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IMPLEMENTATION RECOMMENDATIONS

During the course of this research project, the researchers evaluated 116 different traffic control
devices, including both standard and alternative designs for many different signs. The results of the
evaluations have been used to group the devices into five action categories as listed below. Within
each category are listed the devices recommended for that action.

® No Changes to Current Practice
Stop sign.
Yield sign.
Speed Limit sign.
Do Not Enter sign.
One Way sign.
Curve with Advisory Speed Plate sign.
Two-Way Traffic sign.
Railroad Advance sign.
School Crossing sign.
Road Work Ahead sign.
Truck Speed Limit sign.
Hill sign.
Clearance sign.
Hazardous Cargo Route and Hazardous Cargo Prohibited signs.
Traffic signal indications.
Pavement markings.
e Supplemental Use of Alternative Sign
Stop for School Bus sign.
Fasten Safety Belts sign.
Right Lane Ends sign.
Weight Limit 10 Tons sign.
Weigh Station sign.
Load Zoned Bridge sign.
® Increased Emphasis in Education
> Railroad Advance sign.
> Sign shape and color.
> All pavement markings.
® Change in Design or Use
> Railroad Advance sign.
> Right Lane Closed sign.
> Protected Left on Green Arrow sign.
® Additional Research
> Stop for School Bus When Red Lights Flashing sign.
> Hazardous Cargo Route and Hazardous Cargo Prohibited signs.
> Weight-related signs: regulatory, warning, and guide.
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CHAPTER 1
BACKGROUND

The areas of Texas along the Mexican border have always possessed many unique
characteristics that make them distinct from other areas of Texas. The Hispanic influence and the
predominance of Spanish as the spoken language are the most significant factors that make these
areas so different from the rest of the state. Not only is there a predominant Hispanic presence
among Texas border area residents, the number of tourists and truck drivers who speak only Spanish
is steadily increasing due to the expected increases in international traffic from the free-trade zone
and the North American Free Trade Agreement (NAFTA). As a result of these and other factors,
there is concern that traffic control devices used on highways and streets in the Texas border areas
may not adequately meet the information needs of border area drivers. In particular, there is a
concern that signs, many of which were originally designed for English-speaking drivers, may not
be well-suited to border drivers, many of whom speak only Spanish or very limited English. Some
of the major factors that might affect the effectiveness of traffic control devices in border areas are:

the use of two languages (English and Spanish),

the presence of two systems of measurement (metric and English),

actual differences in the traffic control devices used in Mexico and Texas, and
cultural differences between Mexican and U.S. drivers.

Although the Texas Department of Transportation (TxDOT) has been concerned about the
effectiveness of traffic control devices in the border area for many years, the issue has remained
largely undocumented. Therefore, TxDOT sponsored a research project to investigate the
effectiveness of border area traffic control devices and to develop appropriate recommendations for
improving the effectiveness of these devices. This project, conducted by the Texas Transportation
Institute (TTI), began in the fall of 1995. During the three-year duration of the project, researchers
conducted numerous surveys to assess driver comprehension of a wide variety of traffic control
devices. The bulk of these surveys were conducted in Texas border areas, but some of the third-year
surveys were conducted in non-border areas to provide a basis of comparison for some of the results.

Table 1 presents a summary of the survey activities conducted during the course of the research
project. The results of each year of the project are described in a separate research report as
referenced in the table. This report summarizes the findings of the three years of data collection and
presents the overall project recommendations.

The surveys were administered at locations where drivers congregated and had an opportunity
to answer questions while waiting for a service. The border surveys were all conducted at border
crossings between Texas and Mexico. The non-border truck survey was conducted at a weigh station
and the non-border passenger car survey was conducted at a driver license station. The surveys were
all conducted in a similar manner. Drivers were approached and asked to participate. Drivers could
respond in English or Spanish, whichever was more comfortable for them. If they agreed, they were
shown a series of flashcards containing images of various traffic control devices. Figure 1 illustrates
a typical flashcard from the third-year evaluations. For the first- and second-year evaluations, only



Table 1. Summary of Survey Efforts

Year and Location? Driver Sample Approximate Number of Number of
Report P Sample Size® | Standard Devices | Alternative Devices
Passenger cars with
1 Mexican license 605 25 0
1274-1 Border plates
Ref. (1)
Commercial vehicles 154 8 0
2 Tovas loomse pltes | 340 25 s
1274-2 Border
Ref. @) Commercial vehicles 260 9 27 (3 sets of 9 signs)
Passenger cars 1,116 5 9 (3 sets of 3 signs)
Border
3 Trucks 315 5 12 (3 sets of 4 signs)
1274-3
Ref. (3) Non- Passenger cars 228 4 1
Border Trucks 210 4 4

Notes: 'See Reference chapter.
*Border area surveys were conducted at border crossings.
*The actual sample size for a given device may be less.

the device image was shown (bottom part of Figure 1). The in-context view was not provided. Once
drivers were presented a device, they were asked to describe the meaning of the device. In most
cases, they were also asked follow-up questions to help clarify their understanding of the device.
All responses were recorded on audiotape. Responses were analyzed and classified into one of five
categories: correct, partially correct, incorrect, not sure, or indeterminate. The concepts for
classifying responses into these categories were carefully developed for each device. If arespondent
mentioned all of the key concepts, that response was considered correct. Partially correct responses
were those which included some, but not all, of the key concepts. The remaining responses fell into
one of two categories: not sure which meant the driver indicated he/she did not know the meaning
of the sign and indeterminate which was used to describe those responses in which the tape recording
was inaudible. The results were then presented in tables which were used to develop
recommendations. Appendices A, B, C, and D contain these tables for the first-year, second-year,
third-year border, and third-year non-border surveys.



Figure 1. Typical Flashcard

In conducting the research, the researchers relied heavily upon the input and advice of numerous
project advisors. The researchers met with these individuals in five formal meetings throughout the
course of the research project. These five meetings were held in San Antonio, Edinburg, Laredo, El
Paso, and Austin. The researchers also solicited advice from project advisors on an individual basis.
The project advisors are listed in the Acknowledgments on page vi.






CHAPTER 2
FINDINGS AND RECOMMENDATIONS

During the course of this research project, the researchers evaluated 116 different traffic control
devices. These devices included standard and alternative signs, standard pavement markings, and
standard traffic signal indications with left turn signing. The findings from these evaluations are
described in three different research reports (1, 2, 3). This chapter combines and summarizes the
results for each device from all three years of the research effort. In addition to the summary, the
section on each device includes the final research recommendations. The appendices in this report
provide more detailed information regarding the questions, responses, response rates, and sample
sizes for each device. Appendix A addresses the first-year devices, Appendix B addresses the
second-year devices, Appendix C addresses the third-year border devices, and Appendix D addresses
the third-year non-border devices.

The results from this research effort should be interpreted carefully. The driver samples for
which the results are reported represent a small proportion of the overall driver population in the
border and non-border areas. Experience has shown that there can be variability in comprehension
levels from one sample to another.

Throughout this chapter, the terms “Mexican drivers” and “Texas drivers” are used to represent
the first-year and second-year driver samples, respectively. Where the comprehension of two devices
is compared and indicated to be statistically significant or not statistically significant, the analysis
is based on a 90 percent confidence interval. Chapter 3 of the third-year report (3) contains a
detailed description of the statistical analysis used to compare the significance of differences in
response rates. In the summary tables in this chapter, the percentages represent the overall
comprehension level, which is the correct plus the partially correct response. For some signs, there
was no partially correct response, and the overall comprehension level is equal to the correct
response rate. When this is the case, it is indicated in the notes for that table.

SIGNS

The vast majority of evaluations were focused upon traffic signs. These were grouped into three
categories: regulatory, warning, and truck signs.

Regulatory Signs

The regulatory signs addressed in this research included the Stop, Yield, Day/Night Speed
Limit, Do Not Enter, One Way, Stop for School Bus, and Fasten Safety Belt. For four of these
standard signs, the researchers evaluated Spanish-legend alternatives. The following sections
summarize the first-, second-, and third-year findings for each of these signs, along with the overall
recommendations regarding the design and use of the sign.



Stop Sign

The Stop sign (R1-1) was included in the first- and second-year evaluations. Table 2
summarizes the findings associated with this sign. Among the first-year Mexican border drivers, 99
percent provided a correct response to this sign. Among the second-year Texas border drivers, 98
percent provided a correct response to this sign. There was no acceptable partially correct response
for this sign, so the correct responses represent the overall comprehension levels. Based on these
results, the researchers recommend that no changes be made to design or use of this sign.

Yield Sign

The Yield sign (R1-2) was included in the first- and second-year evaluations. Table 2
summarizes the findings associated with this sign. The Mexican equivalent to this sign (Ceda El
Paso) was also included in the second-year survey. Among the first-year Mexican border drivers,
64 percent provided a correct response to this sign. Among the second-year Texas border drivers,
81 percent provided a correct response to this sign. The Spanish-legend alternative had a correct
response rate of 85 percent. There is no statistically significant difference between the two signs in
the second-year survey. There was no acceptable partially correct response for this sign, so the
correct responses represent the overall comprehension levels.

Understanding of the Yield sign among all Texas drivers was addressed in a previous TTI
research project (4). Almost 80 percent of the statewide driver sample selected a correct response
for this sign from a list of multiple-choice responses. That report recommended no changes in the
Yield sign.

The concept of a yield situation is a difficult one to verbalize in a survey. The researchers
believe that this difficulty accounts for the lower comprehension levels found in the first-year survey.
Furthermore, the only realistic alternative to the Yield sign would be a supplemental plaque with a
legend of Ceda El Paso. In the second-year survey, this legend was found to not be statistically
better than the standard Yield sign. Therefore, the researchers recommend no changes in the design
or use of this sign.

Speed Limit Sign

The Speed Limit sign (R2-1) combined with a Night Speed Limit sign (R2-3) was included
in the first- and second-year evaluations. Table 2 summarizes the findings associated with this sign.
A Spanish-legend alternative to this sign (Velocidad Maxima/Noche) was also included in the
second-year survey. The overall comprehension level of the speed limit message of this sign (correct
plus partially correct) was 98 percent for the Mexican drivers (first year) and 99 percent for the
Texas drivers (second year). The Spanish-legend alternative had a correct response rate of 96
percent. There is no statistically significant difference between the two signs in the second-year
survey. The understanding of the difference between the day and night speed was also high, with
83 and 94 percent, respectively, for the Mexican and Texas drivers. For the Spanish-legend
alternative, understanding of the day/night message was 97 percent.



Table 2. Summary of Findings and Recommendations, Selected Regulatory Signs
Overall Comprehension Level’
Device Code Recommendation
1* Year 2™ Year
98.7%"* 97.6%* Recommend no changes in design or use
63.9%* 80.6%* Recommend no changes in design or use
Not Included 85.2%* Not recommended for implementation.
R2-1 97.5% 99.3%
1‘:’;‘2 Day/night message | Day/night message Recommend no changes in design or use.
82.5%* 94.3%*
98.5%
Alt Not Included Not recommended for implementation
A Day/night message P )
96.9%*
R5-1 90.7%"* 96.1%* Recommend no changes in design or use.
R6-1 83.3%° 91.8%” Recommend no changes in design or use.

Note: These signs were addressed in the first- and second-year surveys only.
Correct plus partially correct response rate.

*There was no partially correct response for this sign.

Based on these results, the researchers recommend that no changes be made to design or use of

the Day/Night Speed Limit sign. The truck speed limit sign was also addressed in this project, and
recommendations regarding that sign are provided on page 19.



Do Not Enter Sign

The Do Not Enter sign (R5-1) was included in the first- and second-year evaluations. Table
2 summarizes the findings associated with this sign. Among the first-year Mexican border drivers,
91 percent provided a correct response to this sign. Among the second-year Texas border drivers,
96 percent provided a correct response to this sign. There was no acceptable partially correct
response for this sign, so the correct responses represent the overall comprehension levels. Based
on these results, the researchers recommend that no changes be made to design or use of this sign.

One Way Sign

The One Way sign (R6-1) was included in the first- and second-year evaluations. Table 2
summarizes the findings associated with this sign. Among the first-year Mexican border drivers, 83
percent provided a correct response to this sign. Among the second-year Texas border drivers, 92
percent provided a correct response to this sign. There was no acceptable partially correct response
for this sign, so the correct responses represent the overall comprehension levels. Based on these
results, the researchers recommend that no changes be made to design or use of this sign.

Stop for School Bus Sign

The Stop for School Bus sign (R19-1) was addressed in all three years of the research project.
Table 3 summarizes the findings associated with this sign. Alternatives to this sign included an
English-language sign and three different Spanish-legend signs. Among the first-year Mexican
border drivers, the overall comprehension level for the standard sign was 82 percent. Among the
second-year Texas border drivers, the overall comprehension level was 90 percent. In the third year
of the survey, the overall comprehension level was 65, 88, and 87 percent, for Spanish-speaking
border drivers, English-speaking border drivers, and the non-border drivers, respectively.

