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Reference 1

Heathington, K.W., R.D. Worrall, and G.C. Hoff.  An Analysis of Driver Preferences for Alternative Visual Information Displays.  In Highway Research Record 303, TRB, National Research Council, Washington, 1970, pp. 1-16.

Abstract (Authors)

Several traffic information descriptors were evaluated as to how desirable they are to drivers residing in the Chicago metropolitan area.  These descriptors were messages about conditions on the freeway that would be displayed on electronic signs.  Evaluated were seven descriptors at the level of heavy congestion, six at the level of moderate congestion, and six at the level of no congestion.  The messages contained descriptive information, quantitative information, and no information about traffic conditions.

For the level of heavy congestion, information about an accident having occurred and causing heavy congestion was the descriptor most preferred by respondents in the total sample.  The speed descriptor ranked second.  For the other two levels, the speed descriptor ranked first.  The two remaining descriptors (excluding the accident descriptor) were scaled fairly high, but were less desirable than the speed descriptor.  The two quantitative descriptors, delay and travel time, had relatively low scale values and were simply not desired by the respondents.

Reference 2

Dudek, C.L., C.J. Messer, H.B. Jones.  A Study of Design Considerations for Real-Time Freeway Information Systems.  In Highway Research Record 363, TRB, National Research Council, Washington, 1971, pp. 1-17.

Abstract (Authors)

A comprehensive questionnaire study was conducted and information was obtained from 505 motorists in the cities of Houston and Dallas about the design of a real-time freeway information systems.  The following items were evaluated: need for real-time freeway information; driver preferences as to mode and location of information; type of information preferred by the freeway driver; and potential driver response to real-time freeway information. 

The researchers found that the participating motorists 1) indicated a desire for additional traffic information that is not currently provided by passive signing and a need for real-time freeway traffic information that they would frequently utilize; 2) preferred commercial radio and changeable message signs to telephone and television services; 3) preferred to receive information about freeway traffic conditions before entering the freeway, and their ranked preferences for locations of communication were on the major street, at the entrance ramp, at the beginning of trip, and on the freeway; 4) preferred information about the location and length of the congested area and the degree of congestion; 5) would react to real-time information about freeway conditions by rerouting to a suitable alternate route when they know it is available; 6) would use the alternate route only to bypass congested areas on the freeway; and would then return to the freeway; and 7) were more inclined to divert to an alternate route before they reach the freeway than after they are on the freeway.

Reference 3

Hulbert, S. and Beers, J.  Research Development of Changeable Messages for Freeway Traffic Control.  Institute of Transportation and Traffic Engineering, School of Engineering and Applied Sciences, University of California, Los Angeles, August, 1971.

Abstract (Authors)

Reports on the testing and evaluation of various candidate message formats eventually to be used in audio and sign advance freeway traffic advisory systems.  Also reports on subsequent interrogation of drivers tested on the UCLA Sign Tester, in the Audience Studies, Inc. Preview House, and in the UCLA Driving Simulation Laboratory.  

Reference 4

Stockton, W. R., C.L. Dudek, D.B. Fambro and C.J. Messer.  Evaluation of Selected Messages and Codes for Real-Time Motorist Information Displays.  In Transportation Research Record 600, TRB, National Research Council, Washington, 1976, pp. 40-41.

Abstract (Appended)

As a part of an overall freeway information and control system in the Gulf Freeway corridor in Houston, Texas, the Texas Department of Highways and Public Transportation (formerly the Texas Highway Department) installed three lamp matrix changeable message signs in the fall of 1973.  One of the major objectives of the project was to evaluate the understandability and usefulness of the real-time visual information displays.  Questionnaire responses were used to evaluate existing and potential improvements in traffic operations and to evaluate the communicative nature of the following types of messages that were displayed: information on 1) congestion, location and length of congestion, motorist guidance (e.g., KEEP LEFT), and letter grade (e.g., A, B, C, D, and F).

The results of this study suggested that changeable message signs may be an effective tool for communicating with urban freeway drivers.  Through motorist diversion, they contribute to the reduction in overall delay to the motorist as well as the reduction in total demand on the freeway.  Especially important was the significantly positive reaction to the signs and toward the Texas Department of Highways and Public Transportation for their attempts at reducing congestion.  

Most of the messages were understood by the motorists.  Of those who understood the messages, the vast majority used the information.  The indication of which lane was blocked was highly desirable.  However, the motorists did not understand the letter grade. 

Reference 5

Huchingson, R.D., R.W. McNees,  C.L. Dudek.  Survey of Motorist Route-Selection Criteria.  In Transportation Research Record 643, TRB, National Research Council, Washington, 1977, pp. 45-48.

Abstract (Appended)

Previous research and surveys focused on the types of traffic descriptors motorists prefer and the specific techniques for displaying such information in real-time.  It was also necessary to ask the motorist directly certain questions about his or her typical driving habits—the routes taken and the reasons for selecting these routes when he or she is familiar with other routes.  The daily commuter makes a route-choice decision in traveling to and from work, and the intercity traveler makes a route-choice decision in passing through major cities or in traveling to destinations within the city.  It was hypothesized that the reasons for selecting typical routes would be similar to the reasons for selecting alternative routes in incident-type situations.  The driver’s hierarchy of route-choice criteria would be used in either situation.  If the information drivers need most in making a route-choice decision were available, it would then be feasible to determine whether such information was measurable and how it might be best displayed to the motorist.

A sample of 202 drivers from the central business district of Dallas was selected to respond to a work-trip questionnaire.  Another sample of 215 drivers was interviewed at rest stops on an Interstate leading into Houston.  They were not asked personal information, nor was this a criteria for selection.  Of them, 123 reported a destination within the city and 92 a destination beyond the city.  Thirty-five percent of those having a destination in the city and 76 percent of the through motorists were unfamiliar with Houston.  Several findings relative to willingness to divert when incidents occur on the freeway and alternative route choice criteria were presented.

Reference 6

Weaver, G.D. C.L. Dudek, D.R. Hatcher, W.R. Stockton.  Approach to Real-Time Diversion of Freeway Traffic for Special Events.  In Transportation Research Record 644, TRB, National Research Council, Washington, 1977, pp. 57-61.

Abstract (Appended)

In Dallas on July 4, 1976, freeway motorists destined for a fireworks display were diverted to an alternative arterial route (Fitzhugh Avenue).  The object was to validate primary candidate messages and displays resulting from extensive laboratory studies of human factors.  

Two primary candidate messages were displayed at different times on matrix signs located on the Central Expressway.  The two primary candidate messages were selected for evaluation.  These messages were the results of previous extensive human factors laboratory studies.

The results revealed that an average of 12.6 percent of the drivers routinely chose the Fitzhugh route (no message displayed).  Subtracting the 12.6 percent from the percentage using Fitzhugh Avenue when specific messages were displayed yielded the following results: Message 1 with redundant sign message elements influenced 56.2 percent of the drivers to divert to the alternative route; Message 2 with advanced warning and route information resulted in 43.8 percent diversion.  On the average, 52.4 percent of the drivers diverted in response to the sign messages.

Reference 7

Dudek, C.L., G.D. Weaver, D.R. Hatcher, S.R. Richards.  Field Evaluation of Messages for Real-Time Diversion of Freeway Traffic for Special Events.  In Transportation Research Record 682, TRB, National Research Council, Washington, 1978, pp. 37-45.

Abstract (Appended)

This paper presents the results of special-event route-diversion studies conducted in Dallas to evaluate 14 primary-candidate real-time messages that had resulted from extensive human-factors laboratory studies.  Diversion messages were displayed during the Texas State Fair in 1976 and during the University of Texas and University of Oklahoma football game that was played on one of the days of the fair.  Diversion messages were also displayed during the Cotton Bowl football game on January 1, 1977.  Therefore, the effects of the messages for special events that have variable starting times (e.g., fair activities) and special events that have fixed starting times (e.g., football games) were evaluated.

The messages were displayed on transportable lamp matrix changeable message signs (CMSs) located on overpasses of the freeway.  Two signs, spaced about ½ mile apart, were used for nine of the twelve messages tested in October 1976; one sign was used for the other three messages.  Only one sign was used during the January 1977 studies.  

Diversion was from a freeway to a 4.35-mile arterial street alternative route.  Both three- and four-unit messages were displayed.  All messages were two-frame messages that were displayed at a rate of four seconds per frame.

The results of the October 1976 studies for a special event that had variable starting times (state fair) showed that all of the messages studied were effective in encouraging motorists to divert to the alternative arterial route.  From 63 to 83 percent of the motorists destined to the event used the diversion route when a message was displayed.  In effect, an additional 30 to 67 percent of motorists destined to the special event diverted in response to the messages  (Some of the motorists would use the route regardless of whether a message was displayed.)  

The results of the October 1976 studies for a special event that had a fixed starting time (Texas-Oklahoma football game) showed that all of the messages studied were effective in encouraging motorists to divert to the alternative arterial route.  From 79 to 89 percent of the motorists destined to the event used the diversion route when a message was displayed.  In effect, an additional 34 to 44 percent of motorists destined to the special event diverted in response to the messages. 

The results of the January 1977 studies for a special event that had a fixed starting time (Cotton Bowl football game) showed that all of the messages studied were effective in encouraging motorists to divert to the alternative arterial route.  From 39 to 86 percent of the motorists destined to the event used the diversion route when a message was displayed.  In effect, an additional 10 to 58 percent of motorists destined to the special event diverted in response to the messages. 

