Research Problem Statement
Research Problem Title: 
Evaluation of Selected Symbol Signs, Phase VI
Statement of Problem
Because traffic signs convey important regulatory, warning, and guidance information, it is important to evaluate the effectiveness of both existing and new sign designs (FHWA, 2023). This is especially true for symbol signs, which communicate meaning without relying on text. Misinterpretation of these symbols can reduce effectiveness and increase risky driving behaviors (Tekes, Solmazer, & Alkan, 2021). 
Five previous Symbol Sign studies have been conducted under the TCD PFS. Prior research identified comprehension and legibility as key evaluation criteria (Dewer, 1988). The proposed study will evaluate selected symbol and text-based signs (new and existing) and related plaques, if appropriate, to determine which designs most effectively convey the intended meaning. The objectives are to:
1) Assess opportunities to develop new symbols where none currently exist.
2) Evaluate legibility of existing and proposed symbol and text-based signs.
3) Assess comprehension to identify which designs best communicate the intended message.
PFS members have proposed 20 candidate sign categories for consideration. If selected for funding, members will vote to determine which categories to include, with the expectation of testing approximately 12 to 15 sign categories. 



1) Dump truck bed down*
2) Spring breakup*
3) Carry-in recreation*
4) Family restroom*
5) Disc golf facilities*
6) Crash investigation site signs
7) Grade crossing advance warning signs
8) Entering/Turning trucks
9) Vehicles pulling trailers
10) No panhandling symbol
11) Weight limit symbols
12) One-way signs in roundabout
13) Lane ending arrow signs
14) Emergency evacuation route sign
15) Lane splits sign
16) Regulatory U-Turn symbol
17) Non-reversible lane (static) sign
18) D9 Series (Alternative Fuels)
19) Signal ahead signs (static versus blank out signs)

*Indicates categories that were considered in the previous Symbol Sign study (Phase V) but were not selected for inclusion. 
Summary of Relevant Literature
Symbol signs offer several advantages: they can be recognized from greater distances than text-based signs, giving drivers more time to respond (Weaver, Jannat, Savolainen, & DeFisher, 2021); are often identified more accurately at a glance and under degraded visual conditions such as fog (Dewar, Kline, Scheiber, & Swanson, 1997); and are not language-dependent. However, these benefits rely on clear, well-designed symbols. Poorly designed or untested symbols can lead to confusion and unsafe driving behavior (Tekes et al., 2021). 
Studies have shown that symbol signs can be misinterpreted (Balk et al., 2022; Weaver et al., 2021; Shinar & Vogelzang, 2013), emphasizing the need for systematic human factors evaluation. In some cases, text-only or combined text-and-symbol signs may yield better comprehension, highlighting the importance of empirical testing prior to adoption. 
Descriptions of Sign Categories
The following summarizes each proposed sign category currently under consideration for inclusion in the study. Specific sign alternatives will be identified and developed as part of the research project if it is selected.
Dump Truck Bed Down. Dump trucks occasionally strike overpasses or overhead structures after unloading, causing severe safety and operational impacts. A sign could help prevent such incidents at locations with high dump truck activity. Research would determine if a symbol or word message is feasible and identify whether a regulatory, warning, or TTC format is most effective. 	Comment by Erin Kissner: Comments for Consideration:
This is a relatively unique situation involving trained drivers. 
It is likely more useful at the exit of such facility where the truck is leaving.
Has a word legend sign has been used in this situation and was it was effective? 
This sign category was considered in the previous Symbol Signs project but was not selected for inclusion.
Spring Breakup. Some states (e.g., Idaho) post seasonal weight and speed restrictions to prevent pavement damage during thaw periods. However, there is currently no sign in the MUTCD that addresses this. Research could compare new text legends (e.g., “SPRING PAVEMENT BREAKUP”, “WEAK PAVEMENT”) or existing options (e.g., “ROUGH ROAD” or “LOOSE GRAVEL”) to determine which is best understood. 	Comment by Erin Kissner: Comments for Consideration:
Would the proposed sign messages supplement weight limit and speed limit signs at the same or different locations?
Examples of “SPRING PAVEMENT BREAKUP” and “WEAK PAVEMENT” text signs do not provide a clear message. (Note that specific wording and design of signs would be refined and finalized during the project, if selected)
This sign category was considered in the previous Symbol Signs project but was not selected for inclusion.
Carry-In Recreation. Minnesota developed a canoe-carry symbol for recreation signing, but its depiction may not align with user expectations. 	Comment by Erin Kissner: This sign category was considered in the previous Symbol Signs project but was not selected for inclusion.
Family Restroom. There is interest in identifying a Family Restroom symbol for rest areas. 	Comment by Erin Kissner: Comments for Consideration:
Shouldn’t this be led by IBC/ICC?  Not sure we are going to dictate the symbol.  Also, not sure that level of detail is appropriate even at possible lower speeds in a rest area.
This sign category was considered in the previous Symbol Signs project but was not selected for inclusion.