The alternative designs of this sign had overall comprehension levels that ranged from 52 to 95
percent. The two signs with English-based legends had comprehension levels of approximately 90
percent among the samples that included primarily English-speaking drivers (second-year, third-year
border English, and third-year non-border). One of the Spanish-legend signs (Alto Para Autobus
Escolar Subiendo O Bajando Pasaje) had an overall comprehension level of 95 percent in the
second-year survey. The other two Spanish-legend signs had overall comprehension levels of 50 to
65 percent among both the Spanish- and English-speaking driver samples in the third-year border
survey.

Based on the results of the evaluations, the standard sign should continue to be used for all
applications. Where engineering judgement indicates safety or compliance concerns in a border
district, the Alto Para Autobus Escolar Subiendo O Bajando Pasaje sign may be installed to
supplement the standard sign. Factors to be considered in making the judgement include the
proportion of Spanish-speaking citizens in the immediate area of the sign, the extent to which the
highway is used as a school bus route, the number of school bus stops on the highway, and
documented compliance problems on the given highway. When used, the supplemental Spanish-
legend sign should be installed downstream of the standard sign. The placement distance between
the two signs should be based on the warning sign placement distances in Table 2C-1 of the Texas
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MUTCD (5). For a 70 mph speed, this distance is 925 feet. The sign with the legend “Stop for
School Bus When Red Lights Flashing” had a comprehension level that was higher than that for
the standard sign. However, since the improvement was not statistically significant, the standard
sign should continue to be used. However, any future research on sign comprehension should
include the Stop for School Bus When Red Lights Flashing sign.

Table 3. Summary of Findings and Recommendations, Stop for School Bus Signs

Overall Comprehension Level'
Device Code 3 Year Recommendation
1% Year | 2 Year
Border Non-Border
STOP Recommend no
FOR changes in design or
scHooL Bus| | R19-1 | 82.1% 90.4% 65'0.% 88'2.% 87.3% use. Alternative B
(Spanish) | (English)
LOADING OR may be used to
UNLOADING supplement this sign.
STOP FOR L
SCHOOL BUS Not Not | 662% | 91.1% This sign should be
WHEN Alt. A Included | mctuded | (Spanish lish 88.9% evaluated in future
RED LIGHTS nelude nelude (Spanish) | (English) research.
FLASHING
ALTO L
g AlLB |- N | og69 Not Not Not ;ih;sl oploment ?;eused
AUTOBUS ESCOLAR ) Included =7 Included | Included Inctuded ppiem
SUBIENDO 0 standard sign.
BAJANDO PASAJE
ALTO
CUANDO
autosus escouse] | Alt. C Not Not 61.7 % 59.6.% Not Not recomm.ended for
PONE Included | Included | (Spanish) | (English) Included implementation.
SENALES ROJAS
DESTELLANDO
ALTO
CUANDO
aurosus escorkr] | Alt. D Not Not 65.1 % 52. 1.% Not Not recomm.ended for
PONE Included | Included | (Spanish) | (English) Included implementation.
LUCES ROJAS
INTERMITENTES

Notes: 'Correct plus partially correct response rates.




Fasten Safety Belt Sign

The Fasten Safety Belt sign (R19-8) was addressed in all three years of the research project.
Table 4 summarizes the findings associated with this sign. Alternatives to this sign included five
different Spanish-legend signs. Among the first-year Mexican border drivers, the overall
comprehension level for the standard sign was 56 percent. Among the second-year Texas border
drivers, the overall comprehension level was 90 percent. In the third year of the survey, the overall
comprehension level was 77, 96, and 100 percent, for Spanish-speaking border drivers, English-
speaking border drivers, and the non-border drivers, respectively.

Table 4. Summary of Findings and Recommendations, Fasten Safety Belt Signs

Overall Comprehension Level’
Device Code 3 Year Recommendation
1* Year | 2™ Year
Border Non-Border
o STEN Recommend no
changes in design or
SAFETY | | piog | se4s | 903% | J&3% | 961% 99.5% use. Alternative C may
BELTS (Spanish) | (English) b
STATE LAW e used to supplement
this sign.
LA LEY EXIGE
|E|- USO DEL ALt A Not 80.29% Not Not Not Not recommended for
CINTURON ) Included “7 | Included | Included Included | implementation.
SEGURIDAD
ABROCHESE EL
CINTURON DE Al B Not 88.3% Not Not Not Not recommended for
SEGURIDAD ) Included = Included | Included Included implementation.
LEY ESTATAL
ASEGURESE i g
evomuron | | 41 o | Not Not 955% | 71.4% Not El;sl Slglre‘n‘fe‘;yt zfe“sed
DE SEGURIDAD & | Included | Included | (Spanish) | (English) | Included dpp Lo
LEY ESTATAL standar sign.
ABROCHESE
EL CINTURON AL D Not Not 95.5% 75.5% Not Not recommended for
DE SEGURIDAD ’ Included | Included | (Spanish) | (English) Included implementation.
LEY ESTATAL
PONGASE
EL CINTURON Alt E Not Not 96.1% 63.6% Not Not recommended for
DE SEGURIDAD ) Included | Included | (Spanish) | (English) Included implementation.
LEY ESTATAL

Notes: 'Correct plus partially correct response rates.

The alternative designs of this sign had overall comprehension levels that ranged from 64 to 96
percent. The most effective of the five signs were the three that were evaluated in the third-year
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survey. All three had overall comprehension levels of 96 percent, while the two second-year survey
signs had overall comprehension levels of less than 90 percent. There is not a statistically significant
difference in the overall comprehension level of the three signs evaluated in the third-year survey.
Table 5 compares the third-year correct and partially correct response rates for all three of these
signs. The results are divided into the Spanish-speaking sample, the English/bilingual sample, and
the entire border sample. There are no statistically significant differences in the performance of these
three signs. Consequently, it is not possible to establish that one alternative is any better than any
others on the basis of the overall comprehension level. A more visible difference between the
alternatives can be identified by looking at the correct comprehension rate among the Spanish-
speaking sample. In doing so, the Asegurese El Cinturon De Seguridad — Ley Estatal sign
emerges as the best understood by a small amount. Although the difference is not statistically
significant, it provides a better indication of the relative performance than a comparison of the

overall comprehension levels.

Table 5. Comparison of Third-Year Results for Fasten Safety Belt Sign Alternatives

3" Year Border Spanish 3™ Year Border English 3" Year Border All
Sign
Correct | Partially Correct | Correct | Partially Correct | Correct | Partially Correct
ASEGURESE 11.1% 84.3% 6.1% 65.3% 10.1% 80.6%
EL CINTURON
DE SEGURIDAD Overall = 95.5% Overall = 71.4% Overall = 90.7%
LEY ESTATAL n=198 n=49 n=247
ABROCHESE 7.5% 87.9% 2.0% 73.5% 6.5% 85.1%
EL CINTURON
DE SEGURIDAD Overall = 95.5% Overall =75.5% Overall =91.5%
el n=199 n=49 n=248
D ONGASE 8.7% 87.4% 9.1% 54.5% 8.8% 81.7%

EL CINTURON
DE SEGURIDAD Overall = 96.1% Overall = 63.6% Overall = 90.4%
LEY ST n=207 n=44 n=251

Response rates and sample sizes do not include indeterminate (unknown) responses.

Based on the results of the evaluations, the standard sign should continue to be used for all
applications. Where engineering judgement indicates safety or compliance concerns in a border
district, the Asegurese El Cinturon De Seguridad — Ley Estatal sign may be installed to
supplement the standard sign. Factors to consider in deciding whether to use this sign include:
identified compliance problems and higher rates of fatalities with unbelted occupants on the given
highway. When used, the supplemental Spanish-legend sign may be installed adjacent to or
downstream of the standard sign. The adjacent installation is appropriate where vehicle speeds are
low (such as rest or picnic areas). If the signs are installed on the same post, the standard sign should
appear at the top of a vertical arrangement or on the left of a horizontal arrangement. On the
highway proper, the supplemental sign should be installed downstream of the standard sign. The
placement distance between the two signs should be based on the warning sign placement distances
in Table 2C-1 of the Texas MUTCD (5). For a 70 mph speed, this distance is 925 feet. Future
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evaluations of sign comprehension in border and/or non-border areas should evaluate the three third-
year alterative signs to determine if one of the alternatives can be identified as more effective than
the other signs.

Warning Signs

The warning signs addressed in this research included the Curve with Advisory Speed Plate,
Two-Way Traffic, Railroad Advance, School Crossing, Road Work Ahead, Right Lane Ends,
and the difference between yellow and orange warning signs. Four of the six signs were symbol
signs. The researchers evaluated Spanish-legend alternatives for one of the two word message signs.
The following sections summarize the first-, second-, and third-year findings for each of these signs,
along with the overall recommendations regarding the design and use of the sign.

Curve Sign with Advisory Speed Plate

The Curve sign (W1-2) with an Advisory Speed Plate (W13-1) was included in the first- and
second-year evaluations only. Table 6 summarizes the findings associated with this sign. The
overall comprehension level for the first-year survey was 96 percent. It was 92 percent for the
second-year survey. Appendices A and B provide additional information on the responses to the
follow-up questions. Although the overall comprehension levels for the two survey samples on this
sign (Mexican and Texas drivers) are statistically significantly different, the comprehension was
actually higher among the Mexican driver sample. Furthermore, comprehension levels among both
driver samples was over 90 percent. Based on these results, the researchers recommend no changes
in the design or use of this sign.

Two-Way Traffic Sign

The Two-Way Traffic sign (W6-3) was included in the first- and second-year evaluations only.
Table 6 summarizes the findings associated with this sign. The overall comprehension level for the
first-year survey was 94 percent. It was 87 percent for the second-year survey. Although the overall
comprehension levels for the two survey samples on this sign (Mexican and Texas drivers) are
statistically significantly different, the comprehension was actually higher among the Mexican driver
sample. Furthermore, comprehension levels among both driver samples was over 85 percent. Based
on these results, the researchers recommend no changes in the design or use of this sign.

Railroad Advance Sign

The Railroad Advance sign (W10-1) was included in the first- and second-year evaluations
only. Table 6 summarizes the findings associated with this sign. The overall comprehension level
for the first-year survey was 80 percent. It was 94 percent for the second-year survey. The overall
comprehension levels for the two survey samples on this sign (Mexican and Texas drivers) are
statistically significantly different. Part of the difference in the comprehension levels for the two
samples may be due to the difference in the percentage of drivers who indicated they were not sure
of the meaning of the sign. Among the Mexican driver sample, 13 percent of the responses were
classified as “not sure.” Among the Texas drivers, the “not sure” response rate was 2 percent.

12



Another possible explanation is that the Mexican railroad warning sign has a different appearance
(see Figure 2).

Table 6. Summary of Findings and Recommendations, General Warning Signs

Overall Comprehension Level'
Device Code Recommendation
1% Year 2" Year
W\;%;Vllth 96.2% 92.6% Recommend no changes in design or use.
W6-3 94.2% 87.3% Recommend no changes in design or use.
Recommend no changes in design or use.
However, a distance plaque may be used
to improve understanding of the advance
Wi10-1 79.6% 94.2% message indicated by the sign. This sign
should be considered for educational

outreach activities.
S1-1 86.6% 90.2% Recommend no changes in design or use.
CWwW21-4D 81.3% 89.0% Recommend no changes in design or use.

Notes: 'Correct plus partially correct response rates.

Comprehension of the W10-1 sign was also evaluated in two previous TTI evaluations. In both
evaluations, drivers selected the meaning of the sign from a list of multiple choice responses. Inboth
evaluations, there was a tendency of drivers to confuse the advance warning sign with the Crossbuck
(R15-1) sign. In the first study (4), the correct response to the warning sign was selected by 78
percent of drivers. That response rate led to the sign being included in a second phase of study that
looked at the effectiveness of alternative designs for the sign. When a distance plaque was added
below the standard sign (as shown in Figure 3), comprehension improved from 81 percent for the
standard sign to 91 percent for the standard sign with the distance plaque (4).
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Figure 2. Mexican Railroad Warning
Sign (SP-35)

Figure 3. Alternative W10-1 Sign

Based on these results, the researchers recommend that the standard sign continue to be used.
However, a distance plaque should be considered for use with the standard sign if there is concern
that drivers do not understand the proper message of the sign. This sign should also be considered
for educational outreach efforts with drivers in the border areas.