Reference 8

Dudek, C.L., R. D. Huchingson, R. J. Koppa, M. L. Edwards.  Human Factors Requirements For Real-Time Motorist Information Displays; Vol. 10 – Human Factors Evaluation of Traffic State Descriptor Variables.  Report No. FHWA-RD-78-14.  FHWA, U.S. Department of Transportation, February 1978.

Abstract (Appended)

Laboratory research findings in eight topic areas dealing with message design criteria associated with traffic state descriptors are summarized in this document.  Studies were conducted in College Station, Texas, and many were replicated in Houston, Texas; St. Paul, Minnesota; and Los Angeles, California.  The research objectives dealt with issues of content, format and associated understanding of CMS messages.  Among the issues explored were minimum traffic state information requirements; traffic state descriptors; traffic state coding; location and length of congestion; lane blockage descriptors; incident types; and temporal information.   The results of these studies are too numerous to summarize.  However, the results were incorporated into Reference 9: Human Factors Requirements for Real-Time Motorist Information Displays Design Guide.

The following topics and studies were conducted:

1.
Minimum Traffic State Information Requirements

· Study 1: Information Requested by the Unfamiliar Driver

· Study 2: Effect of Driver Familiarity

· Study 3: Effect of Traffic Problem Severity

2.
Traffic State Descriptors

· Study 1: Number of Discriminating Traffic States

· Study 2: Descriptors for Extreme Traffic States

· Study 3: Verbal Descriptors for Level of Service

3.
Location and Length of Congestion

· Study 1: Descriptors for Congestion Location – Non-Commuters

· Study 2: Descriptors for Congestion Location – Commuters

4.
Lane Blockage (Closure) and Availability Descriptors

· Study 1: Verbal and Coding Methods – Understanding and Preferences for Messages

· Study 2: Verbal and Coding Methods – Understanding of Signs

· Study 3: Driver Interpretation of “Blocked” Versus “Closed” Messages

5.
Incident Types

· Study 1: Priority of Incident Information 

6.
Temporal Information

· Study 1: Expressed Need for Temporal Information

· Study 2: Delay Duration and Diversion

· Study 3: Time Saved and Diversion

· Study 4: Major and Minor Accidents and Delay

· Study 5: Meaning of Delay

· Study 6: Modes of Presenting Temporal Information

Reference 9

Dudek, C.L., R.D. Huchingson, W.R. Stockton, R.J. Koppa, S.H. Richards, T.M. Mast.  Human Factors Requirements for Real-Time Motorist Information Displays, Volume 1: Design Guide.  Report No. FHWA-RD-78-5.  FHWA, U.S. Department of Transportation, September 1978.

Abstract (Appended)

This document provides practical guidelines for the development, design, and operation of dynamic displays for motorists, both visual and auditory, for freeway traffic management.  The emphasis is on the recommended content of messages to be displayed in various traffic situations; the manner in which messages are to be displayed—format, coding, style, length, load, redundancy, and number of repetitions; and where messages should be placed with respect to the situations they are explaining.  The guidelines for visual and audio messages to be displayed in incident/route diversion situations were based upon research and operational experience

The subject matter in the Design Guide is basically restricted to human factors design considerations with respect to motorist information displays for traffic management in freeway corridors.  Once a decision has been made by the engineer to implement a motorist information system, the publication provides guidance in message selection and the manner of message presentation for specific situations.

This document is part of a seventeen-volume report entitled, Human Factors Requirements For Real-Time Motorist Information Displays.  Titles of all volumes are shown in the following table.

	Volume
	FHWA-RD

Number
	Title

	1
	78-5
	Design Guide

	2
	78-6
	State of the Art:  Messages and Displays in Freeway Corridors

	3
	78-7
	Summary of Systems in the United States

	4
	78-8
	Bibliography and Selected Annotations:  Visual Systems

	5
	78-9
	Bibliography and Selected Annotations:  Audio Systems

	6
	78-10
	Questionnaire Survey of Motorist Route Selection Criteria

	7
	78-11
	Analysis of Driver Requirements for Intercity Trips

	8
	78-12
	Analysis of Driver Requirements for Intracity Trips

	9
	78-13
	A Study of Physical Design Requirements for Motorist Information Matrix Signs

	10
	78-14
	Human Factors Evaluation of Traffic State Descriptor Variables

	11
	78-15
	Human Factors Evaluation of Route Diversion and Guidance Variables

	12
	78-16
	Supplement to Traffic State Descriptors and Route Diversion and Guidance Studies

	13
	78-17
	Human Factors Evaluation of Audio and Mixed Modal Variables

	14
	78-18
	Point Diversion for Special Events Field Studies

	15
	78-19
	Freeway Incident Management Field Studies

	16
	78-20
	Feasibility of Audio Signing Techniques

	17
	78-21
	Driver Response to Diversionary Information


The Design Guide contains message design and display guidelines that are too numerous to summarize in this Abstract.  The list of the sixteen chapters, shown below, that address CMS message design serves to illustrate the scope of the Design Guide.

1. INTRODUCTION

· Purpose

· Scope

· The Need for a Design Guide

· Making Better Use of Existing Facilities

· Problems in Traffic Management

· Are Real-Time Display Systems for My Facility?

· Incident Management and Single Point Diversion Signing

· Systems Concepts—Is There a Difference?

· When is a Sign a Sign?

· Design Guide Format

2. SOME GENERAL CONSIDERATIONS

· Maintain Credibility

· When to Display Messages

· Always Display a Message

· Display Only When Unusual Conditions Exist

· Recommendation

· Set Objectives

· Examples of Objective Setting

· Determine the Audience Before Selecting a Message

· Some Reasons Why Drivers Will Not Divert

· Titles on Freeway Signs

3. SIGNING ELEMENTS AND CHARACTERISTICS

· Signing System Elements

· Advisory Signs

· Guide Signs

· Advance Signs

· Message Content

· Advisory Sign Message Elements

· Guide Sign Message Elements

· Advance Sign Message Elements

· Message Load (Unit) and Length

· Message Format

· Sequential and Run-on Formats

· Splitting Messages (Chunking)

· Message Redundancy

· Repetition

· Redundancy in Coded Information

· Redundancy in Word Messages

4. VISUAL DISPLAY CLASSIFICATION

· Display Terminology

· Single vs. Multiple Message Displays

· Single Message Displays

· Multiple Message Displays

· Classification of Visual Displays

· Levels of Traffic Management

5. SUMMARY OF GUIDELINES

· Design of Advisory Sign Problem and Effect Message Statements (Chapter 6)

· Design of Advisory Sign Attention and Action Message Statements (Chapter 7)

· Advance Signs (Chapter 8)

· Guide Signs (Trailblazers) For Arterial Alternate Routes (Chapter 9)

· Guidelines for Message Length, Exposure Times, and Display Format (Chapter 10)

· Visibility and Legibility criteria (Chapter 14)

· Guidelines for Advisory Sign Location in Urban Areas

6. DESIGN OF ADVISORY SIGN PROBLEM AND EFFECT MESSAGE STATEMENTS

· Warning of Slow Traffic

· Incident Messages

· Location of Incident

· Unfamiliar Drivers

· Familiar Drivers

· Traffic State Messages

· General

· Number of Traffic States (Conditions)

· Relative Association of Traffic State Descriptors

· Coding Traffic State Descriptor Messages

· Letter Grade Descriptors

· Number Grade Descriptors

· Lane Blockage (Closure)

· Two- and Three-Lane Freeway Sections

· Four or More Lanes

· Location and Length of Congestion 

· Unfamiliar Drivers

· Familiar Drivers

· Exit Numbers

· Temporal Information

· Number of Levels

· Verbal Messages

· Formats of Messages with Temporal Information

· Travel Time Messages

· Variable Speed Messages

7. DESIGN OF ADVISORY SIGN ATTENTION AND ACTION MESSAGE STATEMENTS

· Attention Message Statement

· General

· Use of the Word “Traffic”

