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EXECUTIVE SUMMARY

Changeable message signs (CMSs), sometimes referred to as variable message signs (VMSs) or dynamic message signs (DMSs), are playing increasing important roles in attempts to improve highway safety, operations, and use of existing highway facilities.  The use of CMSs by state departments of transportation (DOTs) has increased considerably during the past five years.  There is a need to provide the state DOTs with guidelines for the design and display of CMS messages to ensure effective messages that are understood by motorists are displayed and the objectives of the signs are achieved.  Although some guidelines are documented, there was a need to examine the empirical evidence behind the existing guidelines.

The objectives of this report were to: 1) document current CMS message design guidelines; 2) document the degree of empirical and analytical support for the guidelines; and 3) provide a prioritized list of recommendations for future research.

Current guidelines were reviewed and an extensive literature search was undertaken to identify relevant documents.  Information that was obtained from state DOTs was also reviewed.  Evaluation of supporting evidence for existing guidelines was made and a list of recommendations for future research was developed.  The research recommendations were then prioritized based on the author’s assessment of the most critical needs.  A summary of research issues, needs, and priorities is shown in Table 1.  

Table 1.  Research Issues and Recommended Priorities 

(Very High=1; High=2; Moderate=3; Low=4; Very Low=5)

	Research Topics and Issues
	Research

Priority By Issue
	Research Priority By Topic

	1.
Dynamic Features on CMSs


	
	1

	· Flashing an entire one-frame message
	
	

	


How does it affect a driver’s ability to properly comprehend the message?
	1
	

	


How does it affect the amount of time it takes a driver to read and comprehend the message?
	1
	

	Do drivers perceive flashing as indicative of information that is more important?
	1
	

	Does it improve the attention-getting value of the sign?


	1
	

	· Flashing one line of a one-line message
	
	

	


How does it affect a driver’s ability to properly comprehend the message?
	1
	

	How does it affect the amount of time it takes a driver to read and comprehend the message? 
	1
	

	


Do drivers perceive flashing as indicative of information that is more important?
	1
	

	Does it improve the attention-getting value of the sign?
	1
	

	· Alternating text on one line of a three-line CMS while keeping the other two lines the same
	
	

	Do drivers notice and read the line that changes?
	1
	

	How does it affect the amount of time it takes to read the message in comparison with a two-frame message without redundancy?
	1
	

	Which style do drivers prefer?


	1
	

	2.
Cycling Time for Two-Frame CMS Messages


	
	1

	· Research indicates that messages should be displayed at a rate of 1 second per word.  This translates to 4 seconds per frame on typical two-frame messages.  Some state DOTs display two-frame messages at a rate of 2 seconds per frame.  How does it affect drivers’ ability to read and recall messages when they are cycled at the faster rate?


	1
	

	· The authors of the FHWA publication Highway Design Handbook For Older Drivers And Pedestrians recommend that two-frame messages should be cycled at 3 seconds per frame to accommodate older drivers.  How does this rate affect the ability of other drivers to read and recall messages when they are cycled at 3 seconds per frame?

· 
	1
	

	3.
AMBER Alert Messages


	
	1

	· What is the role of CMSs in AMBER alerts?


	1
	

	· The amount of information that is generally requested by law enforcement personnel to display on CMSs generally exceeds the maximum allowable units of information.  What are the most effective messages and under what conditions should they be displayed on a CMS?


	1
	

	· Some TMCs are posting license plate numbers and telephone numbers.  What is the unit of information equivalency for license plate numbers and telephone numbers?


	1
	

	4.
Provision of Real-Time Travel Time Information


	
	1

	· Since posted travel time is not a predicted value but is based on information measured in the immediate past, how do drivers interpret real-time travel time information presented on CMSs?  Confirmation is needed concerning whether drivers interpret as an exact value, as an approximation, or do they revise the values higher or lower than that posted based on their expectations of downstream conditions.


	1
	

	· Confirmation is needed concerning whether it is better to display elapsed travel time (continuously updated) through a problem location versus other direct measures of impacts (e.g., delays, speeds, length of congestion, etc.).


	1
	

	· What is the propensity for drivers to divert (peak and off-peak periods) in response to travel time information, and how does the propensity change as a function of problem type?  Are there interactions?


	1
	

	· The number of units of information that can be displayed at ideal conditions is limited to four at speeds greater than 35 mph.  Is travel time more important to drivers than other relevant information normally displayed in an incident message? 
	1
	

	· Is credibility lost if commuter drivers see the same travel time values posted on a CMS every day because traffic conditions do not differ when no accident occurs on the freeway (change blindness)?  (Note, this situation is comparable to displaying congestion information that may not change daily.)


	1
	

	5.
CMS Message Format (Order of Information Units In a Message) and Message Design and Issues


	
	1

	· Although acceptable message formatting (order of information elements) has been recommended by current guidelines based on human factors studies and is now stipulated in Part VI of the MUTCD for portable CMSs, some transportation agencies display information in a different order.  What are the effects on driver reading times and message understanding when message formats are used that are different than that recommended from research and stipulated in Part VI of the MUTCD?


	1
	

	· Do motorists prefer the incident descriptor terms TRUCK ACCIDENT or TRUCK OVERTURN instead of MAJOR ACCIDENT?  If so what is the relative degree of delay associated with each?


	1
	

	· Do motorists prefer and understand the incident descriptor CRASH as a replacement for ACCIDENT in a message?


	1
	

	· What is motorist understanding and preferences for the following incident/roadwork location message elements: AT, NEAR, BEFORE, PAST?


	1
	

	· Some TMCs display cardinal directions relative to an exit ramp or cross street for the incident/roadwork location message element.  What are the motorists’ understanding and preferences for the words NORTH, SOUTH, EAST, WEST vs. BEFORE, PAST?


	1
	

	· What is the association of and propensity to divert between problem type information and delay upon drivers’ propensity to divert (e.g., MAJOR ACCIDENT, TRUCK ACCIDENT, MINOR ACCIDENT, MAJOR DELAY, MINOR DELAY, etc.?)  What is the current interpretation of these descriptors relative the expected minutes of delay?


	1
	

	· What is the relative effectiveness of X LEFT (RIGHT) LANES CLOSED vs. LEFT (RIGHT) X LANES CLOSED?


	1
	

	· What is the best way to display information about one or more middles lanes closed (blocked) on freeways with four or more lanes in one direction?


	1
	

	· A list of acceptable abbreviations was developed based on laboratory research studies in which motorists had a considerable amount of time to interpret the abbreviations.  Are motorists able to interpret the abbreviations when the abbreviations are shown for a short period of time comparable to message exposure times when reading CMS messages while traveling at normal speeds?


	1
	

	· What is the best way to abbreviate (or can we) North, South, etc. when the direction is also part of a road name (i.e., north on I-35W, north on North Central Expressway)?


	1
	

	· Results of recent laboratory studies indicate that some of the abbreviations recommended in the MUTCD are not understood by many motorists (e.g., NB, SB, EB, WB for NORTHBOUND, SOUTHBOUND, EASTBOUND, WESTBOUND).  Additional laboratory studies should be conducted with the subjects under work load conditions to validate these recent findings.


	1
	

	· How do drivers interpret qualitative delay messages (e.g., MAJOR DELAY, DELAY, MINOR DELAY) in comparison to quantitative delay (XX MINUTES DELAY)?


	1
	

	· Although current guidelines recommend that a message line should not contain portions of two separate units of information, objective data are lacking to assess the effects on motorists’ reading times and message understanding


	1
	

	· Although current guidelines recommend that each message frame should contain a complete thought and a message thought should not be divided onto both frames, objective data are lacking to assess the effects on motorists’ reading times and message understanding


	1
	

	· What word combinations in messages cause problems with drivers having low reading skills?


	1
	

	· The terms LANE BLOCKED and FREEWAY BLOCKED have been recommended by current guidelines based on human factors studies to describe the situations prior to the arrival of the police or traffic control who then close the lane/freeway.  However, the terms are not used by most TMCs for all cases.  Instead LANES CLOSED or FREEWAY CLOSED are used.  Do motorists need to be informed of BLOCKED conditions, or is displaying only CLOSED for the different situations sufficient? 

	2
	

	· What is the usefulness and what is the effect on credibility of displaying general terms to indicate the effect of an incident (e.g., DELAYS LIKELY, EXPECT DELAYS, CAUTION, etc.)?


	2
	

	· What is the most effect message format to use when speed information is displayed?


	2
	

	· Most TMCs do not display an action message element when diversion is not recommended.  Current guidelines recommend that an Action message element (i.e., PREPARE TO STOP, REDUCE SPEED) should be included in most messages.  What is the most effective information that should be displayed when non-diversion messages are displayed?


	2
	

	· Many TMCs use the word AHEAD to describe the location of an incident or roadwork in general terms.  Current guidelines suggest that the AHEAD is a “dead” word and could be eliminated in order to shorten the length of a message.  There is a need to examine under what conditions the word should be used in a message.


	3
	

	6.
CMSs in Highway Work Zones


	
	1

	· There are indications that CMSs are not always used in an effective manner in work zones.  Under what conditions and for what applications should CMSs be used in work zones?
	1
	

	· What messages are the most effective ones for each specific application?


	1
	

	· Are there situations where the longer term CONSTRUCTION should be used rather than ROADWORK?


	1
	

	· There are indications that CMSs are not being placed in the most effective locations in work zones.  In some cases, CMSs are placed at locations where driver work load is extremely high.  Therefore, if they read the CMS message, they may miss other more relevant information relative to path finding, lane assignment, etc.  In other cases, the CMSs may be placed too far or too close in advance for drivers to effectively use the information.  What is the best placement of CMSs for specific applications?


	1
	

	7.
Motorist Credibility Issues


	
	1

	· What are the effects and driver credibility effects of the following modes of CMS display in the absence of incidents (peak and off-peak):
	
	

	
Blank sign
	1
	

	
Safety campaigns
	1
	

	
Public service announcements
	1
	

	
Congestion information
	1
	

	
Information about upcoming roadwork
	1
	

	
Information about an upcoming special event
	1
	

	
Other


	1
	

	8.
Adverse Weather, Environmental, and Roadway Conditions


	
	1

	· What is the role of CMSs for these applications?


	1
	

	· What are the most effective messages?


	1
	

	· Where are the most effective locations for CMSs


	1
	

	9.
Improvements/Better Understanding of Operational Approaches


	
	3

	· Are there benefits to the use of flashing beacons on CMSs to indicate higher urgency?  What are the effects on message legibility and reading times?


	2
	

	· What is the effect of CMS displays on detection/recognition of other static signing/ markings/ etc. (including flashing displays, etc.)?


	2
	

	· What types of CMS message templates should be contained in a message library?


	2
	

	· Can CMSs be used effectively in combination with lane control signals on freeways?


	3
	

	· What are the most effective messages to display when the CMSs are used in combination with lane control signals on freeways?


	3
	

	· What are the needs, effects and utility of posting incident messages in the opposite direction to that of the incident?


	3
	

	· If needed and potentially effective, what specific messages should be displayed in the opposite direction to that of the incident?


	3
	

	· What priority rules should be established for message display on a CMS when multiple incidents occur and there are fewer CMS locations than desired?


	4
	

	10.
Bilingual Messages (near border areas)


	
	4

	· How much demand is there for bilingual messages?


	2
	

	· What are the impacts on understanding of messages?


	4
	

	· What are the impacts on reading time of messages?


	4
	

	· What are the impacts on driver confidence and usefulness?


	4
	

	· How should bilingual messages be prioritized with the English version?


	4
	

	· When will bilingual messages be useful?


	4
	

	11.
Use of Graphics and Symbols


	
	5

	· How much demand is there for graphics and symbolic messages?


	2
	

	· What type of graphics and symbols are available to include in a message?


	5
	

	· What new types of graphic and symbol messages might be effective?


	5
	

	· What combinations of graphic/symbol and text messages are effective?


	5
	

	· What is the legibility of graphic and symbol messages?


	5
	

	· What is driver understanding of graphic and symbol messages


	5
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INTRODUCTION

Background

Changeable message signs (CMSs), sometimes referred to as variable message signs (VMSs) or dynamic message signs (DMSs), are playing increasing important roles in attempts to improve highway safety, operations, and use of existing highway facilities.  CMS message design guidelines for incidents and roadwork are documented in the Federal Highway Administration publication Manual on Real-Time Information Displays (Dudek and Huchingson 1986), the New Jersey Department of Transportation’s Variable Message Sign Operations Manual (Dudek 2001), and the Federal Highway Administration publication Guidelines for Changeable Message Sign Messages (Dudek 2002).  A few standards, guidance, options, and support statements have been incorporated into the Manual on Uniform Traffic Control Devices (2000).

Objectives

The objectives of this report were to:

· Document current CMS message design guidelines;

· Document the degree of empirical and analytical support for the guidelines; and

· Provide a prioritized list of recommendations for future research.

Approach

Current guidelines were reviewed and documented.  Empirical and analytical support for the guidelines was obtained from information gathered from a literature search using such resources as the TRB’s bibliographic database, TRIS; the National Technical Information Service database; and the California PATH Database, the largest and most comprehensive collection of bibliographic information on intelligent transportation systems (ITS).  The relevant literature was reviewed along with additional published and unpublished documents obtained from state DOTs. 

This report contains a description of several published CMS message design and display guidelines followed with the research results that led to the development of the guidelines.  The study methodology, sample size, published results, and the authors’ conclusions and recommendations are also presented in this report when the information was available in the literature.

An evaluation of the supporting evidence for the guidelines was made and a list of recommendations for future research is provided.  The research recommendations were prioritized based on the most critical needs.

CMS MESSAGE DESIGN AND DISPLAY GUIDELINES

Simplicity of Displays and Messages

Real-time information displays and messages should be simple and short in order to accommodate the vast majority of the motorists reading the sign (Dudek and Huchingson 1986; Dudek 2001, 2002; MUTCD 2000).  

Diagram-type signs were installed at entrance ramps of the John C. Lodge Freeway in Detroit in the late 1960s.  These signs were used before matrix-type CMSs were installed on the freeway.  The objectives of the signs were to inform motorists of the traffic conditions on the freeway and, by color-coding, suggest an alternative entrance ramp to use.  Pretty and Cleveland (1970) found that the diagram-type signs in Detroit were frequently misread by motorists.  Dudek and Jones (1971) also assessed diagram-type CMSs in Houston and Dallas with 505 commuter drivers participating in the study.  They found that that motorists preferred real-time information displays that are simple in nature (i.e., word messages) in contrast to designs that contain a diagram of the area similar to the signs used in Detroit.  

More recently, Benson (1996) reported the results of telephone interviews with 517 motorists and of discussions with 125 participants in focus groups in the Washington, D.C. area.  There was an even split between the percentage of surveyed motorists preferring a map display of the freeway showing heavy congestion with thick lines and free flowing traffic with thin lines and the percentage preferring the information displayed as text.  However the interpretation of this result is not clear because the motorists did not see examples of both alternative designs.  

Hulbert and Beers (1971) surveyed 304 Los Angeles area motorists who drove a Sign Tester (simulator) and another 250 drivers in the Los Angeles Preview House (a facility where movies, commercials, television programs, etc. are previewed by a sample of the general public).  Based on the results of the studies, the researchers concluded that the content of messages should be short, simple, and contain specific actionable information.  Dudek, et al. (1981a) conducted controlled field studies in San Antonio, TX with 60 motorists and found that there is a considerable degradation in the ability of motorists to read long messages even though they will fit on a CMS.  For example, it takes motorists longer to read a two-frame message with four units of information displayed on a typical CMS when the message is long and it fills almost the entire sign message space than if the message contains the same information but is more compact.  

One approach to minimizing message length attempted in the 1970s in Houston and Minneapolis was to use grade ratings of traffic conditions (i.e., Condition A, B, C, D, F, or X).  However, Stockton, et al. (1976) found that motorists in Houston did not satisfactorily learn the letter grade and freeway traffic condition relationships, and recommended that letter grades not be used in CMS messages.

Consideration must also be given to the portion of motorists with low reading skills.  It was reported by Proffit and Wade (1998), for example, that as many as 25 percent of residents of one state have low reading skills.  Thus, every effort should be made to reduce the length of the message while maintaining the intent of the information.  Using short messages with familiar words and phrases will improve reading time and comprehension.

Motorist Information Priorities

The results of the early research study in Los Angeles by Hulbert and Beers (1971) indicated that motorist information priorities were as follows: identifying the lane(s) that are blocked, distance to the blockage or problem, length of delay, reason for delay, and location of the problem by ramp name.  Dudek, et al. (1971a) in their study in Dallas and Houston showed that commuters preferred information about the location and length of the congested area, degree of congestion, and reason for congestion rather than information about the average travel speed or travel time.  Stockton et al. (1976) found that that motorists in Houston desired to know which lanes are closed or blocked.  

Further studies by Dudek et al. (1978a) with 246 motorists from College Station, TX and Houston found the following information priorities: type of incident, lane blockage, level of congestion, amount of delay, and location to the nearest exit.  Smiley and Dewar (1988) surveyed 539 motorists in Toronto and found that the most preferred messages of those tested for describing a major crash were: the incident and its location; the incident and the lanes blocked; or the incident with degree of congestion.  The message that included the delay amount was least preferred.  Focus group studies by Miller et al. (1995) indicated that not all motorists want the same type and amount of information.
The results of the above studies show similarities in findings.  The slight differences among the research results stem from the different methodologies used in the studies (e.g., open-ended responses vs. a fixed number of choices) and some differences in the needs among motorists. 

Basic Message Design Considerations

Knowledge of basic message design considerations is a necessary prelude to designing and displaying effective messages.  Message design involves recognition of the basic principles for the following (Dudek and Huchingson 1986; Dudek 2001,2002):

· Message content refers to specific information displayed on a CMS.  Essentially, what is wrong ahead and what the motorist should do about it are the key elements.

· Message length refers to either the number of words or the number of characters and spaces in a CMS message.

· Message load refers to the amount of information in the total message, usually expressed in terms of units of information (informational unit).
· Unit of Information (Informational Unit) refers to the brief answer to a question a motorist might ask.  

· Message Information format refers to the order and arrangement of the units of information on a CMS.  

Units of Information and Message Load

A unit of information is each data item in a message that a motorist could use to make a decision.  Each brief answer is one unit of information.  A unit of information typically is one to three words, but at times can be up to four words.  The message in the following table has five units of information and serves to illustrate the concept of units of information. 

UNITS OF INFORMATION

Question


Answer



Info Unit

1.

What happened?

ACCIDENT

1 unit

2.

Where?




AT EXIT 12


1 unit

3.

What effect on traffic?


MAJOR DELAY

1 unit

4.

Who is advisory for?



NEW YORK


1 unit

5.

What is advised?



USE ROUTE 46


1 unit

Laboratory studies by Dudek, et al. (1981a) and field operational studies reported by Weaver et al. (1977) and Dudek, et al. (1978b) support the following guideline (Dudek and Huchingson 1986; Dudek 2001, 2002):

· Messages should be displayed at exposure rates of 1 sec/word or 2 sec/unit of information.

This translates to the following maximum number or words in a message:

· Maximum of eight words at prevailing speeds of 88 km/hr (55 mph);

· Maximum of seven words at prevailing speeds of 105 km/hr (65 mph); and

· Maximum of six words at prevailing speeds of 120 km/hr (75 mph).

In addition to the above, the following guidelines are presented in the reports by Dudek and Huchingson 1986 and Dudek 2001, 2002: 

· No more than four units of information should be in a CMS message when the traffic operating speeds are 51 km/hr (35 mph) or more.  

· No more than five units of information should be displayed when the operating speeds are less than 51 km/hr (35 mph).  

· No more than three units of information should be displayed on a single message frame.  

· Normally, only one unit of information should appear on each line of the CMS.  A sign line should not contain more than two units of information.  However, a unit of information may be displayed on more than one line.  

Dudek et al. (1981a) evaluated the relationships between message exposure rates and the number of units of information motorists can recall in a laboratory setting using 18 subjects ranging in age from 16 to 74 years old.  Messages consisting of two, four, and six units of information were presented at rates of 0.25, 0.50, and 1.0 sec/word.  

The researchers found that a two-unit message, when the message was seen by the motorists only one time, resulted in near perfect performance (99.1 percent correct recall) even at an exposure rate as rapid as 0.25 sec/word (97.2 percent).  The four-unit message yielded 96 percent recall at 1.0 sec/word and 81-84 percent at the faster rates of 0.25 and 0.50 sec/word.  A message of six units, when given only once, could not be recalled satisfactorily even at the longest exposure rate of 1.0 sec/word.  Recall ranged from 65 percent at a message rate of 1.0 sec/word to 28.3 percent at 0.25 sec/word.  Subject variability also increased greatly with increased message load.  Message content did not affect level of recall.  The six-unit message led to unsatisfactory recall under 0.5 and 1.0 second/word rates.  Excellent recall was achieved under both rates with the four-unit message

In field demonstration studies during special events (i.e., football games, state fair, fireworks display) reported by Weaver et al. (1977) and Dudek et al. (1978b), three-unit and four-unit messages were displayed on CMSs.  The results revealed that freeway motorists were able to read messages consisting of up to four units.  Between 56 and 83 percent of the more than 400 motorists who passed the CMSs when a message was displayed and were destined to the special event diverted to the suggested alternative arterial route.

Staplin, et al. (2001) recommend that no more than four units of information should be displayed for CMS messages that are split into two frames.  The recommendation is based on the needs for older drivers.

The Basic CMS Message

It has been stated in some publications (e.g., Dudek and Huchingson 1986; MUTCD 2000) that CMS messages for incidents and roadwork should contain the following message elements in the order shown:

· Problem;

· Location of problem; and

· Recommended driver action.

However, an examination of typical messages indicates that, although these are desirable message elements, it is not always possible to provide information on each of the above elements for the following reasons:

· Sign space and sign legibility constraints may require the CMS operator to reduce the number of units of information that are displayed; and

· Some state policies do not allow the CMS operator to post diversion messages, which means that an action message element may have to be omitted.

In addition, it may be beneficial to:

· Substitute other message elements for the Problem and Action that will convey more useful information.

Two examples of the benefits of substituting message elements on one-frame messages are shown below.  In the first example, Message 2 with Problem, Location, and Lanes Affected message elements contains more useful information than Message 1 with a Problem, Location, and Action message elements.  Displaying 2 LEFT LANES CLOSED in Message 2 not only implies that motorists should merge right, but also gives some indication of the degree of the problem by informing motorists of the number of lanes closed.

	ACCIDENT

PAST ROWLAND

KEEP RIGHT
	(Problem)

(Location)

(Action)
	ACCIDENT

PAST ROWLAND

2 LEFT LANES CLOSED
	(Problem)

(Location)

(Lanes Affected)

	Message 1
	
	Message 2
	


In the second example, Message 2 shows a substitution of the Problem with a Lanes Affected message element that informs the motorist about the direction of lane change necessary to move out of the closed lanes.

	ROADWORK

PAST ROWLAND

USE OTHER ROUTES
	(Problem)

(Location)

(Action)
	2 LEFT LANES CLOSED

PAST ROWLAND

USE OTHER ROUTES
	(Lanes Affected)

(Location)

(Action)

	Message 1
	
	Message 2
	


Dudek (2001) developed a CMS message design process for the New Jersey Department of Transportation in recognition that:

· There are variations to the message elements that can be used effectively in a CMS message;

· Message display is a dynamic process in which messages on a particular CMS can change as conditions change after an incident occurs;

· CMS message designers and CMS operators should be aware of the totality of information needed by motorists to make fully informed and rational decisions;

· CMS message designers and CMS operators should be aware that if the totality of motorists’ information needs cannot be displayed because it exceeds the information processing capabilities of motorists, the message length must be reduced; and

· CMS message designers and CMS operators should be aware of the amount and type of information needed by motorists that cannot be displayed.  