School Crossing Sign

The School Crossing sign (S1-1) was included in the first- and second-year evaluations only.
Table 6 summarizes the findings associated with this sign. The overall comprehension level for the
first-year survey was 87 percent. It was 90 percent for the second-year survey. There is no
statistically significant difference between these levels of understanding. Based on these results, the
researchers recommend no changes in the design or use of this sign.

Road Work Ahead Sign

The Road Work Ahead sign (CW21-4D) was included in the first- and second-year evaluations
only. Table 6 summarizes the findings associated with this sign. The overall comprehension level
for the first-year survey was 81 percent. It was 89 percent for the second-year survey. There is a
statistically significant difference between the two overall comprehension levels. Part of the
difference in the comprehension levels for the two samples may be due to the difference in the
percentage of drivers that indicated they were not sure of the meaning of the sign. Among the
Mexican driver sample, 15 percent of the responses were classified as “not sure.” Among the Texas
drivers, the “not sure” response rate was 3 percent. Another factor may be that construction warning
signs are not generally used to the same extent in Mexico as they are in Texas work zones.

Although the results were statistically different, both samples had overall comprehension levels
over 80 percent. Therefore, the researchers recommend that no changes be made to design or use
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of this sign. However, this sign should also be considered for educational outreach efforts with
drivers in the border areas.

Warning Sign Color

In the first- and second-year surveys, the same sign (Right Lane Ends, W9-1) was presented
in both yellow and orange backgrounds. Drivers were then asked the difference between the two
signs. Table 7 summarizes the findings associated with this sign. Table 7 also indicates the results
of the third-year surveys, in which drivers were asked the meaning of a blank sign with a given shape
and color. The overall comprehension level for the first-year survey was 20 percent. It was 25
percent for the second-year survey. There are no statistically significant differences between these
two response rates. In the third year, the response rates for the orange sign shape were less than 20
percent in both the border and non-border areas. The yellow sign shape had a correct response rate
of 32 percent. All of these comprehension levels are low. These comprehension levels are also
consistent with the findings of other research. In a previous TTI research effort (4), only 58 percent
of drivers selected the correct meaning of a yellow diamond from a list that included warning,
directions/guidance, construction area, or not sure. Unfortunately, the meaning of sign shape and
color cannot be improved through a change in the sign shape or color code. Instead, the low
comprehension levels indicate a need to place greater emphasis on sign color and shape in driver
education and outreach efforts.

Table 7. Summary of Findings and Recommendations, Warning Sign Shape and Color

Overall Comprehension Level!

Device Code 3" Year Recommendation
1¢ Year | 2™ Year
Border | Non-Border
Difference
Between Not Not
Yellow and 19.6% 25.3% Included Included
Orange Color
Recommend no changes in
design or use. Sign color
and shape should be
considered for driver
Orange Not Not 23 23 edl%cgt‘ional/outreach
Diamond | Included | Included | %% 19.8% activities.
Yellow Not Not 32.0%2 Not
Diamond Included | Included e Included

Notes: 'Correct plus partially correct response rates.
*There was no partially correct response for this sign.
*Response rates are for both passenger cars and trucks.
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Right Lane Ends Sign

The Right Lane Ends sign (W9-1) was included in all three years of evaluations. This sign was
included in this research study because of the findings of previous TTI research that evaluated this
and related signs (6). In that effort, the eight signs shown in Figure 4 were evaluated with multiple-
choice questions. The survey was administered at several locations statewide, including a border
city. The results of the evaluations are shown in Table 8. Table 9 displays the results for standard
signs among drivers with border characteristics (note thatRight Lane Closed 500 Ft is a standard
construction warning sign). These results indicated that word message signs were understood by the
border drivers better than the standard symbol sign (W4-2). That research recommended that the
word message signs be allowed to be used as an alternative to the symbol sign, and not just as a
supplement to the symbol sign.

RIGHT LANE
CLOSED
500 FT

W9-1 W9-2 CW20-5C

Figure 4. Lane Ends Signs Evaluated in Previous TTI Research

As a result of those findings, the researchers included the Right Lane Ends sign in the border
evaluations. In the first- and second-year evaluations, the sign was a part of the question on the
difference between yellow and orange signs. After drivers were asked to indicate what the different
colors meant, they were asked the meaning of this sign. In the third-year surveys, drivers were asked
the meaning of a yellow Right Lane Ends sign and three Spanish-language alternatives. Table 10
summarizes the findings associated with this sign. The correct comprehension rate for this sign in
the first-year survey was 47 percent. In the second-year survey, it was 74 percent. Because of the
large difference, alternative signs were developed and evaluated.
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Table 10. Summary of Findings and Recommendations, Right Lane Ends Signs

Overall Comprehension Level’

Device Code 3" Year Recommendation
1%t Year | 2™ Year

Border Non-Border

Recommend no

68.8% 100.0 changes in design or

W9-1 | 46.5%° | 74.3% . X 92.6% use. Alternative A may
(Spanish) | (English) be used to supplement

this sign.

This sign may be used

Alt. A Not Not 88.4% 62.7% Not to subplement the
2 | Included | Included | (Spanish) | (English) | Included pprer
standard sign.
AlL B Not Not 83.3% 59.6% Not Not recommended for
) Included | Included | (Spanish) | (English) Included implementation.
,, Alt. C Not Not 85.3% 34.0% Not Not recommended for
\ DERECHO 4 ) Included | Included | (Spanish) | (English) Included implementation.

Notes: 'Correct plus partially correct response rates.
No partially correct response rates.

In the third year, the standard sign had overall comprehension levels of 69 percent for the border
drivers speaking Spanish, 100 percent for the border drivers speaking English, and 93 percent for
the non-border drivers. The Spanish-language signs were better understood among the Spanish-
speaking driver sample, with all three signs having overall comprehension levels near 85 percent.
There was no statistically significant difference between the comprehension levels of these three
signs. Among the English-speaking border drivers, the overall comprehension levels of the three
Spanish-language signs ranged from 34 to 63 percent. The Carril Derecho Termina sign had
slightly higher comprehension levels than the Carril Derecho Cerrado sign, although the
differences are not statistically significant.

Based on the results of TTI research on this and related signs, the researchers recommend that
the Carril Derecho Termina sign be used as a supplement to the Right Lane Ends sign where
engineering judgement indicates safety or compliance concerns in a border district. When used, the
supplemental Spanish-legend sign should be installed downstream of the standard sign. The
placement distance between the two signs should be based on the warning sign placement distances
in Table 2C-1 of the Texas MUTCD (5). For a 70 mph speed, this distance is 925 feet. Furthermore,
the researchers reemphasize the recommendations of previous research (6):

The Texas MUTCD should allow either of the two word message signs [Right Lane Ends
or Right Lane Closed 500 Ft] to be used as the primary warning sign for a lane reduction
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instead of the standard symbol sign [W4-2]. When only one sign is installed, the Texas
MUTCD should allow one of these word message signs to be used. When more than one
sign is used, the symbol sign should be used to supplement the word message sign. The
Right Lane Closed 500 Ft sign should be added to the Texas MUTCD as a general
warning sign with a yellow background. The MUTCD language for this sign should
provide an option that allows the distance to be displayed in a supplemental plaque instead
of in the sign legend.

Truck Signs

A significant portion of the effort on this research project was devoted to evaluating how well
drivers of heavy vehicles understood signs targeted toward them. The truck-related signs addressed
in this research included the Truck Day/Night Speed Limit, Weight Limit, Weigh Station, Hill,
Low Clearance, Load Zoned Bridge, Hazardous Cargo Route, and Hazardous Cargo
Prohibited. The following sections summarize the first-, second-, and third-year findings for each
of these signs, along with the overall recommendations regarding the design and use of the signs.

In the third-year evaluations, the sample size of English-speaking truck drivers at the border
locations was very small. As a result, the results for that sample are not meaningful and are not
presented in this summary. In the results for the truck signs, the border sample represents truck
drivers who speak Spanish, while the non-border sample represents drivers who speak English.

Truck Speed Limit

The Truck Speed Limit sign (R2-2a) combined with a Night Speed Limit sign (R2-3) was
included in the first- and second-year evaluations. Table 11 summarizes the findings associated with
this sign. Several alternative designs for this sign were evaluated in the second-year survey. The
overall comprehension level of the speed limit message of this sign (correct plus partially correct)
was 94 percent for the Mexican drivers (first year) and 99 percent for the Texas drivers (second
year). The alternative designs have overall comprehension levels over 98 percent. Understanding
of the night speed message was between 80 and 90 percent among the four signs. Understanding of
the fact that the speed was in miles per hour was over 94 percent for all four signs.

Based on these results, the researchers recommend that no changes be made to design or use of

this sign. This is consistent with the recommendation for the standard speed limit sign, as described
on page 6.

19



Table 11. Summary of Findings and Recommendations, Truck Speed Limit Signs

Overall Comprehension Level
Device Code Recommendation
1* Year 2™ Year
R2-2a Recommend no changes in
and R2-3 93.8% 98.5% design or use.
Alt. A Not 100.0% Not recomrn.ended for
Included implementation.
Not Not recommended for
Alt. B Included 98.5% implementation.
Al C Not 100.0% Not recomm§nded for
Included implementation.

Notes: These signs were addressed in the first- and/or second-year surveys only.

Weight Limit Sign

The Weight Limit sign (R12-1) was addressed in all three years of the research project. This
is one of 19 regulatory signs contained in the Texas MUTCD that can be used to inform drivers of
a limit on vehicular weight. The large number of signs indicates the complexities associated with
conveying weight information to drivers. Alternatives to this sign that were part of the evaluations
included several Spanish-language signs, signs equivalent to those used in other countries, and signs
with metric units. Table 12 summarizes the findings associated with these signs.
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Table 12. Summary of Findings and Recommendations, Weight Limit Signs

Overall Comprehension Level’

Device Code 3 Year Recommendation
1* Year | 2™ Year
Border | Non-Border
WEIGHT Recommend no changes in
LMIT | Riot | s6o% | stew | 747% | osag | desiEnoruse Alematver
may be used to supplement
TONS this sign.
MAXIMUM Alt A Not 22.8% Not Not Not recommended for
Io t ) Included e Included Included implementation.
Not Not Not Not recommended for
Al B Included 1.1% Included Included implementation.
WEIGHT LIMIT d
us. Metric Not Not Not Not recommended for
2T - Alt.C Included >0.0% Included Included implementation.
16T oom 17t
LIM'ETSE N N N N ded f
DE PESO ot ot ot ot recommended for
10 Alt. D Included | Included 94.7% Included implementation.
TONS
IF"‘ESO N N N N ded f
LIMITADO ot ot ot ot recommended for
10 Alt. E Included | Included oL7% Included implementation.
TONS
PE?O N N N Th b d
MAXIMO ot ot ot is sign may be used to
T(l)?is Alt.F Included | Included 932% Included supplement the standard sign.

Notes: 'Correct plus partially correct response rates.

Among the first-year Mexican truck drivers, the overall comprehension level for the standard
sign was 86 percent. Among the second-year Texas truck drivers, the overall comprehension level
was 82 percent. Alternatives presented in the second-year survey provided various means of
communicating the weight limits using metric units. The overall comprehension levels of these signs
ranged from 8 to 50 percent.

In the third year, the standard sign (English language) had an overall comprehension level of 75
percent for the border drivers and 98 percent for the non-border areas. The Spanish-language
alternatives had overall comprehension levels between 92 and 95 percent. None of the three
alternative signs is statistically significantly better than any other alternative when comparing the
overall comprehension levels. However, the relative performance of the Spanish-language signs is
more apparent when the correct response rate is compared. Table 13 compares the third-year correct
and partially correct response rates for all three of these signs for the Spanish-speaking driver
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sample. A more visible difference between the alternatives is identified by looking at the correct
comprehension rate. The Peso Maximo sign emerges as the best understood by approximately 10
percent. Although the difference is not statistically significant, it provides a better indication of the
relative performance than a comparison of the overall comprehension levels.

Table 13. Comparison of Third-Year Results for Weight Limit Sign Alternatives

Sign Correct Partially Correct | Correct + Partially Correct Sample Size

LIMITE

e 42.1% 52.6% 94.7% 76

TONS

PESO

e 54.2% 37.5% 91.7% 7

TONS

PESO

o 64.9% 28.4% 93.2% 74

TONS

Response rates and sample sizes do not include indeterminate (unknown) responses.

The results indicate some inconsistencies in the comprehension level of the standard sign among
border truck drivers. In the first year, the overall comprehension level was 86 percent, while it was
75 percent in the third year. The difference is statistically significant. The results do not
conclusively indicate a need to make a change in the standard sign. Based on the results of the
evaluations, the standard sign should continue to be used for all applications. Where engineering
judgement indicates safety or compliance concerns in a border district, the Peso Maximo —10 Tons
sign may be installed to supplement the standard sign. When used, the supplemental Spanish-legend
sign should be mounted on the same post as the standard sign. The standard sign should be on top
in a vertical arrangement and on the left in a horizontal arrangement.

