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Abridgment 

Motorist Understanding of Left-Turn 
Signal Indications and Auxiliary Signs 

JAMES C. WILLIAMS, S1AMAK A. ARDEKANI, AND SETH ADU ASANTE 

A mail survey of 6,000 drivers in Texas was conducted to assess 
motorists' understanding of left-turn signal indications and ac
companying auxiliary signs. The principal conclusions were that 
(a) a green arrow should always be used for protected left turns 
instead of a circular green accompanied by a sign; (b) a circular 
red and a green arrow should not be shown simultaneously in a 
five-section signal head; and (c) if the red arrow is to be used in 
Texas, it should be accompanied by a public education program. 
Demographic information, including the age and years of driving, 
is also discussed. 

Once it has been decided to provide left-turn protection at a 
signalized intersection, a traffic engineer must decide how to 
communicate this message to drivers effectively. Rules for 
using specific signal indications and auxiliary left-turn signs, 
which are intended to supplement the appropriate signal head, 
are provided in the Manual on Uniform Traffic Control De
vices (MUTCD) (J). State manuals may provide additional 
guidance and options (2). The traffic engineer can then use 
a combination of signal indications and signs under the as
sumption that since they are already in use, the motorists 
must understand them. 

To probe the extent of motorists' understanding of left-turn 
displays, a survey of specific signal indications and accom
panying auxiliary signs was mailed to randomly selected Texas 
motorists. Following a brief overview of earlier work in this 
area, a description of the survey design and the analysis of 
responses are discussed. The results are summarized, and 
specific recommendations for using signal indications and aux
iliary signs are made. 

LITERATURE REVIEW 

Previous research in this area has focused on the development 
of guidelines for left-turn phasing that have typically used 
delay and accidents as criteria. Left-turn studies have been 
undertaken in Kentucky (J), Texas ( 4 ,5), Arizona ( 6), Florida 
(7), and Virginia (8). None of these studies addressed mo
torists' understanding of various signal indications and aux
iliary signs. 

In a recent study, more than 400 Indiana drivers were in
terviewed to determine their understanding of left-turn in
dications (9). The results showed that protected-only displays 
are better understood than permissive displays and that mo
torists prefer leading to lagging left turns. Two auxiliary left-
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turn signs were included: Left Turn Yield on Green (circular 
green) and Left Turn on Green or Arrow. The former sign 
was found to be more confusing than either the latter sign or 
the absence of a sign. The former sign was included in this 
study, but the latter sign was not because it is neither found 
in the MUTCD nor used in Texas. 

This study investigates a much wider variety of signal in
dications and auxiliary signs and includes a larger sample size. 
In addition, two different intersection geometries are included. 

SURVEY DESIGN 

When motorists are turning left at a signalized intersection, 
they must first decide whether the left turn is allowed during 
the current signal interval and, if so, whether it is protected 
or permitted. The questionnaire assumed that the driver was 
in a left-turn bay, approaching a signalized intersection. De
tails of the intersection geometrics and position and size (three-

. or five-section) of the signal heads were shown in a sketch at 
the top of each page of the questionnaire. There were four 
combinations of geometrics and signal head size and positions. 
Eighteen left-tum signal indications and 11 left-tum auxiliary 
signs were included in the survey design. A total of 40 scenar
ios of feasible left-turn signal-sign combinations were de
veloped. Each questionnaire sheet included two separate 
signal-sign scenarios. Each driver received two questionnaire 
sheets, that is, four scenarios. The last portion of the survey 
contained several demographic questions including the re
spondent's gender, age, years of driving, level of education, 
and language spoken at home. Each scenario's geometry, 
signal display, and auxiliary sign are shown in Tables 1 through 
4. The auxiliary sign type is shown in parentheses after 
the sign text; it refers to the sign illustrations in Figures 1 
through 4. 

SAMPLE SIZE SELECTION 

A preliminary survey was sent to 150 addresses in the D~llas
Fort Worth metropolitan area in order to fine-tune the ques
tionnaire and to estimate the response rate. The full survey 
was sent to addresses in nine Texas counties (Harris, Dallas, 
Bexar, Tarrant, Travis, Nueces, Cameron, Lubbock, and Ec
tor). These counties ranged in population from the highest in 
the state (with a population of nearly 3,000,000) to less than 
100,000. Assuming a 25 percent response rate, a 95 percent 
confidence interval, and a tolerance of ± 0.025, a sample size 
of 6,000 was selected (JO). Addresses were purchased from 
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TABLE 1 Description of and Responses for Type 1 Geometry 

Signal Display Sign Scenario 
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FIGURE 1 Type 1 geometry. 
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c 
a local firm that provides mailing lists for marketing and ad
vertising purposes. 