The message design process begins with a Basic CMS Message that is then reduced in length to ensure that the maximum number of units of information is not exceeded. The reader interested in detailed step-by-step message design procedures should review the New Jersey DOT Variable Message Sign Operations Manual (Dudek 2001).
The Basic CMS Message is the sum total of all the information that motorists need on the CMS in order to make fully informed and rational driving decisions (e.g., whether to take an alternative route).  In most cases, the Basic CMS Message will exceed the maximum amount of informational units that should be displayed on a CMS. Therefore, the Basic CMS Message must be reduced in length and content to ensure that motorists can read, understand, and react to the message.

The Basic CMS Message elements for incidents and roadwork are summarized in Table 2.

Table 2.  Basic CMS Message Elements for Incident and Roadwork Messages (Ref Dudek 2001)
	Incidents
	Roadwork

	Lane Closure (Blockage)
	All Lanes Blocked
	Freeway Closure
	Lane Closure
	Freeway Closure

	Incident descriptor
	Incident descriptor
	Incident descriptor
	Roadwork descriptor
	Roadwork descriptor

	Incident location
	Incident location
	Incident location
	Lane closure location
	Closure location

	Lanes affected
	Lanes affected
	Lanes affected
	Lanes closed
	Lanes affected

	Effect on travel
	Effect on travel
	Effect on travel
	Effect on travel
	Effect on travel

	
	
	Closure location
	
	Closure Location

	Audience for action
	Audience for action
	Audience for action
	Audience for action
	Audience for action

	Action
	Action
	Action
	Action
	Action

	Good reason for following the action
	Good reason for following the action
	Good reason for following the action
	Good reason for following the action
	Good reason for following the action


The Basic CMS Message elements are predicated on the results of research conducted in large and small metropolitan areas during the past 30 years.  The elements in the typical CMS message (i.e., problem, location, recommended driver action) are based on information needs of the average motorist.  However, as the research shows, priorities vary among individuals.  Thus, the Basic CMS Message elements shown in Table 2 are designed to accommodate the majority of the motorists in the traffic stream.

Incident and Roadwork Descriptors (Problems)

When an incident or roadwork blocks part of the roadway, motorists consider information about the occurrence of an incident or the presence of roadwork as very important and want advance knowledge (Heathington et al. 1970; Dudek et al. 1971a).  A question that sometimes arises is “How specific should an incident descriptor be?”  One can easily list over 20 incident types that might affect the freeway lanes.  However, 20 incident types are too many to consider and use in CMS messages.  Using results of human factors laboratory studies (Dudek et al. 1978a; Dudek and Huchingson 1986) in the Manual on Real-Time Motorist Information Displays list examples of incident and roadwork terms that should be displayed.  

ACCIDENT





MINOR ACCIDENT

MAJOR ACCIDENT

ROADWORK
(Note: The word CRASH is becoming more and more prevalent and is used by some TMCs in place of ACCIDENT.  The only assessment of the use of the word CRASH was made by researchers at Marketline Research Inc. (2000).  Motorists in focus groups in Minneapolis generally criticized CRASH as being an unnecessarily harsh and unpleasant word, and believed it provided no more useful information than the word ACCIDENT.  The word CRASH, in itself, generated a noticeable level of uneasiness among most participants in the focus groups.)

Recommendations are also given in the Manual (Dudek and Huchingson 1986) to avoid displaying specific descriptors.  For example ACCIDENT is preferred to more exact descriptions such as VEHICLE OVERTURNED.  Having a small number of descriptors that induce driver response will a) reduce the number of descriptors that need to be placed in the computer CMS message library, and b) enhance consistency of displayed messages among the CMS operators.  

Results of the focus group studies with 49 drivers from the Minneapolis area by Marketline Research Inc. (2000) further indicate that ACCIDENT seems to be the preferred choice for labeling any type of collision, regardless of how many vehicles are involved.  While some participants in the focus groups claimed that knowing that multiple vehicles are involved provides a better picture of the scene and possible extent of the delay, most agreed that the extent and impact of the crash could best be communicated directly (e.g., 2 RIGHT LANE CLOSED, 30 MINUTE DELAY, etc.).  The only exception to using ACCIDENT is in situations where the crash results in closure of the freeway.  In this situation, many appeared to believe that ROAD CLOSED should be the leading top-line message element because it is most direct and unambiguous.  ROAD CLOSED indicates to motorists that they should immediately begin to consider other routes to take.

Following completion of human factors research for the New Jersey DOT on CMS messages and evaluation of the frequency and traffic impacts of truck crashes that occur in the state, particularly in northeast New Jersey, the following descriptor was added to the above list of incident descriptors in the New Jersey Variable Message Sign Operations Manual (Dudek 2001).  



TRUCK ACCIDENT

The term TRUCK ACCIDENT is a general term that includes truck jackknife and truck overturn type crashes.  No objective data are available at this time to judge whether drivers interpret TRUCK ACCIDENT differently than MAJOR ACCIDENT relative to the number of lanes affected, duration of the incident, and severity of the negative impacts on traffic.  

There are non-vehicle-related incident descriptors that were recommended in the Manual on Real-Time Motorist Information Displays (Dudek and Huchingson 1986).  They are as follows:



SPILLED LOAD


ICE ON ROAD (BRIDGE)



BROKEN PAVEMENT


FOG

In addition to the above, some state DOTs also display the following:



HIGH WINDS (BRIDGE)

FLOODING

The above design recommendations are based on the results of the studies by Dudek et al. (1978a) with 97 drivers in College Station, TX and Houston that suggested certain common words—ACCIDENT, ROADWORK, ICE, and FLOODED—are strongly preferred for display on CMSs.  Incident descriptors that were judged unimportant dealt with obstacles that could be easily avoided or that introduced no serious road hazard.  Specifically, motorists prefer seeing the incident types listed below displayed during peak and off-peak periods:



ACCIDENT



ICE



TRUCK OVERTURNED

FLOODED



TRUCK WRECKED


SNOW



SPILLED LOAD


FOG



ROADWORK



REDUCED VISIBILITY



BROKEN PAVEMENT

The incidents listed below were not selected for display during peak and off-peak periods:



BREAKDOWN



SLOW MOVING VEHICLE



TRASH ON ROAD


BUMP IN PAVEMENT



DEAD ANIMAL
Opinion was divided on the following incidents:



STOPPED VEHICLE


WATER ON PAVEMENT

In summary, eleven incident descriptors were judged to be important enough for display on a CMS.  The categories of information were as follows:

1.
Accident;

2.
Roadwork;

3.
Maintenance needed (load spilled, pavement broken); and

4.
Environmental factors (creating driving hazards or reduced visibility).

Information not important to motorists included minor objects on the freeway which could be easily avoided; a solitary slow moving vehicle on the freeway; and disabled vehicles off the freeway lanes.

Relative to roadwork descriptors, ROADWORK may be substituted for the longer word CONSTRUCTION (Dudek 2001, 2002).  Results of studies reported by Dudek (1998f), showed that 59 percent of the 102 motorists surveyed in New Jersey interpreted the words CONSTRUCTION and ROADWORK to have the same meanings.  The other 41 percent stated that the meanings differ.  To these 41 percent, CONSTRUCTION implied larger scale, longer-term work such as building bridges.  The word CONTRUCTION is too long to fit on a line of a portable CMC and, if used, it must be abbreviated.  There is a need to further evaluate the need and situations when the longer term CONSTRUCTION or its abbreviation should be used.

Incident/Roadwork Location

CMS message guidelines specify that the Incident/Roadwork Location message element must directly follow the Incident/Roadwork Descriptor (Dudek and Huchingson 1986).  

Referencing Location for Familiar and Unfamiliar Motorists

The location of the problem can be defined in terms of specific highways, streets, exit ramps, exit ramp numbers or prominent landmarks, or in terms of distance ahead.  Existing guidelines recommend that the location of an incident or roadwork should be specified in terms of street names, exit names, exit numbers, or landmarks; and for motorists who are unfamiliar with the area in terms of distance to the incident or roadwork (Dudek and Huchingson 1986).  

Results of research (Huchingson et al. 1977) show that, in some cases, commuters and visitors have different informational needs.  The visitor has very limited information about a city other than interstate route numbers, whereas, many commuters understand most of the intersecting and parallel streets.  
Research reported by Dudek et al. (1978a) indicate that, for commuters and motorists familiar with the area, the incident/roadwork location should be referenced to highways, streets, exit ramps, exit ramp numbers, or prominent landmarks.  Motorists unfamiliar with the area prefer to have the location referenced by distance or exit ramp numbers.  Hustad and Dudek (1999) reported, based on studies conducted in New Jersey and Texas, that abbreviations used for local landmarks, bridges, and entertainment and recreational facilities may not be well understood by motorists unfamiliar with the area.

Information about both 1) where the lane closure begins and 2) where it ends is useful to the motorist in assessing where to return to the freeway if he/she leaves the freeway to avoid the congestion (Dudek and Huchingson 1986).  Thus, it may at times be appropriate to display the message below.

	LEFT LANE CLOSED

FROM EXIT 12

TO EXIT 14

	Shows where the lane closure begins and ends


Modifiers to Street, Road, and Avenue Names

In describing the incident/roadwork location, the abbreviations ST, RD and AVE are acceptable to use with the names of streets, roads and avenues, respectively (Dudek et al. 1981a; MUTCD 2000).  Often, though, these abbreviations are not required and could be omitted.  However, these abbreviations must be used for streets and avenues with the same numeric names in the region (e.g., 7TH ST vs. 7TH AVE) (Dudek and Huchingson 1986).  

Descriptors for Location

The more common location descriptors used by TMCs are listed below.



1 MILE (AHEAD)



[number] MILES (AHEAD)



AT [highway name, street name, exit ramp number, exit ramp name, landmark]



NEAR [highway name, street name, exit ramp number, exit ramp name, landmark]
Dudek (2001, 2002) recommends the use of the following additional location descriptors:  


BEFORE [highway name, street name, exit ramp number, exit ramp name, landmark]

PAST [highway name, street name, exit ramp number, exit ramp name, landmark]
The advantage of BEFORE and PAST is that they give the driver information about the location of the incident or roadwork relative to the highway, street, exit, or landmark.  This information helps drivers familiar with the area to know: 

· Whether the incident will have an impact on the driver’s ability to use the exit ramp near the location of the incident; and

· The entrance ramps downstream of the incident can be used to reenter the freeway.

The information is particularly useful when the incident/roadwork is near a major freeway-to-freeway interchange.

Use of the descriptors BEFORE and PAST is also supported by results of focus group studies in Minneapolis by Marketline Research Inc. (2000).  Most of the participants agreed that the descriptors AT and NEAR are often not specific enough, and are too open for interpretation as to the location of the incident/roadwork.  
Many participants in the focus group study also agreed that the specific locations of incidents/roadwork should be given relative to other roads or exits so that motorists are aware of all their options.  Many also stated that the descriptions should always include a direction—N, S, E, or W of a major road or exit.  It appears to the author of this current report that the intent is the same as using the descriptors BEFORE and PAST.  It is not clear whether all motorists would be able to translate the location of the incident/roadwork if cardinal locations are given in the message as contrasted to the BEFORE and PAST word descriptors.  Some motorists may not be certain about the direction they are traveling (i.e., north, south, east, or west).  The dilemma would be very apparent on loop freeways. 

Lane Closure (Blockage)

The need of motorists to know which lanes are closed or blocked due to an incident or roadwork has been well document in the literature (Hulbert and Beers 1971; Stockton, et al. 1976; Dudek, et al. 1978a; Smiley and Dewar 1998; Marketline Research Inc. 2000).  Existing guidelines recommend that information about the number of lanes closed or blocked should be a part of the primary CMS message (Dudek and Huchingson 1986; Dudek 2001, 2002).

Existing guidelines also make a distinction between CLOSED and BLOCKED and recommend that the word BLOCKED should be used before law enforcement or traffic control personnel close the lane due to an incident; whereas, CLOSED should be used after the lanes are closed.  In a study by Dudek et al. (1978a) in Los Angeles, 60 percent of the 43 motorists surveyed believed that LANE BLOCKED meant the same as LANE CLOSED.  Forty percent ascribed different meanings to the messages.  Of these 40 percent, all stated that LANE BLOCKED indicated a temporary blockage due to an accident, stall, etc., and LANE CLOSED indicated a physical closure of prolonged duration.  Seventy-four percent of all the motorists surveyed stated that their response upon seeing the lane blocked and closed messages would be the same.

Dudek et al. (1978a) also found that 79 percent of the motorists surveyed in Los Angeles stated that the meaning of FREEWAY BLOCKED AHEAD was different than FREEWAY CLOSED AHEAD.  Only 21 percent believed the messages to be the same.  Of the subjects who believed the messages were different, 97 percent stated that FREEWAY BLOCKED indicated a temporary obstruction of the freeway, whereas FREEWAY CLOSED was a prolonged closure of the freeway.  Fifty-four percent of all the subjects indicated that their response upon seeing the freeway blocked and closed messages would be the same, 43 percent stated their response would be different, and 3 percent did not respond.

A review of CMS messages from several TMCs indicates that the word BLOCKED is seldom used.  Instead, most TMCs elect to only use the word CLOSED.

Left and Right Lanes

Acceptable terms when one or more lanes is (are) affected on the left or right side of the freeway are listed below.



LEFT LANE CLOSED



LEFT LANE BLOCKED



RIGHT LANE CLOSED



RIGHT LANE BLOCKED


[number] LEFT LANES CLOSED

[number] LEFT LANES BLOCKED



[number] LEFT RIGHT CLOSED

[number] RIGHT LANES BLOCKED
Some TMCs use a slight variation to that above by placing the direction (left, right) ahead of the number of lanes such as the descriptor shown below.



LEFT [number] LANES CLOSED
Research has not been conducted to evaluate the relative effectiveness of the two alternative placements of the number of lanes closed (blocked) to determine whether there are differences in motorist recall and/or response.  However, Dudek (2002) suggested that there is an important difference:  Placing the number before the direction (left, right) emphasizes the degree of the problem (e.g., 2 LEFT LANES CLOSED); whereas, placing the number after the direction emphasizes the direction of a suggested merge (e.g., LEFT 2 LANES CLOSED).  Dudek suggested that for multilane closures, particularly during the peak periods, it is more important to emphasize the number of lanes affected so that the drivers “think” in terms of diversion decisions rather than lane change decisions.

Middle Lanes

When the center lane of a three-lane directional freeway is affected, then the descriptors shown below are acceptable (Dudek and Huchingson 1986; Dudek 2001, 2002).



CENTER LANE CLOSED


CENTER LANE BLOCKED
Displaying a Lanes Affected descriptor when one or more of the middle lanes are closed on a freeway with four or more directional lanes present the TMC managers with additional challenges.  In these cases, word descriptors such as LEFT and RIGHT are ambiguous in specifying specifically which lanes are affected.  On a four-lane section, the following terms might be satisfactory if the two middle lanes were affected:



CENTER LANES CLOSED

CENTER LANES BLOCKED

The issue is whether drivers would notice the subtlety that LANES is plural.  However, if only one lane is closed on a four lane directional section, then the terms do not apply.  Similar problems would occur on facilities with more directional lanes.  Some TMCs display terms similar to that shown below.  No research data are available that support the use of these terms, particularly with respect to motorist understanding and whether they would notice that one of the middle lanes rather than the left or right lane is affected.



LEFT CENTER LANE CLOSED
LEFT CENTER LANE BLOCKED



RIGHT CENTER LANE CLOSED
RIGHT CENTER LANE BLOCKED
Research by Dudek et al. (1978a) led to the recommendation for the CMS message shown below that contains X’s and arrows and is anchored at each lane with lane numbers (Dudek and Huchingson 1986; Dudek 2001, 2002)).  This is similar to a message that was displayed on CMSs by Caltrans in the 1970s and 1980s.  However, the author of this report has not seen this message displayed for a number of years, although, Texas DOT incorporated a similar sign for moving maintenance operations in its Typical Traffic Control Plan Sheets in the 1980s.

	LANES CLOSED

1         2         3        4
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Changes in Number of Freeway Lanes

The Lanes Affected descriptors discussed above apply to cases where the number of freeway lanes at the incident location is the same as at the CMS location.  In these cases, the driver will know that on a three-lane directional section, for example, if two lanes are closed, only one is open.  However, there are many situations where the number of through lanes downstream is not the same as at the CMS location.  Thus, it may be more appropriate to display the number of lanes that are open rather than the number closed.  Dudek (2001, 2002) suggests that the following are acceptable descriptors:



1 LANE OPEN



[number] LANES OPEN

However, additional research is needed to determine the relative effectiveness of lane closed and lane open descriptors.

Closure Descriptors (All Lanes Closed)

Dudek and Huchingson (1986) suggested that when all of the lanes are affected by the incident then the following descriptors can be used (Dudek and Huchingson 1986):



ALL LANES CLOSED


ALL LANES BLOCKED
Dudek (2001, 2002) recently recommended that, when all of the lanes on the freeway are closed (blocked) due to an incident, the terms below should be used in place of ALL LANES CLOSED (BLOCKED), and that the terms should be on the top line of a CMS in place of ACCIDENT or MAJOR ACCIDENT.  



FREEWAY CLOSED


FREEWAY BLOCKED
Dudek suggested that this would have greater impact on motorists while at the same time opening space on the CMS to display additional useful information (e.g., an Action message element) than if ACCIDENT or MAJOR ACCIDENT was in the message.  The recommendation to display ROAD CLOSED (ROAD BLOCKED) is supported by studies by Knoblauch, et al. (1995) who found that 79 percent of the 134 motorists surveyed in Virginia, Maryland, and New York preferred the term ROAD CLOSED to ALL LANES CLOSED.  Results of focus group the studies in Minneapolis by Marketline Research Inc (2000) also showed that many motorists in the groups appeared to believe ROAD CLOSED should be the leading, top-line message element because it is most direct and unambiguous.  ROAD CLOSED indicated to motorists that they should immediately begin to consider other routes to take.

Effect on Travel

The Effect on Travel message element informs the motorist of the severity of the situation.  Possibilities for displaying the effects are in terms of delay, travel time, speed, or congestion.

Minor and Major Delay and Accidents

The research discussed previously indicated that motorists would like to have some indication of the delay they will encounter when an incident or roadwork affects the travel lanes.  However, when displaying a value (number) the CMS operator must have full confidence that the delay values are reasonably accurate.  This is a number that motorists can sometimes check.  Motorist s’confidence in the CMS system can be adversely affected if the numbers are not reasonably accurate. Consequently, it is currently not recommended to display delay in numeric terms (Dudek and Huchingson 1986; Dudek 2001, 2002).  As an alternative to displaying a specific delay value, it is safer to display generic information such as:



MAJOR DELAY


MINOR DELAY

Sometimes the Effect on Travel element can be combined with the Incident/Roadwork Descriptor.  In the case of delay, the following descriptors have specific meaning to motorists: 



MAJOR ACCIDENT



MINOR ACCIDENT
Dudek et al. (1978a) reported that the average motorist surveyed in Dallas in the late 1970s believed that the term MINOR ACCIDENT referred to a crash that resulted in a delay of 10 minutes or less.  MAJOR ACCIDENT referred to a delay of 22 minutes or more.  Surveys in Los Angeles, St. Paul, MN, Houston, Dallas, and College Station, TX indicated that the average motorist believed that 20 minutes of delay was critical and would entice him/her to think about diverting from the freeway (Dudek et al. 1978a).

More recent studies in five metropolitan areas in Texas reported by Dudek et al (2000) indicate that the average motorist expects a delay of 15 minutes or less when they see the message term MINOR CONGESTION, and 45 minutes or more delay when they see the message term MAJOR CONGESTION.  The expectation of 45 minutes or more delay for MAJOR CONGESTION is consistent with studies reported by Dudek and Huchingson (1998c) in New Jersey in which the average motorist believed that MAJOR DELAY also represented a delay of 45 minutes or more.  Results of the focus group study in Minneapolis by Marketline Research Inc. (2000) indicated that most participants considered MAJOR DELAY as a minimum of 30 minutes of delay.  A comparison of the results presented above indicates that motorists expect more delay when seeing a message major accident than they did in the mid-1970s.
Delay Information

Dudek et al. (1978a) conducted studies in Los Angeles to evaluate motorists’ interpretation of the term XX MINUTES DELAY.  The most popular interpretations were: 1) the freeway travel will be XX minutes longer than usual, and 2) the motorist will arrive at work XX minutes later than usual.  Both have essentially the same meaning.  Delay information did not necessarily imply stopped or bumper-to-bumper traffic, nor did the respondents think an accident itself would be on the freeway for the time period indicated.

Studies by Dudek et al. (1981b) showed that temporal information such as delay is recalled less accurately than the problem and the action the motorist should take.  This indicates the higher priority that motorists place on remembering the problem and action in contrast to the amount of delay.

Some TMCs display messages that include the message elements such as: DELAYS LIKELY, EXPECT DELAYS, CAUTION.  Research has not determined the usefulness of displaying these general terms to indicate the effect of an incident, nor is there information about potential credibility consequences.  However, in one focus group study, motorists stated that unnecessary information such as SLOW, CAUTION or PLEASE BE CAREFUL should be avoided in messages because they do not tell motorists what to do (Miller, et al. 1995).  Also, further comparisons need to be made to determine the interpretation of qualitative delay messages (e.g., MAJOR DELAY, MINOR DELAY) in comparison to quantitative delay (XX MINUTES DELAY). 

Travel Time Information

With Incident and Roadwork Messages

The results of research seem to indicate that travel time information should not be displayed as part of a typical incident or roadwork message.  In the early study in Cook County, IL by Heathington, et al. (1970) it was reported that travel time was the least preferred information in comparison to the incident, incident location, degree of congestion, delay, and speed.  Dudek at al. (1971a) in another early study in Dallas and Houston found that travel time information was least preferred to location and length of incident, degree of congestion, reason for congestion, and average travel speed.  Studies conducted in College Station, TX, Houston, Los Angeles, and St. Paul, MN by Dudek et al. (1978a) confirmed the results that travel time is not a major information item preferred by motorists when an incident or roadwork affects the travel lanes, and thus should not be displayed in lieu of other more important information.

Results of a more recent study in Toronto by Smiley and Dewar (1988) indicated that travel time is least preferred to degree of congestion, speed, and delay.  Benson (1996), however, reported slightly different results with respect to the relative importance of delay and travel time.  He found that motorists in the Washington, D.C. area preferred numerical travel time estimates equally well as delay time, and both were preferred to average speed.  

Given the differences in results of the more recent studies, there is a need to determine whether current-day drivers still prefer to have other direct measures of traffic impacts (e.g., delay, length of congestion, etc.) rather than travel time.  Also the potential response to the different messages should be examined (i.e., the propensity for motorists to divert during the peak and off-peak periods

During Peak and Off-Peak Periods in Absence of Incidents or Roadwork
A small number of TMCs have recently begun displaying travel times on CMSs when incidents or roadwork are not affecting the freeway.  At some locations, travel times are displayed during the peak periods only, and in other cases they are displayed during both peak and off-peak periodes.  Travel time is very useful to motorists because it gives them some indication as to the potential arrival time to their destinations.  Also, travel times can be displayed during the peak and off-peak periods and has the added advantage that a message will be displayed on the CMS more frequently rather than having the sign blank in the absence of an incident or roadwork.  Shown below are two approaches that have been used by TranStar in Houston and TransGuide in San Antonio. 