It should be noted that the Texas MUTCD contains 19 different regulatory signs for indicating
various types of weight limits. Although this research has identified a Spanish-legend sign that
appears to be effective in communicating a 10 ton weight limit to Spanish-speaking truck drivers,
this one sign cannot serve to replace all 19 of the English-language signs. The supplemental Spanish
sign should be used with care. There is a need for additional research to analyze comprehension of
the various regulatory weight limit signs among both border and non-border drivers.
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Weigh Station Sign

The Weigh Station sign (D8-2) was addressed in all three years of the research project. The
sign was not included in the non-border truck driver sample, as that survey was conducted at a weigh
station. As such, those drivers would not have provided an appropriate indication of driver
understanding of the sign. This is one of several types of signs associated with weigh stations,
including regulatory and warning signs. Alternatives to this sign that were part of the evaluations
included Spanish-language and symbol signs. Table 14 summarizes the findings associated with
these signs.

Table 14. Summary of Findings and Recommendations, Weigh Station Signs

Overall Comprehension Level'
Device Code 3 Year Recommendation
1" Year | 2 Year
Border | Non-Border
Recommend no changes in
D8-2 33.0% 36.3% 18.8% N/A design or use. Alternative A
may be used to supplement the
standard sign.
Not Not This sign may be used to
Alt. A Included 98.5% Included N/A supplement to the standard sign.
Not Not Not recommended for
Alt. B Included 42.5% Included N/A implementation.
Not Not Not recommended for
Alt.C Included | Included 45.9% N/A implementation.
Not Not Not recommended for
Alt. D Included | Included 30.6% N/A implementation.
Not Not Not recommended for
Alt. E Included | Included 42.0% N/A implementation.

Notes: 'Correct plus partially correct response rates.
*This sign was not administered at the non-border location because it was at a weigh station.

Among the first-year Mexican truck drivers, the overall comprehension level for the standard
sign was 33 percent. Among the second-year Texas truck drivers, the overall comprehension level
was 36 percent. In the third year, the overall comprehension level among the Spanish-speaking
border drivers was 19 percent.
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One of the alternatives presented in the second-year survey combined English and Spanish
languages in the same sign legend. That sign had an overall comprehension level of 99 percent. The
other alternatives evaluated in the second or third year included a symbol sign and signs with only
a Spanish legend. The overall comprehension levels of these signs ranged between 31 and 46
percent.

Among the six signs evaluated during the three years of evaluations, only the sign Weigh
Station (Bascula) Next Right exhibited a high level of comprehension. This is the only sign
evaluated in this project which contained a dual language legend. The high level of comprehension
(99 percent) indicates that this sign should be recommended for use as a supplement to the standard
sign where engineering judgement indicates safety or compliance concerns in a border district.

Hill Sign

The Hill sign (W7-1) was included in the first-year truck driver evaluation only. Table 15
summarizes the findings associated with this sign. The overall comprehension level for the first-year
survey was 88 percent. Based on these results, the researchers recommend no changes in the design
or use of this sign.

Table 15. Summary of Findings and Recommendations, Hill Sign

Device Code 1% Year 2 Year | Recommendation

Not . .
W17-1 86.7% Included Recommend no changes in design or use.

Low Clearance Sign

The Low Clearance sign (W 12-2T) was included in both of the first two years of the evaluation.
Metric-based alternatives were also evaluated in the second year. One of these alternatives was the
Mexican version of the warning sign. Table 16 summarizes the findings associated with this sign.
Comprehension of the standard sign was 79 percent in the first year and 83 percent in the second
year. The metric alternatives had second-year comprehension levels of 84 to 91 percent. There are
no statistically significant differences in the overall comprehension levels of any of these signs. As
a result, it is not possible to state that any one alternative is more effective than any other sign.

At the time that this research effort began, the U.S. federal government was encouraging state
departments of transportation to implement the metric system as the basis for measurement.
Although the transition to metric units did not encompass sign legends, it appeared that sign legends
might ultimately be converted to metric units. As this project progressed, the transition to metric
units has slowed considerably and even retreated in many areas. Consequently, the likelihood of
using metric units in sign legends is considered remote anytime in the foreseeable future. Based on
the survey results and the present use of metric units in the U.S. transportation community, the
researchers recommend that no changes be made in the design or use of this sign.
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Table 16. Summary of Findings and Recommendations, Low Clearance Signs

Overall
s 1
Device Code Comprehension Level' | pecommendation
1* Year 2" Year
W12-2T 79.0% 83.1% Recommend no changes in design or use.
Not . .
Alt. A 89.4% Not recommended for implementation.
Included
Not . .
Alt.B 90.8% Not recommended for implementation.
Included
Not . .
Alt.C 83.9% Not recommended for implementation.
NN/ Included

Notes: 'Correct plus partially correct response rates.

Load Zoned Bridge Sign

The Load Zoned Bridge sign (W12-5) was included in all three years of the evaluations.
Alternative legends were evaluated in the second- and third-year evaluations. These alternatives
included both Spanish- and English-language legends. Overall comprehension of the standard sign
was less than 10 percent in the first year. In the second year, the evaluation criteria were revised and
the overall comprehension level was improved. Appendices A and B provide details on the criteria

change. The results of the evaluations for this sign are provided in Table 17.
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Table 17. Summary of Findings and Recommendations, Load Zoned Bridge Signs

Overall Comprehension Level'

Device Code 3 Year Recommendation
1" Year | 2™ Year
Border | Non-Border
Recommend no changes in design
W12-5 7.3% 38.4% 25.4% 98.1% or use. Alternative A may be used
to supplement this sign.
Not Not This sign may be used to
Alt- A Included 93.7% 98.7% Included supplement the standard sign.
Not Not Not Not recommended for
Alt. B Included 80.0% Included Included implementation.
Not Not Not recommended for
Alt.C Included | Included 41.7% 96.1% implementation.
Not Not Not Not recommended for
Alt. D Included | Included 90.7% Included implementation.

Notes: 'Correct plus partially correct response rates.
>The evaluation criteria were revised following the first-year evaluation.

The results indicate that English-language signs had comprehension levels over 95 percent
among the English-speaking truck drivers while the Spanish-language signs had comprehension
levels over 90 percent for the Spanish-speaking truck drivers. The English-language signs had
comprehension levels below 50 percent among the Spanish-speaking drivers.

Based on these results, the researchers recommend that the Puente De Peso Limitado sign be
used as a supplement to the Load Zoned Bridge sign where engineering judgement indicates safety
or compliance concerns in a border district. When used, the supplemental Spanish-legend sign may
be installed downstream of the standard sign or on the same post. The adjacent installation is
appropriate where the sign is used at an intersection to prevent overweight vehicles from entering
the roadway. If the signs are installed on the same post, the standard sign should appear at the top
of a vertical arrangement or on the left of a horizontal arrangement. When used sequentially, the
placement distance between the two signs should be based on the warning sign placement distances
in Table 2C-1 of the Texas MUTCD (5). For a 70 mph speed, this distance is 925 feet.
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As with the Weight Limit and Weigh Station signs, the Load Zoned Bridge sign is one of
many signs that inform truck drivers of weight restrictions within the highway network. Due to the
variety of signs that address weight restrictions, the researchers recommend that future research focus
on the issue of signing for weight restrictions and truck driver understanding of this system of signs.
The research should focus upon the development of a more effective English-language or symbol
sign.

Hazardous Cargo Signs

Hazardous cargo signs were evaluated in all three years of the research project. Both the
Hazardous Cargo Route (R14-2) and the Hazardous Cargo Prohibited (R14-3) signs were
included in the evaluations. Table 18 summarizes the results of the Hazardous Cargo Route signs
and Table 19 summarizes the results for the Hazardous Cargo Prohibited signs. Two of the
alternatives use a diamond symbol within the circle instead of letters. The black diamond is the
symbol used in Canada. The multicolored diamond is intended to represent the National Fire
Protection Association chemical hazard label. The top diamond is red, the left diamond is blue, the
right diamond is yellow, and the bottom diamond is white.

Table 18. Summary of Findings and Recommendations, Hazardous Cargo Route Signs

Overall Comprehension Level'
Device Code 3" Year Recommendation
1" Year | 2™ Year
Border | Non-Border
Recommend no changes in
R142 | 314% | 123% | 4.5% 79.89 | design or use. Further
evaluations should be
conducted.
Not 2 Not Not Not recommended for
Alt A Included 3.0% Included Included implementation.
Alt. B Not 1 29002 | 12.1% 3779 | Notrecommended for
Included implementation.
Not recommended for
Not Not implementation. Should
Alt. C Included | Included 4.5% 80.8% be included in future
evaluations.

Notes: 'Correct plus partially correct response rates.
*There was no partially correct response for this sign.
All signs have a green circle.
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Table 19. Summary of Findings and Recommendations, Hazardous Cargo Prohibited Signs

Overall Comprehension Level'

Device Code 3" Year Recommendation
1* Year | 2" Year
Border Non-Border
Not Not Regommend no changes in
R14-3 39.5% 21.9% Included Included design or use. Further
evaluations should be conducted.
Not Not Not Not recommended for
Alt- A Included 30.7% Included Included implementation.
Not Not Not Not recommended for
Alt. B Included 35.8% Included Included implementation.
Not Not Not recommended for
Alt. C 1.5% 80.7% implementation. Should be
Included | Included . . .
included in future evaluations.

Notes: 'Correct plus partially correct response rates.
All signs have a red circle and slash/underline.

In general, none of the standard signs or alternatives performed well at the border locations. The
HC and HM signs had overall comprehension levels near 80 percent. However, the difference
between the standard HC sign and the HM alternative was not statistically significant. Based on
these results, the researchers recommend no changes in the design or use of these signs. However,
the issue of communicating hazardous cargo information to drivers is a significantissue and deserves
further evaluation.

MARKINGS

The first- and second-year surveys included several questions to assess how well drivers
understand pavement markings. The markings included broken yellow and white lines and a no
passing line. Questions addressed one-way versus two-way and the passing restriction messages of
the markings. Table 20 presents the results of the evaluations.

28




Table 20. Summary of Findings and Recommendations, Fasten Safety Belt Signs

Overall

Comprehension Level'

Device Code Recommendation

1% Year 2" Year

72.2%* 83.2%*

Yellow centerline | One-Way
vs.

Two-Way

515% | 48.3%°

White lane line

The meaning of pavement markings should
74.8% 78.4% receive greater emphasis in driver
) education and outreach efforts.

Yellow centerline

Passing
81.8%* 92.9%*
White lane line
No
Passing 84.1%* 89.0%*
Zone

No passing marking

Notes: 'Correct plus partially correct response rates.
*There was no partially correct response for this marking.

One-Way Versus Two-Way Message

Previous TTI research (4) has found that a significant proportion of drivers do not understand
that a yellow broken line indicates a road with two-way traffic while a white broken line indicates
a road with one-way traffic. In this part of the survey, drivers were presented with a two-lane road
with either a white or yellow broken line dividing the two lanes. There were no vehicles on the road.
Drivers were asked if the road was one-way or two-way. Correct responses to the yellow line road
was 72 and 83 percent for the Mexican and Texas drivers, respectively. However, for the white line,
correct responses were 52 and 48 percent, respectively. Previous TTI research (4) has also found a
lack of understanding of the one-way versus two-way message of pavement marking color. There
is little that can be done with the design of these markings to improve driver understanding of the
one-way versus two-way message. The findings indicate the need to emphasize this message in
driver education and outreach activities.
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One treatment that should be considered for evaluation in future research is the use of pavement
arrows at critical locations to indicate one-way versus two-way traffic. One example of a location
where such an application might have value is on two-way frontage roads near the vicinity of a
freeway exit ramp. The effectiveness of this application needs to be determined from field
evaluations.

Passing Message

Three images were used to evaluate driver understanding of the passing message associated with
the different markings. In all three images, there were two cars in the same lane, and drivers were
asked if the second car was allowed to pass the first car.

For the broken yellow centerline, the correct responses were 75 and 78 percent for the Mexican
and Texas drivers, respectively. For the broken white lane line, the correct responses were 82 and
93 percent, respectively. For the solid yellow no passing zone line, the correct responses were 84
and 89 percent, respectively.

The responses to the passing restriction message of the markings were higher than the one-way
versus two-way message of the markings. In particular, understanding of the passing restriction (no
passing line) was among the highest of the pavement marking comprehension results. Based on
these results, the researchers do not recommend any changes in the design or use of the pavement
markings. However, as with the one-way/two-way message issue, the passing message of markings
should also be included in driver education/outreach efforts.