· City Destinations

· Major Generator Destinations

· Special Activity Destinations

· Action Message Statement

· General

· Highway Names, Route Numbers, and Route Markers

· Diversion Route Name

· “Use,” “Take,” and “Follow”—Verb Selection in Action Message Statements

· Exit Designation

· Route Assurance Information for Incident Bypass

· Intracity Bypass Route Pattern

· Symbol and Logo Codes

· Interstate Numbers and Designator Names for Loop Freeways

8. ADVANCE SIGNS

· Introduction

· Diversion to an Arterial Route – Several Possible Alternate Routes

· Diversion to a Major Arterial Route – One Possible Alternate Route

· Diversion of Thru Traffic to a Freeway Loop

9. GUIDE SIGNS (TRAILBLAZERS) FOR ARTERIAL ALTERNATE ROUTES

· Trailblazers for Diversion Along an Arterial Route

· Designs

· Arrows

· Ramp/Service Road Junction

· Pull Thru Signs

· Trailblazer Code Explanation

· Route Confirmation

· Location of Trailblazer Signs

· Supplementary Information

· Trailblazers for Diversion to Another Major Highway

· Trailblazers for Diversion Around Incidents

· Situations Using Diversion Route Names

· Situations Using Street Names

· Multiple Destination Signs

· Trailblazers for Intercity Diversion

· Designs

· Route Assurance

· Forgiving Signing

10. GUIDELINES FOR MESSAGE LENGTH, EXPOSURE TIME, AND DISPLAY FORMAT

· Introduction

· Factors Affecting Reading Time

· Driver Work Load

· Message Load

· Message Length

· Message Familiarity

· Reading and Message Exposure Times for Familiar Drivers

· Reading and Message Exposure Times for Unfamiliar Drivers

· Display Formats

· Discrete Display Formats

· Sequential Display Formats

· Required Legibility Distance

11. LEVELS OF ADVISORY SIGN MESSAGE ELEMENTS FOR INCIDENT MANAGEMENT

· Situation 1—Diversion to a Frontage Road

· Introduction

· General Messages

· Specific Diversion Messages

· Situation 2—Diversion to an Arterial Bypass

· Introduction

· General Messages

· Specific Diversion Messages

· Arterial Bypass Messages Without Trailblazers

12. LEVELS OF ADVISORY SIGN MESSAGES FOR POINT DIVERSION TO MAJOR GENERATORS—SPECIAL EVENTS

· Relative Effectiveness of Messages

· Situation 1—Indirect Arterial Diversion Route Perpendicular to the Freeway

· Introduction

· Non-Incident Conditions

· Incident Conditions

· Situation 2—Indirect Arterial Diversion Route Parallel to the Freeway

· Introduction

· Message Design

· Situation 3—Direct Arterial Diversion Route

· Introduction

· Message Design

13. LEVELS OF ADVISORY SIGN MESSAGES FOR POINT DIVERSION TO MAJOR GENERATORS—COMMUTER TRAFFIC

· Situation 1—Indirect Arterial Diversion Route Perpendicular to the Freeway

· Introduction

· Messages

· Simplest Diversion Message

· Diversion and Qualitative Traffic State Descriptor Messages

· Diversion and Quantitative Traffic State Descriptor Messages

· Situation 2—Indirect Arterial Diversion Route Parallel to the Freeway

· Introduction

· Message Design

· Situation 3—Direct Arterial Diversion Route

· Introduction

· Message Design

14. VISIBILITY AND LEGIBILITY CRITERIA

· Light-Reflecting (Painted) Signs

· Brightness

· Brightness Contrast

· Contrast Between Legend and Background

· Contrast Between Sign and Environment

· Considerations in Color Usage

· Sign Size

· Letter Height and Stroke Width

· Spacing of Letters, Words, and Lines

· Light-Emitting (Internally Illuminated) Signs

· Brightness Contrast

· Letter Height and Stroke Width

· Spacing

· Alphabet and Font

· Lamp Replacement

· Coding of Information on Signs

· Color Coding

· Shape Coding

· Other Coding Techniques

15. GUIDELINES FOR ADVISORY SIGN LOCATION IN URBAN AREAS

· General Location Guidelines

· General Spacing Guidelines

· General

· The LAAFSCP Experience

· The Dallas Experience

· Summary

· Location With Respect to Exit Ramps and Advance Guide Signs

· Spacing Between the Advisory CMS and Advance Guide Signs

· Spacing on Freeways With No Advance Guide Signs

16. TYPES AND CHARACTERISTICS OF CHANGEABLE MESSAGE SIGNS

· Characteristics of Various Types of CMSs

· Static Sign

· Fold-out (Flap) Sign

· Blank-out Sign

· Rotating Drum Sign

· Rotating Tape (Scroll) Sign

· Bulb-type Matrix Sign

· Disk-type Matrix Sign

· Electrostatic Vane Matrix Sign

· Flap Matrix Sign

· Fiber Optic Sign

· Special Considerations

· Hybrid Displays

· Transportable Signs

Reference 10

Stockton, W. R. and C.L. Dudek.  Legibility of a Lamp Matrix Sign.  In Transportation Research Record 683, TRB, National Research Council, Washington, 1978, pp. 5-7.

Abstract

Controlled field studies were conducted to determine the legibility of a trailer-mounted lamp matrix sign that displayed 18-in (46-cm) characters.  

The mean legibility distance for all subjects was about 840 ft (255 m).  This distance translates to 46.7 ft/in (5.58 m/cm) of letter height.  The median legibility distance was 860 ft (261 m), but for the 85th percentile the legibility distance was only 637 ft (194 m).  These distances translate to 47.8 ft/in (5.72 m/cm) and 35.4 ft/in (4.24 m/cm), respectively.

Reference 11

Turner, J.M., C.L. Dudek, and J.D. Carvell.  Real-Time Diversion of Freeway Traffic During Maintenance Operations.  In Transportation Research Record 683, TRB, National Research Council, Washington, 1978, pp. 8-9.

Abstract

A portable changeable message sign was used to divert freeway motorists around maintenance operations requiring lane closures.  In every case when the CMS was used, exit ramp volumes increased significantly in comparison to the measured natural diversion (CMS was not used).  Entrance ramp volumes downstream of the roadwork also increased significantly in comparison to when the CMS was not used.

Reference 12

Dudek, C.L., and R. D. Huchingson, R.D. Williams, R. J. Koppa.  Human Factors Design of Dynamic Visual and Auditory Displays for Metropolitan Traffic Management, Vol. 2 – Dynamic Visual Displays.  Report No. FHWA/RD-81/040.  FHWA, U.S. Department of Transportation, January 1981.

Abstract (Appended)

The studies reported in this report were concerned with the development of recommendations for the design of dynamic visual displays (changeable message signs) and auditory displays (highway advisory radio) for use in managing traffic in metropolitan areas.  This report contains the results of laboratory, proving ground, and in-situ controlled field studies aimed at developing recommendations for dynamic displays.  Bulb and disk matrix signs were investigated, but the design recommendations apply to dynamic displays in general.  Specific areas investigated included those listed below.

17. Message factors

· Traffic control abbreviations

· Message configuration and sequencing

· Message load and exposure rate

18. Accentuation factors

· Line accentuation by color, flashing, and double stroke

19. Dynamic factors

· Sequencing rates and message load

· Message configuration and load

· Message load and continuous cycling

· Cycling one line of a message on a three-line CMS

20. Visibility factors

· Comparison of bulb matrix vs. disk and square matrix elements 

· Effects of sun position on legibility of bulb matrix CMSs

Reference 13

Huchingson R.D., Dudek, C.L.  How to Abbreviate on Highway Signs.  In Transportation Research Record 904, TRB, National Research Council, Washington, 1983, pp. 1-3.

Abstract (Authors)

Abbreviations for 80 traffic-related words evaluated by having a sample of drivers compose abbreviations and then having a different sample identify the word after being given the most popular abbreviation.  Abbreviations were classified by percentage of subjects who correctly identified the words when presented alone and, again, when presented in the context of another word.  The researchers identified strategies employed in abbreviating words, explored the relation between highly stereotyped abbreviations and success in understanding them, and recommended a set of abbreviations that likely could be used successfully on CMSss.

Reference 14

Dudek, C.L. and R.D. Huchingson.  Manual on Real-Time Motorist Information Displays.  Report No. FHWA-IP-86-16.  FHWA, U.S. Department of Transportation, August 1986. 

Abstract (Appended)

The Manual on Real-Time Motorist Information Displays was an update and condensation of the Design Guide report entitled Human Factors Requirements for Real-Time Motorist Information Displays, Volume 1: Design Guide that was written by the Texas Transportation Institute for FHWA in 1978.  The latter Manual provides practical guidelines for the development, design, and operation of dynamic displays for motorists, both visual and auditory, for freeway traffic management.  

The Manual on Real-Time Motorist Information Displays contains message design and display guidelines that are too numerous to summarize in this Abstract.  The list of the eighteen chapters, show below, serves to illustrate the scope of the Manual.

21. INTRODUCTION

· Purpose

· Scope

· The Need for a Design Guide

· Making Better Use of Existing Facilities

· Incident Management and Single Point Diversion Signing Systems Concepts—Is There a Difference?

· When Is a Sign a Sign

· Manual Format

22. SOME GENERAL CONSIDERATIONS

· Maintain Credibility

· When to Display Messages

· Set Objectives

· Determine the Audience Before Selecting a Message

· Some Reasons Why Drivers Will Not Divert

23. SIGNING ELEMENTS AND CHARACTERISTICS

· Signing System Elements

· Message Content

· Message Load (Unit) and Length

· Message Format

· Message Redundancy

24. DESIGN OF ADVISORY SIGNS – PROBLEM AND EFFECT MESSAGE STATEMENTS

· Warning of Slow Traffic

· Incident Messages

· Location of Incidents

· Traffic State Messages

· Lane Blockage (Closure)

· Location and Length of Congestion

· Delay and Time Saved Information

· Abbreviations

25. DESIGN OF ADVISORY SIGN ATTENTION AND ACTION MESSAGE STATEMENTS

· Attention Message Statement

· Action Message Statement

26. ADVANCE SIGNS

· Introduction

· Diversion to an Arterial Route – Several Possible Alternate Routes

· Diversion to a Major Arterial Route – One Possible Alternate Route

· Diversion of Thru Traffic to a Freeway Loop

27. GUIDE SIGNS (TRAILBLAZERS) FOR ARTERIAL ALTERNATE ROUTES

· Introduction

· Trailblazers for Diversion to a Major Generator

· Trailblazers for Diversion to Another Major Highway

· Trailblazers for Diversion Around Incidents

· Trailblazers for Intercity Diversion

28. GUIDELINES FOR MESSAGE LENGTH, EXPOSURE TIME AND DISPLAY FORMAT

· Introduction

· Factors Affecting Reading Time

· Driver Work Load

· Message Load

· Message Length

· Message Familiarity

· Display Formats

· Required Legibility Distance (Side-mounted Signs)