A total of 894 surveys were returned, making for a response 
rate of 14.9 percent. The lower-than-expected response rate 
increased the design tolerance level to ± 0.033 at a 95 percent 
confidence interval. 
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No. of % Incon- % % 
Responses sistent Wrong Incorrect 

79 10 15 25 

93 ; 29 34 

92 3 11 14 

86 11 13 24 

79 2 21 23 

93 5 8 13 

80 6 13 19 

80 6 14 20 

91 2 6 8 

93 1 33 34 

93 1 17 18 

86 1 4 5 

RESULTS 

The percentage of incorrect responses for each scenario, bro
ken down into inconsistent or wrong responses, is shown in 
the tables. Typical inconsistent responses included cases in 
which the respondent indicated that a left-turn was prohibited 
but proceeded to indicate that the turn could be made on a 
protected or permissive basis. Another inconsistency was when 
the driver indicated that a left-tum could be made without 
specifying whether it was protected or permissive. A response 
was considered wrong only if it was incorrect but consistent. 
A discussion of indications and signs that were particularly 
troublesome for many drivers and . a breakdown of the re
sponses in accordance with the demographic data follow. 

DEMOGRAPHIC EFFECTS 

The demographic factors that were thought most likely to 
affect the fraction of incorrect responses were years of driving 
and age. Those who had been driving for 11 to 20 years had 
the lowest percentage of incorrect responses (22 percent). 
Correspondingly, respondents 26 to 35 years old also had the 
lowest percentage of incorrect responses (20 percent). Most 
drivers in the United States start to drive in their middle to 
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TABLE 2 Description of and Responses for Type 2 Geometry 

Signal Display Sign Scenario 

? I 
I 

@@@ 

@®® 

2®® 

2@@ 

Q®® 

Q@@ 

@®® 

@@@ 

®@@ 

!! @@ 

!!@@ 

®@@ 

FIGURE 2 Type 2 geometry. 
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late teens, so this correspondence is not surprising. Higher 
percentages of incorrect responses were found for less (29 to 
31 percent) and more (24 to 31 percent) experienced drivers 
and for younger (25 percent) and older (23 to 35 percent) 
drivers. Perhaps the longer people drive, the more they are 
exposed to and understand differing left-tum treatments. This 
would be true only to a point, however: drivers over 65 had 
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102 3 29 32 

83 4 27 31 

83 4 13 17 

109 5 11 16 

81 6 11 17 

82 6 14 20 

73 3 39 42 

96 6 59 65 

103 16 8 24 

110 17 16 33 

75 20 32 52 

95 19 2 21 

the highest percentage of incorrect responses (35 percent). 
Often these drivers avoid congested traffic areas, because they 
generally do not work, and they may not be as familiar with 
some indications that have been in use for only a relatively 
small fraction of their driving life. 

A statistical comparison was conducted between various 
age and driving experience categories by using the Waller 
grouping technique. Waller's test groups categories whose 
means are not significantly different, thus identifying those 
that are (11). 

Here, the value tested for each category was the percentage 
of incorrect responses. All tests were done at ex = 0.05. In 
driving experience, if the groups with higher percentages of 
incorrect responses are put together, only drivers with 11 to 
20 years of driving experience have a significantly lower per
centage of incorrect responses. Similarly, if the categories with 
lower fractions of incorrect responses are grouped together, 
only drivers with 41 to 50 years of driving experience have a 
significantly higher percentage of incorrect responses. 

A similar line of reasoni!lg for the results of Waller's test 
on the driver age categories (again at ex = 0.05) showed that 
the spread in the percentage of incorrect responses between 
categories was large enough to allow three separate groupings, 
one of lower percentage of incorrect responses (ages 26 to 35 
and 36 to 45), one of higher percentage of incorrect responses 
(25 and younger and 66 and older), and one in the middle 
(46 to 55 and 56 to 65). 
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TABLE 3 Description of and Responses for Type 3 Geometry 

Signal Display Sign 
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FIGURE 3 Type 3 geometry. 

DISCUSSION OF SPECIFIC SCENARIOS 

Scenario 
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The survey results concerning four separate left-turn indica
tion issues are discussed in this section. 

Use of Circular Green for Protected-Only Left Turns 

The circular green indication was used for protected-only left 
in Scenarios 10 and 23 through 26, and a green arrow was 
used for protected-only left in Scenarios 19 through 22 and 
27 through 32. The percentage of incorrect responses for each 
scenario is shown in Tables 1 through 4. Many drivers appear 
to believe that the circular green indicates a permissive turn, 
even in the presence of an auxiliary sign. The respondents 
appeared to understand more consistently the use of the green 
arrow for protected-only left turns. 

Use of Circular Red and Green Arrow Simultaneously 
in a Five-Section Head 

This indication is used during the dual-left portion of the cycle 
(when opposing lefts are turning simultaneously), and left 
turns are protected while throughs face red. Scenarios 11 and 
16 show the circular red and the green arrow simultaneously 

No. of % Incon- % % 
Responses sis tent Wrong Incorrect 

88 9 13 22 

80 4 9 13 

80 4 14 18 

89 7 36 43 

in the five-section head, and the circular red is shown on the 
other mast arm-mounted signal head. Scenarios 14 and 18 
show the same condition, omitting the circular red in the five
section head. The percentage of incorrect responses for these 
scenarios is shown in Table 1. When the circular red was not 
displayed, driver understanding increased, perhaps indicating 
that displaying both red and green in the same head confuses 
many drivers. 