Frisbee (Disc) Golf. MUTCD Chapter 2M covers recreational and cultural interest area signs for “attractions or traffic generators that are open to the general public for the purpose of play, amusement, or relaxation (FHWA, 2023).” There is interest in identifying an appropriate symbol for a frisbee (disc) golf recreation sign to guide road users to frisbee golf facilities. 	Comment by Erin Kissner: This sign category was considered in the previous Symbol Signs project but was not selected for inclusion.
Crash Investigation Site. These designated refuge areas allow motorists to move out of traffic after minor crashes. However, current signs (“CRASH INVESTIGATION SITE”) may not clearly convey broader use (e.g., mechanical issues, medical emergencies) permitted in these areas. The MUTCD already includes word message signs that address related applications (e.g., SLOW VEHICLES MUST TURN OUT (R4-14, Section 2B.42), EMERGENCY STOPPING ONLY (R8-7, Section 2B.55), and Emergency Turn-Out sign (D17-5 through D17-7, Section 2D.54)). Research could examine how well these existing messages communicate allowable uses for these areas and whether alternative legends or symbol-based designs are clearer. 
Grade Crossing Advance Warning. The MUTCD includes several grade-crossing symbols, but none clearly represent a divided highway with a side-street railroad crossing. Research could test new symbols to determine comprehension and legibility across roadway configurations. 	Comment by Erin Kissner: Comments for Consideration:
Received two comments asking how W10-2 doesn’t cover the situation described here. One commentor indicated that we don’t warn of divided highway intersections any differently than undivided. 
Entering/Turning Trucks. There are locations on high-speed roadways from which trucks or slower moving vehicles are more likely to exit or enter. There is a desire to create a symbol or text-based sign that indicates to drivers on these high-speed roads to watch out for turning trucks that will need to slow down or slow-moving vehicles entering the roadway. Research could test symbol or text-based signs (e.g., “WATCH FOR TURNS”, “WATCH FOR ENTERING TRAFFIC”) for driver comprehension.	Comment by Erin Kissner: Comments for Consideration:
Received two comments indicating this category may not be necessary/appropriate as there are already several compliant signs to cover this situation (W8-6, W11-10, and Intersection or Advance Traffic Control warning signs.)
we already have a symbol sign that addresses the entering problem.  Further, turning or exiting is simple common driving event, whereas a truck would signal and a vehicle behind would slow. 
Vehicles Pulling Trailers. Roadways with a high proportion of vehicles towing trailers or campers can present unique safety challenges, particularly at intersections or driveways where left turns occur across opposing traffic. When a vehicle pulling a trailer turns left across opposing lanes, oncoming drivers may underestimate the time required for the vehicle and trailer to clear the roadway or not see the trailer, depending on size, increasing the potential for conflicts or near misses. Given these conditions, there is interest in creating a symbol that alerts drivers to the potential presence of vehicles pulling trailers or light-vehicle trucks on high-speed roadways. 	Comment by Erin Kissner: Comments for Consideration:
One commentor references the last sentence RE creating “a symbol that alerts drivers to the potential presence of vehicles pulling trailers or light-vehicle trucks on high-speed roadways” indicating that this could happen anywhere. 
No Panhandling. Some localities have expressed interest in a No Panhandling sign. Research could develop and evaluate a symbol or text sign indicating that panhandling is not allowed along the roadside. 	Comment by Erin Kissner: Comments for Consideration:
Reviewer asked if there is an issue with the use of a word message sign for this case if a law or ordinance exists. The reviewer also noted that developing a new symbol for this application (and having it adopted into the MUTCD) would likely be challenging.
Vehicle Weight Limit. Bridge weight limit signs use truck symbols that may be difficult, especially commercial truck drivers, to read and interpret quickly. Testing could assess whether drivers can accurately identify applicable weight categories based on these symbols. Oregon’s preferred “tons-by-axle” format may be included for comparison. 
One-Way Signs in Roundabout. The 11th Edition MUTCD replaced roundabout directional arrows with ONE WAY signs to indicate the proper direction of travel around a roundabout or circular intersection. However, this could cause confusion where adjacent side streets connected to the roundabout are also one-way but in a different direction. Research could test alternative symbols clarifying the proper circulating direction. 	Comment by Erin Kissner: Comments for Consideration:
Two reviewers noted that this has been studied before - Both SWZDI and TCDPFS Phase IV issued reports on this in 2017. (Note that Alt 1 and 2 from IV are different than what the proposed sign looks like. They could be included for comparison.)
Lane Ending Arrow. The MUTCD lane ending signs (W4-2 and W9-1) are not always effective. Wisconsin has used an alternative approach with a series of single down arrows to emphasize a lane ending. Research could determine whether these alternatives improve driver understanding. 
Emergency Evacuation Route. There are currently three evacuation route signs in the MUTCD: “EVACUATION ROUTE,” “HURRICANE EVACUATION ROUTE,” and “TSUNAMI EVACUATION ROUTE (with a symbol of a wave).” There is a desire to test a hurricane symbol to be used on these signs to enhance or replace the word “HURRICANE.” 