29. LEVELS OF ADVISORY SIGN MESSAGES FOR INCIDENT MANAGEMENT

· Introduction

· Basic Situations

· General Messages

· Specific Diversion Message

· Arterial Bypass Messages—No Trailblazers on Arterial

30. LEVELS OF ADVISORY SIGN MESSAGES FOR POINT DIVERSION TO MAJOR GENERATORS

· Introduction

· Relative Effectiveness of Messages

· Basic Situations

· Non-Incident Conditions

· Incident Conditions

31. VISIBILITY AND LEGIBILITY CRITERIA

· Light-Reflecting (Painted) Signs

· Light-Emitting (Internally Illuminated) Signs

· Coding of Information on Signs

32. GUIDELINES FOR ADVISORY SIGN LOCATION IN URBAN AREAS

· General Location Guidelines

· General Spacing Guidelines

· Location with Respect to Exit Ramps and Advance Guide Signs

· Spacing Between the Advisory CMS and Advance Guide Signs

· Spacing on Freeways with No Advance Guide Signs

33. TYPES AND CHARACTERISTICS OF CHANGEABLE MESSAGE SIGNS

· Characteristics of Various Types of CMSs

· Special Considerations

34. LANGUAGE STYLE AND MESSAGE FORMAT, LOAD, LENGTH, AND REDUNDANCY

· Language Style

· Message Format

· Message Load (Unit), Length, and Redundancy

35. DESIGN OF ATTENTION AND ACTION MESSAGE STATEMENTS

· Attention Message Statements

· Problem and Effect Message Statements

· Action Message Statements

36. ADVANCE SIGNS

· Types

· Message Design

· Location of Advance Signs

Reference 15

Smiley, A. and R. Dewar.  Changeable Message Signs – A Driver Preference Survey. Research Report.  Research and Development Branch, Ontario Ministry of Transportation, Downsview, Ontario, Canada.  December 1988.

Abstract

The authors describe the results of a questionnaire study conducted at driver’s licensing stations in three locations in and around Ontario, Canada.  Questions were asked about the following:

37. Driver preference for the kinds of information they would like to see about traffic problems;

38. The distance in advance of those incidents such information should be given;

39. Driver interpretation of phrases commonly used on changeable message signs; and 

40. Driver report-responses to various diversionary and advisory messages.

In addition to English messages, the survey was translated so that a small (<40) group of Italian and Chinese drivers (the largest non-English European and non-European populations in Ontario) could be tested as well.  

Reference 16

Colomb, M. and R. Hubert.  Legibility and Contrast Requirements of Variable-Message Signs.   In Transportation Research Record 1318, TRB, National Research Council, 1991, pp. 137-141.
Abstract (Authors)

New technologies such as optic fibers and light-emitting diodes are now used for information matrix signs.  A field study was carried out in France to evaluate the best conditions for the legibility of these signs during the day and at night.  For legibility criteria, the contrast between the letters and the sign background was chosen for daylight conditions and the luminance of the letters for night conditions.  The performance of some commercially available signs was compared with the study results

Reference 17

Dudek, C.L.  Guidelines on the Use of Changeable Message Signs.  Report No. FHWA-TS-90-043.  FHWA, U.S. Department of Transportation, May 1991. 

Abstract (Paraphrased)

The Guidelines on the Use of Changeable Message Signs report is an update of the 1986 Manual on Real-Time Motorist Information Displays.  It provides guidance on 1) selection of the appropriate type of changeable message sign (CMS) display; 2) the design and maintenance of CMSs to improve target value and motorist reception of messages; and 3) pitfalls to be avoided.  The guidelines and updated information were based on research results and on practices employed by highway agencies in the United States, Canada, and Western Europe.  CMS technology developments since 1984 are emphasized.

The author concentrates on design issues relative to CMSs with special emphasis on visual aspects, but does not establish specific criteria to determine whether to implement displays.  The intent was to address display design issues for diverse systems ranging from highly versatile signing systems integrated with elaborate freeway corridor surveillance and control operations to low cost, less sophisticated surveillance and signing systems intended to alleviate a single specific problem.  

Reference 18

Van der Horst, R., W. Janssen, and J.E. Korteling.  Measuring Effects of Variable Message Signing on Route-Choice and Driving Behavior.  Proceedings of the Conference Strategic Highway Research and Traffic Safety on Two Continents, Gothenburg, Sweden, September 18-20, 1991, pp. 75-84.

Abstract (Authors)

Certain parts of a road network may suffer from congestion, whereas other road sections still have spare capacity.  As a part of a dynamic traffic management system that aims at an optimal use of the whole network, Variable Message Signing (VMS) may be a means for diverging traffic flow from an originally intended route to an alternative one.

The tendency to diverge will depend on the manner the information is presented to the driver.  In a driving simulator study, different implementations of VMS were evaluated in terms of route-choice and driving behavior.  The VMS elements that were varied included 1) the removal of the critical destination from the main route sing together with adding this destination on the exit sign, 2) the crossing out of the critical destination on the main sign by a red line, and 3) an indication of the reason that diverging is advised by the use of the message “queue” displayed in conjunction with 2).  These three elements were also combined with a yellow flasher after the added destination on the exit sign, resulting in six VMS configurations.  Motivation was controlled by a special pay-off structure with two penalty schemes, a modest one with a one-guilder penalty and a severe one with a two-guilder penalty for every minute late.  Each subject conducted 60 runs, of which 14 were with VMS.  48 males subjects participated in the study.

The proportion of VMS runs in which the advice to diverge was not followed by the subjects appeared to be dependent of the type of VMS and ranged from 0.9 to 27 percent.  The combination of the indication “queue” and the crossed out destination on the main sign resulted in the highest proportion of persuasiveness of VMS.  The flasher was only effective when the crossing out was applied separately.  In this study, a decision-making process such as route-choice had an influence on the resulting driving behavior at and near the decision point.  A high inclination to diverge appeared to be accompanied by early exiting and the maintaining of a relatively high speed, indicating less hesitating behavior than in conditions with a low propensity.

From a methodological point of view, it is interesting to conclude that apart from perceptual motor tasks, also cognitive and motivational aspects can be studied successfully in a driving simulator.

Reference 19

Upchurch, J., J. D. Armstrong, M. H. Baaj, and G. B. Thomas.  Evaluation of Variable Message Signs: Target Value, Legibility, and Viewing Comfort.   In Transportation Research Record 1376, TRB, National Research Council, 1992, pp. 35-40.
Abstract (Authors)

Three different technologies for variable message signs were evaluated in terms of target value, legibility distance, and viewing comfort.  The technologies evaluated were flip disk, light-emitting diode (LED), and fiber optic.  For comparison purposes, conventional overhead guide signs were also evaluated.  Twelve signs were evaluated in the field in a human factors study; hired observers measured target value and legibility distance from a moving vehicle on the freeway and subjectively evaluated viewing comfort.  Observations were made under four lighting conditions: midday, night, washout, and backlight.  

For target value, legibility distance, and viewing comfort, fiber-optic signs performed better than LED signs in most conditions.  However, both types have acceptable performance overall.  The effects of observer age were identified and documented.  Both fiber-optic and LED signs are recommended as acceptable for the freeway management system in the Phoenix, Arizona urban area.

Reference 20

Wilson, E. M. and S. G. Pouliot.  Motorist Information Needs and Changeable Sign Messages for Adverse Winter Travel.  Research Report 92-11.  Mountain-Plains Consortium, University of Wyoming, May 1992

Abstract

The purpose of this study was to evaluate motorists’ information needs during adverse winter travel conditions, and the application of this information to changeable message signs. Local commuters and interstate truck traffic along Interstate 80 in southeast Wyoming were the principal source of information.  Laboratory studies, field surveys, and supplemental surveys were used for the collection of data.

Specific objectives of this research were to identify and separate user groups within the study population; to identify information consistencies within user groups for particular adverse winter travel conditions; to determine the priority of winter travel information needs; and to develop changeable sign messages to be displayed for different adverse weather travel conditions.

Reference 21
Miller, J.S., B.L. Smith, B.R. Norman, and M.J. Demetsky.  Development of Manuals for the Effective Use of Variable Message Signs.  Report No. VTRC 95-R15.  Virginia Transportation Research Council, Charlottesville, Virginia, January 1995.
Abstract (Authors)
A comprehensive research effort to develop operator’s manuals for variable message signs (VMSs) was undertaken to improve the operations of both portable and permanent (fixed-site) VMSs in Virginia.  This report describes the development of two manuals, the Permanent VMS Operator’s Manual and the Portable VMS Operator’s Manual, which will be published separately.

These manuals were based on information obtained from the literature, VMS operators, and motorists.  Issues addressed by the manuals include when VMS should be used, where portable VMS should be placed, and the design of the VMS message.  The manuals are not simply a list of predefined messages.  They are a series of concise modules guiding the operator through the thought process required to use a VMS effectively.  The operator follows a logical decision tree from module to module, to achieve the best placement and best message for a VMS.  Effective VMS use actually requires a complex thought process, despite the apparent simplicity of the messages.