SIGNALS

The first- and second-year surveys included several questions to assess how well drivers
understand traffic signals and left turn signal signs. The signals included the three colors of circular
(ball) indications. Left turn indications included the arrow and ball indications. Left turn indications
were presented with and without signs. Table 21 presents the results of the evaluations.
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Table 21. Summary of Findings and Recommendations, Fasten Safety Belt Signs

LEFT ON
GREEN ARROW

Overall
: 1
Device Code Comprehension Level' | gecommendation
1* Year 2" Year
Red Ball 97.7%"* 99.5%*
Yellow
Ball 97.7%" 98.8%" Recommend no changes in the design or use
of these indications.
Green Ball
Indication 97 .6%> 99.5%>
for
Through
79.0% 86.0% Recommend no changes in design or use.
Green Ball
(- . Indication
LEFT TURN for Left . )
YIELD Turn 78.2% 87.8% Recommend no changes in design or use.
ON GREEN |
80.8% 85.9% Recommend no changes in design or use.
Green
B DR RO000eees AITOW
"""" Indication
ol et G for Left The Left Turn Yield on Green Ball sign
PROTECTED Turn 72.1% 94.6% should be used instead of this sign.

Notes: 'Correct plus partially correct response rates.
2There was no partially correct response for this marking.

Through Movement Signals

In each of the first two years, drivers were asked the meaning of the red, yellow, and green
circular indications in a traffic signal. The correct comprehension responses were 98 percent or
higher for all indications in both samples. Based on these results, the researchers recommend that

no changes be made in the design or use of the round traffic signal indications.

Left Turn Movement Signals

In the first two surveys, drivers were presented with four different left turn signal indication
scenarios. There were two with a left turn arrow and two with a green ball. One of the left arrow
scenarios included a Protected Left on Green Arrow sign (R10-9). One of the green ball scenarios
included a Left Turn Yield on Green Ball sign (R10-12). The correct response rates for these four
scenarios ranged from 72 to 100 percent. In all cases, the Texas driver response rates were higher
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than the Mexican driver rates and the differences were statistically significantly different. The
differences between the Mexican and Texas drivers were smallest for those indications with no signs.
The Left Turn Yield on Green Ball indication had little impact on the comprehension of the
message, as the difference between the two scenarios among the Mexican drivers was not statistically
significant. Previous TTI research also found that the Left Turn Yield on Green Ball sign was
better understood than the Protected Left on Green Arrow sign (4).

Based on these results, the researchers recommend that the Left Turn Yield on Green Ball sign

(R10-12) be used as the primary sign for informing drivers of protected/permitted left turn signal
operation. This issue should also receive greater emphasis in driver education/outreach efforts.
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CHAPTER 3
SUMMARY OF RECOMMENDATIONS

The recommendations presented in the previous chapter can be divided into five categories as
described below. In this chapter, each of the standard devices evaluated in this research is presented
according to the related recommendation(s):

® No changes to current practice - The evaluations indicated that the standard device was
adequately understood or better understood than the alternatives evaluated in this research.
As aresult, the current design or use of the devices should not be changed.

e Use of alternative sign as a supplement - The evaluations indicated that a Spanish-
language sign may be used to supplement the standard sign.

e Increased emphasis in driver education and outreach - The evaluations indicated a need
to improve comprehension, but there are no engineering improvements that can be made
to enhance comprehension. As a result, the meaning of the device should be emphasized
in driver education, training, and outreach activities.

® Modification in design or use of standard sign - The evaluations indicated that the design
or use of the standard sign should be modified. This may include use of a different sign or
a minor change in the design of the sign.

e Evaluate in future research efforts - The evaluations identified a device that should be
evaluated in greater detail in future research efforts.

NO CHANGES TO CURRENT PRACTICE

For virtually every device, the evaluations determined that the standard device should continue
to be used. However, there are some qualifications for some of the devices, including the use of
supplemental legends or plaques, emphasis in driver education, or recommendations for future
research. The devices for which the design or use should not change are presented in Table 22.

SUPPLEMENTAL USE OF ALTERNATIVE SIGN

For several signs in the evaluations, the researchers found that a Spanish-language sign, or a
bilingual sign, improved comprehension of the message in the border areas. In these cases, the
Spanish-language or bilingual sign should be used as a supplement to the standard sign. The
standard sign and supplemental sign recommended for implementation are presented in Table 23.

INCREASED EMPHASIS IN EDUCATION

For several of the devices evaluated in this research effort, engineering improvements in the
design or use of a devices are not likely to lead to improved comprehension. The only effective
means of improving understanding of these devices is through driver education, training, or outreach
efforts. Table 24 presents these devices. A current TxDOT/TTI research project (1794-Driver
Education Program for Traffic Control Devices) is focusing upon driver education for traffic control
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devices and will consider the findings of this research in the development of driver education

curriculums.

Table 22. Devices with No Recommendations for Changes in Design or Use

Do Not Curve with
Name Stop Yield Speed Limit One Way Advisory
Enter
Speed Plate
Code RI-1 R1-2 R2-1 with R1-3 R5-1 R6-1 W1-2 with
W13-1
SPEED
LIMIT
Hlustration 7 O
NIGHT
65
Two-Way Railroad . Road Work Truck .
Name Traffic Advance School Crossing Ahead Speed Limit Hill
Code W6-3 W10-1 s1-1 cwai4p | RZAw0 w7-1
Ilustration E/
[
Low Hazardous Hazardous
Name Clearance Cargo Route | Cargo Prohibited Red Ball Yellow Ball Green Ball
Code W12-2T R14-2 R14-3 N/A N/A N/A
Illustration
Green Ball Green Ball Green Arrow for Broken White Lane No Passing
Name for Left for Left Turn Left Turn Yellow Line Line
Turn with R10-12 Centerline
Illustration not illustrated
' ON GREEN
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Table 23. Devices with Recommendations for Spanish-Langnage Supplement

Name Stop for Fasten Right Lane Weight Weigh Load Zoned
School Bus | Safety Belt Ends Limit Station Bridge
Code R19-1 R19-8 W9-1 R12-1 D8-2 W12-5
SIO(;P FASTEN WEIGHT
LIMIT
Standard SCHOOL BUS SI:EFLFI'TSY 10
LOADING OR STATE LAW TONS
UNLGADING
ALTO
Spanish- PARA ASEGURESE /CARRILY, F’ESOO
Language EL CINTURON A DERECHO S MAXIM
cLanguage | s sl | Jor scamoo | e || 10
PP BAJANDO PASAJE LEY ESTATAL A 4 TONS

Table 24. Devices Recommended for Emphasis in Driver Education

Name Railroad Advance
Code
Sign shape and color All pavement markings
Illustration
Emphasis Difference between Traffic sign color Difference between yellow
phas advance and crossing signs. and shape code. and white markings.
CHANGE IN DESIGN OR USE

For a small number of signs, the researchers recommend a change in the design or use of the
standard sign. For all of these devices, the recommendations are consistent with the
recommendations of a previous TxDOT/TTIresearch study on driver understanding of traffic control
devices (4, 6). The signs that fall within this classification are presented in Table 25.

ADDITIONAL RESEARCH

Finally, the researchers have identified several devices that warrant further evaluation in future
research efforts. Table 26 presents these signs. For the Stop for School Bus When Red Lights
Flashing sign, the comprehension results indicate that this sign has a slightly higher comprehension
level than the standard sign. However, the non-border survey sample for this sign was not large
enough to justify its implementation. A more comprehensive evaluation may indicate the benefits
of this sign. For the hazardous cargo signs, the research was not able to identify sign designs that
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were significantly better understood than the current standard signs. However, comprehension of
the standard signs is sufficiently low to justify further evaluation of alternatives. Finally, this
research addressed several weight-related regulatory, warning, and guide signs. But those evaluated
in this research reflect only a small percentage of the total number of weight-related signs. The issue
has sufficient complexity and interdependency that an evaluation of the total system should be
evaluated. Project statements for these future research efforts are provided in Appendix E.

Table 25. Devices with Recommendations for Changes in Design or Use

Railroad Advance Sign | gy ane Closed 500 | Left Turn Arrow with Protected
Name with Supplemental .
. Ft Left on Green Arrow sign
Distance Plaque
Code W10-1 W20-5C R10-9
Illustration
Change Use distance plaque Use as an alternate to the Not recommended.
g plaque. Right Lane Ends sign. Use R10-12 sign instead.
Table 26. Devices Recommended for Additional Research
Stop for School Hazardous Hazardous
Name B Careo R Cargo
us argo Route Prohibited | Weight-Related
Signs:
STOP FOR T Regqlatory,
. SCHOOL BUS Warning, and
Illustration WHEN Guide
RED LIGHTS
FLASHING
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APPENDIX A

FIRST-YEAR SURVEY RESULTS

This appendix presents the devices, questions, response concepts, response rates, and sample
sizes for the devices that were evaluated in the first-year survey. The tables in this appendix are
essentially the same as the tables in Appendix B of the first-year report (1).
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APPENDIX B

SECOND-YEAR SURVEY RESULTS

This appendix presents the devices, questions, response concepts, response rates, and sample
sizes for the devices that were evaluated in the second-year survey. The tables in this appendix are
essentially the same as the tables in Appendices A and B of the second-year report (2).

49



%)% 00 7T 09 V/N 816 |osuodsaxojqeidosoe oN| Aem auo 10 A[uo JySRY| ¢ ueow uSIs SIY) SAOP JBYM
Anus ou 10
. . . . sosuodsar| ‘Aem Suoim ‘uondAp . uRour USIS ST SOOD 18
1487 00 (44 L1 V/IN 1'96 oqeIdenoe oN sy woy Aempeox| & IS SIY) SO0p JBeyM
oY1 I131U2 JOU ISNN
. . . . paads (rep 3235v) {SIaqUINU JUSISTJIP
L9¢ 00 6’1 8¢ V/N €96 |osuodsar o[qeideooe oN WYS1u ST 10410 3Y) .
0m] 219y} a1e AYM 'q
pue paads Aep s1 2uQ
(sopmux 10 ydu) syun 40| (sopruyydwa) syun pus| (4noy 4ad sajru 10 4noy 1od
jwarf paeds|  ymur paads/A1oo[oa|  suagawioqny ur paads oY) ST B
LLT 00 0 0 ot €56 JKITO0[9A WINWITXBU WINWXEW :sosuodsar [[8 IoJ
/paads winurxew /poads wnwirxewr
:3doouos royny | :53doouod y1oq SpoaN| ¢ ueowi USIS S1Y) S0P JeYM
Lueata ppaiy saop jeyM °q
Aempreox Jojpue ;ysiueds ur
. . . . ) 19130 oY) uo O13Jen3| ueour uSIs SIY} SAOP JBYM ‘€
8% 00 L1 LLT V/N 9'08 | osuodsar o[qeidasoe oN 01 (osed 1o 9p ‘0sed 10 a1
9pad 10) Aem-Jo-ySuI A[uo st Jomsue JI
PI1A/opa0/oA18 1SN | (ueaw uSIS SIY) S90P UM
Jueawr dogg s90p 1ByM q
(ored 10 OJ[E 1O Jo/pue ;ysrueds ur
S1v 00 61 S0 V/N 9'.6 |esuodsar oiqeidesoe oN| dois 10) jey a1opdos| uesur uSis S1yl SAOP JBYM B
B 0} OWO9 1SN | JOLS ATUO ST Jomsue JT
Jueaw uS1s STy} SOOP IBYM
aZI§ Ing 1991100 3daduo)) asuodsay 1daduo)
ajdureg tmoryun 10N P30y Arenaeg P 1931100 A[enaed asuodsay 129110) uoysand Ndq

SugiS A103e[n3dY J0J SJMSIY AIAING JIALI(] SBXI], 183 X -PU0IIS €€ dqBL

50



{NOA 0)
6£T 00 €€ 1'e V/N 9'v6 | osuodsas ajqeidooor oN sox| Ardde uSrs sty sso(q e My 3LViS
:A[UO SIOALIp YOI} 10,] si13d
ﬁ — AL3dvs
. . . . . J]9q 1eas isnl| me[ 9IeIs SI N pud )[3q Jueaur
Py 00 L8 01 0'9¢ EVS 50 1199 18os/A1ayes TeopM | JBSS/A107ES TROM ISTA ug1s STy} S0P IBYM N31Svd
Gurpeopun|
50 Burpeoy st snq oyy| _¢SMA 100U BI0F O3S | (T e oy
19T 00 'l 1% V/IN Q16 |osuodsarojqeidosoe oN IoAoUOYM 10 SUISTY 0} oBNm NOA Op UdYM B 40 ONIQYOT
:sosuodsal [[e 10
ore SIYSY] P21 oY) UM $N8 100HIS
Suryseyj are sjyS1| snq . o4
8¢ 00 € . . : snq [ooyos | 31 10 Surpeojun ‘Surpeoj gueadt d01S
9 1 £'8 I'v £98 q [0OYDS | I ! ! uS1s sIy S0P UM
snq [ooyos 103 doig :
ZIg aIng 31991100 ydaouo)) asuodsay 1daouo))
pidureg tmotun JON PaLt0ouy Aenieq 13110) 199110)) A[fenaed asuodsay 32a110) uoysanQ »ed