	TRAVEL TIME

TO I-610

20 MIN AT 8:20
	
	TRAVEL TIME

TO US-281

8-12 MINUTES

	TranStar Message
	
	TransGuide  Message


Although display of travel times in the absence of an incident or roadwork has some advantages, the following possible credibility issues have created concerns for some TMC managers.  
· Display of historic travel times; and

· Daily repetition of the same travel times displayed to commuters.

Current technology does not allow TMCs to accurately predict travel times, thus recent historical travel times have to be displayed.  Motorists can easily measure their own travel times and dispute posted travel times.  The results of laboratory studies with 260 motorists from five cities in Texas (Dallas, El Paso, Fort Worth, Houston, and San Antonio) conducted by Dudek et al. (2000), however, seem to indicate that displaying recent historical travel times may not create a credibility issue provided that the differences in expected and actual travel times are not significantly different.  In tests of the TranStar and TransGuide formats to displaying travel time information, 80 percent of the motorists correctly interpreted the message without the time-of-day (i.e., the TransGuide approach) and 78 percent understood the message with the time-of-day (i.e., the TranStar approach).  Furthermore, only 10 percent of the motorists thought that the message meant “exactly 20 minutes.”  Most motorists (76 percent and 64 percent, respectively) thought that the message meant “about 20 minutes.”  There is a need to validate these finding in other states.

The second concern with displaying travel time on a regular basis is the possibility that commuter drivers may see the same travel times posted daily if traffic conditions do not change from day to day, and they may begin to ignore the CMS at later dates and not read the sign when important incident information is presented.  This failure to detect a change in the message is a psychological visual change phenomenon referred to as change blindness (Rensink 2002).  Associated with this phenomenon is a potential credibility problem. To date, no research has been conducted to validate or disprove these concerns.  

Speed Information

During Incidents and Roadwork

Information about travel speed does not rank high on the list of information needs of motorists when incidents occur on the freeway or roadwork is affecting traffic flow.  In addition, unless the speed information is displayed in a correct format, it is likely that some motorists will misinterpret the information, and some may react in adverse ways.  Thus, travel speed should not be displayed as part of an incident or roadwork message.

In an early study, Dudek, et al. (1971a) found that travel speed between various reference points ahead was not considered as important to motorists as the location and length of congestion, degree of congestion, and the reason for the congestion.  In another study conducted in Houston and Dallas by Dudek, et al. (1978a), traffic speed was considered less important by commuters than the type of incident, lane blockage, level of congestion, amount of delay, and the location to the nearest exit.  

Hulbert and Beers (1971), based on their studies in the Los Angeles area, concluded that referencing to specific miles-per-hour could elicit dangerous overreaction (deceleration) from motorists.  Smiley and Dewar (1988) found that in response to the message phrase SPEED 30-40 KM/H NEXT 3 KM, only a slight majority of test subjects in Toronto thought that the speed message referred to the average speed, which is what this message was intended to convey.  However, almost as many thought the message referred to a recommended speed, and almost one-fifth thought it referred to the legal speed limit.  Results from a study by Vercruyssen (1997) in Minneapolis on CMS messages for application in highway work zones showed that the most common interpretation of the message CURRENT SPEED/ 30 MPH (67 percent of the subjects) was that the speed limit through the construction zone was 30 mph, an incorrect interpretation.  Thus, if downstream travel speeds are to be displayed on CMSs to indicate the degree of congestion, it is important that the information be specific such that motorists realize that the speeds posted are not speed limits.  

Another factor to consider is that speed information is not the best choice of alternative traffic descriptors to elicit diversion.  In the Toronto study, the message SPEED 20-40 KM/H resulted in a lower percentage of subjects who indicated they would divert than for the message HEAVY CONGESTION (Smiley and Dewar 1998).

Audience for Action

The Audience for Action message element is used when the Action applies to a specific group of motorists rather than all of the motorists traveling past the CMS.  It alerts a specific group of motorists that the action part of the message applies to them.  When the Audience for Action applies to all motorists on the highway at the location of the CMS, then the statement is not displayed.  When the Action applies to only a segment of the motorists, then the Audience for Action message element should be used to avoid confusion as to the drivers for which the recommended Action applies (Dudek and Huchingson 1986; Dudek 2001, 2002).

	MAJOR ACCIDENT

PAST ROWLAND


	(Problem)

(Location)


	USE

OTHER ROUTES
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	Message Frame 1
	
	Message Frame 2
	

	Action message element applies to all drivers passing CMS


	MAJOR ACCIDENT

PAST ROWLAND


	(Problem)

(Location)


	PHILADELPHIA

USE ROUTE 46


	(Audience)

(Action)



	Message Frame 1
	
	Message Frame 2
	

	Action message element applies to a specific group of drivers (Philadelphia traffic)


Results of research by Dudek et al. (1978a) show that when motorists see an Audience for Action message element on the CMS, they expect they will also see an Action message element.  Thus, an Audience for Action message element must always be accompanied with an Action statement.

Generally, the word TRAFFIC after a destination is not necessary.  The reader of a sign can only be a motorist who is a part of the traffic stream, so NEW YORK, TAKE NEXT EXIT can only mean NEW YORK TRAFFIC, TAKE NEXT EXIT (Dudek and Huchingson 1986).

City destinations appearing on a CMS must be consistent with existing signing practices.  Nicknames should be avoided.  For example, PHILADELPHIA should be used rather than the nickname PHILLY (Dudek and Huchingson 1986).

Action

The Action message element is necessary because it tells the motorist what to do.  Dudek and Huchingson (1986) recommend that every incident and roadwork management CMS message have an action statement.  Omitting the Action leaves the motorist with a great deal of uncertainty as to the best course of action.  

The need to display an Action message element is supported by the results of studies in Houston with 133 motorists by Dudek et al. (1978a).  The researchers found that information about the best route/route advice was desired almost equally as well as information about route continuation feasibility (incident, location, lanes blocked) and delay.  In another study, Dudek et al. (1981b) found that the 1) problem and 2) action the motorist should take were recalled more often by motorists in San Antonio than temporal information about delay.  A common theme that emerged from the focus group studies in Minneapolis by Marketline Research Inc (2000) was that CMS messages with the cause (incident, roadwork), location, and advisory are widely perceived as being logical and appropriate.  Focus group sessions by Miller et al. (1995) with 17 motorists from Virginia confirmed the previously discussed findings relative to the importance of communicating what action motorists need to take and when the action should occur.

Action message elements are classified according to signing situations that involve:

· No diversion, or

· Diversion.

No Diversion

When there is no need to encourage drivers to divert from the freeway, then typical action message elements for CMSs located on the same freeway as the incident are as follows (Dudek 2001):


PREPARE TO STOP


REDUCE SPEED.

Diversion

Diversion messages are classified according to whether the message encourages (Dudek 2001):

· Diversion to a non-specific route (soft diversion), or

· Diversion to a specific route.

Diversion to a Non-Specific Route (Soft Diversion)

A Soft Diversion Action message element is used when drivers are advised to take other routes but a recommended route is not specified in the CMS message.  Typical descriptors for soft diversion messages are listed below.



USE OTHER ROUTES


EXIT AND USE OTHER ROUTES
Many TMCs display the term USE ALTERNATE ROUTES.  However, USE OTHER ROUTES is shorter and well understood by drivers (Dudek et al.1978a) and is the preferred choice (Dudek 2001, 2002).

TMC managers/supervisors must be aware that many motorists tend to consider a soft diversion message such as USE OTHER ROUTES as a suggestion and not a command; some motorists, however, are simply not sure whether it is a suggestion or a command (Marketline Research Inc. 2000).  

Diversion to a Specific Route

In this case, motorists are advised to take a specific alternative route.  The Action message element will be influenced by the type of diversion route that the motorists are advised to take.  Dudek (2001, 2002) categorized five types of diversion routes for incidents and one type for roadwork.  Details of the characteristics of these diversion routes can be found in the New Jersey DOT Variable Message Sign Operations Manual (Dudek 2001).   Acceptable terms for the Action message element for Type 1, 2, 3, and 4 diversion routes are shown below.  Note that the cardinal direction must be included when applicable.  



EXIT AND USE [highway name, street name, route number]


EXIT AT [highway name, street name, route number] /




USE [highway name, street name, route number]


TAKE [exit ramp name] EXIT



TAKE [exit ramp name] EXIT /


USE [highway name, street name, route number]


TAKE EXIT [exit ramp number]


TAKE EXIT [exit ramp number] /



USE [highway name, street name, route number]

TAKE [highway name, street name, route number]


TAKE [highway name, street name, route number] /



USE [highway name, street name, route number]


TAKE NEXT EXIT


TAKE NEXT [number] EXITS



USE [highway name, street name, route number]



TUNE RADIO TO [number] AM (or FM)
A Type 5 diversion route is a pre-established route that is designated as the detour route when emergency conditions require closing the freeway.  A Type 6 route applies to the roadwork detour specified in the Traffic Control Plan.  Acceptable terms for the Action message element for a Type 5 diversion route and Type 6 detour route as recommended by Dudek (2001, 2002) are shown below.  Note that the cardinal direction must be included when applicable.


EXIT AND FOLLOW DETOUR


EXIT AND FOLLOW SIGNS


EXIT AT [highway name, street name, route number] /



FOLLOW DETOUR


EXIT AT [highway name, street name, route number] /



FOLLOW SIGNS


TAKE [exit ramp name] EXIT /



FOLLOW DETOUR


TAKE [exit ramp name] EXIT /



FOLLOW SIGNS


TAKE EXIT [exit ramp number] /



FOLLOW DETOUR


TAKE EXIT [exit ramp number] /



FOLLOW SIGNS


TAKE [highway name, street name, route number] /



FOLLOW DETOUR


TAKE [highway name, street name, route number] /



FOLLOW SIGNS


TAKE NEXT EXIT

Good Reason for Following the Action

When a motorist is advised to take an alternative route, he/she must be confident that it is the correct decision and that doing so will result in significant savings in time.  Therefore, the motorist should be given a Good Reason for Following the Action.  In most cases, the good reason is implied through the Incident or Roadwork Descriptor, Lanes Affected and Effect on Travel elements of the message and need not be displayed separately.  For example, MAJOR ACCIDENT implies major delay and gives the reason for following the advice.  However, in other situations, a specific Good Reason for Following the Action may be needed.  When needed, the following message elements are acceptable (Dudek 2001, 2002):



AVOID DELAY


AVOID MAJOR DELAY



BEST ROUTE TO [destination]

If the delay and/or travel times can be accurately estimated on both the primary and alternative route, then specific information can be displayed as follows:



AVOID [number] MIN DELAY



SAVE [number] MIN

Word and Phrase Meanings and Criteria

Although word and phrase combinations have been evaluated in several studies, not all have been tested with motorists with low reading skills.  There is a need to determine the effects of selected word combinations with respect to reading time and understanding by motorists with low reading skills.

Some common choices of words and phrases that have been evaluated are as follows:

· USE, TAKE and FOLLOW;
· EXIT versus RAMP;
· A dash versus THRU;

· LANE SHIFT, TRAFFIC SHIFTS, LANE CHANGE, and NEW TRAFFIC PATTERN.
Use, Take, and Follow

The Action message element requires an action verb. In general, the three verbs USE, TAKE and FOLLOW are synonymous and no strong preference has been found.  The verb USE has been employed more often because it is slightly shorter.  There are, however, small differences in meaning which may make one verb more appropriate to another when used in a particular CMS message.

The following provides guidance on the choice of these verbs (Dudek and Huchingson 1986; Dudek 2001, 2002):  The verb USE should be selected whenever the advisory in the CMS message is to employ a route that will carry the motorist to his/her destination.  The destination could be a major generator or a point of return to the freeway.  The verb TAKE should be selected whenever the advisory is a directive to begin taking the first highway or leg of a route.  The verb FOLLOW carries the additional connotation that the motorist will be guided with other signs along the route.  FOLLOW should never be used when guidance is not available.  The verb EXIT may also be used as a verb in action message statements that are displayed on a freeway.  When EXIT is employed as a verb, it should usually be followed by the name of the cross street or highway associated with the exit ramp.

Exit vs. Ramp

When a freeway CMS message refers to an off ramp, the word EXIT should be used (Dudek 2001, 2002)).  The word RAMP should not be used.  Interviews with 102 motorists in New Jersey and 260 motorists from five cities in Texas indicated that 26 percent of the New Jersey motorists and more than 40 percent of Texas motorists surveyed believed that the two terms have different meanings.  A high percentage of the motorists believed that the term EXIT refers to where the motorist gets off the freeway, and RAMP refers to where the motorist gets on.  The word RAMP also implies a freeway-to-freeway connector ramp or a lane directly into a rest stop. (Dudek and Huchingson 1998d; Dudek et al. 2000).

A Dash vs. Thru

The dash may be substituted for the term THRU to indicate a set of inclusive days (e.g., TUES – THURS to indicate Tuesday thru Thursday) (Dudek 2001, 2002).  Ninety-two percent of 102 motorists surveyed in New Jersey correctly stated the days of the week when the dash was used (Dudek and Huchingson 1998b; Dudek, 1999).

	ROADWORK

TUES THRU THUR


	
	ROADWORK

TUES-THUR


	

	Message 1

Acceptable
	
	Message 2

Acceptable
	


Nite vs. Night

The term NITE may be used in place of NIGHT (Dudek 2001, 2002).  Studies resulted in data that showed most New Jersey motorists understand the term NITE as a substitute for NIGHT.   Furthermore, NITE was correctly interpreted as NIGHT by 82 percent of 102 motorists surveyed in New Jersey (Dudek and Huchingson 1998b; Dudek, 1999).
Lane Shift, Traffic Shifts, Lanes Change and New Traffic Pattern 

There are several terms that have sometimes been used in work zones to indicate a temporary alignment change (i.e., all lanes shift left or right).  Dudek and Huchingson (1998a) tested 102 motorists in New Jersey and concluded that the following terms should not be used:

· LANES SHIFT;

· TRAFFIC SHIFTS;

· LANES CHANGE; and

· NEW TRAFFIC PATTERN.

Instead, the following term should be used:

· LANES SHIFT / STAY IN LANE.

The results of the Dudek and Huchingson (1998a) studies revealed that a large majority of the motorists surveyed in New Jersey believed that they would have to merge with traffic in another lane when the terms LANES SHIFT (53 percent), TRAFFIC SHIFTS (52 percent), LANE CHANGES (73 percent), or NEW TRAFFIC PATTERN (42 percent) was displayed.  Therefore, these terms would encourage undesirable lane changing.  Most of the motorists surveyed (81 percent) understood that they would not have to merge to another lane when the term LANES SHIFT/STAY IN LANE was used.

Calendar Dates

It is desirable to notify motorists of upcoming roadwork or of a special event that will impact traffic.  In the past, calendar dates have been used (e.g., OCT 10 – OCT 12) to indicate when the roadwork or special event activity begins and/or ends.  However, results of human factors studies showed that motorists have difficulties in correlating calendar dates to specific days of the week.  Therefore, the use of days of the week is preferred over calendar dates (Dudek 2001, 2002).

Only 11 percent of 102 motorists interviewed in New Jersey and only 21 percent of 260 motorists in five cities in Texas were able to give correct days of the week when calendar dates were displayed even though the days were during the next week (see Message 1).  In contrast, 93 and 85 percent gave the correct days of the week when Message 2 was shown (Dudek 1999; Dudek et al. 2000).

	ROAD CLOSED

[OCT 10-OCT 12]

	
	ROAD CLOSED

TUES-THUR


	

	Message 1

Unacceptable
	
	Message 2

Acceptable
	


CMS Legibility Distances for Message Design

Distances for Message Design

The maximum distance upstream at which a motorist can first correctly identify letters and words on a CMS is termed the legibility distance of the CMS.  The legibility of a CMS depends on the design characteristics of the sign.  Key design parameters are the type of display technology (light-emitting, light-reflecting, etc.), height and width of the characters, the stroke width of the characters, and the type of font displayed.  Interested readers can refer to a report by Garvey (2002) for a synthesis on the legibility of CMSs with emphasis on readers with vision loss.

Ullman and Dudek (2001) recommended CMS legibility distances for message design purposes that are based on results of legibility research by Stockton and Dudek (1978), Dudek et al. (1981a), Upchurch et al. (1992), and Ullman and Dudek (1999).  These distances, shown in Table 3, represent standard font (all uppercase), 46-cm (18-in) character heights, 33-cm (13-in) (approximate) character widths, and about 6.4-cm (2.5-in) stroke (pixel) widths.  

It is expected that signs with characters smaller than 46 cm (18 in) will yield shorter distances.  However, no data are available to help determine the legibility distances for signs with smaller characters.  

The legibility distances shown in Table 3 affect the maximum number of units of information that should be displayed on a CMS which will allow motorists to read and comprehend the message at prevailing highway operating speeds.  The maximum number of units of information that motorists can actually read and comprehend were calculated using the design legibility distances from Table 3 and knowledge about the recommended rate of message exposure (i.e., 2 seconds per unit of information.  These numbers, shown in Table 4, establish the Base Maximum Message Length.  

Table 3.  Suggested CMS Legibility Distances for Use in Message Design (ft) (Ref Ullman and Dudek 2001)
	Condition
	Light-Emitting DiodeA
	Fiberoptic
	Incandescant Bulb
	Reflective Disk

	Mid-Day
	800
	800
	700
	600

	Washout
	800
	800
	700
	400

	Backlight
	600
	500
	400
	250

	Nighttime
	600
	600
	600
	250



A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs

Table 4.  Maximum Number of Units of Information in CMS Message

(Base Maximum Message Length) (Ref Ullman 2001)
	
	Light-Emitting Diode A
	Fiberoptic
	Incandescent Bulb
	Reflective Disk

	
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph

	Mid-Day
	5 units
	4 units
	4 units
	5 units
	4 units
	4 units
	5 units
	4 units
	3 units
	5 units
	4 units
	3 units

	Washout
	5 units
	4 units
	4 units
	5 units
	4 units
	4 units
	5 units
	4 units
	3 units
	4 units
	3 units
	2 units

	Backlight
	4 units
	4 units
	3 units
	4 units
	3 units
	2 units
	4 units
	3 units
	2 units
	2 units
	1 unit
	1 unit

	Nighttime
	4 units
	4 units
	3 units
	4 units
	4 units
	3 units
	4 units
	3 units
	3 units
	3 units
	2 units
	1 unit


A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs

Legibility Distances of Words

Stockton and Dudek (1978) conducted a controlled field study using a trailer-mounted bulb matrix sign with 46-cm (18-in) high characters.  A sample of 20 subjects was chosen to replicate, as closely as possible, the national cross-section of drivers.  The mean legibility distance was found to be 255 m (840 ft), and the 85th percentile legibility distance was 194 m (637 ft).  In a follow-up controlled field study reported by Dudek et al. (1981a), 60 subjects, representative of the national driving population, participated in the study.  The average legibility distance was found to be 263 m (862 ft) and the 85th percentile 212 m (695 ft), both of which were consistent with the earlier studies.  

Dudek et al (1981a) also reported on a field study that was conducted to determine the legibility of a circular reflective disk (flip-disk) matrix sign installed near Pittsburgh, PA.  Twenty local subjects were chosen to replicate, as closely as possible, the national cross-section of drivers. The researchers found the mean legibility distance to be 219 m (717 ft) with an 85th percentile distance of 152 m (500 ft).  Both of these distances were shorter than for the bulb matrix sign.

Upchurch et al. (1992) conducted a field study and compared the target value and legibility of flip-disk, LED, and fiber-optic CMSs that were installed near Phoenix, AZ.  It was the first study that considered the effects of different sun positions.  One group of 31 subjects viewed the signs in early morning and late afternoon (washout and backlight conditions); a second group of subjects observed the signs during the daytime and nighttime.  Two age groups were used: 18-31 years old, and 60-79 years old.  

The researchers reported the average distances, but unfortunately did not include the 85th percentile values that would have been more useful in determining legibility values for CMS message design.  It should also be noted that the LED signs in the Phoenix area at the time of the study had older LED light technology.

As expected, the average legibility distances for the younger drivers were higher than for the older drivers under each of the four lighting conditions studied.  The average legibility distances across all observations were 209 m (687 ft) for the younger drivers, 176 m (579 ft) for the older drivers, and 193 m (634 ft) for the entire sample.  The following average legibility distances for the different types of CMSs and different lighting conditions are shown in Table 5.  

Table 5.  Legibility Distance Of Different CMS Technologies (Ref Upchurch et al. 1992)
	Viewing Condition
	Legibility Distance (ft)

	
	Fiber Optic
	LED
	Flip-disk

	Midday


18-31 yr old


60-79 yr old


all subjects

Night


18-31 yr old


60-79 yr old


all subjects

Backlight


18-31 yr old


60-79 yr old


all subjects

Washout


18-31 yr old


60-79 yr old


all subjects
	1006

959

983

687

667

678

782

535

659

882

817

853
	812

681

743

794

602

694

616

337

502

554

400

487
	731

667

698

363

348

355

263

177

219

472

363

420


Ullman and Dudek (1999) evaluated the legibility distances of a 457-mm (18-in) high character sign with the newer aluminum indium gallium phosphide (AlInGaP) LEDs.  Measurements were made during controlled field studies and field studies in Texas and New Jersey.  The controlled field studies were performed under multiple sun position (daytime) and lighting (nighttime) conditions.  Three different driver age categories were examined: less than 45 years old, 60-74 years old, and greater than 75 years old.  The results showed larger average legibility distances for all daytime conditions than the results reported by Upchurch et al.  The average legibility distances during the nighttime condition was essentially the same as that reported by Upchurch et al.

Legibility Distances of Numbers

The only study found in the literature in which the legibility of numbers was evaluated is that by Dudek et al. (1981a).  Sixty drivers participated in the study with a bulb-matrix CMS.  The results indicated that the average and 85th legibility distances of single-stroke numbers was about 46 m (150 ft) less than for words.  However, the legibility distances for numbers formed with a double stroke were about the same as for words.

Legibility of Triple-Line Characters

The limited information available for words formed by using three text lines is from field studies of a circular reflective disk (flip-disk) CMS reported by Dudek et al. (1981a).  The results indicate that words formed by using three text lines of a flip-disk CMS can be seen by the average and 85th percentile driver about 2 ½ times farther than text on one line.  The average legibility distances for three-line numbers were found to be only about 50 percent greater than numbers shown on one line.  The 85th percentile distances were found to be about the same for each type of display.

Message Length and CMS Viewing Distance Requirements

The message viewing distance necessary to read a message of a given length (in terms of units of information presented) is illustrated in Figure 1 (Ullman 2001).  As seen for higher speeds, distances as great as 244 m (800 ft) are needed for messages that contain 4 units of information.

The values in Figure 1 are for CMSs mounted directly over the travel lanes.  However, for CMSs positioned off to the side of the roadway (either permanent-mounted or portable), additional sight distance is required to ensure that the message is read entirely while still within the driver’s field of vision (assumed to be 10° right or left of head-on viewing).  The distances that should be added to the values in Figure 1 for a given lateral offset between the motorist and the center of the CMS are shown in Figure 2 (Ullman 2001).  Note that the additional sight distance required can be quite significant for larger offsets, adding 91 m (300 ft) or more to the necessary sight distance between the motorist and the CMS.