The manuals include essential material about VMS operation.  Based on theoretical calculations and motorists’ experiences, it is strongly recommended that a VMS use no more than two message screens.  A single message screen is preferred.  VMSs should be used only to advise drivers of changed traffic conditions and convey specific traffic information concisely.  Due to limited information capabilities, VMSs should be used in conjunction with other means of communication such highway advisory radio and static signs.  Most importantly, it is crucial that credibility by maintained.  Incorrect information can have extreme consequences in terms of VMS effectiveness.

Reference 22
Portable VMS Operator’s Manual.  Virginia Department of Transportation, February 1995.

Abstract (Authors)
This manual is organized into 17 modules, and three appendices provide additional information which may also be useful.  These modules are designed to guide operators through the VMS thought process, with each module representing a distinct decision.  The modules begin with the decision to use, or not to use, a VMS and conclude with the decision to remove the VMS or alter the message.  The modules are presented in the order shown below.  Finally, decision boxes at the conclusion of each module instruct the reader what to do next.  Thus the reader may use modules as a step-by-step process for using a VMS effectively for a particular application.

1.
Should a VMS be used?

2.
What is the purpose of the VMS?

3.
Where should the VMS be located?

4.
What is the maximum number of screens that may be used?

41. What is the message type?

42. What is the message? (current incident or work zone advisory)

43. What is the message? (route diversion)

44. What is the message? (guidance for special event)

45. What is the message? (advisory for future event)

46. How should distances and locations be conveyed?

47. Are the words ‘TRAFFIC” and “AHEAD” necessary?

48. Is the word “NEXT” used only as necessary?

49. How should the VMS message be sequenced?

50. Is the message acceptable?

51. How should the message be displayed?

52. Does the VMS pass the drive-through test?

53. When should the message be updated, modified, or discontinued?
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I-95 Northeast Consultants, and Scientex Corporation.  Project No. 9 Coordinated VMS/HAR Strategies Task 2 VMS/HAR Operations Guidelines and Recommended Practices – Quick Reference Guide.  Report No. I-95 CC 9-95-09A.  FHWA, U.S. Department of Transportation, Washington, D.C., June 1995.
Abstract (Authors)

A quick reference guide to the parent document VMS/HAR Operations Guidelines and Recommended Practices.  The reference guide covers a variety of topics including: where to place the messages, the responsibilities of the agencies involved, incident actions, guidelines for developing VMS and HAR messages, VMS/HAR operations, and VMS programming and HAR broadcasting guidelines.

Reference 24

Catchpole, J., A. Hancock, and P. Cairney.  Driver Comprehension of Formats for Presenting Traffic Information on Dynamic Signs.  ARR Report 269, ARRB Transport Research Ltd., Victoria, Australia, September 1995.

Abstract (Paraphrased)

Two complementary methods were used to collect information about driver reaction to the various signs formats under consideration.  Interviews with individual drivers (sample size = 200) were conducted in order to quantify the proportion who correctly understood each of the sign formats, the proportion who preferred each format and the dependence of these quantities on patterns of usage of the SE Arterial and demographic characteristics.  Group discussion sessions (sample size = 200 participants total) were also conducted in order to explore in greater depth issues such as how people go about making decisions; the most useful sort of information to support these decisions; and the sorts of difficulties or confusions that could possibly arise with the different sign formats.  Group discussions, being interactive, provided an opportunity for the researcher to follow up ideas raised by participants; however, they are not a good way to quantify the proportion of drivers making each response.  

The formats investigated were graphic images of several roadway segments immediately downstream of the sign.  The authors varied the type of information shown next to each segment (average speed, travel times [point-to-point and cumulative], and verbal descriptions), and whether the information was black-and-white or color-coded.

Reference 25
Evaluation of the Highway 401 Freeway Traffic Management System, Part 2: Drivers’ Responses to Changeable Message Signs.  Prepared by Institute for Social Research, York University, and Delcan Corporation for the Ministry of Transportation of Ontario, Advanced Traffic Management Section, November 1995.
Abstract (Authors)
This report presents the results of an evaluation of drivers’ responses to changeable message signs (CMSs) on Highway 401 in the Toronto area.  The evaluation combined qualitative and quantitative research methods.  Six focus groups were conducted with drivers and provided information for the design of a telephone survey of 624 drivers.

The research examined several aspects of drivers’ responses to CMSs located in the Toronto area.  It investigated: general awareness of CMSs; perceptions about the extent to which CMSs were understandable and useful; perceptions about the meaning of specific representative CMS messages; actions taken in response to specific messages; and suggestions for improvement.  The data were analyzed to determine whether drivers’ responses varied according to several characteristics: the age and gender of the driver, the number of years traveling the highway, and the time of day that they traveled most often on the highway.

Reference 26

Knoblauch, R. , M. Nitzburg, R. Seifert, H. McGee, and K. Daily.  Uniform Traffic Control and Warning Message for Portable Changeable Message Signs.  Report No. FHWA-RD-95-171.  FHWA, U.S. Department of Transportation, Washington, D.C., December 1995.

Abstract (Authors)

The objective of this study was to develop and test word and symbol traffic control and hazard message for portable changeable message signs (PCMS).  The messages were designed for the standard PCMS with three lines of eight characters.  Each character is composed of 35 dots (7 high by 5 wide).  For symbols a sign with a matrix of dots 16 high by 430 wide was used.  Only single sign, non-sequential messages were tested.

First, a comprehensive listing of candidate PCMS messages was developed. This was done by interviewing State highway engineers, surveying PCMS manufacturers and questioning motorist.  More than 800 messages were identified for 30 PCMS usage situations.  A series of laboratory testing procedures was conducted.  First, the most effective key words or phrases were identified.  Then the role of modifiers and cautionary messages was determined.  In those situations where subjects did not express an overwhelming sign preference, additional field tests were done.  The detection distances of the candidate messages were determined using a PCMS under both day and night conditions.  

The study results were used to select a “recommended” message for each of 30 conditions where PCMSs could be used.

Reference 27

Clarke, C.A, K.R. Marshall, P.M. Luedke, and B.L. Smith.  Determining Traffic Information Zones for the I-95 Northeast Corridor.  Proceedings, 1996 ITS America Annual Meeting, Houston, TX, pp. 75-91

Abstract (Paraphrased)

The I-95 Corridor Coalition requested the development of coordinated strategies for the use of variable message signs and highway advisory radio (VMS/HAR) in the corridor to furnish motorists with real-time and reliable information.  Because motorist information needs vary according to their location, this paper presents a procedure to partition an incident area into information zones.  The information to be provided in each of these zones based on the information needs of the motorists is discussed.  The procedure is then extended to include multiple incidents and development of a priority for messages on VMS/HAR devices during the occurrence of multiple incidents.
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Emmerink, R.H.M., P. Nijkamp, P. Rietveld, and J.N. Van Ommeren.  Variable Message Signs and Radio Traffic Information: In Integrated Empirical Analysis of Driver’s Route Choice Behaviour.  In Transportation Research A, Vol. 20, No. 2, 1996, pp. 135-153.

Abstract (Authors)

In this paper, we analyze the impact of both radio traffic information and variable message sign information on route choice behavior.  The empirical analysis is based on an extensive survey held among road users in the Amsterdam corridor in July 1994.  The data is stemming from the EC DRIVE II project BATT.  To analyze the factors that influence route choice behavior, several types of discrete choice models (ordered probit, multiple logit and bivariate ordered probit) have been estimated.  Bivariate models are needed to model the (endogenous) dependency of the use of radio traffic information and variable message sign information.  

The results confirm earlier findings that women are less likely to be influenced by traffic information.  New is the finding that commuters are less likely to be influenced, and that the level of satisfaction with alternative routes is strongly related to the type and distance of the alternative road.  The analysis also reveals that the impacts of radio traffic information and variable message sign information on route choice behavior are very similar, and that route choice adaptations based on radio traffic information are positively related to route choice adaptations based on variable message sign information. An interesting issue is the willingness-to-pay for having in-vehicle dynamic traffic information.  As expected, the willingness-to-pay is relatively large for male drivers on business trips.  Another important new finding is that the results suggest that there is a positive correlation between the use of radio traffic information and variable message sign information.

Reference 29
Benson, B.G.  Motorist Attitudes About Content of Variable Message Signs.  In Transportation Research Record 1550, TRB, National Research Council, 1996, pp. 48-57.

Abstract (Author)

Attitudes regarding the content of messages on variable message signs (VMSs) are explored.  Seven focus groups and a survey of more than 500 motorists in the Washington D.C. area were carried out.  Key findings are as follows.  Motorists are evenly divided between those who regularly rely on VMSs and those who do not.  Demographic variables have little influence on motorist attitudes about VMSs, except for a few cases involving level of education.  Respondents are well disposed to VMS messages that are simple, reliable and useful.  Thus, noting the exact location of accidents, time-tagging traffic information, and posting anti-rubbernecking messages received high levels of support.  Proposals failing in any of these regards were met with less interest, including delay, time estimates, safety messages, and posting of alternative routes.

Reference 30
Garvey, P.M., and D.J. Mace.  Changeable Message Sign Visibility.  Report No. FHWA-RD-94-077.  FHWA, U.S. Department of Transportation, April 1996.