Lane Splits. The Interior Lane Shift (W9-3) sign is used where work occupies one or more interior lanes and traffic must shift laterally to the right or left to navigate around the closed lane(s). Practitioners have noted that some drivers misinterpret these signs as indicating their lane is ending or will be cutoff from the mainline, rather than remerging downstream. This confusion can lead to imbalanced lane choices and unnecessary congestion as drivers attempt to merge prematurely. Testing alternative symbol signs could improve understanding of a temporary lane split and remerge configuration.
Regulatory U-Turn Symbols. The MUTCD includes several signs related to U-turn movements (either allowed or prohibited) such as the R3-4, W1-11, R3-24b, R3-25b, R3-26a, etc. These signs use various combinations of U-turn symbols and text legends (e.g., “U TURN,” “NO U TURN”) along with directional arrows. In addition to these MUTCD signs, many states have adopted their own variations to communicate specific U-Turn restrictions or allowances, leading to inconsistencies in appearance and potential driver confusion. There is interest in evaluating a range of U-turn and turnaround symbol configurations, including: wider or narrower U-turn symbols to distinguish large-radius turnarounds and tighter U-turn maneuvers, particularly for higher-speed environments where legibility at a distance is critical; modified “No U-Turn” symbols that omit the red prohibition symbol; roundabout-related U-turn symbols to clarify where U-turns are permitted within or adjacent to roundabout intersections; and truck-specific U-turn prohibitions where prohibiting truck U-turns from a shared left/thru lane is necessary but difficult to communicate with existing signs. Testing could compare comprehension, legibility, and preferences for different U-Turn sign configurations across different roadway contexts.
Non-Reversible Lane Static Sign. The MUTCD requires lane-use control signals for reversible lanes and that such systems be supplemented with appropriate signs and signals. In practice, many agencies install lane-use control signals above all lanes, including adjacent non-reversible lanes, to ensure clarity for drivers. Some states (e.g., Utah) use static signs above lanes that never change direction, interpreting this as meeting the intent of the standard even without an active signal display. Practitioners have observed that these static signs may provide adequate information for drivers, but their comprehension and effectiveness have not been formally evaluated. Research could assess comprehension and legibility to determine whether static signs convey lane status effectively. 	Comment by Erin Kissner: Comments for Consideration:
One reviewer questioned whether this topic is appropriate for a symbol-sign study, noting that the symbol itself would remain unchanged and only the display medium (signal vs. sign) would differ. The reviewer suggested that evaluating this issue may require more extensive research than is typical for a symbol-sign study, which primarily focuses on comprehension and legibility.
Alternative Fuels. Eight D9-series service signs identify different fueling-related service signs, but their visual similarity may limit quick recognition by drivers. Testing could assess drivers’ ability to distinguish among existing symbols or evaluate new designs to improve clarity. 
Signal Ahead (Static versus Blank Out Signs). Practitioners are interested in evaluating the comprehension of the “SIGNAL AHEAD” (W3-3) and the “BE PREPARED TO STOP WHEN FLASHING” (W3-4/W16-13P) signs to an activated “RED SIGNAL AHEAD” blank out sign.
Research Approach
This study will evaluate the comprehension and legibility of selected symbol and text-based signs through laboratory testing to identify designs that best communicate the intended meaning.
Task 1 – Kick-off Meeting and Project Management
The research team will attend a kickoff meeting with FHWA and the TCD PFS members. The research team will work with the Task Order Contracting Officer’s Representative (TOCOR) to ensure a common understanding of the research objective, scope, and research questions. 
Task 2 – Information Gathering and Sign Development/Selection 
The team will review relevant literature and coordinate with the TOCOR and TCD PFS to finalize the sign categories for the study. The final number of sign categories included will depend on the level of effort required to develop new symbol signs and the overall level of member interest. For each sign category, the team will identify relevant existing sign designs, new symbol concepts, and/or text-based messages for potential evaluation. 
The research team will then work collaboratively with the TCD PFS to select the specific sign alternatives to test within each sign category. For categories without existing sign designs, the team will gather input from the TCD PFS on what drivers might expect to see on such signs and may conduct brief focus groups with the general driving public (if needed) to gain additional insight. Any new sign concepts developed will be reviewed with FHWA and TCD PFS members to determine which alternatives should move forward for evaluation. The research team will then develop the selected sign alternatives for each category.  
Task 3 – Research Plan Development 
The research team will prepare a detailed research plan summarizing relevant research, final sign selection, and the evaluation methodologies and data collection procedures to be used. 
Task 4 – Stimulus Preparation, Data Collection, & Data Analysis
The research team will develop the necessary stimuli and conduct the laboratory evaluations as outlined in the approved plan. The laboratory evaluations are expected to include the following. Data will then be analyzed to identify which signs are best understood and most legible.
· Comprehension Testing: Participants will view signing options and answer open-ended, multiple-choice, and ranking questions. 
· Legibility Testing: Participants will indicate when signs become readable at simulated approach distances. 
Task 5 – Final Report and Presentation
The research team will develop a final report that documents methods, analyses, results and discussion of key findings. The team will present the findings to the TCD PFS members. 
Chance of Successful Evaluation
High. The proposed study uses well-established methods for assessing comprehension and legibility. While some signs may warrant future field testing, laboratory methods should provide sufficient data for other topics. 
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