In some situations, a motorist may not be able to utilize the maximum possible legibility distance (and thus, viewing time) of a particular CMS technology or design.  Lighting conditions (day vs. night and position of the sun) can reduce the legibility distance to the CMS.  Roadway geometric features such as vertical or horizontal curvature (around sight obstructions) as well as spot obstructions such as overpasses and sign bridges can also restrict CMS viewing distances.  A number of environmental factors or conditions also impact CMS visibility.  Rain, snow, and fog all scatter and block light rays from a CMS as that light travels through the atmosphere.  Finally, the presence of a significant number of trucks on the roadway will likewise limit the ability of motorists to adequately view a CMS positioned on the side of the roadway.  Just as factors such as reduced lane widths and sharp grades reduce the ideal traffic-carrying capacity of a roadway, one or more of these conditions can constrain the available CMS viewing distances to values lower than what are ideal.  This means that there may not always be enough viewing time for a motorist to read a CMS message providing four units of information (5 units on lower speed roadways), and so shorter messages may have to be used.

Adjustments that may need to be made to the Base Maximum Message Length assumed to be available for a particular type of CMS are described in detail in other publications (Dudek 2001, 2002).
Figure 1.  Required Viewing Distances to a VMS (Ref Ullman 2001)



Figure 2.  Additional Sight Distance Required For Lateral VMS Offset (Ref Ullman 2001)
Message Display Format

The manner that the message is displayed on the CMS and the order that information is placed and arranged on the sign significantly affect reading times.  Certain types of CMSs have automatic sequential and/or run-on capabilities.  Sequencing refers to presenting in discrete manner different message frames within the same signing space.  Running messages do the same thing, but in a continuous manner so that the reading is paced by the speed of the running message.

Sequential formatting is accomplished by dividing the message into parts (frames).  Each frame is displayed or exposed in sequence for a set period of time.  Run-on format sign displays present messages as a train of words moving continuously across the sign from right to left.  

Laboratory studies reported by Messer et al. (1978) and Dudek et al. (1981a) indicated that run-on messages are not suitable for displaying messages to motorists traveling at typical freeway speeds, and are therefore, not recommended for displaying CMS messages (Dudek and Huchingson 1986).  A total of 226 subjects from College Station, TX were tested in laboratory studies concerning run-on messages reported by Messer et al.  The results showed that less than 20 percent of the subjects were able to recall the run-on messages when displayed at a rate of approximately 1 sec/word.  The percentage of subjects responding correctly was reduced considerably when the message was displayed at rates of 0.5 and 0.25 sec/word.  The researchers recommended that the run-on message display format not be used for CMS messages.  Dudek et al. made the same recommendation following laboratory studies with 32 motorists.

Splitting Messages Into Frames

When a CMS message is too long to fit on one frame, it can be split and displayed on more than one frame (phase) that are shown sequentially.  When it is necessary to divide a message and display it on more than one frame, the five principles below must be used (Dudek and Huchingson 1986; Dudek, 2001, 2002)).

· No more than two frames (phases) should be used;

· Each frame must be understood by itself;

· Compatible units of information should be displayed on the same frame;

· A message line should not contain portions of two different units of information; and

· No more than three units of information should be displayed on a single frame at high freeway speeds.

Number of Message Frames

The MUTCD (2000) in Section 2E.21 Changeable Message Signs specifies that 

“A three-line changeable message sign shall be limited to not more than two messages . . .”

(Note: Although the MUTCD states “two messages,” it most likely is referring to one message displayed on “two frames.”  Certainly, only one message should be displayed at a time.)  The MUTCD also states that messages on portable CMSs should not be longer than two frames.  Staplin, et al. (2001) indicate that this guideline would be satisfactory to accommodate older drivers.)

Research has shown that for the typical three-line CMSs motorists can effectively read and understand messages displayed on two frames or less if the number of units of information does not exceed four units at high freeway operating speeds, and up to five units of information at low speeds.  Dudek et al. (1981a) reported on studies with 16 motorists in a controlled field study in San Antonio.  The motorists drove a test vehicle at 45 mph and they viewed continuously cycling messages displayed on a CMS.  Messages with four units of information were displayed on two frames, and messages with six units of information were displayed on three frames.  The researchers found that the four-unit chunked messages displayed at 1.0 sec/word cycled twice and at 0.5 sec/word it cycled three times while in the view of the subjects.  The six-unit message at 1.0 sec/word cycled only 1.3 times and at 0.5 sec/word it cycled twice.

Differences due to message load were significant, but those due to exposure rate were not.  Only about 62 percent of the 6-unit, 3-frame messages were recalled completely; whereas, 95 percent of the four-unit, two-frame messages were recalled irrespective of exposure time.

Information Included In a Message Frame 

Each message frame must be understood by itself because either frame may be read first by the motorist (Dudek and Huchingson 1986; Dudek 2001, 2002; MUTCD 2000).  Typically, the problem and location appear on the first frame and the advisory and attention statement (if needed) on the second frame.  
Compatible Units of Information In a Message Frame

Compatible units of information should be displayed on the same frame (Dudek and Huchingson 1986; Dudek 2001, 2002; MUTCD 2000).  The following two examples of acceptable and unacceptable messages help illustrate the design principle.  

	MAJOR ACCIDENT

AT US-23


	
	NEW YORK

USE I-280 EAST



	Frame 1
	
	Frame 2

	Acceptable Message Format


	MAJOR ACCIDENT

AT US-23

NEW YORK TRAFFIC
	
	USE

I-280 EAST


	Frame 1
	
	Frame 2

	Unacceptable Message Format


The Incident Descriptor (MAJOR ACCIDENT) and the Incident Location (AT ROUTE 23) message elements are compatible and can be displayed on the same frame.  Also, the Audience (NEW YORK) and Action (USE I-280 EAST) message elements are compatible and can be displayed on the same frame.  In contrast, the Audience (NEW YORK) message element is not compatible with the Incident Descriptor (MAJOR ACCIDENT) and the Incident Location (USE I-280 EAST).  

Portions of Two Informational Units on the Same Line

Sometimes, two interrelated units of information are too long for each to fit on one line when it is desirable to display both in the same message frame.  The temptation, at times, is to “squeeze” both units of information on the same frame by splitting each unit and displaying portions of each unit on the same line.  This should be avoided because it confuses motorists and increases reading time (Dudek and Huchingson 1986; Dudek 2001, 2002).  Examples of acceptable and unacceptable messages are shown below.  Note the unacceptable splitting and combining of portions of the two message units of information in Frame 2 (i.e., combining DRIVE and USE on the second line of Frame 2 from the two units of information EXIT AT RIVER DRIVE and USE OTHER ROUTES).

	MAJOR ACCIDENT

AT US-20


	
	EXIT AT RIVER DR

USE

OTHER ROUTES

	Frame 1
	
	Frame 2

	Acceptable Message Format


	MAJOR ACCIDENT

AT US-20


	
	EXIT AT RIVER

DRIVE USE

OTHER ROUTES

	Frame 1
	
	Frame 2

	Unacceptable Message Format


Number of Units of Information In One Frame

No more than three units of information should be displayed on a single message frame (Dudek and Huchingson 1986; Dudek 2001, 2002; Staplin 2001).  Acceptable and unacceptable formats are shown in the example that follows.  In the unacceptable format example, Frame 2 has the following four units of information that motorists destined to Philadelphia and to I-95 (two Audiences) must read in order to make a diversion decision: Unit 1 – BEST ROUTE TO; Unit 2 – PHILADELPHIA; Unit 3 – I-95; and Unit 4 – USE RT-322.

	3 LANES CLOSED

AT I-295


	
	BEST ROUTE TO

PHILADELPHIA

OTHER RT 322

	Frame 1
	
	Frame 2

	Acceptable Message Format


	3 LANES CLOSED

AT I-295


	
	BEST ROUTE TO

PHILADELPHIA/I-95

OTHER RT 322

	Frame 1
	
	Frame 2

	Unacceptable Message Format


The four-unit message frame is too complex for motorists to read and understand while traveling at high freeway speeds.

One alternative solution is to direct the Action message element to only one of the two Audiences.  The decision would need to be made whether it is best to advise motorists destined to Philadelphia or destined to I-95.  In the acceptable message, the Action is directed to the Philadelphia-bound motorists.

Exposure Times and Cycling Rates for Two-Frame Messages

The current guideline that messages should be presented at a rate of 2 seconds per unit of information suggests that when a four-unit message is split into two frames, the message should be displayed at a rate of 4 seconds per frame (Dudek and Huchingson 1986; Dudek 2001, 2002).  Some CMS operators of portable CMSs and supervisors of TMCs speculate that it is more desirable for motorists to have the opportunity to see two-frame messages displayed twice (one repetition) while the motorist is within the viewing distance of the message rather than only once.  To accomplish this repetition, each frame would be displayed for two seconds rather than four seconds.  Staplin, et al. (2001) recommend that messages on portable CMSs should be displayed at minimum rate of 3 sec/frame to accommodate older drivers.  The recommendation is based on a review of the literature and not empirical data.

There has been some research conducted to compare motorist recall of messages displayed at rates of 4 sec/frame and 2 sec/frame, but there is not enough information to reach a definitive conclusion.  However preliminary studies indicate that motorist recall of four-unit messages displayed at 2 sec/frame with one repetition is about the same as messages displayed at 4 sec/frame with no repetition while traveling at moderate speeds.  

Dudek et al. (1981a) conducted controlled field studies in San Antonio to, among other issues, evaluate the relationships between sequencing rate and message load.  Sixty subjects drove a test vehicle at 72.4 km/hr (45 mph) past a CMS and viewed a series of two-frame, four-unit messages that were displayed at rates of 2 sec/frame and 4 sec/frame.  The messages were displayed only one time.  Messages were also displayed at 1 sec/frame with one repetition and 2 sec/frame 

The results revealed that only about 70 percent of the message was recalled when it was displayed at 1 sec/frame with repletion and 2 sec/frame.  The percentage increased to 81 percent when displayed at 2 sec/frame with one repetition, and 85 percent when displayed once at 4 sec/frame.

Dudek and Huchingson (1998e) conducted laboratory studies in both northern and southern New Jersey to evaluate the relative effectiveness of two-frame, four-unit messages exposed at rate of 4 sec/frame versus 2 sec/frame with one repetition.  A total of 104 motorists participated in the study, evenly split between north and south New Jersey.  The motorists viewed messages displayed on the monitor of a laptop computer.  The methodology consisted of a single-task activity; therefore, it did not “load” the motorist comparable to what would be experienced while driving on a freeway.  

The results showed that there was no detectable differences in driver recall of information between the messages exposed at 4 sec/frame with no repetition and the messages exposed at 2 sec/frame with one repetition.  

Dudek et al. (2000) conducted a similar study in Texas using the same methodology as in New Jersey with the exception that the messages were designed to fit on a three-line, eight-character per line CMS and thus had fewer words.  A total of 260 drivers, 52 from each of five cities (Dallas, El Paso, Fort Worth, Houston, and San Antonio), participated in the study.  

The results of the study showed that there was essentially no difference in message recall between the two display rates and methods.  In addition, there was no difference in the percentage of motorists who preferred the format with 4-sec/frame with no repetition as the 2-sec/frame with one repetition. 

The results of the research to date have not fully satisfied the notion that displaying four-unit, two-frame messages at a rate of 2 sec/frame results in comparable message reading and understanding as 4 sec/frame.  Likewise, the effects of the 3 sec/frame rate need to be researched.  The studies should be conducted while the subjects are in comparable work load situations as they would be while driving on a freeway.

Flashing One-Frame Messages or Message Lines
Several state DOTs currently display CMS messages that flash or have one line that flashes in the belief that the features attract the attention of drivers and emphasize the importance of the message.  Only a limited amount of research has been conducted on this topic, and the effects that flashing has on drivers while traveling on a freeway are not fully known.  Dudek et al. (2000) and Dudek and Ullman (2002) reported on single-task human factors laboratory studies that were conducted in Dallas, El Paso, Fort Worth, Houston, and San Antonio to initially examine the effects of the practice of flashing a one-frame message or one line in a one-frame, three-line message. A total of 260 drivers participated—52 from each city.  The results of the single-task study showed that in a laboratory setting, flashing a one-frame message did not adversely affect driver recall and comprehension to a significant degree in comparison to when the message was not flashed.  However, the average reading times were significantly higher when the message was flashed.  The implication of these results is that if it takes drivers longer to read a message, then the number of informational units in the message displayed with flashing features may have to be reduced.

The results also revealed that flashing one line of a three-line message appears to have an adverse effect on recall of parts of the message.  In addition, average reading times were significantly higher for the flashing line message.  Additional multi-task laboratory studies, controlled field studies, and field studies, however, need to be conducted to more fully understand the effects of flashing a message or a line of a message.

The above reported studies were single-task human factors laboratory studies, and as such the subjects were not placed under any work load similar to what they would encounter during normal driving situations.  Thus, additional studies should be conducted both in a laboratory setting in which the subjects are placed under additional work load, and in controlled field studies.  The studies should include an evaluation of the amount of time it takes motorists to read messages when the message flashes or when one line of the message flashes.  There is speculation that flashing causes a motorist to spend valuable time watching the sign merely because something is flashing rather than reading the message.  Thus, message comprehension may be compromised because less time is used to read the message.  The studies should also add insight into whether motorists perceive flashing as indicative of information that is more important than other messages, and whether flashing increases the attention-getting value of the CMS.

Alternating Text on One Line of a Three-Line CMS While Keeping the Other Two Lines of Text the Same

Another operating practice of interest is formatting a message in such a way that the top two lines remain constant and a third bottom line is changed on the second frame of the message.  In essence the CMS operates as it were a two-frame message, but with information on two lines constant and redundant between the two frames.  

The results of single-task laboratory studies reported by Dudek et al. (2000) and Dudek and Ullman (2002) with 260 motorists from five cities in Texas indicate that alternating one line of text and keeping the other two lines constant does not adversely affect message recall.  However, average reading times increase significantly.  The driver preferences were evenly split between having and not having redundant information in both frames of the message.  

The subjects in the study viewed the messages on a computer monitor and performed no other tasks that would increase the work load similar to that experienced while driving a vehicle.  Therefore the subjects in the laboratory study recognized the change in the text on the third line.  However, if the work load was increased in the experiments to the degree that motorists experience while driving, there is a possibility that the subjects would not notice the change in the third line because of change blindness (Rensink 2002).  

Another issue with respect to the alternating line approach is that it has enticed some TMCs to display messages using formats that violate the principles presented in CMS message design manuals (Dudek and Huchingson 1986; Dudek, 2001, 2002).  A common message design violation is that the Incident Location message element was displayed on the first two lines followed by the Incident Descriptor and the Lanes Affected message elements on the third line.  Current guidelines state that the Incident Descriptor should be on the top line.

Laboratory studies in which the subjects have increased work load and proving ground studies should be conducted to validate the preliminary findings reported by Dudek et al. and Dudek and Ullman.  It is important to determine how alternating one line affects reading time and comprehension of messages relative to messages with the same content but without the redundancy on the first and second lines.  Another major issue is whether motorists notice the change on the third line and read the entire message.

Reducing Message Length

The designer of CMS messages should always look for ways to reduce the message length without losing the intent of the message by (Dudek and Huchingson 1986; Dudek 2001, 2002).  Two ways of properly reducing message lengths are as follows: 

· Deleting “dead” words, and/or

· Using abbreviations.

Deleting “Dead” Words

“Dead” words should be deleted whenever possible.  "Dead” words are ones that 99 percent of local motorists would assume without being told.  

Street, Avenue or Boulevard

One example of a “dead” word is the use of "street", "avenue", or "boulevard" following a familiar arterial name.  These words are not required and could be omitted.  

Ahead

Another “dead” word is “ahead.”  It is not necessary to tell motorists that an incident or roadwork is “ahead” when the CMS is on the same freeway as the event because it will be understood by motorists that the event is ahead.

Using Abbreviations

Acceptable Abbreviations

The MUTCD (2000) contains lists of abbreviations that are a) acceptable, b) acceptable, but only with a prompt word, and c) unacceptable.  Many of the abbreviations appear to be based on research conducted by Dudek et al. (1981a) in Texas in the early 1980s, and Hustad and Dudek (1999) in New Jersey in the late 1990s.  Twenty-five motorists from College Station, TX participated in the study reported by Dudek et al.  In the study by Hustad and Dudek, 52 motorists from New Jersey and 43 from Texas participated.  The acceptability and unacceptability of some abbreviations were evaluated further in Texas by Durkop and Dudek (2000).  The studies were conducted in six cities in Texas with 300 motorists participating—50 from each of the cities.  In all of the above studies, subjects were given each of the abbreviated words and were asked to write the meanings.  The subjects were given as much time as they needed to respond.  Other abbreviations in the MUTCD appear to be the result of common usage on static signs (e.g., CD for civil defense, H for hospital, JCT for junction, etc.).  

Acceptable abbreviations for a number of words from the list in the MUTCD (2000) that might be used in CMS messages are shown in Table 6.  Acceptability was defined as 85 percent or more of drivers interpreting the abbreviation correctly.  The abbreviated words in Table 6 would normally appear in a CMS message with at least one other word (prompt word).  Since 85 percent or more of motorists tested understood the abbreviations without any prompt words (with the exceptions to those noted in the next paragraph), it speaks to the “strength” of understandability for these abbreviations.

It should be noted that not all of the abbreviations in the MUTCD were understood by 85 percent or more of the motorists tested.  For example, the cardinal directions (N, S, E, W) when shown without a prompt word or number were understood by only 12 percent of the motorists tested in studies by Dudek et al. (1981a) conducted in the early 1980s.  The abbreviation MI for MILE(S) and the abbreviation MIN for MINUTE(S) were understood by only 72 percent of the motorists in the study.  However, understanding of these abbreviations increased above 85 percent when they were used with a prompt word.

It should also be noted that the author of this report did not find documentation of research that reported on the understandability of the abbreviation RHT for RIGHT.  However, the abbreviation RGT was evaluated by Hustad and Dudek (1999) and Durkop and Dudek (2001) and they found the abbreviation to be acceptable when shown with a prompt word (e.g., KEEP RGT, RGT LANE).  This is not to say that RHT would not be understood when used with the same prompt words.

A list of MUTCD (2000) acceptable abbreviations when used with a prompt word is given in Table 7.  Additional words/phrases that can be abbreviated in CMS messages determined from research by Hustad and Dudek (1999) and Durkop and Dudek (2001) are given in Table 8.
Table 6.  MUTCD Acceptable Abbreviations (Ref MUTCD 2000)

	Word Message
	Standard Abbreviation

	Afternoon / Evening
	PM

	Alternate
	ALT

	Avenue
	AVE

	Boulevard
	BLVD

	Center
	CNTR

	Drive
	DR

	East
	E

	Emergency
	EMER

	Entrance, Enter
	ENT

	Expressway
	EXPWY

	Feet
	FT

	FM Radio
	FM

	Freeway
	FRWY, FWY

	Friday
	FRI

	Hazardous Material
	HAZMAT

	Highway
	HWY

	Information
	INFO

	Junction / Intersection
	JCT

	Lane
	LN

	Left
	LFT

	Maintenance
	MAINT

	Mile(s)
	MI

	Miles Per Hour
	MPH or M.P.H.

	Minute(s)
	MIN

	Monday
	MON


	Word Message
	Standard Abbreviation

	Morning / Late Night
	AM

	Normal
	NORM

	North
	N

	Parking
	PKING

	Right
	RHT

	Road
	RD

	Saturday
	SAT

	Service
	SERV

	Shoulder
	SHLDR

	Slippery
	SLIP

	South
	S

	Speed
	SPD

	Street
	ST

	Sunday
	SUN

	Temporary
	TEMP

	Thursday
	THURS

	Traffic
	TRAF

	Travelers
	TRAVLRS

	Tuesday
	TUES

	US Numbered Route
	US

	Vehicles
	VEH

	Warning
	WARN

	Wednesday
	WED

	West
	W


Table 7.  MUTCD Abbreviations That Are Acceptable Only with a Prompt Word (Ref MUTCD 2000)
	Word Message
	Acceptable

Abbreviation
	Prompt Word

	Access
	ACCS
	Road

	Ahead
	AHD
	FOG*

	Blocked
	BLKD
	Lane*

	Bridge
	BRDG
	[name]*

	Chemical
	CHEM
	Spill

	Condition
	COND
	Traffic*

	Congested
	CONG
	Traffic*

	Construction
	CONST
	Ahead

	Downtown
	DWNTN
	Traffic*

	East
	E
	[highway]*

	Exit
	EX, EXT
	Next*

	Express
	EXP
	Lane

	Frontage
	FRNTG
	Road

	Hazardous
	HAZ
	Driving

	Interstate
	I
	[number]

	Local
	LOC
	Traffic

	Lower
	LWR
	Level

	Word Message
	Acceptable

Abbreviation
	Prompt Word

	Major
	MAJ
	Accident

	Mile(s)
	MI
	[number]

	Minor
	MNR
	Accident

	Minute(s)
	MIN
	[number]

	North
	N
	[highway]*

	Oversized
	OVRSZ
	Load

	Prepare
	PREP
	To Stop

	Pavement
	PVMT
	Wet*

	Quality
	QLTY
	Air*

	Roadwork
	RDWK
	Ahead 

	Route
	RT
	Best*

	South
	S
	[highway]*

	Township
	TWNSHP
	Limits

	Turnpike
	TRNPK
	[name]*

	Upper
	UPR
	Level

	Vehicle
	VEH
	Stalled*

	West
	W
	[highway]*


* These prompt words should precede the abbreviation

Table 8.  Additional Acceptable Abbreviations (Ref Hustad and Dudek 1999, Durkop and Dudek 2001)

	Word
	Phrase
	Acceptable

Abbreviation

	Accident
	Accident at

Major Accident

Minor Accident
	ACCDT AT

MAJ ACCDT

MNR ACCDT

	Closed
	Lane Closed
	LN CLSD

	Lane
	Lane Closed
	LN CLSD

	Level
	Lower Level
	LOWER LVL

LOWR LVL

	Level
	Upper Level
	UPPER LVL

	Lower
	Lower Level
	LWR LEVEL


	Word
	Phrase
	Acceptable

Abbreviation

	Major
	Major Accident
	MAJ ACCDT

	Minor
	Minor Accident
	MNR ACCDT

	Parking
	Parking Lot
	PRK LOT

	Pavement
	Wet Pavement
	WET PVMT

	Route
	Detour Route
	DETOUR RTE

	Upper
	Upper Level
	UPR LEVEL

UPPR LEVEL

	Weight
	Weight Limit
	WT LIMIT


Unacceptable Abbreviations

A number of abbreviations were found to be unacceptable by Dudek et al. (1981a) in Texas in the early 1980s, and by Dudek and Huchingson (1998b), Hustad and Dudek (1999), and Durkop and Dudek (2001) even when used in a context of a CMS message.  That is, they were understood by less than 85 percent of the drivers surveyed.  These unacceptable abbreviations are shown in Table 9.