Abstract (Authors)
The objective of this contract was to identify problems with the visibility of CMSs, particularly for older drivers, and to develop design guidelines and operational recommendations to ensure adequate conspicuity and legibility of in-service CMSs.  This project was divided into three main sections: a field survey of in-use CMss, a series of laboratory experiments and static field studies, and a partially controlled dynamic field study.  The research was designed to optimize CMS components, including the character variables (font, width-to-height ratio, color, and contrast orientation) and the message variables (inter-letter, inter-word, and inter-line spacing).

Reference 31

Dudek, C.L.  Changeable Message Signs.  Synthesis of Highway Practice No. 237.  National Cooperative Highway Research Program, TRB, National Research Council, Washington, 1997.

Abstract (Paraphrased)

This report is a synthesis of current (1995) practice in the use of changeable message signs (CMSs) in the United States and Ontario, Canada to manage traffic, emphasizing congestion reduction and accident prevention in urban and rural settings.  It updates National Cooperative Highway Research Program Synthesis of Highway Practice 61: Changeable Message Signs, which was published in July 1979.  This report also supplements the Federal Highway Administration (FHWA) 1986 report, Manual on Real-Time Motorist Information Displays, and 1991 report, Guidelines on the Use of Changeable Message Signs.

A survey was conducted to determine current (1978) practice with respect to the use of permanent-mounted CMSs.  Thirty-nine state departments of transportation, one turnpike authority and two Canadian province departments of transportation (42 agencies) responded to the survey.  Of these, 29 agencies reported using permanent-mounted CMSs.  Several findings were reported relative to the design, implementation, and application of CMSs within the states.  Recommendations are provided to improve the effectiveness of CMSs in the states.

Reference 32

Wardman, M., P.W. Bonsall, and J. D. Shires. Driver Response to Variable Message Signs: A Stated Preference Investigation.   In Transportation Research – C, Vol. 5, No. 6, 1997, pp. 389-405.
Abstract (Authors)

This paper uses a Stated Preference approach to undertake a detailed assessment of the effect on drivers’ route choice of information provided by variable message signs (VMS).  Although drivers’ response to VMS information will vary according to the availability of alternative routes and to the extent to which they are close substitutes, our findings show that route choice can be strongly influenced by the provision of information about traffic conditions ahead.  This has important implications for the use of VMS systems as part of comprehensive traffic management and control systems.  

The principal findings are that the impact of VMS information depends on: the content of the information, such as the cause of delay and its extent; local circumstances, such as relative journey times in normal conditions; and driver’s characteristics, such as their age, sex, and previous network knowledge.  The impact of qualitative indicators, visible queues, and delays were examined.  It was found that not only is delay time valued more highly than normal travel time, which is to be expected, but that drivers become more sensitive to delay time as delay times increased across the range presented.

Reference 33

Vercruyssen, M.  Variable Message Signage Content: Survey Test of Meaning and Simulation Test of Usability.  Report No. CTS 97-03.  Center for Transportation Studies, University of Minnesota, Minneapolis, MN, September 1997.

Abstract (Authors)

Successful communication with motorists concerning the presence and constraints of the roadway ahead is critical for improving safety and traffic flow in work zones.  The content of messages presented on static and variable message signs (VMSs) is especially important given that drivers must detect, comprehend, and translate signage information while being preoccupied to some degree with the task of driving their vehicle.

A survey study was conducted as a preliminary investigation into the information content of VMSs and other real-time motorist information displays used in road work zones.  Four VMSs were used in the survey.  The subject pool consisted of 75 volunteers (approximate mean age = 45 years) who stopped at a rest area on Interstate 35W (Northbound) just south of Rush City, Minnesota.  Two questions were asked about each sign concerning meaning and delay of journey.  Results showed that drivers could understand the content of a message, but could not always predict the consequences of the information.  Variations of three signs from this study were adapted for use in the simulation experiment.

Reference 34

Proffitt, D.R. and M.M. Wade.  Creating Effective Variable Message Signs: Human Factors Issues.  Report No. VTRC 98-CR31.  University of Virginia, Charlottesville, Virginia.  March 1998.

Abstract (Authors)

This report addresses the human factors issues related to the reading and comprehension of variable message sign (VMS) messages.  A review of the literature was conducted on factors that affect how people read VMSs.  Several topics were reviewed.  The first topic was literacy.  Since reading literacy is not a requirement for obtaining a driver’s license, VMS composition should reflect the varied reading competence levels of motorists.  It was found that about 25% of Virginians over the age of 16 are weak readers and will likely encounter problems reading VMSs.

The second topic addressed how people read.  Reading is an interactive process that derives much of its speed and accuracy from implicit knowledge acquired through familiarity.  This implies that VMS messages should present familiar, standardized content whenever possible.  

A review of the literature on warning signs was the third topic.  Effective warning signs should have several properties: Short, concise messages are both easier to read and more likely to be read.  Signal words, such as CAUTION, are not effective.

Finally, areas for further research were identified.  Symbolic messages and abbreviations are worthy of future investigation as they have the potential for easy recognition, provided they are familiar to motorists and can be accommodated by the VMS.  In addition, although the MUTCD advises angling the VMS away from the roadway to reduce headlight glare, angling the VMS toward the roadway could be desirable for increasing readability.  In both these areas, theoretical and practical work is needed.

The report recommends that these human factors characteristics and limitations be taken into consideration in the deployment of VMSs and in the composition of their messages.

Reference 35
Hustad, M.W. and C.L. Dudek C.L.  Driver Understanding of Abbreviations on Changeable Message Signs in New Jersey.  In Transportation Research Record 1689, TRB, National Research Council, Washington, 1999, pp. 46-52.

Abstract (Authors)

The objectives of this research were to evaluate abbreviations currently used on changeable message signs (CMSs) in New Jersey and develop new abbreviations specific to the needs of New Jersey transportation agencies.  A special emphasis was on developing abbreviated phrases that could be displayed on portable CMSs that have only eight characters per line.  Human factors laboratory studies were conducted in both New Jersey and Texas in which a list of abbreviations was given to drivers, who were asked to write down the meanings.  

The results revealed that a group of 18 abbreviations was quite well understood by New Jersey drivers and met the acceptability criterion of 85 percent of the drivers surveyed.  Other abbreviations were understood by 75 to 84 percent of New Jersey drivers, and it will require an extensive educational effort before they can be used on CMSs.  Some of the abbreviations were considered unacceptable.  There were regional differences with respect to driver understanding of some of the abbreviations.  Proper noun abbreviations were found that were understood by 85 percent or more of the drivers tested in New Jersey.  As expected, there were regional differences in New Jersey.  Generally, the proper noun abbreviations were understood better by drivers who live in the part of the state where the facility or structure is located whose name was abbreviated.

Reference 36

Dudek, C.L. Changeable Message Sign Messages for Work Zones: Time of Day, Days of Week, and Month Dates.  In Transportation Research Record 1692, TRB, National Research Council, Washington, 1999, pp. 1-8.

Abstract

The paper contains results of human factors laboratory studies that were conducted in New Jersey for the New Jersey Department of Transportation (NJDOT) to assess a variety of alternative words/phrases that might be used on portable CMSs in work zones in order to reduce the message length.  Studies were conducted in north New Jersey and South New Jersey.  A total of 104 drivers participated.  Several shorter alternative words/phrases were found to be acceptable; some were found to be unacceptable.
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Bonsall, P.W. and I. A. Palmer.  Route Choice in Response to Variable Message Signs: Factors Affecting Compliance.  In Behavioural and Network Impacts of Driver Information Systems. (R. Emmerink and P. Nijkamp, Ed.), Ashgate Publishing Company, Brookfield, Vermont, 1999, pp. 181-214.

Abstract (Paraphrased)

This chapter provides a review of research results worldwide (although predominantly emphasizing European experiences) on the use of variable message signs (VMS) to affect driver route choice behavior.  Key topics discussed include the following:

54. Data sources and methods of collecting data to understand route choice behavior and response to VMS,

55. Components constituting an effective VMS message to affect route choice,

56. Effectiveness of different messages,

57. Other factors influencing the effectiveness of messages, and

58. Modeling driver responses to VMS messages.

Reference 38

Ullman, G.L. and C.L. Dudek. Legibility Distance of Light-Emitting Diode (LED) Variable Message Signs.  CD-ROM Compendium, 6th World Congress on Intelligent Transport Systems, Toronto, Ontario, November 1999.  

Abstract (Authors)

In this paper, TTI researchers summarize the results of daytime and nighttime legibility distance studies of amber variable message signs (VMSs) utilizing aluminum indium gallium phosphide (AlInGaP) LEDs with 18-inch (457-mm) high characters.  Researchers performed proving ground studies under multiple sun position (daytime) and lighting (nighttime) conditions, and validated these studies with limited field-testing in Texas and New Jersey.  Three different driver age categories were examined: less than 45 years old, 60-74 years old, and greater than 75 years old.  

As expected, study results indicate significant differences in LED VMS legibility distance by age category.  However, legibility distances were only slightly affected by sun position (sun above sign, sun shining directly on sign face [washout], sun behind sign [backlit]) or by nighttime lighting condition around the VMS (no external lighting, oncoming headlight glare, overhead lighting).  Furthermore, these distances exceeded those measured in previous studies in which older LED VMS technology was utilized.

Reference 39

McCoy, P.T. and G. Pesti.  Incident Management – Changeable Message Sign Deployment Guidelines.  Final Report.  Department of Civil Engineering, University of Nebraska.  December 1999.