(panunuod) sudiS A10)em3ay JI0J SINSNY JIALI(] SBXIT, J83 X -puUoddS €€ dqelL

51



LUIAY} 998 0] 199dx9 nok pnom 31BUM °q
€Sl 00 ¥'or LT VIN 1'9¢ asuodsas s[qeydesoe oN A[eMSSOID o) Jeau 10 3y “WONISSOYD;,
apnout Jou seop asuodsax oy J1
Lud1s smy) 995 nok
. . . . sueinsapad a8e-jooyos uoym 99s 03 30adxo noA pinom OUM ‘B
d d
90¢ (N 00 £'1T VIN LLL |suodsal 9[qejdadde ON 10 *UAIPIYO 10 ‘STUSPNIS .. TOOHDS,,
apn[out jou seop asuodsar ay) JT
98¢ so |sol| s8 £9c | 6¢€s B sso [eamssox> [0S {Ueaw USTS ST S30D JPYM
ueinsopad 10 Y[eMSSOID) ¢ U
. : : . : ten eaye SuIssoIo proIfre
viv 50 (A r'e 7’09 g'ee 10 SuIsSOI0 peOI[Iel ISn[ peaye sul peoIEd {ueoul ug1s SIyl S0P 1BYM
SUONOAIp
8LE 00 1°01 97 00 €L8 OIJJeI) U9amlaq URIPIW ON Sursoddo/yioq ur Surog {UBSW USIS STY) S0P JBYM
J1jJexn 10 oijen Aem-omJ,
Anoy 1ad sajnu
6C1 00 00 91 VIN 7'86 asuodsar a[qeidadde oN (soqmu) ydur| 42d siorauopy U E&.m Mwww%
suopuoul 1By} asuodsal Aue SUIMor[o]
. . . . . peads (soqrur) yduw {UBdUI GE,, OU) S0P 1BYM 'q
vve 00 6 0 oy oS WNWIXew JO Jrul] paadg ur paads pepuswoday | :osuodsax oy Jo Jred 10U ST, GTAIS,, 1
3ALIp PNOYS {UBOUI MOIIE 3Y) SO0P JBYM B
ocl 00 [ 0°0S V/N 'St asuodsas o[qeideooe oN NoK UOHIAIIP ‘UOTIOIIP :asuodsax
Peo1 Ut 93ueyd 3y} SMOYS o Jo yred 30U ST NJ/LL/AAAND: IT
ydw gg st (3] paads 10) paads "xew 10 JUI] paads
. . . . . poads ‘xew /papusunuodaz|  joN “(sium yim) ydw ¢¢ .
08¢ 00 50 89 I'Ls §'se J0 spuaq/suIny/seaInod | st paads popuoUNIOddI PUD {Ueow USYS SIG) $20p JBUM
pro1 1ayg SPUSQ/SUIN/SOAIND PROY
EVANN Ing 193110) 1dasuoy asuodsay
__2 dureg umouwyun) 10N 1931300U] fenaeg 393110) 1931107 AfEnaeg 1daduo)) asuodsay 129110)) uoysang) I

SugIS SUIUIBAA J0J SINSIY AIAING JIALI(] SBXI ], 18I X -PUOIS b€ L

52



spu2 oue| Y3 70 ceat
7T ) S 11 &l V/N L asuodsaz a[qeidaooe oN P 134t sugis 05y} Op JBYM B
9 00 / 19
SUBLYRI O} 03 A0 :sosuodsar
: [ie 10
Sururem Fururem
: S (40100
. . . . . & st ugis mofo£ oy3| e st uSts mo[[eA a3 pun 1) USRI SuBis
Ive 00 €65 & Lel ERL b7 ‘UOTIONIISUOD SAJBOIPUL|  ‘UONONIISUOD SAJROIpUL o.Biome to M Cun
uSis oFueIo oy} JoyNyg uSrs a8ueIo oy, ) o5 qm
00 00 0 00 VI/N 00 /N WjeqIoA pI03oy 43519 Burphury q
0 v ; :s1omsue opdwrs Jo
umop mofs o} paredaid 4 LuBts
: : : : : uMOp MO[S | 9q pPue JIom UOONIISUOD SHp 998 TIOA tog
08¢ $0 80 801 9'LT €09 T op no£ pinoys ey "
P 3 UoIPM :sosuodsal [[e J0]
Kemy31y oy} 1esu 10
. . . . . 3J0M PEOI JO UOTIUSUI| UI SIOYIOM IO I0M PrOI Jueaut
Ocy (4l 9 Vi 00 868 INOYIM UMODP MO[S|  ‘“UOTIONISUOD SIIFNIUPI uS1S SIY) S0P JeYM
1e1]) osuodsar Auy
AZIS aIng 199.110)) 1dasuo)) asuodsay ydasuo)
prdure umot JON paLIoour} o I8 a0y 193110)) Affenaeg asuodsay 103.110) uoysanQ RMa
S en.req D 2|

(panupnuod) susiS SUNLIBAA JOJ S}NSIY AAING JIALI(] SEXI ], 183 X ~PU0IIS ‘b€ Bl

53



SUDIRIA] JUSWIdAR]
4380 poI oury due YA uayorg
’ : ’ ) asuodsa $9 ay) ssed 03 pamore
o1y 0 (A 9°¢ VIN 66 o1qeidoooe oN Al °op } PaMO[]
Ied onjq Y ST
SUDHBIA JUSWIOARJ
(peol QUI QUBT SNYM UM OIg
. . . . asuodsarx UONJAIIP SuIes Ul KeM-0M] € JO PEOX
9¢C 80 I L8y VIN e8y ojqeidoooe oN| Surog s1es Jo Aem 2uQ p
: KAem-ouo e s1y S|
SSUDIBIA JUSWOAR]
R Uo7 Juissed ON
: ) : 68 asuodsal o oy} ssed o oo\s% ®
80¥ S0 01 96 V/N 068 o1qedoose o N{ =@ 1 POMO]
182 9n[q Y} ST
SUDMBIA JUCWIOAR]
. QUIIIUD)) MO[[Q X UaoIg
o |eo| & | ¢ o mea| A sdowoo L CRIE
91v 0 0 60T '8y £0e 4} sul t. PI y3nouo I 210 J1 SOX ) 1 Pomo[[
NOYIM ‘SO X : Ie0 9n[q oY) ST
SuD{IBIA JUSWIIAB]
SUOTIOIIP JUSIJJIP ipeor QUIISIUS)) MO[[9 X uajorg
asuodsar :
LY 00 S0 €91 VIN Tes oraerdaooe on | /8Wsoddo/yioq ur Suo3)  XBA-OMJ ® 0 peos
1av3 NI smo10 peoI Aem-om]J, Kem-ouo ® S1y} ]
ZIS g 399110) 1dasuo)) asuodsay ydaouo)
pidueg umouyun J0N PaLioour Arenxeq Pa110D 1931100 A[jenaeq asuodsay a110) uoysand R

SSuDjIBA] JUIUIIAR] I0] S)NSIY AAING JIALI(] SBXIJ, I8 X -PUONS *SE IqeL

54



Ptk Luonodaap Emmmw NO
8€T v'0 vo | €11 00 8L8 0s Yury) I/5q4€IN | 03 9Aey [ dw s[e) | aysoddo ayy ut o1ygen o) PlAIA 01 dary atais
uSis/usois oy ‘so X | noA op ‘wIng 3J9] & oW 03 JUBM NOK JI| o temee
PISIL 0] oAy ] oW Luonop
98¢ S0 €0l el 00 098 O YU JRAKEN| - Toorg o ‘sox ayisoddo ayy ur oryyen 0) pIAIA 0} daey
L NOA Op ‘uInj 1Ja[ & 9B 0] Juem nok JI
guonoanp|  [eueres
90v 0 [4Y) 6V 00 916 OS JUIPIUOP I} arc MMMMMEMME oysoddo oy u1 o13JeI} 0] PIAIA 03 dARY fuioNd )
15/ W ON| nog Op ‘UIng 3J9f & 9¥ew O} Juem nok Jj
08 03 aw cuotap
(4872 L0 6 'y 00 658 OS UIHLUOPT| oo moure oy ‘ON ayisoddo oy ut o1yyen o) pRIA 0} 9Aey
I noK op ‘uinj 3J9[ © ayewW 03 Juem nok JJ
fem-joauu oy (ST} MBS noA J1 Op oA pfnom Jeym "8
. . . . osuodsor| oaey .:ouoo.ESE . +Apeai[ paromsue
187 00 00 €0 V/N §'66 o1qeidasoe oN o S50 j0u Ji ‘sosuodsai [[e 104
IO I9JUS 0} POMO[[Y gueaw [uB(S
oLjJen sIy} ur ueaig oy soop JeyM
dn Sumuoo 143y ST} MBS NOA JI OP NOA pPINOM JeYM "B
. . . . asuodsar| pa1io ﬁmﬁ:«.o asn ou It .momz%%w Muuhmnﬂwauamﬁ
LTy 00 00 (4! V/N 8'86 olquidaooe oN|  “umop moys ‘dogs jou j1 .maoEmmcma
0} paredaid og 6 feust
Oljyen SIY) Ul MOJ[aA 3y} S0P Jeym
(ST} MBS NOK JI Op NOA prnoMm JeyM &
UONOesISIUL :ApeaIfe pasomsue
Ly 70 00 70 V/N S 66 osuodsazx $SOI2 JOu Op IO j0U J1 ‘sasuodsal [[e Jog
arqeydeooe oN | wonoasisyur 18 dois Lueowt
[euS1s oI3yex) STy} Ul P2l o) SOOP JBUM
AZIS aang 3931100 jdoouo)) asuodsay 1daouo))
pdureg aotan JON PaLioouy Arenaeq 191100 3934107 Ajenae | asuodsay 30a.110)) uonsInQ Ped

SUSIS [BUSIS UIN ], }J9'] PUE SUOJEJIPU] [BUSIS JIjJeL], 10] S)IMSIY AJAING JIALI(] SBXJ], 183 X -PUOIAS ‘9¢ I[(BL,

55



. . . . asuodsar o (nok 01 A[dde uZ1s siy) sa0(] ®
LeT 00 LT I's VIN Te6 9[qeydedoe oN A :ATUO SISALIP YOI} 10,J ”_«NHMM
. . . . . 3199 Je3s 3snf 10 J[aq Me[ 91e3S SI J1 pun . 3 NONLNIY
1€2 €1 001 0 oy €9 Yeos/K1o7eS Teop | 110G 80s/KIores Teasm 1SnIy {ueow ugrs sty seop yeym | |13 3s3Hd048Y
. . . . asuodsar o {noA 03 Ajdde uSss sty sso( ‘e
811 00 e L1 V/IN 866 a1qeidease oN A :A[UO SIOALIP YoTLI} IO, avaiynoas
NOUNLNID
] ] ) . ) 1199 1838 Isnf 10 1[oq ME[ 9JVIS ST ) pUD ) 130 0Sn 13
1344 (4 Sy ovi 6'5C 1% Jeas/K1ozes Teap | 319 Teas/K1oges Team sy {UBauI UJIS ST SI0P JeYM 391X3 AF1 V7
gurpeojun SN [00Yds B IO
92¢ €0 90 $'9 V/N 926 osuodsaz 40 BuIpeo] ST Snq dois o o>§m :owﬁov ﬂoa M .w 3rVSYd 0ONVYS
olqeidacor oN| oY1 I0AULYM JO FUTYSEB] -s05u0ds03 [[2 10 0 OaNaIENS
are SIYSI[ PaI oY) USYM V10053 SNEOLOV
yuvd
Suryserj a1e sYSI| snq
1% Lo (a4 194 T8 ¥'98 snq [ooydg| 1 1o “Surpeofun ‘Suipeoy {;Ueaw ug1s Sy} S0P JeYM 011V
snq [ooyos Jo3 doig
poads .
4 00 Si Sl VIN 696 asuodsa (frep 1933e) WS1u ST I9YI0 GreAnnn
oiqeidoooe oN o pue poods %.mv - U0 JUQIOTJIP OM] I3} ATk AUM 'q
(sapmu 1o ydur) (sopuyydun)|
syun 76 gy paads syun pum juui| paads MHMMNKMM\ www.ﬂm mexwﬂ\\mmwm o h
c6e 00 30 30 69 9'68 | /Kmooja wnurxew JAII20]0A TINUITXEW sosuodsor e 10 VAIXYH
/ paads winumxew /paads wnwrxew .Sx.uE US1S ST SO0D 18 avaldo13a
:3daouod Joynyg :51daou00 30q SpPaeN ¢ IS St S0P JEUM
AempeOoI I9UI0 9y} UO GUESHL PJ2LA S30P UM 4
. . . . asuodsaz| orgen o} (osed [0 ap ‘osed I eow SIS w”o\w MM EMEN&.M
6¢¢ 00 6L 0L V/IN (4% o1qeIdeooe oN [0 9pao 10) Kem-jo-wySu| IS SIY) S20p JeUM
PIo1A/opa0/oAId 1SN TALX AJUO ST IomSUT J]
; ‘ Jueaux ugIs STy} SOOp TeyM
JZIS ang 193110 jdoouo)) asuodsay 1daouo)
pidueg uaowqun JON 1at100u] Aqenaeq 1934109 1921100 Afenaed asuodsay 3991100 uonsenQ PMq