Table 9.  Unacceptable Abbreviations (Ref Hustad and Dudek 1999, Durkop and Dudek 2001)
	Word
	Phrase
	Unacceptable

Abbreviation

	Alternative
	Alternative Routes
	ALT RTS

	Congestion
	Major Congestion
	MAJ CONG

	County Road
	County Road [number]
	CR [number]
CO RD [number]

	Eastbound
	Eastbound Traffic
	EB TRAFFIC

	High Occupancy Lane
	High Occupancy Lane
	HOV LANE

	Incident
	Incident At
	INCID AT
INCDT AT

	Interchange
	Interchange 14
	INTCH 14

	Northbound
	Northbound Traffic

US 180 Northbound
	NB TRAFFIC

US 180 NB

	Road Work
	Road Work
	RD WK

	Route
	Detour Route
	DETOUR RT

	Southbound
	Southbound Traffic

US 75 Southbound
	SB TRAFFIC

US 75 SB

	Vicinity
	Vicinity Of 
	VIC OF

	Westbound
	Westbound Traffic

US 180 Westbound
	WB TRAFFIC

US 180 WB


Although the abbreviation HOV is widely used and is shown as an acceptable abbreviation in the MUTCD, results of studies by Durkop and Dudek (2001) revealed that only 21 percent of 300 Texas motorists surveyed in six cities understood the meaning. Interestingly, only 36 percent of the motorists sampled in Houston where high occupancy vehicle lanes have been in place for a number of years understood the abbreviation.

In summary, lists of acceptable and unacceptable abbreviations were developed from research conducted in New Jersey and Texas.  All of the studies on abbreviations gave the participants unlimited time to write the meanings of each abbreviation.  The effect of motorist understanding of the abbreviations when they are part of a CMS message and are viewed within a limited time comparable to what would be experienced in a driving situation is not known at this time.

There is a need to also validate current findings about cardinal direction abbreviations that differ from the ones recommended in the MUTCD (2000).  For example, NB, SB, EB, and WB for NORHTBOUND, SOUTHBOUND, EASTBOUND, and WESTBOUND are acceptable abbreviations according to the MUTCD.  However, results of research reported by Durkop and Dudek (2001) in six cities in Texas showed that only 10 to 32 percent of the motorists tested understood these abbreviations.  Instead, the researchers recommended the following abbreviations be used: N, S, E, and W.

A review of typical messages that are displayed by several TMCs revealed that there are other abbreviation issues that need to be resolved.  For example, one issue is whether it is possible to abbreviate a cardinal direction when the direction is also part of a road name (e.g., north on I-35W).  If this is possible, then the best way to abbreviate should be determined.

Message Information Format

Guidelines for the order of information is dependent upon whether (Dudek and Huchingson 1986; Dudek 2001,2002): 

· An Incident Descriptor or Roadwork Descriptor message element is part of the message; or

· The Incident Descriptor or Roadwork Descriptor message element is replaced by or combined with a Lanes Closed message element.

The recommended order of message elements is based in large part on the expressed needs of motorists (discussed in previous sections), human factors analysis of messages, maximum number of units of information that should be in a message, and physical limitations of the CMSs.  

Review of messages from several TMCs show that messages that are displayed by some TMCs violate the recommended order of the message elements.  Examples include messages in which the Incident Descriptor (problem) message element is displayed on the third line of the sign rather than the on the top line.  It is important to research the effects of these type messages on motorist reading times and message understanding.  

Messages With Incident Descriptor Message Element

The format order for messages that contain an Incident Descriptor message element (e.g., ACCIDENT) is summarized in Table 10 for the cases when lane-closure (blockage) incidents occur or when incidents occur that require closing the freeway.

Table 10.  Format Order When Incident Descriptor Message Element is Used

For Incidents (Ref  Dudek 2001)
	Message Elements For

Lane Closure Incidents
	Message Elements For

Freeway Closure Incidents

	1. Incident Descriptor

2. Incident Location

3. Lanes Closed (Blocked)

4. Audience for Action (if needed)

5.
Action

6.
Good Reason for Following ActionA
	1.
Incident Descriptor

2. Incident Location

3. Lanes Closed (Blocked)

4. Audience for Action (if needed)

5. Action


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

When the message is split into two frames, then the combinations of formatting shown in Table 11 should be used:

Table 11.  Format Order For Two-Frame Messages When Incident Descriptor

Message Element is Used For Incidents (Ref Dudek 2001)
	Message Frame 1
	Message Frame 2

	1. Incident Descriptor

2. Incident Location
	3. Lanes Closed (Blocked)

4. Action

	1. Incident Descriptor

2. Incident Location
	3. Audience for Action

4. Action

	1. Incident Descriptor

2. Incident Location

3. Lanes Closed (Blocked)
	4. Audience for Action

5. Action

	1. Incident Descriptor

2. Incident Location
	3. Audience for Action

4. Action

5. Good Reason for Following ActionA


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

Messages With Road Work Descriptor Message Element

The format order for messages that contain a Road Work Descriptor message element (e.g., ROADWORK) is summarized in Table 12 for the cases when lane closures occur due to roadwork and when the roadwork requires closing the freeway.

Table 12.  Format Order When Incident Descriptor Message Element is Used

For Roadwork (Ref Dudek 2001)
	Message Elements For

Lane Closures
	Message Elements For

Freeway Closures

	1. Roadwork Descriptor

2. Lane Closure Location

3. Lanes Closed

4. Audience for Action (if needed)

5. Action

6. Good Reason for Following ActionA
	1.
Roadwork Descriptor

2. Closure Location

3. Lanes Closed

4. Audience for Action (if needed)

5. Action


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

When the message is split into two frames, then the combinations of formatting shown in Table 13 should be used.

Table 13.  Format Order For Two-Frame Messages When Roadwork Descriptor

Message Element is Used For Roadwork (Ref Dudek 2001)

	Message Frame 1
	Message Frame 2

	1. Roadwork Descriptor

2. Lane Closure Location
	3. Lanes Closed

4. Action

	1. Roadwork Descriptor

2. Lane Closure Location
	3. Audience for Action

4. Action

	1. Roadwork Descriptor

2. Lane Closure Location

3. Lanes Closed
	4. Audience for Action

5. Action

	1. Roadwork Descriptor

2. Lane Closure Location
	3. Audience for Action

4. Action

5. Good Reason for Following ActionA


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

Messages Without Incident Descriptor Message Element

The format order for messages in which the Incident Descriptor message element is replaced by or combined with a Lanes Closed message element is shown in Table 14.
Table 14.  Format Order When Incident Descriptor Message Element is Replaced

By or Combined With the Lanes Closed Message Element For Incidents (Ref Dudek 2001)
	Message Elements For

Lane Closure Incidents
	Message Elements For

Freeway Closure Incidents

	1.
Lanes Closed (Blocked)

2.
Lane Closure (Blockage) Location

3. Audience for Action (if needed)

4. Action

5.
Good Reason for Following ActionA
	1.
Freeway Closure (Blocked)

2.
Location of Closure

3. Audience for Action (if needed)

4. Action

5.
Good Reason for Following ActionA


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

When the message is split into two frames, then the combinations of formatting shown in Table 15 should be used:

Table 15.  Format Order For Two-Frame Messages When Incident Descriptor Message Element is

Replaced By or Combined With the Lanes Closed Message Element For Incidents (Ref Dudek 2001)
	Message Frame 1
	Message Frame 2

	1. Lanes Closed (Blocked)

2. Lane Closure (Blockage) Location
	3. Audience for Action

4. Action

	1. Lanes Closed (Blocked)

2. Lane Closure (Blockage) Location
	3. Audience for Action

4. Action

5. Good Reason for Following ActionA

	1. Freeway Closed (Blocked)

2.
Location of Closure
	3.  Audience for Action

4.  Action


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

Messages Without Roadwork Descriptor Message Element

The format order for messages in which the Roadwork Descriptor message element is replaced by or combined with a Lanes Closed message element is shown in Table 16.

Table 16.  Format Order When Incident Descriptor Message Element is Used

For Roadwork (Ref Dudek 2001)

	Message Elements For

Lane Closures
	Message Elements For

Freeway Closures

	1. Lanes Closed

2. Lane Closure Location

3. Audience for Action (if needed)

4. Action

5. Good Reason for Following ActionA
	1.
Freeway Closed

2. Closure Location

3. Audience for Action (if needed)

4. Action


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

When the message is split into two frames, then the combinations of formatting shown in Table 17 should be used.

Table 17.  Format Order For Two-Frame Messages When

Roadwork Descriptor Message Element is Used For Roadwork (Ref Dudek 2001)
	Message Frame 1
	Message Frame 2

	1. Lanes Closed

2. Lane Closure Location
	3. Audience for Action

4. Action

	1. Lanes Closed

2. Lane Closure Location
	3. Audience for Action

4. Action

5. Good Reason for Following ActionA

	1. Freeway Closed

2. Closure Location


	3. Audience for Action

4. Action


A  When BEST ROUTE TO is used as the Good Reason, then the Good Reason for Following Action message element is placed before the Action message element.

Diversion Messages

Motorists who are unfamiliar with the area must be more convinced than the familiar motorist that they would be better off by responding to a CMS message and diverting to an alternative route.  The diversion message for unfamiliar motorists must imply that positive guidance will be available on the diversion route.  The message must also imply that the motorists will save significant time by taking the recommended alternative route (Huchingson, et al. 1977; Dudek et al., 1978a).  If specific information cannot be displayed, the agency must build credibility over time.

Most motorists are not committed to a single route.  Typical route decisions, as well as incident-related decisions, are dictated by motorist expectations regarding comparative traffic conditions on the routes (Huchingson, et al. 1977).

Dudek (2001) stated that the Action message element displayed in an incident-related message will be dictated by whether: 

· Motorists are not advised to take an alternative route;

· Motorists are advised to take other routes but the specific route is not specified in the CMS message (sometimes referred to as “soft” diversion; or

· Motorists are advised to take a specific diversion route.

Messages After Incident Is Removed From Freeway Lanes

Before Congestion Clears
The signing responsibilities do not end when the incident is removed from the freeway lanes because congestion may still exist on the freeway, particularly following a major incident.  The objectives of messages at this time are to:

· Inform drivers that the incident has been removed;

· Advise drivers that all lanes are open to traffic; and/or

· Advise drivers of the freeway congestion.

It is important to inform motorists who have seen a previous CMS message or have received information via radio or other media of a major incident that the incident has been removed from the lanes and all lanes are open to traffic.  This is important in light of the fact that most freeway drivers would prefer to use the freeway (Dudek, 1971b).

Results of a study involving 83 motorists in Los Angeles indicates that motorists who are familiar with the area prefer to have information about the end of the congestion given as TRAFFIC CLEARS, and the location of the end of congestion in terms of the street name, exit number, or exit name rather than in “distance in miles.”  Based on responses from 80 motorists in College Station, TX, unfamiliar motorists also prefer the term TRAFFIC CLEARS, but prefer to have the location in terms of “distance in miles” (Dudek et al. 1978a).  This suggests the following possible messages: 

	TRAFFIC CLEARS

AT OXFORD RD


	
	TRAFFIC CLEARS

2 MILES

	For Familiar Motorists
	
	For Unfamiliar Motorists


The dilemma with posting the limits of the congestion is that the length of queue is continuously decreasing.  Therefore, motorists who see a message with the limits of the congestion (e.g., FROM EXIT 2 TO EXIT 4) on a CMS upstream of the queue will actually experience less congestion than that shown on the sign.  Thus it may be best display information that the incident has been cleared from the freeway and that all lanes are open.  An example of a message is shown below (Dudek 2002).

	ACCIDENT CLEARED

ALL LANES OPEN




Ordinarily it is beneficial to display the location of the incident.  However, since the queue is dissipating downstream (clearance wave moving upstream) the location where the drivers can begin traveling at higher speeds will actually be upstream of where the incident occurred.  Therefore, it is preferred that the location of the incident not be displayed.  

After Congestion Clears
After the congestion due to the incident dissipates, it is advisable to display a message for a short period of time to advise that all the lanes are open to traffic.  Either the message shown above or a message that simply states ALL LANES OPEN can be displayed (Dudek 2002).

Blank Signs
Once a CMS system is installed, a question always arises concerning when messages should be displayed.  There are two schools of thought:

1.
Display messages only when unusual conditions exist on the freeway; or

2.
Always display messages regardless of whether or not unusual conditions exist on the freeway.  Or, as a minimum, always display a message during the peak periods and only when unusual conditions exist during the off-peak periods.

The authors of CMS message guidelines (Dudek and Huchingson 1986; Dudek 2001, 2002) subscribe to the former of the two approaches because of human factors principles and because of difficulties in designing messages when incidents actually occur during the peak periods.  The second approach of always displaying a message leads to violation of the following two important human factors principles for CMS:

· Don’t tell drivers something they already know; and

· For more effective systems, use the CMSs only when some response by drivers is required (i.e., change in speed, path, or route).

In the absence of incidents during the peak periods, more often than not, bottleneck locations and the subsequent locations and durations of congestion can almost be predicted by motorists.  Consequently, the same congestion information will most likely be displayed almost daily.  There is concern by some that display of repetitive information will result in many drivers failing to read the CMS even when important information is given due to the psychological visual change detection phenomenon of change blindness (Rensink 2002).  This has caused some agencies to consider the use of flashing beacons on CMSs to attract the attention of motorists when incident, roadwork, etc. messages are displayed, even though CMSs, particularly light-emitting signs, are designed to attract the attention of motorists.  Whether or not the practice of using flashing beacons does improve motorist attention to the CMS message is not known at this time.

Another consideration with respect to displaying messages for recurring congestion is that one simply runs out of descriptors for the various possible levels of congestion.  For example, if descriptors such as HEAVY CONGESTION or MAJOR DELAY are used to describe recurrent congestion, then descriptors are not available for the more severe congestion when incidents occur during the peak period.

Results of a survey reported by Dudek (1997) showed that 20 of 26 (77 percent) transportation agencies responding had a policy of displaying messages only when unusual conditions were present on the facility and leave the CMS blank during other times.  

In contrast, Smith (1992) reported that the CMSs were installed for the INFORM Project on Long Island more than 18 months before the system became operational because of delayed construction schedules,.  Adverse public reaction to having expensive CMSs sitting idle for several months prompted New York to adopt a policy of displaying some type of message on the freeway CMSs at all times.

In an early study with 732 motorists residing in Cook County, IL, Heathington, et al. (1970) found that during periods with no congestion, motorists preferred information about speed or traffic flow descriptors (e.g., UNCONGESTED, FREE-FLOWING TRAFFIC) rather than a blank sign.  However, the blank sign was rated equal to information about travel time or delay.  Hulbert and Beers (1971) found that drivers in Los Angeles preferred the word NORMAL to a blank sign.  The reason was that many believed the blank sign was too ambiguous.  Results of studies in College Station, TX by Dudek et al. (1978a) showed that only 10 percent of the drivers surveyed rated a blank sign high for low volume conditions.  The descriptors preferred most were LIGHT TRAFFIC and UNCONGESTED.

In the past, Caltrans personnel in the TMC in Los Angeles displayed public service messages on freeway CMSs in order to avoid having blank signs.  Although these messages were transportation in nature (e.g., NEXT TIME TRY AMTRAK TO LAS VEGAS; RELIEVE CONGESTION–RIDESHARE; etc.) they did not relate to the operation of the freeway system.  Public reaction to the use of the CMSs in the manner was quite negative.  There was a belief among the traffic operations professionals that such use led to a public disregard of messages on the CMSs, thus making the signs less effective when traffic operational messages were displayed.  The practice has been discontinued; CMSs are now used only for messages pertaining to unusual real-time traffic flow conditions (Roper 2002).

The results of research to date of motorist preferences are not consistent with reported reponses of motorists when agencies attempted to display messages at all times.  Therefore, there is a need to conduct studies to resolve the issue.  It appears that the study of whether CMSs should be in a blank mode in the absence of incidents or roadwork will be very difficult and complex.

Future Roadwork and Future Special Events
There have been concerns by some state DOTs that there may be adverse public reaction when CMSs are left in a blank mode in the absence of incidents, roadwork, or other conditions that may adversely affect the driver’s safety or travel efficiency.  Periodic display of relevant roadwork and display of information about future events that might affect traffic reduces the amount of blank time on the CMS.  However, when displaying information about upcoming roadwork or future events, calendar dates should not be displayed.  Days of the week should be displayed instead.  Therefore, advance notification of roadwork should not be displayed more than one week prior to the roadwork in order to avoid the need to display calendar days (Dudek 2001, 2002). 

AMBER Alert

The America’s Missing: Broadcast Emergency Response (AMBER) Plan Program is a voluntary program through which emergency alerts are issued to notify the public about abductions of children.  Many state DOTs are developing statewide AMBER programs.  Although FHWA has determined that the use of CMSs for this application is acceptable, it is noted that CMSs are not always the most effective or safest method to disseminate information related to child abductions.  FHWA recommends that when there is a need to provide extensive information to motorists, it is critical that other types of traveler information media (e.g., 511, HAR, web sites, commercial radio) be used, or that the messages on a CMS supplement these other media (Paniati 2002).  Because of the recent adoption of the AMBER Plan Program, there has been no research to determine the most effective message designs.  In the absence of empirical guidelines, state DOTs are developing messages without the benefit of sound human factors research.  

Experience reported to date indicates that the information requirements of AMBER Alert messages to inform motorists of the abduction and what they can do about it far exceeds the information processing capabilities of motorists.  Law enforcement agencies tend to request that a vehicle license plate number and a telephone number to call if the vehicle is spotted should be displayed on the CMS.  Although not researched, it is the opinion of the author of this report that a telephone number and a license number would be equivalent to two units of information each, if not more.  Thus, by displaying these two message elements along with other necessary information, the messages far exceed the processing capabilities of motorists at the prevailing speeds.

During a recent AMBER alert in California, motorists began to reduce speed in order to read the message on the CMSs.  As a result, the local police requested that the CMSs be turned off.  Copp (2002) theorized that the motorists reduced speed because the two-frame message contained too much information.  The message included information about the vehicle make, model, color and license number, and the telephone number of the local police.  He stated that motorists know the message is important and they slow to read it.  The motorists want to help with AMBER.

The results of experiences to date support the need for research to develop effective messages and to determine the role CMSs should play in an AMBER Plan Program.

Regulatory Speed Messages
For certain conditions such as in freeway work zones there is a need to lower the speed limit below the normal posted speed.  CMSs may be used to emphasize the change in speed limits (Dudek 2001, 2002).

Regulatory messages on current types of CMSs are not recognized or standardized in the MUTCD (2000) nor do they have any legal status with respect to any information that they display.  (Note: FHWA is considering a change in the MUTCD that would allow a CMS sign to be used as the sole sign to post regulatory messages such as speed limits without the need for a static sign (Rankin 2002).  
Adverse Weather, Environmental, and Roadway Conditions

CMSs are used by some state DOTs to display adverse weather, environmental, or roadway conditions downstream that may impact driver visibility and safety (e.g., fog, major snow storms, sand storms, icy roadway, high cross winds, broken pavement, etc.), or advise motorists of specific regulations due to the weather or roadway conditions (e.g., tire chains required).  Informing motorists of adverse conditions helps to prepare them to take action (e.g., reduce speed, take another route, etc.).  In practice, the messages are generally restricted to a specific location and a specific CMS.  The roadway condition should be in the vicinity of the sign in use.  General weather, environmental, or roadway condition information (ICY ROAD CONDITIONS AHEAD) should not be displayed (Dudek 2002).

No reported studies were found in the literature in which actual motorist understanding and/or response to messages for adverse weather, environmental, or roadway conditions were measured The little amount of information that is available addresses motorists’ statements of their possible responses and preferences for alternative messages.

Wilson and Pouliot (1992) reported on a study designed to evaluate information needs of motorists during adverse winter travel conditions, and the application of this information to CMSs.   Local commuters and interstate truck drivers traveling along Interstate 80 in southeast Wyoming were the principal source of information in laboratory studies and field surveys. 

From the survey, Wilson and Pouliout found the local motorists used at-home information sources (phone 80 percent; radio, 61 percent; and TV, 50 percent) to receive road and travel information.  CMSs were identified as an information source by 69 percent of the local motorists.  Despite receiving information about adverse travel conditions, 63 percent of the local motorists indicated they would travel if the road were open, regardless of the conditions.  
Truck drivers indicated that they receive information about road and travel conditions primarily from the CB radio network and the AM or FM radio.  Forty percent also indicated their use of the CMSs as a source of information.

The researchers also found that information desired by the motorists revealed consistencies in the type of information needed for particular adverse travel conditions.  Descriptions of the wind conditions (STRONG/HIGH WIND) and wind speeds (WIND GUSTS TO XX MPH) were consistent.  Specific words/phrases used consistently for describing visibility conditions were SNOWFALL, FOG, and BLOWING SNOW.  The phrase REDUCED VISIBILITY was recommended for mixed visibility conditions.  For pavement conditions, consistent requests were made for words/phrases such as ICY, SLICK IN SPOTS, and SNOWPACKED.  The key words ICY and SNOWPACKED often occurred together to describe the same condition, but ICY was used more often.

Knoblauch et al. (1995) evaluated alternative messages for portable CMSs.  Among the messages were some that involved adverse weather, environmental, and roadway conditions.  A total of 164 subjects were tested at local Department of Motor Vehicle offices in three states: Virginia (85), Maryland (30), and New York (31).  Some of the results of the study are summarized in Table 18.  The results show that none of the words/phrases was selected by 85 percent or more of the subjects.

Table 18.  Percent of Subjects Selecting Key Word (Ref Knoblauch et al. 1995)

	Candidate Message
	Percent

	
	Best
	Worst

	FOG

REDUCED VISION
	74

26
	26

74

	ICY

ICE
	72

38
	38

72

	SNOW

BLOWING SNOW

BLIZZARD
	41

40

19
	19

30

49

	CHAINS REQUIRED

TRACTION DEVICES REQUIRED
	74

26
	26

74

	SLIPPERY

WET
	84

16
	16

84

	ROAD FLOODED

FLOOD AREA

WATER ON ROAD

HIGH WATER

DEEP WATER

FLOOD
	43

20

19

8

4

3
	4

7

35

10

27

12

	DUST STORM

BLOWING DUST

DUSTY
	52

37

11
	15

17

68

	HIGH WINDS

WINDY

GUSTY

WINDS
	72

17

6

5
	7

10

49

34

	FALLING ROCKS

ROCKS ON ROAD

ROCK SLIDE

SLIDE
	68

18

10

4
	6

23

6

65


Advertising

Commercial advertisements on CMSs are prohibited by Federal regulations (see Section 2E.21 in MUTCD 2000).  The illegality is also emphasized in two memoranda—one written by Jerry L. Malone, Chief Counsel, FHWA (1995) and the other written by Christine M. Johnson, Program Manager, Operations and Director, ITS Joint Program Office, FHWA (http://www.fhwa.dot.gov/legsres/directives/policy/pame.htm) (2001).  

Oftentimes, special events will have a significant impact on motorists--those attending the special event and those using the same primary freeway to pass by the special event location.  Messages for special events can be well designed without including the private company or person sponsoring or performing at the event.  For example, if Garth Brooks was performing at the Meadowlands, rather than displaying GARTH BROOKS CONCERT, the facility at which the concert will be performed MEADOWLANDS can be used (Dudek and Huchingson 1986; Dudek 2001, 2002).