Abstract (Authors)

The objective of this research was to develop guidelines for the deployment of changeable message signs (CMSs) in support of incident management in the Omaha metropolitan area.   The guidelines presented in this report address the location and placement of the CMSs, design and display of CMS messages, alternate routes, and operation of the system.  The guidelines promote the deployment of a cost-effective CMS system that provides reliable driver information that will improve the safety and efficiency of freeway operations during incidents.  The CMS locations recommended in the guidelines are those which provide greatest benefits to road users per unit cost of the system.  The placement and message guidelines foster the readability, understandability, and credibility of the information displayed by the CMSs.  The alternate route description discusses the need for trailblazers to guide unfamiliar drivers and the importance of checking conditions on the alternate routes before diverting traffic to them.  The operation guidelines emphasize the importance of maintaining the credibility of the system.  Because of their high visibility and the amount of attention they will receive, at least initially, from the drivers and the news media, it would be much better to continue freeway operations without CMSs than to deploy CMSs that display unreliable information.
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Changeable Message Sign Study: Summary of Unaided Participant Responses.  Report prepared for the Minnesota Department of Transportation Meto Division Traffic Management Center by Marketline Research, Inc., Minneapolis Minnesota, January 2000.

Abstract (Authors)
The Minnesota Department of Transportation’s Traffic Management Center sponsored a series of six discussion groups dealing with the topic of changeable message signs (CMS) on metropolitan freeways.  The groups were held at the facilities of Quality Controlled Services located in Bloomington, Minnesota.  Mn/DOT contracted with MarketLine Research to design, direct, analyze, and report results of this project.

The discussion groups were designed to 1) determine if current messages being used are clear and understandable to drivers; 2) provide a forum for brainstorming the optimal message composition for typical traffic situations encountered ion metro freeways; 3) Identify, if any, differences in message use, understanding, and needs between peak, non-peak and professional freeway users, and 4) Assess what new uses for the CMS are potentially of worth to drivers; specifically, Mn/DOT promotional, safety, law enforcement and travel quality messages.

Reference 41
Durkop, B.R. and C.L. Dudek.  Texas Driver Understanding of Abbreviations for Dynamic Message Signs.  Report No. FHWA/TX-00/1882-1.  Texas Transportation Institute, College Station TX, February 2000.
Abstract (Authors)

This report presents recommendations to improve the design of messages for dynamic message signs (DMSs).  Specifically, it presents recommendations for effective abbreviations that can be used when the required DMS message exceeds the space available on a sign.  Abbreviations are especially useful in portable DMSs that have a space limitation of eight characters per line.  The recommendations are made based on the results of human factors studies that were conducted in the following six TxDOT districts:  Austin, Dallas, El Paso, Fort Worth, Houston and San Antonio.

Reference 42

Antilla, V., J. Luoma, and P. Rama.  Visual Demand of Bilingual Message Signs Displaying Alternating Text Messages.  In Transportation Research-F, Vol. 3, Issue 2, 2000, pp. 65-74.

Abstract (Authors)

This field study was designed to compare the visual demand of variable message signs (VMSs).  Specifically, three VMS types were evaluated: a sign displaying a message alternately in Finnish and Swedish (2.0 s in each language), a sign displaying the same messages simultaneously, and a sign displaying air and road surface temperatures in Finnish.  The data were collected by recording the eye movements of 38 drivers during highway driving.  

The main results suggested that the sign displaying the alternating bilingual messages was no more demanding than the VMS displaying the same messages simultaneously.  However, this conclusion is limited to those specific signs and conditions, and more research is needed for related applications in various conditions.  The results further suggest that VMSs involving effective technologies might be rather demanding in comparison to the fixed signs.
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Luoma, J. P. Rama, M. Penttinen, and V.  Anttila.  Effects of Variable Message Signs for Slippery Road Conditions on Reported Driver Behavior.   In Transportation Research – F, Vol. 3, Issue 2, 2000, pp. 75-84.
Abstract (Authors)

A field study by Rama and Kulmala showed that a variable message sign warning about slippery road conditions reduced the mean speed by 1-2 km/h.  The study also showed that a variable message sign recommending a minimum headway between vehicles decreased the proportion of short headways.  However, the signs may have other effects on driver behavior besides those measurable in terms of speed and headway, and this study was designed to investigate such potential effects.  In total, 114 drivers who had encountered the slippery road condition sign and 111 drivers who had encountered the sign showing recommended minimum headway in adverse road surface conditions were interviewed.  

The results suggested that these variable message signs do indeed have other effects, such as the refocusing of attention to seek cues on potential hazards, testing the slipperiness of the road, and more careful passing behavior.  On the other hand, the results suggested that driving speed and headway are essential variables with which many other variables correlate.

Reference 44

Peeta, S. J.L. Ramos, and R. Pasupathy.  Content of Variable Message Signs and On-Line Driver Behavior.  In Transportation Research Record 1725.  TRB, National Research Council, Washington, D.C., 2000, pp. 102-108.

Abstract (Authors)

Variable Message Signs (VMS) are programmable traffic control devices that convey non-personalized real-time information on network traffic conditions to drivers encountering them.  Especially useful under incidents, VMS aim to influence driver routing decisions to enhance network performance.  This study investigates the effect of different message contents on driver response under VMS.  Presumably, if the message content is a significant factor in driver response, the traffic controller can use it as a control variable to influence network traffic conditions positively without compromising the integrity of information.  This issue is addressed through an on-site stated preference user survey.  Logit models are developed for drivers’ diversion decisions.   

The analysis suggests that content in terms of the level of detail of relevant information significantly affects drivers’ willingness to divert.  Other significant factors include socioeconomic characteristics, network spatial knowledge, and confidence in the displayed information.  Results also indicate differences in the response attitudes of semi-trailer truck drivers compared to other travelers.  They provide substantive insights for the design and operation of VMS-based information systems. 

Reference 45

Lai, K. and W. Wong.  SP Approach Toward Driver Comprehension of Message Formats on VMS.   In ASCE Journal of Transportation Engineering, Vol. 126, No. 3, May/June 2000, pp. 221-227.
Abstract (Authors)

This study attempts to examine driver comprehension of the traffic information that is presented in three formats, namely, the numerical format, the description format, and the switch-on-light format.  A stated preference survey with well-designed attributes regarding travel conditions and comprising a total of 475 successful cases for Hong Kong drivers has been conducted for this purpose.  Binary logit models with respect to drivers’ traveling preference of two designated routes under different traffic conditions were developed and found to have considerably high goodness-of-fit statistical values.  The final models were specified with 11 variables.  The explanatory variables employed in the models include those referring to respondents’ socioeconomic background and those characterizing the transport network.  Based on the findings, it is possible to conclude that drivers have different comprehension of the formats for presenting traffic information on variable message signs, and the message formats can induce biases toward a route in drivers’ decision-making processes.
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Dudek, C.L., N. Trout, B. Durkop, S. Booth, G.L. Ullman.  Improving Dynamic Message Sign Operations.  Research Report FHWA/TX-01/1882-2.  Texas Transportation Institute, College Station, TX, October 2000.

Abstract
A series of laboratory studies conducted in the Texas cities of Dallas, El Paso, Fort Worth, Houston, and San Antonio to investigate 14 specific issues related to CMS message design and operations.  In total, 206 motorists participated in the study.  The issues fell into one of the following four categories:
59. Alternative words/phrases for communicating time and day for future roadwork;

60. Interpretation of certain words or phrases;

61. CMS operation practices (flashing a message, flashing a line, alternating a line); and

62. Use of CMSs with lane control signals.
Several shorter alternative words/phrases were found to be understood by motorists; others were not understood.  The results suggested that flashing messages, messages with a flashing line, and messages with an alternating line significantly increase motorists’ reading times.  Also, redundancy between the CMS message and lane control signals is desirable.

Reference 47

Consistency in Text-based Messaging for ATIS – Task 1: Literature Review.  Report DTFX61-98-C-00059. Prepared by the Human Centered Systems Team (HRDS-07), Federal Highway Administration.  April 2001. 

Abstract

This report presents the findings of the literature review and interviews to examine how text messages are currently assembled, parsed, prioritized, and formatted for display prior to dissemination to changeable message signs (CMS).  For the literature review, reports and publications were identified using the Joint Program Office reference list and through web searches of related sites.  Interviews were conducted with operators and key staff at the following selected traffic management centers (TMCs): CHART, Maryland; INFORM, New York; TransGuide, San Antonio; Arizona DOT, Phoenix; and Washington State DOT, Seattle.  The TMCs were selected based on discussions with FHWA.  Selection of particular TMCs was based on geographic distribution (Northeast, Southwest, Northwest) and functionality (regional, statewide, metropolitan area).

Reference 48

Luoma, J., P. Rama, and K. MacLaverty.  Understanding Control Strategies and Technical Features of VM Signs.   In Traffic Engineering and Control, Vol. 42, No. 5, May 2001, pp. 168-171.
Abstract (Paraphrased)

This study was designed to investigate the comprehension of control strategies and technical features of VMS.  Three problems were investigated:  (1) how many drivers understand factors that influence the control of VMS, (2) how they interpret flashing displays and flashing amber lanterns on the displays compared with a steady display, and (3) how they interpret different speed displays.  The data were collected in three European countries (England, Finland, and Italy) to get a more comprehensive picture of driver opinion and knowledge than could be obtained by interview in a single country.

