
of individual sign arrays

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 
Total number of signs in site 0.23 NS (p<0.06) 
Sum of information loads of all arrays in site 0.42 P<0.0004 
Local information density (sum of information loads for 
preceding and following arrays, over distance) 

0.25 P<0.05

Average distance to nearest array (mean of distance to 
preceding and following signs) 

-0.21 P<0.05

Number of roadway elements in site (curves, exits, etc.) 0.47 P<0.0002 
Roadway baseline (number of elements divided by length 
of roadway segment) 

0.48 P<0.0002



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.

Are the information load ratings for individual signs reli-
able and replicable?

Systematic and strongly significant variation in ratings of
individual sign information load were observed in both lab-
oratory experiments. The two experiments shared a common
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). Thus the answer to this question
is “Yes:” the sign ratings appear meaningful and replicable.”

Do the look-up tables accurately 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 a new set of individual signs
presented in the subsequent laboratory experiment. The cor-
relation of predicted and observed ratings was r = 0.84. This
is nearly the same as the correlation with which ratings of the
same sign could be replicated across the two experiments.
Therefore, the answer to this question is “Yes: the look-up
tables provide a good basis for predicting the information
load of individual signs.”

Is the information load of a sign array predictable from
knowing the information load of the individual signs mak-
ing up the sign array?

The greatest sign complexity encountered on the road is
assumed to be where there are multiple signs located in an
array. Since the look-up tables only dealt with individual 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 ratings into a single 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-
tion is “Yes.” A very simple 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.
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Can the on-the-road peak information load associated
with a sign array be predicted based on sign and roadway
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-
ance in ratings for the sign array. The four factors were (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
there are additional, presumably important, variables that 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 a sign 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 as well as “noisy” and quite differ-
ent from person to person). It may also be because the con-
cept that information demand changes in a highly 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 the location of a peak for each sign array
in the group mean information load function. Thus while the
model predicts the magnitude of the peak rating for each sign
array, it does not describe spatial aspects.

Is there an empirically determined information demand
level that defines a “red zone” for information overload?

Although the primary on-road experiment attempted to
address this question, the data were 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 verbalizations were recorded. The intent was



to relate the frequency of these problem indices to the model
output of information load, in hopes of observing some range
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-
sponds to 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 a relatively simple model of driver informa-
tion load that predicts the peak information load associated
with a given sign array in its actual on-road setting. The model
not only includes information about the target sign array but
also incorporates features of the roadway and surrounding sign
arrays. The model begins with the following assumptions:

• The driver is assumed to be navigating to an unfamiliar
destination (since familiar drivers may not need to process
the information in the signs);

• A navigational maneuver (e.g., exiting) is required 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

• There is available information regarding road geometry
for the site. 

Given these assumptions, the information load associated
with a particular sign array is estimated by the multiple regres-
sion formula:

IL = 0.012SA + 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 values for individual 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 a ramp function:
1. From 0 ft (maneuver point) to 1,500 ft prior to

the maneuver point, the function ramps up from
1.0 to 3.5.

2. From 1,500 ft to 6,000 ft, the function ramps
down from 3.5 to 0.

3. Beyond 6,000 ft, the value is 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. The roadway segment is defined as the 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. Features include 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 a number of significant limitations to the data and to
the model as it now stands. These should be explicitly rec-
ognized and may require additional research in order to refine
the model. One limitation is simply the size and variability
of the experimental database itself. Ideally, 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, all being in
suburban Baltimore. 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, data from a broader range of geographic regions
and a broader range of roadway environments would be
included.

• The research did not address off-road signing, such as
billboards and commercial signs. It is not 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 is the broad category of variable mes-
sage signs and their related display technologies. Ulti-
mately one would want these TCDs incorporated 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 some index of truck traf-
fic in 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 signs within any category of the
look-up table. In model development at this point, 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 a problem zone (“red line”) for infor-
mation load that defines “overload.” Overt indications of
driver problems were too infrequent in this small data set
to permit any estimates of this zone.

• The model does not attempt to incorporate various qual-
itative aspects of the specific message of a sign. The
driver will presumably have to 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 various factors (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 alternatives.
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.
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• The model is based 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 site factors other than information over-
load may contribute to the problems and it is difficult 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 the model. Because the model was devel-
oped, in part, from on-road data from a small set of
drivers and roadway sites, there is a general need to repli-
cate and extend the findings. The model based on the
findings is intended 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 a means 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 was too limited to determine the
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 research 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 sites is 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 types of information sources included.
The present research focused on static highway signs
related to navigation. Other information sources that may
affect the information load of the driver may also need to
be included in a more comprehensive model. Subsequent
research should include sign categories not included 
in the 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
technologies such as route guidance systems become
more commonplace, the interaction of in-vehicle displays
with external signage may need to be investigated.

• 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
a simple computation; there may be more precise ways of
quantifying these attributes. Also, there may 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
additional factors.


	NCHRP Report 488 – Additional Investigations on Driver Information Overload
	Next Page
	Previous Page
	===============
	Project Description
	===============
	Chapter 4 - Research Experiments
	Overview of Set of Experiments
	Individual Freeway Sign Information Load
	Overview and Objective
	Method
	Findings

	Combination Rules for Sign Arrays
	Overview and Objectives
	Method
	Findings

	Preliminary On-Road Experiment
	Primary On-Road Experiment
	Overview and Objectives
	Method
	Findings

	Summary of Key Findings and Integration into Model
	Relation of Findings to Key Research Questions
	Driver Information Load Model Status and Limitations
	Suggestions for Additional Research


	------------------------------
	Back to NCHRP Reports
	------------------------------