Public Service Announcements
Current guidelines recommend that public service announcements (PSAs) not be displayed (Dudek 2001, 2002).  The concern is the possible adverse effects in terms of driver credibility and change blindness such that motorists do not notice when the message changes to one of importance.  However, some state DOTs do display public service announcements.  In the states where public service announcements are displayed, the PSAs are usually displayed on a limited and short-term basis.  The CMSs are used randomly and sparingly for PSAs.  PSAs are usually not displayed in urban areas during the peak periods.  The effectiveness of these messages and their effects on driver credibility are not known.  The experience in Los Angeles that was previously discussed gives some clue as to the possible adverse effects of displaying PSAs (Roper 2002).  

PSAs do not provide drivers with real-time safety or travel efficiency information.  They provide motorists with information that can be more effectively given through other methods such as media campaigns or pamphlets.  These and other methods would benefit a greater majority of the motoring public since it would not be limited to only those that travel on freeways with CMSs.  It has bee suggested that when the use of the signs for real-time information is infrequent, it may be desirable to display other information that may affect the motorists’ travel (e.g., existing or planned roadwork on the specific facility or on other intersecting freeways, expressways or toll roads, or travel time information) (Dudek 2001, 2002)).  

Driver Safety Campaigns

Although a safety campaign message is a form of a PSA, it is addressed separately because some states permit safety campaign messages and not other types of PSAs.  There are no reported research studies that objectively address the effects of driver safety campaign messages on driver credibility and change blindness.  One study was found in which motorist preference for safety messages was examined.  In a survey by Benson (1996) of 517 motorists in the Washington D.C. area, 67 percent said that general traffic safety messages should be posted on CMSs.

Inter-modal Information

In high-density corridors, travel options are highly interrelated.  Information about parking lot availability, ferry system departure delays, etc. can affect freeway driver real-time decisions about which exit ramps to use and so are appropriate information units to present in CMS messages.  Therefore, some state DOTs display messages to inform motorists of conditions to assist them with inter-modal travel.  For example, CMSs may display messages to inform motorists a) of the availability of parking at Park-and-Ride facilities, b) of the availability of parking at an airport, c) whether AMTRAK trains are running on schedule, or d) about delays in departures of a ferry system.  This information is of a lower priority than information concerning roadway incidents and other situations that affect motorist safety.  To date, no research has been conducted to determine the best message formats and information that would be best understood by motorists.
Operation with Lane Control Signals

Results of reported research indicate that CMSs can be used effectively in combination with freeway lane control signals (LCSs).  However, there is no reported research that examined the best types of messages and message formats to use on CMSs in combination with LCSs.

Research reported by Dudek et al. (2000) in which 206 motorists were surveyed in five cities in Texas, indicates that it is preferable to rely on the LCSs to indicate which lanes are blocked or closed, and to utilize the CMS to provide other key information (what is the problem, how far downstream the problem is located, etc.).  The study involved showing the motorists a photo of a freeway with overhead LCSs and a CMS with the message ACCIDENT AHEAD.

Fifty percent of the drivers stated that other information (in addition to the lane control signals) would be useful.  Information about the approximate distance to the crash was cited as needed information by 14 percent of the drivers.  Smaller proportions of drivers indicated a preference for expected travel times, magnitudes of delays, average speeds downstream, or general caution information.  Only 36 percent of the motorists responded that they did not need any additional information beyond what was provided by the LCS and an ACCIDENT AHEAD message displayed on a CMS.  Fourteen percent stated that they would like to see which lanes were closed (which would be redundant with the LCS).  

Use of Graphics and Symbols in Messages

The positive effectiveness of shape and color for regulatory, warning, guide, tourist oriented direction, recreational, and cultural interest areas are well established for static signs.  Graphics in the form of interstate and state highway shields were introduced many years ago and were well received by the motoring public.  Several symbols were introduced into the highway signing system with the previous edition of the MUTCD.  Research by Hawkins et al. (1995) and Picha et al. (1995) indicate that drivers understand many of the symbols, but some symbols were met with limited understanding.  Some of the latter symbols have been removed in the newer edition of the MUTCD (2000).  The advantages of good graphics/symbols are that the information can be read and understood quicker and farther upstream of the sign in comparison to word messages.  Symbols may also be helpful to those motorists with poor reading skills.

Research by Huchingson et al. (1978a) showed that motorists exhibited a strong preference for having the route marker displayed (e.g., interstate shield) on the CMS in comparison to the written version (e.g., I-295).  Knoblauch et al. (1995) reported on research to evaluate the following symbols that might be used on portable CMSs: accident (European), congestion (European), advance flagger, lane reduction transition, two-way traffic arrows.  The results showed that less than 50 percent of the motorists tested were able to correctly interpret the accident symbol that is used in Europe at distances of 174 m (570 ft) or more.  Subject comprehension of the European congestion symbol was virtually nonexistent.  Also, potentially dangerous meanings were frequently associated with the symbol.  The most common potentially dangerous meaning involved the motorists believing the symbol indicated three lanes ahead, one for each vehicle displayed in the picture.  Similarly, potentially dangerous interpretations were found for the advance flagger symbol.  The lane reduction transition symbol was found to be illegible from distances of 174 m (570 ft) and greater, and was understood by only 80 percent of the motorists when the symbol was viewed at 122 m (400 ft).  Although two-way traffic arrows were understood better than the other symbols tested, more than 10 percent had potentially dangerous interpretations. 

The current day typical CMS (with three or four lines of text) is not capable of displaying graphics and symbols that would be beneficial to drivers.  It is possible to show symbols on full matrix CMSs, but this has to be done by compromising the required size of letters used in the message full message.  

The shape and color requirements in the MUTCD (2000) suggest that the common types of symbols for regulation and warning cannot be used on current types of CMSs used by TMCs. Presently, stadium and arena type full-matrix, full-color signs, on which high resolution graphics and symbols are possible, are economically “out of reach” and not practical for most transportation agencies.  However, technology is rapidly changing, and research relative to graphics and symbols is advised in order to prepare for the arrival of the newer technologies. 

CMS Messages in Work Zones (Temporary Traffic Control Zones)

There are a variety of applications for portable CMSs at highway work zones.  However, because of their flexibility and capability, they are sometimes used incorrectly, thus reducing their effectiveness.  In 1984, Dudek (1984) provided examples of special applications where portable CMSs can be effective in freeway work zones:

· New detours;

· Change in detours;

· Special speed control measures;

· Periodic use of flaggers; and

· Location where sight distance is restricted and congestion occurs due to a lane closure.

The MUTCD (2000) provides the following typical applications for portable CMSs in highway work zones:

· Where the speed of motor vehicle traffic is expected to drop substantially;

· Where significant queuing and delays are expected;

· Where adverse environmental conditions are present;

· Where there are changes in alignment or surface conditions;

· Where advance notice of ramp, lane, or roadway closures is needed;

· Where crash or incident management is needed; and/or

· Where changes in the road user pattern occur.

Helmuth (2002) reported on studies in which the researcher had several motorists drive through a series of highway work zones during the day and at night.  She found that although CMSs are intended to give motorists additional information on unexpected traffic and routing situations, the use in some sites studied tended to hinder rather than help motorists traverse the work zones.  The types of motorist difficulties that resulted from CMS displays were:

· Confusing messages;

· Messages that were too lengthy; and

· Placement-related visibility difficulties of the CMS.

Among the confusing messages were those that 1) contained the term LANES SHIFT LEFT and arrows, and 2) conflicted with messages on a speed trailer.   Some messages on the portable CMSs were too long because they exceeded four units of information and were displayed on three frames.  At some work zone sites, portable CMSs were used on the shoulder of freeways with four or five directional lanes.  Motorists in the left lane experienced difficulties in reading the messages.  In other cases, a CMS was placed to close to path decision points.

Little information is available in the literature about CMS messages and CMS placement specifically for work zone applications.  As discussed previously, Knaubloch et al. (1995) reported on studies to compare motorist preferences for several alternative word/phrase descriptors that might be used on portable CMSs.  A summary of the findings is shown in Table 19.

Table 19.  Percent of Subjects Selecting Key Word (Ref Knoblauch et al. 1995)

	Candidate Message
	Percent

	
	Best
	Worst

	SLOW MOVING TRAFFIC

SLOW TRAFFIC

TRAFFIC SLOWING

NORMAL STOP AND GO

SLOWING
	53

26

13

6

0
	3

4

2

57

33

	HEAVY TRAFFIC

CONGESTED

TRAFFIC JAM

TRAFFIC BACKED UP

TRAFFIC STOPPED

TRAFFIC JAMMED
	46

15

13

13

9

2
	3

34

13

20

9

20

	STEEL PLATES

METAL PLATES
	51

49
	49

51

	MEN WORKING

ROAD WORK

ROAD REPAIRS

ROAD CREW
	48

31

15

6
	13

15

20

49

	FLAGMAN

FLAGGER
	90

10
	10

90

	LANE MARKING

PAINT CREW
	54

46
	46

54


Table 19 (Cont.).  Percent of Subjects Selecting Key Word (Ref Knoblauch et al. 1995).

	Candidate Message
	Percent

	
	Best
	Worst

	BRIDGE CLOSED

BRIDGE OUT
	75

25
	75

25

	ROAD CLOSED

ALL LANES CLOSED
	79

21
	21

79

	LANES CHANGE

LANES SHIFT
	64

36
	64

36

	FOLLOW PACE CAR

FOLLOW PILOT CAR
	71

39
	39

71

	MERGE LEFT

KEEP LEFT

USE LEFT LANE
	54

31

15
	23

26

51

	DO NOT PASS

NO PASSING
	66

34
	34

66

	SPEED LIMIT 55 MPH

MAXIMUM SPEED 55 MPH

SPEED 55 MPH
	48

45

7
	10

22

68

	MINIMUM SPEED 40 MPH

KEEP SPEED UP
	85

15
	15

85

	TRAFFIC SIGNAL OUT

SIGNAL NOT WORKING
	71

29
	29

71

	TRUCK CROSSING

WATCH FOR TRUCKS
	57

43
	43

57

	ALL LANES OPEN

OPEN

RT 999 CLEAR X MILES

NORMAL
	68

12

12

9
	1

21

19

48

	EMERGENCY VEHICLES

EMERGENCY
	83

17
	17

83

	FOLLOW DETOURS

FOLLOW ALT ROUTES
	77

23
	77

23

	TRAFFIC ADVISORY 55 AM

ROAD INFO 55 AM

ROUTE INFO 55 AM
	59

31

10
	22

26

51


The results show that only one message term was preferred by 85 percent or more of the respondents (i.e., FLAGMAN (90 percent) was preferred to FLAGGER).  In those situations where subjects did not express an overwhelming sign preference, additional field tests were done.  The controlled field studies were designed to examine the role of message length and message content on perception, recognition, and legibility distances.  A total of 73 subjects participated in the study.  The subjects were divided into four groups, with each group viewing the candidate message elements at distances at either 122 m (400 ft) and 22 m (740 ft) or at 174 m (570 ft) and 278 m (910 ft).  The detection distances of the candidate message elements were determined using a portable CMS under both day and night conditions.  Based on the combination of legibility distances and indication of preference, the researchers presented a list of recommended message elements.  No research was conducted to determine reading times and understanding of the message elements.

The results of the research to date support the need for additional studies.  The research should validate the application recommendations contained in the MUTCD (2000), and should be designed to determine the most effective CMS messages for each specific application.  In addition, the most effective CMS placement for each application should be determined.

Bilingual Messages

Review of typical CMS messages at several TMCs indicated that, in some cases in states that border Mexico, bilingual messages are displayed.  The more typical bilingual message is displayed in two frames with one frame devoted to the English message and the second frame to the Spanish message.  The author is not aware of messages that are dual-lingual in that the message contains both English and Spanish in single frames.

To the author’s knowledge, no research has been reported that assesses reading times and understanding of bilingual CMS messages.  The research to date seems to have been devoted to static signs (Rutley 1972, 1974; Lesage 1981; Hawkins et al. 1996; Kreis 1998).  Thus there are a variety of issues that need to be addressed for CMS messages on this particular topic.

Messages for Incidents in the Opposite Direction

Oftentimes, incidents on a freeway adversely affect flow in the opposite direction.  Therefore, there is sometimes a need to display messages on CMSs in the opposite direction to an incident in order to warn motorists of the reduced speed ahead and the ensuing congestion as a means of managing traffic.  There is no research that helps to develop guidelines for the type of CMS messages that should be displayed under these conditions.

Placement of CMSs

Dudek and Huchingson (1986) provide the following guidelines for placement of CMSs on freeways that are based on operational experience and research of lane-changing requirements of motorists:

· Locate CMSs upstream of bottlenecks and high accident locations;

· Make sure CMSs are upstream of major decision points (e.g., ramps and interchanges that will be used for diversion;

· Freeway-to-freeway interchanges are major decision points.  Consider locating CMSs in advance of these major interchanges;

· CMSs should not be located within a major interchange;

· Avoid using CMSs located upstream of a freeway-to-freeway interchange to divert traffic to ramps downstream of the interchange;

· The CMS must be located upstream of the Exit Direction Sign of the ramp used for diversion;

· When the exit ramp has both 1.6-km (1-mile) and 3.2-km (2-mile) Advance Guide Signs, the recommended location for the CMS is between the two Advance Guide Signs;

· When Interchange Sequence Signs are used for closely spaced interchanges in urban areas, the CMS should be located upstream of at least two Advance Interchange Sequence Signs for the exit ramp used for diversion;

· The recommended minimum spacing between the CMS and the downstream Advance Guide Sign is 300 m (1,000 ft); and

· The recommended minimum spacing between the CMS and an upstream Advance Guide Sign will depend upon several factors, including CMS message length, message format, and traffic operating speed.  Recommended minimums are provided in Table 20 for an 88.5 km/hr (55 mph) operating speed and a 6.1-m (20-ft) wide sign placed 6.1 m (20 ft) from the edge of the shoulder lane.

Table 20.  Recommended Spacing Between Side-Mounted CMS and Upstream

Advance Guide Sign for an Operating Speed of 88.5 km/hr (55 mph) (Ref Dudek and Huchingson 1986)

	Number of

Freeway Lanes

(One Direction)
	Minimum Spacing (ft)

	
	Required Minimum Message Exposure Time

	
	4 Seconds
	6 Seconds
	8 Seconds

	2

3

4
	950

1050

1100
	1100

1200

1250
	1250

1350

1400


CONCLUSIONS, RECOMMENDATIONS, AND FUTURE RESEARCH NEEDS

Although CMSs have been used on freeways since the early 1960s, it was only recently that the number of state DOTs employing them has increased significantly.  Therefore, the need for CMS message design and operations guidelines based on empirical data and results to ensure effective use and desirable motorist response is paramount.

Review of the literature showed that there were three landmark comprehensive research projects since the early 1970s that included human factors laboratory and controlled field studies, and validation operational field studies.  Each of these studies led to a publication of guidelines for CMS message design and operations.  The first project, Human Factors Requirements for Real-Time Motorist Information Displays was sponsored by FHWA.  This multi-year project involved extensive laboratory studies, controlled field studies, and field demonstration studies.  The output from this project was 16 technical reports and the first CMS message design guide: Human Factors Requirements for Real-Time Motorist Information Displays: Vol. 1 Design Guide (Dudek et al. 1978c).  

The second major human factors research project on the topic was Human Factors Design of Dynamic Visual and Auditory Displays for Metropolitan Traffic Management sponsored by FHWA.  Additional comprehensive laboratory studies, controlled field studies, and field operational studies were conducted.  The major outputs from this project were three technical reports and the Manual on Real-Time Motorist Information Displays—an update to the 1978 Manual (Dudek et al. 1986).

The New Jersey DOT sponsored a multi-year human factors research project to address messages for CMSs and Highway Advisory Radio (HAR) entitled, VMS and HAR Message Research Project.  Additional comprehensive laboratory studies, controlled field studies, and field studies were conducted.  The results of this project coupled with results from other research led to the preparation of 34 Technical Memorandums and the development of the New Jersey DOT Variable Message Sign Operations Manual (Dudek 2001).  The Manual is an update of the 1986 Manual and contains step-by-step message design processes for incidents and roadwork.  

Results from other research projects were instrumental in the development of CMS message design guidelines over the years.  The research has validated many issues. However, many issues still need to be addressed in research efforts.  The author’s recommendations for the topics and issues that need to be researched as well as a priority of research is given in Table 21.

Table 21. Current Guidelines for CMS Messages, Current Emperical Data, and Future Research Needs

	Current Guidelines
	Existing Research On This Issue Is:
	Future Research Needs

	Simplicity of displays and messages
	Strong
	

	Motorist information needs
	Strong
	

	Maximum number of units of information
	Very strong
	

	The Basic CMS Message elements
	Very strong
	

	Incident descriptor (problem) message element
	Strong
	--- Additional research should be conducted to evaluate motorist understanding and preference for: more detailed terms when a major truck accident occurs (e.g., TRUCK ACCIDENT,, TRUCK OVERTURN, and CRASH in place of ACCIDENT.

	Roadwork descriptor message element
	Strong 
	--- Additional research should be conducted to evaluate whether there are situations when CONSTRUCTION should be used in place of the shorter word ROADWORK.

	Incident and roadwork location message elements
	Strong
	---Additional research should be conducted to evaluate motorist understanding and preferences among the following: AT, NEAR, BEFORE, PAST.

---Additional research should be conducted to evaluate motorist understanding and preferences for BEFORE, PAST vs. NORTH, SOUTH, EAST, WEST.



	Lane Closure (Blockage) message element
	Strong
	---Additional research should be conducted to determine whether BLOCKED should be used in a message when a lane or freeway is temporarily blocked.  Most state DOTs doe not use the word.  Instead, CLOSED is used for all lane and freeway blockages.

	Effect on Travel message element
	
	

	· Delay information
	Moderate
	---Additional research is needed to determine how motorists interpret qualitative delay information (e.g., MAJOR DELAY, DELAY, MINOR DELAY) in comparison to quantitative delay (e.g., XX MINUTES DELAY).

---Research is needed to determine the usefulness and the effect on credibility of displaying general terms similar to what some state DOTs are displaying to indicate the effect of an incident (e.g., DELAYS LIKELY, EXPECT DELAYS, CAUTION).



	· Major and minor delay
	Strong
	---Additional research should be conducted in different cities in the U.S. to validate the meaning (in time) of the terms MAJOR DELAY and MINOR DELAY.



	· Major and minor accident 
	Strong 
	---Additional research should be conducted in different cities in the U.S. to validate the meaning (in time) of the terms MAJOR ACCIDENT and MINOR ACCIDENT.



	· Travel time information
	Weak
	---Additional research is necessary to determine such issues as motorists’ need and understanding of travel time messages; the propensity for motorists to divert in response to travel time messages; and credibility issues.



	· Speed information
	Moderate
	---Additional research is needed to establish the most effective wording when speed information is displayed.

	Audience for Action message element
	Strong
	

	Action message element
	Moderate
	---Research is needed to determine the most effective information to display when an agency does not display non-diversion action message statements (i.e., PREPARE TO STOP, REDUCE SPEED).

	CMS legibility distances for message design
	Moderate
	---Additional research is needed to determine target values and legibility distances of various CMS technologies, particularly for older drivers.

	Word and phrase meanings and criteria: a) USE, TAKE, FOLLOW; b) EXIT vs. RAMP; c) A dash vs. THRU; d) Descriptors for shifting traffic; e) Calendar dates vs. days of week
	Very strong
	

	Splitting messages into frames
	
	

	· Number of message frames


	Very Strong
	

	· Information in a message frame


Compatible units of information on a message frame.


Portions of two informational units on the same line
	Moderate

Moderate
	Although intuitively placing one part of a message thought on two separate frames (e.g., Frame 1: MAJOR ACCIDENT/AT US 23/NEW YORK TRAFFIC, Frame 2: USE I-280 EAST) would tend to confuse motorists and increase reading time, objective data should be collected. 

Although intuitively placing portions of two informational units on the same line (e.g., EXIT AT RIVER/ DRIVE USE/OTHER ROUTES) would tend to confuse motorists and increase reading time, objective data should be collected.



	Number of units of information on one frame


	Strong
	

	Exposure times and cycling rates for two-frame messages 
	Strong
	---Additional laboratory studies with the subjects under work load and controlled field studies should be conducted to further assess the relative effectiveness of exposing two-frame messages at a rate of 4 sec/frame vs. 2 sec/frame.

---Research is needed to evaluate the effects and effectiveness of displaying two-frame messages at 3 sec/frame as is recommended in the Older Driver Handbook.

	Flashing one-frame messages or message lines
	Moderate
	---Laboratory studies with the subjects under work load conditions and controlled field studies need to be conducted to determine the effectiveness of flashing.  Field studies are also needed to determine whether flashing improves the target value and attention-getting capabilities of the message (one of the primary reasons cited for flashing a message or line in the message).

	Alternating text on one line of a three-line CMS while keeping the other two lines the same
	Moderate
	Laboratory studies with the subject under work load conditions and controlled field studies need to be conducted to determine the effectiveness displaying messages in this manner

	Deleting “dead” words such as STREET, AVENUE, BOULEVARD, AHEAD.
	Strong
	---Additional studies should be conducted to determine under what messages the word AHEAD must be used.

	Message information format (order of information elements in a message)


	Strong
	---Some state DOTs do not conform to format guidelines. Rather information is displayed in a different order.  Research is needed to determine the effects of these different orders

	Abbreviations
	Strong
	---There is strong indication that some of the abbreviations in the MUTCD are not understood by most motorists (according to recent research results).  Additional studies should be conducted to validate this finding.  Examples of the abbreviations are NB, SB, EB, and WB for NORTHBOUND, SOUTHBOUND, EASTBOUND, and WESTBOUND.

---The abbreviation studies to date were conducted by allowing the subjects to take as much time as the needed to write their interpretation of the abbreviations.  The research should be replicated with studies that allow the subjects a fixed and short time to interpret the abbreviations, similar to what they would experience while driving.

---Abbreviations of cardinal directions on freeways when a direction is part of the road name (e.g., I-35W) should be evaluated.

	Message display formats (sequencing vs. run-on messages)
	Very strong
	

	Messages after incident is removed from freeway lanes
	
	

	· Before congestion clears
	Moderate
	---Existing guidelines are based studies in the early 1970s.  Additional studies should be conducted to validate the early results.



	· After congestion clears
	Moderate
	---Existing guidelines are based studies in the early 1970s.  Additional studies should be conducted to validate the early results.

	Blank Signs
	Very weak
	---There continues to be differences of opinion as to whether CMSs should be in a blank mode when no incidents or roadwork are affecting traffic flow.  Results of studies in the 1970s indicated that motorists would rather have some message in contrast to a blank sign.  Operational experience in some states indicated the opposite.  There is a need to revisit this issue and the issue of change blindness via research studies.  

	Display of future roadwork and future special events vs. blank sign
	Strong
	

	Adverse weather, environmental, and roadway condition messages
	Moderate
	---A small number of studies have addressed motorist preferences for message content alternatives.  However, field studies are needed to determine motorist response to various messages.

	AMBER Alert messages
	Very weak
	---The amount of information that is generally requested to display during and AMBER alert generally exceeds the maximum allowable units of information.  Research should be conducted to determine the role of CMSs in AMBER alerts and the most effective messages.

---It is speculated that a license plate number and a telephone number usually displayed in an AMBER alert message is equivalent to two units of information each or more.  There is a need to conduct studies to determine the unit of information equivalencies of license plate numbers and telephone numbers. 

	Advertising on CMSs


	N/A
	(Prohibited by Federal regulations)

	Public service campaigns
	Very weak
	---Research is needed to evaluate motorist attitudes about public service campaign messages under real-world operational conditions.