Use of Auxiliary Left-Turn Signs 

This information is somewhat more difficult to interpret. Re
sponses were examined for scenarios with the same signal 
displays and geometric characteristics but different auxiliary 
signs. Two questions were examined: Which signs have the 
lowest overall level of misunderstanding? and Which signs 
show the greatest improvement over the no-sign case? 

Figure 5 shows the various auxiliary signs examined. Sign 
Types 2, 6, and 11 showed the smallest percentage of incorrect 
responses, and all three types show improvement when the 
sign is added to a particular scenario. Signs 3, 4, and 7 showed 
the lowest levels of understanding, and, in each case, driver 
understanding was either the same or better if the sign was 
not present. Type 7 is a special case, observed only in the city 
of Austin, and therefore was probably unfamiliar to the great 
majority of the respondents. 

Use of Red Arrows 

The use of red arrows was tested in eight scenarios, four using 
a red arrow and four using a circular red to prohibit left turns. 
By and large, the percentage of incorrect responses was smaller 
(13 to 28 percent) when a circular red was used to prohibit 
left turns than when using a red arrow (29 to 52 percent). 
This was found to be true in every category when similar 
mounting and sign conditions were paired. A possible expla
nation is that, with red arrows, drivers may be confusing the 
red indication (meaning prohibition) with the arrow indication 
(meaning movement in that direction). Thus, they may be 
interpreting the red arrow indication to mean that they may 
proceed with caution to make a permissive turn. It should, 
however, be noted that, since the red arrow is used in only 
one city in Texas (Odessa), many of the survey recipients 
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TABLE 4 Description of and Responses for Type 4 Geometry 

Signal Display Sign Scenario 
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FIGURE 4 Type 4 geometry. 

were likely to be unfamiliar with it, which could result in a 
higher fraction of incorrect responses. 

CONCLUSIONS AND RECOMMENDATIONS 

It may appear alarming that such a large fraction of drivers 
misunderstand some of the more commonly used left-turn 
treatments. However, it must be kept in mind that only a 
single signal interval is shown in the questionnaire and that 

No. of % Incon- % % 

Responses sistent Wrong Incorrect 

84 2 48 50 

107 2 45 47 

96 5 4 9 

95 5 22 27 

103 10 7 17 

103 6 25 31 

92 4 10 14 

69 9 14 23 

107 15 14 29 

87 7 6 13 

91 19 12 31 

68 15 13 28 

the respondent is deprived of many audio and visual clues 
available in the field. 

On the other hand, sound engineering practice dictates that 
each signal indication should be self-sufficient; that is, it should 
convey a complete message by itself. This survey provides a 
good measure of this feature, and guidelines concerning the 
use of specific indications can be drawn from it. Ideally, mo
torists should understand all signal indications, under all con
ditions, regardless of the absence or presence of clues. 

From the observations in the previous section, the following 
recommendations are made: 

1. If red arrows are used, their use should be accompanied 
by an educational program. They were not as well understood 
as a circular red to prohibit left turns during a particular 
interval, but red arrows are seldom used in Texas. One ad
vantage of the use of red arrows is that auxiliary signs are not 
necessary on the left-turn signal head. 

2. A green arrow should always be used for protected left 
turns. Even when an auxiliary sign was used with a circular 
green intended for left turns, the fraction of respondents an
swering incorrectly was higher than for equivalent cases with 
green arrows. 

3. A circular red and a green arrow should not be shown 
simultaneously on a five-section head. This indication is used 
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FIGURE 5 Left-turn auxiliary signs. 

to indicate a protected left while the through traffic is allowed 
to go. When the circular red was removed, the fraction of 
respondents answering incorrectly dropped. 

A recommendation for the auxiliary sign is somewhat more 
difficult to make. A primary disadvantage of any auxiliary 
sign is that it is difficult to read at night unless it is directly 
illuminated. Those that state that lefts were protected on the 
green arrow (Types 1, 2, 8, 9, and 11 in Figure 5) are super
fluous, because drivers appeared to have a good understand
ing of the meaning of the green arrow. The indication that 
causes most of the confusion in this regard is the circular green 
when applied to left turns: does it provide for protected or 
permissive operation? Therefore, if a sign is necessary, one 
that indicates that left-turning traffic must yield on the circular 
green is preferred. 

4. Sign Type 6, Left Turn Yield on Green (circular green), 
should be used, if necessary, when permissive turning is al
lowed. Type 10 has a similar message, Left Turn on Green 
After Yield, but is not as clear because neither circular green 
nor green arrow is specified. 
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