SuSIS FANBWIAY PUIZIT-ysiueds J0J SJNSIY AIAINS JIALI(] SBXI ], JBI X -PU0IIS L€ d[qe]

56



Table 38. Second-Year Survey Results for Truck Speed Limit Signs

CAMION
VELOCIDAD
MAXIMA

Questions and Correct Responses

#1: What does this sign mean?
Correct

1.5 6.1 4.5 0.0 All criteria at first glance
Partially Correct
98.5 100.0 98.5 100.0 Speed limit or maximum velocity
13.8 22.7 19.7 32 Applicable to trucks only
10.8 19.7 13.6 14.6 Units in miles per hour
40.0 16.7 31.8 50.0 One limit for day, other limit for night/dark
1.5 0.0 1.5 0.0 Incorrect
0.0 0.0 0.0 0.0 Not Sure
0.0 0.0 0.0 0.0 Unknown
#2: What types of vehicles must obey this sign?
76.7 844 91.9 75.4 Trucks
#3: Is the speed in kilometers or miles per hour?
96.6 94.9 98.4 94.4 Miles per hour
#4: Why are there two different numbers?
79.7 81.7 90.0 87.7 Day and night/dark
#5: Does this sign apply to you?
100.0 100.0 100.0 100.0 | Yes/sure
65 66 66 62 Sample Size
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Table 39. Second-Year Survey Results for Weight Limit Signs

MAXIMUM

WEIGHT LIMIT

us. Metric
Io t 8T w8t Questions* and Correct Responses
127 =R 13t
16T " 1Tt
#1: What does this sign mean?
Correct
66.2 22.7 3.1 14.5 All criteria at first glance
Partially Correct
78.5 22.7 3.1 50.0 Weight limit
69.2 22.7 7.7 0.0 10 tons (A4,B4,C4) or different trucks (D4)
4.6 22.7 24.6 242 Incorrect
13.8 54.5 67.7 25.8 Not Sure
0.0 0.0 0.0 0.0 Unknown
#2: What types of vehicles must obey this sign?
80.0 57.1 n/a 100.0 Trucks
#3: Are these U.S. or metric tons?
327 50.0 60.0 U.S. tons (A4) and metric tonnes (B4 and C4)
#3: What is the difference between the two columns shown?
62.1 One column for U.S. tons and one column for metric tonnes (D4)
#4: How much is a ton?
66.7 80.0 50.0 2000 1bs, 2200 Ibs, 1000 kg, or 900 kg (A4, B4, and C4)
#4: How much is a U.S. ton?
27.8 2000 Ibs, 2200 Ibs, 1000 kg, or 900 kg (A4, B4, and C4)
#5: How much is a metric tonne?
61.1 1000 kg or 2200 Ibs
#6: Does the weight refer to entire weight or per axle?
65.4 84.6 75.0 32.1 Entire weight of truck
65 66 65 62 Sample Size

* Questions #2 through #6 asked only to drivers responding with Correct or Partially Correct response.

58




Table 40. Second-Year Survey Results for Weigh Station Signs

Questions* and Correct Responses

#1: What does this sign mean?

Correct
12.1 33.3 14.2 Weigh station open AND trucks must stop to be weighed
Partially Correct
24.2 65.2 28.3 Weigh station open OR trucks must stop to be weighed
9.1 0.0 19.7 Incorrect
54.5 1.5 37.8 Not Sure
0.0 0.0 0.0 Unknown
#2: What is a weigh station?
100.0 100.0 100.0 Place where trucks are weighed
#3: What vehicles must go through the weigh station?
96.7 83.7 833 Trucks
66 66 127 Sample Size

* Questions #2 and #3 asked only to drivers responding with Correct or Partially Correct response.
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Table 41. Second-Year Survey Results for Low Clearance Signs

Questions* and Correct Responses

#1: What does this sign mean?

Correct
9.2 212 185 9.7 All criteria at first glance
Partially Correct
81.5 89.4 87.7 80.6 Bridge or structure, clear height
13.8 30.3 26.2 19.4 Height of "13, 6" (A3) or "4.20" (B3, C3, D3)
0.0 24.2 21.5 12.9 Units of feet and inches (A3), or meters (B3, C3, D3)
7.7 7.6 1.5 11.3 Incorrect
9.2 3.0 7.7 32 Not Sure
0.0 0.0 0.0 1.6 Unknown
#2: What is the height shown in this sign?
67.9 98.1 76.8 100.0 13,6 0or4.20
#3: What are the units of measurement?
70.2 91.8 86.7 100.0 Feet, inches, or meters
65 66 65 62 Sample Size

Table 42. Second-Year Survey Results for Load Zone Bridge Signs

N
PUENTE™N,
» | PEPESO

4 ’ Questions* and Correct Responses
NDE CARGA /

#1: What does this sign mean?

Correct
12.3 87.4 70.8 Weight limit AND bridge
Partially Correct
12.3 913 739 Weight limit
38.5 89.8 71.0 Bridge
23.1 5.5 13.8 Incorrect
38.5 0.8 6.2 Not Sure
0.0 0.0 0.0 Unknown
#2: What would you do if you saw this sign on the road?
25.0 62.5 333 Look for posted weight limit and/or compare truck limit with
posted limit
12.5 25.8 444 Stop, turn around, or find another road
65 127 65 Sample Size

* Question #2 asked only to drivers responding with Correct or Partially Correct response.

60



Table 43. Second-Year Survey Results for Hazardous Cargo Route Signs

Questions* and Correct Responses

#1: What does this sign mean?

12.3 3.0 29.9 Correct Identifies hazardous cargo route
N/A N/A N/A Partially Correct No acceptable response

6.2 4.5 94 Incorrect
81.5 924 60.6 Not Sure

0.0 0.0 0.8 Unknown

#2: What should you do if you see this sign on the road?

60.0 100.0 39.1 Follow this route if I am carrying hazardous cargo

65 66 127 Sample Size

* Question #2 asked only to drivers responding with Correct response.
Green circles on all signs. Four color diamond sign has red on top, blue on left, yellow on right, and white

on bottom.

Table 44. Second-Year Survey Results for Hazardous Cargo Prohibited Signs

0\ d
Questions* and Correct Responses
#1: What does this sign mean?

12.5 1.5 244 Correct Vehicles with hazardous cargo are not
allowed on this road, hazardous cargo
prohibited, or no hazardous cargo

94 29.2 11.4 Partially Correct Some type of prohibition

1.6 31 4.1 Incorrect
76.6 66.2 60.2 Not Sure
0.0 0.0 0.0 Unknown
#2: What should you do if you see this sign on the road?
80.0 0.0 83.3 Do not follow this route if I am carrying hazardous cargo
64 65 123 Sample Size

* Question #2 asked only to drivers responding with Correct response.
Red circle and slash on all signs. Four color diamond sign has red on top, blue on left, yellow on right, and

white on bottom.
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APPENDIX C
THIRD-YEAR BORDER SURVEY RESULTS

This appendix presents the devices, questions, response concepts, response rates, and sample
sizes for the devices that were evaluated at the border locations in the third-year survey. The tables
in this appendix are essentially the same as the tables in Appendix A of the third-year report (3). The
results presented in this appendix represent the entire border driver sample, which includes both
Spanish- and English-speaking drivers. The summary tables in Chapter 2 and the descriptions in the
third-year report separate the results into Spanish- and English-speaking drivers.
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Table 45. Border Survey Results for School Bus Signs

Primary Question

What does this sign mean?

Follow-up Question 1

When do you have to stop for a school bus?

Follow-up Question 2

Why do you have to stop for a school bus?

Follow-up Question 3

Does traffic in both directions have to stop?

Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Sar'nple
Question Correct Sure Size
Primary N/A 26.8 424 29.7 0.7 0.4 269
STOP
FOR Follow-up 1 19.3 67.7 N/A 10.8 0.0 2.2 269
SCHOOL BUS
LOADING or| | Follow-up 2 46.1 50.9 N/A 22 0.0 0.7 269
UNLOADING
Follow-up 3 50.6 424 N/A 5.6 1.5 0.0 269
Primary N/A 29.7 40.2 26.7 2.6 0.8 266
STOP FOR
WHEN
RED LIGHTS Follow-up 2 37.6 60.2 N/A 1.1 0.0 1.1 266
FLASHING
Follow-up 3 48.1 432 N/A 6.4 0.8 1.5 266
Primary N/A 25.6 35.7 323 4.5 1.9 266
ALTO
CUANDO Follow-up 1 27.8 59.8 N/A 9.8 0.0 2.6 266
AUTOBUS ESCOLAR
PONE
SENALES ROJAS Follow-up 2 44 4 51.1 N/A 2.3 0.0 2.3 166
DESTELLANDG
Follow-up 3 51.1 41.4 N/A 6.0 0.0 1.5 266
Primary N/A 30.2 31.3 33.6 3.0 1.9 265
ALTO
CUANDO FOHOW-UP 1 31.3 60.0 N/A 4.5 0.0 4.2 265
AUTOBUS ESCOLAR
PONE
LUCES ROJAS Follow-up 2 42.6 54.3 N/A 1.9 0.0 1.1 265
INTERMITENTES
Follow-up 3 50.9 45.7 N/A 1.9 04 1.1 265
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Table 46. Border Survey Results for Fasten Safety Belts Signs

Primary Question What does this sign mean?
Follow-up Question Why is this sign important?
Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Sar.nple
Question Correct Sure Size
FASTEN Il Primary N/A 8.7 68.1 5.1 13.0 5.1 254
SAFETY
BELTS
STATE LAY _J | Follow-up 19.7 72.8 N/A 4.3 0.0 3.1 254
ASEGURESE Primary N/A 9.8 78.3 2.0 7.1 2.8 254
EL CINTURON
DE SEGURIDAD
L e J| Follow-up | 142 807 | N/A 3.5 0.0 1.6 254
ABROCHESE || Primary N/A 6.3 82.7 1.6 6.7 2.7 255
EL CINTURON
DE SEGURIDAD
Lev ESTATAL J | Bollow-up 122 82.0 N/A 1.2 0.0 4.7 255
PONGASE Primary N/A 8.6 80.1 3.9 5.5 2.0 256
EL CINTURON
DE SEGURIDAD
S )| Pollow-up | 145 820 | N/A 0.4 0.0 3.1 256
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Table 47. Border Survey Results for Right Lane Ends Signs

Primary Question

What does this sign mean?

Follow-up Question

What would you do if you saw this sign in the road?

Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Sar.nple
Question Correct Sure Size
Primary N/A 70.7 24 12.9 11.2 2.8 249
Follow-up 22.9 58.2 N/A 16.5 0.0 2.4 249
Primary N/A 72.1 94 12.3 4.5 1.6 244
Follow-up 15.6 64.3 N/A 16.0 0.0 4.1 244
Primary N/A 69.5 7.0 16.4 4.7 23 256
Follow-up 17.2 60.5 N/A 18.0 0.0 4.3 256
Primary N/A 64.4 8.1 20.6 4.0 2.8 247
Follow-up 20.2 56.3 N/A 1202 0.0 32 247
Table 48. Border Survey Results for Weigh Station Signs
Primary Question What does this sign mean?
Follow-up Question What would you do if you saw this sign in the road?
Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Sar.nple
Question Correct Sure Size
Primary N/A 1.3 18.4 474 27.6 53 76
Follow-up 52.6 30.3 N/A 15.8 0.0 1.3 76
Primary N/A 1.3 26.6 59.5 7.6 5.1 79
Follow-up 27.8 29.1 N/A 329 0.0 10.1 79
Primary N/A 2.6 355 51.3 39 6.6 76
Follow-up 171 42.1 N/A 31.6 0.0 9.2 76
Primary N/A 6.5 37.7 519 0.0 39 77
Follow-up 11.7 63.6 N/A 16.9 0.0 7.8 71
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Table 49. Border Survey Results for Weight Limit Signs

Primary Question What does this sign mean?
Follow-up Question 1 Why is this sign used?
Follow-up Question 2 Does the limit refer to the total weight or the weight per axle?
Follow-up Question 3 How much is a ton?
Device | Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Sarflple
Question Correct Sure Size
Primary N/A 37.0 35.8 18.5 3.7 37 81
WEIGHT
LIMIT || Follow-up 30.9 53.1 N/A 11.1 0.0 49 81
10 Follow-up 25.9 50.6 N/A 19.8 1.2 25 81
TONS
Follow-up 24.7 6.2 N/A 64.2 3.7 1.2 81
Primary N/A 41.8 50.6 6.3 0.0 1.3 79
LIMITE
DE PESO || Follow-up 19.0 58.2 N/A 12.7 0.0 10.1 79
10 Follow-up 5.1 58.2 N/A 31.6 2.5 25 79
TONS
Follow-up 5.1 2.5 N/A 81.0 5.1 6.3 79
Primary N/A 52.6 355 9.2 0.0 2.6 76
PESO
LIMITADO | | Follow-up 22.4 55.3 N/A 13.2 0.0 9.2 76
10 Follow-up 5.3 57.9 N/A 27.6 39 53 76
TONS
Follow-up 5.3 5.3 N/A 77.6 5.3 6.6 76
Primary N/A 62.3 27.3 39 2.6 39 77
PESO
MAXIMOQ || Follow-up 20.0 68.8 N/A 52 0.0 52 77
10 Follow-up 6.5 64.9 N/A 18.2 39 6.5 77
TONS
Follow-up 6.5 1.3 N/A 83.1 3.9 5.2 77
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Table 50. Border Survey Results for Load Zoned Bridge Signs

Primary Question

What does this sign mean?

Follow-up Question

What would you do if you saw this sign in the road?

Device Questions Di((2iu1::tti(l;;sk Correct Iggitg{ Incorrect Sl\xll (:_te Unknown SaSI;;[;le
Primary N/A 3.8 21.8 34.6 34.6 5.1 78
Follow-up 59.0 9.0 13 28.2 0.0 2.6 78
Primary N/A 2.6 385 37.2 17.9 3.8 78
Follow-up 39.7 12.8 1.3 333 0.0 12.8 78
Primary N/A 1.3 89.5 9.2 0.0 0.0 76
Follow-up 2.6 39.5 53. 44.7 0.0 7.9 76
Primary N/A 48.1 49.4 1.3 0.0 1.3 77
Follow-up 3.9 63.6 14.3 104 1.3 6.5 77
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Table 51. Border Survey Results for Hazardous Cargo Signs

Primary Question What does this sign mean?
Follow-up Question What does the symbol inside the circle mean?
Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Sax.nple
Question Correct Sure Size
Primary N/A 2.6 7.7 20.5 56.4 12.8 78
Follow-up 89.7 0.0 N/A 3.8 2.6 38 78
Primary N/A 2.6 10.5 18.4 579 10.5 76
Follow-up 89.5 0.0 N/A 2.6 7.9 0.0 76
Primary N/A 0.0 2.6 15.6 67.5 14.3 77
Follow-up 94.8 0.0 N/A 1.3 39 0.0 77
Primary N/A 2.6 10.3 19.2 53.8 14.1 78
Follow-up 87.2 1.3 N/A 3.8 6.4 1.3 78

All signs have either a green circle with no slash or a red circle with slash. The four color diamond sign has
red on top, blue on left, yellow on right, and white on bottom.
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Table 52. Border Survey Results for Sign Shape

Primary Question What does a sign with this shape mean?
Follow-up Question No question asked.
Device Questions | Correct | Incorrect | Not Sure | Unknown | Sample Size
Primary 8.9 62.3 233 55 292
Primary 320 36.7 241 7.1 204
Primary 52.0 303 12.6 51 294
White
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APPENDIX D
THIRD-YEAR NON-BORDER SURVEY RESULTS

This appendix presents the devices, questions, response concepts, response rates, and sample
sizes for the devices that were evaluated at the non-border locations in the third-year survey. The
tables in this appendix are essentially the same as the tables in Appendix A of the third-year report

(€)2

Table 53. Non-Border Survey Results for School Bus Signs

Primary Question What does this sign mean?
Follow-up Question 1 When do you have to stop for a school bus?
Follow-up Question 2 Why do you have to stop for a school bus?
Follow-up Question 3 Does traffic in both directions have to stop?
Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Salflple
Question Correct Sure Size
Primary N/A 279 63.1 9.0 0.0 0.0 111
STOP
FOR Follow-up 1 0.0 96.4 N/A 3.6 0.0 0.0 111
SCHOOL BUS
LOADING OR | | Follow-up 2 0.0 89.2 N/A 10.8 0.0 0.0 111
UNLOADING
Follow-up 3 0.0 95.5 N/A 1.8 1.8 0.0 110
Primary N/A 30.8 60.7 8.5 0.0 0.0 117
STOP FOR
scHooL Bus | |Follow-up 1 0.0 99.1 N/A 0.0 0.0 0.9 117
WHEN
RED LIGHTS Follow-up 2 0.0 88.9 N/A 7.7 0.0 2.6 116
FLASHING
Follow-up 3 0.0 95.7 N/A 34 0.0 0.0 116
Table 54. Non-Border Survey Results for Fasten Safety Belts Signs
Primary Question What does this sign mean?
Follow-up Question Why is this sign important?
Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Sar'nple
Question Correct Sure Size
FASTEN || Primary N/A 22 97.4 0.4 0.0 0.0 228
SAFETY
BELTS
STATE A% _J | Follow-up 0.0 90.8 N/A 8.8 0 0.4 228
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Table 55. Non-Border Survey Results for Right Lane Ends Signs

Primary Question

What does this sign mean?

Follow-up Question

What would you do if you saw this sign in the road?

Device Questions Did NOt.ASk Correct Partially Incorrect Not Unknown Sal.nple
Question Correct Sure Size
Primary N/A 79.4 20.2 04 0.0 0.0 228
Follow-up 0.0 97.4 N/A 1.8 0.0 0.9 228

Table 56. Non-Border Survey Results for Weight Limit Signs

Primary Question

What does

this sign mean?

Follow-up Question 1

Why is t

his sign used?

Follow-up Question 2 Does the limit refer to the total weight or the weight per axle?
Follow-up Question 3 How much is a ton?
Device Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Salflple
Question Correct Sure Size
Primary N/A 28.6 67.1 4.3 0.0 0.0 210
WEIGHT
LIMIT ||Follow-up 0.0 88.1 N/a 10.5 0.0 1.4 210
10 Follow-up 0.0 91.9 N/a 6.2 1.9 0.0 210
TONS
Follow-up This question was not asked.

Table 57. Non-Border Survey Results for Load Zoned Bridge Signs

Primary Question

What does

this sign mean?

Follow-up Question What would you do if you saw this sign in the road?
Device | Questions Did NOt. Ask Correct Partially Incorrect Not Unknown Satpple
Question Correct Sure Size
Primary N/A 387 50.9 7.5 1.9 0.9 106
Follow-up 0.0 57.0 234 15.0 2.8 1.9 107
Primary N/A 394 50.0 9.6 0.0 1.0 104
Follow-up 0.0 58.7 22.1 16.3 29 0.0 104
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Table 58. Non-Border Survey Results for Hazardous Cargo Signs

Primary Question

What does this sign mean?

Follow-up Question

What does the symbol inside the circle mean?

Device Questions Dgﬂf:tti(ﬁlsk Correct l:?ortr;tlg Incorrect Sl\jl (:'te Unknown Sasrinz[;le
Primary N/A 20.8 62.3 9.4 75 0.0 53
Follow-up 90.6 7.5 N/A 0.0 1.9 0.0 53
Primary N/A 11.3 37.7 18.9 26.4 5.7 53
Follow-up 98.0 20 N/A 0.0 0.0 0.0 49
Primary N/A 9.8 72.5 5.9 11.8 0.0 51
Follow-up 95.8 2.1 N/A 0.0 0.0 2.1 48
Primary N/A 38.0 48.0 0.0 10.0 4.0 50
Follow-up 88.7 3.8 N/A 7.5 0.0 0.0 53

All signs have either a green circle with no slash or a red circle with slash. Four color diamond
sign has red on top, blue on left, yellow on right, and white on bottom.

Table 59. Non-Border Survey Results for Sign Shape

Primary Question What does a sign with this shape mean?
Follow-up Question No question asked.
Device Questions | Correct | Incorrect | Not Sure | Unknown | Sample Size
Primary 19.8 66.8 12.0 14 217
Primary 84.6 11.8 2.7 0.9 221
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APPENDIX E
PROJECT STATEMENTS FOR FUTURE RESEARCH

Out of the 116 devices evaluated in this research project, the researchers identified two sign
concepts that warrant evaluation as future research projects. This appendix presents partial TxDOT
project statements that can serve as a starting point for initiating these future research efforts. These
statements do not include some of the administrative information that is part of the standard project
statement.

In addition to these concepts, the researchers also determined that the sign “Stop for School Bus
When Red Lights Flashing” should be included in any future research project that evaluates driver
understanding of traffic control devices.

Title: Assessment of Hazardous Cargo Signing

Estimated Duration (number of years): 2

Total Budget: $150,000-200,000

Description: The transport of hazardous materials on the Texas highway network presents many
potential hazards of significant consequence. The issue is of particular concern in Texas
because of the size of the petrochemical industry in the state. The Texas MUTCD contains two
signs that are used to indicate roadways where hazardous materials are permitted and prohibited.
However, there is little guidance on the use of these signs. Furthermore, previous research
sponsored by TxDOT (Project 1274) found that a significant proportion of truck drivers did not
understand the meaning of these signs. Comprehension levels were generally found to be well
below 50 percent. Research is needed to evaluate the existing hazardous cargo signing in detail
and develop alternatives with the potential for improving communication of hazardous material
routing information. The research should also address the issues associated with selection of
routes for vehicles with hazardous materials.

Implementation Plan: As of January 1, 1998, TxDOT is the designated state agency in charge of
authorizing non-radioactive hazardous material routes in Texas. The results from this research
will be incorporated into TxDOT practices, with the potential for modifications to policy and/or
the Texas Administrative Code. The information obtained from this research will enable
TxDOT to be more effective in fulfilling that responsibility. The results would also be
incorporated into the Signs and Markings Volume of the Traffic Operations Manual.

Deliverables: Deliverables should include: 1) aresearch report describing the research activities
and findings, 2) guidelines for identifying hazardous material routes, 3) guidelines for
communicating hazardous material routing information to operators of vehicles with hazardous
materials, and 4) recommendations for outreach activities related to vehicular transportation of
hazardous materials. The guidelines should be prepared so that they can be incorporated
directly into the Signs and Markings Volume of the Traffic Operations Manual.
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Research Project Statement

Title: Evaluation of Regulatory, Warning, and Guide Signing Related to Vehicle Weight

Estimated Duration (number of years): 2

Total Budget: $150,000-200,000

Description: The Texas MUTCD contains at least 25 different signs that address weight-related
aspects of heavy vehicles. These signs include at least 15 signs that inform drivers of different
types of weight limits. The regulatory weight limit signs present weight limits that are a
function of many different combinations of axles and axle weights. Many of these messages
may be beyond the knowledge of the typical truck driver, who may only know the total weight
of the vehicle. Furthermore, weigh stations typically weigh only the total weight of a vehicle.
A recent TxDOT research project (1274) evaluated three of these signs (Weight Limit, Weigh
Station, and Load Zoned Bridge) and found significant potential for improving the
communication of weight-related messages to heavy vehicle operators. Research is needed to
address the full spectrum of weight-related signing, including the effectiveness of existing signs,
the potential improvement that could be achieved with new signs, the benefits of reducing the
number of weight-related signs, the display of these signs, the relationship between weight-
related signing and the permit process, and the relationship between signing and the highway
infrastructure. Research activities should include development of alternatives, surveys of heavy
vehicle operators, evaluations of the effectiveness of alternatives, and the development of
recommendations.

Implementation Plan: The results of the research will be used to refine TXDOT practices for
communicating weight restrictions and regulations. The research may lead to changes in the
Texas MUTCD, the Signs and Markings Volume of the Traffic Operations Manual, or other
TxDOT documents.

Deliverables: Deliverables should include: 1) a research report describing the research activities
and findings, 2) guidelines for selection of weight limit signs, 3) guidelines for placement of
weight limit signs, 4) guidelines for signing of weigh stations, and 5) guidelines for coordinating
weight limit signing with the heavy vehicle permit process. Guidelines should be prepared so
that they can be incorporated directly into the Signs and Markings Volume of the Traffic
Operations Manual.
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