	Driver safety campaign messages
	Very weak
	---Research is needed to evaluate motorist attitudes about driver safety campaign messages under real-world operational conditions.

	Inter-modal information 
	Very weak
	---Research is needed to evaluate motorist attitudes about and effectiveness of inter-modal information under real-world operational conditions.

	Operation of CMSs with lane control signals 
	Moderate
	---Results of one research study indicate that CMSs can be used effectively in combination with lane control signals on freeways.  Additional research is needed at other locations to validate the results.

---Research is also needed to develop the most effective CMS messages for use with lane control signals during incidents or roadwork.

	Messages for incidents in the opposite direction
	Very weak
	---No reported research data were found.  Research should be conducted to determine the most effective messages.



	Use of graphics and symbols
	Weak
	---Research results to date have indicated potential safety problems in the U.S. with some of the symbols used in Europe.  Many symbols tested indicate motorist confusion regarding interpretations.  However the potential of using symbols, particularly with advancing CMS technology should be investigated in greater degrees for a wider range of applications. 

	CMS messages in work zones
	Weak
	---Little information is available in the literature about CMS placement and effectives of CMS messages in work zones.  There is a need for additional studies to validate the application recommendations contained in the MUTCD, and to determine the most effective messages for various work zone applications.  Studies should also be conducted to determine the most effective placement of the signs for each application.

	Placement of CMSs
	Strong
	(However, see earlier note about work zones.)


Table 22.  Research Issues and Recommended Priorities 

(Very High=1; High=2; Moderate=3; Low=4; Very Low=5)

	Research Topics and Issues
	Research

Priority By Issue
	Research Priority By Topic

	1.
Dynamic Features on CMSs


	
	1

	· Flashing an entire one-frame message
	
	

	


How does it affect a driver’s ability to properly comprehend the message?
	1
	

	


How does it affect the amount of time it takes a driver to read and comprehend the message?
	1
	

	Do drivers perceive flashing as indicative of information that is more important?
	1
	

	Does it improve the attention-getting value of the sign?


	1
	

	· Flashing one line of a one-line message
	
	

	


How does it affect a driver’s ability to properly comprehend the message?
	1
	

	How does it affect the amount of time it takes a driver to read and comprehend the message? 
	1
	

	


Do drivers perceive flashing as indicative of information that is more important?
	1
	

	Does it improve the attention-getting value of the sign?
	1
	

	· Alternating text on one line of a three-line CMS while keeping the other two lines the same
	
	

	Do drivers notice and read the line that changes?
	1
	

	How does it affect the amount of time it takes to read the message in comparison with a two-frame message without redundancy?
	1
	

	Which style do drivers prefer?


	1
	

	2.
Cycling Time for Two-Frame CMS Messages


	
	1

	· Research indicates that messages should be displayed at a rate of 1 second per word.  This translates to 4 seconds per frame on typical two-frame messages.  Some state DOTs display two-frame messages at a rate of 2 seconds per frame.  How does it affect drivers’ ability to read and recall messages when they are cycled at the faster rate?


	1
	

	· The authors of the FHWA publication Highway Design Handbook For Older Drivers And Pedestrians recommend that two-frame messages should be cycled at 3 seconds per frame to accommodate older drivers.  How does this rate affect the ability of other drivers to read and recall messages when they are cycled at 3 seconds per frame?


	1
	

	3.
AMBER Alert Messages


	
	1

	· What is the role of CMSs in AMBER alerts?


	1
	

	· The amount of information that is generally requested by law enforcement personnel to display on CMSs generally exceeds the maximum allowable units of information.  What are the most effective messages and under what conditions should they be displayed on a CMS?


	1
	

	· Some TMCs are posting license plate numbers and telephone numbers.  What is the unit of information equivalency for license plate numbers and telephone numbers?


	1
	

	4.
Provision of Real-Time Travel Time Information


	
	1

	· Since posted travel time is not a predicted value but is based on information measured in the immediate past, how do drivers interpret real-time travel time information presented on CMSs?  Confirmation is needed concerning whether drivers interpret as an exact value, as an approximation, or do they revise the values higher or lower than that posted based on their expectations of downstream conditions.


	1
	

	· Confirmation is needed concerning whether it is better to display elapsed travel time (continuously updated) through a problem location versus other direct measures of impacts (e.g., delays, speeds, length of congestion, etc.).


	1
	

	· What is the propensity for drivers to divert (peak and off-peak periods) in response to travel time information, and how does the propensity change as a function of problem type?  Are there interactions?


	1
	

	· The number of units of information that can be displayed at ideal conditions is limited to four at speeds greater than 35 mph.  Is travel time more important to drivers than other relevant information normally displayed in an incident message? 
	1
	

	· Is credibility lost if commuter drivers see the same travel time values posted on a CMS every day because traffic conditions do not differ when no accident occurs on the freeway (change blindness)?  (Note, this situation is comparable to displaying congestion information that may not change daily.)


	1
	

	5.
CMS Message Format (Order of Information Units In a Message) and Message Design and Issues


	
	1

	· Although acceptable message formatting (order of information elements) has been recommended by current guidelines based on human factors studies and is now stipulated in Part VI of the MUTCD for portable CMSs, some transportation agencies display information in a different order.  What are the effects on driver reading times and message understanding when message formats are used that are different than that recommended from research and stipulated in Part VI of the MUTCD?


	1
	

	· Do motorists prefer the incident descriptor terms TRUCK ACCIDENT or TRUCK OVERTURN instead of MAJOR ACCIDENT?  If so what is the relative degree of delay associated with each?


	1
	

	· Do motorists prefer and understand the incident descriptor CRASH as a replacement for ACCIDENT in a message?


	1
	

	· What is motorist understanding and preferences for the following incident/roadwork location message elements: AT, NEAR, BEFORE, PAST?


	1
	

	· Some TMCs display cardinal directions relative to an exit ramp or cross street for the incident/roadwork location message element.  What are the motorists’ understanding and preferences for the words NORTH, SOUTH, EAST, WEST vs. BEFORE, PAST?


	1
	

	· What is the association of and propensity to divert between problem type information and delay upon drivers’ propensity to divert (e.g., MAJOR ACCIDENT, TRUCK ACCIDENT, MINOR ACCIDENT, MAJOR DELAY, MINOR DELAY, etc.?)  What is the current interpretation of these descriptors relative the expected minutes of delay?


	1
	

	· What is the relative effectiveness of X LEFT (RIGHT) LANES CLOSED vs. LEFT (RIGHT) X LANES CLOSED?


	1
	

	· What is the best way to display information about one or more middles lanes closed (blocked) on freeways with four or more lanes in one direction?


	1
	

	· A list of acceptable abbreviations was developed based on laboratory research studies in which motorists had a considerable amount of time to interpret the abbreviations.  Are motorists able to interpret the abbreviations when the abbreviations are shown for a short period of time comparable to message exposure times when reading CMS messages while traveling at normal speeds?


	1
	

	· What is the best way to abbreviate (or can we) North, South, etc. when the direction is also part of a road name (i.e., north on I-35W, north on North Central Expressway)?


	1
	

	· Results of recent laboratory studies indicate that some of the abbreviations recommended in the MUTCD are not understood by many motorists (e.g., NB, SB, EB, WB for NORTHBOUND, SOUTHBOUND, EASTBOUND, WESTBOUND).  Additional laboratory studies should be conducted with the subjects under work load conditions to validate these recent findings.


	1
	

	· How do drivers interpret qualitative delay messages (e.g., MAJOR DELAY, DELAY, MINOR DELAY) in comparison to quantitative delay (XX MINUTES DELAY)?


	1
	

	· Although current guidelines recommend that a message line should not contain portions of two separate units of information, objective data are lacking to assess the effects on motorists’ reading times and message understanding


	1
	

	· Although current guidelines recommend that each message frame should contain a complete thought and a message thought should not be divided onto both frames, objective data are lacking to assess the effects on motorists’ reading times and message understanding


	1
	

	· What word combinations in messages cause problems with drivers having low reading skills?


	1
	

	· The terms LANE BLOCKED and FREEWAY BLOCKED have been recommended by current guidelines based on human factors studies to describe the situations prior to the arrival of the police or traffic control who then close the lane/freeway.  However, the terms are not used by most TMCs for all cases.  Instead LANES CLOSED or FREEWAY CLOSED are used.  Do motorists need to be informed of BLOCKED conditions, or is displaying only CLOSED for the different situations sufficient?


	2
	

	· What is the usefulness and what is the effect on credibility of displaying general terms to indicate the effect of an incident (e.g., DELAYS LIKELY, EXPECT DELAYS, CAUTION, etc.)?


	2
	

	· What is the most effect message format to use when speed information is displayed?


	2
	

	· Most TMCs do not display an action message element when diversion is not recommended.  Current guidelines recommend that an Action message element (i.e., PREPARE TO STOP, REDUCE SPEED) should be included in most messages.  What is the most effective information that should be displayed when non-diversion messages are displayed?


	2
	

	· Many TMCs use the word AHEAD to describe the location of an incident or roadwork in general terms.  Current guidelines suggest that the AHEAD is a “dead” word and could be eliminated in order to shorten the length of a message.  There is a need to examine under what conditions the word should be used in a message.


	3
	

	6.
CMSs in Highway Work Zones


	
	1

	· There are indications that CMSs are not always used in an effective manner in work zones.  Under what conditions and for what applications should CMSs be used in work zones?
	1
	

	· What messages are the most effective ones for each specific application?


	1
	

	· Are there situations where the longer term CONSTRUCTION should be used rather than ROADWORK?


	1
	

	· There are indications that CMSs are not being placed in the most effective locations in work zones.  In some cases, CMSs are placed at locations where driver work load is extremely high.  Therefore, if they read the CMS message, they may miss other more relevant information relative to path finding, lane assignment, etc.  In other cases, the CMSs may be placed too far or too close in advance for drivers to effectively use the information.  What is the best placement of CMSs for specific applications?


	1
	

	7.
Motorist Credibility Issues


	
	1

	· What are the effects and driver credibility effects of the following modes of CMS display in the absence of incidents (peak and off-peak):
	
	

	
Blank sign
	1
	

	
Safety campaigns
	1
	

	
Public service announcements
	1
	

	
Congestion information
	1
	

	
Information about upcoming roadwork
	1
	

	
Information about an upcoming special event
	1
	

	
Other


	1
	

	8.
Adverse Weather, Environmental, and Roadway Conditions


	
	1

	· What is the role of CMSs for these applications?


	1
	

	· What are the most effective messages?


	1
	

	· Where are the most effective locations for CMSs


	1
	

	9.
Improvements/Better Understanding of Operational Approaches


	
	3

	· Are there benefits to the use of flashing beacons on CMSs to indicate higher urgency?  What are the effects on message legibility and reading times?


	2
	

	· What is the effect of CMS displays on detection/recognition of other static signing/ markings/ etc. (including flashing displays, etc.)?


	2
	

	· What types of CMS message templates should be contained in a message library?


	2
	

	· Can CMSs be used effectively in combination with lane control signals on freeways?


	3
	

	· What are the most effective messages to display when the CMSs are used in combination with lane control signals on freeways?


	3
	

	· What are the needs, effects and utility of posting incident messages in the opposite direction to that of the incident?


	3
	

	· If needed and potentially effective, what specific messages should be displayed in the opposite direction to that of the incident?
	3
	

	· What priority rules should be established for message display on a CMS when multiple incidents occur and there are fewer CMS locations than desired?


	4
	

	10.
Bilingual Messages (near border areas)


	
	4

	· How much demand is there for bilingual messages?


	2
	

	· What are the impacts on understanding of messages?


	4
	

	· What are the impacts on reading time of messages?


	4
	

	· What are the impacts on driver confidence and usefulness?


	4
	

	· How should bilingual messages be prioritized with the English version?


	4
	

	· When will bilingual messages be useful?


	4
	

	11.
Use of Graphics and Symbols


	
	5

	· How much demand is there for graphics and symbolic messages?


	2
	

	· What type of graphics and symbols are available to include in a message?


	5
	

	· What new types of graphic and symbol messages might be effective?


	5
	

	· What combinations of graphic/symbol and text messages are effective?


	5
	

	· What is the legibility of graphic and symbol messages?


	5
	

	· What is driver understanding of graphic and symbol messages


	5
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										Rd. Time		"1.752 x		"2.63 x

						SSD				VMS		SSD		SSD

				30		200				350		350.4		526
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				800		0.344				0.32

				1600		0.688				0.64
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																																						s=2, TL=75, TW=8.5, L=12																																								s=10, TL=75, TW=8.5, L=12

																												2-lane		SD		Necessary gap																																				2-lane		SD		Necessary gap

																														100		62.5		138																																				100		35		110

																														200		125		200																																				200		69		144

																														300		187.5		263																																				300		104		179

																														400		250		325																																				400		139		214

																														500		312.5		388																																				500		174		249

																														600		375		450																																				600		208		283

																														700		437.5		513																																				700		243		318

																														800		500		575																																				800		278		353

																														900		562.5		638																																				900		313		388

																														1000		625		700																																				1000		347		422

																												4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.																										4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.

																																SL Auto		ML Auto		effect		& Truck		ML auto		& Truck																														SL Auto		ML Auto		effect		& Truck		ML auto		& Truck

																														100		62.5		103		165		240		28		103																												100		35		81		115		190		21		96

																														200		125		186		311		386		57		132																												200		69		141		211		286		42		117

																														300		187.5		269		456		531		85		160																												300		104		202		306		381		63		138

																														400		250		352		602		677		114		189																												400		139		263		402		477		83		158

																														500		312.5		434		747		822		142		217																												500		174		324		497		572		104		179

																														600		375		517		892		967		170		245																												600		208		385		593		668		125		200

																														700		437.5		600		1038		1113		199		274																												700		243		446		689		764		146		221

																														800		500		683		1183		1258		227		302																												800		278		506		784		859		167		242

																														900		562.5		766		1329		1404		256		331																												900		313		567		880		955		188		263

																														1000		625		849		1474		1549		284		359																												1000		347		628		975		1050		208		283

																												6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.																6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.

																																sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck																				sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck

																														100		62.5		103		41		206		281		28		73		102		177		18		93																		100		35		81		24		139		214		21		63		84		159		15		90

																														200		125		186		130		440		515		57		127		184		259		37		112																		200		69		141		96		307		382		42		107		148		223		30		105

																														300		187.5		269		219		675		750		85		181		266		341		55		130																		300		104		202		168		474		549		63		150		213		288		45		120

																														400		250		352		308		909		984		114		234		348		423		74		149																		400		139		263		240		642		717		83		194		277		352		60		135

																														500		312.5		434		397		1143		1218		142		288		430		505		92		167																		500		174		324		312		809		884		104		237		341		416		74		149

																														600		375		517		485		1378		1453		170		342		512		587		110		185																		600		208		385		384		977		1052		125		280		405		480		89		164

																														700		437.5		600		574		1612		1687		199		395		594		669		129		204																		700		243		446		456		1144		1219		146		324		470		545		104		179

																														800		500		683		663		1847		1922		227		449		676		751		147		222																		800		278		506		528		1312		1387		167		367		534		609		119		194

																														900		562.5		766		752		2081		2156		256		503		758		833		165		240																		900		313		567		600		1480		1555		188		411		598		673		134		209

																														1000		625		849		841		2316		2391		284		556		841		916		184		259																		1000		347		628		672		1647		1722		208		454		663		738		149		224

																												8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.						8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.

																																sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck										sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck

																														100		62.5		103		41		0		206		281		28		73		17		119		194		18		0		93		14		89								100		35		81		24		0		139		214		21		63		8		92		167		15				90		12		87

																														200		125		186		130		67		507		582		57		127		83		267		342		37		68		179		27		102								200		69		141		96		40		347		422		42		107		64		212		287		30		29		134		23		98

																														300		187.5		269		219		159		834		909		85		181		149		415		490		55		132		262		41		116								300		104		202		168		118		592		667		63		150		120		332		407		45		73		193		35		110

																														400		250		352		308		251		1160		1235		114		234		215		563		638		74		196		345		54		129								400		139		263		240		197		838		913		83		194		176		453		528		60		117		251		46		121

																														500		312.5		434		397		343		1486		1561		142		288		280		711		786		92		260		427		68		143								500		174		324		312		275		1084		1159		104		237		232		573		648		74		161		310		58		133

																														600		375		517		485		435		1813		1888		170		342		346		858		933		110		325		510		82		157								600		208		385		384		353		1330		1405		125		280		288		693		768		89		205		369		69		144

																														700		437.5		600		574		527		2139		2214		199		395		412		1006		1081		129		389		593		95		170								700		243		446		456		431		1576		1651		146		324		344		813		888		104		249		428		81		156

																														800		500		683		663		618		2465		2540		227		449		478		1154		1229		147		453		675		109		184								800		278		506		528		510		1822		1897		167		367		400		934		1009		119		292		487		93		168

																														900		562.5		766		752		710		2791		2866		256		503		543		1302		1377		165		517		758		122		197								900		313		567		600		588		2067		2142		188		411		456		1054		1129		134		336		545		104		179

																														1000		625		849		841		802		3118		3193		284		556		609		1450		1525		184		582		840		136		211								1000		347		628		672		666		2313		2388		208		454		512		1174		1249		149		380		604		116		191

																																				needed				2-ft VMS offset

																																				Sight		Lane (Shoulder Lane is 1)

																																				Distance		1		2		3		4

																																		2-lane		100		138

																																				200		200

																																				300		263

																																				400		325

																																				500		388

																																				600		450

																																				700		513

																																				800		575

																																				900		638

																																				1000		700

																																		4-lane		100		240		103

																																				200		386		132

																																				300		531		160

																																				400		677		189

																																				500		822		217

																																				600		967		245

																																				700		1113		274

																																				800		1258		302

																																				900		1404		331

																																				1000		1549		359

																																		6-lane		100		281		177		93

																																				200		515		259		112

																																				300		750		341		130

																																				400		984		423		149

																																				500		1218		505		167

																																				600		1453		587		185

																																				700		1687		669		204

																																				800		1922		751		222

																																				900		2156		833		240

																																				1000		2391		916		259

																																		8-lane		100		281		194		93		89						3

																																				200		582		342		112		102

																																				300		909		490		130		116

																																				400		1235		638		149		129

																																				500		1561		786		167		143

																																				600		1888		933		185		157

																																				700		2214		1081		204		170

																																				800		2540		1229		222		184

																																				900		2866		1377		240		197

																																				1000		3193		1525		259		211
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																		Reading Time

						Speed		0		1		2		3		4		5		6		7		8

						20		0		29		59		88		117		147		176		205		235

						30		0		44		88		132		176		220		264		308		352

						40		0		59		117		176		235		293		352		411		469

						50		0		73		147		220		293		367		440		513		587

						60		0		88		176		264		352		440		528		616		704

						70		0		103		205		308		411		513		616		719		821

						80		0		117		235		352		469		587		704		821		939

								0		0		0		0

								10		56.713		3.0487804878		17.2905487805

								20		113.426		6.0975609756		34.581097561

								40		226.852		12.1951219512		69.162195122

								80		453.704		24.3902439024		138.3243902439

								100		567.13		30.487804878		172.9054878049
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Sheet1

		

										Rd. Time		"1.752 x		"2.63 x

						SSD				VMS		SSD		SSD

				30		200				350		350.4		526

				40		325				470		569.4		854.75

				50		475				590		832.2		1249.25

				60		650				700		1138.8		1709.5

				70		850				820		1489.2		2235.5						1 lane		2 lane		3 lane		4 lane

						"4 Sec				"6 sec		"8 sec		"10 sec				2 ft offset		20		30		45		55

				30		176				264		352		440				10 ft offset		30		40		50		65

				40		234.6666666667				352		469.3333333333		586.6666666667				20 ft offset		40		50		60		75

				50		293.3333333333				440		586.6666666667		733.3333333333

				60		352				528		704		880

				70		410.6666666667				616		821.3333333333		1026.6666666667

						Four - Lane Facility										Six-Lane Facility										Eight-Lane Facility

										2-ft Off.		10-ft Off.				2-ft Off.		10-ft Off.								2-ft Off.		10-ft Off.

				30		350.4				522.961193589		580.1805236304				608.8153435156		637.4639205477				30		350.4		666.1244797333		723.4758479037																		30		350.4		522.961193589		580.1805236304		637.4639205477		723.4758479037

				40		569.4				640.1366946034		697.281591452				725.8795356516		754.4919004057				40		569.4		783.1171050857		840.4007855052																		40		569.4		640.1366946034		697.281591452		754.4919004057		840.4007855052

				50		832.2				757.3610683008		814.4495182501				843.0185646104		871.6019893149				50		832.2		900.1984227257		957.4256526111																		50		832.2		757.3610683008		814.4495182501		871.6019893149		957.4256526111

				60		1138.8				874.6146637234		931.6590792774				960.2050419051		988.7650125283				60		1138.8		1017.337811398		1074.5177999922																		60		1138.8		874.6146637234		931.6590792774		988.7650125283		1074.5177999922

				70		1489.2				991.8871177934		1048.8963172995				1077.4234854246		1105.9641469977				70		1489.2		1134.5172836693		1191.6573949523																		70		1489.2		991.8871177934		1048.8963172995		1105.9641469977		1191.6573949523

				VMS Height		ratio

				1		1.1136154189

				2		1.2742918852

				3		1.3975832741

				4		1.501522723

				5		1.5930952157

				6		1.6758830773

				7		1.7520143731

				8		1.8228756555

				9		1.889430027

				10		1.9523787167

				12		2.0694584334

				14		2.1771243445

				16		2.2773373311

				18		2.3714594259

				20		2.4604823165

				22		2.5451546472

				24		2.6260580397

				26		2.7036550277

				28		2.7783206314

				30		2.8503639214

										Two-lane Facility

												2-ft Off.		10-ft Off.