Researchers found significant differences between English, Finnish, and Italian interpretations of why and how a sign is switched on.  The results did suggest that the addition of amber lanterns would convey a stronger message better than a flashing display.  However, the road authority cannot be sure that drivers comprehend the meaning of amber lanterns correctly, and there many drivers attributing no additional meaning to such lanterns.  The inclusion of a red circle on (variable) speed limit signs is effective in rendering the sign mandatory.  A white circle or no circle is most likely thought of as indicating an information message.
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Walton, J.R., M.L. Barrett, and J.D. Crabtree.  Management and Effective Use of Changeable Message Signs.  Report No. KTC-01-14/SPR233-00-1F.  Kentucky Transportation Center, June 2001.

Abstract (Authors)

The objective of the research reported in this publication was to develop recommendations for the management and use of portable changeable message sign (CMS) resources by the Kentucky Transportation Cabinet to achieve optimum efficiency and effectiveness.  This was accomplished by evaluating Kentucky’s current inventory and usage of CMSs, identifying key issues and problems associated with CMSs, and identifying other state or regional policies on the management and operation of CMSs.
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Dudek, C.L.  Variable Message Sign Operations Manual.  Report No. FHWA-NJ-2001-10.  New Jersey Department of Transportation, Trenton, NJ, November 2001.  
Abstract

This Variable Message Sign Operations Manual was written for New Jersey Department of Transportation (NJDOT) personnel who have responsibility for the operation of and/or message design for large permanent variable message signs (VMSs) or portable VMSs.  The Manual, which contains the latest and best information and practices, is designed to help both new and experienced users of VMSs at various levels of the agency including 1) entry level personnel, 2) personnel very experienced with traffic operations, and 3) managers.  It provides very specific information for entry-level personnel, reminders for experienced personnel and higher-level information for managers regardless whether or not they work in one of the Traffic Operations Centers (TOCs) in the state.

The Variable Message Sign Operations Manual contains message design and display guidelines that are too numerous to summarize in this Abstract.  The list of the sixteen modules, four Appendices, and the main topics in each serves to illustrate the scope of the Manual.

63. Introduction

· Background and Significance of the Variable Message Sign Operations Manual

· VMS Design Process

· Overview of Manual Modules

64. Principles of Variable Message Sign Operations

· Introduction

· Importance of Maintaining VMS Credibility

65. VMS Operating Policy for New Jersey Department of Transportation

· Responsibility for Operation of VMSs

· General Operations

· Permanent Variable Message Signs

· Portable Variable Message Signs

66. VMS Operating Fundamentals
· Basic Considerations for Operating VMSs

67. Principles of VMS Message Design
· Overview of Issues

· Selecting an Audience for the VMS Message

· Definitions and Message Design Considerations

· Basic VMS Message to Satisfy Motorist Information Needs

· Word and Phrase Meanings and Criteria

· Diversion/Detour Route Descriptors for Incident and Roadwork Situations

68. Designing the Basic VMS Message for Incidents
· Basic VMS Message for Lane-Closure (Blockage) Incidents

· Basic VMS Message for Incidents that Block all the Lanes

· Basic VMS Message for Incidents that Require Closing the Freeway

· Basic VMS Message for Incidents that Are on an Intersecting Freeway that Requires Closing the Connector Ramp

69. Designing the Basic VMS Message for Roadwork
· Basic VMS Message for Lane-Closures During Roadwork

· Basic VMS Message for Roadwork that Requires Closing the Freeway

· Basic VMS Message for Roadwork on an Intersecting Freeway that Requires Closing the Connector Ramp

70. Establishing the Maximum Message Length
· Message Length and VMS Viewing Distance Requirements

· Maximum VMS Legibility for Day and Night Operations

· Units of Information Reductions for Vertical Curves – LED VMSs

· Units of Information Reductions for Horizontal Curves – LED VMSs

· Units of Information Reductions for Rain and Fog

· Units of Information Reductions When Large Trucks are Present

71. Dealing with Long Messages
· Splitting Messages

· Approaches to Reducing Message Length

· Reducing Message Units of Information

· Reducing Units of Information from the Basic VMS Message

72. Designing VMS Messages for Incidents
· Lane Closure (Blockage) Incidents

· Incidents that Block All the Lanes

· Incidents that Require Closing the Freeway

· Incidents on an Intersecting Freeway that Require Closing the Connector Ramp

73. Designing VMS Messages for Roadwork
· Lane Closure During Roadwork

· Roadwork Requiring Closure of the Freeway

· Roadwork on an Intersecting Freeway that Requires Closing the Connector Ramp

74. Quick Reference Guide for Designing VMS Messages
· Introduction

· Lane Blockage Incidents

· Lane Closure Incidents

· Incidents that Block All Lanes

· Incidents that Require Closing the Freeway

· Lane Closures During Roadwork

· Roadwork Requiring Total Freeway Closure

75. Modifying Messages for Improved Effectiveness

76. Priorities When Competing Message Needs Arise
· Introduction

· Basic Message Priorities

· Common Types of Competing Message Needs

· Resolution of Common Types of Competing Message Needs

77. Message Design Examples for Incidents: Large VMS
· Objectives and Summary

· Incident Example #1 All Lanes are (Blocked) Closed

· Incident Example #2 All Lanes are (Blocked) Closed

78. Message Design Example for Incidents: Portable VMS.
· Objectives and Summary

· Incident Example #3 All Lanes are (Blocked) Closed

Appendix A.  Message Length Reductions for Vertical Curves

Appendix B.  Message Length Reductions for Horizontal Curves

Appendix C.  Message Length Reductions for Rain and Fog

Appendix D.  Effects of Large Trucks on VMS Legibility

Reference 51

Mataxotos, P. and S. Soot.  Evaluation of the Driver’s Ability to Recall the Message Content of Portable, Changeable Message Signs in Highway Work Zones.  In Journal of the Transportation Research Forum, Vol. 40, No. 1,Winter 2001, pp. 129-141.
Abstract (Authors)

This paper investigates factors that affect the ability of drivers to recall Portable Changeable Message Signs (PCMS) messages in highway work zones.  A Chi square analysis has found that the time of day, driver’s age, type of vehicle, and familiarity with the site are relevant factors, and drivers were more likely to recall messages that contain action rather than problem statements.  A regression analysis revealed that drivers recalled almost two times easier the PCMS message components that they desired to see, and that drivers familiar with the construction site were almost twice as likely to observe an action statement.
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Parentela, E.M.and N. Eskander.  Effectiveness of Changeable Message Signs (CMS) on Los Angeles Freeways.  Unpublished paper, California State University, Long Beach, CA (no date).

Abstract (Authors)

The rapid advances in ITS technology have seen an increase in the deployment of fixed and portable Changeable Message Signs (CMS) across our nation’s highways.  CMS are used to provide motorist information related to traffic, roadway, weather, or unexpected conditions such as an accident.  The messages enable motorists to make decisions or responses to an event.  Factors such as the ability of the sign to catch a driver’s attention, contents of the displayed message(s), size, and placement of the CMS affect its effectiveness.

A survey was conducted to evaluate the effectiveness of CMS along Southern California freeways in terms of driver’s response to displayed messages.  The survey participants are regular commuters who spend an average of less than one to three hours daily on the freeway and are familiar with the operation of CMS.  The usefulness of CMS and its ability to convey clear, accurate and reliable messages are some of the questions included in the survey.  It also addresses the drivers’ perception on trip safety and travel time.

The results indicate a general agreement that CMS are helpful and reliable.  Yet, while most motorists pay attention to the displayed messages and follow the diversion messages such as a detour, 28 percent consider them to be a distraction and 17 percent do not want to see additional CMS.
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Dudek, C.L. and G.L. Ullman.  Display Rates for Two-Frame Messages On Portable Changeable Message Signs.  Paper Prepared for Presentation at the Annual Meeting of the Transportation Research Board.  August 2001

Abstract

Objective data were needed to determine whether it is better to use a 4-second per frame exposure rate on two-frame messages on portable CMSs or to increase the sequence rate.  Guidelines in the 1986 Manual on Real-Time Motorist Information Displays recommend that CMS messages on freeways be displayed at a rate of 1 second per word or two seconds per line of information (1).  Thus, four-unit messages displayed on two frames will be exposed at a rate of 4 seconds per frame.  Agencies such as the New Jersey Department of Transportation and the Texas Department of Transportation sometimes use a faster rate of 2 seconds per frame in hopes that motorists will have an opportunity to see the message cycle a second time.  The 2-second rate is also now in the guidelines of Part VI of the MUTCD. 

A research project conducted by the Texas Transportation Institute (TTI) for the New Jersey Department of Transportation gave the authors an opportunity to explore the issue using subject drivers in New Jersey.  A later research project conducted for the Texas Department of Transportation (TxDOT) allowed the authors an opportunity to examine the issue with subject drivers in Texas.  The New Jersey studies were conducted in 1998 and the Texas studies were conducted in 2000. 

A total of 104 New Jersey drivers participated in study two New Jersey study locations: north New Jersey (52 drivers) and south New Jersey (52 drivers).  In Texas, 260 individuals participated, 52 from each of five study locations: Dallas, El Paso, Fort Worth, Houston, and San Antonio.  

The results revealed that motorist comprehension is the same regardless of whether a two-frame message on a portable CMS is displayed at a rate of 4 seconds per frame or 2 seconds per frame with one repetition.
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