						30				350.4		465.8295396387		522.961193589

						40				569.4		583.0764424823		640.1366946034

						50				832.2		700.3522954755		757.3610683008

						60				1138.8		817.6446416384		874.6146637234

						70				1489.2		934.9472736173		991.8871177934

		Horizontal Curve

				2-ft offset								M										2-ft offset		Left-Hand Curves				2-lane highway																												30 degree cone																		20 degree cone

				R		10		20		50		100		150		200		250						2		4		6		8				2		8

				250		103		180		310		457		576		683		785						-0.4321280331		-0.4735305731		-0.5158314002		-0.5591729302		250		435.2812430172		467.0424673084																250		-0.4458369601		-0.4875244798		-0.5301552114		-0.5738796846				438.708474779		470.7191559103						250		0		0		0		0.8858219331				0		105.7937514658				250		467.0424673084		105.7937514658

				500		145		253		434		632		787		921		1042						-0.4151125245		-0.4355470255		-0.4561777524		-0.4770195184		500		862.0547317405		893.0082286804																500		-0.4219030932		-0.4424014221		-0.4631007957		-0.484016394				865.4500161166		896.5066665058						500		0		0		-0.4631007957		0.7345744948				0		287.2112221049				500		893.0082286804		287.2112221049

				750		178		309		529		769		954		1113		1254						-0.4094692162		-0.4230368595		-0.4366878971		-0.4504264787		750		1288.8496164286		1319.5675632444																750		-0.4139827463		-0.4275777384		-0.4412574866		-0.455026206				1292.234763966		1323.0173587306						750		0		0		-0.4412574866		0.6887209164				0		465.2070169136				750		1319.5675632444		465.2070169136

				1000		205		356		610		885		1096		1276		1436						-0.4066527501		-0.4168082478		-0.4270096167		-0.4372585607		1000		1715.6496891033		1746.2554997304																1000		-0.410032922		-0.4202035244		-0.4304205595		-0.4406857507				1719.0298609748		1749.6826896919						1000		0		0		-0.4304205595		0.6664373115				0		642.5596275091				1000		1746.2554997304		642.5596275091

				1250		229		398		681		988		1222		1421		1598						-0.4049645104		-0.4130793274		-0.4212231104		-0.4293967178		1250		2142.4518117852		2172.9920710362																1250		-0.407666283		-0.4157906614		-0.4239442893		-0.4321280331				2145.8290275358		2176.4062150858						1250		0		0		-0.4239442893		0.6532533768				0		819.6794526995				1250		2172.9920710362		819.6794526995

				1500		251		436		745		1080		1336		1553		1745						-0.403839696		-0.4105967659		-0.4173737716		-0.4241712048		1500		2569.2549525383		2599.7522157355																1500		-0.4060898674		-0.4128535286		-0.4196372884		-0.4264416419				2572.63020965		2603.1578713565						1500		0		0		-0.4196372884		0.6445376435				0		996.6889432456				1500		2599.7522157355		996.6889432456

				1750		271		470		804		1166		1441		1674		1880						-0.4030365882		-0.4088251499		-0.414628265		-0.4204462408		1750		2996.0586725133		3026.5255645856																1750		-0.4049645104		-0.4107578895		-0.4165659238		-0.4223889223				2999.4325364992		3029.9252573092						1750		0		0		-0.4165659238		0.6383469531				0		1173.6374753782				1750		3026.5255645856		1173.6374753782

				2000		290		503		860		1245		1539		1787		2007						-0.4024344377		-0.4074973301		-0.4125713115		-0.4176565867		2000		3422.8627533973		3453.3070514185																2000		-0.4041208489		-0.4091874151		-0.4142651382		-0.419354224				3426.2355757559		3456.7023260492						2000		0		0		-0.4142651382		0.6337225455				0		1350.5487869379				2000		3453.3070514185		1350.5487869379

				2250		307		533		911		1320		1631		1894		2126						-0.4019662052		-0.4064651074		-0.4109727387		-0.4154892422		2250		3849.6670743432		3880.0939076327																2250		-0.4034648781		-0.4079666742		-0.4124772469		-0.41699674				3853.0390884488		3883.4857776929						2250		0		0		-0.4124772469		0.630136625				0		1527.4357065996				2250		3880.0939076327		1527.4357065996

				2500		324		562		960		1391		1718		1995		2238						-0.4015916862		-0.4056396594		-0.409694682		-0.413756858				4276.4715630392		4306.8844924675

				2750		340		589		1007		1458		1801		2090		2346						-0.4012853059		-0.4049645104		-0.4086495267		-0.4123404326				4703.2761735657		4733.6777718182

				3000		355		615		1052		1523		1881		2182		2448						-0.4010300195		-0.4044020355		-0.4077789252		-0.4111607482				5130.0808753618		5160.4730615962

				4000		410		710		1214		1757		2169		2516		2822						-0.400328124		-0.4028559268		-0.4053864556		-0.4079197355				6837.3002521093		6867.6666981747

				5000		458		794		1357		1963		2423		2810		3151						-0.3999070869		-0.4019287506		-0.4039521531		-0.4059773073				8544.5201292368		8574.8712312635

				7500		561		972		1661		2403		2965		3438		3853

				10000		647		1123		1918		2773		3422		3967		4446						-0.3990652371		-0.4000754927		-0.4010861801		-0.4020973009				17080.6217612325		17110.9423986569

				10-ft offset								M

				R				20		50		100		150		200		250

				250				147		297		451		572		681		785

				500				206		414		621		779		915		1038

				750				252		505		754		943		1104		1247

				1000				291		581		867		1083		1265		1427

				1250				325		649		967		1207		1408		1587

				1500				355		710		1058		1319		1538		1732

				1750				384		766		1141		1422		1658		1867

				2000				410		819		1219		1519		1770		1992

				2250				435		868		1292		1609		1875		2110

				2500				458		915		1361		1695		1975		2221

				2750				481		959		1427		1777		2070		2328

				3000				502		1002		1490		1855		2161		2429

				4000				579		1156		1719		2139		2491		2799

				5000				648		1292		1921		2390		2782		3126

				7500				793		1582		2351		2924		3402		3822

				10000				916		1826		2713		3374		3926		4410

						Two-Lane Highway

				Direc. Truck

				Volume		2 ft offset				10 ft offset		2 ft		10 ft

				0		0				0

				100		0.16				0.09		0.17		0.09

				200		0.32				0.18		0.33		0.18

				400		0.64				0.36		0.66		0.36

				625		1				0.5625

				1100						1

						Four-Lane Freeway						(85/15 split assumed)

				0		0				0

				100		0.083				0.051

				200		0.166				0.102

				400		0.332				0.204

				800		0.664				0.408

				1200		1				0.612

				1600						0.816

						Six-Lane Freeway						(85/7.5/7.5 split assumed)

				0		0				0

				200		0.086				0.08

				400		0.172				0.16

				800		0.344				0.32

				1600		0.688				0.64

				2325		1				0.93

										50		100		150		200		250

						250				2.6052947521		1.4341675354		0.8292904398		0.3868960954		0

						500				1.9957570645		1.2607814041		0.920475454		0.7019716739		0.5393554766

						750				1.6694315358		1.0912628073		0.8317373832		0.6705707985		0.5549396349

						1000				1.462760342		0.9710773111		0.7535880874		0.6205767629		0.5266821342

						1250				1.3173699553		0.8823114994		0.6915087734		0.5758383745		0.4949295755

						1500				1.2080584204		0.8137294478		0.6417557813		0.538092331		0.466007611

						1750				1.1220482606		0.7588167277		0.6010304724		0.5062981921		0.4406935057

						2000				1.0521011875		0.7136138744		0.5670081482		0.4792483178		0.4186555288

						2250				0.9937754074		0.6755827408		0.5380798167		0.4559561892		0.3993861025

						2500				0.9441760137		0.6430190494		0.5131130135		0.4356666889		0.3824162873

						2750				0.9013255603		0.6147331188		0.4912915978		0.4178072621		0.3673561673

						3000				0.8638214846		0.5898670867		0.4720133402		0.4019407736		0.3538912519

						4000				0.7501546219		0.513938142		0.4126584441		0.3526399031		0.311622022

						5000				0.6720635511		0.4613369816		0.3711662342		0.3178361027		0.2814613111

						10000				0.4767793877		0.3285480661		0.2653697807		0.2281492654		0.2028611316

																						0		1.5707963268

																						1		0
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truck effects

		250		250		250		250		250

		500		500		500		500		500

		750		750		750		750		750

		1000		1000		1000		1000		1000

		1250		1250		1250		1250		1250

		1500		1500		1500		1500		1500

		1750		1750		1750		1750		1750

		2000		2000		2000		2000		2000

		2250		2250		2250		2250		2250

		2500		2500		2500		2500		2500

		2750		2750		2750		2750		2750

		3000		3000		3000		3000		3000

		4000		4000		4000		4000		4000

		5000		5000		5000		5000		5000

		7500		7500		7500		7500		7500

		10000		10000		10000		10000		10000



7-ft VMS

24-ft VMS

&A

Page &P

Available Sight Distance

8-Lane Highway

6-Lane Highway

4-Lane Highway

2-Lane Highway

Required Sight Dist.

Speed (mph)

Distance (ft)

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

350.4

522.961193589

580.1805236304

637.4639205477

723.4758479037

569.4

640.1366946034

697.281591452

754.4919004057

840.4007855052

832.2

757.3610683008

814.4495182501

871.6019893149

957.4256526111

1138.8

874.6146637234

931.6590792774

988.7650125283

1074.5177999922

1489.2

991.8871177934

1048.8963172995

1105.9641469977

1191.6573949523

&A

Page &P

V = 70 mph

V = 50 mph

V = 30 mph

Obstruction Offset

50'

100'

150'

200'

250'

Curve Radius (ft)

Sight Distance (ft)

310.3828115442

457.3898726215

576.0212782063

683.0310503203

785.3981633974

433.6105458738

632.4987154686

787.3661665061

921.1693595194

1042.490786744

528.9592231348

769.1876359654

954.3642463034

1112.5987732777

1254.338863018

609.5908744469

885.1051272231

1096.4694726316

1276.1711098118

1436.2761582736

680.7447190372

987.5405530866

1222.248934724

1421.2199165647

1597.9550836608

745.137730531

1080.3206745466

1336.2793083216

1552.8572411347

1744.8565796435

804.3939763038

1165.7472785294

1441.3360988665

1674.2167333536

1880.3881236827

859.5758816366

1245.3318937725

1539.2506130456

1787.3783250251

2006.8282063182

911.4234926243

1320.1301120424

1631.3057475205

1893.804565976

2125.7862679029

960.4767612237

1390.9135471286

1718.4413275641

1994.5696624955

2238.4480006626

1007.143967451

1458.2664690944

1801.3701517615

2090.4898673475

2345.7163335522

1051.7427132997

1522.6438836009

1880.6480150504

2182.2025536541

2448.297471317

1213.861727197

1756.7226314981

2168.986188528

2515.8645247983

2821.6142922988

1356.7461244985

1963.0891767765

2423.264810859

2810.2046597156

3151.0421599366

1661.0277719811

2402.6769351906

2965.0585385786

3437.5324416829

3853.3532876434

1917.6205710179

2773.4470114514

3422.1306578272

3966.8772877965

4446.0997593307



basic VMS leg distance

		0		0

		100		100

		200		200

		400		400

		625		625

		1100		1100



V = 70 mph

V = 50 mph

V = 30 mph

&A

Page &P

V = 70 mph

V = 50 mph

V = 30 mph

50'

100'

150'

200'

250'

Curve Radius (ft)

Sight Distance (ft)

250

250

250

250

250

500

500

500

500

500

750

750

750

750

750

1000

1000

1000

1000

1000

1250

1250

1250

1250

1250

1500

1500

1500

1500

1500

1750

1750

1750

1750

1750

2000

2000

2000

2000

2000

2250

2250

2250

2250

2250

2500

2500

2500

2500

2500

2750

2750

2750

2750

2750

3000

3000

3000

3000

3000

4000

4000

4000

4000

4000

5000

5000

5000

5000

5000

7500

7500

7500

7500

7500

10000

10000

10000

10000

10000

310.3828115442

457.3898726215

576.0212782063

683.0310503203

785.3981633974

433.6105458738

632.4987154686

787.3661665061

921.1693595194

1042.490786744

528.9592231348

769.1876359654

954.3642463034

1112.5987732777

1254.338863018

609.5908744469

885.1051272231

1096.4694726316

1276.1711098118

1436.2761582736

680.7447190372

987.5405530866

1222.248934724

1421.2199165647

1597.9550836608

745.137730531

1080.3206745466

1336.2793083216

1552.8572411347

1744.8565796435

804.3939763038

1165.7472785294

1441.3360988665

1674.2167333536

1880.3881236827

859.5758816366

1245.3318937725

1539.2506130456

1787.3783250251

2006.8282063182

911.4234926243

1320.1301120424

1631.3057475205

1893.804565976

2125.7862679029

960.4767612237

1390.9135471286

1718.4413275641

1994.5696624955

2238.4480006626

1007.143967451

1458.2664690944

1801.3701517615

2090.4898673475

2345.7163335522

1051.7427132997

1522.6438836009

1880.6480150504

2182.2025536541

2448.297471317

1213.861727197

1756.7226314981

2168.986188528

2515.8645247983

2821.6142922988

1356.7461244985

1963.0891767765

2423.264810859

2810.2046597156

3151.0421599366

1661.0277719811

2402.6769351906

2965.0585385786

3437.5324416829

3853.3532876434

1917.6205710179

2773.4470114514

3422.1306578272

3966.8772877965

4446.0997593307

&A

Page &P

2' Offset

10 ' Offset

Truck Volume in One Direction (vph)

Proportion of Travel Lane View Obstructed

0

0

0.16

0.09

0.32

0.18

0.64

0.36

1

0.5625

1



Sheet7

		0		0

		100		100

		200		200

		400		400

		800		800

		1200		1200

		1600		1600



&A

Page &P

2' Offset

10' Offset

Truck Volume in One Direction (vph)

Proportion of Travel Lanes View Obstructed

0

0

0.083

0.051

0.166

0.102

0.332

0.204

0.664

0.408

1

0.612

0.816



Sheet8

		0		0

		200		200

		400		400

		800		800

		1600		1600

		2325		2325



&A

Page &P

2' Offset

10' Offset

Truck Volume in One Direction (vph)

Proportion of Travel Lanes View Obstructed

0

0

0.086

0.08

0.172

0.16

0.344

0.32

0.688

0.64

1

0.93



Sheet9

		250

		500

		750

		1000

		1250



&A

Page &P

V = 70 mph

V = 30 mph

Available
sight
distance

Required
sight
distance

2-lane highway

Curve Radius (ft)

Sight Distance (ft)

435.2812430172

862.0547317405

1288.8496164286

1715.6496891033

2142.4518117852



Sheet10

		250		250

		500		500

		750		750

		1000		1000

		1250		1250

				1500

				1750

				2000

				2250



&A

Page &P

V = 70 mph

V = 30 mph

VMS Cone of Vision

30 degrees

20 degrees

Curve Radius (ft)

Sight Distance (ft)

435.2812430172

105.7937514658

862.0547317405

287.2112221049

1288.8496164286

465.2070169136

1715.6496891033

642.5596275091

2142.4518117852

819.6794526995

996.6889432456

1173.6374753782

1350.5487869379

1527.4357065996



Sheet11

		250

		500

		750

		1000

		1250



&A

Page &P

V = 70 mph

V = 30 mph

Available
sight
distance

Required
sight
distance

2-lane highway

Curve Radius (ft)

Sight Distance (ft)

435.2812430172

862.0547317405

1288.8496164286

1715.6496891033

2142.4518117852



Sheet12

		

				0.03		18		21

				0.05		15		18

				0.09		13		15		12

				0.15						10

				0.19		10		13

				0.27						6

				0.32		9		12

				0.52						4

				0.58		7		10

				0.74		3		7

				1		0		2		2



&A

Page &P



Sheet12

		0.03		0.03		0.03

		0.05		0.05		0.05

		0.09		0.09		0.09

		0.15		0.15		0.15

		0.19		0.19		0.19

		0.27		0.27		0.27

		0.32		0.32		0.32

		0.52		0.52		0.52

		0.58		0.58		0.58

		0.74		0.74		0.74

		1		1		1



&A

Page &P

Cara

Lane

Dana

Ca/Ci

Layers of Acetate

18

21

15

18

13

15

12

10

10

13

6

9

12

4

7

10

3

7

0

2

2



Sheet13

		0.03		0.03		0.03

		0.05		0.05		0.05

		0.09		0.09		0.09

		0.15		0.15		0.15

		0.19		0.19		0.19

		0.27		0.27		0.27

		0.32		0.32		0.32

		0.52		0.52		0.52

		0.58		0.58		0.58

		0.74		0.74		0.74

		1		1		1



Subject 1

Subject 2

Subject 3

Ca/Ci

Layers of Acetate

18

21

15

18

13

15

12

10

10

13

6

9

12

4

7

10

3

7

0

2

2



Sheet14

		

				d		0.25		0.5		1		2

				0		1		1		1		1

				100		0.9854814259		0.9711736407		0.9431782404		0.8895851932

				200		0.9711736407		0.9431782404		0.8895851932		0.7913618159

				400		0.9431782404		0.8895851932		0.7913618159		0.6262535237

				800		0.8895851932		0.7913618159		0.6262535237		0.3921934759

				1600		0.7913618159		0.6262535237		0.3921934759		0.1538157225

				2000		0.746395245		0.5571058618		0.3103669413		0.0963276382

						1		0.5		0.25		0.1

				0		1		1		1		1

				100		0.928587273		0.8529755544		0.743517009		0.4766803727

				200		0.8622743235		0.7275672965		0.5528175427		0.2272241777

				400		0.743517009		0.5293541709		0.3056072355		0.0516308269

				800		0.5528175427		0.2802158382		0.0933957824		0.0026657423

				1600		0.3056072355		0.078520916		0.0087227722		0.0000071062

				2000		0.2272241777		0.0415653744		0.0026657423		0.0000003669



&A

Page &P



Sheet14

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



&A

Page &P

0.25"/hr

0.5"/hr

1"/hr

2"/hr

Distance From Object (ft)

Proportion of Normal Illuminance

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet15

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



&A

Page &P

V=1 mi

V=0.5 mi

V=0.25 mi

V= 0.1 mi

Viewing Distance (ft)

Proportion of Original Contrast

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet16

		

										Rd. Time		"1.752 x		"2.63 x
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																																						s=2, TL=75, TW=8.5, L=12																																								s=10, TL=75, TW=8.5, L=12

																												2-lane		SD		Necessary gap																																				2-lane		SD		Necessary gap

																														100		62.5		138																																				100		35		110

																														200		125		200																																				200		69		144

																														300		187.5		263																																				300		104		179

																														400		250		325																																				400		139		214

																														500		312.5		388																																				500		174		249

																														600		375		450																																				600		208		283

																														700		437.5		513																																				700		243		318

																														800		500		575																																				800		278		353

																														900		562.5		638																																				900		313		388

																														1000		625		700																																				1000		347		422

																												4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.																										4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.

																																SL Auto		ML Auto		effect		& Truck		ML auto		& Truck																														SL Auto		ML Auto		effect		& Truck		ML auto		& Truck

																														100		62.5		103		165		240		28		103																												100		35		81		115		190		21		96

																														200		125		186		311		386		57		132																												200		69		141		211		286		42		117

																														300		187.5		269		456		531		85		160																												300		104		202		306		381		63		138

																														400		250		352		602		677		114		189																												400		139		263		402		477		83		158

																														500		312.5		434		747		822		142		217																												500		174		324		497		572		104		179

																														600		375		517		892		967		170		245																												600		208		385		593		668		125		200

																														700		437.5		600		1038		1113		199		274																												700		243		446		689		764		146		221

																														800		500		683		1183		1258		227		302																												800		278		506		784		859		167		242

																														900		562.5		766		1329		1404		256		331																												900		313		567		880		955		188		263

																														1000		625		849		1474		1549		284		359																												1000		347		628		975		1050		208		283

																												6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.																6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.

																																sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck																				sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck

																														100		62.5		103		41		206		281		28		73		102		177		18		93																		100		35		81		24		139		214		21		63		84		159		15		90

																														200		125		186		130		440		515		57		127		184		259		37		112																		200		69		141		96		307		382		42		107		148		223		30		105

																														300		187.5		269		219		675		750		85		181		266		341		55		130																		300		104		202		168		474		549		63		150		213		288		45		120

																														400		250		352		308		909		984		114		234		348		423		74		149																		400		139		263		240		642		717		83		194		277		352		60		135

																														500		312.5		434		397		1143		1218		142		288		430		505		92		167																		500		174		324		312		809		884		104		237		341		416		74		149

																														600		375		517		485		1378		1453		170		342		512		587		110		185																		600		208		385		384		977		1052		125		280		405		480		89		164

																														700		437.5		600		574		1612		1687		199		395		594		669		129		204																		700		243		446		456		1144		1219		146		324		470		545		104		179

																														800		500		683		663		1847		1922		227		449		676		751		147		222																		800		278		506		528		1312		1387		167		367		534		609		119		194

																														900		562.5		766		752		2081		2156		256		503		758		833		165		240																		900		313		567		600		1480		1555		188		411		598		673		134		209

																														1000		625		849		841		2316		2391		284		556		841		916		184		259																		1000		347		628		672		1647		1722		208		454		663		738		149		224

																												8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.						8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.

																																sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck										sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck

																														100		62.5		103		41		0		206		281		28		73		17		119		194		18		0		93		14		89								100		35		81		24		0		139		214		21		63		8		92		167		15				90		12		87

																														200		125		186		130		67		507		582		57		127		83		267		342		37		68		179		27		102								200		69		141		96		40		347		422		42		107		64		212		287		30		29		134		23		98

																														300		187.5		269		219		159		834		909		85		181		149		415		490		55		132		262		41		116								300		104		202		168		118		592		667		63		150		120		332		407		45		73		193		35		110

																														400		250		352		308		251		1160		1235		114		234		215		563		638		74		196		345		54		129								400		139		263		240		197		838		913		83		194		176		453		528		60		117		251		46		121

																														500		312.5		434		397		343		1486		1561		142		288		280		711		786		92		260		427		68		143								500		174		324		312		275		1084		1159		104		237		232		573		648		74		161		310		58		133

																														600		375		517		485		435		1813		1888		170		342		346		858		933		110		325		510		82		157								600		208		385		384		353		1330		1405		125		280		288		693		768		89		205		369		69		144

																														700		437.5		600		574		527		2139		2214		199		395		412		1006		1081		129		389		593		95		170								700		243		446		456		431		1576		1651		146		324		344		813		888		104		249		428		81		156

																														800		500		683		663		618		2465		2540		227		449		478		1154		1229		147		453		675		109		184								800		278		506		528		510		1822		1897		167		367		400		934		1009		119		292		487		93		168

																														900		562.5		766		752		710		2791		2866		256		503		543		1302		1377		165		517		758		122		197								900		313		567		600		588		2067		2142		188		411		456		1054		1129		134		336		545		104		179

																														1000		625		849		841		802		3118		3193		284		556		609		1450		1525		184		582		840		136		211								1000		347		628		672		666		2313		2388		208		454		512		1174		1249		149		380		604		116		191

																																				needed				2-ft VMS offset

																																				Sight		Lane (Shoulder Lane is 1)

																																				Distance		1		2		3		4

																																		2-lane		100		138

																																				200		200

																																				300		263

																																				400		325

																																				500		388

																																				600		450

																																				700		513

																																				800		575

																																				900		638

																																				1000		700

																																		4-lane		100		240		103

																																				200		386		132

																																				300		531		160

																																				400		677		189

																																				500		822		217

																																				600		967		245

																																				700		1113		274

																																				800		1258		302

																																				900		1404		331

																																				1000		1549		359

																																		6-lane		100		281		177		93

																																				200		515		259		112

																																				300		750		341		130

																																				400		984		423		149

																																				500		1218		505		167

																																				600		1453		587		185

																																				700		1687		669		204

																																				800		1922		751		222

																																				900		2156		833		240

																																				1000		2391		916		259

																																		8-lane		100		281		194		93		89						3

																																				200		582		342		112		102

																																				300		909		490		130		116

																																				400		1235		638		149		129

																																				500		1561		786		167		143

																																				600		1888		933		185		157

																																				700		2214		1081		204		170

																																				800		2540		1229		222		184

																																				900		2866		1377		240		197

																																				1000		3193		1525		259		211
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																		Reading Time

								1		2		3		4

						Speed		2		4		6		8

						35		103		205		308		411

						45		132		264		396		528

						55		161		323		484		645

						65		191		381		572		763

						65		191		381		572		763

						70		205		411		616		821

						75		220		440		660		880
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20 mph

30 mph

40 mph

50 mph

60 mph

70 mph

80 mph

VMS Reading Time (sec)

Required Sight Distance (ft)
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